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l. Introduction to oxygen-containing three-membédpeldeterocycles

Epoxides, also called oxiranésare three membered heterocycles with one oxygertvemd
carbons atoms in the ring system which approxirgadelfines an equilateral triangle. The
chemical behavior of oxiranes is governed by twaidies: the ring stralll and the basicity of
the oxygen ring atom. The reactions of epoxidesh witicleophiles and/or electrophiles

generally involve heterocyclic ring-opening viaalage of the C-O bond (Schemé?).

E 5-
I O/A Q Nu °\)

A AN AV

6+|

Schemel. Ring-opening of oxirariemduced by electrophilic or nucleophilic attdek.

Every year, a huge number of publications on oxsarappear in the literature. As
consequence of the rapid development in syntheéthods, the investigation of chemical
reactions, and hence utilization of oxiranes, meésaoccupy a central position among cyclic
organic compoundé® Thus, ring-opening reactions of epoxides have bepplied
industrially to produce a variety of bulk chemicals

The simplest and most interesting epoxide is datdylene oxide, which was first reported
in 1859 by the french chemist Charles-Adolphe WiittEthylene oxide is a major industrial
chemical and is consistently ranked among the ®highest production volume chemicals
produced in the world. In 2003, 16 domestic supplief ethylene oxide were identified in
USAB! Overall, ethylene oxide demand is expected to getwaround 5% per year —
globally. World consumption of ethylene oxide in0Z0was 19.9 million tones, some studies
estimates that 13-14 new ethylene oxide plants aeithe on-stream until 2011 all over the
world.

The largest outlet for ethylene oxide is ethylehea, which accounts for three-quarters of
ethylene oxide global consumption. Mono ethylenedlis the primary glycol which is used

-1 -



mainly to make polyester, used in the productionteftiles, followed by automotive
antifreezes.

The second largest outlet for ethylene oxide, atdd%btal consumption, is as surface active
agents, primarily non-ionic alkyl phenol ethoxykt@nd detergent alcohol ethoxylates. The
alkyl phenol ethoxylates are used as non-ionic astahts or as intermediates for the
production of anionic alcohol ether sulphates/phasgs for home laundry and dishwashing
formulations. Another important derivatives of thiylenoxide are epoxy resins, which are
used as coating agent in the automobile industtyfanelectrical devices.

The usual industrial procedure to synthesize etigylexide is the direct oxidation of alkenes
with oxygen in the presence of silver catal{8tghe yield under industrial conditions stands
at 83-84%. This high yield is due to extensive aeslie by big producers, driven by enormous

cost savings potential (Scheme 2).

Cat. Q
Y + 6 0, » 6 f E +2C0O +2H0
250°C |

Scheme 2. Chemical equation of the industrial petido of ethylene oxid&!

This process is not effective enough in case of greduction of other bulkier oxirane
derivatives. In this case the direct formation pdxdes by olefin oxidation with the use of
either transition metal catalysts or of simple oigaketone-based catalysts is once again

considerably more elegant and environmentally éigiiScheme 3Y®
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m-CPBA
/T "
PK CH,Cl,/ pH=8/ 2 MPa

Ph
1

Scheme 3. Example of the synthesis of oxirane devi¥ 1 usingm-CPBA as an oxidant

reagent”!

Interestingly, oxaziridinedl (Figure 1), in which one of the GRmoieties is formally
exchanged by an NR group, have received much lgestian. The first example was

synthesized in 19%8and originally called oxaziranes or isonitrones.

Figure 1. Representation of oxaziridine derivagjv&® denotes ubiquitous organic

substituents.

The presence of an inherently weak N-O bond intraired ring promised a group of

compounds of unusually high reactivity. The preseota chiral center at the nitrogen and
unshared electrons at the oxygen atom make theosteemical isomerism at nitrogen

possible.

Oxaziridines can be used as oxygenating or ammigagent in so-called heteroatom transfer
reactiond” The oxaziridines are very versatile compounds,efaample both acid and base
catalyzed ring-opening of oxaziridines can leadniaue functionality, like hydroxyl amines

or ketones.



Upon reaction with Cu complexes they can also builcbgen-centered radicals vian§le-

Electron_Transfer (SET) reactions (Schemé&'#).

Me Me Ph

PM/KN
N, lcueret. N
Tt cdo -CH3CHO/Cd
PH

Ph

Scheme 4. Example of a single-electron transfeticeaof oxaziridine derivative.*”

In analogy with the synthesis of oxiranes the egatxon of the C-N double bond of imines
leads to oxaziridines, as first described by Kri@Boheme 5% peracetic acid anc-CPBA

are mainly used for this purpose.

R

Q
>7 N RCO,0H R \
AN > N
N
R

R R

Scheme 5. Most important synthetic method for oidime derivativesll; R denotes

ubiquitous organic substituertd.

Oxasiliranes Il (Figure 2)*? which are the silicon analogous of oxiranes arehmore
reactive and up to now only few examples of oxasie derivatives have been
established: The first stable oxasilirane was isolated in 1882 (Figure 3), after almost
thirty years of investigations four new oxasiliraneould be isolated by Stalk& through

stabilization of the three-membered heterocycla bytrogen-donor ligand (Figure 3).



Figure 2. Representation of oxasiliratiks Rdenotes ubiquitous organic substituents.

t
Mes\ /Mes BU\ o
Si N7
\ CI\ /
@] Si—N

P \ Ny
7Lo
I

Figure 3. First isolated oxasilirane compo@id' and recently established oxasilirahg&®

The phosphorus analogudy of the oxiranes, so-calle&®\*-oxaphosphiranes, are

experimentally still unknown but they have beerinsd as reactive intermediafé.

R R IIQ R E\\ /R M] \P/R
7/ \Nl/ P
L\O L\O L\O L\O
\Y vV VI VI

Figure 4. Representation of possible oxaphosphideneatives with phosphorus in different
oxidation states and bonding environments; R denatgquitous organic substituents; E

denotes O or N substituent; [M] denotes a carbtraylsition metal group.



Until now only a few examples a”A® -, 6*A>-oxaphosphirane derivativas, VI or o\*

oxaphosphirane complexegll are known, which might be due to the used syrtheti
methodologies (too laborious and often low yieldsyl, therefore, a broad development of
their chemistry was hampered. Nevertheless, thrkiof the synthesis and theoretical

studies of these compounds will be discussed irerdetail in this chapter.

Although non-ligatedo\*-oxaphosphirane derivativel are still unknown, theoretical
investigations are availati® that predict existence, although rearrangemengsitnaiccur®

11 Among those is the valence isomerisation of oxaphianesV (Scheme 6) that proceed
via ring-opening and formation @\*-alkylidene(oxo)phosphoranes, which was recognised

by Schoeller, early ohi”!
Q N
P

\O _— > YP\O

v

Scheme 6. Possible valence isomerisation®df-oxaphosphiraney/ .M

Theoretical investigations of the enthalpic conttibns of ring-opening/closing reactions of
three-membered heterocycles having one phosphtous &ere studied by Schoeller using
ab-initio methods (SCF/CEPA-1 level) (Scheme 7). He showed the nature of the

substituents can shift the equilibrium to one @ dither sidé”! In case of the carbon moiety
(X = CHy,) the three-membered heterocycle is preferred kexotic reaction), whereas in
case of oxygen (X = O) the open form is preferrethdpthermic reaction). Further

calculations showed that the difference in energiyvben the open and the closed form is



also influenced by the substituents at the carbor CH,) and phosphorus center and thus

could determine the relative stabilities of botmis (open and closed ring).

| X AE
R kcal/mol
P - [kcal/mol]
X/-'\X — /_\ CH, | -46.8
‘ X—X NH | +19.7
O +79.6

Scheme 7. Calculations on the ring-opening / ctpsieaction of three-membered

heterocycles having one phosphorus center as egpoytSchoellef-”

More recently, DFT calculations aTA*-oxaphosphirane¥ were reported by Quin and co-
workers, which also reported NMR chemical shiftcagtions on different phosphoranes;
they found that the three-membered ringylii was unstable and ring-cleavage might occur
yielding the corresponding phosphane and ketonbef8e 8). Nevertheless, an optimized
geometry was obtained f&flll , and a calculated NMR shift for the parent comgburas

reported {'P NMR: 3 = -221 ppm}*®!

/CH2 \ . CH,
He—P | —— HC—P:  + |

| ~o

CHg HaC

Vil

Scheme 8. Ring-cleavage reaction of ¢fig>-oxaphosphiran¥Ill as proposed by Quif’

In 1996, a new kind of ring-enlargement was progosevinyl cyclopropane cyclopentene-
type rearrangement of the transiently formed 3d{vsupstituted oxaphosphiranéX;

however, no strong evidence was provided for thstemce of the lattdt® >



OMe OMe OMe

N e \P/
R Aryl AN

L5 Aryl = \O e O
Aryl / — Aryl
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- Aryl IX -

Scheme 9. Proposed rearrangement of 3-vinyl-substit®A°>-oxaphosphiranex .

In 2003, Lammertsmtied to calculate the pareatA®-oxaphosphiran&/, but the structure
was not stable at the Hartree Fock level and opeméatm a phosphacarbonyl-yli¢fg! and,
therefore, no ring-strain could be calculated Fos species (but see also below). By contrast,
the parent azaphosphiréfitwas obtained as confirmed minimum and the ringirstwas

calculated to 26.5 kcal/mol.

The most recent theoretical investigations on oraphiranes were done by Neese and
Streubel*® in which the non-ligated\*-oxaphosphirane and other gBP isomers were
calculated; structures and relative energies asplaired in Table 1. In this series, the most
stable isomer was predicted to be the phosphinidgitke X1V ; methylene(oxo)phosphorane
Xl is about 9 kcal/mol more stable thah Since XI is obtained fromX by valence
isomerisation (formally cleavage of the C-O bortt)s means that the ring strain must be
considerable high (see also below), as Schoellegiulations also had predicted
previously[.”] Close in energy tXIV (andXVI) is the combination of PHand CO XV),
which result from decomposition. An isomer verytig energy, iXVIl , a hydroxylcarbene
with a C-bonded phosphanyl group revealing a pyramidal phosis coordination

environment (Tablel).



Table 1. Relative energies (to compouKtl ) of the investigated isomers of QbP;
structures were optimized at the SCS-MP2/TZVPPlldweergy cc-pVQZ basis set); ZPE

calculated by using RI-SCS-MP2/TZVPP. Color code: réd; C: green; P: purple; H:

white [*6]
L
o
¢ € n P
>R
AE B b
Kcal/mol
X XI Xl Nl XV XV | XVI XVII

CCSD(T) 25.0 14.9 18.1 57.0 0.0 8.9 4.3 66.4

B3LYP 25.6 15.1 16.2 55.2 0.0 10.4 4.7 65.1

The authors also made the first theoretical ingasibn on metal-bound oxaphosphirane and
isomers (typeVll ) to approach the experimental situation beingvabtiinvestigated by the
group of Streubel. They studied the situation fibistructural motifs if bound to a Cr(C©)
fragment.Since several binding modes of the complex fragneant be envisaged for each
species (P-bound, O-bound, C-bound, and vargds-onbonded modes), a considerable
number of possible structures arise; selected isbare shown in Table 2.

Consistent with the results obtained on the smallleh systems, which is isomgWIIl |, the
terminal phosphinidene oxide compfékwas calculated to be the most stable isomer. Here
the combination of a strong Cr-P bond, a strong Poe@d, and the stability of the methyl
group together provide the thermodynamic sink is Heries of isomers. Speci¥¥Ill , is
energetically relatively well isolated, since thexnh stable species are more than 10-15
kcalmol™ less stable. The parent oxaphosphirane comy¥x is predicted to be about 32
kcatmol™® less stable thaXVIIl . Thus, ifXXIl can be made, a number of rearrangements

could be energetically favourable.



Table 2. Relative energies (¥VIIl ) of some of the investigated chromium complexes of
CH3PO isomers; structures and ZPE were optimized etBiR86/def2-TZVP levelColour

code: O: red; C: green; P: purple; Cr: turquoiseyhite ™®

R

I
@
XVIII XIX XX XXI XXII

AE Kcal/mol 0.0 7.8 11.8 12.8 31.8

All the calculations performed on the oxaphospleragstem showed the tendency of the
oxaphosphirane ring to undergo ring-opening todyible more stable phosphinidene oxide
derivatives. Even the oxaphosphirane compleXdis are expectedo undergo valence
iIsomerisation to the open form. The large ringistiseems to be the driving force that
destabilizes this kind of heterocycle. To get masght into this problem, Nees al also
performed calculations on the ring stfdh of the oxaphosphiran& (Table 3) and
oxaphosphirane complexXlll (Table 4), in comparison with the oxirah€Table 5). For
their calculations they used the concept of hommdaeseactions (Schemes 10-12). In such
reactions the number and type of bonds and thenvedeof all atoms are preserVeti The
ring strain is then obtained by changing the sigthe reaction energy. Geometries were
optimized with BP86/def2-TZVP for homodesmic reat of the oxaphosphiraeas well

as for the trimethyl substituted oxaphosphirase Cr(CO} complexXXIll .
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H H,PC
. + H,PCH;

L\O + H3zCOH

X + HOPH,

P-C Cleavage

C-O Cleavage

P-O Cleavage

Scheme 10. Homodesmic reactions of oxaphosphiah®

Table 3. Ring strain of 20 kcal/mol from homodesmgactions of oxaphosphirané

(TZVPP basis set), ZPE calculation and geometrimipation using BP86/def2-TZVR®

SCS-MP2| CCSD(T)
P-C cleavage 23.1 23.6
C-O cleavage 22.7 23.6
P-O cleavage 21.8 22.3
mean value 22.5 23.2

It is evident from the numbers, that the ring stren oxaphosphiranes is indeed significant
~22-23 kcal/mol (Table 5). Comparison between tkapbosphiranes and oxirane reveals
that the former are slightly less strained by ~8lkaol. While the effect of the binding to the

metal fragment is predicted to be small by SCS-MPI2rge effect is observed in the B3LYP

calculations.
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H,PCH,OPHCH,
HOCH,PHOCH,

H,POCH,PHOH




[Cr]
ccl \P/Me Me M
P-C Cleavage e
+ Me,PMe e
- e \O)<PMe2

[Cr]\ /Me
C
P [ r]\\P/Me Me

Me: / \ + MeOMe C-O Cleavage P \)<Me
O Med OMe

Me

[Cr]
XXIII + MeOPMeg P-O Cleavagg \P/Me Me Me

/
MeO OPMs,

Scheme 11. Homodesmic reactions of the oxaphosEhiCa(CO3 complexXXIll ([Cr] =

Cr(CO)).l*®

Table 4. Ring strain of (13 kcal/mol) from homodesim reactions of complexXIll

(TZVPP basis set), ZPE calculation and geometrimopation using BP86/def2-TZVR?

B3LYP | SCS-MP2

v

P-C cleavage 13.1 21.6

C-O cleavage 12.2 21.1
P-O cleavage 12.9 23.4
mean value 12.8 22.0

C-O bond cleavage is clearly preferred for theam ring-opening (Table 5), but in case of
the oxaphosphirane compleXIll , the C-O cleavage is only slightly preferred te O

bond cleavage (Table 4) by B3LYP.
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O + Me-O-Me _C-O-Cleavage MeO\ O/ Me

| + Me-Me _C-C-Cleavage Me o Me

Scheme 12Homodesmic reactions of oxirah&®

Table 5. Ring strain of 23 kcal/mol from homodesm&actions of oxirané (TZVPP basis

set), ZPE calculation and geometry optimizatioBR86/def2-TZVP®!

B3LYP | SCS-MP2| CCSD(T)

C-C cleavage 24.3 25.8 27.2
C-O cleavage 22.7 24.3 25.7
mean value 23.5 25.0 26.4

Nevertheless, theoretical investigations on reapbwsphirane, yet isolated, have not been
performed so far and the latter calculations cauly describe a trend on the stability of this
kind of compounds but not the real one. In factpite these calculations which predict a
high ring strain, some derivatives of oxaphosptegdh VI and especiallyll were

experimentally confirmed.

The chemistry of oxaphosphiranes having phosphorusigh coordination dates back to
1978, when the first synthesis ofcd\®-oxaphosphirane derivativél was described by
Roschenthaler and Schmutzler using Niecke’s imihosphané® and hexafluoro acetone

(Scheme 13!
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(Megsl)zN\ NSlMe3

Y
FsC 4
/P:NSiMe3 + 0 — F3C>L
FsC O
(Me3Si),N 3
FsC 5

Scheme 13. Synthesis of the first oxaphosphirarieatize 5.2

This kind of [2+1] cycloaddition reactions with refluoro acetone were previously known
with transition metals like Ni or Rh but not for magroup element$®?”! Some years later
Nieckeet al performed some investigations on this reactiahfanond that the substituents at
the nitrogen atom could direct the reaction towamls[2+1] cycloaddition yielding

oxaphosphiranes or into a [2+2] reaction yieldingzaphosphetidind<)

In 1982, intermediacy of @*A\>-oxaphosphirand™-oxide derivativeVl was claimed by
Bartlett® Instead of the Wolff-rearrangement to explain thégration of an oxygen
substituent from phosphorus, they proposed (witleygerimental evidence) a mechanism
involving cyclization of a carbene intermediateptpnation, and subsequent reaction of the

oxaphosphirane by nucleophilic attack on phosphorus (Scheme 14).

OR QO OR 0
(@)
o) V4 HOR \\p/ HOR E,/OR
] !:L/OR —— R —_— ) \ —>» R~ \
R\ _ R/ \ R o) >< OH
XTNg ~—o y H OH
R= Me or- 6
R =ELNSO,

Scheme 14. Mechanism proposed by Bartlett on thedton and transformation of the

transient oxaphosphirag®
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Some years later, NMR and mass evidence was puavigeBoisdan and Barrans who
investigated a monomer dimer-equilibrium of @°A®-oxaphosphirane V.2% The

oxaphosphiran& seemed to be unstable and the equilibrium waseshib the dimer, which

was isolated.
N
O
0 Ph \ /
O—\ _—P—Me
Me—P— N\ ~0
H / \ Ph
(@) O o
" )YI
7
— Isolated N

Scheme 15. Equilibrium proposed by Boisdan and @arrbetween the oxaphosphirane

intermediate7 and its dimeF”

Albeit recent theoretical investigatidtf$ predict easy decomposition of the oxaphosphirane
into phosphane and carbonyl derivatives, furtheidence for the existence of @A>-
oxaphosphirane derivatiié was gained by Butensch&#. In this case the oxaphosphirahe
was isolated and its identity established by NMRcsmscopic and mass spectrometric

studies (Figure 5).
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Cr(CO)

Figure 5. Oxaphosphirar® isolated by Butenschdet al®?

In 1990, Mathey showed thatA-oxaphosphirane complex®l can be obtained through
epoxidation of phosphaalkene complexes wWithCPBA, which represents a further
breakthrough®! As oxidation of unligated phosphaalkenes occurdepeatially at the
phosphorus atom, it is necessary to block the jpameto mimick alkenes. In their report they
showed that the phosphaalkene complex derivati@asb reacted with meta-
chloroperbenzoic acidrtCPBA) to yield the oxaphosphirane comple%8s,b(Scheme 16).
The X-ray single-crystal structure analysis of céemdOb confirmed for the first time the

existence of an oxaphosphirane ring in a transitietal complex.

(OClW, Mes

W(CO
R A (COk m-CIPhCOH p%
>=p\ - H /N
H Mes THF/ 0°C >Lo
R
da: R = Me 10a:R = Me
9b: R ='Pr 10b: R =/Pr

Scheme 16. Synthesis of oxaphosphirane compEdab via epoxidation of phosphaalkene

complexe®a,bwith mCPBA?

M. Schroder (in the group of Regitz) continued therk of Mathey in the field of the

synthesis of oxaphosphirane compleging the same methodolotf§l. He succeeded to
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synthesize and characterize new oxaphosphiraneleges not only with tungsten, but also
with chromium and manganese (Figure 6), and hetg@wiout the necessity of having a
sterically demanding substituent at phosphorudabilize the three-membered heterocycle.
The difficulties to synthesize the correspondinggpghaalkene complexes and to work with
the mCPBA, most of the targeted oxaphosphirane compgledecomposed in an acid
medium and/or were stable at low temperatures draypered the number of oxaphoshirane

complexes accessible via this method.

(OCKM  Mes (OCEW  /Bu (OC)CpMn  'Bu
\% 5 \P/ s \P/
Me \ H \ H \
@] >LO >LO
M€ 'Bu 'Bu
11: M =Cr 13 14
12: M =W

Figure 6. Oxaphosphirane complexdsl4 synthesized by Schrodéf!

In 1994, Streubeét al. described a new synthetic route to oxaphosphicameplexesvil ;

they used the thermally induced ring cleavage @Haazaphosphirene compl&t in the
presence of an aldehyfé or a keton&” derivative; in the latter case a side-reactiora to
benzolc]-1,2-oxaphospholane complex occurred. éndase of benzaldehyde a transiently
phosphinidene complex was formed, which reactetl thi¢ aldehyde and led exclusively to
the oxaphosphirane complé&6a (Scheme 17) which crystallized aR&/SRdiastereomers
mixture. Surprisingly, no[3+2] cycloaddition reactions were observed under these

conditions, and thus no five-membered heterocyweks® formed.
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(OCRW /CH(SiMes)z (OCXW. CH(SiMe;),

(OCKW,_  CH(SIMe):| ppcyo ~/

P\ Toluene/ 45°C \P/ _— \

- - H
M/LN -PhCN }}Lo
P P

15 16a

Scheme 17. Synthesis af*A*-oxaphosphirane complei6a using M-azaphosphirene

tungsten compleg5.2®!

Further investigations showed that the reaction2idfazaphosphirene complek5 with
carbonyl compounds having alkyl groups attacheithéocarbonyl carbon atom, did not yield
the corresponding oxaphosphirane complé¥ednstead, acyclic products having PH-
functional groups were obtained. Related resulteeweported by the group of Mathey at
about the same tin{&’

As this method to synthesize oxaphosphirane comeplesequires -azaphosphirene
tungsten complei5 as starting material, which is a precious compoued obtained via a
multi-step synthetic process, and it can’t be agoplio other aldehydes or ketones than the
ones described before, doesn’t make it suitabktasiard method for the synthesisyof>-

oxaphosphirane complexes.
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.1 Introduction to phosphinidenoid complex chenyist

PhosphinidenoidXXV are the phosphorus analogous of carben&X/ (Fig. 7)Y The

latter can be structurally described as organotietadmpounds containing a main group
metal and an electronegative element at the saome. dthey show high thermal lability and
an ambiphilic reaction behaviour, i.e., they caactevith nucleophiles, with electrophiles or

like singlet carbenes.

R R LM R
—C/ —P/ : \P/
AN 7\

M X Mo X T Dy
XXIV XXV XXV

Figure 7. CarbenoidXX1V ), phosphinidenoidXXV ), phosphinidenoid complex¥VI) (R
denotes an organic substituent; M": Main group mé&taHalogene; ML: Transition metal

complex fragment).

While studying the chemistry of Li/X phosphinidedatomplexesXXVI a new synthetic
route too°A\3-oxaphosphirane complex&dl was recently developed by Ozbolat-Schén, in
the group of Streub&l® She found that transiently formed Li/Cl phosphéridid complexes
XXVI show an interesting reactivity and could reacthwdifferent trapping agents or
systems to yield different phosphorus containingnglexes, as oxaphosphirane coméa
(Scheme 18). The related phosphinidenoid compl&x was selectively obtained via
deprotonation of chloro(organo)phosphane comp@?? with lithium diisopropylamide
(LDA) in the presence of 12-crown-4. This transi&ifCl phosphinidenoid complex was
fully characterized by means of NMR spectroscopioat temperature. Warming up in the

absence of any trapping reagent le@diphosphene comple20,*®! while in the presence of
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n-system such as phenyl acetylene or benzaldehydefdimation of H-phosphirene

complex19 and oxaphosphirane complé&ga as formal [2+1] cycloaddition products were

observed (Scheme 18}’

OCx:W. R
(OCk X/
PhC(H)O P
-80°C ->rt @)
-LiCl P 16a
(OCEW. R
Ph%u \p/
-80°C ->rt —
(OCEW. (OCEKW R ( /A\
5 ~ R 12-crown-4 A -LiCl PA 19 H
LR +LDA ——» R
cl -80°C/EO L Cl
N e ; OCxW R
HN'Pr, 12-crown-4 801t (OC) ~
17 18 —— Sp=p
-2 LiCl R 20
-W(CO);
OCKW. R
R= CH(SiMey), Mel -~ Ny
-80°C->RT Me/ \CI
-Lil
21

Scheme 18. Synthesis and reactivity Rdbis(trimethylsilyl)methyl-substituted Li/Cl-

phosphinidenoid complekg.*”!

The phosphinidenoid compled8 not only reacts like a “phosphinidene complext the
generation of comple&8 in the presence of methyl iodide yielded Byvenethyl-substituted
chlorophosphane compleXl (Scheme 18) as the sole phosphorus-containinguptothus

confirming the nucleophilic reactivity and the ur@guously existence of compled8 as

intermediate.
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Another phosphinidenoid complex derivative, tRebis(trimethylsilyl)methyl-substituted
Li/F-phosphinidenoid complex2,*? showing higher stability than the Li/CI derivatig8,
was confirmed by low-temperature NMR, MAS-NMR spestopic experiments, and its

structure as ion pair further evidenced by X-ragstallographic measurements.

(OClW., CH(SiM
! \P/ (SiMe;),
(12-crown- 4) % \F
22

Figure 8. Molecular structure of the isolated LpFosphinidenoid complex2.[*4

Another major synthetic breakthrough was achiewdwgn oxaphosphirane compl&g8awas
synthesized from theasily accessible complex [W(C{RPCL)] (24) (R = CH(SiMeg),)
using tert-butyllithium and benzaldehyde (Scheme 483% here, the formation of the

transient phosphinidenoid compl&® was also proposed.

(OC)W CH(SIM 1.12-crown-4 (OClW. CH(SiMey),
AN 2.'BuLi A
R + O >
\ _ or_ o H
o’ e ph: Et,0 / -80°C->0°C \o
-LiCl/-12-crown-4 P
24 16a

-'BuCl

OC)W, -
(OC)s \p/cmaM%b

’

12—cr|6|vvn—4 cl

18

Scheme 19. Synthesis of the oxaphosphirane complexsing dichlorophosphane complex

24140.45]
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[I. Aim of the thesis

The aim of this work wago study the applicability of the novel route usihgCl
phosphinidenoid complexes and various carbonylvdavies to obtain a broad set of
oxaphosphirane complexes, thus being able to expia chemistry o6*A3-oxaphosphirane
complexes/Il in more detalil.

Further major objective was to investigate the tieg of oxaphosphirane complexes with

particular emphasis on its relationship to oxirahemistry,.e.,ring-opening reactions.
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1. Synthesis ofa*A\*-oxaphosphirane complex&8l using transiently formed

Li/Cl phosphinidenoid complexes

l11.1 Synthesis of (bis(trimethylsilyl)methyl)dicbtophosphane complexes

To synthesize new oxaphosphirane complexes usiagLit€Cl phosphinidenoid complex
route, the dichloro(organo)phosphane comple24s26) were used as starting materials due
to their easy access compared to the chloro(organsphane complek7; the latter is in
fact the result of the thermal decomposition & #h-azaphosphirene comples in the

presence of [ENH]CI.[*%

. CH(SMe),  [M(CO)g(th) : (OC)SM\P CH(SiMey),
CI/ \CI THF/ RT CI/ \CI
24 M =W
23 25:M = Mo
26:M =Cr

Scheme 20. Synthesis of the (bis(trimethylsilyl)nydichlorophosphane complexe24{

26).

Here, the complexe24-26 were synthesized via complexation of the dichlbagphane
23% with [M(CO)s(thf)]*"! (M = Cr, Mo, W) (Scheme 20); the required [M(GEHf)]
complexes were synthesized via photolysis of theesponding M(CQ) complexes or
alternatively from the [M(CQELCHsCN]."*® The tungsten comple24*®! had been obtained
before via an unconventional way: the thermolydithe 2H-azaphosphirene compléb in

the presence of C&YVielded complexX24 in low yields, which was then exchanged for the

complexation route in order to obtain better yiel(B5 %)"? The light sensitive
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molybdenum comple5 could only be isolated with a relatively low yieddl 32 % and the

photolysis of Mo(CO) had to be performed

(organo)phosphariz3; selected data of complex24-26are given in Table 6.

Table 6. Selected NMR data (CRETbf complexe4-26

in the presence of the diohlor

5P [ppm] | 9C'H) [ppm] Fp 1[HZ]) 3(°C{'H}) [ppm] (Jp c[HZ])

(welHz]) | CH(SIMe), | CHs| cisCO | transCO CH
24| 157.6 (330.8] 2.24(8.3) | 0.41| 196.3(7.8) 198.9 (44.5)43.8 (2.3)
25|  203.1 1.99 (10.5) | 0.34| 201.7 (10.3) 207.1 (46.0) 41.5 (29.7)
26|  236.2 2.03(10.4) | 0.34| 214.2 (14.5) 219.6 (1.3)| 44.6 (26.6)

The chromium comple26 showed &'P{*H} NMR resonance downfield shifted with respect
to the complexe25 and 24. These so-called\d-values (the differences between the
phosphorus resonances of transition metal compleaemg the same ligand) is a common
feature of coordinated trivalent phosphorus compstiff Complex24 had a phosphorus
tungsten coupling constant of 330 Hz, in accordamitie the literaturé**" All *H and**C
{*H} NMR data of the three complexes were very simitaeach other, e.g., in thel NMR
spectra they all showed only one signal for the &iMoups. The comple®4 had &Jp and
1Jp,c couplings for the CH(SiMg group, which was slightly smaller than those of
complexes25, 26. In complex26 the transCO carbon had a smaller phosphorus—carbon
coupling constant magnitude than ttis-CO groups, which is also a common feature of

pentacarbonyl phosphane chromium complé&Xes!

Mass spectrometric investigations (Ef\W for complex24, >Cr for complex26 and**Mo

for complex25) showed the preference of the molecule radicabiest(m/z 585 for complex
24, m/z 489 for complexX5 and m/z 452 for complef6) to extrude CO before loosing a
chlorine atom; the formation of the [(SiN)€] (m/z 73) as base peak was observed in all
cases.
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Light yellow single-crystals of complexe&b and 26 were obtained from concentrated
pentane solutions. X-ray diffraction analysis shdwbat complex26 crystallized in the
monoclinic crystal system, P8, like complex24 (structures are shown in Figure 9), while
complex25 crystallized in the P2 space grouf” The P—CI bonds are slightly longer than
in complex24 (2.058 A). The W-P bond in compl&d is shorter (2.4589(7f}! than the Mo-

P bond in complexX5, this feature can be also observed in the oxajti@se complexes
and azaphosphirene compleX8s. The other crystallographic data of comple26s26 are
very similar to complex®4; further details on structure solution and refieatncan be found

in the appendix under GSTR 140 and GSTR 150.

CI1

CI1

Figure 9. Molecular structure of complex2s (left side)and 26 (right side)in the crystal
(ellipsoids represent 50% probability level, hydrngatoms are omitted for clarity). Selected
bond length¢A) and angles (°) of compleéd6: Cr-P 2.3177(10), P-CI(1) 2.0639(12), P-CI(2)
2.0636(12), P-C(1) 1.803(3), M-P-C(1) 120.14(11)1)eP-Cl(1) 106.25(10), CI(1)-P-
ClI(2) 96.57(5); Selected bond lengtd and angles (°) of compleds: Mo-P 2.4670(11), P-
Cl(1) 2.0611(14), P-CI(2) 2.0629(14), P-C(1) 1.8)6(M-P-C(1) 119.90(12), C(1)-P-CI(1)

106.50(12), CI(1)-P-CI(2) 96.81(6).
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11.2. Synthesis of  C-aryl-P-bis(trimethylsilyl)methyl-substituted

oxaphosphirane complexes

As described beforehand, the oxaphosphirane compB was first synthesized via
thermolysis of a B-azaphosphirene complex (Scheme E%)put its chromium and
molybdenum analogues were still unknown. They &lsee been first synthesized from the
corresponding B-azaphosphirene Cr and Mo complex2% #nd28°%). The increase of the
temperature reaction from 45°C to 75°C made thehegis much faster and selective, but
this route still requires a multi-step synthesighe starting material, which makes it were

expensive and time demanding (Scheme 21).

(OClM  CH(SiMey) (OCkM CH(SiM
x / 2 w / (SiMe3),
=] P
\ +PhC(H)O \
/L_ N o 1o Lo
PH Toluene/ 75°C /3h PK
-PhCN
27 M =Cr N —
28 M = Mo 20 M = Mo

Scheme 21. Synthesis of the oxaphosphirane congplg®eand 30 from their 2H-

azaphosphirene complex2sand28.

Therefore attention was drawn to the Li/Cl phosmtenoid complex route, which would
make the synthesis much easier and effective (Setg&dh In this work, only th€-phenyl-
substituted oxaphosphirane comple8¢M = Cr), 30 (M = Mo) were synthesized, although
this route could be also transferred to other ajdehderivatives for all the metals of the
group 6 elements. Further reactions to ob@iaryl-substituted oxaphosphirane complexes

were then and therefore only performed with thegten derivatives.
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Lithiation at low temperature of the appropriatehtbro(organo)phosphane complexat
26 in the presence of 12-crown-4 to form the trartsigfC| phosphinidenoid complexess,
31 and32% and subsequent addition of benzaldehyifg,(29, 30), o-tolylaldehyde 29) or

o-anisaldehyde30) yielded selective the desired oxaphosphirane taxep(Scheme 22).

: 12- - OCxM CH(SiMey)
(OC)M CH(SIM 1.12-crown-4 ( >
v frEMe oy 2. BuLi \P/
R + 0 >
. or._ o H
o \CI . Et,0 / -80°C->0°C : / \o
-LiCl/-12-crown-4 R
-BuCl
24 M = 29:M =Cr R=Ph
25: M = Mo 30: M =Mo R=Ph
26:M = Cr OCXM ; 16a:M =W R=Ph
(0Cx v CHEMe), 33:M=W R=o-Tolyl
R 34:M =W R=o0-Anisyl
12-cr|6|vvn-4 cl
18:M =W
31: M=Cr
32: M = Mo

Scheme 22. Synthesis of thHe-aryl-oxaphosphirane complexek6a®*® 29-30 through

reaction of transiently formed Li/Cl phosphinideth@omplexed8, 31 and32.*"!

It should be pointed out that if the reaction migtwvas left at ambient temperature for 24
hours, decomposition of the oxaphosphirane complexas observed. Because of this low
stability the yields after chromatography were ordiatively good, 60-64 % for complex
163 29, 33, 30and only 30 % for the molybdenum oxaphosphiranapex 30, which is

also light sensitive; structurally important NMRtalare shown in Table 7.
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Table 7. Selected NMR data (CREbf the oxaphosphirane complex@®34 and16a®!

5P [ppm] | 3(H) [ppm] Gpn[HZ]) | 3(*C{*H}) [ppm] (Ip.c[HZ])
(YwelHzZ]) | CH(SIMey),| CHAr CH(SiM&), CHAr
29 91.0 1.13 4.37 31.0(24.2)| 57.2(24.2
30 65.4 1.10 (2.2) | 4.36 (1.6)| 30.5(25.2)| 56.7(22.3
16a| 38.2 (307.7) 1.28 4.40 (1.8)] 30.5(18.8)] 57.9(27.5
33 | 41.0 (306.6 1.14 4.26 32.7 (20.3) 57.9 (24.5)
34 | 39.2 (305.5) 1.16 4.46 30.4 (20.2) 54.7 (282)

The *'P{*H} NMR data of complexe®9, 30 and 164> (Table 7) showed again th&>
values expected for the transition metals of grdupelements. AllC-aryl-substituted
oxaphosphirane tungsten complexes showed a siomnical shift and similar phosphorus-
tungsten coupling constants around 305 Hz.

The'H NMR data of the CKBiMes), protons (underlined) of these complexes were up-fie
in comparison with the respective dichloro(orgamogphane complex&sl-26, and they had
smaller or no phosphorus-proton coupling consting was also observed in the case of
other P-bis(trimethylsilyl)methyl three-membered heterdegt®>*? The 'H NMR shifts of
the C(HAr protons were around 4.40 ppm and they also sdow small or nd*3Jp
coupling. The*c{*H} NMR data of the carbon atonts the GH(SiMes), groupwere up-
fielded to the dichlorophosphane comple2ds26 but they showed a similddp ¢ coupling
constantn the range of 18.8-25.2 Hz. Théd(Ar) showed resonances in the narrow range of
54.7-57.9 ppm with a"%Jp ccoupling constant valuef 22.3-28.2 Hz; the latter phosphorus-
carbon couplings are significantly larger than thad other three-membered, saturated
phosphorus heterocyclic ligands such as phosptdrdnand azaphosphiridines bound to a

pentacarbonyltungsten(0) ufit!
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Mass spectrometric investigations (El, 70eV) of gh@sphirane complexe$6a 29-34
revealed that the molecule radical cationd@d (m/z 620),29 (m/z 488),30 (m/z 534),33
(m/z 634, Figure 10),34 (m/z 650), preferentially undergo ring-opening yeeld
[(M(CO)sPCH(SiMe),)' ] (m/z 514 for M:*®*\W, m/z 372 for M:>’Cr and m/z 427 fot*Mo)
and subsequently extrude CO to give a series afrsa{m/z 486 for M:*W (Figure 10),

m/z 372 for M:*’Cr and m/z 399 fot’Mo).

4360 [W(CO),PCH(SiMe),"] r5

\
] |
80 484.0 ||

3 [W(CO)sPCH(SiMe),"]
40 - 383.9 430.0 i 514‘.0

‘ 402.0 ! | 489.0 [Mj

[N ]

11433.0 | | 534.0 563.0 618.0 634.0
H ‘i‘ I | | | ‘ ’7
TP TP O 4 lm ol S SO

450 500 550 600 650

Figure 10. Mass spectra (El, 70eV) of com®3&x

The IR spectra of complexet6a 29-34 showed three main signals in the carbonyl
absorption range caused by the M(€@oup, which display a localscsymmetry. For this
symmetry three bands are expected: onarfl two A moded™ The UV/Vis spectra of the
oxaphosphirane complexédéa 29-34 showed one . value at about 235 nng € 0.45),
which can be attribute to thert* electron transitions related to the aryl group.addition,
shoulders appeared Btax values about 300 nm, which can be attributed argdrtransfer

transitions of the carbonyl groufsg.

Suitable single crystals for X-ray diffractometaoalysis of complexeg9, 30, 33 and 34
were obtained from concentrataghentane solutions; the structures are displaydeign1l

and 12. The X-ray crystal structure of compl®awas already described in the literattifé.
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Figure 11. Molecular structure of the oxaphospt@raomplexe£9 (left side)and 30 (right
side)in the crystal (ellipsoids represent 50% probapil@vel, hydrogen atoms except Hla
are omitted for clarity). Selected bond lengtA3 and angles (°) of oxaphosphirane complex
29 Cr-P 2.3181(13), P-O(1) 1.682(3), C(1)-O(1) 1491 P-C(1) 1.793(4), P-O(1)-C(1)
68.5(2), C(1)-P-O(1) 50.7(2), O(1)-C(1)-P 60.8(8%lected bond length@) and angles (°)
of oxaphosphirane comple&0: Mo-P 2.4675(7), P-O(1) 1.6786(16), C(1)-O(1) @3, P-
C(1) 1.795(2), P-O(1)-C(1) 68.90(10), C(1)-P-O(D)F(8), O(1)-C(1)-P 60.72(10). Further
details on structure solution and refinement carfdo®d in the appendix under GSTR084

(complex29) andGREG 116 (compleg0).

All complexes16a 29-34 crystallized in the same space group, triclinielR(as racemic
mixture of RS/SR diastereomers. The bond angles were very similaong the
oxaphosphirane complexé$a 29-34 e.g, they had acute endocyclic angles at phosphorus
of about 50°. This holds true also for all bondgirs except the phosphorus metal distances.

The Cr-P distance (2.318(18) wasthe shortest one, as expected, but the W-P distianc
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slightly shorter than the Mo-P distanceThis trend was also observed PCp*-

oxaphosphirane derivatives!

Figure 12. Molecular structures of compl@4 (left side) and one independent molecule of
complex33 (right side)in the crystal (50 % probability level; hydrogewomts except Hla are
omitted for clarity). Selected bond lengti8) and angles (°) of comple83 W-P
2.4597(14), P-O(1) 1.667(4), C(1)-O(1) 1.486(6)C@) 1.805(5), P-O(1)-C(1) 69.6(3),
C(1)-P-O(1) 50.5(2), O(1)-C(1)-P 59.9(2); Selecteahd lengths(A) and angles (°) of
complex34 (Two independent molecules, one moleculengfentane in the unit cellhe
data for only one molecule are presented as ther ashnot significantlydifferent): W-P
2.4631(5), P-O(1) 1.6701(13), C(1)-O(1) 1.467@)C(1) 1.790(2), P-O(1)-C(1) 69.23(9),
C(1)-P-O(1) 50.01(8), O(1)-C(1)-P 60.76(9). Furthaetails on structure solution and
refinement can be found in the appendix under GFPR@omplex33) and GSTR 105

(complex34).
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11.3. Synthesis of  C-alkyl-P-bis(trimethylsilyl)methyl-substituted

oxaphosphirane complexes

Attempts to synthesize ne®@-alkyl substituted oxaphosphirane complexes wereadly
performed by Ostrowski through the thermolysis i BH-azaphosphirene comples. In
particular, studies to synthesize tieet-butyl C-substituted oxaphosphirane complex did not
yield the desired oxaphosphirane complex but tér&butylcarbonyloxy(alkyl)phosphane

complex35 (Scheme 23Y®!

(OCKW,  CH(SiMey), (OC)SW\P/CH(SiMQ;)z
R 'BUC(H)O AN
\ uC(H) _ H/ o
— N Toluene/ 47°C /L
P -PhCN By O
15 35

Scheme 23. Synthesis of the comm@&xia thermolysis of complex5.*®!

In this chapter the synthesis of no@hlkyl substituted oxaphosphirane complexes usieg t
phosphinidenoid complex route was performed. Tlaetren of dichlorophosphar#t with
alkyl substituted aldehydes vyielded selectively theaphosphirane complexe¥6-38 in

moderate yields after column chromatography (50-686heme 24).
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(OCxW. CH(SiMey), 1.12-crown-4 (OCxW. CH(SiMey),

./ H 2.BuLi N/
R + o > R
/ N\ Et,0/-80°C->0°C M \
Cl Cl R e}
-LiCl/-12-crown-4 R
24 “BucCl 36: R='Bu
37:R="Pr
38: R="Pr
(OCxW. CH(SiMey), 39: R= Me
X/
R
12-cr|6|vvn-4 ¢l
18

Scheme 24. Synthesis of oxaphosphirane compldg&e9 through reaction of transiently

formed Li/Cl phosphinidenoid compleés8 and aldehyde>

The oxaphosphirane compl89 (R = Me) was also formed, but decomposed afterHfeurs

in solution. Therefore, only the NMR data of coeB9 were obtained. In general, tke
alkyl substituted oxaphosphirane complexes weréatsd in lower yields than the aryl
derivatives, partly due to rapid decomposition.haligh it seemed apparent that the aryl
group stabilize the oxaphosphirane complexes nrodtgbly because of electronic effects, it
was not the case for the-Cp* oxaphosphirane complex88,in which the C-methyl
substituted oxaphosphirane complex was stable.

Nevertheless, the utility of the new phosphinidednaomplex route to synthesize

oxaphosphirane complexes was proven, where othegdad failed before.

The *P{*H} NMR spectroscopic data (Table 8) of the oxagtiine complexe86-39
were very similar (22.5-30.9 ppm) and the shifighdly up-fielded to theC-aryl substituted
oxaphosphirane complex&s, 34. The phosphorus-tungsten coupling constants wse a

slightly smaller (298.7-302.6 Hz) than for the adgdrivatives. There is no obvious trend
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between the steric demand of the substituent ataHeon center of the ring and tHe{'H}

NMR chemical shift.

Table 8. Selected NMR data (CRLbf the oxaphosphirane complex3@s 39.

&P [ppm] | 3(*H) [ppm] Gpu[HZ]) | S(C{*H}) [ppm](Jp c[HZ])
(welHzZ]) [CH(SIMe), | CHR | CH(SiMe), CHR
36(/225(298.8) 1.25 2.70 33.6 (15.4) 67.1(28.5
37[31.9(298.8) 1.05 2.75(9.8) 28.7 (17.1)] 62.9 (28.7)
38[27.7(302.6) 1.15 3.10 (9.8 28.5(16.4)] 57.4 (30.7)
39]30.9(298.7) 1.05 3.15 28.5 (16.3) 53.8(32.9

The'H NMR data of the CKBiMes), protons of complexe36-39 were very similar to the
C-aryl substituted oxaphosphirane complexes, toa dmd not show any phosphorus
hydrogen couplings. On the other hand theRCptotons showed resonances at around 3
ppm, and in the case of complexd® 38 (R ='Pr,"Pr) they showed a relative bifdp 4
value (9.8 Hz) compared to the oxaphosphirane cexegB6 and39.

In case of comple®9, there was a phosphorus hydrogen coupling of Hz.®etween the
CHs group attached to the ring and the phosphorus,aatitough nd*3Js ,; constant could
be found for the CHMe) proton. This interesting phenomenon was alsseoved in theC-
methyl substituted oxaphosphirane complex havingCgt moiety attached to the
phosphoru§™

The **c{*H} NMR spectroscopic data of complex86-39 revealed similar trends for the
resonances of theH{SiMe;), carbon atoms (Table 8), they were found in theavarange
of 28.5 to 33.6 ppm with &pcvalue of 15.1 to 17.1 Hz. TheHR carbon atoms of the
complexes36 and 37 were more deshielded than the one of aryl substituted

oxaphosphirane complexes; oxaphosphirane cong@eloesn’t follow this trend.
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The mass spectrometric experiments (El, 708¥\V) revealed again that the molecule
radical cations 086 (m/z 620),37 (m/z 488),38 (m/z 534) undergo ring fragmentation in all
cases followed by loss of one molecule CO, forntimg base peakr{/z 486), which was

assigned to [((CQWPCH(SiMe),)""].

The infrared spectroscopy of complex3s38 showed again the same symmetryfGn the

W(CO) fragment. Three bands were found in the carbopgbgption range, two weak bands
at higher frequencies due to& ((2070 cm®) and B ((1990 cn') modes, and another
very strong band at lower frequenci€d 930 cn’) most probably due to overlapping of the

E and A®modes.
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Figure 13. Infrared spectrum of complé&

The UV/is studies for these oxaphosphirane congdeshowed A around 240 nm and a
shoulder at around 300 nm, which can be assignadmnetal-ligand charge transfer (MLCT)

procesd>®
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Only complex 36 could be determinate by X-ray diffraction studias, this case the
oxaphosphirane complex crystallized in the monazlepace group P&, which breaks the
tendency of the other oxaphosphirane complexeseotriclinic space group. It was also

found as mixture oRS/SRliastereomers (Figure 14).

Figure 14. Molecular structure of oxaphosphiran@pgiex 36 in the crystal (50 % probability
level; hydrogen atoms except H1 are omitted forityla Selected bond length@) and
angles (°): W-P 2.4804(8), P-O(1) 1.669(2), C(1})01.487(4), P-C(1) 1.784(3), P-O(1)-
C(1) 68.58(16), C(1)-P-O(1) 50.88(13), O(1)-C(1p®54(14). Further details on structure

solution and refinement can be found in the appeadder GSTRO71.

The crystal structure of comple36 showed the typical acute endocyclic angle at the
phosphorus atom (50)8and similar bond lengths. This proves that, attldas the C-
aryl/alkyl oxaphosphirane complexes, the P-W distais unaffected by th€-substitution

pattern of the ligand.
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1.4 Synthesis of C-disubstitutedP-bis(trimethylsilyl)methyl-substituted

oxaphosphirane complexes

As mentioned in the introduction, Schréder was aiwe synthesize two differenC-
disubstituted oxaphosphirane metal complexes (cexesl1ll, 12), but before it was
Ostrowski who synthesized the firStdisubstituted oxaphosphirane compkekvia [2+1]
cycloaddition of a transient terminal phosphinidec@mplex, generated from theH2
azaphosphirene complets, with benzophenone (Scheme 25). Unfortunately, dexnpl
was obtained as by-product only (10 % after chrograiphy), while the major product was

the benzoxaphospholane compd®!

(OCxW,  CH(SiMe), (OB CH(EMey, (OCHW,  CH(SiMe),
R oC
\ + PhCO Toluene/ 45 \
— N -PhCN
p
15 41

Scheme 25. Synthesis of oxaphospholane condflexd oxaphosphirane compléx.*®!

If the phosphinidenoid complex route was appliedcimbetter yields were obtained in the
synthesis of theC-disubstituted oxaphosphirane complék When the complexX4 and
benzophenone were employed, the oxaphosphiraneleodipwas the major product (80%)
in the reaction mixture, although a by-prodd®®{*H} NMR: 140 ppm,Jw p= 278 Hz) was
observed in small quantities. After column chrorgeaphy the oxaphosphirane compkk
was obtained in pure form; single-crystals wereagrdrom n-pentane solution and used for

X-ray diffractometric studies.
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Further studies showed that the phosphinidenoid ptenroute is especially useful in
oxaphosphirane complex synthesis if ketones (ahaldes) having a low boiling point shall
be used. Thus when acetone was used, the oxapharsphtomplex42 was obtained

selectively ( yield : 49%) (Scheme 26).

(OCXW CH(SiMey), 1.12-crown-4 (OClW, CH(SiMey),
\P/ R 2 1BuLj \P/
+ >
/ >: O  Eto/-80oc>0cc R \
Cl Cl R o)
-LiCl/-12-crown-4 R
24 -'BuCl 41:R = Ph
42:R = Me

(OCkW, CH(SiMe;),

-

12-cr|6|vvn-4 Cl
18

Scheme 26. Synthesis of oxaphosphirane compléked?2 through reaction of transiently

formed Li/Cl phosphinidenoid comple8.

As the analytical data of complei., published in the literatufé® were not complete, the
missing data could be obtained (Table 9). The phags chemical shift of complekl was
very close to theC-dimethyl complex42, but its phosphorus-tungsten coupling constant
almost 10 Hz larger. Th& 4 value of the CKSiMes), proton of the complexX1 was also
unusually large (16 Hz) in comparison with compd The CH moieties of complex?2
showed relative 3Jp values of 9.11-15.01 Hz. Th&C{'H} NMR data of bothC-
disubstituted complexes were very close to thost®C-monosubstituted oxaphosphirane
complexes36-39, no influence of the substitution at the carboomaion the ring into the

3c{*H} NMR data was found.
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Table 9. Selected NMR data (CRLbf the oxaphosphirane complex&sand42

5*'P [ppm] &(*H) [ppm] Fp.n[HZ]) 3(°C{*H}) [ppm](Jp.c[Hz])
(wplHZ]) | CH(SIMe), R R CH(SiMe), CR,
41 | 52.2(305.5) 1.31(15.9) 7.6 7.6 23.9 (38.2)] 69.9 (20.5
42 | 55.6 (296.2) 1.25(3.0) | 1.46 (15.0)1.63 (9.1)| 30.5(17.4) 61.1(31.0)

®41R =Ph42R = Me

Suitable crystals for X-ray diffractometric studie complexes4l and 42 were obtained
from concentrated-pentane solutions (Figure 15 and 16). Surprisingllybond lengths and
angles in the oxaphosphirane ring of complek2sind 42 were in the normal range of the
other oxaphosphirane complexes presented in thik.wOne interesting feature of the
molecular structure of complekl is that the position of the_GBiMes), proton (H14)is on
the opposite side of the W(C£group, most probably due the steric effect oftihe phenyl
groups attached to C1. Complds crystallized as a mixture d®/S diastereomers in the
orthorhombic (Fdd2) crystal system while the oxeggiorane compleA2 crystallized on the

monoclinic space group R/ again as a mixture &f/Sdiastereomers.

Figure 15. Molecular structure of oxaphosphiran@giex41in the crystal (50 % probability
level: hydrogen atoms except H14 are omitted farity). Selected bond lengti{#) and

angles (°) : W-P 2.4802(8), P-O(1) 1.671(2), C(11)0L.485(3), P-C(1) 1.811(3), P-O(1)-
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C(1) 69.74(14), C(1)-P-O(1) 50.29(12), O(1)-C(1p®.96(13). Further details on structure

solution and refinement can be found in the appeudder GSTR145.

Figure 16. Molecular structure of oxaphosphiran@pgiex42in the crystal (50 % probability
level; hydrogen atoms are omitted for clarity).e8¢¢d bond lengti{#\) and angles (°) W-P
2.4805(5), P-O(1) 1.6672(13), C(1)-O(1) 1.495@(1) 1.7949(18), P-O(1)-C(1) 68.92(9),
C(1)-P-O(1) 51.00(7), O(1)-C(1)-P 60.08(8). Furthaetails on structure solution and

refinement can be found in the appendix under GE0R1
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[11.5 Synthesis of the first spiro-oxaphosphiraoenplex

Until now, all attempts to synthesize oxaphospheeppntanes through oxidation of
phosphaalkenes with inverse electron density, mageSchrodel* and more recently
performed by Bertrand and Math&S), failed. In both cases, cyclopropenyliden-type
phosphine complexesA, 44) were used having a positive charge delocalizeer dkie
cyclopropenylium unit and a negative charge loedliat the phosphorus center. In case of
complex 43, Schréder could not detect an oxaphosphirane compde identify other
products®!  Complex 44 yielded the phosphacyclobutenone compiéconly*® thus
paralleling the oxaspiropentene-cyclobutenone caive®® the authors also performed
DFT calculations on the spiro-oxaphosphirane anohdoit to be 46.0 kcal/mol less stable

than the isomeric four-membered heterocycle.

BY W(CO)s
A [O] .
P\ » complex product mixture
Mes
tBu - . .
43 [O] = MCPBA, TmsO,, dimethyldioxirane
i : W(CO)s
PEN W(CO)s PEN 1
A propylene oxide —P._
N > ‘ Ph
_ Ph .
| .
PN PN o
44 45

Scheme 27. Unsuccessful attempts to synthesizeospiphosphirane complex@s>®!

Despite these discouraging results the synthesisa o$piro-oxaphosphirane complex

derivative was attempted using the phosphinidemoithplex route, which was successful

-41 -



and the first examples, the complexé6a,b, were obtained using comple4 and
cyclohexanone (Scheme 28). The two isomeric oxgticane complexes (ratio: 77:23)
were isolated after column chromatography, whergheywas obtained in pure form (yield

10%), while46b was obtained as mixture wittba (yellow oil, yield: 58%).

(OCBW_  CH(SiMey), 1.12-crown-4 (OClW, CH(SiMey),
s 2'BuLi e
+ 0 -
o \CI Et,0 / -80°C->0°C \o
-LiCl/-12-crown-4
-'BuCl
24 46a,b

(OCkW, CH(SiM
LR
12-cr|6|vvn-4 cl

18

Scheme 28. Synthesis of the oxaphosphirane congdé®egbthrough reaction of transiently

formed Li/Cl phosphinidenoid complé8 with cyclohexanone.

Both isomeric oxaphosphirane complex&a and 46b had identical tungsten-phosphorus
coupling constants (295.6 Hz) but 10 ppm differeneaveen theif’P{"H} NMR chemical
shift values (Table 10). There was also a largéedifce between thefds ; values of the
CH(SiMe3), proton, the major isomet6a displayed a value of 15.9 Hz, while the minor
isomer 46b showed a “normal” value of 2.9 Hz compared to ttker oxaphosphirane
complexes reported in this work. On the other hatidre were no such significant
differences in their*C{*H} NMR data and in comparison with the other oxagptirane

complexes36-39.
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Table 10. Selected NMR data of oxaphosphirane cexeghi6a,b (CDCk).

5P [ppm] | 3(*H) [ppm] e u[HZ]) | 3(°C{*H}) [ppm](JIp c[Hz])
(Nw,p[HZ]) CH(SiMey), CH(SiMey), CR,
46a | 47.1 (295.6) 1.20 (15.9) 23.438.8) | 65.7 (27.3)
46b | 57.6 (295.7) 1.24 (2.9) 23.0 (38.0) 65.0 (29.6)

Noteworthy are also the differences in tffé8i NMR data: compled6ashowed a doublet at
-1.50 ppm with azJp,SivaIue of 5.8 Hz and one singlet at 4.0, while ¢tx@phosphirane
complex46b showed two doublets, one at -1.30 ppm withJgs; value of 6.5 Hz and a
second one at 0.90 ppm with zap,Si of 8.2 Hz. Until now all other characterized

oxaphosphirane complexes had displayed two doubigtssimilar values to comple46b.

Mass spectrometric investigations (El, 70€¥W) using a mixture of oxaphosphirane
complexes46a,b showed the molecule radical cation4fa,b (m/z 612) followed by ring

cleavage and loss of one molecule CO to form [((@@CH(SiMe),) '] (m/z 486) and the

[(SiMe3)""] fragment (m/z 73) was found to be the base peak.

It is not clear if the diasteromery of compk&a,bis due to the possibR or S configuration

at the phosphorus center or to the different can&tion, boat or chair, of the cyclohexane
unit. As only suitable crystals for X-ray diffractetric studies of comple46a (Figure 17)
but not of complexd6b were obtained from a concentrategpentane solution, this question
remained open. Like most of the oxaphosphirane ¢exep, complexi6acrystallized in the
triclinic system P (-1). The phosphorus center ldiggd aS configuration, although the
tetrahedral symmetry is much distorted. The endacyngle at the phosphorus was even
smaller than in the other oxaphosphirane complegperted herein. The C(1)-O(1) bond
length was also clearly shorter than in the othepbosphirane complexes under study in

this work.
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The cyclohexane group adopts a chair conformatiorost perpendicular, 89.66°, to the

oxaphosphirane ring plane (Figure 18).

Figure 17. Molecular structure of oxaphosphiramenglex 46a in the crystal (50 %
probability level; 60 % main orientation on phegybup and oxaphosphirane ring; only the
crystallographic data of the main structure areegiwhile the second disordered structure is
mainly the same; hydrogen atoms are omitted fortgjareduced form on the left side).
Selected bond lengths (A) and angles (°): W-P 24m4 P-O(1) 1.676(3), C(1)-O(1)
1.416(4), P-C(1) 1.778(3), P-O(1)-C(1) 69.59(17)1)eP-O(1) 48.31(13), O(1)-C(1)-P
62.10(15). Further details on structure solutiod eefinement can be found in the appendix

under GSTR138.
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Figure 18. View of the reduced and simplified maleac structure of complef6aalong the

P-C1 axis (left side) and from the oxaphosphirdaae(right side).
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[11.6 Scope and limitations of the phosphinidena@dmplex method in the

synthesis of oxaphosphirane complexes

One of the principal advantages of the transiemhé&al Li/Cl phosphinidenoid complex route
is the versatility in the election of the trappiagent (aldehydes or ketones), although some
steric limitations were founds.g, if very bulky ketones, like 2-adamantanone (Fegl9),
2,2,4,4-tetramethylpentan-3-one  or even 3,3-dimbthsn-2-one were used, no
oxaphosphirane complexes were observetfBYNMR spectroscopy but the formation of the
diphosphene complef0”® and 47°”! (Scheme 29); the latter were always formed if the
phosphinidenoid compled8 was warmed up in the absence of an effective ingpp

reagent®”

(OC)W. CH(SiMey)
X / ’

R + O
CI/ \CI
(OCxW CH(SiMe),
24 X/
/P=P
(OCEW_  CH(SiMey), 1.12-crown-4 (Me;Si),HC
X / o 2.'BuLi
P '
/ \CI " Et,0 / -80°C->0°C +
cl
-LiCl/-12-crown-4
N\ A
24 /PZP
(Me3Si),HC CH(SiMe;),
(OCxW, CH(SiMey),
X/
R + 47
cl cl —
24 S

Scheme 29. Reaction of compl2&with very bulky ketones.
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20

/ 47

Figure 193'P{'H} NMR spectra of the reaction of compl&# with 2-adamantanone.

Also if N-functionalized aldehydes or ketones (dimethylfamde, tetramethylurea or
tetrahydro-1,3-dimethylpyrimidin-2H)-one (Scheme 30)) were used as trapping agemts, th
formation of the desired oxaphosphirane complexesldc not be observed. If
dimethylformamide was used as trapping agent, #®ilts were not reproducible: the
31p{'H} NMR data of the reaction mixtures displayed gnsil at -23.0 ppm with dJwp =

312 Hz, which appeared in all spectra but in aed#ift ratio. The same resonance was also

found in a very unselective reaction with dimethgh
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(OCBW_  CH(SiMey), o

\P/\ +\N)J\N/ ]
o e / N\
24
(OC)SW\ /C|_|(Si'\/le3’)2 O 1.12-crown-4
t .
/P\ * \N/IKH 2. Bull - Product mixtures
Cl Cl / Et,0 / -80°C->0°C
-LiCl/-12-crown-4
-'BuCl
24
(OC)sW\ /CH(SiMe3)2 )OK
+
/ P\ \N N
Cl Cl k)
24

Scheme 30. Attempts to synthesik-€unctionalized oxaphosphirane complexes.

If tetrahydro-1,3-dimethylpyrimidin-2-one was emydal the*'P{*H} NMR spectra (r.t.)
showed a mixture of unidentified products in thega of 20 to 50 ppm, showing a broad
signals and one sharp signal at 10 ppm Wighe = 233 Hz.3*P{*H} NMR monitoring at low
temperature revealed only the formation of the phosdenoid compleX8 before it then

reacted to yield non-identified products.

So far this work was focused on the synthesidP4ifis(trimethylsilyl)methyl substituted
oxaphosphirane complexes, which together wittPi@p* andP-'Bu andP-Mes-substituted
complex derivatives were the only substituents bzt enabled the isolation of the targeted

compounds. Therefore, a part of this study was welvto establish Li/Cl phosphinidenoid
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complexes with less bulky substituents at phosp)goreliminary results will be reported

hereafter.

First, [W(COX(PhPCH]®Y (48) was chosen as example of an easy-to-accessngtarti
material, which was synthesized via coordination thle commercially available
dichloro(phenyl)phosphane. The chlorine/lithium leiege reaction in compled8 followed
the same protocol as before and yielded, in the od®enzaldehyde, a mixture of products
as revealed through tH&P{*H} NMR spectra (Figure 20) and which showed resaean
between 150 and -150 ppm; none of them could b&yreess to a corresponding-Ph

substituted oxaphosphirane complex

(OC)5W\ Ph o 1.12-crown-4
/ 2. BulLi

R + h)k » Unselective reaction
o \C| P "H  Ey0/-80°c->0°C

-LiCl/-12-crown-4
48 -BuCl

Scheme 31. Attempt to synthesizB-ahenyl substituted oxaphosphirane complex.
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400

Figure 203'P{*H} NMR spectra of the reaction solution of compk&with aldehyde.

In order to examine if the less bullyCp complex49 could be used, instead of tReCp*
complex, its synthesis was attempted via the reaatf CpPCGI®? with [W(CO)(thf)] but its

isolation was not achieved because of partial deosition during the column

chromatography.
(OCxW Cp Mes* Mes H;B CH(SiMe&y),
\, . ) N/
AN AN
CI/ Cl CI/ \CI CI/ \CI CI/ Cl
49 50 51 52

Scheme 32. Attempted new dichlorophosphane coraplex

As Schroder had already demonstrated Biddes substituted oxaphosphirane complexes

could be synthesized using the “oxidation meth@dSeemed likely to attempt the synthesis
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via the "phosphinidenoid complex route” employirither a Mes (1,3,5-trimethylbenzyl) or
Mes* (1,3,5-tritert-butylbenzyl) as substituent at phosphorus. Unfately, the
corresponding dichloro(aryl)phosphar&®® and50° did not react with [W(CQJthf)],

and thus no reactions could be performed.

As many phosphane derivatives form adducts witfiouarborane$® the complexation of
the phosphan@3 with BH3 THF was studied. Furthermore, recent studies haelated that
some phosphine-borane adducts were stable towihiitibn conditiond®® Therefore, it
was assumed that such adducts might be applicalhe tsynthesis of oxaphosphirane borane
complexes using the “phosphinidenoid complex rauteigether with the perspective of a
facilitated decomplexation of such oxaphosphiraneabe complexes to yield non-ligated
oxaphosphiranes was very attractive. Attempts th®sized the phosphane-borane complex
52 (Scheme 32) were only partly successful as deaaxafibn occurred during evaporation
of the solvent and the complex could not be isdlatgure form.

Lithiation under standart conditions of the phogsmiaorane comple%2 in the presence of
aldehyde in order to synthesized oxaphosphiranangorcomplexes led only to very
unselelective and not reproducible reactions. Teetsa showed different resonances at low
field (between -77 and -150 ppm wilp values around 180 Hz) and at high field (between
160 and 200 ppm).

Complexation of phosphart® and51 using B THF were, as in case of [W(C&hf)], not
successful. In case of dichloro(phenyl)phosphaagijgly complexation occurred in toluene
G NMR: 149.88 ppm,'Jpg = 22.89 Hz) but the borane complex could not be
characterizated because of the decomplexation wéiteoving the solvent to give the free

phosphane.
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IV. Investigations on the reactivity oP-bis(trimethylsilyl)methyl-substituted-

o°\*-oxaphosphirane complexes

Schroder was the first to report on the chemistrigolatedo®\*-oxaphosphirane complexes
VIl , whereby he had exclusively investigated the reiagiof the oxaphosphirane complexes
12 and 13 towards few electrophiles and nuchleophiles (Seh@8)* Apparently, the

“oxidation methodology” did not allow a broader dyuof oxaphosphirane complexes as

stated by himself*!

(OCxW_  'By (OClW, 'Bu
A HX TN/
H \ > H P\
O IBX X
¢ > u OH
Bu
13 53: X= OH
88: X=ClI
(OCEW  Mes OCXW Mes
X / (OCk x /
M P\ EX or NuY Me P\
e ’
>LO OH
Me 54
12
EX = HCI NuY = MeLi
HOTf MeMgBr
EtOTf NaOEt

Scheme 33. Reactivity studies on the oxaphosptsreomplexed2 and13, performed by

Schrodef?*

He studied the ring-opening behavior of the oxaphane complexi3 towards water and
HCI and observed that the phosphane compl&8eand88 were formedhrough P-O bond
cleavage. He proposed that the formation of thesduzts should occur through protonation

of the oxaphosphirane ring at the oxygen atom ar$equent nucleophilic attack. On the
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other hand and surprisingly, compl& didn’t show any reactivity towards water and styon
electrophiles such as TfOH, HCI, and EtOTf, but didct with strong nucleophiles such as
MeLi, MeMgBr, and NaOEt, whereby C-O bond cleavagel 1,3-proton shift occurred to
give complex54 as the only isolated product in all cases (Sch&de In the proposed
mechanisnt®¥ the last protonation step was due to the work-upcgss,i.e., column
chromatography.

(OC)5W Mes (OC)5W\ /M es

— > Me R

Me \(—B @>/ \OH
>L H(|: \
@D
(OC)5W\P/MeS / H -H (OC)SW\ /Mes
e R

"1,3-H-migration”

Me  / \  -mmmmemeeeemmeeememseeseoseeooeeeeooooooe = M o
%
Me (OCKW  Mes P
12 }\ X/ (OCKW, ~ Mes -

\ :

(‘ MeY P\8

CH2

Scheme 34. Mechanism proposed by Schroder for dnmation of complex54 from

oxaphosphirane compleb@.*¥
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IV.1 Acid-induced ring expansion reactions @&-phenyl-oxaphosphirane

complexes

As described in the first chapter, a major aimho$ wwork was to investigate the chemical
behavior of oxaphosphirane complexes in comparisooxiranes. It is well known that
oxiranes can undergo ring expansion reactions énptesence oftsystems induced by
different Bransted acids (Scheme 85F% If ketones or aldehydes were usedes/stems,
dioxolanesXXVIl were formed as result of a ring expansion readi8oheme 35). In case
of an acid-induced ring expansion reaction of af%*-oxaphosphirane complex&8l this

would result in the formation of 1,3,4-dioxaphosiaim@ complexes.

R R
R R R
R,CO o
R >
0 TfOH or
HCl or o
R HBF, R
R
| XXVII

Scheme 35. Examples of acid-induced ring exparsiactions using TfOE HCI®® or

HBF,®% as Bragnsted acids.
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IV.1.1 Synthesis of 1,3,4-dioxaphospholane com@exeom C-phenyl-

oxaphosphirane complexes

Until now only three examples of 1,3#A-dioxaphospholane complexeéxVill are
known!®"® and there is also not much literature about tRéianaloguexXIX ,?°" albeit

the interest irKXIX as possible precursor for polymers. The 1,3,2adwospholanes<XX
(Scheme 36) have attracted a great deal of intevest the years because of their
applicability as precursors for polymeric and/opalymeric material¥? some of which are
fire-resistant and some biodegraddbleConsequently, several valuable synthetic methods

have been developed for their synthesis.

[M] R R R
X/ N N

g)o g)o OQO

XXVIII XXIX XXX

Scheme 36. DioxaphospholangXIX , XXX and complexes theredtXVIIl ; R denotes

ubiquitous organic substituents; E denotes O ag |mair; [M] denotes a W(C®@ygroup.

The synthesis of 1,3,43\*dioxaphospholane complexes appears to be moreenbaiy as
one might think. The only three 1,3¢#°dioxaphospholane complexes known until now,
complexes 56-58°" " were synthesized through thermolysis of tteCp*-2H-
azaphosphirene compléss in the presence of aldehydes (Scheme!37When the same
reaction conditions were applied to a mixture of #H-azaphosphirene complets and

benzaldehyde, the oxaphosphirane compxwas obtaine&®
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(OCEW.  cp* (OCEW, Cp*
X/ P N
o Ar
/N +2acHO _Toluene 65°C X o
N >
=) -PhCN H
es O Ar
H
56: Ar = Ph
57: Ar = o-Tolyl

58: Ar = 0-Anisyl

Scheme 37. Synthesis of the 1,3@\ dioxaphospholane complexB6-58 via thermolysis

of 2H-azaphosphirene compl&L.>" ")

First attempts of Bode to synthesize 1,8°A3-dioxaphospholane complexes via thermolysis
reactions starting fror®-Cp*-oxaphosphirane complexes in the presencedsfigides failed
and P-C cage complexes were formed, instead, v@al®nd cleavagé® Surprisingly, own
studies on thermal ring-opening reactions of oxaphirane complet6afailed, too, ad6a

didn’t react under the same conditions.

Shortly afterwards, | had developed a new methadth@ ring expansion reaction of
oxaphosphirane compled6a which were the first examples of Brgnsted acid-oetlP-O
bond selective ring expansion reactions of a ttamsi metal coordinateds®\>-
oxaphosphirane complé%! This method provided high yield access to 4,5-dibyl,3,4-
oxazaphosphole complexB8-61 from complexl6ausing trifluoromethane sulfonic acid in

the presence of different carbonitriles, followadtkeatment with triethylamine (Scheme 38).
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(OCEW_ CH(SiMey), (OC)5W\ /CH(SiMes,)z

\p/ 1. TfOH Ph P\
H \ + RCN 2. EgN N
0 - H /
PK CH,CI,/RT o)
16a -[EtsNH][TTO] R
59:R = Me
60: R = Ph
61: R = NMe,

Scheme 38. Brgnsted acid-induced ring expansiootioea of oxaphosphirane complex

16al®

Because of its selectivity, under mild conditiotisis method was very promising for P-
heterocyclic synthesis, in general, and for thetlmsis of 1,3,4¢°A\%dioxaphospholane

complexesXXVIll , especially.

First attempts to synthesize 1,32>-dioxaphospholane complexes using oxaphosphirane
complex 16a, benzaldehyde and one eq. of TfOH and, subsequeNiy at ambient
temperature were not successful: the desired ptodgas found only as a minor product,
while the major product showed*#{'H} NMR resonance at 49 ppm without tungsten
satellites, and which couldn’t be isolated becawssomposition during  column
chromatography. Upon lowering the reaction tempeeato —30°C, the reaction became
more selective and the 1,3%-dioxaphospholane complexes were found as the major
products, although the formation of the by-prodattout 30%) having no tungsten satellites
was also observed. The reactions could not be ipeed below -30°C, to increase the
selectivity of the reaction, because of the lowubity of the acid in dichloromethane at
very low temperatures. The formation of this commbwand investigation on the reaction

mechanism will be discussed later in chapter I\.2.1
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IV.1.1.1 Synthesis of 3,5-diphenyl-1,3,4-dioxapblaslane complexes

The first aspect to be investigated was if therany metal dependency on the product
formation. Therefore, the oxaphosphirane completés, 29, 30 were reacted with
benzaldehyde and TfOH in GEI, at -30°C and, subsequently, with NB&hich yielded the
1,3,4-dioxaphospholane complex@és64a,b as a mixture of two diastereomers (see Scheme

39 for ratios); the complexes were isolated aftdurmn chromatography in moderate yields

(25-26 %).
(OCxM_ CH(SiMey); (OC)kM CH(SiMey),
./ A4
P 1. TfOH Ph P
He /' \ 2. EtN EN
>Lo + PhC(H)O . Eg P G
PH CH,Cl,/ -30°C Oué
Ph
-[EtzNH][TfO] H
27: M=Cr 62a,b:M = Cr (69:31)
28: M =Mo 63a,b: M = Mo (57:43)
16a:M =W 64a,b:M =W (64:37)

Scheme 39. Synthesis of 1,3,4-dioxaphospholane lexeg62-64a,h

As expected th&'P NMR data of the complexé@-64a,b showed the influence of the metal
fragment as the complexé2a,b (M = Cr) are more deshielded than comple&8a,b and
64a,b(Table 11). In each case, there is only a smdimihce of 0.2-0.3 ppm between both
diastereomers,b and in the case of the complex@Za,b both showed the same tungsten-
phosphorus coupling constant of 281 Hz. No catigacould be found between tR
values of the CKBiMes), moiety and thé'P{*H} NMR resonance of both diastereomers in

solution.
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The C-H protons (Scheme 39, numbering according to thettsch-Widman systétf)
showed a'H NMR resonance in the narrow range of 5.32-5.8M pgith a >*°Jp 14 value
between 14.3 and 20 Hz. Thé-B protons were also found very close to each 06h@®-
6.72 ppm. Whereas complexé€-63a,b did not show couplings of the “H with the
phosphorus, a small coupling of 4.1 and 1.8 Hg determined for complexéga,h

The *C{*H} NMR resonances were all found in the expectetgeaand were also very
similar for all metal complexd®' The values of thé"Js ¢ constant of the Ecentres are
around 5 Hz smaller than those &f €xcept for complexed4a,h where thelp ¢ values were

very similar for both complexes.

Table 11. Selected NMR data (CRJCHf 1,3,4-dioxaphospholane complexest4a,h

&P [ppm] 5(*H) [ppm] (.4 [H2]) 3(*C{*H}) [ppm](Jp c[Hz])
(welHZ)) | CH(SIMe),| C>H | C%H | CH(SIMe), | C c?
1.65 5.64 22.0 884 | 102.6

62a| 180.4 200) | 38 | | @62 | 52 | 103)
2.00 5.39 25.1 916 | 1025

62b| 1812 195) | (202 | %% | (362 | 26 | (155)
1.92 5.32 20.3 88.7 | 102.8

63a| 1544 179 | @55 | % | (368 | (58 | (10.4)
1.58 5.70 21.9 919 | 1017

63b| 1547 187) | 0.9 | %% | @62 | (26 | 84
oun| 1306 1.80 540 | 6.50 225 93.0 | 101.8
(281.0) | (199) | (14.3) | @1 | (294 | (78 | (8.1)

oan| 1308 2.10 580 | 6.10 20.6 895 | 103.2
281.0) | (19.0) | (19.4) | (1.8) | (29.8) | (11.3) | (10.3)

The mass spectrometric experiments (E\W for complex64a,b **Mo for complex63a,b
and>“Cr for complex62a,b) on the 1,3,4-dioxaphospholane compleg@$4a,bshowed the
preference of the molecule radical cations (m/z 54 complexes62a,h m/z 640 for
complexes3a,band m/z 726 for complex&gla,b) to extrude PhC(H)O to give m/z 488 for
complexes62a,ih m/z 534 for complexe63a,b and m/z 620 for complexeéta,h before

loosing CO.
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The IR spectra of complex&®-64a,b showed one strong absorption band in the carbonyl
range [0 1930-1940 cril) which was very broad, most probably as resuthefoverlapping

of bands, and another weak band at approxima€si 2ni'.

The UV/visible spectra of the complex&2-64a,bshowed oné\nax at around 235 nm and
shoulders that appear &fax values around 300 nm due to metal- ligand chaayester
transitions>”

Suitable crystals for X-ray diffractometry were ained from concentrated-pentane
solutions (Figure 21). Both complexes crystallizedhe same crystal system, monoclinic,

but in different space groups Rr2for complex62aand P 2/c for complex64a

Figure 21. Molecular structures of 1,3,4-dioxaptiadane complexe82a (left side) andb4a

(right side)in the crystal (50 % probability level; hydrogemmat except H1, H2 and H1l5a

are omitted for clarity). Selected bond lengths Ayl angles (°) of 1,3,4-dioxaphospholane

complexes2a Cr-P 2.3673(4), P-O(2) 1.6536(8), C(1)-O(1) 1.42%( P-C(1) 1.9239(12),

P-C(15) 1.8208(12), O(1)-C(2) 1.3988(14), O(2)-CI2377(14), C(1)-P-O(2) 90.05(4), P-
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C(1)-0(1) 102.39(7), C(1)-O(1)-C(2) 108.29(9), O@R)-O(1) 106.84(9), P-O(2)-C(2)
111.74(7), C(1)-P-O(2)-C(2) 12.52; Selected bormgiles (A) and angles (°) of 1,3,4-
dioxaphospholane complexéda W-P 2.5107(19), P-O(2) 1.656(4), C(1)-O(1) 1.433p-

C(1) 1.920(7), P-C(15) 1.835(7), O(1)-C(2) 1.396(D)(2)-C(2) 1.445(7), C(1)-P-O(2)
90.3(3), P-C(1)-O(1) 102.1(4), C(1)-O(1)-C(2) 1a8)9 O(2)-C(2)-O(1) 106.2(5), P-O(2)-
C(2) 111.5(4), C(1)-P-O(2)-C(2) 13.41. Further dstan structure solution and refinement

can be found in the appendix under GSTR099 (coxfi2e) and GSTR137 (compledda)

The structures of both 1,3,4-dioxaphospholane cex@d62, 64a showed a non-planar
dioxaphospholane ring having an envelope confoona#is central unit with two phenyl
groups and the CH(SiMp group adopting positions at the same side of therfiembered
ring; in both complexes O(1) points 0.53 A out bEtbest plane (C(1)-P-O(2)-C(2)).
Probably due to steric effects, the (SiMe3), groups adopt a relative orientation towards the
M(CO)s moiety such as that the CH group is facing the phenyl groups, which is in
marked contrast to the situation found in thetstgrmaterials, complexe29, 16a The P-
C(1) distances are unusually long for a P<Csipgle bond’” but similar values had been
observed before in related heterocyclic complé¥$he M(CO) moieties have a distorted
octahedral geometry, and tbis-CO are slightly bend to theansCO (C(25)-W-C(26) 86 °)

due to the bulkiness of the dioxaphospholane ligand
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IV.1.1.2 Synthesis of 2-alkyl-1,3,4-dioxaphospm@aomplexes

As the investigation of Bode had revealed that oryaryl-substituted 1,3,4-
dioxaphospholane complex&8-58 are accessible via the thermolysis method, andusec
of the necessity of a high reaction temperaturerothore volatile aldehydes such as alkyl
derivatives were not examined, it seemed to bedite to test the new Brgnsted acid-
induced ring expansion methodology. The reactioroxdphosphirane complek6a with
acetaldehyde and isobutyraldehyde vyielded 2-alkikstuted 1,3,4-dioxaphospholane
complexess5a,b (yield 23 %) and complexeé&ba,b (yield 21 %) under standard conditions
(Scheme 40). Again the formation of by-products whserved, which did not reveal the
existence of P-bound pentacarbonyltungsten moieties, and, inieglg, the same

diasteroisomer ratio (77:23) was found for both ptaxes65-66a,b

(OCEW_ CH(SiMey), (OClW. CH(SiMe;),
X/ X/
P 1. TfOH Ph AN
H>L\O +RCHO _ 22BN >€ 30
PH CH,Cl,/ -30°C H 01‘2#
[Et;NH][TO] LR
16a 65a,b: R = Me (77:23)

66a,b: R ='Pr (77:23)

Scheme 40. Synthesis of 2-alkyl substituted 1¢3)-dioxaphospholane complex&s-

66a,h

The new complexes show&®P{*H} NMR resonances around 130 ppm with almost theesa
LJw,p coupling constant of about 280 Hz (Table 12). Thé(%Mes), and the &H proton
showed similadp 1 values. An interesting structural feature was thatmajor isomersg§,

66a) had the largestlp, values between the GSiMe;), and the phosphorus. Theé-8
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protons showed again a smalft&éi 4 values (1-2 Hz) than the®® protons. In case of their
13c{*H} NMR data a difference of almost 10 Hz in thls cvalues of the B(SiMes), carbon
between both diastereomers was observed, whichnataghe case for the 2-phenyl-1,3,4-

dioxaphospholane complexégla,h

Table 12. Selected NMR data (CRICHf 1,3,4- dioxaphospholane compleXés66a,h

5P [ppm] | & (*H) [ppm] P u[Hz]) | 8(*°*C{*H}) [ppm](Jp c[Hz])
(wplHzZ]) | CH(SIMey), | C-H | C2H | CH(SIMe), | C° c?
oo | 1320 1.80 545 | 5.13 20.5 92.0 | 99.0
(279.7) 19.1) | (19.7)| (1.7) (20.6) 8.4) | (9.0)
s5p | 1300 1.81 5.45 | 5.80 21.0 101.0 | 87.5
(279.7) (13.0) | (14.3)| (2.1) (29.7) (10.3) | (11.7)
s6a| 1310 1.60 5.45 | 5.00 20.5 108.0 | 110.1
(281.0) (19.8) | (20.4)| (1.5) (20.0) (8.4) | (11.6)
sob | 1295 1.80 520 | 5.25 195 93.0 | 110.4
(279.7) (11.9) | (14.4)| 1.0)| (30.3) (8.4) | (11.6)

Mass spectrometric studies (El, 70 é8AV) of complexes$5-66a,b showed the preference
of the molecule radical cations (m/z 664 for compk65a,b and m/z 692 for complexes
66a,b) to extrude MeC(H)O for complexé&&a,b and'PrC(H)O for complexe66a,bto give

m/z 620, following by loss of benzaldehyde and ®Ostforming the basis peak m/z 486,

which was assigned to [(W(C§PCH(SiMe),)'*] in both cases.

IR spectroscopic studies of complexé&s66a,b showed the typical bands due to the W(£O)
fragment, one strong bond at approximately 1945 and a medium band at approximately
2070 cnt. The UV/Vis spectra also showed the typical badids to metal-ligand charge-

transfer transitions groups at 235 and 300 nm.

Suitable crystals for X-ray diffractometry of corapl66a were, again, obtained from a

concentratech-pentane solution (Figure 22); it also crystallizedthe monoclinic crystal
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system, P dc like complex64a The dioxaphospholane ring also showed a non-plana
situation of an envelope conformation, where thé&)@tom points out 0.724 A of the best
plane given by C(1)-P-O(2)-C(2); the respectiveitor angle is 1.79 °. The P-C(1) is slightly
longer than in the compleg4aThe H(1) and H(2) protons adopting positions & same
side of the five-membered ring as the W(€@pup, while the CtiMes), proton (H12a)

adopts a relative orientation towards the metarfrant like in case of the compleg2, 64a

Figure 22. Molecular structure of 1,3,4-dioxaphagphe complex66ain the crystal (50 %
probability level; reduce structure on the leftesi®0 % main orientation ofPr group;
hydrogen atoms except Hla, H2a and H12a are onfittedlarity). Selected bond lengths
(A) and angles (°) : W-P 2.502(2), P-O(2) 1.642(B{1)-O(1) 1.427(10), P-C(1) 1.862(10),
P-C(12) 1.808(9), O(1)-C(2) 1.446(15), O(2)-C(2472(16), C(1)-P-O(2) 88.6(4), P-C(1)-
O(1) 102.8(6), C(1)-O(1)-C(2) 101.6(8), O(2)-C(2JaP 103.5(10), P-O(2)-C(2) 112.8(7),
C(2)-P-0O(2)-C(2) 1.79. Further details on struetsolution and refinement can be found in

the appendix under GSTR139.
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IV.1.2 Investigations on the reaction mechanismtlué acid-induced ring

expansion reaction

The crystal structure of the 1,3,4-dioxaphosphammlex 66a, confirmed the insertion of
one aldehyde unit into the oxaphosphirane ringutinoP-O bond cleavage. To gain more
insight into the reaction mechanism theoreticatli&tsi were performed by Helten usin@-a
C-methyl model system for oxaphosphirane comgéinstead of the real structure complex
16a and MeCO as model ketone. Oxaphosphirane complgand triflic acid can form a
loose associat®,7-HOTf (Scheme 41), in which the proton of triflicid is not transferred to
the oxaphosphirane ring but forms an O-H-O hydrogend with the oxaphosphirane
oxygen center. This undergoes spontaneous ringiogpeand generation of phosphenium
complex 68, during the reaction the triflic acid proton isansferred to the former
oxaphosphirane oxygen. The latter is then attadkethe carbonyl compound through the
oxygen center, thus leading to the acyclic inteniateds9, which undergoes subsequent
cyclization. Compared to the acid-induced ring egian of 67 with nitriles!® three
important differences deserve special attentiorthé)ormation of the intermedia®® is less
favoured than the analogous formation of Riter-typeadduct from the reaction 68 with
acetonitrile, 2) the barrier of the subsequentizgtbn is, with respect t69 significantly
lower, and 3) in the cyclization step the protoattstemmed from TfOH is back-transferred
to the triflate anion, and the system has no pdsgifor stabilization through protonation of
a heteroatom of the five-membered ring. In the cdgbe reaction with nitriles, the resulting
4,5-dihydro-1,3,4-oxazaphosphole complexes ardlyimaotonated at the nitrogen center,
which renders the reaction irreversible. Here,ha productsfO-HOTf and 71-HOTT, the
triflic acid proton is boundvia hydrogen bonding to the 'Cor the & center of the
dioxaphospholane complex, respectively, and norikesh is clearly favoured over the other.

Consequently, the last step, vi, corresponds thegely to the deprotonation of triflic acid by
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the amine, and is, as anticipated, highly exergo@mmparison of the reactions with the
model aldehyde and the model keton reveals thatnibpr difference is found for the
cyclization step (iv), as this is considerably les®rgonic if MeCO rather than C}OD is
employed. In combination with the aforementionexiegs 1-3, this supports the assumption
that the reaction with ketones might be reversftileoretical studies of the formation ©f
protonated 1,3-dioxolanes predicted the possiboity a very fast (0.05 ps) ring-opening
reactioh’®) before the deprotonation is carried out. As thtaltnumber of particles during
the ring expansion reaction decreases, the ovwaadition entropy is negative: —219ndl

reaction—including the deprotonation—at low tempee

A

AG (OC)sW, CHg
kd/mol (OC)sW ., (OC)W, ~ CHs H"’C><P\%
P/ 3 ~ “\
+ Me,CO HsC 6N H o---CMe
HaC— by ><OH\ CMe, i ‘ :
oTf Sort o
—_— P TS %
(ORI, e SIS i 59 L
\ T f\Y
H3C7LQ\ I
H  hott 7
— (OC)sW v
A Ry~ CHj3
4 67-HOTF +MeCO ™57 oy
com o SoTt 70-HOTf 71-HOTf
7[’\ 68+ Me,CO ORI, s 00w, CHs
HaC o H3C>( 0 HaC P{__HOTf
0
H H o H>g
67+ TfOH + MeCO TfOH CHs CHs

reaction coordinate

Scheme 41. Computed pathway for the reaction oploasphirane comple&7 with acetone
in the presence of TfOH. The sum of free energfeth® reactant&7+TfOH+Me,CO was

arbitrarily taken as the zero point of thé scale.

- 66 -



Table 13. Calculated thermochemical data for reastof67 with TFOH and RCO (R = H,
Me; B3LYP/aug-TZVP/ECP-60-MWB(W), COSMO GBI, // RI-BLYP/aug-SV(P)/ECP-

60-MWB(W), COSMO CHCL,); all values in kJ - mot.

Reactiot! NG 08 ArG2os
i 1b] +13.6
I +31.5 +25.1
R=H R=CH

NG 298 DrGoos AG 298 ArGoos

i Lc] +249 ld +34.3

iv Lc] -819 +9.3 -44.1
v o 78 WM -0.7
vild Lol -815 W -96.9

[ cf. Scheme 41 Not calculated™® Not located!™ Deprotonation 067-HOTf by NMe;;

not shown in Scheme 41.

The formation of two diastereomers was not takéa actcount in these calculations. The
preference for this stereochemistry, as determimgdhe crystal structures of the major
isomers of complexe84aand66a,can beconvincinglyexplained only through calculations
of the transition state in pathway (Scheme 41). Supposedly the small energy barrier
corresponds to the transition state in which tReHGand G-H protons point towards the
W(CO) fragment, where both protons could be weak coatdohto the triflate anion placed

at the same ring side.

Attempts to characterize the propogegrotonated 1,3,4-dioxaphospholane complex@s

HOTf analogous by NMR spectroscopy at room temperatailedf ThereforeP{*H}
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NMR monitoring of the reaction course was perfornfed complexes 64a,b at low

temperature (Figure 23).

06M3mTT1.10 16 1 d: Janaina
16a -60°C
L A LA
70-HOTf -40°C
A
-20°C
IL A A1 JLJ[
0°C
|
*IPNMR: 71 ppm 25°C
lJW,p =96 Hz
I i JJ L
| T T | I T | T T | I T T | T | T T I
120 100 80 60 40 [PpmM]

Figure 23.3'P{*H} NMR monitoring of the reaction course of the #8lioxophospholane

complexes$4a,bformation.

The reaction was performed at -60°C, without thesegquent addition of NEtand allowed

to warm up to ambient temperature (Figure 23). dimation of theO-protonated-1,3,4-

dioxaphospholane complex@®-HOTf analogous was already observed at -60°C (128.0

ppm, }Jp.w= 276.5 Hz (30%) and 130 ppriew= 276.5 Hz (70%)), although the reaction

was not complete and some starting material (compa, 42 ppm,-Je.w= 309.0 Hz) had

remained.
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The products at 128 and 130 ppm did not show axitiadal phosphorus proton coupling.
Somehow, this is in contrast with the case of Mwprotonated 1,3,4-oxazaphosphole
complexes, in which a coupling was observed betwikerN-H and the phosphorus atom.
This probably points to a’@bonded proton and, surprisingly, the resonancettamtLingsten-
phosphorus coupling constant of Beprotonated-1,3,4-dioxaphospholane complex are very
close to the values of the neutral complex. Thetraa of complexl6awith the aldehyde in
the presence of TfOH is complete at -30°C, anddhmation of two new products around 70
ppm was observed. During the warm-up process tpeakiat 128 ppm vanished while the
one at 71 ppm grew in. At ambient temperature timdge two signals, one at 71 ppm having
a very small tungsten-phosphorus coupling constari6.1 Hz and another less intense
signal at 72 ppm with dJyp = 106 Hz were observed. Th@-protonated 1,3,4-
oxazaphospholane complé®-HOTf analogous was only stable at low temperaturetG60
20°C) which explains the necessity to perform timg rexpansion and the deprotonation
reaction at low temperature. The nature and raactof the by-products formed at room

temperature will be discussed in the next chapter.

-69 -



IVV.2 Acid induced ring-opening reactions of the piasphirane complek6a

This chapter will be focussed on investigationshef acid-induced ring-opening reactions of
the P-bis(trimethylsilyl)methyle®\3-oxaphosphirane complexédll using the oxaphos-
phirane tungsten compleb6g it was chosen because of its easy accessibildiytlae helpful
information obtainable through the phosphorus-ttelgsoupling constant ifP{*H} NMR

experiments.

IVV.2.1 Formation ofside-onbonded P=C pentacarbonyltungsten(0) complexes

through acid-induced ring-opening reactions

To study the first step of the mechanism of thepbxsphirane ring-opening reactions,
proposed and described in detail in chapter IV.4, bonding and stability of th®©-
protonated oxaphosphirane complex proposed inhberétical calculations (comples-
HOTf, Scheme 41), oxaphosphirane comdléa was reacted with triflic acid in the absence

of any trapping agent (Scheme 42).

When a CHCI; solutionof the oxaphosphirane complégawas treated at room temperature
with one equivalent of triflic acid the solutionlopimmediately changed from light yellow
to deep green (UV/Vis (Ci€1,)): A (loge): 248 (0.45), 287 (0.08) nm, these bands are 10 nm
red-shifted compared to the oxaphosphirane comf&s). The formation of one major

product was observed BYP{*H} NMR spectroscopy. Surprisingly, the data of whivere
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very similar to those of the final product, obssatv in the monitoring of the reaction of
oxaphosphirane compled6a with aldehyde and triflic acid (Figure 23) at ldemperature.
Close inspection of all NMR data showed the seledibrmation of two isomers in a ratio of
86:14. Complex72adisplayed &'P{*H} MNR resonance at 73.8 ppm with a small tungsten-
phosphorus coupling constant of 113.2 Hz, whereasptex 72b showed &'P{*H} NMR
resonance at 72.3 ppm with an even smallerr coupling of 97.9 Hz. NeithetH nor
13c{*H} NMR spectroscopy nor IR spectroscopy B2a,bwas particularly informative and
attempts to separaté2a from 72b via column chromatography or crystallization felile
Therefore the nature of these products coulnm'fully explained until the same reaction was
performed with the acid [Elg][CHB1,Cl11] (Scheme 42) and the crystal structure

unambiguously confirmed treide-oncomplex73.2

(COxW (OClW
= H_}+ CH(SMe),  Ph_}+ CH(SIMey),
P\ + /\:P\
PR OH, H™  TOH.
(OCKW,  CH(SiMe), oT - orr-
\ _CHCl, 72a 72b
H7Lo
Ph
16a (CORW
[C7HGJ[CHB 1,Cly1] H T+P/CH(SiMQ,,)2
PK~  “OH CHBy,Cly;
73

Scheme 42. Formation of th&de-on complexes72a,b and 73 through protonation of

complex16a’

The characterization of complexé2 and73 appeared to be difficult as fast decomplexation
of the cationic ligand occurrede.,decomposition of theide-oncomplexes. Because of the

polar nature of72a,b and73 they did notissolve in non-polar solvents suchrapentane,
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and if other, more polar organic solvent were useth as THF or diethyl ether
decomplexation occurred readily. But luckily thegre stable in dichloromethane solutions
for 2-3 days at room temperature.

A further observation merits a note: if small amisuof air came inside the reaction vessel, a
faster decomposition occurred to give a blue sohytbut further attempts to isolate the
decomposition product using column chromatography coystallization failed. NMR
spectroscopic experiments revealed the absencheopéntacarbonyltungsten moiety and
thus clearly suggested that elimination of W(€@ust have taken place. The formation of
(bis(trimethylsilyl)methyl)-1-phenylmethylphosphiniacid 74 was supported by a set of
resonances for a HGPh unit and mass spectrometric studies (El), whiehealed the
molecular radical cation (m/z 314). To proof thisgosal, the mixture of complex@&a,b
was reacted with little amounts of water, which teddecomplexation and rearrangement to
give 74.

CH(SMey),

P
H
71 o
Ph

H

QA

74

Figure 24. Decomposition product of the comple#2a,h the phosphinic acid4.

The superior crystallizing properties of carboraam@ons as counter ions for reactive
cation®! suggested that X-ray structural information migktobtained using a carborane
acid instead of triflic acid. Thus, reaction of qaex 16a with the toluenium ion salt
[C7Hg][CHB1:Cl14], a somewhat weaker acid than triflic acid butihg\a less basic anidff’
was performed under similar conditions and led @sigely to the single product3

displaying similar, although not identical, NMR ddTable 14).
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All compounds showed small tungsten-phosphorus loagyuonstant due to thside-on
bonding to the metal complex moiéty. The 'H NMR values showed differences of the
CHPh proton between the twy Zisomers72a,ly complex72ashowed a resonance at 3.20
ppm with a®Jp yvalue of 17.4 Hz, which was in accordance withda& of the compleX3
and therefore the santeconfiguration was assigned to both complexes, avthle minor

isomer72b showed a smallefJs +; coupling ofonly 3.8 Hz.

Table 14. Selected NMR data of te&le-oncomplexes72a,b and 73 (CDCl for 72a,b

CD,ClI, for complex73); ®could not be measured.

P ppm] | 8CH) [ppm] Gpn[Hz]) | 8(°*C{*H}) [ppm](Jp c[HZ])
(OwelHzl) | CH(SIMe), | CHPh | CH(SiMes), CHPh
72a | 73.8 (113.2)| 0.40 (10.5) 3.20 (16.3) | 18.1 (24.6) | 15.0 (16.5
72b | 72.3(97.9) | 1.00(8.7)| 4.10 (3.8 7 2
73 | 755 (118.0)| 1.00 (6.9)| 3.40 (17.4) 21.0(21.6) 9115.9)

Special attention required tH&C{*H} NMR data of the EiPh atom of complexe®2a, 73
which is almost 40 ppm up-field shifted with resptx the oxaphosphirane compléga,
thus revealing some degree of sparacter of this carbon centre in #ige-oncomplexes. As

a consequence of th&de-oncoordination all CO groups showed only one resoean
solution with a smalfJp ¢ coupling of 9.7 Hz. Thé’Si{*H} NMR data also differed from
oxaphosphirane complexes as they showed two deuate?.4 and 14.1 ppm, respectively,
with larger phosphorus-silicon coupling constarftg.@ and 14.8 Hz. The IR spectrometric
data confirmed the existence of a hydroxyl grottiached to the phosphorus, which showed
a sharp signal at 3387 &nfor complex73. In case of the complex&®a,b a very broad
signal at 3500 cthwas observed. Here, this band was even broaderthiaa of pure triflate

acid, probably due to H-bonding of the triflatethe OH group.

-73 -



In the solid state the molecular structure ©3 revealed a coordinated methylene

phosphonium ion that Edeon bonded to the W(C@®yroup (Figure 25).

Figure 25. Structure of3CH,Cl, in the crystal (50% probability level; hydrogeromats

except H1, Hla, H20 are omitted for clarity). Stddcbond lengths [A] and angles [°] : W-P
2.4513(5), W-C(1) 2.4489(17), P-O(1) 1.5935(14)C@) 1.7394(18), C(1)-W-P 41.58(4),
P(1)-C(1)-W 69.28(9), C(1)-P(1)-W 69.14(6). Furth@etails on structure solution and

refinement can be found in the appendix.

The P-OH group formed a weak H-bond to CI(6) of the casme anion: O-H = 1.75 A,
HCl =251 A, OCl=3.26 A andJO-H-Cl = 177°. Comparison of the cationic ligand in
73 with  structurally characterized free methylene g@fmnium ions in
[(PRLN),P=C(SiMe),][OTf] ¥ and [{Bu),P=C(Ph)][AICI 4] showed that the P-C(1) bond

in 73 is lengthened approximately 0.1 A by coordinationungsten — but is still shorter than
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a typical P-C single bond. The environments at Rhand C(1) centers deviate from the
planarity expected of side-oncoordinatedZ-configurated P-C double bond XXXl , which

points to a contribution of the structXXXIl to the ground state (Scheme 43).

(CO)?N W<CO)5
MK
XXX XXX

Scheme 43. Canonical formulxXXI andXXXIl of the ligand-metal bonding in2a,band

73.

The very close similarity of the NMR spectroscogata for the triflic acid productsg2a,b
and the carborane acid prodd&suggested that they all have the same fundameatiahic
structure. Given the greater basicity and smaliee ©f the triflate anion relative to
CHB;,1Cly1, the difference between the complex@&sand73 probably lies in the ability of
triflate to engage in stronger H-bonding with tR€OH group of the cation. Finally, the
appearance of two isomer2a and72b is presumably explained in terms of a haptotropic
shift via diasteromeric transition states. Sinaeftiee energy preference of compkZaover
complex 72b is only a few kJ/mol, calculations performed byltele® the absence of
isomers of complex73 suggested that an explanation must include H-bgndirthe triflate

anion.

Low temperaturé'P{*H} NMR investigations were performed onto the réattcourse, in
the hope to find an oxaphosphiranium intermeditite,phosphorus analogue of oxiranium
derivativesXXXIIl 892 which are often proposed intermediates of acidtgaéd oxirane
ring-opening reactions. The oxaphosphiranium déxiga are still unknown but in principle,

kP metal coordination of a°A*oxaphosphirane complexll should divert protonation to
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yield O-protonated complexesXXIV (Scheme 44), and kinetic stabilization with a buiky

substituent might allow observation of a closedycation.

M R
[ ]\P .
XXX XXXIV

Scheme 44.Derivatives of oxiraniumXXXIll and O-H oxaphosphiranium complexes

XXXIV ([M] denotes a M(CQ)group).

28m3mTTP.06 10 1 d: Janaina

0°C

20°C

-20°C

-40°C

16a

-60°C

-80°C
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Figure 263'P{'H} NMR spectroscopic monitoring of the formation@fmplexe¥2a,h
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Unfortunately no other signal besides complei@s,bwas observed even at -80°C although
a very small peak (3%) could be observed aroung®@@ (Figure 26). At this temperature
some starting material, complé®a, was still observed in th&P {*H} NMR spectra, while
the complexe§2a,b displayed a broad signal. During warm-up all stgrimaterial reacted

to give theside-oncomplexes, and the signals of which were gettirayzer.

To get further insight into the reaction of the plxasphirane complek6a with triflic acid,
DFT calculations were performed by Helten on twodelccomplexes75 (R = R = CHs)
and76 (R' = CHs, R? = Ph) and on the full system of compli&a (Scheme 45, reactions
ii).2% Furthermore, the valence isomerisationl6f, 75, 76 to methylene oxophosphorane
complexes79-80 (iii) was computed for comparison. The relative freergies are given in

Table 15.
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(OCKW R! i) (OC)W

N/ c N
R @) > * /
RZ
163, 75, 76 79, 80, 81
i) | TfOH
crry R " (OCKW
H R
R O ? t
O\\\ R2 OH\\
R2 "HOTf Tt
16a-HOTf 723 77,78
75-HOTf
76-HOTf 163, 16a-HOTf, 723 79: R! = CH(SiMe),; R? = Ph

75, 75-HOTf, 77,80: R' = RR = CH,
76, 76-HOTf, 78, 81: R' = CHy; R? = Ph

Scheme 45Computed TfOH-induced ring-opening and valence masation of complexes

1643, 75 and76.8%

Table 15. Calculated thermo chemical data for reastshown in Scheme 45 (all values in
kJ/mol; B3LYP/aug-TZVP/ECP-60-MWB(W) COSMO (G€l;) // RI-BLYP/aug-

SV(P)/ECP-60-MWB(W) COSMO (CL,)). @ Not calculated”

Rct. R =R =CH; R'=CH; R' = CH(SiMe),
R?=Ph R?=Ph
NG 50 ARGoge AG 59 ARGoge AG 50 ARGoge
i a] +13.6 [a] +17.2 [a] +29.5
i) +75.5 -32.6 +44.8 -43.1 +53.3 -30.2
i) +134.3 +4.4 +96.6 -2.8 +123.6 +14.9

In the first, slightly endergonic step the oxaphosphirane complex and triflic acid fodna@
associate 6a-HOTf, 75-HOTf, 76-HOTf) where the acid proton is bound to the

oxaphosphirane oxygen center via O—H-O hydrogerdibgn Upon proton transfer, C-O
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ring bond cleavage and haptotropic shift of the W{fragment proceeded in a concerted
manner if), leading to the exergonic formation of the fipmbducts72a 77 and 78. This
explains why theéD-protonated oxaphosphirane compla was not observed, even at —80
°C. The barrier for this process was strongly ficed in the calculations by the
oxaphosphiran€-substituent, decreasing considerably if a phenigkstuent is present (R
at C). This was also apparent from the transition ss&tectures (Figure 27). Wherf R Ph,
lengthening of the C—O bond was significantly lgg®nounced, indicating an earlier
transition state; in each case the TfOH proton alasady transferred to the ring oxygen.
During cleavage of the C—O bond, the positive chahgit was emerging at thé €enter is
effectively stabilized by the phenyl group througelectron conjugation. The nature of the
P-substituent had a rather small effect on the tleechremical data. Thus, the model system
75 was sufficient to provide an accurate descriptbrhis reaction. Valence isomerisation
(i), without preceding activation by an acid, was@strthermo neutral for the three systems

computed, but the barriers were considerably higiean those of reactiom ).
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Figure 27. Calculated structures of the transisitates of the TfOH-induced ring-opening (
of two model systems/5-HOTf (left side) and76-HOTf (right side). Bond distances are

giving in A B

Also in the presented DFT calculations, t@ehenyl substituent stabilizes the transition
state, while the presence of the bulky CH(SiM@roup at phosphorus causes a significant

increase of the barrier.

It is noteworthy that, from the experimental stgdiroside-oncomplexes were found when
either oxaphosphirane complex2®*¥ or the P-Cp-oxaphosphirane compléX were
protonated with TfOH and thus the combination & gihenyl group at the carbon atom and
the CH(SiMg), at the phosphorus atom seems to be ideal foraimeation of this class of
coordination compounds.

To confirm this hypothesis, protonation with idfacid of the spiro oxaphosphira#iéawas
also monitored by low temperatut®{*H} NMR spectroscopy (Scheme 46). In this case the
formation of side-oncomplex82 (*P{*H} MNR: 87 ppm,’Jwpr= 94 Hz) was observed at

low temperature together with some by-productg @sonance appeared at 125 ppm with a
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LJw.p= 270 Hz (15%) and another resonance at 150 ppichwias only stable below -10°C
and which didn’t enable the determination of thegghorus-tungsten coupling constant. The
31p{'H} NMR data of the former product can be comparéththe complexs4, proposed
by Schréder, and which might have been formed rd¢op-shift £'P{*H} NMR: 123.4 ppm,
wpe = 271 Hz). Unfortunately, theide-on complex 82 decomposed rapidly at room
temperature to yield compour8d with a resonance at 56 ppm and which revealedge la
136 1 coupling constant of 507 Hz. The by-product at ppsn 83) also reacted after some
hours, to give the same product, apparently. NM&liss on compound4 suggested
decomplexation of theide-oncomplex followed by rearrangement of a P-OH i@dya

(H)P=0 moiet{?*! and some kind of proton migration (Scheme 47).

84
>/ After 12 h at RT

83 After 1 h at RT

/

L L L L

.

82 0°C

Scheme 46>'P{*H} NMR monitoring of the reaction of complet6éawith TfOH.
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\O\H
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\\P/CH(SlM%)z
AN
H

84

Scheme 47. Proposed course of the reactidatvith TTOH.
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I\VV.2.2.1 Hydrogen chloride induced ring-openingatean

After these surprising findings in the case of sugp&ds investigating the reactivity of the
oxaphosphirane compleb6a towards other Brgnsted acids that posses stragedinating
anions was of great interest. First, hydrogen attdowas chosen as acid in order to enable
comparison with the investigations of Schrod&rThe protonation of the oxaphosphirane
complex 16a was performed with HCI gas (Scheme 48) in diethtther at ambient

temperature and yielded a diastereomeric mixtumofplexes85a,band85c

5 CH(SIM
\p/ HCI \P/ ( %2
Y f\o EpOM ?TPh
HO H
Ph
16a 85a,bRR/SS
85¢ RS/SR

Scheme 48. Reaction of oxaphosphirane compawith HCl,.

Surprisingly, the’'P{*H} NMR data of the reaction mixture showed two meseces, one at
126.1 ppm with a tungsten-phosphorus coupling & BZ and a very broad signal at 142.0
ppm Why, = 100 Hz), whereby the broadening of the NMR signas not due to
polymerization, as checked by GPC, but to a coalese process (see below) of the two

resonances of complex85a,h
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Figure 28. Low temperaturéP{*H} NMR measurements of a mixture of compleXd&s,b

85c

3p{!H} NMR measurements of the reaction mixture (F&gR8) at low temperature revealed
that the coalescence temperature was achieve8 &C.-The tungsten-phosphorus coupling
constants and th&'P NMR resonances of complex88a,b were determined at -50 °C
although they still showed a significant broadeniig,, = 30 Hz). No changes were

observed in the sharp signal of comp8&cat 126 ppm.

To explain the presence of three resonances atdmperature in th&'P{*H} NMR studies

and the coalescence process, two different fastavald bear in mind, the both chiral centers
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in complexesB5a-G expressed as meso and rac isomers, togetheawitissible H bonding
between the chlorine center and the hydroxyl graumich creates a chiral plane and thus
gives rise to another isomer. In particular, thalescence processes as observet!®jH}
NMR spectroscopy can be assigned to an intramae¢idbonding, which was reported for
molybdenum and tungsten phosphate aquo compi&kes.

The intramolecular H-bonding in complex@sa,bis favoured if the chlorine atom is closer
to the hydroxy function (see Newman projectionSaineme 49) which means in an eclipsed
conformation and which shall be sterically unusulthie CHSiMes), proton could then
present two different conformations in this sitaatiit could be pointing towards the W(GO)
or to the phenyl group. This interconversion cahtake place at low temperature, and thus
giving rise to two differenf’P NMR resonances as proven by further investigatiomxt
chapter). The crystal structure of compkc not only confirmed the presence RE/SR

meso form in the solid state in anti conformation (Figure 30) but also the ausence -of H

bonding.
OH c| OH
Cl CH(S|ME3)2
W(CO)s
Ph H Ph H
W(CO)s (Me3Si),HC
85¢ 85a,b

Scheme 49. Newman projections of comple8&as-c

The kinetic parameters of the coalescence process salculated from th&P{*H} NMR data
below the coalescence temperature, supposedly beirgg order kinetic proce$¥:°” The first

order rate constant (k) is inversely proportiowatiite conformer lifetime. Representation of the
In(k/T) vs (1/T) (Figure 29) gave an enthalpy vabié\H” = -5.6 J/mol and an entropy value of

AS'= -205.15 J/KmolThe relative small value &H” suggested a weak H-bonding interactih.
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Figure 29. Representation of In(K/T) vs. 1/T ftwetcoalescence process of complexes

85a,h

Attempts to isolate comple85c from 85a,b by column chromatography or recrystallization
failed; they only could be partially separated legeential and repeated washing with
pentane at low temperature. Curiously all compleé3&sband85c were white powders, but
when they were dissolved again the diethyl ethartiem became blue after some minutes;
most probably, small amounts of unknown impuritiesye formed, a related problem was
already observed for the unstable hydroxyl-subtstiticomplexe87 and88a,b (Scheme 50

and 51).

Selected NMR data of complex85a,b-85c are displayed in Table 16. It is noteworthy that
all diastereomers have almost the same tungstesppbous coupling constant of 275 Hz but
they differ very much in thei?*P{'H} NMR resonances85c 126 ppm (even at -50°C):
85a,l1 142 ppm at ambient temperature, 146.6 ppm and’I§8n at —50°C).

The 'H NMR data of both complexe85a,b showed only one resonance at RT for each
proton, which split into two broad signals at -500C both the CKiSiMes), and the PKPh)
protons (Table 16). THEC{*H} NMR data also showed only one resonance at REgixfor
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the carbon atom KE(SiMe3), which appeared as a broad signal even at low teatyyer The
same overall picture resulted for tfiSi{*H} NMR data of complexe85a,b showing two
broad signals at 1.1 and 1.5 ppm at ambient awdtéonperature. Very characteristic for

complexes85a,bwas the'Jp cof the GHPh atom, which is 11 Hz larger than in comp&x.

Table 16. Selected NMR data (CRGdf complexes85a,band85c

&P [ppm] | 8CH) [ppm] @enu[Hz]) | 8(**C{'H}) [ppm](Jp c[Hz])
(wplHz]) | CH(SIMe), | CHPh CH(SiMe), CHPh
142.0 2.31 5.34 30.0 80.2
85a.b (broad) (12.3) (20.8) (broad) (21.3)
'~ 1146.6/138.7| 1.89/2.76 |5.00/5.45 ab ab
(274.0) (broad) (broad)

85c 126.1 1.51 5.36 25.8 79.1
(275.0) (16.7) (14.3) (28.9) (9.9)

3 Temperature of measurement -56°Only broadening of the signals can be detected.

The IR spectroscopic data of comple8&s,b-85c showed a similar pattern for the carbonyl
ligands. In the case of the OH group a sharp sighdb25 crit was found for comple85c
while complex 85a,b showed both a broad signal at 3400 'cmue to the H-bonding
interactions. Mass spectrometric (El, 70e¥\W) studies of complexe85a,b and 85c
showed the same molecular peak (m/z 656), simiEgnientation and the same base peak
due to the [(SiIM@"] (m/z 73).

The crystal structure of comple®5c unambiguously revealed that ring-opening of a
transientO-protonated oxaphosphirane complex had taken @adechlorine was bound to
the phosphorus center. Compk3c represents the first structurally confirmed exangdla
chloro(hydroxymethyl)phosphane complex, which isuansual compound as only two other
derivatives were found in the literature. It alsspresents a complex of a phosphorus-

analogue of 1-chloro-1-hydroxyethane derivativesttds known in biology as vicinal halo
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alcohol derivative§® The first example of such a complex was synthesize Matheyet
al.® via reaction of the amino substituted precurs@sa,b with HCI (Scheme 50), but
complexes87a,b could not be fully characterized and only theirsmand®*'P NMR data

were obtained because of its low stability.

(OClW. Ph (OCxW. Ph
\P/ HClI X/
/ H > y R
Et,N Cl  Toluene, 70 °C Cl Cl
HO HO
86a.b 87a,b

Scheme 50. Synthesis of tiechloro-(hydroxymethyl)phenylphosphane compssa,h®®

The second derivative, described in the literatooenplex88,** was also synthesized from
an oxaphosphirane complé& using HCI, but again it was not fully charactedzenly their
mass and NMR data were obtained because its desttiopoduring the chromatography.
Only in case of comple&7a,bthe formation of two diastereomers was observatnbt in

case of comple88.

(OCxW. Bu (OCXW
5 t
Bu
H
\ - o X
5 O HO H

u

12 88

Scheme 51. Synthesis of compl88 from oxaphosphirane complek? via addition of

HCI.B4

The crystal structure of the compledbc (triclinic, space group P (-1)) was slightly

disordered, having ®H groupmain orientation of 77 %. It showed a mixture SR/RS
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configurated molecules in the unit cell. Therefm@mplexes85a,bsupposedly haveRRSS
configuration; selected structural data of compd&c are displayed below. As described
before the CKBiMe;), proton (H8a) is pointing towards the W(G@youp, while the OH
group is pointing away. The W-P and CI-P bond Ieagtre slighter longer than in the related

dichloro(organo)phosphane compx!*®!

Figure 30. Structure of comple85c in the crystal (50% probability leve®)H groupmain
orientation 77 %; hydrogen atoms except H1, Hlald8d are omitted for clarity; reduced
structure on the left side). Selected bond lengfjsand angles [°] : W-P 2.5000(9), P-CI
2.0830(13), P-C(1) 1.886(3), P-C(8) 1.823(3), Gp1}) 1.378(5), C(1)-O(1s)1.231, W-P-
C(l) 122.03(12), C(8)-P-W 116.92(11), CI-P-W 104%)5 Further details on structure

solution and refinement can be found in the appeadder GSTRO74.
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IV.2.2.2 Synthesis of oxaphosphirane complexegll using a

chloro(hydroxymethyl)organophosphane complex ané LD

Although the synthesis of oxaphosphirane compléAésvia the phosphinidenoid complex
route, presented in this work, showed many advastagompared to the previously
established “oxidation or phosphinidene complerdfar methods”, the search for new
methods to synthesize oxaphosphirane complexésegiiesents a challenge. Therefore, the
opportunity to find an alternative route startimgrh the chloro(hydroxymethyl)phosphane
complexes85a,band/or85cwas examined. Interestingly, this idea was nategtnew but it
was hampered by the difficulty in synthessing thguired starting material, and the idea of

Matheyet al® to use NaH as deprotonating agent turned out tneftective (Scheme 52).

(OC)W Ph
(OC)XW, Ph
5 \P/ y NaH \/ \p/
o’ al THF, 25°¢/ \ H \o
HG
87 89

Cl

Scheme 52. Attempted synthesis of oxaphosphiramglex89 using complex87.*!

As the mixture of complexe85a,b and85c was stable in solution it was suitable for this
propose and, instead of NaH, LDA was used as adafmv temperature in order to avoid
nucleophilic substitution at phosphorus. Interegtin the presence of 12-crown-4 was
required to make the reaction more selective (Seh&&). Without crown ether, the desired
oxaphosphirane complexes where observed only gsdnucts (~10%) in a very unselective
reaction.>*P{*H} NMR spectroscopic reaction monitoring revealée formation of both

diasteromers of the oxaphosphirane compl®a,bh If complex 85c (as the complete
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separation of both complexes was not possibld, 8%l 85a,b was present) was used, the
formation of the diastereomé&6awas preferred (70:30). In case of comple@8a,b (with
8% of85cas impurity) was used, the diastereorh@p was preferably formed (ratio: 30:70).
This indicates the retention of configuration as tiain pathway in a nucleophilic reaction. It
seems plausible that the formation of the oxaphomsphd complexed6a,b occurred via an
intermoleculameighboring-group mechanisif! in which the transiently formed alkoxide in
90 nucleophilically attacks the phosphorus center exjels the chloride (Scheme 53). In

this type of reactions, typical for the formatiohepoxides and lactones, the configuration is

retained.
(OC)SW\ /CH(SiMe3)2 LDA/ 12-crown-4 (OC)SW\ sgCH(SiMQ”)z
B Et,0/ -80°C N P\
H . - H
o }( - LiCl /- 'PrNH >LO
e Pn P
85c RS/SR 16aRS/SR
85a,bSS/RR 16b SS/RR

| \\LDA
"PENH _(OC)5W\ CH(SIMey), | -LiCl

“12-crown-4
L 90 _

Scheme 53. Synthesis of the oxaphosphirane congplEsa b from the chloro(hydroxy-

methyl)phosphane complex8Sa,band85c

Selected NMR data of the new complisb, displayed in Table 17, revealed that He{'H}

NMR resonance was up-field shifted by 8 ppm in carigon tol6aand had a significantly
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smaller tungsten-phosphorus coupling constant @2®z (vs. 307.7 Hz i16a). The'H
NMR resonances of the_{8&iMe3), and CHPh protons of complek6b had chemical shifts
similar to those of16a, but the 17 Hz difference in tHép couplings of the CKSiMes),
protons was significant and as such close to tloidained for the isomers of the spiro
oxaphosphirane complexd6a,h The most surprising result was that tf@{*H} NMR shift

of the _(H(SiMe3), atom was found at 19.1 ppm, which was very muchfielg- in
comparison with all the oxaphosphirane complexesmmnso far. Furthermore, '@ cvalue
of 39.3 Hz for the same carbon atom was obserdathsa 10 Hz larger than the coupling

constant determined for complégal*®

Table 17. Selected NMR data (CRCHf complexed 6a,b

5P [ppm] | 8CH) [ppm] @e u[HZ]) | 3(*°C{'H}) [pPpm](Jp c[H2])
(welHz]) | CH(SIMey),| CHPh | CH(SiMg), | CHPh

16¢°°" | 38.2 (307.7) 1.28 4.40 (1.8)| 30.5(18.8)| 57.9(27.5
16b |31.0(292.3) 1.28 (17.2)| 450 (5.8)| 19.1(39.3)| 62.5(22.3

N N

There were also considerable changes if¥8ieNMR data of compleg6b, which displayed
two doublets: one at -0.1 ppm witfiJa s;coupling of 3.5 Hz and one at 4.5 ppm witflas;
coupling of 1.3 Hz, and thus being significantlyger than those of the oxaphosphirane

complex16af*®
The mass spectrometric data (El, 70e¥W) of complex 16b showed identical main

fragmentation to the oxaphosphirane compléa (molecular peak m/z 620, 15%), the

[(CH(SiMe3),PW(CO)) *] fragment (m/z 486) was found as base peak again.
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After purification by low temperature chromatogrg@nd washing witm-pentane, suitable
single-crystals for X-ray diffraction studies of roplex 16b were obtained from a

concentrated-pentane solution (Figure 31).

Figure31. Molecular structure of the (previouslyokm) oxaphosphirane complé6a (left
side}*® and its diastereomd6b (right side) in the crystal (50 % probability leyalydrogen
atoms except Hla, H8a for complégb and H6, H13 for complei6a are omitted for
clarity). Selected bond lengths [A] and anglesoPtomplex16d®: W-P 2.462(2), P-O(1)
1.668(6), C(1)-O(1) 1.480(9), P-C(1) 1.802(7), PLOC(1) 69.6, C(1)-P-O(1) 50.3, O(1)-
C(1)-P 60.1; Selected bond lengths [A] and andigsf{complex16b: W-P 2.4692(14), P-
O(1) 1.668(3), C(1)-O(1) 1.480(6), P-C(1) 1.804(B}O(1)-C(1) 69.7(2), C(1)-P-O(1)
50.26(19), O(1)-C(1)-P 60.1(2). Further detailsstructure solution and refinement can be

found in the appendix under GSTR146.

The oxaphosphirane complé&®a crystallized in the triclinic system, space grdp-1), as a
mixture of RS/SRiastereomers® whereas the complek6b crystallized in the monoclinic
system, space group #2 as a racemic mixture &R/SSdiastereomers. Another particular

feature of complexl6b was theorientation of the Ck6iMe;), proton (H8a), in d@rans
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eclipsed position to the W(C&moiety, contrary to the compleb6awhich displayed ayn
eclipsed conformation. The fact that chloro(hydmeghyl)phosphane complexeiba,b
yielded preferably oxaphosphirane complgb suggested that they should possR&ISS
conformation. The bond lengths and angles of ba#ipbosphirane complexd$a,b were
essentially identical and no influence of the siehemistry onto the structural parameters of

the oxaphosphirane complexi&sa,bcould be found.
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IV.3 Ring-opening reactions of the oxaphosphirar@mpglex 16a using

fluoroboronic acid

Protonation of the oxaphosphirane compl&a with HBF, Et,O in dichloromethane yielded

a mixture of three complexes (ratio: 10:65:25) aditm to the three*’P{*H} NMR signals
(Scheme 54%**' The minor product (~10 %) had a very broad sigh@0d ppm YWhy,= 420
Hz) with a’Js rcoupling 0f~826 Hz, and which was assigned to com@iéxand could be a
diastereomer of compledl. It seems to be related to the situatior85&,b but having now
the fluorine and the proton atom of the OH groupiclwhcan build H-F interactions.
Unfortunately, compleX@0 decomposed during column chromatography (Figure BBe
signal of the major product was assigned to flubogphane complefl1 (~65 %) and the
third signal to theside oncomplex92 (~25 %). Complex91 showed a*'P{*H} NMR
resonance at 198.1 ppm (Table 18) with a tunggtkasphorus coupling constant of 296 Hz,
which was 20 ppm larger than the chlorine comple88a,b The phosphorus-fluorine

coupling constant of 826.0 Hz is typical for a dttg to phosphorus bonded fluorifié.

(OC)W. CH(SiMey), OCLW - (COpW
\P/ (OC)k /CH(S|M63)2 o ¢|CH(SiMes)2

\P
HBF H _
H \ L, >1,/ e . >=—P—OH
e} CHCLRT o 40, H |

PH F
16a 90, 91 92

(90:91:92/ 10:65:25)

Scheme 54. Reaction of the oxaphosphirane conilaxwith HBF, Et,0.***!
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Figure 32. Detail of th&'P{*H} NMR spectra of the reaction mixture in which colexes

90 and91 are present (bottom) or abse®d)(after column chromatography (top).

The'H and*C{*H} NMR data of the P-F containing compl@&4 were similar of those of

complexes85a,h The CHPh proton had a smaily r coupling of 6.6 Hz and didn’t show

any coupling to phosphorus, surprisingly. In tHe{*H} NMR spectra the E(SiMe3),

carbon showed a broad signal like the complé&sh Curiously, the EIPh carbon atom

displayed a pseudo-quartet, whereby'the. andJe c coupling had almost identical values.

Table 18. Selected NMR data (CRCHf complexe®92 and91l.

R & (*H) [ppm] 8(C{*H}[ppm] S(°F{*H}ppm]

(O P PP (Jp.1i/ 3¢ [HZ]) (JIp.d Ik [HZ]) ( Jp.e[HZ])
Cwr I rlH2]) "o Sives, | CHPh | CH(SIMe),| CHPh

o1 198.1 1.89 5.35 30.0 781 1231
(296.3/826.0) | (15.7/) | (/6.6) | (broad) |(17.0/17.0)  (851.9)

- 1435 0.85 3.40 13.0 66.0 715
(144.0/1043.0)| (20.0) | (17.4/)| (17.0) (broad) (1059.7)
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The mass spectra (El) of compl@k showed loss of CO units and revealed a high #habil
the P-F bond. The infrared spectra of com@é&xconfirmed unambiguously the presence of

the hydroxyl group showing a sharp absorption digh8585 crit.

Single crystals of comple®21 (Figure 33),obtained from an-pentane solution showed a
mixture of RR/SSdiastereomers, contrary to the compl@kc which showed aRS/SR
configuration. Complex®1 crystallize in the monoclinic (R&) crystal system and showed

similar structural data as compl8%c

Figure 33. Structure of compleXl in the crystal (50% probability level; hydrogeromats

except Hla, H8a and H15 are omitted for claritglested bond lengths [A] and angles [°] :
W-P 2.4684(12), P-F 1.603(3), P-C(1) 1.874(5), BYA(810(4), C(1)-O(1) 1.396(6), W-P-
C(h) 120.95(17), C(8)-P-W 119.46(16), F-P-W 107X0)( Further details on structure

solution and refinement can be found in the appeandder GSTR167.

The side—oncomplex92 could be only observed in the reaction mixture aad only a
relative low stability. Like the otheside-on complexes reported in this work, it easily

undergoes decomplexation and decomposition if dgnbrents or small amounts of air are

-97 -



present. It also showed a relatively smaj} » coupling constant of 144.0 Hz due to tige-

on coordination of the pentacarbonyltungsten fragnetihe P-C bond, whereby the increase
of 20 Hz (compared to compl&g) is indicative for the influence of tHe-bounded fluorine
atom. A comparison d2 with the phosphorus ylideC-pentacarbonyltungsten compl@s,
isolated by Fischeet al (Figure 34J°" which didn’t show any phosphorus-carbon coupling
constant for the carbonyl carbons and which reweeig and trans-CO resonances in the
3c{*H} NMR, led further support to the assignment3# as ann’*W(CO) Wittig-ylide

complex.

Figure 34. Phosphorus ylige-complex93 as proposed by Fischéf!

The side-oncoordination was also supported by the sifd@{*H} NMR resonance of the
pentacarbonyl group — as expected forrfheoordinatio®® — at 197.5 with 4Jp ¢ coupling
of 10.9 Hz. Thé®Si{*H} NMR spectra were also helpful to identify thiele-oncoordination
mode as the presence of two doublets, one at 4 \piph a®Jps value of 4.7 Hz and
another one at 15.0 ppm with® sivalue of 14.9 Hz, revealed the similarity to thaest

side-oncomplexes’2a,band73.

The presence of the hydroxyl group seems to be abbie with the fluorine at the same
phosphorus atom. There are not many examples afpbloous(l1) compounds — and none of
P(V) compounds — having a fluorine atom and a hygréunction attached to the same
phosphorus atom; one example of a P(lll) derivaizvghe complex94 synthesized by
Matheyet al. (Figure 35y
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(OC)SW\ P (OC)5W\ P

= =
94 95

3P NMR (CDCH): 6 = 167.7 ppm 3P NMR (hexane)s = 170.7 ppm

("Jw,p= 343 Hz,'Jp £= 1031 Hz) ("Jw,p= 298 Hz,'Jp £= 867 Hz)

F .NMR (CDCb): 6 = -55.8 ppm
({Jpr = 1031 Hz)

Figure 35. Selected NMR data of comp®k° and comple»05.°%

The difference of almost 50 ppm in th&{*H} NMR of complexes92 and91 seems to be
due to the hydroxyl group position in comp@2°? The **F{*H} NMR values of theside-
on complex92 are comparable to those of compk The presence of a hydroxyl and a
fluoro function attached to the same phosphorusi atereased th&ls ¢ value notably: there
is proximately 164 Hz difference between compleS¢sind95.°° %@ The same trend was
observed in comple®2, which showed a hugdp r value because of the hydroxyl function.
The IR spectrum of compleéd2 showed a broad absorption signal at 3373 due to the OH
moiety. After literature survey (20.06.2010), itriad out that thside-oncomplex92 was

the first example of g% Wittig ylide complex of typeXXXV (Scheme 55).

[M] ©
R M] R
R T I R @I
ﬁ — P D! P_ Rl
‘an R R
R’ R
XXXV XXXVI

Scheme 55. Wittig)> XXXV andn’ ylide complexexXxv| 12118l

Phosphorus ylidé$® are the “key player” of the so-called Wittig réaat which is of great
importance in olefin chemistry and has various stdal application$:®*'%! the discovery
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yielded G. Wittig the Nobel prize in 1979. The dubond between the phosphorus and the
carbon atom in the Wittig ylides can be describgadnonical formulae such as ylen and/or
the 1,2-dipolar ylideP-Metallo derivatives of phosphorus ylid8§'%! as well as carbon-
bound derivativé¥**" had been studied before, but also ylidefteomplexesXXXVI

had been already establisH&d*®!

Two possible pathways for the formation of the wviferent products, the fluorophosphane
complexes 90, 91 might result from the protonation of the oxygenomat of the
oxaphosphirane complebd6a and fluoride-induced ring-opening via P-O bondagkge. On
the other hand, thside-oncomplex92 might be formed in a competing reaction from the
rearranged produc®7 formed via O-protonation followed by fluoride attack on the
phosphorus 0®7; it should be noted that tetrafluoroborate migintdnreacted instead.

Once again, Helten performed DFT calculations (@4dl§) to examine the preference for P-
O bond cleavage (df6a) over side-on complexXormation upon approach of a super-acid

towards the oxaphosphirane complex oxygen centdre(8e 56).
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(OCKW, ) _CH(SiMey), (OCEW, ~ CH(SiMey), (CO)5W CH(S,M%)z

. p ;
H%jH — H7L\O\ — >:@

\ \ @
PR =R Ph HOEY,
OEtZ OEtZ
96 16a-HOEL" 97
BF, l — BRELO BF, l — BRELO
OCKW CH(SiM (c0)5w
(OCHW,  CR(SIME), CH(siMe),
"R /\:P—OH
Ph%/ F
OH
92

90, 91

Scheme 56. Computed acid-induced ring-openingimeaof complexi6a*®!

Table 19. Calculated thermo chemical data for reastshown in Scheme 56 (all values in
kJ/mol; B3LYP/aug-TZVP/ECP-60-MWB(W), COSMO (GEl,) // RI-BLYP/aug-

SV(P)/ECP-60-MWB(W), COSMO (CiE1)).

| AG2e +19.3
) DrGoos +2.5
| OG0 +51.3
K ArGoog —40.2

In order to find an explanation for the divergeehavior with respect to P-O vs. C—O bond
cleavage, both reactions were computed by meam¥df calculations starting frorh6a—
HOEt", where the acid proton, mediated through diethifiee is bound to the
oxaphosphirane oxygen center via O-H-O hydrogerdibgn(Scheme 56); relative free

energies are given in Table 19. The formation ahglexes90, 91 can be explained by
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assumingO-protonation ofl6ato be the first step, which then is followed biaetically
preferred P-O bond cleavage and formation of thesjplenium comple®6 which can be
attack for the fluorine atom at the two differemsiereofacial sites. However, in the case of
16athe reaction is endergonic and, hence, com@&may partly reacts back tia and via
reactionii to give complex97. Subsequently, a transfer of fluoride from tetrafbborate

onto 97 to give92 mighttake place
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V.1 Introduction into ring-opening reactions of @nes using Ti(lll)

complexes as SET reagents

One of the major aims of this work was to compé&ee ring-opening chemistry of oxiranes
(epoxides) with oxaphosphirane complexes. Oxirapes among the most and best
investigated three-membered heterocycles in orgeménistry, and it is well known that

they can undergo ring-opening reactions with lowenaTi species, as reported by Nugent
and Rajan Babu reported for the reductive epoxidg-opening using titanocene(lll)

derivatived!*® They used isolated [GPiCl]. (or generatedn situ from CpTiCl, and

granulated zinc) as SETI(fgle Hectron_Transfer) reagents (Scheme 57).

2 CpTi"Cl,+ Zn — 2 Cp,Ti"VCl+ ZnCh,

Scheme 57In situ formation of reactive Ti(lllzomplexed'®!

A general advantage of radical reactions comparadnic reactions is the higher functional
group tolerance. This is specially important in thgnthesis of highly functionalized
compounds, e.g. complex natural products, whereGpdiCl induced radical epoxide
opening is well establishétt” Subsequently, Gansauer al. developed a catalytic version
of the reaction which was reported in 1388 After reduction and epoxide ring-opening, the
carbon centered radical is saturated by hydrogemster from 1,4-cyclohexadiene.
Regeneration of GPiCl was achieved by protonation of the oxygen, alhis bound to
titanium using 2,4,6-collidine hydrochloride (¢4Cl); this provides also the chlorine for

renewing CpTiCl, (Scheme 58)
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1/2 MnCl, R27

cp,TitlCl R

1/2 Mn

R'l

J\/OH Cp,TitVCl, 5mol% Cp,TiCl, Rz . O
R? Cp TG

col

col*HCI R2

Scheme 58. Titanocene(lll) complex-catalyzed reideapoxide opening*®

The catalytic epoxide ring-opening by titanocerig(Was extended by Ganséauet al. to
enantioselective ring-opening wieseepoxides by employing substoichiometric quantités

titanocene complexes with chiral ligartis!

The nature of the compounds derived from titaneatiohloride by reduction was studied in
detail by electrochemical studies and UV spectpg8® Specially the structure and
behavior of “CpTiCI” in THF solution is of interest as it is knowthat in the solid state
dicyclopentadienyltitanium(lll) chloride appearsdisher, bridged by two chlorine atoms and
features a strong interaction between the th@ldctrons at each TKKXVII in Scheme

59) 121
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Cp/"'.T e O Cp/,,,oT e sCP  THF Cp/,,ﬁT Lo &Cp

o T, —— LT T

7 .7 4 4

cp i ‘cp Cp C|/ ‘Cp cp 'I'HF c|:| Cp
XXXVII XXXVIII XXXIX

Scheme 59. Half-open dimel¥XXVIII and XXXIX , proposed to be involved in epoxide

ring-opening?*

In solution a rapid equilibrium between half-opeimers and the dimeXXXVIl were
proposed, thus having an accessible coordinatterPeKXVIII andXXXIX in Scheme 59).
The free coordination site can be occupied by sdlveoleculesj.e., THF. Dimerisation
increases according to the principle of activatadrelectrophiles by electrophiles through
dimeric associatioh?? This will result in a faster formation of epoxidéahocene
complexes, and possibly also influences the adtinatnergy of the epoxide ring-opening
step. In the case of epoxides (oxiranes) one of tth@ carbon-oxygen bonds can be
reductivally cleaved, so that the carbon-carbondboemains and one of the carbons

(probably the most substituted one) become theradigal centre (Scheme 66}

[ ) .
Cp,TiCl Cp,TiCl CpTICl
! i i
: i :
O
Q Rl _  more Q less
. — favourable favourable ™
Rl ° Rl
R? R? R2
XXXX XXXXI XXXXII
RL, RE=H
R'=Me, R=H
R, R?=Me

Scheme 60. Possible ring-opening reactions of ngicmplexe&2

- 105 -



As oxaphosphirane chemistry represented a newddnesearch, the reaction course of ring-
opening process was not easy to predict evidepgogsly which of the three ring-bonds will
preferably be cleaved and which center will becdineeradical center and/or have the highest
spin density. To examine this theoretically Neasa &treubel performed calculations on the
three possible pathways reactions of the oxaphoamphicomplex98 with Ti(lll) species

(Scheme 614°!

Cr
[ ]\ /Me
i R
i) C-O cleavage N Me N\ v
- O[Ti"™]
AE* = 10.7 kcal/mol .
AE =-14.3 kcal/mol Me
99
[Cr] Me
X/
| /\
Me
Cr
o ii) P-O cleavage [ ]\ /Me
Me > P
08 AE* = 12.8 kcal/mol Me ¢
AE =-0.1 kcal/mol v
+ el O[Ti™™]
Cp,Ti""Cl Me
100
[Cr] Me
X/
iii) P-C cleavage o R
AE* = 31.0 kcal/mol +[Tit) @ O
AE =16.8 kcal/mol )\
M€ Me
101

Scheme 61. Calculated possible pathways of the hmsghirane complex ring-opening

reaction with Ti(lll) complexes, BP86/def2-tz{f

For the CpTiClinduced oxaphosphirane ring-opening low barriersevealculated for paths
including C-O and P-O bond cleavage processes; midfeult was to estimate the
selectivity of the reactions. The C-O bond cleavgggheme 61) leads to compl@® having

a ligand with a carbon-centered radical and a sta@i{lV)-O bond, in close analogy to the
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epoxide-based {GfiCl} chemistry**®! Cleavage of the P-O bond leads to comgl@@with

a ligand possessing a P-centered radical with a-Empulation of roughly 0.66 unpaired
electrons that is bound to a Cr(GOjagment having a spin-population of roughly 0.2
unpaired electrons in thegtorbitals. Therefore the resulting ligand98 might be described
as a phosphanyl complex-substituted alkoxytitaniMinéomplex. Finally, opening of the P-
C bond leads to dissociation of the Ti(lll) fragrhamd formation of a high-energy product
101, a phosphacarbonyl-ylide compl€%, which displays an acetone moiety coordinated to
the P-center of the terminal phosphinidene chromium dempOf the three products the
most stable one by far is the C-O bond cleavagdumt®9 that is about 15 kcahol* more
stable tharL00, and almost 30 kcahol* more stable thahO1 In the epoxide chemistry the
ring-opening reaction is close to thermoneutraloating to all theoretical calculations
performed so fat*! In keeping with the thermodynamic results, the walions showed
that the lowest transition state occurs for the Ge@dd cleavage and is calculated to be 10.7
kcatmol* compared to 8.7 kcatol * obtained for the analogous {€fiCl}/epoxide
chemistry at the same level of thedf

From comparative calculations with Mo(G@nd W(COJ instead of Cr(CQ)coordinated at
phosphorus it was deduced that the influence ofmtkéal fragment on the reactivity with
CpTiCl is negligible!:**! Comparison of the three calculated ring-openinis @p,TiCl,
CpTiCl, and TiCk showed that increasing Lewis-acidity is expectethtrease the reactivity
significantly. Therefore, it appeared to be atikecto carry out the first comparative study of

the reductive ring-opening of oxaphosphirane congde

- 107 -



V.2 Ring-opening reactions of the oxaphosphiram@mex 16a usingin situ

generated Ti(lll) complexes as SET reagents

Reaction of oxaphosphirane comple&a with in situ prepared CpTiGl(from CpTiCk and
zinc in THF) led to the formation of the phosphkaale complexe&02a,b(Scheme 62); in
addition, small amounts of a compound at 209 ppiw = 262 Hz) was observed in the
reaction solution. Unfortunately, all complex&®2a,b were very unstable in solution,

therefore, only some NMR data could be obtain&dble 20).

(OC)sW\ /CH(SiMee,)z W(CO)

H
R THF / RT / 12h - _
H \ + CpTiClg/Zn —_— ‘?:P\ + 1JP Nli/ll;iﬁgtl)j) ppm
© PR CH(SiMey), wp=262Hz

P
16a 102a,b

ratio @b: 70:30)

Scheme 62. Formation of the phosphaalkene complé®@s,b from oxaphosphirane

complex16a

Besides their low-field'P{"H} NMR resonances, structurally supportive for #ssignment
to the complexed02a,bwere the™*C{*H} NMR data, especially the signals at 165.1 and
167.0 ppm with &Jsc coupling of about 40 Hz, which confirmed the preseof a P,C
double bond. The resonances of the=BHorotons were found at 8.25 ppd02a)and at
8.80 ppm 102b), which are in the same range as the values fdondhe complexes
104a,8'%®! (Scheme 63, Table 20). It is also noteworthy tcertbie substantial differences

between the resonances of the(SiMes), protons of both isomeri02a,b(almost 1.5 ppm)
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and also theifJs 4 coupling constant values were significantly diéier L02a 20 Hz and

102h 5.3 Hz).

Table 20. Selected NMR data (THBdf complexed.02a,h

SPppm] | 8CH) [opm] GenlHz]) | 5(C{*H}) [ppm](Jp c[Hz])
(OwelHzZ]) | CH(SIMe), CHPh CH(SiMe) CHPh

102a | 212.0 (260.0) | 3.05 (20.0)| 8.25 (17.5)|] 23.5(19.6)] 165.1 (39.0)
102b | 219.0 (260.0) | 1.50 (5.3) |8.80 (20.3)| 34.0 (16.8] 167.0 (40.0)

Some examples of*-bound phosphaalkene pentacarbonyltungsten conmplesee reported
so far, most of them synthesized through “Phosplitéinyy/ reactions” (cf. Scheme 58%>
129 Among them only complexel04a,h 181 105 2°! were fully characterized, and for all
other phosphaalkene complexes only ti#{'H} NMR data (Table 21) were given because
of the instability of these compounds. In caseahplexesl04 and107the formation of two

diasteromers was also observed.

H /M(CO)S Ph /W(CO)5 Me /W(CO)S H /W(CO)S
R )~ )< SR
Ph Mes* PH \Mes Me Ph 'Pr Ph
E/Z
103M =W 105 106 107a,b
104a,b M = Cr

Scheme 63. Literature-described phosphaalkene gabtanyltungsten complexg&>12°

Table 213'P{*H} NMR data of complexe$03-107a,b

10302 10927 [ 1085 1@ | 1074151 | 107425 14

212 (271)| 195 (264) 176 (261) | 186 (259)] 191 ()

5°'P [ppm]
(*Iw,p[Hz])

As it can be concluded from table 29 and 21 *%R*H} NMR data of complexed02a,b

agreed very well with those found in the literature
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Two more closely related phosphaalkene complewese obtained from the H2
azaphosphirene compl& via two different methods. The compl2f8™® was obtained as
part of the result of the protonation of the comptd at low temperature and complex
109%%Y from the rearrangement of a SipMgroup of a transiently formed phosphinidene

complex at 110°C.

TfOH (OC)5W\ H
CD,Cl,/-17°C ph\(P_
SiM
(OCKW, _CH(SiMey), |\|1 . Ve
/®\
p\ Y H oTf
/AN 108
PK
51 : W(CO
A Me;Si A (COX
> P
110°C /xylene A
H SiMe;
109

Scheme 64. Synthesis of phosphaalkene compl&409

In both cases the formation of one diastereomerokasrvedZ in the case of complek08
andE for 109 Unfortunately, the NMR data of these complexé®iid too much to those of
complexesl02a,band no comparison of the stereochemistry coulddree {'P{'H} NMR
complex108 223.3 ppmtJwp = 293.0 Hz, complext09 295.5 ppm‘Jwp= 217.5Hz; *H
NMR for the P=CH proton complek08 8.52 ppszp,H: 1.5 Hz, complexl09 9.83 ppm,
2Jp = 32 Hz). Other attempts to clarify tH&E configuration of complexe$02a,bby *H-
NOE experiments failed (all isomers showed a cati@h of the CHh with the SiMe
groups, which can be only explained by the wrongigamsnent of the T1(spin-lattice
relaxation time)J**? As the phosphaalkene complexi&2a,bcould not be crystallized or

further purified by chromatography, its stereochstngiremained unclear.
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V.2.1 Proposed mechanism for the formation of phasfkene complexes

102a,b

Based on the theoretical investigations of NeeseStreubét® and assuming an analogy to
oxiranes, the following mechanism for the formatadrthe phosphaalkene compleXid®a,b

was proposed (Scheme 65).

(OC)EW

P
P
He/ \ } N
o Ph CH(SiMey),
Ph 164 102a,b
' + TiCpCh -O(TiCpCl),
( 3
(OC)SW\ CH(SiMey), (OC)5W\ /CH(SiM%)z (OC)SW\ CH(sMey),
P
3 { PhX FTIORCE  pn STicpeL,
OTiCpCh W OTiCpCh
TleCIz J
110 111 112

Scheme 65. Proposed mechanism for the formatiphasphaalkene complex#82a,h

The first step could be a weak coordination oftitenium(lll) complex to the oxygen atom
of 16athat leads to a reductive cleavage of the P-O horyikld 111 The P-centered radical
complex 111 reacted with a second TiCpCimoiety, present in solution, to form the
intermediate comple%12 possessing a Ti-P and O-Ti bond, which is unstabteeliminates
O(TiCpCL), to furnish complexe$02a,bas final deoxygenation products.

A similar mechanism was recently proposed for thexggenation of epoxidé?fl which

also required an excess of TiCp@ complete the reaction due to the coordinatibtwo
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TiCpCl, moieties in the product that then eliminates G@IThL), in the last step. In line with
the proposed mechanism was the observation thatreaetion of the oxaphosphirane
complexl6awas not so effective if “GiCl” was used; it didn’t form complexe?2a,bas
effective as TiCpGl This points to severe steric restraints as thading of two CpTiCl
groups within a12-related complex would impose steric repulsion leetwthese groups and

the W(CO) and CH(SiMe), groups.
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V.2.2 Reactivity of the phosphaalkene complek@2a,b

Phosphaalkene complexes and phosphaalkene deewatowuld possess similar reactivity if
the HOMO is defined by thersystem of the P-C double bond, and thus by itstreic
properties. In general, phosphaalkenes can showoantal polarity"™*® in which the
phosphorus has a formal positive charge and thieonathe negative XXXXIIl ) or an
“inverse polarity”*% in which the phosphorus has a negative chargetaedcarbon a

positive XXXXIV ) (Scheme 66).

XXXXIIN XXXXV

Normal polarity

R" R” ® O +HX R X /H
DA e
R’ R’ R’ R’ R R’

XXXXIV XXXXVI

Inverse polarity

R: Alkyl, Aryl, Silyl
R":Amino, Alkoxy
X: Cl, Amino, Alkoxy

Scheme 66. Reactivity of phosphaalkenes compouwmartts protic compounds.
Complexes having normally polarised phosphaalkegandls usually react with protic

compounds via 1,2 addition so that the proton teddto the carbon centél*® while the

inversed phosphaalkenes react to yield P-H compo(®cheme 66§
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Solutions of freshly prepared complexida,bshowed a high sensitivity towards tracess of
air and/or water, the latter might have causedfidhmation of HCI and thus 1,2-addition of
HCI to form selectively chlorophosphane compleb3 (Scheme 67which was isolated and

unambiguously characterized by single-crystal Xddfyactometry .

H W(CO)s — (OC)5W\ /CH(SiMe3)2
:3 P\ THF/RT/3h P\
PH CH(SiMey), H 7< cl
H Ph
113

102a,b

Scheme 67. Proposed formation of chlorophosphameplex 113 from phosphaalkene

complexesl02a,b

Although plausible, the origin of HCI was not apgraror proven. Earlier on, some studies
pointed out that titanium(lll) chloride, having watcoordinated, could act as hydrogen donor
and react with free chlorine radicals in the remctsolution**?) On the other hand Ti(IV)

species can be easily hydrolyzed by water to fo@h/H*!
The selected NMR data afL3 are shown in Table 22. The chlorophosphane comfil&x

displayed a*P{*H} NMR resonance at 124.9 ppm with a tungsten-phosgs coupling

constant of 278 Hz thus being very close to tha datomplexe85a,b.
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Table 22. Selected NMR data (CRCOf complex113

5P [ppm] 5('H) [ppm] 3("“C{"H}) [ppm]
e ritie] (e I [HZ]) (Je.c[Hz])
Y | CH(SIMey), HY H? CH(SiMey), | CH
113 124.9 1.88 3.50 3.90 30.5 45.5
(278.0) (10.2) (10.1/13.6) | (13.9/13.6) (16.2) | (10.4)

And again, the'H and **C{*H} NMR data were very similar to those of the coeygs
85a,b-85c The CH moiety showed a°C{*H} NMR signal at 45.5 ppm witfJp ¢ coupling
of 10.4 Hz and the diastereotopic protons showédua coupling of 13.6 Hz; théJlp

couplings of H and H differed by almost 4 Hz.

Colourless crystals of compldx 3, suitable for X-ray diffractometric studies, weratained
from a concentrated-pentane solution. The crystal structure (triclirapace group P (-1)) of
complex113 was slightly disordered (Figure 36); selectedcitmal data are shown below

and as their parameters are very close to the aptasphane complexes reported before in

this work it will not discussed further.
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Figure 36. Molecular structure of chlorophosphamenglex 113 in the crystal (50 %
probability level;main orientation 90 %; hydrogen atoms except H1 ldRdare omitted for
clarity; reduced structure on the left). Selectamhd lengths [A] and angles [°]: W-P
2.5032(16), P-Cl 2.098(2), P-C(1) 1.856(5), P-CY®21(5), W-P-C(l) 122.89(19), C(8)-P-
W 117.11(18), CI-P-W 105.74(8). Further detailsstructure solution and refinement can be

found in the appendix under GSTRO70.
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VI. Summary

The aim of this thesis was to investigate scopelmmithtions of the new method based on
recently discovered transiently formed species,Lilfel phosphinidenoid complexes, in the
synthesis of oxaphosphirane complexes of the géometal triade. Another important part of
this work was focused on ring-opening and ring-&sii@n reactions using Brgnstedt acids
and Ti(Ill) complexes, which were accompanied bsottetical studies, kindly performed by
Helten and Krahe as mentioned.

In the first chapter the synthesis of the new oxaphirane complexe29-30, 33-39and41,

42 synthesized from dichloro(organo)phosphane congsl@4-26 (R = CH(SiMe),; for
chromium, molybdenum and tungsten) via chloringditn exchange in the presence of 12-
crown-4 and carbonyl derivatives (Scheme 68) isqmeed and selected spectroscopic data
discussed.

1.12-crown-4 (OClM  CH(SiMe;),
R} 2 'BuLi X/

p
R + 0 > 1
\ _ o o R
CI/ | R? Et,O / -80°C->0°C \O

-LiCl/-12-crown-4 R?
-BuCl

(OC)5M\ /CH(SiM%)z

24,18 M =W
25, 32 M = Mo
26, 31 M= Cr
(OC)xM CH(SIM
\P/ (SiMe&s),

’

12-cr|c'>lwn-4 I

18, 31, 32

- RR=o-Tolyl 41: M = W; R'= R?= Ph
. R=o0-Anisy 42 M=W;R= RP=Me

16a M = W; R'= H; R°= Ph 33 M=W;R=H

29 M =Cr; R=H; R=Ph 34 M=W;R=H

300 M =Mo; R=H; RR=Ph 36:M=W; H: R='"Bu
37:M=W,; R=H; R='Pr
38 M=W; R'=H; R*="Pr
32 M=W; R=H; R°=Me

Scheme 68. Synthesis of new oxaphosphirane congleie the reaction of transiently

formed Li/Cl phosphinidenoid complex#&8, 31and32
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In general, pure oxaphosphirane complexes areestdt@dmbient temperature under inert gas
atmosphere and only comple89 showed a reduced stability in solution and couéd b

characterized only from the reaction solution. Mafsthese complexes could be crystallized
and thus structurally confirmed by single-crystatay diffractometry; comple®1 is shown

as one representative example in Figure 37.

Figure 37. Molecular structure of complekl in the crystal (hydrogen atoms except H14

omitted for clarity).

It was also possible to synthesize the first spxaphosphirane complexd$a,b (Scheme
69), whichshowed an unusual form of isomerism. The molecstlarcture of compleX6a

was unambiguously elucidated by X-ray diffractopéEigure 38).

(OC)W CH(SiMe;), 1.12-crown-4 (OC)5W\ ySJCH(SiMe3)2

\P/ <:>: 2.BuLi >
+ o) >
CI/ \CI Et,0 / -80°C->0°C \o

-LiCl/-12-crown-4
-BucCl
24 46a.b

Scheme 69. Synthesis of the spiro-oxaphosphiramplexes46a,hb
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The crystallographic parameters of all oxaphospleireomplexes presented in this work are
very similar and only little influence on th@&substitution pattern onto the oxaphosphirane

ring parameters was observed.

Figure 38. Molecular structure of compldga in the crystal (hydrogen atoms omitted for

clarity).

Although the transient Li/Cl phosphinidenoid conyae showed a high selectivity in all
cases mentioned beforehand, the limits of this atkttame to the fore if very bulky ketones
or N-functionalized aldehydes or ketones were employedhese cases the formation of

oxaphosphirane complexes wasd observed and unknown side-reactions took place.

In the second chapter the chemical behavior of lnagphirane complexes was studied first
with special focus on ring enlargement reactionsidAnduced ring expansion reactions of
the chromium, molybdenum and tungsten oxaphosphiremmplexesl6a 29, 30 was
achieved using triflic acid, in the presence aboayl derivatives, and subsequent treatment

with triethylamine to form the 1,3,4-dioxaphosph@aomplexe§2-66a,b (Scheme 70).
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(OCBM  CH(SiMey), (OC)s'V'\ _CH(SMey,

X/
P 1. TfOH Ph P\
H \ + RC(H)O 2. EgN >( @)
?LO — > H
P CH,Cl,/ -30°C O+ R

[EtzNH][TfO]

62a,b0 M =Cr; R =Ph
63a,0 M = Mo; R = Ph
64a,0 M =W; R = Ph
65a,0 M =W; R ='Pr
66a,0 M =W; R = Me

Scheme 70. Synthesis of 1,3,4-dioxaphospholane lexeg62-66a,h

Although the yields were relatively low in some esisbecause of side-reactions of the protonated
1,3,4-dioxophospholane derivatives observed by l@mperature*'P{*H} NMR reaction
monitoring, the derivative62-66a were isolated in pure form through column chrorgedphy; a
mechanistic proposal for the product formation esatibed. In all molecular structures the
prefered (typical) stereochemistry was such asotiganic substituents at the five-membered ring
adopted ais position, whereas the W(COyroup was bound in tians fashion; one example is

shown in Figure 39.

65a

Figure 39. Molecular structure of complé%a in the crystal (hydrogen atoms except Hla,

H2a and H12a omitted for clarity).
-120 -



In chapter IV.2, experimental and theoretical stgdivere undertaken to get insight into the
acid induced ring-opening reactions of the oxaphwape complexl6a in the absence of
trapping reagents. Here, the reactionsl6& with triflic acid, a toluenium carbaboranid,
hydrochloric acid and fluoroboronic acid were inigeted and the products either isolated

(73, 85¢ 90) or characterized from the reaction mixtur@ and92) (Scheme 71).

(COxW (OCxW
L ~ H_l+CHSIMe),  Ph_}+ CH(SIMey),
CH2C|2 P\ + /EP\
Ph OH\ H OH\\
oTf - OTf ~
72a 72b
(COXW
[C/HGJ[CHB,Clyy] H ?+P,c:H(snv|e3)2
CH.Cl, P “OH CHByCly;
. 73
(OC)5W\P _CH(SiMey),
\
H—~/ 0
Ph (OCEW,  CH(SIM
16a HCI H)S N (SiMey),
N\
cl
Et,0 P?(()H
85a,b-85¢
OC)XW : COXW
HBF, (OCKW, CH(SMey), H_ } CH(SMe),

H P, +

>—P-OH

CH,Cl, R F |
Ph OH PR L

90, 91 92

Scheme 71. Acid-induced ring-opening reactionsoofiglex16a

Of particular interest is the surprising formatmiithe side-oncomplexes afteD-protonation

of the oxaphosphirane compléga using TfOH or [GH¢][CHB1,Cy1], which was proven by
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NMR studies and the crystal structure in the cabecamplex 73 (Figure 40); DFT

calculations were performed onto the formatiorhefrf? coordinated W(CQ@)complex.

Figure 40. Molecular structure of compléRin the crystal (hydrogen atoms except H1, Hla

and H20 omitted for clarity).

Protonation of the oxaphosphirane complé6a with HCI yielded a mixture of
chlorophosphane complex&ba-c via P-O bond cleavage (Scheme 71); the structure of
complex85c was unambiguously confirmed (Figure 41). Interegti, resonance signals of
complexes85a,b showed coalescence in tfi®{*H} NMR spectra, which was investigated
and the process analysed with respect to its wyidgrkinetics by low temperature NMR

spectroscopic measurements.
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Figure 41. Molecular structure of compl8%c in the crystal (hydrogen atoms except H1,

Hla and H8a omitted for clarity).

In the reaction ofi6a with HBF, the outcome was (perhaps) even more surprisingi@s
different products were obtained, the fluorophosghaomplexes90, 91 (structurally
confirmed by X-ray diffractometry) and th&de-oncomplex 92 (Scheme 71); the latter
represented the first example affaWittig ylide complex. The formation of these commps
could be explained on the basis of DFT calculatiand provided information about two

possible reactions pathways that involve P-O ar@d l&nd cleavages.

A novel synthetic route to oxaphosphirane complexas discovered, presented in chapter
IV.2.2.2, which is the deprotonation of the chldiopphane complexé&ba-c(Scheme 72).
The reactionyielded a mixture of diastereomeric oxaphosphiranmplexesl6a,h The
structure of compled6b was unambiguously established by X-ray crystadpgy (Fig. 42,

right) and confirmed thRR/SSonstitution of this isomer.
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(OCKW.  CH(SiMey),

(OC)5W\ _CH(SiMey), LDA/ 12-crown-4 ~ /
= Et,0/ -80°C - P\
H . > H
CI/>< - LiCI /- 'PE,NH PLO
Ho  Ph P
85a-c 16a,b

Scheme 72. Synthesis of oxaphosphirane complEs&d from chloro(diorgano)phosphane

complexes.

Figure 42. Comparison of the molecular structureowfphosphirane complek6a (left
side}*® and its diastereomd6b (right side) in the crystal (hydrogen atoms exdépa, H8a

for complex16b and H6, H13 for complex6d®® are omitted for clarity).

First investigations of SET reactions of oxaphospte complexXl6a usingin situ prepared
“CpTiCl," are presented in chapter V. These reactions tedh tdeoxygenation of the
oxaphosphirane complex and formation of the phoslgbae complexe402a,b (Scheme

73), which were not stable towards traces of aid aeacted further to give the
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chloro(diorgano)phosphane complédd3 as final product, which was also structurally

confirmed.

(OCEW_  CH(SiMey),

X/

P H W(CO)s
. THF IIHCIII
He / \  +"CpTiCly' — "?:p\ —
>Lo |
PR CH(SIM
PH (SiMe;),
16a 102a,b

Scheme 73. SET reaction of complausing Ti(lll) species.
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VIl. EXPERIMENTAL PART

VII.1. Preparative methods

All reactions and manipulation were carried outemdn atmosphere of dried argon ((BTS
catalyst (Merck) heated at 100-130°C, phosphorusopé&le, and silica gel), using standard
Schlenk techniques with conventional glassw@advents were dried according to standard
proceduréd* and stored in brown-glass bottles over sodium veinel under inert-gas

atmosphere. Most products were purified by low-terafure column chromatography using
chromatographic columns equipped with integratemlicg mantles cooled with a connected
cryostat. All devices were evacuated and refilleithwAr to avoid any moisture before

perform the reactions.

VII.2 Measuring methods and devices

VII.2.1 Melting point determination

The melting points were recorded using from a B{88D or S) capillary apparatus.

VI1.2.2 Elemental analysis

Elemental analyses were performed using an elememntario EL analytical gas

chromatograph.

VIl.2.3 Mass spectrometry

Electron ionization (EI) mass spectra were recoted Kratos MS 50 spectrometer (70eV).
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VIl.2.4 NMR spectroscopy

NMR spectra were recorded on a Bruker AX 300 spewgter t'B: 96.3 MHz,%°Si: 60 MHz,*'p:
121.5 MHz,*%F: 282.4 MHz,*C: 75.0 MHz andH: 300.1 MHz) or on or a Bruker Avance 400
spectrometer': 400.13 MHz;**C: 100.6 MHz;*°Si: 79.5 MHz;*'P: 161.9 MHz) at 30°C using
CDCl;, CD.Cl, or THF & as solvents and internal standards; shifts arengielative to external
tetramethylsilane 'H, °C, 2°Si), boron trifluoride diethyl etherate in CQCI(*'B),

trichlorofluoromethane*{F) and 85% HPO, (*'P).

VII.2.5 UV/vis spectroscopy
UV/vis spectra were recorded on a UV-1650PC Shimagzctrometer spectrometer<

190-1100 nm) using dichloromethane as solvent amdtr) glass cells from the company Hellma

with an optical path length of 1 cm at ambient tenagure.

VII.2.6 Infrared spectroscopy

IR spectra were recorded on a Thermo Nicolet 3&gtspmeter using KBr or nujol for the
samples preparation. In case of compl&the crystals were measured on a Shimadzu-8300

FITR spectrometer placed inside the glove box.

VII.2.7 Crystal structure analysis

Crystal structures were recorded on a Nonius K&ppB diffractometdt*®! | Nonius MACH3
diffractometeror a Bruker APEX-1I CCD diffractometer with Maic 10829 (complex3). The
structures were solved by Patterson methods ocDilethods (SHELXS-9%" 1*®land refined
by full-matrix least squares on (SHELXL-97)1®a|| non-hydrogens atoms were refined

anisotropically. Hydrogen atoms were included igitally using the riding model on the bound
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atoms; in some (denoted) cases hydrogen atomslegated in the Fourier difference electron

density. Absorption corrections were carried owtlgically or semi-empirically from equivalents.

VIl.2.8 Chemicals

The following chemicals were commercially availahted in some cases purified before
used (producer name in brackets):

» Tungsten hexacarbonyl (Aldrich)

e n-butyllithium (1.6 M in hexane, Aldrich, Acros)

e t-butyllithium (1.6 M in hexane, Aldrich, Acros)

» Triethylamine (Aldrich)

* Acetone (Acros)

e 2-adamantanone (Aldrich)

e 2,2,4,A-tetramethyl-3-pentanone (Aldrich)

e 3,3-dimethylbutan-2-one (Aldrich)

e 1,1,3,3-tetramethylurea (Acros)

¢ N,N-dimethylformamide (Acros)

» Tetrahydro-1,3-dimethylpyrimidin-2{)-one (Aldrich)

» Silica gel Merck 60 ( 0.063-0.2 mm, pH = 6.5-7.51k)

e Aluminium oxide Merck 90 actief neutral (70-230 mesSTM, Merck)

e Trifluoromethanesulfonic acid (Aldrich)

e 12-crown-4 (Merck)

* Acetaldehyde (Acros)

* Benzaldehyde (KMF)

* Fluoroboronic acid (1M in diethyl ether, Merck)

Butyraldehyde (Merck)
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e Chromium hexacarbonyl (Aldrich)

» Diisopropylamine (Aldrich)

* Isobutyraldehyde (Merck)

e Molybdenum hexacarbonyl (Aldrich)

* 0-Anisaldehyde (Aldrich)

» o-Tolylaldehyde (Aldrich)

« Pivalinaldehyde (Acros)

* Benzonitrile (Acros)

e Borane THF complex 1M in THF (Merck)

* Cyclohexanone (Acros)

« Benzophenone (Acros)

e Cyclopentadienyltitaniumdichloride (Acros)
» Bis(cyclopentadienyl)titanium dichloride (Acros)

e Zinc (Aldrich)

The following compounds were synthesized accortbhngublished procedures

«  (Bis(trimethylsilyl)methyl)dichlorophosphalt

* [2-Bis(trimethylsilyl)methyl-3-phenyl-B-azaphosphirene-
P]pentacarbonylchromium(®f

» [2-Bis(trimethylsilyl)methyl-3-phenyl-B-azaphosphirene-
P]pentacarbonylmolybdenum{tf)

+ (Cyclopenta-1,3-dienyl)dichlorophosph&fe

« [dichlorophenylphosphane]pentacarbonyltungstét{0)

(1,3,5-tritert-butylbenzyl)dichlorphosphaffé

+  (1,3,5-trimethylbenzyl)dichlorophosphaite
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« Toluenium-2,3,4,5,6,7,8,9,10,11,12-undecachlorabadodecabordfd

VI1.2.9 Working procedure

The working procedure with the chemicals was acdistmgd using fume hoods and/or glove
boxes according to the valid legislation (in agreatnwith the dangerous material
regulation). All work resulting in this sense topkace in appropriate protective clothing
available in the laboratory. The already used sub/evere collected in the canisters and

properly removed according with the waste policlye Tised silica gel was likewise supplied

to the solid wastes.
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VII.3 General procedure for the synthesis of
[(bis(trimethylsilyl)methyl)dichlorophosphane]peatabonylchromium(0),-

molybdenum(0) and -tungsten(@4f29

Procedure A:

8.5 mmol of metalhexacarbonyl (1.87g Cr(GO2.25 g Mo(COy;, 3.00 g W(CO9) were
placed in a photochemical reactor and suspende8D@hmL THF. The suspension was
photolysed with a 150 W medium-pressure mercury -&fg-Lamp (TQ150, Heraeus
Noblelight, Hanau, Germany) for 45 minutes. Theloyel solution was transferred to a
Schlenk flask via a double-ended needle and 1.77 (6.8 mmol) of
(bis(trimethylsilyl)methyl)dichlorophosphar23 was added. The solution was then stirred
(12 h) at ambient temperature. The solvent was vethainder reduced pressurglLQ?
mbar) and the product was purified by column chrmgaphy (AbO3, -20 °C, h =7 cm, &

5cm, eluent: petroleum ether (200 mL).

Procedure B:

10.0 mmol of the acetonitrile metal(0) complex 58.g Cr(COJCHs:CN; 4.00 ¢
W(CO)XCH3;CN) were dissolved in 50 mL of THF. 2.00 g (8.0 nimoof
(bis(trimethylsilyl)methyl)dichlorophosphar8 was added and the solution was stirred at
ambient temperature for 48 h. After the reactiors wampleted, the solvent was removed
under reduced pressureCl0? mbar) and the product was purified by column

chromatography (ADs, -20 °C, h =5 cm, g = 5cm, eluent: petroleum re¢B@0 mL).
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VI1.3.1 Synthesis of [bis(trimethylsilyl)methyldidorophosphane]

pentacarbonylchromium(026]

Procedure A: Yield: 1.85 g (60 %)

Procedure B: Yield: 2.50 g (70 %)

Empirical formula: G,H1oCl,.CrOsPSh Molecular weight: 453.32 g/mol

Melting point: 65°C

'H NMR (300 MHz, CDC}, 30°C):d = 0.34 (s, 18H, Si(Chk), 2.03 (d, 1H?Jp}4 = 10.4 Hz

CH(Si(CHg)3)2).

3C{*H} NMR (75 MHz, CDCE, 30°C):6 = 3.0 (d,3Jp c= 3.9 Hz, Si(CH)3), 44.6 (d Jpc=

26.6 Hz, GH(Si(CHy)3)2), 214.2 (d2Jp c= 14.5 Hz Cis-CO), 219.6 (d%Jpc = 1.3 Hz trans

CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = 2.3 (d,2Jp.si= 4.5 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C): 6 = 236.2 (d2Jp 4 = 10.1 Hz).

Mass spectrometry (EP’Cr): m/z (%) = 452 (30) [M], 396 (10) [(M-2CO)", 368 (10)

[(M-3CO)™*], 340 (30)[(M-4CO)], 312 (90) [(M-5CO)], 73 (100) [(SiMg)"].

IR (KBr, only v(CO) ):% [em™Y] = 1947 (s), 1969 (s), 2017 (w), 2075(wW).
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UV/vis (CH,CLy): A (log €): 218.1 (0.25), 236.3 (2.61), 290.0 (0.06) nm

Elemental analysis C [%] H [%]

Calculated 31.79 4.22

Found 31.76 4.38

VI1.3.2 Synthesis of [(bis(trimethylsilyl)methylichlorophosphane]

pentacarbonylmolybdenum(@4]

Procedure A: The molybdenumhexacarbonyl and thg(t(imhethylsilyl)methyl)phosphane
23 were photolysed together in the UV reactor for, ard stirring for further 4 h at RT.
Yield: 1.08 g (32%)

Empirical formula: GoH14Cl,M0OsPSh Molecular weight: 497.27 g/mol

Melting point: 70°C

'H NMR (300 MHz, CDC}, 30°C):d = 0.34 (s, 18H, Si(Chk), 1.99 (d, 1H%Jp}4 = 10.5 Hz

CH(Si(CHg)3)2).

3C{*H} NMR (75 MHz, CDC}, 30°C):6 = 0.7 (d,*Jpc= 3.7 Hz, Si(CH)3), 41.5 (d,'Jpc =

29.7 Hz, GI(Si(CHs)s)2), 201.7 (d2Jpc = 10.3 Hzcis-CO), 207.1 (d%Jpc = 46.0 Hz trans

CO).
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29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = 2.2 (d,2Jp.si= 2.9Hz, Si(CH)a).

3P NMR (121.5 MHz, CDG| 30°C):6 = 203.1 (d2Jp 4 = 10.1 Hz).

Mass spectrometry (Ef®Mo): m/z (%) = 498 (20) [M], 442 (30) [(M-2CO)], 414 (15)

[(M-3CO)™*], 386 (30) [(M-4COY], 356 (30) (IM-5CO)], 73 (100) [(SiMe)"*].

IR (KBr, v(CO) ):% [cm™] = 1974(w), 1969 (w), 2020 (s), 2083(s).

UV/vis (CH,CIL): A (logg): 235 (0.96), 290 (0.17) nm.

Elemental analysis:C [%] H [%]

Calculated 28.98 3.85

Found 28.98 4.14

VI1.3.3 Synthesis of [(bis(trimethylsilyl)methylichlorophosphane]

pentacarbonyltungsten(024]

The analytical data of complé@4 was already published in the literattifé.

Procedure A: Yield 3.20 g (80 %)

Procedure B: Yield 4.00 g (85 %)
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VIl.4 Synthesis of [2-bis(trimethylsilyl)methyl-3hgnyl-oxaphosphirane-

kP]pentacarbonylchromium(029]

Procedure A:

4.12 g (8.5 mmol) compleR7 and 0.86 mL benzaldehyde (8.5 mmol) were dissoinezb
mL Toluene and heated to 75 °C under stirring 3ftwours. The solvents were then removed
in vacuo (1102 mbar) and the product purified by column chrorgeaphy (SiQ, -20°C, h =

6 cm, @ =3 cm, eluent: petroleum ether: diegtlger 80:20, (350 mL)). Pale yellow solid.

Yield: 2.48 g 60 %

Procedure B:

0.99 g (2.18 mmol) of complex6 and0.28 mL (1.74 mmol) of 12-crown-4 were dissolved
in 25 mL diethyl ether at -80°C. Then 1.63 mL (28&ol) of a solution of Buli 1.6 M inn-
pentane were dropwise added while stirring. Thatswi was stirred for five minutes at this
temperature and then 0.22 mL (2.18 mmol) benzaldielmere added.

The brown suspension was stirred for additionah®0, while gently warming to 0°C and
then allowed to warm up to ambient temperature. §dleents were then removed in vacuo
(102 mbar) and the residue extracted with 30 mb-pentane. The product was purified by

column chromatography (4Ds, -30°C, h=1 cm, @ = 2 cm, petroleum ether 50 mL)

Yield: 0.44 g (41%)

Empirical formula: GgH2s0sPSECr Molecular weight: 488.54 gimo
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Melting point: 108°C

'H NMR (300 MHz, CDC}, 30°C): 6 = 0.32 (s, 9H, Si(Cks), 0.39 (s, 9H, Si(CHs), 1.13

(s, 1H, CHSI(CHs)3)2), 4.37 (s, 1H, PhC(}D), 7.40 (m, 5H, Ph-H

3C{*H} NMR (75 MHz, CDCk, 30°C):6 = -0.3 (d,3Jp.c= 3.8 Hz, Si(CH)3), 0.0 (d,*Jpc=

21.9 Hz, Si(CH)3), 31.0 (d,"Jpc = 24.2 Hz, ®I(Si(CHs)3)2), 57.2 (d,*"%Jpc = 24.2 Hz,
PCOH), 123.9 (d®Jp c= 3.2 Hz,0- Ph), 126.1 (Jp c = 2.2 Hz, Ph), 126.5 (dJpc = 2.2 Hz,

Ph), 133.1 (s, ipso-Ph), 212.9 {dy c = 15.8 Hzis-CO), 217.7(d?Jp c = 3.2 Hz transCO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -0.1 (d2Jps= 5.5 Hz, Si(CH)3), 0.1 (d,Jp 5=

7.6 Hz, Si(CH)s).

3p{*H} NMR (121.5 MHz, CDC}4, 30°C):é = 91.0.

Mass spectrometry (E¥°Cr): m/z (%) = 488 (15) [M], 354 (100) [(M-PhCOH-COY}], 348

(50) [(M-5COJ*], 270 (70) [(M-PhCOH-4COYj], 242 (60) [(M-PhCOH-5COY].

IR (KBr, v(CO) ):% [cm] = 1946 (w), 1995 (w), 2070 (s).

UV/Vis (CH,CL,): & (loge): 233.5 (1.14), 203.1 (1.20) nm.

Elemental analysis:C [%] H [%]

Calculated 46.71 5.16

Found 47.80 5.61
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VILL5 Synthesis of [2-bis(trimethylsilyl)methyl-3-phengkaphosphirane-

kP]pentacarbonylmolybdenum(®@(]

Method A:

0.90 g (1.8 mmol) complez8 and 0. 18 mL benzaldehyde (1.8 mmol) were dissbiuet
mL Toluene and heated to 75 °C under stirring 3fbiours. The solvents were then removed
in vacuo (1L0"? mbar) and the product purified by column chrorgeaphy (SiQ, -20°C, h =

6 cm, @ =3 cm, eluent petroleum ether: diethyee80:20, (150 mL)). Pale yellow solid.

Yield: 0.45g (50 %)

Method B:

0.60 g (1.20 mmol) of comple25 and0.20 mL (1.20 mmol) of 12-crown-4 were dissolved
in 15 mL diethyl ether at -80°C. Then 0.75 mL (1Bthol) of a solution of Buli 1.6 M inn-
pentane were dropwise added while stirring. Thatswi was stirred for five minutes at this
temperature and then 0.12 mL (1.20 mmol) benzaldielere added.

The brown suspension was stirred for additionah®0, while gently warming to 0°C and
then allowed to warm up to ambient temperature. §dleents were then removed in vacuo
(0102 mbar) and the residue extracted with 20 mb-pentane. The product was purified by

column chromatography (4Ds, -30°C, h =1 cm, g = 1 cm, petroleum ether (50)mL

Yield: 0.20 g (30%)

Empirical formula: GgH2sM0oOsP Sk Molecular weight: 532.48 g/mol

Melting point: 110°C

- 137 -



'H NMR (300 MHz, CDC}, 30°C): 6 = 0.32 (s, 9H, Si(Cks), 0.38 (s, 9H, Si(CHs), 1.10

(d, 1H,%Jp 1= 2.2 Hz CHSIi(CHs)3),), 4.36 (d, 1H?"*Jp 4= 1.6 Hz, PhC(H)O), 7.28 (s, 1H,

Ph), 7.36 (m, 2H, Ph), 7.38 (m, 2H, Ph).

3C{*H} NMR (75 MHz, CDCk, 30°C):6 = -0.3 (d,3Jp.c= 3.8 Hz, Si(CH)3), 0.0 (d,*Jpc=

2.5 Hz, Si(CH)s), 30.5 (d,"Jpc = 25.2 Hz, ®I(Si(CHs)3),), 56.7 (d,**%Jpc = 22.3 Hz,
PCOH), 123.5(d%Jp c= 3.5 Hz, Ph), 126 (dJpc = 2.5 Hz, Ph), 126.5 (dJpc = 2.2 Hz, Ph),

133.1 (sj-Ph), 201.8 (d%Jpc = 10.6 HzCis-CO), 209.9 (d’Jp ¢ = 35.6 Hz{ransCO).

29Si{*"H} NMR (60 MHz, CDCk, 30°C): 6 = -0.58 (d,2Jp.si= 5.5 Hz, Si(CH)s), 0.65 ( d,

2Jp si= 7.6 Hz, Si(CH)3).

3P NMR (121.5 MHz, CDG| 30°C):d = 65.4.

Mass spectrometry (E1°Mo): m/z (%) =534 (18) [N, 399 (100) [(M-PhCOH-COY}], 394

(60) [(M-5COJ*].

IR (KBr, v(CO) ):% [cm*] = 1953 (w), 2002 (w), 2079 (S).

UV/vis (CH,CL): & (loge): 301 (0.43), 236 (2.61), 210 (1.92) nm

Elemental analysis:C [%] H [%]

Calculated 42.86 4.73

Found 43.475.19
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VII.6 General procedure for the synthesis of té\*-oxaphosphirane

complexes

To a solution of 200 mg (0.31 mmol) of comp&kand 12-crown-4 (0.31 mmol) in 10 mL
of diethyl ether a solution of 0.2 mL (1.6 M, 0.8Imol) tert-butyllithium was added

dropwise at —80°C while stirring. The solution vetisred for five minutes at this temperature
and then 0.31 mmol of the corresponding aldehyde wdded. The solution was stirred for
additional 90 min, while gently warming to 0°C atien allowed to warm up to ambient
temperature. The solvents were then removed in ovdEli0? mbar) and the residue
extracted with 20 mL oh-pentane. The products were purified by column ctat@graphy

(Al>03, -30°C, h =1 cm, g = 1cm, petroleum ether (50)mL)

VII.6.1 Synthesis of [2-bis(trimethylsilyl)methyl-8henyl-oxaphosphirane-

kP]pentacarbonyltungsten (A)gd|

Synthesized according to the general proceduréhiosynthesis of the*\*-oxaphosphirane
complexes using 3L of benzaldehyde.

Most of the analytical data can be found in theréiture, they were measured again due to the

important role of the oxaphosphirane compléain this work.

Yield: 127.4 mg (60%)

Empirical formula: GgH2s06P SpW Molecular weight: 620.04 g/mol
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Melting point: 96°C

'H NMR (300 MHz, CDC}, 30°C):6 = 0.30 (s, 9H, Si(Cks), 0.39 (s, 9H, Si(CHs), 1.28

(s, broad, 1H, CEBi(CHs)3),), 4.40 (d, 1H?*3Jp 1= 1.8 Hz, PhC(H)O), 7.10 (n3H, Ph),

7.36 (m, 2H, Ph).

3C{*H} NMR (75 MHz, CDCk, 30°C):6 = -0.3 (d,3Jp c= 4.2 Hz, Si(CH)3), 0.0 (d,3Jpc=

2.2 Hz, Si(CH)3), 30.5 (d,Jpc = 18.8 Hz, E(Si(CHy)s)2), 57.9 (d,**%Jpc = 27.5 Hz,
PCOH), 123.5 (d,%Jpc= 3.2 Hz, Ph), 126.1 (d, = 2.9 Hz, Ph), 126.7 (dl = 2.3 Hz, Ph),

133.3 (sp-Ph), 192.7 (0%Jp c = 8.4 Hz,Cis-CO), 194.9 (d2Jp c = 35.6 Hz trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = 0.2 (d,2Jp.si= 5.6 Hz, Si(CH)3), 1.5 (d,33p 5=

8.0 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C): 6 = 38.2 (8 “Jw,p = 307.7 Hz).

Mass spectrometry (El, 70 e¥*"W): m/z (%) = 620 (20) [M], 514 (15) [(M-Ph(H)COY],

486 (15) [(M-Ph(H)CO-COYJ], 428 (50) [(M-PhC(H)O-3COj], 400 (60) [(M-Ph(H)CO-

4COJ)"]; 86 (100) [(CH(SI(CH)3)2)"]-

IR (KBr, v(CO) ): [cmi] = 1880 (s), 1924 (m), 2077 (w), 2067(w).

UV/vis (CH,Clp): A (loge): 235 (0.45), 299 (0.08) nm.

- 140 -



Elemental analysis C [%] H [%]

Calculated 36.78 4.06

Found 36.99 4.36

VI.6.2  Synthesis of [2-bis(trimethylsilyl)methyl-@-methylphenyl)-

oxaphosphiran&P]pentacarbonyltungsten(®J]

Synthesized according to the general proceduréhfosynthesis of the*A\3-oxaphosphirane

complexes using 3@L of tolualdehyde.

Yield: 130.2 mg (60%)

Empirical formula: GoH2.70sPSEW  Molecular weight: 634.04 g/mol

Melting point: 98°C

'H NMR (300 MHz, CDC}, 30°C):6 = 0.16 (s, 9H, Si(Ch3), 0.22 (s, 9H, Si(Ch)s), 1.14

(s, broad signal, 1H, CH(Si(GH)2), 2.33 (s, 3Hp-CHs), 4.26 (s, 1H, PhC(H)O), 7(m, 4H,

Ph).

Y¥C{*H} NMR (75 MHz, CDC}, 30°C):6 = 1.6 (d,*Jpc= 3.14 Hz, Si(CH)3), 1.8 (d,%Jpc=

2.3 Hz, Si(CH)3), 32.7 (d,"Jpc = 20.3 Hz, GI(Si(CHs)3):), 57.9 (d,*%pc = 24.5 Hz,

PC(H)0), 125.6 (3Jpc= 2.1 Hz, Ar), 125.7 (d)pc = 4.3 Hz, Ar), 127.6 (dJpc= 2.6 Hz,
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Ar), 129.6 (d,Jpc= 2.3 Hz, Ar), 128.0 (Spso-Ar), 131.3 (sj-Ar), 193.9 (d,2Jpc = 8.4 Hz,

cis-CO), 195.1 (d°Jp c = 34.9 Hz trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -0.8 (dJp si= 4.7 Hz, Si(CH)3), 1.3 (d,Jp 5=

7.2 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C):d = 41. 0 (8s “Jp.w = 306.6 Hz).

Mass spectrometry (El, 70 e¥PAW): m/z (%) = 634(10) [M7], 514 (40) [(M-Ar-C(H)O}™],

486 (100) [(M-Ar-C(H)O-COY].

IR (KBr, v(CO) ):% [cmi] = 1923 (w),1993, (s), 2075 (W), 2957 (w).

UV/vis (CH,CI)): A (loge) : 231 (0.29), 290 (0.04) nm.

Elemental analysis:C [%] H [%]

Calculated 37.86 4.29

Found 38.12 4.57
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VII.L6.3 Synthesis of [2-bis(trimethylsilyl)methyl-@-methoxyphenyl)-

oxaphosphiran&P]pentacarbonyltungsten (B4

Synthesized according to the general proceduréhfosynthesis of the*A\3-oxaphosphirane
complexes using 42 mg ofanisaldehyde.

Yield: 142.5 mg (64%)

Empirical formula: GoH,70;PSpW Molecular weight: 650.41 g/mol

Melting point: 99°C

'H NMR (300 MHz, CDC}, 30°C):d = 0.22 (s, 9H, Si(CHs), 0.30 (s, 9H, Si(Ch}s), 1.16

(s, br, 1H, CH(SI(CH)3)2), 3.79 (s, 3H, OCkJ, 4.46 (s, 1H, ArC(H)O), 6.79 (m, 3H, Ar),

6.79 (m, 1H, Ar).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = -0.8 (d,*Jpc= 4.2 Hz, Si(CH)3), 0.0 (d,*Jpc=

2.2 Hz, Si(CH)s3), 30.4 (d'Jp.c = 20.2 Hz, ®I(Si(CHs)3)2), 52.6 (s, OCH), 54.7 (d,"Jpc
= 28.2 Hz, PC(H)0), 107.3 (&Jp.c= 2.24 Hz, Ar), 118.3 (d) pc= 2.4 Hz, Ar), 121.7 (S;
Ar), 124.3 (d,JpYC: 4.3 Hz, Ar), 126.8 (dJP,C = 2.6 Hz, Al’), 155.23 (dJP,C: 2.6 Hz,i-Ar),

192.9 (d2Jp c = 8.4 Hz Cis-CO), 195.2 (d%Jp c = 34.7 HztransCO).

2%Si{*"H} NMR (60 MHz, CDC}, 30°C):6 = 0.0 (d,?Jpsi= 5.5 Hz, Si(CH)3), 1.2 (d2Jpsi=

8.0 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C): 6 =39.2 ($a “Jpw = 305.5 Hz).
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Mass spectrometry (El, 70 e¥?"W): m/z (%) = 650 (60) [M], 566 (40) [(M-3COY], 514

(15) [(M-Ar-C(H)O("], 73 (100) [(Si(CH)s)"]-

IR (KBr, v(CO) ):% [cm] = 1915 (s), 1992(w), 2075 (w).

UV/vis (CH,CI)): A (logg): 232 (0.35), 292 (0.06) nm.

Elemental analysis C [%] H [%]

Calculated 36.93 4.18

Found 37.30 4.42

VII.6.4 Synthesis of [2-bis(trimethylsilyl)methyH&rt-butyl-oxaphosphirane-

kP]pentacarbonyltungsten((g€]

Synthesized according to the general proceduréhfosynthesis of the*A\3-oxaphosphirane

complexes using 3fAL of pivalinaldehyde.

Yield: 100.4 mg (50%)

Empirical formula: G/H290sPSpW Molecular weight: 600.39 g/mol

Melting point: 94°C
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'H NMR (300 MHz, CDC}, 30°C):6 = 0.24 (s, 9H, Si(Ch}3), 0.31 (s, 9H, Si(Ch}s) 1.10 (s,

9H, (CH)s), 1.25 (s, 1H, CKBi(CHs)3)2), 2.70 (s, 1H, PC(H)O).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = 0.7 (d,3Jp.c= 4.5 Hz, Si(CH)3), 1.5 (d,3Jpc=

2.3 Hz, Si(CH)3), 24.5 (d,%Jpc = 4.0 Hz, CH), 27.3 (d,%Jpc = 4.0 Hz, 2CH), 31.0 (s,
C(CH) 3), 33.6 (d,%Jpc = 15.4 Hz, B(Si(CHy)s)2), 67.1 (d,*"%Jpc = 28.5 Hz, PC(H)O),

195.5 (d2Jp c = 8.4 Hz Cis-CO), 196.5 (d°Jp c = 33.6 HztransCO).

29Si{*H} NMR (60 MHz, CDCk, 30°C):d = -0.0 (d,Jp,s = 7.8 Hz, Si(CH)3 ), 2.0 (d.*Jp si=

4.5 Hz, Si(CH)s3).

3P NMR (121.5 MHz, CDG| 30°C):0 = 22.5 ($a “Jp.w = 298.8 Hz).

Mass spectrometry (El, 70 e¥W): m/z (%) = 600 (13) [M], 557 (30) [(M-CO-OY], 527

(20)[(M-2CO-0J"], 514 (40) [(M‘Bu-C(H)O}"], 486 (100) [(MBu-C(H)O-COJT.

IR (KBr, v(CO) ):% [cm] = 1934 (s), 1986(w), 2076 (w).

UV/vis (CH,Cl,): A (log €): 237 (0.48), 301 (0.05) nm.

Elemental analysis: C [%] H [%]
Calculated 34.01 4.87

Found 33.88 4.86
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VII.6.5 Synthesis of [2-bis(trimethylsilyl)methyl-8o-propyl-oxaphosphirane-

kP]pentacarbonyltungsten(®1]

Synthesized according to the general proceduréhfosynthesis of the*A\3-oxaphosphirane

complexes using 28L of isobutyraldehyde.

Yield: 106.3 mg (53%)

Empirical formula: GgH270sPSpW Molecular weight: 586.37 g/mol

Melting point: 86°C

'H NMR (300 MHz, CDC}, 30°C): 5 = 0.25 (s, 9H, Si(Ch}3), 0.30 (s, 9H, Si(CHs) 1.05

(M, 1H, CHSI(CHs)s)2), 1.17 (d, 3H%Jn = 6.5 Hz, CH), 1.21 (d, 3HZJy 4= 6.7 Hz, CH),

1.60 (m, 1H, CKICHs),), 2.75 (d, 1H*"*Jp ;= 9.8 Hz, PC(H)O).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = -0.4 (d,*Jpc= 4.5 Hz, Si(CH)3), 0.0 (d,%Jpc=

2.6 Hz, Si(CH)3), 17.2 (s, CHEl3), 17.4 (d,3Jp c = 11.6 Hz, CHEl3), 29.0 (d, GHICHs, 3Jp ¢
= 3.3Hz), 28.7 (d, B(Si(CHa)s)2, *Jp.c=17.1Hz), 62.9 (d**%Jp c = 28.7 Hz, PC(H)0), 193.4

(d, Jp c = 8.4 Hz,Cis-CO), 195 (d2Jp c = 33.6 HztransCO).

29Si{*H} NMR (60 MHz, CDC}, 30°C):6 = -1.8 (d,*Jp.si= 4.8 Hz, Si(CH)3), 0.1 (d2Jp 5=

8.0 Hz, Si(CH)s).

3p{H} NMR (121.5 MHz, CDC}, 30°C):6 = 31.9 (Sa “Jp.w = 298.8 Hz).
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3P NMR (121.5 MHz, CDG| 30°C): 6 = 31.9 (das “Jp.w = 298.8 Hz2Jp 1= 11.4 Hz).

Mass spectrometry (El, 70 eVW): m/z (%) = 586 (15) [M], 543 (30) [(M:Pr)*], 514

(40) [(M-'Pr-C(H)OJ"], 486 (100) [(MPr-C(H)O-COY.

IR (KBr, v(CO) ):% [cm] = 1930 (s), 1986 (W), 2067(w).

UV/vis (CH,CIL): A (logg): 237 (0.47), 293 (0.06) nm.

Elemental analysis:C [%] H [%]

Calculated 32.77 4.64

Found 32.68 4.65

- 147 -



VII.6.6 Synthesis of [2-bis(trimethylsilyl)methyl-8-propyl-oxaphosphirane-

kP]pentacarbonyltungsten(®9]

Synthesized according to the general proceduréhfosynthesis of the*A\3-oxaphosphirane

complexes using 2fiL of butyraldehyde.

Yield: 110.1 mg (55%)

Empirical formula: GH270sPSEW  Molecular weight: 586.37 g/mol

Melting point: 68°C

'H NMR (300 MHz, CDC}, 30°C):6 = 0.25 (s, 9H, Si(Ch}3), 0.29 (s, 9H, Si(CH)s) , 1.05

(t, 3H, 2Jun = 6.5, CH), 1.15 (s, 1H, CKBi(CHs)s)2), 1.60 (mc, 2H, Ch), 1.80 (m, 2H,

CHy), 3.1 (d, 1H?Jp 4= 9.8 Hz, PC(H)O).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = - 0.6 (d,’Jp.c= 4.5 Hz, Si(CH)3), 0.0 (d,*Jpc =

2.2 Hz, Si(CH)s), 11.9 (s, CHCHs3), 17.8 (d,2Jpc= 6.1 Hz, CH), 28.5 (d,’Jpc= 16.4 Hz,
CH(Si(CHa)s),), 31.4 (d3Jpc = 30.7 Hz, CH)), 57.4 (d,}*?Jp c = 30.7 Hz, PC(H)O), 193.5 (d,

2Jp c= 8.4 Hz,cis-CO), 195.0 (d?Jp c= 33.6 Hz trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -1.8 (d,%Jp ;= 4.8 Hz, Si(CH)3), 0.1 (d,?Jp si=

8.0 Hz, Si(CH)s).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 27.7 (Sas “Jw,p = 302.6 Hz).
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3P NMR (121.5 MHz, CDG| 30°C):d = 27.7 (da “Jwp = 302.6 Hz%Jp 4= 10.0 Hz).

Mass spectrometry (El, 70 e¥?4W): m/z (%): 586 (20) [M], 543 (27) [(M?Pr)*], 514

(35) [(M-"Pr-C(H)OJ'], 486 (100) [(M"Pr-C(H)O-CO}'].

IR (KBr, v(CO) ):% [cm] = 1930 (s), 1986(w), 2076 (w).

UV/vis (CH,CIL): A (logg): 239 (0.51), 297 (0.07) nm.

Elemental analysis: C [%] H [%]
Calculated 32.77 4.64

Found 32.20 4.56

VII.6.7 Synthesis of [2-bis(trimethylsilyl)methyl-@iethyl-oxaphosphirane-

kP]pentacarbonyltungsten(®9

To a solution of 160 mg (0.27 mmol) of compl2% and 12-crown-4 (0.27 mmol) in 3 mL
diethyl ether was added dropwise 0.2 mL of a smu{l.6 M inn-pentane, 0.31 mmotgrt-
butyllithium at —80°C while stirring. The solutiowas stirred for five minutes at this
temperature and then 3Q (0.54 mmol) of acetaldehyde was added. The swiutias stirred
for additional 90 min, while gently warming to O &d then allowed to warm up to ambient
temperature. The solvents were then removed in ovgEll0? mbar) and the residue

extracted with 5 mL oh-pentane. The residue was dissolved in GO the NMR data
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were measured overnight. After the measure the rosghirane complex39 had
decomposed.

Empirical formula: G4H230PSpW Molecular weigh58.31 g/mol

'H NMR (300 MHz, CDC}, 30°C): 6 = 0.15 (s, 9H, Si(Cks), 0.19 (s, 9H, Si(CHs), 1.05

(s, br, 1H, CHSI(CHs)3)2), 1.46 (dd2Jp = 15.9 Hz,2Jyu= 5.9 Hz, 3H, CH), 3.15 (q, 1H,

2Jun=5.98 Hz, PC(H)O).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = -0.6 (d,*Jp.c= 4.5 Hz, Si(CH)3), 0.0 (d,%Jpc=

2.3 Hz, Si(CH)3), 14.8 (d,%Jpc = 2.9 Hz, CH), 28.5 (d,%Jpc= 16.3 Hz, ®(Si(CHs)s)2),
53.8 (d,"*%Jpc = 32.9 Hz, PCOH), 193.4 (dJpc = 8.6 Hz,cis-CO), 195.7 (d?Jpc = 33.7

Hz, transCO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):d = -0.7 (d,%Jp.si= 5.1 Hz, Si(CH)s3), 0.9 (d,2Jp 5=

8.0 Hz, Si(CH)s).

3p{"H} NMR (121.5 MHz, CDC}, 30°C):6 =30.9 (§a “Jp.w = 298.7 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 30.9 (Gas “Jp.w = 298.7 Hz2Jp 1y = 15.9 Hz).
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VI1.6.8 Synthesis of [2-bis(trimethylsilyl)methyl:3-dimethyl-oxaphosphirane-

kP]pentacarbonyltungsten(®)Z]

1 g (1.7 mmol) of comple24 were dissolved in 25 mL of #D, then 0.19 mL (1.2 mmol) of
12-crown-4 were added and the solution was cooteehdo -80°C. 1.25 mL (1.9 mmol) of
a 1.6 M solution ofBuLi was added dropwise while stirring and afterrih 0.37 mL (5.1
mmol) of acetone was added and the reaction wasvedl to warm up until 0°C. The
solvents were removed under vacuulLQ? mbar). The product was extracted with a
mixture of 2 mL E$O/ 20 mL n-pentane. The product was purified by column
chromatography (ADs, -30°C, h = 1cm, g = 2 cm, petroleum ether (100;npetroleum
ether/ diethyl ether 1:1 (100 mL)).

The first and the second fraction yielded whitevdilich was washed with-pentane giving a

white powder.

Yield: 0.480 g (49%)

Empirical formula: GsH2s06PSpW Molecular weight: 572.34 g/mol

Melting point: 71°C

'H NMR (300 MHz, CDC}, 30°C):6 = 0.19 (s, 9H, Si(Chjs, 0.22 (d, 9H Jp4 = 0.55 Hz,

Si(CHs)s), 1.25 (d, 1HZ p = 3.04 Hz ,CHSI(CHs)3),), 1.46 ( d, 1H3Jp =15.01 Hz, CH),

1.63 (d, 1H3Jp = 9.11 Hz, CH).
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BC{*HINMR (75 MHz, CDCk, 30°C):6 = -0.4 (d,*Jpc= 3.8 Hz, Si(CH)3), 0.0 (d,%Jpc=

2.6 Hz, Si(CH)3), 20.0 (d3Jpc= 1.3 Hz, CH), 23.0 (d.3Jp.c= 9.1 Hz, CH), 30.5 (d}Jpc=
17.4 Hz, G(Si(CHs)3)2), 61.1 (d,**%Jpc = 31.0 Hz, PO(CH),), 192.7 (dJpc = 8.4 Hz,

cis-CO), 195.0 (d?Jpc= 32.9 HzfransCO).

29Si{*H} NMR (60 MHz, CDC}, 30°C):6 = -1.0 (d,2Jp,s= 6.5 Hz, Si(CH)3), 1.2 (d,Jp 5=

8.4 Hz, Si(CH)s3).

3p{H} NMR (121.5 MHz, CDC}, 30°C):6 = 55.6 (s “Jp.w = 296.2 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 55.6 (Mg “Jp.w = 296.2 Hz).

Mass spectrometry (El, 70 e¥?AW): m/z (%) = 571(15) [M], 557(15) [(M-MeJ*], 516(30)

[(M-2COY) "], 486 (100) [(M-3COY], 73 (50) [(SiMe)™].

IR (KBr, v(CO) ):% [cm] = 1880 (s), 1924 (w), 2077 (s), 2067(S).

UV/vis (CH,CL):  (log€) 234 (0.51), 305 (0.05) nm.

Elemental analysis:C [%] H [%]

Calculated 31.48 4.40

Found 31.26 4.42
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VII.6.9 Synthesis of [2-bis(trimethylsilyl)methyl-8iphenyl-oxaphosphirane-

kP]pentacarbonyltungsten(®)]]

0.4 g (0.7 mmol) of complek4 were dissolved in 15 mL of g9, then 0.11 mL (0.7 mmol)
of 12-crown-4 were added and the solution was c¢bdtavn to -80°C. 0.45 mL (0.7 mmol)
of a 1.6 M solution ofBuLi was added dropwise while stirring and afterrth 1.28 g (7
mmol) of benzophenone was added and the reactien alawed to warm up to room
temperature. The solvents were removed under vac{iii®® mbar). The product was
extracted with a mixture of 1 mL £/ 10 mL n-pentane. The product was purified by
column chromatography (4Ds;, -30°C, h= 1cm, @ = 2 cm, petroleum ether (100 ;mL)
petroleum ether/ diethyl ether 4:1 (100 mL)).

The first and the second fraction yielded a yellmlywhich was washed with-pentane and
thus giving a light yellow powder after drying wacua Suitable crystals for X-ray

diffractometry were obtained from a concentratqeentane solution.

Yield: 166 mg (35%)

Empirical formula: GsH29OsPSpW Molecular weight: 696.2 g/mol

The 3'P and®*C NMR data of oxaphosphirane compléx was already described in the

literature!®® but the as the analytical data were incomplet¢halNMR data were measured

again.

'H NMR (300 MHz, CDC4, 30°C):6 = 0.00 (s, 9H, Si(ChJs, 0.31 (s, 9H, Si(CHa), 1.31 (d,

1H, 2p 1= 15.9 Hz, CHSIi(CHs)3)-), 7.6 (mPh).
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BC{*HINMR (75 MHz, CDCk, 30°C):6 = 0.4 (d,3Jpc= 4.9 Hz, Si(CH)3), 0.9 (d,3Jpc=

2.9 Hz, Si(CH)s), 23.9 (d.3Jp c= 38.2 Hz, Gi(Si(CHs)3)2,), 69.9 (d,1*%Jp c = 20.5 Hz, PO),
127.0 (s, Ph), 128.2 (s, Ph), 128.3 (s, Ph), 1@8.Bh), 128.6 (s, ph), 129.2 (s, Ph), 130.1 (s,

i-Ph), 132.4 (si-Ph), 194.3 (0%Jpc = 8.0 Hz,Cis-CO), 196.5 (d2Jp c = 34.6 Hz trans-CO).

29Si{*"H} NMR (60 MHz, CDCE, 30°C): 6 = -1.50 (d,%Jp.si= 5.8 Hz, Si(CH)3), 4.0 (s,

Si(CHa)s).

3p{H} NMR (121.5 MHz, CDC}, 30°C):6 = 52.2 ($a “Jp.w = 305.5 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 52.2 (da; “Jp.w = 305.5 Hz2Jp 1=15.8 Hz).

Mass spectrometry (El, 70 e¥?W): m/z (%) = 696 (20) [M], 668 (12) [(M-CO)*], 612

(48) [(M-3COJ™], 556 (36) [(M-5CO)], 514 (16) [(M-GsH1:0)"], 486 (54) [(M-G3H1,0

—COJ", 73 (100) [(SiMe)"].

VII.L6.10 Synthesis of [1-oxa-2-(bis(trimethylsilymethyl)phosphaspiro

[2.5]octanekP]pentacarbonyltungsten(®4da,l

0.275 g (0.47 mmol) of comple2d were dissolved in 6 mL of gD, then 6QuL (0.38 mmol)
of 12-crown-4 were added and the solution was cbdtavn to -80°C. 0.40 mL (0.61 mmol)
of a 1.6 M'BulLi solution were added dropwise while stirringlaafter 10 min 0.15 mL (1.41

mmol) of cyclohexanone were added and the reactamallowed to warm up until 0°C. The
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solvents were removed under vacuublLQ? mbar). The products were extracted with a
mixture of 0.5 mL EO/ 5 mLn-pentane and purified by column chromatography@4| -
30°C, h = 1cm, g =1cm, petroleum ether). The fiattion yielded the puré6a(Yield 46a

30 mg 10%) while the second fraction yielded a ometof both isomerd6a,bas yellow oil.
Yield 46a,h 0.168 g 58%

Empirical formula: GgH290sPSEW  Molecular weight: 612.1 g/mol

Analytical data of comple®6a (ratio 77%):

'H NMR (300 MHz, CDC}, 30°C):6 = 0.22 (s, 9H, Si(Ch)3, 0.27 (s, 9H, Si(Chs, 1.20 (d,

1H, 2Jp 4= 15.9 Hz, CHSI(CHs)a)2), 1.7 (M, 6H, CH), 1.8 (m, 4H, Ch).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = -0.1 (d,*Jp.c= 4.9 Hz, Si(CH)3),-0.0 (d,*Jpc=

2.9 Hz, Si(CH)3), 22.2 (d,"Jp.c = 5.45 Hz, CH), 23.1 (d3Jp c = 2.18 Hz, CH), 23.4 (d,Jp ¢
= 38.8 Hz, ®I(Si(CHs)3)2,), 33.0 (dJpc= 6.7 Hz, CH), 65.7 (d,*%Jpc= 27.3 Hz, PCO),

194.1 (d2Jp c = 8.2 Hz Cis-CO), 196.1 (d%Jp c = 32.6 HztransCO).

2%Si{'"H} NMR (60 MHz, CDCE, 30°C): 6 = -1.50 (d,%Jp.si= 5.8 Hz, Si(CH)3), 4.0 (s,

Si(CHa)s).

3p{H} NMR (121.5 MHz, CDC}, 30°C):6 = 47.1 (Sa “Jp.w = 295.6 Hz).

3P NMR (121.5 MHz, CDG| 30°C):6 = 47.1 (d@a “Jp.w = 295.6 Hz2Jp 1=14.8 Hz,2Jp 4=

12.6 Hz).
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Mass spectrometry (El, 70 e¥?"W): m/z (%) = 612 (30) [M], 584 (20) [(M-CO)*], 556

(15) [(M-2COJ*], 514 (40) [(M-GH100)"], 486 (15) [(M-GH100-COJ™], 73 (100)

[(SiMe3)™].

IR (Nujol, v(CQO) ):¥ [cm] = 1942 (m), 1986(s), 2074 (s).

UV/vis (CH,CL): A (log€): 238 (0.47), 295 (0.06) nm.

Elemental analysis C [%] H [%]

Calculated 35.30 4.77

Found 35.14 4.70

Analytical data of comple®6b (ratio 23%):

'H NMR (300 MHz, CDC}, 30°C):6 = 0.18 (s, 9H, Si(Ch)s, 0.21 (s, 9H, Si(CHa, 1.24 (d,

1H, 2Jp 4= 2.9 Hz, CHSI(CHs)3)2), 1.55 (m, 6H, Ch), 1.7 (m, 4H, CH).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = -0.2 (d,%Jpc= 4.2 Hz, Si(CH)3), 0.2 (d,*Jpc=

2.4 Hz, Si(CH)3), 21.6 (dJpc= 8.2 Hz, &1,), 22.5 (d, CH, *Jpc= 2.8 Hz), 23.0 (d®Jp c=
38.0 Hz, ®I(Si(CHs)3)2,), 32.2 (dJpc = 7.1 Hz, CH), 65.0 (d,*"Jpc = 29.6 Hz, PCO),

193.8 (d2Jpc= 8.2 Hz,cisCO), 196.6 (d?Jp.c = 32.6 Hz trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):d = -1.3 (d,%Jp.si= 6.5 Hz, Si(CH)3), 0.9 (d,2Jp 5=

8.2 Hz, Si(CH)s).
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3p{"H} NMR (121.5 MHz, CDC}, 30°C):6 = 57.6 (8a “Jp.w = 295.7 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 57.6 (bEa; “Jp.w = 295.7 Hz).

VII.7 Reactions of [(bis(trimethylsilyl)methyl)dnlorophosphane]
pentacarbonyltungsten(0)24] with 2-adamantanone, 2,2,4,4-tetramethyl-3-

pentanone and 3,3-dimethylbutan-2-one

The same general procedure as the synthesis aixtpEhosphirane compled6a was used,
changing the ketone stoichiometric from 1 eq, em3and 10 eq in relation to compl24

In all cases only the formation of complex2&5™ and47®® was observed.

VII1.8 Reactions of [(bis(trimethylsilyl)methyl)dnlorophosphane]
pentacarbonyltungsten(0) 24 with 1,1,3,3-tetramethylurea, N,N-

dimethylformamide and tetrahydro-1,3-dimethylpyuini2(1H)-one

The same general procedure as the synthesis aixeqEhosphirane compleb6a was used,
changing the dimethylformamide stoichiometric frdneq, to 2 eq and 5 eq in relation to
complex24.

1 eq ¢'P NMR): 130.1 ppmidw,p = 276.8 Hz (80%), -25 ppmidw p = 287 Hz (20%).
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2 eq 6P NMR): 96 ppntdw,p = 259.1 Hz (10%), 89.0 ppfdw p = 252.0 Hz (10%), -25 ppm
Lwp =287 Hz (80%).
5 eq {*P NMR): 77.8 ppmtdwp = 272 Hz,'Jp 4 = 323 Hz (60%), 54.8 ppfidw p = 268 Hz,

1Jp 1= 352 Hz (10%), -23.0 ppmtdwp =312 Hz (30%).

The same general procedure as the synthesis aixtpEhosphirane compled6a was used,
changing theN,N-dimethylformamide stoechiometric from 1 eq, tocRaad 5 eq in relation

to complex24.

In all cases the main product sho#a{*H} NMR resonance at -23 ppm witthy p = 312 Hz

and a mixture unidentified products from 50 to 20np

The same general procedure as the synthesis aixtpEhosphirane compled6a was used,
changing the tetrahydro-1,3-dimethylpyrimidirt2{)-one stoichiometric from 1 eq, to 2 eq

and 5 eq in relation to the compl24.

In all cases the main product show tHe{'H} NMR spectra at room temperature show a
mixture of unidentified products from 50 to 20 pponpad signal and one small signal at 10
ppm with 2w p = 233 Hz.**P{*H} NMR monitoring at low temperature show only the

formation of the phosphinidenoid compl&&®® before reacted to the other products.

VI.9 Reaction of [dichlorophenylphosphane]peathonyltungsten(0)48]

with benzaldehyde

100 mg (20 mmol) comple48 were dissolved in 5 mL ED. 32uL (0.20 mmol) 12-crown-

4 were added and the solution cooled down to -8QAGiL (0.40 mmol)tert-buthyllithium
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were added under stirring and after 2 min 113(0.20 mmol) benzaldehyde. The solution
was allowed to warm up to room temperature aridP&H}NMR spectra of the reaction
solution was taken. The spectra showed many sidreigseen 50 and 10 ppm, which could

not be identified.

VII.L10 Attempts to synthesized [(cyclopenta-1,3riBdichlorophosphane]-

pentacarbonyltungsten(0%19

0.334 g (2 mmol) W(CQELH3CN were dissolved in 30 mL THF and 0.730 g (2 mnobl)
(cyclopenta-1,3-dienyl)dichlorophosphane add&e{*H} NMR spectroscopy of the reaction
solution show a signal at29.5 ppm 0w p= 343,3 Hz (80%)) after 30 h, which was assigned to
the phosphane complex and another at 162.8 asisigrike free phosphane. After column flash
chromatography (ADs, 8 =2 cm, h=2cm, T = —-2C, time: 10 min, petroleum ether (200 mL))
and NMR measurement a new signal at 114 pgme= 339 Hz) appeared, and thus no pure

complex49 could be isolated.

VIl.11 Attempted complexation of (1,3,5-tert-

butylbenzyl)dichlorophosphang(]

1.60 g (4.5 mmol) W(CQ) were dissolved in 160 mL THF and 45 min at -10°C
photolysized. Then 1.64 g (4.7 mmol) of (1,3,5ténit-butylbenzyl)dichlorphosphalffé were
added. The mixture was stirred for four days indhek; no complexation was observed after

this time.
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VII.12 Attempted complexation of (1,3,5-trimethyhmyl)dichlorophosphane

[51]

2.13 g (6.1 mmol) W(CQ) were dissolved in 160 mL THF and 45 min at -10°C
photolysized. Then 1.17 g (5.3 mmol) of (1,3,5-&thylbenzyl)dichlorophosphafid were
added. The mixture was stirred for four days indhek; no complexation was observed after

this time.

VII.13 Attempted synthesis of
[(bis(trimethylsilyl)methyl)dichlorophosphane]borars2)]

1.5 g (5.74 mmol) of (bis(trimethylsilyl)methyl)ditorophosphan24 was dissolved in 5 mL
toluene and 6.3 mL (6.31 mmol) of a solution BHHF 1M were added. After 12 h stirring
the solvent was removed at reduce pressti®{ mbar) and the residue washed with
petroleum ether. The compl&2 was obtained as white semi solid compound becaiute

partial decomplexation of compl&2 into the liquid dichlorophosphars.

Yield: 0. 95 g (60%)

Empirical formula: GH,.BCI,PSp Molecular weight: 275.11 g/mol

'H NMR (300 MHz, CDC}, 30°C):5 = 0.39 (s, 18H, Si(Ch}s), 1.50 (q, 3H g = 100.0 Hz

BHa), 1.72 (d, 1H%p 1 = 13.88 Hz, CKSi(CHs)s)y).

BC{*HINMR (75 MHz, CDCk, 30°C):d = 2.9 (d,%Jpc= 3.6 Hz, Si(CH)3), 32.7 (d,"Jpc =

27.8 Hz, GH(Si(CHa)3)2).
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29Si{*H} NMR (60 MHz, CDCE, 30°C):5 = 2.5 (broad signal).

3P NMR (121.5 MHz, CDG| 30°C):d = 177.7 (dp s = 33.1 Hz).

Y8 {*H} NMR (96 MHz, CDC}, 30°C):6 = -26.3 (d,\Jp 5 = 23.5 Hz).

B NMR (96 MHz, CDC}4, 30°C):6 = -26.3 (dq,;Jps = 21.2 Hz,"Js 4 = 103.3 Hz).
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VIl.14 General procedure for the synthesis of [B{iimethylsilyl)methyl)-2,5-
diphenyl-1,3,4-dioxaphospholane]pentacarbonylchuomi®), molybdenum(0)

and tungsten(0pR-64a,4

(0.6 mmol) of the appropiate oxaphosphirane comf@ex93 g oxaphosphirane compl2
0.320 g oxaphosphirane compla®, 0.428 g oxaphosphirane compl&&a were dissolved
in 10 mL dichloromethane. 14 (1.4 mmol) of benzaldehyde were added and thetisol
was cooled down to -30°C. G2 (0.6 mmol) of TfOH were added while stirrindyet
orange solution was then stirring for 10 minutesoat temperature. After addition of the
Net; 100pL (0.6 mmol), the solution turned yellow. The saivgvas removed under reduced
pressure[{lL0"? mbar) and the oily residue was subjected to coluhtomatography.

(Al203, -30°C, h = 1cm, g =2cm, petroleum ether (200 npeyoleum ether/ diethyl ether
4:1 (200 mL)). The first fraction yieldegP-64a while the second fraction yielded a mixture

of isomers$s2a,b-64a,bin each case.

(OC)sM\ /CH(SiM%)Z

Ph a\

0

L (5 3

1 2

© Ph
H

VIl.14.1 Synthesis of [2-(bis(trimethylsilyl)methy2,5-diphenyl-1,3,4-

dioxaphospholane]pentacarbonylchromium@®d,

Synthesized according to the general procedurethfer[2-(bis(trimethylsilyl)ymethyl)-2,5-

diphenyl-1,3,4-dioxaphospholane]pentacarbonylm@}al(
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Empirical formula: GgH3:0;PSpCr  Molecular weight: 594.6 g/mol

Analytical data of compleg2a (ratio 69%):

Yield: 44 mg 13%

Melting point: 128°C

'H NMR (300 MHz, CDC}, 30°C): 6 = -0.20 (s, 9H, Si(ChJs), 0.50 (s, 9H, Si(CHs, 1.65

(d, 1H,%Jp ;= 20.0 Hz, CHSI(CHs)3),), 5.64 ( d, 1H*°Jp 4= 23.8 Hz, C-H), 6.09 (s, 1H,

C%*H), 7.5 (m, 5H, Ph).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = 1.7 (d,%Jpc= 3.2 Hz, Si(CH)3), 2.3 (d,%Jpc=

2.3 Hz, Si(CH)3), 22.0 (d,*Jpc = 36.2 Hz, EI(SiCHs)s)2), 88.4 (d,'"*Jpc = 5.2 Hz, C),
102.6 (d***Jp c= 10.3 Hz, &), 125.5 (s, Ph), 127.2 (d.c= 3.4 Hz, Ph), 127.2 (dpc= 3.2
Hz, Ph), 127.3 (s, Ph), 128. 0 (3,c= 1.2 Hz, Ph), 128.7 (s, Ph), 132.1 Jdc= 1.8 Hz,i-
Ph), 136.5 (dJp.c= 1.23 Hz,-Ph), 214.7 (fJpc= 13.7 Hzcis-CO), 218.7 (d%Jpc= 5.27

Hz, transCO).

29Si{'"H} NMR (60 MHz, CDCE, 30°C):6 = -3.8 (d,”Jp.si= 10.5 Hz, Si(CH)3), 3.0 (d,°Jp si=

3.6 Hz, Si(CH),).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):5 = 180.4.

3P NMR (121.5 MHz, CDG| 30°C):d = 180.4 (t2Jp 4= 19.1 Hz).
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Mass spectrometry (EY2Cr): m/z (%) = 594 (50) [M], 566 (20)[(M-CO}], 510 (15)[(M-

3COJ ], 454 (100)[(M-5COY], 348 (50) [(M-5CO—PhCHOY].

IR (Nujol, v(CO) ):% [cm] = 1934 (s), 2060 (m).

UV/vis (CH,CL): & (loge): 265 (3.31), 3480.39) nm.

Elemental analysis:C [%] H [%]

Calculated 52.3 5.30

Found 52.7 5.30

Analytical data of the comple&2b (from a 59:41) mixture witls23):

Yield: 88 mg 26%

'H NMR (300 MHz, CDC4, 30°C):6 = -0.20 (s, 9H, Si(CkJs), 0.10 (s, 9H, Si(Chs, 2.00

(d, 1H,%Jp y = 19.5 Hz, CHSI(CHs)s)2), 5.39 (d, 1H?"Jp 4= 20.2 Hz, C-H), 6.68 (s, 1H,

C%H), 7.5 (m, 5H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 1.7 (d,%Jp.c= 3.2 Hz, Si(CH)3), 2.3 (d,*Jpc=

2.3 Hz, Si(CH)3), 25.1 (d,"Jpc = 36.2 Hz, B(SiCHs)3),), 91.6 (d,*"Jpc = 2.6 Hz, C),
102.5 (d,**°Jp c= 15.5 Hz, €), 124.5 (s, Ph), 126.5 (dp.c= 3.4 Hz, Ph), 127.3 (dpc= 3.2

Hz, Ph), 127.4 (s, Ph), 128.1 (= 2.0 Hz, Ph),128.5 (s, Ph), 132.7 Jdc= 3.1 Hz,i-
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Ph), 134.5 (dJp.c= 2.45 Hz,i-Ph), 215.2 (d2Jpc = 13.7 HzCis-CO), 219.0 (d%Jpc= 5.45

Hz, transCO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):d = -4.0 (d.*Jp.s= 11.6 Hz, Si(CH)3), 2.4 (d,%Jp s

= 3.8 Hz, Si(CH)s).

3P{*H} NMR (121.5 MHz, CDC}4, 30°C):¢ = 181.2.

3P NMR (121.5 MHz, CDG| 30°C):6 = 181.2 (t2Jp = 16.5 Hz).

VIl.14.2 Synthesis of [2-(bis(trimethylsilyl)methy2,5-diphenyl-1,3,4-

dioxaphospholane]pentacarbonylmolybdenum@3g[g

Synthesized according to the general procedurether[2-(bis(trimethylsilyl)methyl)-2,5-

diphenyl-1,3,4-dioxaphospholane]pentacarbonylm@al

Empirical formula: GgH3:0;PSbMo  Molecular weight: 638.6 g/mol

Analytical data of compleg3a
Yield: 48 mg 13%

Melting point: 125°C
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'H NMR (300 MHz, CDC}, 30°C):6 = -0.20 (s, 9H, Si(CHs), 0.10 (s, 9H, Si(Ch)s), 1.92

(d, 1H,%Jp 1 = 17.9 Hz, CHSI(CHs)s)2), 5.32 (d, 1H?"Jp ;= 15.5 Hz, C-H), 6.72 (s, 1H,

C%*H), 7.5 (m, 5H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 1.3 (d,3Jpc= 3.7 Hz, Si(CH)3), 2.2 (d,3Jpc=

2.3 Hz, Si(CH)3), 20.3 (d,"Jpc = 36.8 Hz, BI(SiCHs)s)2), 88.7 (d,"“Jpc = 5.8 Hz, C),
102.8 (d**%Jp c= 10.4 Hz, @), 124.5 (s, Ph), 126.2 (@ c= 3.3 Hz, Ph), 127.4 (s, Ph), 128.
0 (d,Jpc= 1.2 Hz, Ph),128.1 (s, Ph), 132.8 Jdc= 3.2 Hz,i-Ph), 136.7 (dJpc= 2.5 Hz,i-

Ph), 204.5 (fJpc=9.7 HzCis-CO), 208.2 (d’Jp c= 26.51 HztransCO).

29Si{*"H} NMR (60 MHz, CDCE, 30°C): 6 = - 3.9 (s, Si(Ch)3), 2.7 (d,%Jpsi= 3.6 Hz,

Si(CHa)s).

3P{*"H} NMR (121.5 MHz, CDC}4, 30°C):d = 154.4.

3P NMR (121.5 MHz, CDG| 30°C):d = 154.4 (t2Jpy= 16.4 Hz).

Mass spectrometry (Ef°Mo): m/z (%) = 640 (15) [M], 556 (30) [(M-3CO)'], 534 (35)

[(M-PhCHOJ*], 500 (35) [(M-5CO)], 296 (100) [(M—PhCHO-Mo(CQ)"*], 281 (60)[(M-

PhCHO-Mo(CO}-CHa)"*],73 (90) [(SiMe)"*].

IR (Nujol, v(CO) ):% [cm] = 1941 (s), 1980 (m), 2076 (m).

UV/vis (CH,CL): & (loge): 238 (0.19), 295 (0.03), 343 (0.01) nm.
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Elemental analysis:C [%] H [%]

Calculated 48.95 4.89

Found 48.97 4091

Analytical data of comple&3b (from a 47:53 mixture witl63a):

Yield: 96 mg 25%

'H NMR (300 MHz, CDC}, 30°C):6 = -0.20 (s, 9H, Si(CHs), 0.44 (s, 9H, Si(Ch)s), 1.58

(d, 1H,%Jp = 18.7 Hz, CHSI(CHs)3),), 5.7 (d, 1H**°Jp 1y = 20.9 Hz, C-H), 6.08 (s, 1H, &

H), 7.5 (m, 5H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 1.5 (d,3Jpc= 4.2 Hz, Si(CH)3), 2.3 (d,3Jpc=
2.3 Hz, Si(CH)3), 21.9 (d,"Jp.c = 36.2 Hz, GI(SiCHa)s)2), 91.9 (d,*"*Jpc = 2.6 Hz, ©),
101.7 (d"%Jp c= 8.4 Hz, &), 125.3 (s, Ph), 127.0 (dsc= 3.3 Hz, Ph), 127.2 (s, Ph), 127.3
(s, Ph), 128. 0 (dlpc= 1.2 Hz, Ph),128.0 (s, Ph), 131.9 Jdc= 1.9 Hz,i-Ph), 134.5 (dJpc

= 2.6 Hz,i-Ph), 204.0 (fJpc= 9.0 Hzcis-CO), 207.9 (d*Jpc = 26.5 HztransCO).

2%Si{'H} NMR (60 MHz, CDCE, 30°C): § = -4.0 (s, Si(CH)s), 1.9 (d,%Jpsi= 3.9 Hz,

Si(CHg)s).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 154.7.

3P NMR (121.5 MHz, CDG| 30°C):d = 154.7 (t2Jp 4= 19.1 Hz).

- 167 -



VIl.14.3 Synthesis of [2-(bis(trimethylsilyl)methy2,5-diphenyl-1,3,4-

dioxaphospholane]pentacarbonyltungstenGdplg

Synthesized according to the general procedure [2ofbis(trimethylsilyl)methyl)-2,5-

diphenyl-1,3,4-dioxaphospholane]pentacarbonylm@}al(

Empirical formula: GgH31:0;PSpW  Molecular weight: 726.5 g/mol

Analytical data of compleg4a

Yield: 57 mg 13%

Melting point: 130°C

'H NMR (300 MHz, CDC}, 30°C):d = -0.20 (s, 9H, Si(CHJs), 0.10 (s, 9H, Si(Ck)s), 1.8

(d, 1H,%Jp 1= 19.9 Hz, CHSIi(CHs)3),), 5.40 ( d,1H**°Jp 4= 14.3 Hz, G-H), 6.50 ( d,1H,

2Jp = 4.1 Hz, G-H), 7.40 (m, 5H, Ph).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = 1.6 (d,3Jpc= 3.9 Hz, Si(CH)3), 2.4 (d,3Jpc=

2.3 Hz, Si(CH)3), 22.5 (d,*"Jpc = 29.4 Hz, GI(SiCHs)s),), 93.0 (d,"Jpc = 7.8 Hz, C),
101.8 (d**3Jpc= 8.1 Hz, @), 125.3 (s, Ph), 127.1 (@ c= 3.2 Hz, Ph), 127.2 (s, Ph), 127.1
(s, Ph), 128. 0 (dJpc= 1.2 Hz, Ph), 128.1 (s, Ph), 132.0 Jgc= 1.9 Hz, i-Ph), 133.0 (d,

Jp.c= 3.2 Hz,i-Ph), 195.4 (0% c = 7.4 Hz Cis-CO), 196.7 (d2Jp c = 27.9 Hz frans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):d = - 3.6 (d,2Jp.si= 12.8 Hz, Si(CH)s3), 2.0 (d,%Jp

= 4.4 Hz, Si(CH)3).
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3p{'H} NMR (121.5 MHz, CDC}, 30°C) 6 = 130.6 (8 “Jw,p = 281.0 Hz).

3P NMR (121.5 MHz, CDG| 30°C):6 = 130.6 (ta “Jw,p = 281.0 Hz2Jp 4= 15.2 Hz,2Jp 14

= 17.8 Hz).

Mass spectrometry (El, 70 eV W): m/z (%) = 726 (20) [M], 620 (20) [(M-PhCHOY],

514 (20) [(M-2Ph-2COJ], 196 (100) [(Ph-CO-PHY , 73 (10) [(SiMe)"*].

IR (Nujol, v(CQO)): % [cnm] = 1932 (s), 2069 (m).

UV/vis (CH,Clp): A (log e): 235 (2.63), 295 (0.18) nm.

Elemental analysis:C [%] H [%]

Calculated 42.98 4.30

Found 43.09 4.15

Analytical data of compleg84b (from a 54:46 mixture witl64a):

Yield: 114 mg 26%

'H NMR (300 MHz, CDC}, 30°C):5 = -0.20 (s, 9H, Si(Ck)s), 0.45 (s, 9H, Si(CHs), 2.1

(d, 1H,%Jp 1= 19.0 Hz, CHISICH),), 5.80 (d, 1H**°Jp = 19.4 Hz, C-H), 6.10 (d, 1HJp

= 1.8 Hz, G-H), 7.6 (m, 5H, Ph).
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BC{'HINMR (75 MHz, CDCk, 30°C):6 = 1.4 (d,*Jp.c= 3.7 Hz, Si(CH)3), 2.2 (d,3Jpc=

2.3 Hz, Si(CH)3), 20.6 (d,"Jpc = 29.8 Hz, GI(SiCHa)s),), 89.5 (d,***Jpc = 11.3 Hz, &),
103.2 (d**%Jp c= 10.3 Hz, @), 124.5 (s, Ph), 126.4 (@ c= 3.4 Hz, Ph), 127.3 (s, Ph), 128.
0 (d,Jp.c= 1.2 Hz, Ph),128.4 (s, Ph), 134.4 Jdc= 3.2 Hz,i-Ph), 136.5 (dJpc= 0.9 Hz,i-

Ph), 196.0 (d®Jpc= 7.4 Hzcis-CO), 196.4 (d*Jp c = 27.8 Hztrans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -3.6 (d,*Jp.si= 11.9 Hz, Si(CH)3), 2.8 (d,%Jp si=

4.1 Hz, Si(CH)s3).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 130.8 (Sa “Jw,p = 281.0 Hz).

3P NMR (121.5 MHz, CDGl 30°C):6 = 130.8 (tas “Jw,p = 281.0 Hz2Jp 4= 20.3 Hz 2Jp 4=

17.8 Hz).
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VII.14.4 Synthesis of [2-(bis(trimethylsilyl)methy2-methyl-5-phenyl-1,3,4-

dioxaphospholane]pentacarbonyltungstenG3pa[ g

(OCBW_  CH(SiMey),

X/

Ph 5)1\

30

H 5

1 2

O Me
H

0.300 g (0.48 mmol) of the oxaphosphirane compl®a were dissolved in 10 mL
dichloromethane. 2jL (0.48 mmol) of acetaldehyde were then added hadsolution was
cooling down to -30°C. 77L (0.48 mmol) of TFOH were added while stirringetlorange
solution was stirring for 10 minutes at low tempera before addition of the Ne&7 pL
(0.48 mmol). The solution turned into yellow. Thelvent was removed under reduced
pressure[{lL0"? mbar) and the oily residue was subjected to coluhtomatography.

(Al,03, -30°C, h = 1cm, g = 2 cm, petroleum ether (200;rmpktroleum ether/ diethyl ether
4:1 (200 mL)).The first fraction yielde@5a while the second fraction yielded a mixture of

isomersb5a,b.

Empirical formula: GiH2¢0/PSpW Molecular weigh64.4 g/mol

Analytical data of compleg5a
Yield: 38 mg 11%

Melting point: 129°C
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'H NMR (300 MHz, CDC}, 30°C):6 = -0.29 (s, 9H, Si(CHs), 0.28 (s, 9H, Si(CHs), 1.60

(d, 3H,334 4 = 4.9 Hz, CH), 1.80 (d, 1H2Jp = 19.1 Hz, ®(Si(CHs)3)2), 5.13 (dqg, 1H,
$43pn = 1.7 HZ,304n = 4.9 Hz, G-H), 5.45 (d, 1H?*°Jp 1y = 19.6 Hz, G-H), 7.35 (m, 5H,

Ph).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = 0.3 (d,3Jpc= 3.9 Hz, Si(CH)3), 1.4 (d,3Jpc=

1.9 Hz, Si(CH)3), 17.5 (d,Jpc= 2.6 Hz, CH), 20.5 (d,"Jpc = 20.6 Hz, E(Si(CHs)s)2),
92.0 (d,""Jpc = 8.4 Hz, €), 99.0 (d,*3Jpc= 9.0 Hz, &), 125.2 (dJpc= 3.2 Hz, 2C, Ph),
125.6 (d,°Jpc= 5.2 Hz p-ph), 125.7 (dJpc= 3.9 Hz, 2C, Ph), 131.4 (&lJpc= 3.2 Hz,i-

Ph), 194.5 (0?Jp c = 7.1 Hz,cis-CO), 197.0 (d°Jp c = 27.8 Hz trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -3.5 (d,*Jp.si= 12.3 Hz, Si(CH)3), 2.5 (d,%Jp 5i=

4.3 Hz, Si(CH)s3).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 132.0 (§a “Jwp = 279.7 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 132.0 (fa “Jw,p = 279.7 Hz2Jp = 19.07 Hz).

Mass spectrometry (El, 70 eV W): m/z (%) = 664 (15) [M], 620 (20) [(M-MeCHOYY,
564 (15) [(M-MeCHO-CO)], 536 (20) [(M-MeCHO-3COJ], 514 (70) [(M-PhCHO-

MeCHOYJ*], 486 (100) [ (M-PhCHO-MeCHO-COY, 73 (60) [(SiMe)""].

IR (Nujol, v(CO)): v [cm] = 1936 (s), 1980(m), 2072 (m).

UV/vis (CH,CIy): A (logg): 236 (2.97), 287 (0.298) nm
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Elemental analysis:C [%] H [%]

Calculated 37.96 4.40

Found 37.54 5.57

Analytical data of comple&5b (from a 67:33 mixture witl65a):

Yield: 68 mg 21%

'H NMR (300 MHz, CDC}, 30°C):d = -0.32 (s, 9H, Si(CHJs), 0.26 (s, 9H, STHa)s), 1.40

(d, 3H,%J4n = 5.3 Hz, CH), 1.81 (d, 1H2Jp 4= 13.0, CHSICHs),), 5.45 (d, 1H?"Jpy =

14.3 Hz, C-H), 5.80 (dg, 1H>**Jp ;= 2.1 Hz,3Jyp = 5.3 Hz, G-H), 7.35 (m, 5H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 0.0 (d,%Jp.c= 3.9 Hz, Si(CH)s), 2.6 (d,3Jpc=

2.6 Hz, Si(CH)3), 18.0 (dJpc= 1.9 Hz, CH), 21.0 (d,"Jp.c = 29.7 Hz, GI(Si(CHa)s)2),
87.5 (d,*%Jpc=11.7 Hz, ), 101.0 (d,'"Jpc= 10.3 Hz, C), 126.2 (dJp.c= 4.6 Hz,p-
Ph), 126.2 (dJp.c= 1.9 Hz 2C, Ph), 126.4 (dlp c= 1.9 Hz, 2C, Ph), 131.2 (&l]pc= 3.2 Hz,

i-Ph), 194.5 (d%Jp c = 7.1 Hz cis-CO), 197.0 (d2Jp c = 27.8 HztransCO).

29Si{'"H} NMR (60 MHz, CDCE, 30°C):6 = -3.4 (d,”Jp.si= 12.3 Hz, Si(CH)3), 2.8 (d,°Jp si=

3.9 Hz, Si(CH),).

3P{'H} NMR (121.5 MHz, CDC}, 30°C):8 = 130.0 (Sas “Jw,p = 279.7 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 130.0 (s “Jw,p = 279.7 Hz2Jp 4= 16.5 Hz).
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VII.14.5 Synthesis of [2-(bis(trimethylsilyl)methyR-iso-propyl-5-phenyl-
1,3,4-dioxaphospholane]pentacarbonyltungster&®a,d

(OC)5W\ /CH(SiM%)Z
Ph. '3
H>€ 30
1 2\{
O 'Pr
H

0.300 g (0.48 mmol) of the oxaphosphirane compl®a were dissolved in 10 mL
dichloromethane. 88L (0.90 mmol) of isobutyraldehyde were added arel gblution was
cooled down to -30°C. 7jiL (0.48 mmol) of TfOH were added while stirring.etlorange
solution was stirred for 10 minutes at low tempan@atefore addition of 64dL (0.48 mmol)
of NEt. The solution turned yellow. The solvent was reetbunder reduced pressutd (>
mbar) and the oily residue was subjected to colahmomatography.(ADs, -30°C, h = 1cm,
@ = 2 cm, petroleum ether (200 mL); petroleum étmthyl ether 4:1 (200 mL)). The first

fraction yielded66a, while the second fraction yielded a mixture a@ingers66a,b.
Empirical formula: GzH330/PSpW Molecular weight: 692.49 g/mol
Analytical data of compleg6a

Yield: 40 mg 12%

Melting point: 130°C

'H NMR (300 MHz, CDC}, 30°C):d = 0.26 (s, 9H, Si(CHs), 0.30 (s, 9H, Si(Ch}s), 1.01

(m, 6H, Cl‘&), 1.60 (d, 1H12'JP,H: 19.8 Hz, C_|'ﬂSI(CH3)3)2), 2.10 ( m, 1H, C_:KCHg,)z), 5.00
(d, 1H,**Jp y = 1.5 Hz,2Jyy = 7.5, C-H), 5.45 (d, 1H?°Jpy = 20.4 Hz, G-H), 7.40 (m,

5H, Ph).
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BC{'HINMR (75 MHz, CDCk, 30°C):6 = 1.7 (d,*Jpc= 3.9 Hz, Si(CH)3), 2.6 (d,°Jpc=

1.9 Hz, Si(CH)s3), 16.0 (s,CH), 20.5 (d,*Jp ¢ = 20.0 Hz, ®I(Si(CHs)s)2), 31.1 (d3Jpc= 2.5
Hz, CH), 108.0 (d***Jpc= 8.4 Hz, €), 110.1(d*"*Jpc= 11.6 Hz, €), 126.5 (d Jpo c= 4.52
Hz, Ph), 127.2 (dJpc= 3.87 Hz, 2C, Ph), 127.9 (& 1.9 Hz, Ph), 133.3 (dp= 3.23

Hz,i-Ph), 196.1 (d®Jpc= 7.1 Hzcis-CO), 198.5 (d*Jp c = 27.8 HzransCO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -3.5 (d,*Jp.si= 12.7 Hz, Si(CH)3), 2.0 (d,%Jp si=

4.3 Hz, Si(CH)s3).

3p{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 131.0 (8 “Jwp = 281.0 Hz).

3P NMR (121.5 MHz, CDG| 30°C):6 = 131.0 (fa “Jw,p = 281.0 Hz2Jp ;= 19.80 Hz).

Mass spectrometry (El, 70 eV W): m/z (%) = 692 (50) [M], 620 (20)[(M:PrCHOJ,

536 (20)[(M:PrCHO-3COY"], 514 (60) [(M-PhCHOPrCHOJ"], 486 (100)[(M-PhCHO-

'PrCHO-CO)'], 73 (90) [(SiMe)" .

IR (Nujol, v(CO)): % [cm] = 1953 (s) 2077 (m).

UV/vis (CH,CI)): A (logg): 238 (1.48), 300 (0.25) nm.

Elemental analysis:C [%] H [%0]

Calculated 39.89 4.80

Found 40.00 4.72
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Analytical data of comple&6b (from a 67:33 mixture witl66a):

Yield: 77 mg 23%

'H NMR (300 MHz, CDC}, 30°C):5 = -0.20 (s, 9H, Si(CHJs), -0.18 (s, 9H, STHa)s), 1.4

(m, 6H, Cl‘&,), 1.80 (d, 1H12'JP,H: 11.9 Hz, C_|'ﬂSI(CH3)3)2), 2.00 ( m, 1H, C_:KCHg,)z), 5.20
(d, 1H,**Jp 1y = 1.00 Hz 2y 14 = 6.8, C-H), 5.25 (d, 1H?"Jp 4 = 14.4 Hz, CG-H), 7.60 (m,

5H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):d = 1.4 (d,2Jp c= 3.9 Hz, Si(CH)3), 2.6 (d,°Jpc=1.9
Hz, Si(CH)s3), 17.0 (s, CH), 19.5 (d,"Jp.c = 30.3 Hz, ®I(Si(CHs)s)2), 31.1 (d2Jpc= 2.5
Hz, CH), 93.0 (dX*“Jpc= 8.4 Hz, €), 110.4 (d*°Jpc= 11.6 Hz, €), 126.5 (dJpc= 4.5
Hz, Ph), 127.2 (dJpc= 3.9 Hz, 2C, Ph), 127.9 (& = 1.9 Hz, Ph), 133.3 (dpc= 3.2 Hz,

i-Ph), 196.1 (Jpc= 7.1 Hzcis-CO), 198.5 (d%Jp c = 27.8 Hztrans-CO).

29Si{*"H} NMR (60 MHz, CDCE, 30°C):6 = -3.4 (d,”Jp.si= 11.6 Hz, Si(CH)3), 3.0 (d,°Jp si=

3.9 Hz, Si(CH),).

3P{'H} NMR (121.5 MHz, CDC}, 30°C):6 = 129.5 (§a “Jw,p = 279.7 Hz).

3P NMR (121.5 MHz, CDG| 30°C):0 = 129.5 (tas “Jwp = 279.7 Hz2Jp = 17.8 Hz).
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VII.15 Synthesis §*[phenylmethylene (bis(trimethylsilyl)methyl)hydnpx
phosphonium]pentacarbonyltungsten(0)} trifuorometsulfonateq2a,l
(COXW

H_ | + CH(SiMey),

P TOH.

N

oTf

40 mg (0.06 mmol) of complek6a were dissolved in 0.6 mL of GBI, and 7uL (0.07
mmol) of TfOH were added at ambient temperatureerAb minutes the reaction was
completed. The solvent was removed under vacutiréi { mbar) and the green oil obtained

was dissolved in CDGI

Yield: 47 mg (92%)

Empirical formula: GoH23F30sPSS3W Molecular weight: 770.46 g/mol

Only the complete data for the major isomer, caxpRaratio (86%), are given:

'H NMR (300 MHz, CDC}, 30°C):6 = 0.20 (s, 9H, Si(Cks), 0.40 (d, 1HZ2Jp = 10.5 Hz,

CH(Si(CHs)s)2, 0.48 (s, 9H, Si(CHJs), 3.20 (d, 1H2Jp = 16.3 Hz,CHPh), 7.40 (g 5H,

Ph).

¥C{*H} NMR (75 MHz, CDCE, 30°C):d = 0.1 (dJpc= 4.2 Hz; Si(Gl3)s), 0.1 (d,%pc=

2.9 Hz; Si(GH3)s), 15.0 (d,\Jpc= 16.5 Hz, GIPh), 18.1 (dXJpc= 24.6 Hz; GI(Si(CHs)s)y),
117.0 (9,%3rc= 317.0 Hz; SGCFs), 126.5 (d3Jpc= 2.3 Hz; Ph), 126.8 (s; Ph), 127.6 fs;

Ph), 134.3 (d?Jp c= 6.1 Hz;i-Ph), 190.4 (d?Jp c= 9.7 Hz; ).
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29Si{*H} NMR (60 MHz, CDC, 30°C):6 = 3.4 (d,2Jp 5= 4.7 Hz, Si(CH)3), 14.1 (d2Jp 5=

14.8 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30%C): 6 = 73.8 (dda “Jwp= 113.2 Hz Jp 1y = 16.5 Hz,2Jp 1

= 10.5 Hz).

IR (Nujol, cm™): © = ~3500 (very broady(OH); this band is even broader than that of pure

triflate acid), 2072 (wy (CO)), 2002 (my (CO)), 1980 (sy (CO)), 1937 (sy (CO)), 1870

(m;v (CQO)), 844 (m; Ph).

Analytical data of compleX2b (ratio 14%):

'H NMR (300 MHz, CDC}, 30°C): 6 = 0.17 (s, 9H, Si(Cks), 0.58 (s, 9H, Si(CHs), 1.00

(d, 1H,%Jp 1 = 8.7 Hz, CHSI(CHs)3), 4.10 (d, 1H?Jp 1 = 3.81 Hz, CHPh), 7.40 (rg5H, Ph).

3P NMR (121.5 MHz, CDGl 30C): 6 = 72.3 (ddus “Iwp= 97.9 Hz2Jp = 3.7 Hz, 2Jp 4 =

8.7 Hz).
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VII.16 Synthesis %

[phenylmethylene(bis(trimethylsilyl)methyl)hydroxypsphonium]pentacarbon

yltungsten(0)}2,3,4,5,6,7,8,9,10,11,12-undecachibimarbadodecaborate J|

(CORW
H_ }+ CH(SIMey),
>—p _
Ph “OH CHB,Cly;

33 mg (0.05 mmol) of oxaphosphirane compl&awere dissolved in 0.6 mL of COIl, and

30 mg (0.05 mmol) of [€Ho][CHB11Ci1] were added at ambient temperature. After 10 min
the reaction was completed. Colorless crystalsoafex 73 were obtained from diffusion-
controlled crystallisation into the reaction sabutiusingn-hexane.

Yield: 48 mg (79%)

Empirical formula: GoH»7B11Cl1:06PSEW  Molecular weight: 1143.31 g/mol

'H NMR (300 MHz, CBCl,, 30°C):6 = 0.32 (s, 9H, Si(CHs), 0.50 (s, 9H, Si(Ch)s), 1.00

(d, 2Jp = 6.9 Hz, CHSI(CH)3), 3.40 (d,2Jp = 17.4 Hz,CHPh), 3.20 (br, 1H, CHBCl,y),

7.4 (m, 3H, Ph), 7.5 (g 2H, Ph).

3C{*H} NMR (75 MHz, CD,Clp, 30°C):6 = 2.4 (d,3Jp.c= 2.7 Hz, Si(®3)3), 2.5 (d,*Jpc=

4.7 Hz, Si(Gls)3), 17.9 (d,Jpc= 15.9 Hz, GIPh), 21.0 (d s c= 21.6 Hz, BI((Si(CHs)s)y),
47.1 (s, ®IB1:Clyy), 129.0 (dJp.c= 8.9 Hz, Ph), 129.2 (dpc= 3.5 Hz, Ph), 130.5 (8:Ph),

136.1 (; i-Ph), 193.0 (d?Jp.c= 9.6 Hz, CO).
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29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = 3.4 (d,2Jp.si= 4.7 Hz), 14.1 (FJp = 14.1 Hz).

3P NMR (121.5 MHz, CBCl,, 30°C): 6 = 75.5 (dday *J wp = 118.0 Hz,2Jp ;= 17.1 Hz,

2Jp = 11.5 Hz).

IR (Nujol, cnt™): © = 3387 (br;v (OH)), 2117 (m;v (CO)), 2067 (my (CO)), 2037 (sy

(COY)), 2023 (sy (CO)), 1992 (my (CO)), 831 (m; Ph).

VII.16.1 Synthesis of (bis(trimethylsilyl)methyl{phenyl)methylphosphinic

acid [74]

0.100 g of complex’2a,b were dissolved in 1 mL KD, the precipitation of the white
powder was observed (W(C£) The solvent was removed under reduce pressuiré 3

mbar), and the compound obtained as blue oil.

'H NMR (300 MHz, CDC}, 30°C):d = 0.25 (s, 18H, Si(Ch)s), 0.80 (d, 1H2Jp 4 = 17.94
Hz, CHSI(CHs)s)), 3.50 (d, 2HZJp s = 16.6 Hz, CH), 7.25 (m, 2H, Ph), 7.40 (m, 3H, Ph),

10.00 (OH, broad signal).

- 180 -



¥C{*H} NMR (75 MHz, CDCE, 30°C):d = 0.0 (d,3Jp c= 3.2 Hz, Si(CH)3), 11.0 (d,"Jpc =

72.4 Hz, GA(Si(CHs)3)2), 37.0 (d,p.c = 79.5 Hz, CH), 126.6 (d3Jpc= 2.3 Hz,i-Ph), 126.8

(d, Jp.c= 3.8 Hz, Ph), 127.8 (dp c= 3.2 Hz, 2C, Ph), 128.8 (dc= 5.8 Hz, 2C, Ph).

29Si{*"H} NMR (60 MHz, CDCE, 30°C):6 = 1.9 (d,2Jp si= 6.1 Hz).

3P NMR (121.5 MHz, CDG| 30°C):6 = 81.61 (pseudoGJp 4 = 16.53 Hz).

Mass spectrometry (El, 70 eV*W): m/z (%) = 314 (5) [M], 298 (10) [(M-OJ], 223

(7)I(M-PhCHp)™], 91 (15) [(CHPh)"].

VII.17 Reaction of oxaphosphirane compld%§ with triflic acid

40 mg (0.06 mmol) of oxaphosphirane compléawere dissolved in CDgland 7uL (0.07

mmol) of TfOH were added at -50°C. The sample whswad to warm up to room
temperature during th& P NMR measurement, and then measured again aftér a@2the
same temperature.

CH(SiMey),

SN

P

AN

H

82

Empirical formula: GsHogOPSp Molecular weight: 288.51 g/mol

-181 -



'H NMR (300 MHz, CDC}, 30°C):6 = -0.18 (s, 9H, Si(CHs), 0.21 (s, 9H, Si(Ck)s), 0.90

(d, 1H,%Jp 4= 16.3 Hz, CHSI(CHs)s)2)), 1.65 (M, 4H, Ch), 2.10 (m, 2H, Ch), 2.21(m, 2H,

CHy), 6.79 (d, 1H2Jp 1= 23.45 Hz, CH), 7.21 (d, 14Jp 4= 509.0 Hz, PH).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = 0.0 (d,3Jpc= 4.3 Hz, Si(CH)3), 1.1 (d,3Jpc=

3.2 Hz, Si(CH)s), 9.4 (d,Jp.c = 44.9 Hz, GI(Si(CHy)3)2), 20.0 (s, Elp), 21.5 (d,2Jpc= 10
Hz, CHy), 22.4 (dJpc= 13.2 Hz, CH), 26.1 (dJpc= 15.5 Hz, CH), 124 (d,Jpc= 89.3

Hz, ipso-CHy), 148.7 (dJpc= 8.9 Hz, CH).

29Si{'H} NMR (60 MHz, CDCE, 30°C): 6 = 3.6 (s, Si(Ch)s), 3.8 (d,%Jpsi = 3.1 Hz,

Si(CHa)s).

3P NMR (121.5 MHz, CDG| 30°C):d = 56.2 (d,}Jp 4= 508.0).
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VII.18 Synthesis of [(bis(trimethylsilyl)methyl);1-(hydroxyphenyl)methyl

chlorophosphane]pentacarbonyltungsten@g[b-85d

A stream of (HCI gas, produced by dropping Kfelonto CaCJ, was bubbled into a solution
of 0.215 mg (0.347 mmol) of compleb6a in 20 mL E$O at ambient temperature for two
hours.

The solvent was removed under reduced pressii@?4 mbar), and the products fell down
after the addition oh-pentane. The complexes 85a, b and 85c could l&lpaseparated
after successive washing witkpentane.

CH(SiMey),

PM\K Vl”c|

H OH

OC)W.
()5\

Analytical data of comple&5c

Yield: 50 mg (23%)

Empirical formula: GgH26ClOsPSEW Molecular weight: 656.84 g/mol
Melting point: 135 °C

'H NMR (300 MHz, CDCY, 30°C):6 = 0.2 (s, 9H, Si(Ch)3), 0.48 (s, 9H, Si(CHs), 1.51 (

d, 1H,%Jp 14 = 16.7 Hz, CHSICHs)3)a, 2.80 (s, W, OH), 5.36 (8Jp 4= 14.3 H, CHPOH), 7.40

(m, 3H, Ph), 7.68 (m, 2H, Ph).
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BC{*HINMR (75 MHz, CDCk, 30°C):6 = 2.7 (d,3Jp.c= 3.1 Hz, Si(CH)s3), 2.8 (d,%Jpc =

2.7 Hz, Si(CH)s), 25.8 (d,%Jpc= 28.9 Hz, GI(Si(CHs)3)2), 79.1 (d,"Jp.c = 9.9 Hz, PCOH),
127.3 (d, 2CJpc= 1.8 Hz, Ph), 127.4 (d, 20 c= 2.9 Hz, Ph), 128.3 (dpc= 2.31 Hz, Ph),
135.9 (d,Jp.c= 2.0 Hz,i-Ph), 196.0 (d%Jpc = 6.9 Hz;cis-CO), 197.6 (d%Jpc = 32.5 Hz,

trans-CO).

29Si{*"H} NMR (60 MHz, CDCk, 30°C):6 = 0.0 (d,%Jp,si = 6.3 Hz, Si(CH)3), 2.6 (d,%Jp si=

2.2 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C):6 = 126.1 (s *J wp = 275.0 Hz2Jp 4 = 15.1 Hz).

Mass spectrometry (El, 70 eV®W): m/z (%) = 656 (15) [M], 549 (30) [(M-

PhCH(OH))"], 514 (10) [(M- PhCH(OH)-CIy], 297 (10) [(M- W(CO)5-CI)'], 73 (100)

[(SiMe3)™].

IR (KBr, v(CO)): § [cm] = 3525 (m:v (OH)), 2074 (my (CO)), 1988 (my (CO)), 1934 (s;

v(CQ)), 1913 (sy (CQO)), 843 (m; ph).

UV/vis (CH,CL): A (log e): 235.6 (1.69), 299.4 (0.23) nm

Elemental analysis: C [%] H [%]
Calculated 34.74 3.99

Found 34.43 4.03
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Analytical data of comple85a,k

Yield: 100 mg (47%)

Empirical formula: GgH26CIOsPSpW Molecular weight: 656.84 g/mol

Melting point: 134 °C

'H NMR (300 MHz, CDC}, 30°C): 6 = 0.30 (s, 9H, Si(Cks), 0.44 (s, 9H, Si(CHs), 2.31

(d, 1H,2Jp4 = 12.3 Hz, CKISi(CHs)3)), 3.80 (s, w; OH), 5.34 (dJp 1= 20.8 Hz, CHPOH),

7.40 (m, 3H, Ph), 7.6 (m, 2H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 2.4 (d,*Jp.c= 3.2 Hz; Si(CH)3), 3.1 (d,%Jpc =

2.6 Hz; Si(CH)3), 30.0 (broad, BI(Si(CHs)s)2), 80.2 (d,Jp.c = 21.3 Hz, PCOH), 127.5 (d,
2C,Jp.c= 3.0 Hz, Ph), 127.7 (d, 2Gp.c= 4.9 Hz, Ph), 128.4 (d, 1Qp c= 3.4 Hz, Ph), 136.2
(d, 1C,Jpc= 3.3 Hz,i-Ph), 195.4 (d%Jpc = 6.8 Hz;cis-CO), 197.5 (d%Jpc = 31.2 Hz;

trans-CO).

2%Si{'"H} NMR (60 MHz, CDCE, 30°C):6 = 1.1 ( broad signal, Si(Gt), 1.5 (broad signal,

Si(CHg)s).

3P NMR (121.5 MHz, CDG| 30°C):d = 140 .0 (br.\Wh/2 = 440 Hz).

%P NMR (121.5 MHz, CDG| -40°Q): 6 = 146.6 ($a *J wp= 274.0 Hz); 138.7 (& "Jwp =

274.0 Hz).
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Mass spectrometry (El, 70 eV*W): m/z (%) = 656 (15) [M], 572.0 (20) [(M-3CO)T,

549 (30) [(M-PhCH(OH)J*], 516 (10) [(M-Ph-5CO}], 107 (20) [(PhHCOHY)], 73 (100)

[(SiMe3)™].

IR (Nujol): § [cmi] = 3400 (broady (OH)), 2074 (my (CO)), 1987 (sy (CO)), 1938 (m:

v(CO)), 1913 (sy (CO)), 839 (m; Ph).

UV/vis (CH,CL): A (log e): 235.6 (1.69), 299.4 (0.23) nm

Elemental analysis C [%] H [%]

Calculated 34.74 3.99

Found 34.43 4.03
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VII.L19 Synthesis of [2-bis(trimethylsilyl)methyl-Bhenyl-oxaphosphirane-

kP]pentacarbonyltungsten(Qdb]

60 pL (0.82 mmol) of diisopropylamine were dissolvedimL EtO and cooled down to -40
°C. 0.3 mL (0.48 mmol) of 8BuLi (1.6 M in Hexane) solution were added and gbkition
was stirred for 10 minutes at low temperature. Tinensolvent were removed under vacuum
(0102 mbar) to yield the LDA as white powder.

200 mg (0.30 mmol) of compleB5a,band 24uL (0.15 mmol) of 12-crow-4 were dissolved
in 3 mL EtO and cooled down to -80°C. The freshly prepared Mas dissolved in 7 mL
of Et,O and cooling down to -80 °C too. The LDA solutimas added via transfer double
needle to the first solution. The blue-green sofutvas stirred for 1 hour in the cooling bath
and then stirred further 10 minutes at RT. The esuly were removed under vacuum @?
mbar). The product was extracted from the brownestidue with a mixture of 2 mL Ed/
5mL n-pentane and purified by column chromatography,@4l-30 °C, h = 1cm, g = 1cm,

petroleum ether (50 mL; petroleum ether/ diethigkeetl:1 (50 mL)).

Yield: 117 mg (58%)

Empirical formula: GoH2s06PSpW Molecular weight: 620.38 g/mol

Melting point: 102 °C
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'H NMR (300 MHz, CDC}, 30°C): 6 = 0.00 (s, 9H, Si(Cks), 0.49 (s, 9H, Si(CHs), 1.28

(d, 2py = 17.2 Hz, 1H, CH(Si(CH3)2), 4.50 (d, 1H2Jpy = 5.8 Hz, PhCHO), 7.40 (m, 5h,

Ph).

BC{*HINMR (75 MHz, CDCk, 30°C):6 = -0.79 (d2Jp.c= 4.5 Hz, Si(CH)3), -0.2 (d,*Jpc=

3.2 Hz, Si(CH)3), 19.1 (dJp.c=39.3 Hz, BI(Si(CHs)s)2), 62.5 (d,}Jpc = 22.3 Hz, PCOH),
124.6 (d, 2CJpc= 1.9 Hz, Ph), 126.0 (dJp.c=1.9 Hz,p-Ph), 126.4 (d, 2CJpc= 1.9 Hz,
Ph), 132.2 (d2Jp c = 3.6 Hz,i-Ph), 193.7 (d?Jp c = 8.4 Hz,cisCO), 193.7 (d°Jp c = 36.5Hz,

trans-CO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):6 = -0.1 (d2Jpsi= 3.5 Hz), 4.5 (d2Jp 5i= 1.3 Hz).

3p{H} NMR (121.5 MHz, CDC}, 30°C): 6 = 31.0 (dda; *Jp.w = 292.3 Hz%Jp = 17.9 Hz,

2Jp.n = 5.2 Hz).

Mass spectrometry (El, 70 eV W): m/z (%) = 620 (15) [M], 514 (40) [(M-PhCOHY],

486 (100) [(M-PhCOH-COJ], 458 (40) [(M-PhCOH-2COJ], 430 (60) [(M-PhCOH-

3COJ*], 402 (40) [(M-PhCOH-4COJ].

IR (KBr, v(CO)): ¢ [cmi] = 1949 (w), 1993 (s), 2082 (s).

UV/vis (CH,Clp): A (log e): 233.6 (0.76), 301.0 (0.09) nm

Elemental analysis:C [%] H [%]

Calculated 36.78 4.06

Found 36.10 4.40
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VII.20 Synthesis of [(bis(trimethylsilyl)methyl)fwro-1,1-(hydroxyphenyl)-
methylphosphane]pentacarbonyltungsten@) 91]

(OC)SW\ /CH(SiMe3)2
AN

.
H OH

150 mg (0.240 mmol) of compleb6awere dissolved in 1.5 mL of GEI, and (33uL, 0.240
mmol) of a solution 1M of HBEEtL,O were added at room temperature. The mixture was
stirred at RT for 10 min and the solvent was rendaweder vacuum{L0 2 mbar).
The residue was subjected to low temperature chiamgraphy (T = -20°C, AD3 petroleum
ether: CHCI,). The last fraction yielded compl&4 as white oil. Comple®0 could only be
detected in the reaction mixture.

Analytical data of compleQ0:

3P NMR (121.5 MHz, ChCly, 30°C):d = 201.0 (br; Why,= 420 Hz Jp = 826.0 Hz).

Analytical data of comple21:

Yield: 91.4 mg (59%)

Empirical formula: GgH26FOsPSEW  Molecular weight: 640.4 g/mol

'H NMR (300 MHz, CDC}, 30°C):d = 0.34 (s, 9H, Si(CHs), 0.37 (d, 9H Jen= 1.1 Hz,

Si(CHa)a), 1.89 (d, 1H2Jp 4 = 15.7 Hz, CHSI(CHa)a)2), 2.39 (d, br, 1HJp = 24.0 Hz, OB,

5.35 (d, 1H2J4 = 6.6 Hz, CHDH), 7.45 (ng, 5H, Ph).
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3C{*H} NMR (75 MHz, CDC}, 30°C):6 = 1.6 (dd3Jp.c= 1.9 Hz,"Jp £= 1.2 Hz, Si(CH)3),

2.0 (dd,3Jpc = 1.9 Hz,Jp r= 1.2 Hz, Si(CH)s3), 30.0 (m br, CH(Si(CHs)3)2), 78.1 (qq, Jp.c
~2Jrc = 17 Hz PQOH), 126.6 (ddJp c= 3.8 Hz,Jec= 2.3 Hz, Ph), 127.8 (dpc= 1.9 Hz,
Ph), 128.0 (dJp.c= 2.3 Hz, Ph), 136.7 (:Ph), 195.0 (dd®Jpc= 7.7 Hz,%Jr c= 3.5 Hz,cis-

CO), 197.5 (dd?Jp c= 30.1 Hz,*Jc= 0.9 Hz,transCO).

29Si{*"H} NMR (60 MHz, CDCE, 30°C):6 = 0.0 (d,2Jp si= 5.9 Hz).

3P NMR (121.5 MHz, CDG| 30°C):d = 198.1 (dek; *Jw = 296.3 HzJp - = 826.0 Hz).

F{'H} NMR (282.4 MHz, CDC}, 30°C):6 = -123.1 (d}J pr= 851.9 Hz).

IR (Nujol, cm™): § = 3585 (m:v (OH)), 2075 (my (CO)), 1987 (sy (CO)), 1930 (sy

(COY)), 2023 (sy (CO)), 1992 (m; v (CO)), 844 (m; Ph).

Mass spectrometry (El, 70 e¥?"W): m/z (%) = 640 (60) [M], 612 (20) [(M-CO)*], 556

(10) [(M-3COJ™], 316.1 (10) [(M-W(COY)™], 179 (100) [(M-W(CO3-2(CHy)) "], 73 (80)

[(Si(CHa)3)" ]

Elemental analysis:C [%] H [%]

Calculated 35.65 4.09

Found 35.82 4.20
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VII.21 Synthesis of n*[(phenyl)methylene(bis(trimethylsilyl)methyl)fluof

hydroxyphosphorane]pentacarbonyltungsteng@) [

The same procedure as complEkwas used to synthesize compl@X using CDC} as a
solvent to measuring the NMR data in the reactiotture.
(COxW _
H_ } CH(SiMey),
P-F
PR On

'H NMR (300 MHz, CDC}, 30°C):6 = 0.20 (s, 9H, Si(CH), 0.30 (d, 9H Jr = 1.1 Hz,

Si(CHs)s), 0.85 (d, 1HJpn = 20.0 Hz, CKiSiMes)), 3.40 (d, 1HXJp = 17.4 Hz, CHPh),

7.45 (m, 5H, Ph).

13¢{*H} NMR (75 MHz, CDCE): 6 = 0.2 (d,*Jp.c= 4.3 Hz, Si(CH)3), 0.0 (d,3Jp.c=3.0 Hz,

Si(CHa)s), 13.0 (d,%3p c=17.0 Hz, GH(Si(CHg)s)2), 66.0 (broad, BPh), 126.8 (s, Ph), 127.8
(d, 2Jp.c= 1.9 Hz, Ph), 127.3 (dpc= 2.2 Hz, Ph), 136.0 (§;Ph), 197.5 (2Jpc = 10.90 Hz,

CO).

29Si{*"H} NMR (60 MHz, CDC, 30°C):6 = 4.1 (d,2Jp 5= 4.7 Hz, Si(CH)3), 15.0 (d2Jp si=

14.9 Hz, Si(CH)s).

3P NMR (121.5 MHz, CDG| 30°C):6 = 143.5 (ddghs “Jwp= 144.0 Hz,'Jp = 1043.0 Hz,

2Jp 1 = 20.6 Hz,%Jp 4= 16.8 Hz).

YF{'"H} NMR (282.4 MHz, CDC}, 30°C):0 = -71.5 (d,"Jp ¢ = 1059.7 Hz).
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IR (Nujol, cm?): § = 3373 (broad signa¥; (OH)), 2076 (my (CO)), 1980 (sy (CO)), 1942

(s;v (CO)), 1057 (m), 844 (m; Ph).

VII.22 Synthesis of [(bis(trimethylsilyl)methyl)-phenylmethylene

phosphane]pentacarbonyltungsten{®Za,q

H W(CO)s

I:)\
Ph CH(SiMe;),

0.150 g (0.24 mmol) of oxaphosphirane comdég 0.12 g (0.54 mmol) CpTigand 0.04 g
Zn (0.60 mmol) were placed in a schlenk tube insideglove box, and dissolved in 2 mL
THF-d8. After 12 h stirring the reaction mixture svaubjected to NMR spectroscopic
studies.

Empirical formula: GgH2505PSpEW Molecular weight: 604.38 g/mol

Analytical data of complet02a(ratio 65 %):

'H NMR (300 MHz, THF-d8, 30°C)5 = 0.21 (s, 18H, Si(Ch)s), 3.05 (d, 1H2Jp = 20.0

Hz, CH(Si(CHs)s)2), 8.25 (d, 1H2Jp 4= 17.5Hz, CHPh),7.20 (m, 5H, Ph).
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BC{*HINMR (75 MHz, THF-d8, 30°C):6 = -0.0 (s, Si(CH)s), 23.5 (d,%Jpc = 19.6 Hz,

CH(Si(CHg)3)2), 127.6 (d, 2CJp.c= 3.7 Hz , Ph), 130.5 (d, 2&Jsc= 5.2Hz, Ph), 132.6 (d,
2Jpoc= 3.7 Hz,i-Ph), 165.1 (d}Jpc = 39.0 Hz, GiPh), 195.4 (d*Jpc = 9.7 Hz,cis-CO),

197.5 (d%Jp c = 29.7 Hz trans-CO).

29Si{*H} NMR (60 MHz, THF-d8, 30°C)s = 3.1 (d,2Jp si= 14.8 Hz, Si(CH)3).

31p{*H} NMR (121.5 MHz, THF-d8, 30°C):0 = 212.0 (S “Jp.w = 260.0 Hz2?Jp ; = 18.04

Hz).

Analytical data of comple£02b (ratio 25 %):

'H NMR (300 MHz, THF-d8, 30°C) = 0.29 (s, 18H, Si(Chk), 1.50 (dH,%Jp n= 5.30 Hz,

CH(Si(CHs)s)), 8.80 (d, 1H,2Jps = 20.3 Hz, CHPh),7.00 (m, 5H, Ph).

BC{*HINMR (75 MHz, THF-d8, 30°C):d = 0.0 (s, Si(Ch)s), 34.0 (d,*Jpc= 16.8 Hz,

CH(Si(CHs)a)), 127.6 (d, 2C3Jp= 3.7 Hz, Ph), 130.5 (d, 2€Jpc= 5.2 Hz, Ph), 132.6 (d,
2Jpc= 3.7 Hz,i-Ph), 167.0 (d}pc = 40.0 Hz, GIPh), 196.4 (d%Jpc = 9.7 Hz,cis-CO),

198.5 (d2Jp c = 29.7 Hz trans-CO).

29Si{H} NMR (60 MHz, THF-d8, 30°C)s = 3.3 (d,2Jp si= 6.3 Hz, Si(CH)3).

$1p{’H} NMR (121.5 MHz, THF-d8, 30°C) 5 = 219.0 (s “Jp.w = 260.0 Hz).
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3P NMR (121.5 MHz, THF-d8, 30°C)d = 219.0 (dgk; “Jp.w = 260.0 Hz2Jp = 20.2 Hz,

2Jp 1= 3.1 Hz).

VII.23 Synthesis of [benzyl(bis(trimethylsilyl)methchlorophosphane]-

pentacarbonyltungsten(13

(OCEW CH(siMe),

K, e
H H

0.150 g (0.24 mmol) of oxaphosphirane comdég 0.12 g (0.54 mmol) CpTighnd 0.04 g
Zn (0.60 mmol) were placed in a schlenk tube, a@sdalved in 2 mL THF. The mixture was
stirred at room temperature for 12h in order torfaghe complexe402a,b The stopper was
removed for some minutes and the mixture stirreédifb. The colour of the solution changed
from blue to yellow.
The solvent was removed under reduced pressii@mbar). The product was purified by
column chromatography ( AD3, -20°C, h =8 cm , g = 1cm, petroleum ether (&0,

THF (100 mL)). The last fraction yielded yellow @hich could be crystallized im-pentane.
Yield: 0.123 g (80%)

Empirical formula: GgH26ClOsPSpW Molecular weight: 640.84 g/mol
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Melting point: 151 °C

'H NMR (300 MHz, CDC}, 30°C):5 = 0.30 (s, 9H, Si(Ch}3), 0.37 (d, 9H3Jp = 0.5 Hz,

Si(CHs)3), 1.88 (d, 1H%Jp = 10.2 Hz, CH(Si(Ch)3)), 3.50 (dd, 1H2Jyn= 13.6 Hz2Jp 1=
10.1 Hz, CHPh ), 3.90 (t, 1H?Jyn = 13.6 Hz,2Jpy= 13.9 Hz, CHPh), 7.28 (m, 3H, Ph),

7.32 (m, 2H, Ph).

BC{'HINMR (75 MHz, CDCk, 30°C):6 = 2.1 (d,*Jpc= 3.8 Hz, Si(CH)3), 2.9 (d,3Jpc=

2.2 Hz, Si(CH)3), 30.5 (d,Jpc = 16.2 Hz, BI(Si(CHa)s)2), 45.5 (d Jpc= 10.4 Hz, PCH),
126.9 (d, 1C%Jp c= 3.9 Hz, p-Ph), 127.5 (d, 2CJpc= 3.5 Hz, Ph), 129.9 (d, 2CGzc=5.4
Hz, Ph), 132.0 (fJpc= 4.3 Hz, i-Ph), 196.1 (d?Jp.c = 7.1 Hz,cis-CO), 198.0 (d?Jpc =

32.8 Hz,transCO).

29Si{*H} NMR (60 MHz, CDCE, 30°C):d = -0.7 (dJpsi= 1.9 Hz, Si(CH)3), 2.5 ( d,2Jps

= 6.3 Hz, Si(CH)5).

31p{H} NMR (121.5 MHz, CDC}, 30°C): 6 = 124.9 (s “Jp.w = 278).

3P NMR (121.5 MHz, CDG| 30°C): 6§ = 124.9 (das “Jp.w= 278 Hz2Jp = 9.0 Hz).

Mass spectrometry (El, 70 eV"W): m/z (%) = 640 (40) [M], 606 (10) [(M-CIj*], 556

(70) [(M-3COJ"], 500 (20) [(M-5CO)], 281 (100) [(M-W-5CO-CI)].

IR (Nujol, v(CQO)): ¥ [cnm] = 2082 (m), 1986 (s), 1934 (s), 1910 (m).
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UV/vis (CH,CI)): A (logg): 233.6 (0.76), 301 (0.09) nm.

Elemental analysis:C [%] H [%]

Calculated 35.61 4.09

Found 35.53 4.20
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IX. Appendix

IX.1. Abbreviations used

t-BuLi: tert-butyllithium

n-BuLi: n-butyllithium

Ph: Phenyl

Ar: Aryl

M: Metal

Et;N: triethyl amine

TfOH: triflic acid

DCM: Dichloro methane

THF: tetrahydrofurane

h: hours

min: minutes

mL: milliliter solution at ambient temperature
M: mol x L*

MS: Mass Spectrometry

El: Electron collision lonization
s: singlet

d: doublett

t: triplet

m: multiplet

Ssat Singlet with Satellites

RT: room temperature

IR: Infrared

w: weak

m: medium

s: strong

VS: very strong

eq: equivalent

A: Angstrom (= 10° m)

Cp: Cyclopentadienyl-

Cp*: 1,2,3,4,5-Pentamethylcyclopenta-2,4-dien-1-yl
CSD: Cambridge Structural Database
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EA: Elemental Analysis

g: gramme

Hz: Hertz

KBr: Kalium bromide

m/z: Mass to Charge ratio

m: complicated multiplet

"Jx v : Coupling constant (From X with Y through n bonfis}]
Me: Methyl

nm: Nanometer

NMR: Nuclear Magnetic Resonance
EPR: Electron Paramagnetic Resonance
ppm: parts per million

LDA: Lithium diisopropyl amine

Dppe: 1,2-bis(diphenylphosphino)ethane
Mes: 1,3,5-trimethylbenzyl-
Mes*:1,3,5-tritert-butylbenzyl-

0-DCB : orto-dichloro benzene

PhCN: Benzonitrile
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IX.2. Crystal data
I.[Bis(trimethylsilyl)methyldichlorophosphane]pestabonylchromium(0)J6]

(A1)

Table i.1. Crystal data and structure refine ment for [ 26].
Identification code GSTR140, Gr egl237
Device Type Nonius Kapp aCCD
Empirical formula Cl12 H19 CI2 CrO5P Si2
Formula weight 453.32
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/n
Unit cell dimensions a=14.7650 (11) A alpha =90 deg.
b = 9.4473(8) A beta = 99.880(5)
deg.

c=14.7941 (12) A gamma = 90 deg.
Volume 2033.0(3) A "3
Z, Calculated density 4, 1.481 M g/m~3
Absorption coefficient 1.039 mm~-1
F(000) 928
Crystal size 0.36 x 0.28 x 0.08 mm
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Theta range for data collection 3.53 to 27.
Limiting indices -15<=h<=19,

Reflections collected / unique 11844 / 452

Completeness to theta = 27.51  96.6 %

Absorption correction Semi-empiri

Max. and min. transmission 0.9215 and

Refinement method Full-matrix

Data / restraints / parameters 4520/ 3/

Goodness-of-fit on FA2 0.966

Final R indices [I>2sigma(l)] R1 =0.0427

R indices (all data) R1 =0.0912

Largest diff. peak and hole 0.523 and -
Table i.2. Atomic coordinates ( x 10M4) a
displacement parameters (A2 x 1073) for
U(eq) is defined as one third of the trace
Uij tensor.

51 deg.
-12<=k<=11, -15<=I<=19

0 [R(int) = 0.0687]

cal from equivalents
0.7062
least-squares on F~2

214

, WR2 =0.0875

, WR2 =0.0986

0.453 e.A"-3

nd equivalent isotropic

[ 26].
of the orthogonalized

c@) 2520(2)  2574(3)
c(2) 4284(2)  3084(4) -
c@3) 3923(3)  139(4)
C(4) 2794(2)  1294(4) -
C(5) 1514(2)  -356(4)
C(6) 697(2)  2265(4) -
c(7) 612(2)  1912(4)
C(8) 1995(2)  7059(4)
C(9) 3382(2)  5335(3)
C(10)  3118(2)  6154(4)
C(11)  1384(2)  5340(3)
C(12)  1625(2)  4336(4)
Cl(1)  4320(1)  3206(1)
cl2)  2797(1)  1339(1)
Cr 2369(1)  5271(1)
o(1) 1776(2)  8145(3)
0(2) 3986(2)  5450(2)
0(3) 3564(2)  6698(3)
0(4) 789(2)  5455(3)
o(5) 1188(2)  3806(3)
= 2902(1)  3156(1)
Si(1)  3393(1) 1763(1) -
Si(2)  1348(1)  1591(1)

Table i.3. Bond lengths [A] and angles

z U(eq)
-738(2) 24(1)
1601(2) 40(1)
-854(3) 42(1)
2597(2) 38(1)
-951(2) 36(1)
2029(2) 38(1)

-37(2) 35(1)
1298(2) 30(1)
1936(2) 26(1)
179(2) 29(1)
-62(2) 26(1)
1698(2) 31(1)
615(1) 34(1)
1175(1) 35(1)
930(2) 25(1)
1506(2) 43(1)
2523(2) 34(1)
-278(2) 40(1)
-669(2) 37(1)
2154(2) 43(1)
426(1) 24(1)
1416(1) 28(1)
-927(1) 28(1)
[deg] for [ 26].

C(1)-P
C(1)-Si(1)

1.803(3)
1.922(3)
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C(1)-Si(2)
C(1)-H(1)
C(2)-Si(1)
C(2)-H(2A)
C(2)-H(2B)
C(2)-H(2C)
C(3)-Si(2)
C(3)-H(3A)
C(3)-H(3B)
C(3)-H(3C)
C(4)-Si(2)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(5)-Si(2)
C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)
C(6)-Si(2)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-Si(2)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-0(1)
C(8)-Cr
C(9)-0(2)
C(9)-Cr
C(10)-0(3)
C(10)-Cr
C(11)-0(4)
C(11)-Cr
C(12)-0(5)
C(12)-Cr
Cl(2)-P
Cl(2)-P
Cr-P

P-C(1)-Si(1)
P-C(1)-Si(2)
Si(1)-C(1)-Si(2)
P-C(1)-H(1)
Si(1)-C(1)-H(1)
Si(2)-C(1)-H(1)
Si(1)-C(2)-H(2A)
Si(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
Si(1)-C(2)-H(2C)
H(2A)-C(2)-H(2C)
H(2B)-C(2)-H(2C)
Si(1)-C(3)-H(3A)
Si(1)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
Si(1)-C(3)-H(3C)
H(3A)-C(3)-H(3C)
H(3B)-C(3)-H(3C)
Si(1)-C(4)-H(4A)
Si(1)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
Si(1)-C(4)-H(4C)
H(4A)-C(4)-H(4C)

1.942(3)
1.0000
1.868(4)
0.9800
0.9800
0.9800
1.853(4)
0.9800
0.9800
0.9800
1.872(3)
0.9800
0.9800
0.9800
1.856(4)
0.9800
0.9800
0.9800
1.858(4)
0.9800
0.9800
0.9800
1.870(3)
0.9800
0.9800
0.9800
1.133(4)
1.887(4)
1.138(4)
1.922(3)
1.143(4)
1.891(3)
1.148(4)
1.882(3)
1.129(4)
1.925(3)
2.0639(12
2.0636(12
2.3177(10

119.46(16)
114.08(15)
113.24(16)
102.3
102.3
102.3
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(4B)-C(4)-H(4C)
Si(2)-C(5)-H(5A)
Si(2)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
Si(2)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
Si(2)-C(6)-H(6A)
Si(2)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
Si(2)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
Si(2)-C(7)-H(7A)
Si(2)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
Si(2)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
O(1)-C(8)-Cr
0(2)-C(9)-Cr
O(3)-C(10)-Cr
O(4)-C(11)-Cr
O(5)-C(12)-Cr
C(11)-Cr-C(8)
C(11)-Cr-C(10)
C(8)-Cr-C(10)
C(11)-Cr-C(9)
C(8)-Cr-C(9)
C(10)-Cr-C(9)
C(11)-Cr-C(12)
C(8)-Cr-C(12)
C(10)-Cr-C(12)
C(9)-Cr-C(12)
C(11)-Cr-P
C(8)-Cr-P
C(10)-Cr-P
C(9)-Cr-P
C(12)-Cr-P
C(1)-P-ClI(2)
C(1)-P-CI(2)
Cl(2)-P-CI(1)
C(1)-P-Cr
Cl(2)-P-Cr
CI(1)-P-Cr
C(3)-Si(1)-C(2)
C(3)-Si(1)-C(4)
C(2)-Si(1)-C(4)
C(3)-Si(1)-C(1)
C(2)-Si(1)-C(1)
C(4)-Si(1)-C(1)
C(5)-Si(2)-C(6)
C(5)-Si(2)-C(7)
C(6)-Si(2)-C(7)
C(5)-Si(2)-C(1)
C(6)-Si(2)-C(1)
C(7)-Si(2)-C(1)

109.5
109.5
109.5

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
178.7(3)
176.3(3)
179.3(3)
176.5(3)
179.0(3)
88.22(14)
88.72(13)
90.25(14)
176.17(14)
88.59(14)
89.17(13)
91.94(14)
90.89(14)
178.70(15)
90.23(14)
92.21(10)
175.98(11)
85.76(10)
90.82(10)
93.09(10)
102.70(11)
106.25(10)
96.57(5)

120.14(11)

118.90(4)

109.21(4)

111.41(18)
108.60(17)
104.64(16)
111.44(15)
111.23(15)
109.25(15)
111.90(17)
105.61(16)
106.65(17)
111.05(15)
106.05(15)
115.61(15)

Table i.4. Anisotropic displacement parameters
The anisotropic displacement factor exponent ta
-2 pif2[h"2 a2 U1l + ...+ 2 h ka* b* U12
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uli u22 u33 uz23 ui13 Uiz

C(l) 28(2) 272 17(2) 2(1) 2(2) 0(2)
C(2) 38(2) 58(3) 26(2) 0(2) 8(2) -5(2)
C(3) 44(2) 45(2) 38(2) -1(2 52) 12(2)
C(4) 43(2) 48(2) 24(2) -10(2) 9(2) -6(2)
C(5) 44(2) 33(2) 332 -4(2 12(2) -5(2)
C() 34(2) 46(2) 32(2) 2(2) 1(2) -4(2)
C(7) 34(2) 38(2) 352) -3(2 13(2) -7(2)
C8) 37(2) 31(2) 21(2) -2(1) 2(2) 1(2)
C(O 33(2) 2620 21(2) 2(1) 9(1) -1(2)
C(10) 31(2) 32(2) 24(2) 1(2) 1(2) 0(2)
C(11) 29(2) 25(2) 26(2) -4(1) 11(2) 1(2)
C(12) 34(2) 33(2) 252) -2(2) 42) -1(2)
Cl(1) 29(1) 43(1) 28(1) -7(1) 0(2) 3(1)
Cl(2) 51(1) 30(1) 22(1) 5(1) 6(1) 2(1)
Cr 31(1) 25(1) 19(1) -1(1) 5(1) 0(2)
0O(1) 57(2) 33(2) 3920 -7() 7(2) 7(1)
0O(2) 38(1) 38(1) 24(1) 1(1) 2(1) -4
O(3) 39(1) 48(2) 34(2) 10(1) 8(1) -3(1)
O(4) 35(1) 45(2) 28(1) 1(1) 1(1) 3(1)
O() 5012) 47(2) 342 2(2) 17(1)  -9(1)
P 29(1) 26(1) 18(1) 0(2) 3(2) 0(2)
Si(1) 32(1) 33(1) 21(1) -3(1) 6(1) 1(1)
Si(2) 30(1) 32(1) 21(2) -2(1) 51) -5(1)
Table i.5. Hydrogen coordinates ( x 10°4) and isotropic
displacement parameters (A2 x 10"3) for [ 26].
X y z U(eq)
H(1) 2360 3488 - 1068 29
H(2A) 4803 3038 - 1090 60
H(2B) 4017 4037 - 1634 60
H(2C) 4500 2872 - 2177 60
H(3A) 3463 -618 -909 64
H(3B) 4150 332 -203 64
H(3C) 4436 -156 - 1151 64
H(4A) 3246 966 - 2964 57
H(4B) 2475 2131 - 2888 57
H(4C) 2345 541 - 2559 57
H(5A) 914 -827 - 1054 54
H(5B) 1870 -668 -364 54
H(5C) 1847 -601 - 1449 54
H(6A) 1035 2045 - 2527 57
H(6B) 621 3292 - 1989 57
H(6C) 91 1813 - 2153 57
H(7A) -1 1514 -245 52
H(7B) 561 2933 61 52
H(7C) 891 1458 539 52
Table i.6. Torsion angles [deg] for [ 26].
0(4)-C(11)-Cr-C(8) 33(4)
0O(4)-C(11)-Cr-C(10) -57(4)
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0(4)-C(11)-Cr-C(9)
0(4)-C(11)-Cr-C(12)
O(4)-C(11)-Cr-P
0(1)-C(8)-Cr-C(11)
0(1)-C(8)-Cr-C(10)
O(1)-C(8)-Cr-C(9)
0(1)-C(8)-Cr-C(12)
O(1)-C(8)-Cr-P
0(3)-C(10)-Cr-C(11)
0(3)-C(10)-Cr-C(8)
0(3)-C(10)-Cr-C(9)
0(3)-C(10)-Cr-C(12)
O(3)-C(10)-Cr-P
0(2)-C(9)-Cr-C(11)
0(2)-C(9)-Cr-C(8)
0(2)-C(9)-Cr-C(10)
0(2)-C(9)-Cr-C(12)
0(2)-C(9)-Cr-P
0(5)-C(12)-Cr-C(11)
0(5)-C(12)-Cr-C(8)
0(5)-C(12)-Cr-C(10)
0(5)-C(12)-Cr-C(9)
0(5)-C(12)-Cr-P
Si(1)-C(1)-P-CI(2)
Si(2)-C(1)-P-CI(2)
Si(1)-C(1)-P-CI(1)
Si(2)-C(1)-P-CI(1)
Si(1)-C(1)-P-Cr
Si(2)-C(1)-P-Cr
C(11)-Cr-P-C(1)
C(8)-Cr-P-C(1)
C(10)-Cr-P-C(1)
C(9)-Cr-P-C(1)
C(12)-Cr-P-C(1)
C(11)-Cr-P-CI(2)
C(8)-Cr-P-CI(2)
C(10)-Cr-P-CI(2)
C(9)-Cr-P-Cl(2)
C(12)-Cr-P-CI(2)
C(11)-Cr-P-CI(1)
C(8)-Cr-P-CI(1)
C(10)-Cr-P-CI(1)
C(9)-Cr-P-CI(1)
C(12)-Cr-P-CI(1)
P-C(1)-Si(1)-C(3)
Si(2)-C(1)-Si(1)-C(3)
P-C(1)-Si(1)-C(2)
Si(2)-C(1)-Si(1)-C(2)
P-C(1)-Si(1)-C(4)
Si(2)-C(1)-Si(1)-C(4)
P-C(1)-Si(2)-C(5)
Si(1)-C(1)-Si(2)-C(5)
P-C(1)-Si(2)-C(6)
Si(1)-C(1)-Si(2)-C(6)
P-C(1)-Si(2)-C(7)
Si(1)-C(1)-Si(2)-C(7)

- 210 -

-1(6)
124(4)

-143(4)

-73(15)
16(15)
105(15)

-165(15)

23(16)
47(28)
-41(28)

-130(28)

168(100)
139(28)
-5(6)
-38(4)
52(4)

-129(4)

138(4)
-99(20)
-11(20)
140(17)
77(20)
168(20)
-87.24(17)
51.24(17)
13.6(2)
152.07(13)
138.03(14)
-83.49(18)
16.89(15)
-79.1(15)
-71.67(15)

-160.77(15)

108.95(15)

-110.77(10)

153.2(15)

160.68(11)
71.57(10)
-18.71(11)
139.91(10)
43.9(15)

51.36(11)
-37.74(10)

-128.02(11)

60.8(2)
-78.0(2)
-64.1(2)
157.05(17)

-179.15(19)

42.0(2)

-100.3(2)

40.8(2)
137.89(18)

-81.0(2)

19.9(2)
161.04(16)




i. [(Bis(trimethylsilyl)methyl)dichlorophosphane]pentabonylmolybdenum(0)

[25]
(A1)
Table ii.1. Crystal data and structure refin ement for [ 25].
Identification code Greg1200, G STR150
Device Type Nonius Kapp aCCD
Empirical formula Cl12 H19 CI2 Mo O5 P Si2
Formula weight 497.26
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/c
Unit cell dimensions a =14.8589 (9) A alpha =90 deg.
b = 9.6397(9) A beta =
129.985(4) deg.
¢ =19.0963 (17) A gamma = 90 deg.
Volume 2095.8(3) A "3
Z, Calculated density 4, 1.576 M g/m”3
Absorption coefficient 1.088 mm~-1
F(000) 1000
Crystal size 0.28 x 0.20 x 0.20 mm
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Theta range for data collection 2.78 to 28. 00 deg.
Limiting indices -19<=h<=14, -12<=k<=12, -24<=I<=25
Reflections collected / unique 15919/ 492 2 [R(int) = 0.0986]

Completeness to theta = 28.00 97.1 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.8118 and 0.7505
Refinement method Full-matrix least-squares on F~2
Data / restraints / parameters 4922 /5/ 214
Goodness-of-fit on FA2 0.801
Final R indices [I>2sigma(l)] R1 =0.0404 , WR2 =0.0612
R indices (all data) R1 =0.1061 , WR2 =0.0739
Largest diff. peak and hole 0.817 and - 1.016 e.A™-3
Table ii.2. Atomic coordinates ( x 10°4) and equivalent isotropic
displacement parameters (A2 x 1073) for [ 25].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X y z U(eq)
C(1) 3277(3) 2494(4) - 2475(2) 18(1)
C(2) 2747(3) 2774(4) - 4290(2) 32(2)
C(3) 686(3) 3104(4) - 4366(2) 30(2)
C4) 2469(3) 5361(4) - 3490(3) 31(2)
C(5) 4779(4) 4883(4) - 1076(3) 41(2)
C(6) 5388(3) 3763(4) - 2207(3) 38(1)
C(7) 5878(3) 1994(4) -723(3) 38(1)
C(8) 1421(3) -359(4) - 3708(3) 23(1)
C(9) -212(4) 667(4) - 3444(3) 24(1)
C(10) 1443(3) -394(4) - 1561(3) 22(1)
C(11) 3015(4) -1205(4) - 1857(3) 25(1)
C(12) 651(3) -2165(4) - 3041(3) 26(1)
CI(2) 1648(1) 3703(1) - 2195(1) 32(2)
Cl(2) 3706(1) 1850(1) -688(1) 32(1)
Mo 1413(1) -295(1) - 2655(1) 21(1)
0(2) 1437(2) -448(3) - 4304(2) 35(1)
0(2) -1096(2) 1201(3) - 3862(2) 39(2)
0@3) 1481(2) -514(3) -948(2) 31(2)
0(@4) 3926(2) -1711(3) - 1404(2) 38(1)
0(5) 230(3) -3254(3) - 3263(2) 42(1)
P 2493(1) 1924(1) - 2097(1) 21(1)
Si(1) 2296(1) 3444(1) - 3642(1) 24(1)
Si(2) 4812(1) 3291(1) - 1608(1) 26(1)
Table ii.3. Bond lengths [A] and angles [deg] for [25].
C()-P 1.806(4)
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C(1)-Si(2)
C(1)-Si(2)
C(1)-H(1A)
C(2)-Si(2)
C(2)-H(2A)
C(2)-H(2B)
C(2)-H(2C)
C(3)-Si(1)
C(3)-H(3A)
C(3)-H(3B)
C(3)-H(3C)
C(4)-Si(2)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(5)-Si(2)
C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)
C(6)-Si(2)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-Si(2)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-0(2)
C(8)-Mo
C(9)-0(2)
C(9)-Mo
C(10)-0(3)
C(10)-Mo
C(11)-0(4)
C(11)-Mo
C(12)-0(5)
C(12)-Mo
Cl(2)-P
Cl(2)-P
Mo-P

P-C(1)-Si(2)
P-C(1)-Si(1)
Si(2)-C(1)-Si(1)
P-C(1)-H(1A)
Si(2)-C(1)-H(1A)
Si(1)-C(1)-H(1A)
Si(1)-C(2)-H(2A)
Si(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
Si(1)-C(2)-H(2C)
H(2A)-C(2)-H(2C)
H(2B)-C(2)-H(2C)
Si(1)-C(3)-H(3A)
Si(1)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
Si(1)-C(3)-H(3C)
H(3A)-C(3)-H(3C)
H(3B)-C(3)-H(3C)
Si(1)-C(4)-H(4A)
Si(1)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
Si(1)-C(4)-H(4C)

1.918(4)
1.939(3)
1.0000
1.861(4)
0.9800
0.9800
0.9800
1.869(4)
0.9800
0.9800
0.9800
1.862(4)
0.9800
0.9800
0.9800
1.859(4)
0.9800
0.9800
0.9800
1.873(4)
0.9800
0.9800
0.9800
1.867(4)
0.9800
0.9800
0.9800
1.156(4)
2.019(4)
1.132(4)
2.069(4)
1.141(4)
2.062(4)
1.147(4)
2.024(4)
1.154(4)
2.001(4)

2.0611(14
2.0629(14
2.4670(11

119.45(18)
113.74(18)
113.65(18)

102.3
102.3
102.3
109.5
109.5

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
Si(2)-C(5)-H(5A)
Si(2)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
Si(2)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
Si(2)-C(6)-H(6A)
Si(2)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
Si(2)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
Si(2)-C(7)-H(7A)
Si(2)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
Si(2)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
0O(1)-C(8)-Mo
0(2)-C(9)-Mo
0O(3)-C(10)-Mo
0(4)-C(11)-Mo
0O(5)-C(12)-Mo
C(12)-Mo-C(8)
C(12)-Mo-C(11)
C(8)-Mo-C(11)
C(12)-Mo-C(10)
C(8)-Mo-C(10)
C(11)-Mo-C(10)
C(12)-Mo-C(9)
C(8)-Mo-C(9)
C(11)-Mo-C(9)
C(10)-Mo-C(9)
C(12)-Mo-P
C(8)-Mo-P
C(11)-Mo-P
C(10)-Mo-P
C(9)-Mo-P
C(1)-P-CI(2)
C(1)-P-CI(2)
Cl(1)-P-CI(2)
C(1)-P-Mo
Cl(1)-P-Mo
Cl(2)-P-Mo
C(2)-Si(1)-C(4)
C(2)-Si(1)-C(3)
C(4)-Si(1)-C(3)
C(2)-Si(1)-C(1)
C(4)-Si(1)-C(1)
C(3)-Si(1)-C(1)
C(5)-Si(2)-C(7)
C(5)-Si(2)-C(6)
C(7)-Si(2)-C(6)
C(5)-Si(2)-C(1)
C(7)-Si(2)-C(1)
C(6)-Si(2)-C(1)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
177.4(3)
178.8(4)
176.6(3)
179.5(4)
178.6(4)
88.23(15)
89.99(15)
88.83(15)
88.31(15)
175.41(15)
88.16(15)
90.93(15)
92.26(15)
178.60(15)
90.81(15)
175.77(11)
92.20(11)
85.81(11)
91.03(11)
93.26(10)
102.82(13)
106.50(12)
96.81(6)
119.90(12)
119.52(6)
108.32(5)
112.06(18)
106.50(18)
105.78(18)
105.96(17)
111.30(16)
115.27(17)
111.29(19)
108.4(2)
105.09(19)
111.59(18)
111.08(17)
109.10(17)
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Table ii.4. Anisotropic displacement parameter

The anisotropic displacement factor exponent ta

-2 pi"2 [h~2 a*/2 U1 + ... + 2 h k a* b* U12

uli u22 u33 u23

C(l) 21(2) 192) 192 -1(2)
C(2) 33(3) 39(3) 28(2) 5(2)
CB) 22(2) 35(2) 26(2) 5(2)
C@) 29(2) 30(2) 3722 7(2)
C(5) 44(3) 39(3) 40(3) -14(2)
C(6) 20(2) 49(3) 38(3) 9(2)
C(7) 23(2) 55(3) 36(3) 7(2)
C(8) 20(2) 21(2) 25(2) -2(2)
CO) 25(2) 23(2) 25(2) 02
C(10) 19(2) 19(2) 26(2) 2(2)
C(11) 32(2) 19(2) 24(2) 3(2)
C(12) 28(2) 27(2) 27(2) 3(2)
cll) 36(1) 27(1) 46(1) -2(1)
Cl2) 32(1) 41(1) 21(1) -2(1)
Mo  21(1) 20(1) 23(1) 1(1)
O(1) 33(2) 45(2) 28(2) -5(1)
0(2) 29(2) 45(2) 43(2) 11(2)
O(3) 33(2) 34(2) 31(2) 6(1)
O(4) 33(2) 47(2) 35(2) 5(1)
O(B) 48(2) 32(2) 53(2) -5(2)
P 22(1) 23(1) =22(1) O(1)

Si(1) 22(1) 26(1) 24(1)  5(1)
Si(2) 21(1) 31(1) 25(1)  0(1)

Table ii.5. Hydrogen coordinates ( x 104
displacement parameters (A2 x 1073) for

X y
H(1A) 3450 1598
H2A) 2270 3214
H(2B) 2632 1767

H2C) 3578 2987
H(3A) 277 3500
H(3B) 390 3533

H(3C) 548 2102
H(@4A) 3295 5608
H@4B) 2222 5671

H@4C) 1982 5811
H(5A) 4318 4707
H(5B) 4419 5642
H(5C) 5583 5140
H(®6A) 6168 4184
H(6B) 4853 4426
H(6C) 5446 2927
H(7A) 6671 2223
H(7B) 5663 1066
H(7C) 5860 2013
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s (A"2 x 1073) for
kes the form:

]

[ 25]

Uiz U12
15(2)  1(2)
21(2)  4(2)
132) 42
22(2) 1(2)
26(2) -13(2)
15(2)  -4(2)
192)  5(2)
132)  -3(2)
17(2)  -2(2)
142)  3(2)
18(2)  3(2)
192) 42
32(1)  3(1)
17(1)  -8(1)
15(1)  0(1)
21(2)  -2(2)
22(2)  12(2)
23(2)  7(1)
22(2)  13(1)
35(2) -7(2)
16(1)  0(1)
15(1)  2(1)
15(1)  -3(1)

) and isotropic
[ 25].

z U(eq)
2631 22
4893 48
4363 48
3955 48
4976 45
4084 45
4419 45
3152 47
3148 47
4091 47
-882 62
1521 62
-543 62
1769 57
2697 57
2468 57
-490 57
-996 57
-219 57




Table ii.6. Torsion angles [deq] for

0(5)-C(12)-Mo-C(8)
0(5)-C(12)-Mo-C(11)
0(5)-C(12)-Mo-C(10)
0(5)-C(12)-Mo-C(9)
0(5)-C(12)-Mo-P
O(1)-C(8)-Mo-C(12)
O(1)-C(8)-Mo-C(11)
0O(1)-C(8)-Mo-C(10)
0(1)-C(8)-Mo-C(9)
O(1)-C(8)-Mo-P
0(4)-C(11)-Mo-C(12)
0(4)-C(11)-Mo-C(8)
0(4)-C(11)-Mo-C(10)
0(4)-C(11)-Mo-C(9)
0(4)-C(11)-Mo-P
0(3)-C(10)-Mo-C(12)
0(3)-C(10)-Mo-C(8)
0(3)-C(10)-Mo-C(11)
0(3)-C(10)-Mo-C(9)
0(3)-C(10)-Mo-P
0(2)-C(9)-Mo-C(12)
0(2)-C(9)-Mo-C(8)
0(2)-C(9)-Mo-C(11)
0(2)-C(9)-Mo-C(10)
0(2)-C(9)-Mo-P
Si(2)-C(1)-P-CI(1)
Si(1)-C(1)-P-CI(1)
Si(2)-C(1)-P-CI(2)
Si(1)-C(1)-P-CI(2)
Si(2)-C(1)-P-Mo
Si(1)-C(1)-P-Mo
C(12)-Mo-P-C(1)
C(8)-Mo-P-C(1)
C(11)-Mo-P-C(1)
C(10)-Mo-P-C(1)
C(9)-Mo-P-C(1)
C(12)-Mo-P-CI(1)
C(8)-Mo-P-CI(1)
C(11)-Mo-P-CI(1)
C(10)-Mo-P-CI(1)
C(9)-Mo-P-CI(1)
C(12)-Mo-P-CI(2)
C(8)-Mo-P-CI(2)
C(11)-Mo-P-CI(2)
C(10)-Mo-P-CI(2)
C(9)-Mo-P-CI(2)
P-C(1)-Si(1)-C(2)
Si(2)-C(1)-Si(1)-C(2)
P-C(1)-Si(1)-C(4)
Si(2)-C(1)-Si(1)-C(4)
P-C(1)-Si(1)-C(3)
Si(2)-C(1)-Si(1)-C(3)
P-C(1)-Si(2)-C(5)
Si(1)-C(1)-Si(2)-C(5)
P-C(1)-Si(2)-C(7)
Si(1)-C(1)-Si(2)-C(7)
P-C(1)-Si(2)-C(6)
Si(1)-C(1)-Si(2)-C(6)
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[ 25].

56(16)
-33(16)

-121(16)

148(16)
-40(17)
-39(7)
51(7)
2(9)

-130(7)

137(7)
168(100)
80(37)

-104(37)

-61(39)
-13(37)
47(6)
6(7)
-43(6)
138(6)

-129(6)

112(17)

-159(17)

-18(21)
24(17)
-67(17)
86.9(2)
-51.87(19)
-14.3(2)

-153.06(15)
-137.60(15)

83.7(2)
78.3(15)
-17.51(17)
71.15(17)
159.23(17)

-109.90(17)
-153.4(15)

110.79(12)

-160.55(12)

-72.47(11)
18.40(12)
-44.1(15)

-139.88(12)

-51.22(12)
36.86(11)
127.72(12)

-137.6(2)

81.2(2)
100.3(2)
-40.8(2)
-20.1(3)

-161.27(19)

-60.5(3)
78.2(2)
64.3(3)

-156.93(19)

179.7(2)
-41.5(2)




li.[2-Bis(trimethylsilyl)methyl-3-phenyl-oxaphosjpane-

KP]pentacarbonylchromium(029]

(B1)
Table iii.1. Crystal data and structure refinement for [29].
Identification code GSTRO084, Gr eg820
Device Type STOE IPDS 2 T
Empirical formula C19 H25 Cr 06 P Si2
Formula weight 488.54
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P-1
Unit cell dimensions a=8.8967(6) A alpha = 86.974(5)
feo b = 10.5532(6) A beta =
88.606(5) deg.
€c=13.9398(9) A gamma =
67.430(5) deg.
Volume 1206.85(13) An3
Z, Calculated density 2, 1.344 M g/m”3
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Absorption coefficient 0.669 mm~-1
F(000) 508
Crystal size 0.25x0.10

Theta range for data collection 2.09 to 27.

Limiting indices -11<=h<=10,

Reflections collected / unique 11847 /518

Completeness to theta = 27.00 98.3 %

Absorption correction Semi-empiri

Max. and min. transmission 0.96483 and

Refinement method Full-matrix

Data / restraints / parameters 5180/12/

Goodness-of-fit on F*2 0.854

Final R indices [I>2sigma(l)] R1 =0.0586

R indices (all data) R1=0.1181

Largest diff. peak and hole 1.154 and -
Table iii.2. Atomic coordinates ( x 1074) and equi
isotropic

displacement parameters (A2 x 10"3) for

U(eq) is defined as one third of the trace

x 0.04 mm
00 deg.
-13<=k<=13, -17<=I<=17

0 [R(int) = 0.0629]

cal from equivalents
0.91912
least-squares on F~2

268

, WR2 =0.1319

, WR2 = 0.1500

0.471 e.A™-3
valent

[29].
of the orthogonalized

Uij tensor.

X y
C(1) 7778(6) 5196(5)
C(2) 8264(6) 6289(4)
C(3) 7214(7) 7294(5)
C(4) 7680(8) 8299(5)
C(5) 9150(8) 8321(5)
C(6) 10211(8) 7311(7)
C(7) 9763(7) 6281(6)
C(8) 6858(5) 3744(4)
C(9) 6883(7) 2183(6)
C(10) 6180(11) 1107(7)
C(11) 3715(7) 3729(7)
C(12) 9889(7) 4076(6)
C(13) 10403(7) 1634(5)
C(14) 8872(8) 1810(7)
C(15) 4077(6) 9059(5)
C(16) 4441(7) 8388(5)
C(17) 7141(7) 7748(5)
C(18) 5764(6) 6476(5)
C(19) 3295(7) 6990(5)
Cr 5184(1) 7414(1)
0(1) 6039(4) 5391(3)
0(2) 3380(5) 10090(3)
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z U(eq)
8587(3)  45(1)
8950(3)  40(1)
9510(3)  50(1)
9833(4)  60(2)
9614(4)  60(2)
2062(5)  73(2)
8736(4)  62(2)
7135(3)  35(1)
9119(4)  57(1)
7303(5)  92(2)
8038(4)  70(2)
6243(4)  66(2)
7585(4)  57(1)
5640(4)  83(2)
5932(3)  45(1)
7771(4)  51(1)
6566(4)  49(1)
5478(3)  43(1)
6701(3)  49(1)
6638(1)  37(1)
8736(2)  46(1)
5515(2)  56(1)



0(3) 3887(6)  9016(4) 8429(3)  72(1)

0(4) 8308(5)  7940(4) 6488(3)  66(1)
o(5) 6069(5)  5946(4) 4764(2)  56(1)
0(6) 2130(5)  6764(4) 6745(33)  72(1)
= 6510(2)  5415(1) 7561(1)  40(1)
Si(1)  5921(2)  2712(2) 7931(1)  54(1)
Si(2)  9006(2)  2789(1) 6666(1)  47(1)

Table iii.3. Bond lengths [A] and angle s [deg] for [29].

C(1)-0(1)
C(1)-C(2)
C(1)-P
C(1)-H(1A)
C(2)-C(7)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3A)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-P
C(8)-Si(2)
C(8)-Si(1)
C(8)-H(8A)
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(2)
C(14)-H(14C)
C(14)-H(14B)
C(14)-H(14A)
C(15)-0(2)
C(15)-Cr
C(16)-0(3)
C(16)-Cr
C(17)-0(4)
C(17)-Cr
C(18)-0(5)
C(18)-Cr

1.491(6)
1.493(6)
1.793(4)
1.0000
1.356(8)
1.378(7)
1.377(7)
0.9500
1.345(9)
0.9500
1.378(9)
0.9500
1.393(8)
0.9500
0.9500
1.800(4)
1.904(5)
1.907(5)
1.0000
1.841(5)
0.9800
0.9800
0.9800
1.881(6)
0.9800
0.9800
0.9800
1.848(6)
0.9800
0.9800
0.9800
1.876(7)
0.9800
0.9800
0.9800
1.849(5)
0.9800
0.9800
0.9800
1.841(5)
0.9800
0.9800
0.9800
1.157(5)
1.873(5)
1.146(6)
1.894(5)
1.133(6)
1.904(6)
1.142(5)
1.897(5)
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C(19)-0(6) 1.149(6)
C(19)-Cr 1.896(6)
Cr-P 2.3181(13
O(1)-P 1.682(3)
0(1)-C(1)-C(2) 116.0(4)
0(1)-C(1)-P 60.8(2)
C(2)-C(1)-P 124.5(3)
O(1)-C(1)-H(1A) 114.8
C(2)-C(1)-H(1A) 114.8
P-C(1)-H(1A) 114.8
C(7)-C(2)-C(3) 119.8(4)
C(7)-C(2)-C(1) 119.6(4)
C(3)-C(2)-C(1) 120.6(5)
C(4)-C(3)-C(2) 119.8(5)
C(4)-C(3)-H(3A) 120.1
C(2)-C(3)-H(3A) 120.1
C(5)-C(4)-C(3) 121.2(5)
C(5)-C(4)-H(4A) 119.4
C(3)-C(4)-H(4A) 119.4
C(4)-C(5)-C(6) 119.1(5)
C(4)-C(5)-H(5A) 120.4
C(6)-C(5)-H(5A) 120.4
C(5)-C(6)-C(7) 120.3(6)
C(5)-C(6)-H(6A) 119.9
C(7)-C(6)-H(6A) 119.9
C(2)-C(7)-C(6) 119.7(6)
C(2)-C(7)-H(7A) 120.1
C(6)-C(7)-H(7A) 120.1
P-C(8)-Si(2) 114.2(2)
P-C(8)-Si(1) 113.9(2)
Si(2)-C(8)-Si(1) 117.1(2)
P-C(8)-H(8A) 103.1
Si(2)-C(8)-H(8A) 103.1
Si(1)-C(8)-H(8A) 103.1
Si(1)-C(9)-H(9A) 109.5
Si(1)-C(9)-H(9B) 109.5
H(9A)-C(9)-H(9B) 109.5
Si(1)-C(9)-H(9C) 109.5
H(9A)-C(9)-H(9C) 109.5
H(9B)-C(9)-H(9C) 109.5
Si(1)-C(10)-H(10A) 109.5
Si(1)-C(10)-H(10B) 109.5
H(10A)-C(10)-H(10B) 109.5
Si(1)-C(10)-H(10C) 109.5
H(10A)-C(10)-H(10C) 109.5
H(10B)-C(10)-H(10C) 109.5
Si(1)-C(11)-H(11A) 109.5
Si(1)-C(11)-H(11B) 109.5
H(11A)-C(11)-H(11B) 109.5
Si(1)-C(11)-H(11C) 109.5
H(11A)-C(11)-H(11C) 109.5
H(11B)-C(11)-H(11C) 109.5
Si(2)-C(12)-H(12A) 109.5
Si(2)-C(12)-H(12B) 109.5
H(12A)-C(12)-H(12B) 109.5
Si(2)-C(12)-H(12C) 109.5
H(12A)-C(12)-H(12C) 109.5
H(12B)-C(12)-H(12C) 109.5
Si(2)-C(13)-H(13A) 109.5
Si(2)-C(13)-H(13B) 109.5
H(13A)-C(13)-H(13B) 109.5
Si(2)-C(13)-H(13C) 109.5
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H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(2)-C(14)-H(14C)
Si(2)-C(14)-H(14B)
H(14C)-C(14)-H(14B)
Si(2)-C(14)-H(14A)
H(14C)-C(14)-H(14A)
H(14B)-C(14)-H(14A)
0(2)-C(15)-Cr
0O(3)-C(16)-Cr
O(4)-C(17)-Cr
0O(5)-C(18)-Cr
0O(6)-C(19)-Cr
C(15)-Cr-C(16)
C(15)-Cr-C(19)
C(16)-Cr-C(19)
C(15)-Cr-C(18)
C(16)-Cr-C(18)
C(19)-Cr-C(18)
C(15)-Cr-C(17)
C(16)-Cr-C(17)
C(19)-Cr-C(17)
C(18)-Cr-C(17)
C(15)-Cr-P
C(16)-Cr-P
C(19)-Cr-P
C(18)-Cr-P
C(17)-Cr-P
C(1)-0(1)-P
0O(1)-P-C(1)
0O(1)-P-C(8)
C(1)-P-C(8)
O(1)-P-Cr

C(@1)-P-Cr

C(8)-P-Cr
C(9)-Si(1)-C(11)
C(9)-Si(1)-C(10)
C(11)-Si(2)-C(10)
C(9)-Si(1)-C(8)
C(11)-Si(2)-C(8)
C(10)-Si(1)-C(8)
C(14)-Si(2)-C(13)
C(14)-Si(2)-C(12)
C(13)-Si(2)-C(12)
C(14)-Si(2)-C(8)
C(13)-Si(2)-C(8)
C(12)-Si(2)-C(8)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
178.4(4)
175.2(5)
177.5(5)
177.6(4)
178.4(5)
88.1(2)
91.5(2)
87.8(2)
89.8(2)
175.8(2)
88.7(2)
90.7(2)
94.1(2)
177.2(2)
89.6(2)
177.98(16)
89.95(14)
88.15(15)
92.17(14)
89.74(14)
68.5(2)
50.7(2)
107.47(19)
108.3(2)
118.24(12)
127.73(15)
121.98(14)
111.5(3)
107.6(3)
107.6(3)
113.7(2)
108.3(2)
107.9(3)
110.3(3)
109.0(3)
107.1(3)
108.0(3)
113.5(2)
108.8(2)

Table iii.4. Anisotropic
[29].

displacement parameters (

The anisotropic displacement factor exponent ta

-2 pit2 [ W2 a*2 U1l + ...

+2hka*b*U12

uli u22 u33 uz23

C(l) 52(3) 34(2) 47(3) -5(2)
C(2) 46(3) 39(2) 36(2) -3(2)
C@3) 57(3) 57(3) 41(3) -13(2)
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A2 x 10"3) for

kes the form:

]

uUi13 Uiz

-13(2)  -13(2)
-13(2)  -16(2)
2(2)  -27(3)



C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C@12)
C(13)
C(14)
C(15)
Cc(16)
c@an
C(18)
C(19)
Cr
0o(1)
0(2)
0(3)
0(4)
0(5)
o(6)
P
Si(1)
Si(2)

69(4)
81(4)
71(3)
55(3)
37(2)
57(3)
128(7)
55(4)
44(3)
51(3)
67(4)
44(3)
63(4)
54(3)
39(3)
47(3)
42(1)
48(2)
58(2)
94(3)
54(3)
62(2)
53(3)
46(1)
55(1)
42(1)

49(3)
48(3)
89(3)
70(3)
35(2)
56(3)

73(4)

90(4)
83(4)
54(3)
92(5)
47(3)
38(3)
33(2)
45(3)
54(3)
32(1)
47(2)
45(2)
54(2)
54(2)
64(2)
85(3)
32(1)
53(1)
50(1)

61(3)
61(3)
77(3)
67(3)
36(2)
62(3)
99(5)
71(4)
66(4)
53(3)
64(4)
44(3)
46(3)
59(3)
49(3)
44(3)
36(1)
44(2)
55(2)
47(2)
97(3)
42(2)
81(3)
40(1)
60(1)
39(1)

-20(2)

3(2)

-16(3)
-25(2)

-5(2)
15(2)
-15(4)
12(3)
-1(3)
-9(2)
-36(3)
-3(2)
3(2)
-1(2)
1(2)
3(2)

-3(1)

-7(1)
13(2)

-10(2)

3(2)

-17(2)

10(2)

-4(1)

5(1)

-10(1)

Table iii.5. Hydrogen coordinates ( x 10"
displacement parameters (A2 x 10"3) for

H(1A)
H(3A)
H(4A)
H(5A)
H(6A)
H(7A)
H(8A)
H(9A)
H(9B)
H(9C)
H(10A)
H(10B)
H(10C)
H(11A)
H(11B)
H(11C)
H(12A)
H(12B)
H(12C)
H(13A)
H(13B)
H(13C)
H(14C)
H(14B)
H(14A)

8578
6170
6948
9454
11253
10504
6183
6614
8067
6481
7342
5642
5690
3238
3540
3195
9850
9256
11021
9979
10487
11481
9931
8052
8560

4236
7294
8989
9024
7317
5576
3963
2992
1748
1529
563
1356
565
3986
4562
3180
4671
4635
3594
945
2172
1173
1441
2416
1051

-10(3)
-30(3)
-7(3)
-6(2)
-9(2)
-7(3)
-8(5)
-10(3)
5(3)
-6(2)
-15(3)
-5(2)
-12(3)
-18(3)
-10(2)
-8(2)
-10(1)
-2(2)
-10(2)
-5(2)
-16(2)
-3(2)
-9(2)
-14(1)
-10(1)
-6(1)

-20(3)
-36(3)
-47(3)
-27(2)
-15(2)
-27(3)
-64(5)
-38(3)
-18(3)
-4(3)
3(3)
-17(2)
-11(2)
-17(2)
-18(2)
-15(3)
-10(1)
-20(2)
-11(2)
-4(2)
-27(2)
-23(2)
-30(2)
-13(1)
-30(1)
-6(1)

4) and isotropic

[29].
z U(eq)
8720 54
9672 60
0218 72
9838 72
8902 88
8365 75
6540 43
9504 86
9039 86
9444 86
7211 138
6676 138
7693 138
7396 104
8381 104
8394 104
6767 99
5698 99
6042 99
7825 86
8118 86
7299 86
5316 125
5188 125
5870 125




Table iii.6. Torsion angles [deg] for

O(1)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
0(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
0(2)-C(15)-Cr-C(16)
0(2)-C(15)-Cr-C(19)
0(2)-C(15)-Cr-C(18)
0(2)-C(15)-Cr-C(17)
0(2)-C(15)-Cr-P
0(3)-C(16)-Cr-C(15)
0(3)-C(16)-Cr-C(19)
0(3)-C(16)-Cr-C(18)
0(3)-C(16)-Cr-C(17)
0(3)-C(16)-Cr-P
0(6)-C(19)-Cr-C(15)
0(6)-C(19)-Cr-C(16)
0(6)-C(19)-Cr-C(18)
0(6)-C(19)-Cr-C(17)
0(6)-C(19)-Cr-P
0(5)-C(18)-Cr-C(15)
0(5)-C(18)-Cr-C(16)
0(5)-C(18)-Cr-C(19)
0(5)-C(18)-Cr-C(17)
O(5)-C(18)-Cr-P
0(4)-C(17)-Cr-C(15)
0(4)-C(17)-Cr-C(16)
O(4)-C(17)-Cr-C(19)
O(4)-C(17)-Cr-C(18)
O(4)-C(17)-Cr-P
C(2)-C(1)-0(1)-P
C(1)-0(1)-P-C(8)
C(1)-O(1)-P-Cr
C(2)-C(1)-P-O(1)
0(1)-C(1)-P-C(8)
C(2)-C(1)-P-C(8)
O(1)-C(1)-P-Cr
C(2)-C(1)-P-Cr
Si(2)-C(8)-P-O(1)
Si(1)-C(8)-P-O(1)
Si(2)-C(8)-P-C(1)
Si(1)-C(8)-P-C(1)
Si(2)-C(8)-P-Cr
Si(1)-C(8)-P-Cr
C(15)-Cr-P-O(1)
C(16)-Cr-P-O(1)
C(19)-Cr-P-O(1)
C(18)-Cr-P-O(1)
C(17)-Cr-P-O(1)
C(15)-Cr-P-C(1)
C(16)-Cr-P-C(1)
C(19)-Cr-P-C(1)
C(18)-Cr-P-C(1)
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[ 29].

-171.7(4)
-100.5(5)

9.2(6)
80.3(6)
1.2(7)

-179.6(4)

-0.1(8)
-0.5(8)
0.0(9)
-1.8(8)
179.1(5)
1.2(9)
-4(16)
84(16)
172(16)

-98(16)

4(20)
47(6)

-44(6)
-12(8)

138(6)

-133(6)
-46(16)

42(16)

-135(16)

173(100)
132(16)
-24(11)
35(13)
68(11)

-115(11)

156(11)
-67(10)

-155(10)

74(11)
23(10)
115(10)
116.7(4)
99.7(3)

-117.3(2)
-103.1(5)

-97.9(3)
159.0(4)
98.0(2)
-5.0(6)

-118.1(2)

20.1(3)
-64.6(3)
73.5(3)
100.5(2)

-121.34(18)

6(5)
14.2(2)
-73.6(2)

-162.2(2)

108.3(2)
-55(5)
-46.3(3)

-134.0(3)

137.4(3)



C(17)-Cr-P-C(1) 47.8(3)

C(15)-Cr-P-C(8) 143(5)

C(16)-Cr-P-C(8) 151.7(3)
C(19)-Cr-P-C(8) 63.9(2)
C(18)-Cr-P-C(8) -24.7(2)
C(17)-Cr-P-C(8) -114.2(2)
P-C(8)-Si(1)-C(9) -67.6(3)
Si(2)-C(8)-Si(1)-C(9) 69.2(3)
P-C(8)-Si(1)-C(11) 56.9(3)
Si(2)-C(8)-Si(1)-C(11) -166.2(3)
P-C(8)-Si(1)-C(10) 173.1(3)
Si(2)-C(8)-Si(1)-C(10) -50.0(3)
P-C(8)-Si(2)-C(14) -144.1(3)
Si(1)-C(8)-Si(2)-C(14) 79.1(3)
P-C(8)-Si(2)-C(13) 93.2(3)
Si(1)-C(8)-Si(2)-C(13) -43.5(3)
P-C(8)-Si(2)-C(12) -26.0(3)
Si(1)-C(8)-Si(2)-C(12) -162.7(2)

Iv.[2-Bis(trimethylsilyl)methyl-3-phenyl-oxaphosphne-
kP]pentacarbonylmolybdenum ([B0]

Table iv.1. Crystal data and structure refin ement for [ 30].

Identification code

e:\transfer\d\roentgen\gregl16\hauptisg\mulabs\weit er\gregl16
Empirical formula C19 H25 Mo 06 P Si2
Formula weight 532.48
Temperature 123(2) K
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Wavelength 0.71073 A

Crystal system, space group Triclinic, P-1
Unit cell dimensions a=8.8987(2) A alpha =
87.1032(12) deg.
b =10.6956(3) A beta =
88.3077(13) deg.
c =13.9288(5) A gamma =
68.9673(17) deg.
Volume 1235.70(6) AN3
Z, Calculated density 2, 1.431 M g/m”3
Absorption coefficient 0.722 mm~-1
F(000) 544
Crystal size 0.40 x 0.24 x 0.20 mm
Theta range for data collection 2.57 to 29. 11 deg.
Limiting indices -12<=h<=12, -l4<=k<=14, -19<=I<=18
Reflections collected / unique 18795/ 645 0 [R(int) = 0.0664]

Completeness to theta=29.11 97.1 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.8691 and 0.7611
Refinement method Full-matrix least-squares on F~2
Data / restraints / parameters 6450/0/ 268
Goodness-of-fit on F/2 0.886
Final R indices [I>2sigma(l)] R1=0.0377 , WR2 = 0.0549
R indices (all data) R1 =0.0715 , WR2 = 0.0606
Largest diff. peak and hole 0.505 and - 0.651 e.A"-3
Table iv.2. Atomic coordinates ( x 10"4) and equivalent isotropic
displacement parameters (A2 x 1073) for J MP [ 30] .
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X y z U(eq)
C(1) 7809(3) 5146(2) 8626(2) 26(1)
C(2) 8286(3) 6240(2) 8963(2) 26(1)
C(3) 9839(3) 6201(3) 8793(2) 45(1)
C4) 10289(4) 7229(3) 9079(2) 58(1)
C(5) 9222(4) 8291(3) 9546(2) 51(1)
C(6) 7691(4) 8321(3) 9735(2) 49(1)
C(7) 7224(3) 7295(3) 9447(2) 35(1)
C(8) 6876(2) 3700(2) 7175(2) 22(1)
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C(9) 3738(3)

C(10)  6084(4)
C(11)  6862(3)
C(12)  9870(3)
C(13)  8903(3)
C(14)  10394(3)
C(15)  7197(3)
C(16)  4267(3)
C(17)  3101(3)
C(18)  5786(3)
C(19)  3953(3)
Mo 5113(1)

O(1) 6104(2)
0(2) 8355(2)
0(3) 3699(2)
o(4) 1977(2)
o(5) 6116(2)
0(6) 3293(2)
P 6522(1)

Si(1)  5909(1)
Si(2)  9012(1)

3694(3)
1143(3)
2160(3)
4100(3)
1810(3)

1694(3)
7834(2)
8439(2)
6902(2)
6423(2)
9119(3)

7402(1)
5290(2)
8057(2)
9060(2)
6621(2)
5890(2)

10108(2)

5339(1)

2676(1)

2815(1)

Table iv.3. Bond lengths [A] and angles

C(1)-C(2)
C(1)-0(1)
C(1)-P
C(1)-H(1A)
C(2)-C(7)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3A)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-P
C(8)-Si(1)
C(8)-Si(2)
C(8)-H(8A)
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)

1.481(3)
1.482(2)
1.795(2)
1.0000
1.377(3)
1.382(3)
1.377(4)
0.9500
1.371(4)
0.9500
1.369(3)
0.9500
1.385(3)
0.9500
0.9500
1.804(2)
1.904(2)
1.911(2)
1.0000
1.856(2)
0.9800
0.9800
0.9800
1.865(3)
0.9800
0.9800
0.9800
1.855(3)
0.9800
0.9800
0.9800
1.867(2)
0.9800
0.9800
0.9800
1.853(3)
0.9800

- 226 -

8101(2) 43(1)
7312(2) 66(1)
9150(2) 43(1)
6257(2) 47(1)
5673(2) 52(1)
7619(2) 43(1)
6589(2) 31(1)
7855(2) 31(1)
6687(2) 31(1)
5402(2) 29(1)
5873(2) 28(1)
6644(1) 22(1)
8798(1) 30(1)
6531(1) 48(1)
8510(1) 49(1)
6708(1) 47(1)
4686(1) 44(1)
5461(1) 44(1)
7617(1) 23(1)
7957(1) 34(1)
6696(1) 29(1)
[deg] for [30].




C(13)-H(13B)
C(13)-H(130)
C(14)-Si(2)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(140)
C(15)-0(2)
C(15)-Mo
C(16)-0(3)
C(16)-Mo
C(17)-0(4)
C(17)-Mo
C(18)-0(5)
C(18)-Mo
C(19)-0(6)
C(19)-Mo
Mo-P

Oo(1)-P

C(2)-C(1)-0(1)
C(2)-C(1)-P
O(1)-C(1)-P
C(2)-C(1)-H(1A)
O(1)-C(1)-H(1A)
P-C(1)-H(1A)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(2)-C(7)-C(6)
C(2)-C(7)-H(7A)
C(6)-C(7)-H(7A)
P-C(8)-Si(1)
P-C(8)-Si(2)
Si(1)-C(8)-Si(2)
P-C(8)-H(8A)
Si(1)-C(8)-H(8A)
Si(2)-C(8)-H(8A)
Si(1)-C(9)-H(9A)
Si(1)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(1)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)

Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
Si(1)-C(11)-H(11A)
Si(1)-C(11)-H(11B)

0.9800

0.9800
1.865(2)

0.9800

0.9800

0.9800
1.139(2)
2.064(2)
1.150(3)
2.039(3)
1.142(3)
2.043(2)
1.151(3)
2.030(3)
1.143(3)
2.024(3)

2.4675(7)
1.6786(16

116.06(19)

123.42(18)
60.72(10)
115.1
115.1
115.1
118.9(2)
121.8(2)
119.3(2)
120.0(3)
120.0
120.0
121.0(3)
119.5
119.5
119.3(3)
120.4
120.4
120.2(3)
119.9
119.9
120.6(2)
119.7
119.7
113.33(11)
114.18(11)
118.16(11)
102.8
102.8
102.8
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(11A)-C(11)-H(11B)
Si(1)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
Si(2)-C(12)-H(12A)
Si(2)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
Si(2)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
Si(2)-C(13)-H(13A)
Si(2)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
Si(2)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(2)-C(14)-H(14A)
Si(2)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
Si(2)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
0(2)-C(15)-Mo
0O(3)-C(16)-Mo
0O(4)-C(17)-Mo
0(5)-C(18)-Mo
0(6)-C(19)-Mo
C(19)-Mo-C(18)
C(19)-Mo-C(16)
C(18)-Mo-C(16)
C(19)-Mo-C(17)
C(18)-Mo-C(17)
C(16)-Mo-C(17)
C(19)-Mo-C(15)
C(18)-Mo-C(15)
C(16)-Mo-C(15)
C(17)-Mo-C(15)
C(19)-Mo-P
C(18)-Mo-P
C(16)-Mo-P
C(17)-Mo-P
C(15)-Mo-P
C(1)-0O(1)-P
O(1)-P-C(1)
O(1)-P-C(8)
C(1)-P-C(8)
O(1)-P-Mo
C(1)-P-Mo
C(8)-P-Mo
C(11)-Si(1)-C(9)
C(11)-Si(1)-C(10)
C(9)-Si(1)-C(10)
C(11)-Si(1)-C(8)
C(9)-Si(1)-C(8)
C(10)-Si(1)-C(8)
C(13)-Si(2)-C(14)
C(13)-Si(2)-C(12)
C(14)-Si(2)-C(12)
C(13)-Si(2)-C(8)
C(14)-Si(2)-C(8)
C(12)-Si(2)-C(8)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
177.9(2)
175.8(2)
179.7(2)
177.7(2)
178.1(2)
89.58(9)
87.70(9)
175.74(10)
91.27(9)
88.95(9)
87.84(10)
90.27(9)
89.59(9)
93.70(10)
177.87(9)
178.67(7)
91.71(7)
91.03(7)
89.09(7)
89.41(7)
68.90(10)
50.37(8)
107.93(9)
108.23(11)
119.01(6)
127.92(8)
121.54(8)
110.31(12)
108.78(14)
108.25(13)
113.07(11)
107.98(10)
108.32(11)
109.14(13)
108.82(12)
108.15(12)
108.24(11)
113.26(10)
109.15(10)
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Table iv.4. Anisotropic displacement parameter

The anisotropic displacement factor exponent ta

-2 pi"2 [h~2 a*/2 U1 + ... + 2 h k a* b* U12

Uil U222 U33  U23
C) 23(1) 24(1) 282 -3(1)

C(2) 31(1) 25(1) 22(1) 1(1)

C(@3) 37(2) 55(2) 48(2) -18(2)
C(4) 55(2) 75(3) 61(2) -15(2)
C(5) 79(2) 41(2) 47(2) 32

C(6) 65(2) 33(2) 44(2) -11(2)
C(7) 39(2) 33(2) 32(2) -7(1)

Cc(@8) 23(1) 18(1) 24(1) -1(1)

C(9) 34(1) 55(2) 47(2) 12(2)
C(10) 86(2) 48(2) 84(3) -11(2)
C(11) 36(2) 39(2) 50(2) 16(1)
C(12) 30(1) 57(2) 51(2) 4(2)
C(13) 43(2) 60(2) 41(2) -19(2)
C(14) 31(1) 48(2) 38(2) -4(1)
C(15) 33(1) 20(1) 36(2) 2(1)
Cc(16) 36(1) 22(2) 31(2) 5(1)
C(17) 28(1) 29(2) 30(2) O(1)
C(18) 23(1) 30(2) 34(2) 3(1)
C(19) 26(1) 35(2) 26(2) -3(1)
Mo ~ 23(1) 19(1) 24(1)  0(1)

O(1) 31(1) 34(1) 27(0) -2(1)
0(2) 30(1) 411) 772 7(1)
O(3) 64(1) 36(1) 34(1) -6(1)
O(4) 30(1) 55(1) 58(1)  9(1)
O(5) 43(1) 55(1) 35(1) -15(1)
0O(6) 42(1) 35(1) 48(1) 14(1)
P 241) 21(1) 25(1) -2(1)

Si(1) 34(1) 29(1) 43(1) 5(1)

Si(2) 25(1) 31(1) 28(1) -3(1)

Table iv.5. Hydrogen coordinates ( x 10"4
displacement parameters (A2 x 10"3) for

H(1A)
H(3A)
H(4A)
H(5A)
H(6A)
H(7A)
H(8A)
H(9A)
H(9B)
H(9C)
H(10A)
H(10B)

8611
10598
11355

9541

6946

6162

6217

3251

3621

3198

7222
5612

4221
5465
7202
8999
9047
7320
3908
3962
4497
3162
577
1403
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s (A"2 x 10"3) for
kes the form:

]

[ 30].

U3 U2
4(1)  -4(1)
-8(1) -10(1)
1(1) -20(2)
2(2) -44(2)
27(2)  -39(2)
-12(2)  -10(2)
5(1)  -12(1)
6(1)  -6(1)
-4(1)  -25(1)
6(2) -47(2)
2(1)  -13(1)
9(1) -13(1)
4(1)  -4(2)
o(1) -1(1)
5(1)  -6(1)
5(1)  -6(1)
1(1)  -3(1)
-4(1)  -10(1)
1(1)  -15(1)
3(1)  -6(1)
2(1)  -15(1)
7(1)  -18(1)
o1) -1(1)
-3(1)  -20(1)
41) -18(1)
5(1)  -7(1)
(1) -9(1)
2(1)  -17(1)
2(1)  -4(1)

) and isotropic

[30].
z U(eq)
8747 31
8479 54
8951 69
9736 61
0066 59
9585 42
6578 26
7466 65
8451 65
8461 65
7247 100
6672 100



H(10C) 5509
H(11A) 6609
H(11B) 8031
H(11C) 6449
H(12A) 9862
H(12B) 9219
H(12C) 10979
H(13A) 8064
H(13B) 8646
H(13C) 9943
H(14A) 10025
H(14B) 10397
H(14C) 11486

643
2948
1746
1512
4677
4645
3651
2363
1033
1502
957
2207
1328

7677
9540
9066
9474
6782
5727
6030
5231
5914
5333
7812
8181
7348

100
64
64
64
71
71
71
77
77
77
64
64
64

Table iv.6. Torsion angles [deg] for

[30].

O(1)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
0(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
0(6)-C(19)-Mo-C(18)
0(6)-C(19)-Mo-C(16)
0(6)-C(19)-Mo-C(17)
0(6)-C(19)-Mo-C(15)
0(6)-C(19)-Mo-P
0(5)-C(18)-Mo-C(19)
0(5)-C(18)-Mo-C(16)
0(5)-C(18)-Mo-C(17)
0(5)-C(18)-Mo-C(15)
0(5)-C(18)-Mo-P
0(3)-C(16)-Mo-C(19)
0(3)-C(16)-Mo-C(18)
0(3)-C(16)-Mo-C(17)
0(3)-C(16)-Mo-C(15)
0(3)-C(16)-Mo-P
0(4)-C(17)-Mo-C(19)
0(4)-C(17)-Mo-C(18)
0O(4)-C(17)-Mo-C(16)
0(4)-C(17)-Mo-C(15)
0(4)-C(17)-Mo-P
0(2)-C(15)-Mo-C(19)
0(2)-C(15)-Mo-C(18)
0(2)-C(15)-Mo-C(16)
0(2)-C(15)-Mo-C(17)
0(2)-C(15)-Mo-P
C(2)-C(1)-0(1)-P
C(1)-0(1)-P-C(8)
C(1)-0(1)-P-Mo
C(2)-C(1)-P-O(1)
C(2)-C(1)-P-C(8)
0(1)-C(1)-P-C(8)
C(2)-C(1)-P-Mo
O(1)-C(1)-P-Mo
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2.9(3)
73.7(3)

-177.5(2)
-106.7(2)

-2.1(4)
178.3(3)
1.0(5)
0.5(5)
-0.8(4)
1.8(4)

-178.6(2)

-0.4(4)

-170(6)

13(6)
101(6)
-80(6)
-4(8)
-44(5)
6(6)
47(5)

-135(5)

136(5)
42(3)
-8(4)

-49(3)
133(3)

-138(3)

77(60)
-12(60)
165(100)
-59(61)

-104(60)

-81(6)
9(6)

-168(6)

56(7)
101(6)
115.4(2)
99.14(13)

-116.95(11)
-103.5(2)

157.97(17)
-98.52(12)
-4.7(2)

98.81(10)



Si(1)-C(8)-P-O(1)

22.83(14)

Si(2)-C(8)-P-0O(1) -116.36(11)
Si(1)-C(8)-P-C(1) 76.02(13)
Si(2)-C(8)-P-C(1) -63.17(14)
Si(1)-C(8)-P-Mo -119.98(10)
Si(2)-C(8)-P-Mo 100.82(11)
C(19)-Mo-P-0O(1) 30(3)
C(18)-Mo-P-O(1) -164.63(9)
C(16)-Mo-P-O(1) 12.11(9)
C(17)-Mo-P-0O(1) -75.71(10)
C(15)-Mo-P-0O(1) 105.80(10)
C(19)-Mo-P-C(2) -31(3)
C(18)-Mo-P-C(1) 134.87(11)
C(16)-Mo-P-C(1) -48.39(11)
C(17)-Mo-P-C(1) -136.21(11)
C(15)-Mo-P-C(2) 45.30(11)
C(19)-Mo-P-C(8) 169(3)
C(18)-Mo-P-C(8) -25.75(10)
C(16)-Mo-P-C(8) 151.00(10)
C(17)-Mo-P-C(8) 63.18(10)
C(15)-Mo-P-C(8) -115.31(10)
P-C(8)-Si(1)-C(11) -68.52(15)
Si(2)-C(8)-Si(1)-C(11) 68.93(16)
P-C(8)-Si(1)-C(9) 53.81(16)
Si(2)-C(8)-Si(1)-C(9) -168.74(14)
P-C(8)-Si(1)-C(10) 170.83(14)
Si(2)-C(8)-Si(1)-C(10) -51.72(18)
P-C(8)-Si(2)-C(13) -145.65(13)
Si(1)-C(8)-Si(2)-C(13) 77.25(16)
P-C(8)-Si(2)-C(14) 93.20(15)
Si(1)-C(8)-Si(2)-C(14) -43.91(18)
P-C(8)-Si(2)-C(12) -27.34(17)
Si(1)-C(8)-Si(2)-C(12) -164.45(14)
Table iv.7. Hydrogen bonds for [ 30] [A and deg.].
D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
C(11)-H(11A)...0(1) 0.98 2.55 3.184(3) 1224
C(9)-H(9B)...0(1) 0.98 2.70 3.340(3) 123.3
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v.[2-Bis(trimethylsilyl)methyl-3-(2-methylphenyl)x@phosphirane-
kP]pentacarbonyltungsten ([B3]

o
Table v.1. Crystal data and structure refine ment for [ 33].
Identification code GSTRO072, Gr eg659
Device Type Nonius Kapp aCCD
Empirical formula C85 H120 02 4 P4 Si8 W4
Formula weight 2609.77
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P-1
Unit cell dimensions a=10.7196(4) A alpha =
70.7067(18) deg.
b =15.8421(7) A beta =
80.751(2) deg.
€c=16.9897(7) A gamma =

78.910(2) deg.
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Volume 2657.58(19) AN3

Z, Calculated density 1, 1.631 M g/m”3

Absorption coefficient 4,529 mm~-1

F(000) 1290

Crystal size 0.32x0.20 x 0.16 mm

Theta range for data collection 2.65 to 28. 00 deg.

Limiting indices -l4<=h<=14, -20<=k<=20, -22<=I<=22
Reflections collected / unique 30787 /124 69 [R(int) = 0.0599]

Completeness to theta = 28.00 97.2 %

Absorption correction Semi-empiri cal from equivalents

Max. and min. transmission 0.50588 and 0.41709

Refinement method Full-matrix least-squares on F~2

Data / restraints / parameters 12469 /4 / 602

Goodness-of-fit on FA2 0.978

Final R indices [I>2sigma(l)] R1 =0.0387 , WR2 =0.0743

R indices (all data) R1 =0.0694 , WR2 =0.0833

Largest diff. peak and hole 1.400 and - 1.692 e.A"-3
Table v.2. Atomic coordinates ( x 10™4) a nd equivalent isotropic
displacement parameters (A2 x 1073) for [33].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y z U(eq)

C(1) 3488(5) 2181(3) 8078(3) 24(1)
C(2) 4634(5) 2233(4) 8460(3) 26(1)
C(3) 4541(5) 2874(4) 8875(3) 30(2)
C4) 5653(6) 2927(4) 9187(4) 38(2)
C(5) 6781(6) 2380(5) 9101(4) 41(2)
C(6) 6846(6) 1745(4) 8709(4) 38(2)
C(7) 5768(6) 1666(4) 8390(3) 33(2)
C(8) 3315(6) 3471(4) 9007(4) 41(2)
C(9) 1855(5) 2715(4) 6703(3) 26(1)
C(10) 1799(6) 940(4) 6382(4) 35(1)
C(11) 736(6) 1106(5) 8130(3) 42(2)
C(12) -672(5) 2144(5) 6602(4) 44(2)
C(13) -177(7) 4366(5) 6148(4) 51(2)
C(14) 2141(7) 4574(4) 6824(5) 56(2)
C(15) 100(6) 3518(5) 8004(4) 47(2)
C(16) 6815(6) 3027(4) 4995(4) 34(1)
c@7) 4595(5) 2119(4) 5224(3) 33(2)
C(18) 5975(5) 3406(4) 6546(3) 28(1)
C(19) 4266(6) 3939(4) 5229(4) 34(1)
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C(20)  6323(5)  1547(4) 6435(3)  26(1)

C(21) 3085(5) 2328(4) 1355(3) 26(1)
C(22) 2319(5) 1896(4) 990(3) 29(1)
C(23) 2916(6) 1183(4) 686(3) 38(2)
C(24) 2156(8) 800(5) 335(4) 53(2)
C(25) 869(8) 1111(6) 295(4) 60(2)
C(26) 290(7) 1821(5) 587(4) 51(2)
C(27) 1019(5) 2213(5) 929(3) 38(2)
C(28) 4309(6) 837(4) 721(4) 47(2)
C(29) 4263(5) 2593(3) 2685(3) 21(1)
C(30) 4789(6) 4233(4) 1089(4) 41(2)
C(31) 5619(6) 4109(4) 2748(4) 46(2)
C(32) 2819(5) 4508(4) 2530(4) 35(1)
C(33) 6838(5) 1679(4) 3384(4) 37(1)
C(34) 6678(6) 2022(4) 1547(4) 43(2)
C(35) 5243(5) 598(4) 2862(4) 35(1)
C(36) -222(5) 1290(4) 4467(3) 30(1)
C(37) 836(5) 868(4) 2947(3) 29(1)
C(38) 1421(5) 2604(4) 4132(3) 31(1)
C(39) -144(5) 2728(4) 2870(4) 31(1)
C(40) 2450(5) 746(4) 4213(3) 24(1)
C(41) 1814(16) 5968(13) 1 0282(11) 59(5)
C(42) 1357(16) 5514(15) 9745(11)  49(4)
C(43) 88(16) 5150(13) 1 0138(9) 52(6)
C(44) -380(20)  4687(18) 9617(13) 57(5)
C(45) -1650(18) 4359(17) 1 0006(14)  70(7)
0(1) 3657(3) 1425(2) 7717(2) 28(1)
0(2) 7679(4) 3170(3) 4515(3) 43(1)
0(®3) 4199(4) 1755(3) 4852(2) 46(1)
0(4) 6367(4) 3766(3) 6916(3) 42(1)
0(5) 3685(5) 4589(3) 4837(3) 56(1)
0(6) 6881(4) 852(3) 6729(2) 34(1)
o(7) 2403(4) 3150(2) 1556(2) 31(1)
0(8) -979(4) 1037(3) 5000(3) 46(1)
0(9) 636(4) 382(3) 2640(3) 43(1)
0(10) 1515(4) 3081(3) 4498(2) 42(1)
0(11) -855(4) 3298(3) 2503(3) 47(1)
0(12) 3139(4) 182(3) 4606(2) 36(1)
P(2) 2831(1) 2336(1) 2430(1) 22(1)
P(1) 3493(1) 2417(1) 6963(1) 23(1)
Si(1) 938(1) 1718(1) 6977(1) 28(1)
Si(2) 981(2) 3781(1) 6936(1) 33(1)
Si(3) 4370(2) 3860(1) 2245(1) 26(1)
Si(4) 5748(1) 1738(1) 2606(1) 27(1)
W(1) 5291(1) 2765(1) 5869(1) 24(1)
W(2) 1157(1) 1743(1) 3535(1) 22(1)
Table v.3. Bond lengths [A] and angles [deg] for [33].

C(1)-0(1) 1.486(6)

C(1)-C(2) 1.505(7)

C(1)-P(2) 1.805(5)

C(1)-H(1A) 1.0000

C(2)-C(7) 1.380(8)

C(2)-C(3) 1.397(7)

C(3)-C(4) 1.407(7)

C(3)-C(8) 1.497(8)

C(4)-C(5) 1.364(9)

C(4)-H(4A) 0.9500

C(5)-C(6) 1.363(8)

C(5)-H(5A) 0.9500
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C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-P(1)
C(9)-Si(2)
C(9)-Si(1)
C(9)-H(9A)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(1)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(2)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-Si(2)
C(15)-H(15C)
C(15)-H(15B)
C(15)-H(15A)
C(16)-0(2)
C(16)-W(1)
C(17)-0(3)
C(17)-W(1)
C(18)-0(4)
C(18)-W(1)
C(19)-0(5)
C(19)-W(1)
C(20)-0(6)
C(20)-W(1)
C(21)-C(22)
C(21)-0(7)
C(21)-P(2)
C(21)-H(21A)
C(22)-C(27)
C(22)-C(23)
C(23)-C(24)
C(23)-C(28)
C(24)-C(25)
C(24)-H(24A)
C(25)-C(26)
C(25)-H(25A)
C(26)-C(27)
C(26)-H(26A)
C(27)-H(27A)
C(28)-H(28A)
C(28)-H(28B)
C(28)-H(28C)
C(29)-P(2)

1.396(7)
0.9500
0.9500
0.9800
0.9800
0.9800

1.815(5)

1.897(6)

1.909(5)
1.0000

1.864(6)
0.9800
0.9800
0.9800

1.874(6)
0.9800
0.9800
0.9800

1.861(6)
0.9800
0.9800
0.9800

1.861(6)
0.9800
0.9800
0.9800

1.879(6)
0.9800
0.9800
0.9800

1.860(6)
0.9800
0.9800
0.9800

1.135(7)

2.030(6)

1.156(6)

2.025(6)

1.146(6)

2.054(5)

1.151(7)

2.028(7)

1.140(6)

2.040(6)

1.480(7)

1.482(6)

1.807(5)
1.0000

1.395(8)
1.396(8)
1.404(8)
1.492(9)
1.378(11)
0.9500
1.377(11)
0.9500
1.382(8)
0.9500
0.9500
0.9800
0.9800
0.9800
1.810(5)
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C(29)-Si(4)
C(29)-Si(3)
C(29)-H(29A)
C(30)-Si(3)
C(30)-H(30A)
C(30)-H(30B)
C(30)-H(30C)
C(31)-Si(3)
C(31)-H(31A)
C(31)-H(31B)
C(31)-H(31C)
C(32)-Si(3)
C(32)-H(32A)
C(32)-H(32B)
C(32)-H(32C)
C(33)-Si(4)
C(33)-H(33A)
C(33)-H(33B)
C(33)-H(33C)
C(34)-Si(4)
C(34)-H(34A)
C(34)-H(34B)
C(34)-H(34C)
C(35)-Si(4)
C(35)-H(35A)
C(35)-H(35B)
C(35)-H(35C)
C(36)-0(8)
C(36)-W(2)
C(37)-0(9)
C(37)-W(2)
C(38)-O(10)
C(38)-W(2)
C(39)-0(11)
C(39)-W(2)
C(40)-0(12)
C(40)-W(2)
C(41)-C(42)
C(41)-H(41A)
C(41)-H(41B)
C(41)-H(41C)
C(42)-C(43)
C(42)-H(42A)
C(42)-H(42B)
C(43)-C(44)
C(43)-H(43A)
C(43)-H(43B)
C(44)-C(45)
C(44)-H(44A)
C(44)-H(44B)
C(45)-H(45A)
C(45)-H(45B)
C(45)-H(45C)
O(1)-P(1)
o(7)-P(2)
P(2)-W(2)
P(1)-W(1)

O(1)-C(1)-C(2)
O(1)-C(2)-P(1)
C(2)-C(1)-P(1)

O(1)-C(1)-H(1A)
C(2)-C(1)-H(1A)

1.899(5)
1.916(5)
1.0000
1.860(6)
0.9800
0.9800
0.9800
1.863(5)
0.9800
0.9800
0.9800
1.863(6)
0.9800
0.9800
0.9800
1.869(5)
0.9800
0.9800
0.9800
1.870(6)
0.9800
0.9800
0.9800
1.878(6)
0.9800
0.9800
0.9800
1.134(6)
2.028(6)
1.129(6)
2.061(5)
1.152(6)
2.032(6)
1.140(7)
2.041(7)
1.141(6)
2.052(6)
1.518(14)
0.9800
0.9800
0.9800
1.543(16)
0.9900
0.9900
1.511(14)
0.9900
0.9900
1.524(17)
0.9900
0.9900
0.9800
0.9800
0.9800
1.667(4)
1.675(4)
2.4551(13
2.4597(14

114.6(4)
59.9(2)
122.2(4)
116.0

116.0
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P(1)-C(1)-H(1A)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
C(2)-C(3)-C(4)
C(2)-C(3)-C(8)
C(4)-C(3)-C(8)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(2)-C(7)-C(6)
C(2)-C(7)-H(7A)
C(6)-C(7)-H(7A)
C(3)-C(8)-H(8A)
C(3)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(3)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
P(1)-C(9)-Si(2)
P(1)-C(9)-Si(1)
Si(2)-C(9)-Si(1)
P(1)-C(9)-H(9A)
Si(2)-C(9)-H(9A)
Si(1)-C(9)-H(9A)
Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
Si(1)-C(11)-H(11A)
Si(1)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
Si(1)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
Si(1)-C(12)-H(12A)
Si(1)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
Si(1)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
Si(2)-C(13)-H(13A)
Si(2)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
Si(2)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(2)-C(14)-H(14A)
Si(2)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
Si(2)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
Si(2)-C(15)-H(15C)
Si(2)-C(15)-H(15B)

116.0
120.3(5)
120.6(5)
119.1(5)
117.1(6)
122.3(5)
120.5(5)
122.5(5)

118.8
118.8
119.5(5)
120.2
120.2
120.1(6)
119.9
119.9
120.4(5)
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5

113.7(2)
114.9(3)

117.6(3)

102.6
102.6
102.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(15C)-C(15)-H(15B)
Si(2)-C(15)-H(15A)
H(15C)-C(15)-H(15A)
H(15B)-C(15)-H(15A)
0(2)-C(16)-W(1)
0(3)-C(17)-W(1)
O(4)-C(18)-W(1)
O(5)-C(19)-W(1)
0(6)-C(20)-W(1)
C(22)-C(21)-0(7)
C(22)-C(21)-P(2)
O(7)-C(21)-P(2)
C(22)-C(21)-H(21A)
O(7)-C(21)-H(21A)
P(2)-C(21)-H(21A)
C(27)-C(22)-C(23)
C(27)-C(22)-C(21)
C(23)-C(22)-C(21)
C(22)-C(23)-C(24)
C(22)-C(23)-C(28)
C(24)-C(23)-C(28)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24A)
C(23)-C(24)-H(24A)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25A)
C(26)-C(25)-H(25A)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26A)
C(27)-C(26)-H(26A)
C(26)-C(27)-C(22)
C(26)-C(27)-H(27A)
C(22)-C(27)-H(27A)
C(23)-C(28)-H(28A)
C(23)-C(28)-H(28B)
H(28A)-C(28)-H(28B)
C(23)-C(28)-H(28C)
H(28A)-C(28)-H(28C)
H(28B)-C(28)-H(28C)
P(2)-C(29)-Si(4)
P(2)-C(29)-Si(3)
Si(4)-C(29)-Si(3)
P(2)-C(29)-H(29A)
Si(4)-C(29)-H(29A)
Si(3)-C(29)-H(29A)
Si(3)-C(30)-H(30A)
Si(3)-C(30)-H(30B)
H(30A)-C(30)-H(30B)
Si(3)-C(30)-H(30C)
H(30A)-C(30)-H(30C)
H(30B)-C(30)-H(30C)
Si(3)-C(31)-H(31A)
Si(3)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
Si(3)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)
Si(3)-C(32)-H(32A)
Si(3)-C(32)-H(32B)
H(32A)-C(32)-H(32B)
Si(3)-C(32)-H(32C)
H(32A)-C(32)-H(32C)
H(32B)-C(32)-H(32C)

109.5
109.5
109.5
109.5
179.0(5)
179.6(5)
179.2(5)
176.8(5)
177.1(4)
115.1(4)
124.5(4)
60.3(2)
115.1
115.1
115.1
120.4(5)
120.2(5)
119.4(5)
117.5(6)
122.0(5)
120.5(6)
121.4(7)
119.3
119.3
120.7(6)
119.6
119.6
118.9(7)
120.5
120.5
121.0(6)
119.5
119.5
109.5
109.5
109.5
109.5
109.5
109.5
114.5(3)
111.7(3)
119.6(2)
102.7
102.7
102.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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Si(4)-C(33)-H(33A)
Si(4)-C(33)-H(33B)
H(33A)-C(33)-H(33B)
Si(4)-C(33)-H(33C)
H(33A)-C(33)-H(33C)
H(33B)-C(33)-H(33C)
Si(4)-C(34)-H(34A)
Si(4)-C(34)-H(34B)
H(34A)-C(34)-H(34B)
Si(4)-C(34)-H(34C)
H(34A)-C(34)-H(34C)
H(34B)-C(34)-H(34C)
Si(4)-C(35)-H(35A)
Si(4)-C(35)-H(35B)
H(35A)-C(35)-H(35B)
Si(4)-C(35)-H(35C)
H(35A)-C(35)-H(35C)
H(35B)-C(35)-H(35C)
0(8)-C(36)-W(2)
0(9)-C(37)-W(2)
0(10)-C(38)-W(2)
0(11)-C(39)-W(2)
0(12)-C(40)-W(2)
C(41)-C(42)-C(43)
C(41)-C(42)-H(42A)
C(43)-C(42)-H(42A)
C(41)-C(42)-H(42B)
C(43)-C(42)-H(42B)
H(42A)-C(42)-H(42B)
C(44)-C(43)-C(42)
C(44)-C(43)-H(43A)
C(42)-C(43)-H(43A)
C(44)-C(43)-H(43B)
C(42)-C(43)-H(43B)
H(43A)-C(43)-H(43B)
C(43)-C(44)-C(45)
C(43)-C(44)-H(44A)
C(45)-C(44)-H(44A)
C(43)-C(44)-H(44B)
C(45)-C(44)-H(44B)
H(44A)-C(44)-H(44B)
C(1)-0(1)-P(1)
C(21)-0(7)-P(2)
O(7)-P(2)-C(21)
O(7)-P(2)-C(29)
C(21)-P(2)-C(29)
O(7)-P(2)-W(2)
C(21)-P(2)-W(2)
C(29)-P(2)-W(2)
O(1)-P(1)-C(1)
O(1)-P(1)-C(9)
C(1)-P(1)-C(9)
O(1)-P(1)-W(1)
C(1)-P(1)-W(1)
C(9)-P(1)-W(1)
C(12)-Si(1)-C(10)
C(12)-Si(1)-C(11)
C(10)-Si(1)-C(11)
C(12)-Si(1)-C(9)
C(10)-Si(1)-C(9)
C(11)-Si(1)-C(9)
C(15)-Si(2)-C(13)
C(15)-Si(2)-C(14)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
178.7(5)
178.2(5)
176.4(5)
177.9(5)
177.9(5)
112.0(13)
109.2
109.2
109.2
109.2
107.9
112.8(12)
109.0
109.0
109.0
109.0
107.8
111.7(14)
109.3
109.3
109.3
109.3
107.9
69.6(3)
69.5(3)
50.2(2)
107.1(2)
108.5(2)
118.93(15)
128.83(16)
120.97(17)
50.5(2)
109.6(2)
108.9(2)
118.10(15)
127.68(17)
120.96(19)
107.3(3)
108.6(3)
111.0(3)
108.7(3)
107.8(3)
113.2(2)
109.1(3)
110.1(3)
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C(13)-Si(2)-C(14)
C(15)-Si(2)-C(9)

C(13)-Si(2)-C(9)

C(14)-Si(2)-C(9)

C(30)-Si(3)-C(32)
C(30)-Si(3)-C(31)
C(32)-Si(3)-C(31)
C(30)-Si(3)-C(29)
C(32)-Si(3)-C(29)
C(31)-Si(3)-C(29)
C(33)-Si(4)-C(34)
C(33)-Si(4)-C(35)
C(34)-Si(4)-C(35)
C(33)-Si(4)-C(29)
C(34)-Si(4)-C(29)
C(35)-Si(4)-C(29)
C(17)-W(1)-C(19)
C(17)-W(1)-C(16)
C(19)-W(1)-C(16)
C(17)-W(1)-C(20)
C(19)-W(1)-C(20)
C(16)-W(1)-C(20)
C(17)-W(1)-C(18)
C(19)-W(1)-C(18)
C(16)-W(1)-C(18)
C(20)-W(1)-C(18)
C(17)-W(1)-P(1)

C(19)-W(1)-P(1)

C(16)-W(1)-P(1)

C(20)-W(1)-P(1)

C(18)-W(1)-P(1)

C(36)-W(2)-C(38)
C(36)-W(2)-C(39)
C(38)-W(2)-C(39)
C(36)-W(2)-C(40)
C(38)-W(2)-C(40)
C(39)-W(2)-C(40)
C(36)-W(2)-C(37)
C(38)-W(2)-C(37)
C(39)-W(2)-C(37)
C(40)-W(2)-C(37)
C(36)-W(2)-P(2)

C(38)-W(2)-P(2)

C(39)-W(2)-P(2)

C(40)-W(2)-P(2)

C(37)-W(2)-P(2)

107.4(3)
111.5(3)
108.6(3)
110.1(3)

110.4(3)

108.7(3)

107.4(3)

112.3(3)

109.1(2)

108.9(3)

107.4(3)

108.6(3)

109.3(3)

109.8(2)

113.2(3)

108.3(2)

89.0(2)
92.2(2)
89.9(2)
87.0(2)
175.5(2)
88.2(2)
178.8(2)
91.5(2)
89.0(2)
92.6(2)

88.71(15)

91.77(16)

178.09(17)

90.14(15)

90.15(15)

88.8(2)
91.4(2)
89.4(2)
88.0(2)
90.7(2)
179.4(2)
89.7(2)
178.4(2)
90.0(2)
90.0(2)

177.76(15)

89.02(15)

88.30(15)

92.29(14)

92.48(15)

Table v.4. Anisotropic displacement parameters
The anisotropic displacement factor exponent ta
-2 pif2[h"2 a2 U1l + ...+ 2 h ka* b* U12

(A"2 x 1073) for
kes the form:

]

[33]

Uil u22 u23

C(l) 20(3) 23(3) 293) -9(2)
C(2) 31(3) 29(3) 17(3) -4(2)
C(3) 34(3) 31(3) 24(3) -5(3)
C(4) 48(4) 41(4) 32(3) -11(3)
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U3  U12
12)  -4(2)
1(2)  -9(3)
0(3) -10(3)
-4(3)  -18(3)



C(5)
C(6)
c(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
o(1)
0(2)
0(3)
o(4)
o(5)
0(6)
o(7)
0(8)
0(9)
0(10)
0(11)
0(12)
P(2)
P(1)
Si(1)
Si(2)
Si(3)
Si(4)
W(1)
W(2)

35(4)
28(3)
37(3)
50(4)
24(3)
38(3)
41(4)
26(3)
58(5)
75(5)
48(4)
34(3)
22(3)
23(3)
31(3)
21(3)
23(3)
37(3)
50(4)
90(6)
77(6)
45(4)
30(3)
67(5)
19(3)
44(4)
44(4)
32(3)
24(3)
35(4)
29(3)
31(3)
25(3)
35(3)
25(3)
22(3)
47(10)
39(11)
69(14)
72(13)
47(11)
31(2)
35(2)
45(3)
54(3)
56(3)
30(2)
34(2)
44(3)
53(3)
59(3)
32(3)
40(3)
20(1)
21(1)
22(1)
34(1)
25(1)
21(1)
20(1)
19(1)

60(5)
52(4)
44(4)
40(4)
28(3)
31(3)
59(4)
55(4)
44(4)
23(4)
56(5)
34(4)
49(4)
33(3)
35(4)
26(3)
30(3)
34(3)
43(4)
51(5)
83(6)
85(6)
59(4)
41(4)
26(3)
37(4)
39(4)
28(3)
42(4)
44(4)
29(3)
28(3)
36(3)
31(3)
38(4)
31(3)
68(12)
67(13)
61(18)
66(13)
94(16)
23(2)
52(3)
75(3)
40(3)
46(3)
33(3)
27(2)
50(3)
41(3)
38(3)
53(3)
34(3)
26(1)
27(1)
35(1)
32(1)
24(1)
28(1)
29(1)
25(1)

34(3)
29(3)
19(3)
36(4)
29(3)
38(3)
28(3)
54(4)
44(4)
70(5)
40(4)
32(3)
25(3)
29(3)
31(3)
32(3)
27(3)
16(3)
23(3)
26(3)
35(4)
31(3)
30(3)
37(4)
19(3)
35(3)
62(5)
46(4)
42(4)
45(4)
47(4)
29(3)
26(3)
25(3)
27(3)
22(3)
67(12)
46(10)
31(16)
41(13)
90(20)
30(2)
38(2)
34(2)
40(2)
49(3)
40(2)
30(2)
39(3)
42(3)
34(2)
43(3)
34(2)
21(1)
22(1)
27(1)
31(1)
30(1)
30(1)
23(1)
23(1)

-16(3)
-7(3)
-6(3)

-19(3)

-11(3)
-13(3)
-12(3)
-20(4)
-11(3)
-19(4)
-21(3)

-6(3)
-7(3)
-11(3)
-5(3)
-12(3)
-14(3)
-3(2)
-11(3)
-15(3)
-15(4)
-18(4)
-20(3)
-22(3)
-5(2)
-4(3)
-22(4)
-17(3)
-11(3)
-15(3)
-14(3)
-6(3)
-6(3)
-5(3)
-10(3)
-11(3)
-24(9)
-26(8)
-32(9)
-29(10
-44(14
-8(2)
-9(2)

-27(2)

-17(2)
42)

-15(2)
-6(2)
-9(2)
-15(2)
-18(2)

-4(2)
-11(2)
-8(1)
-9(1)

-10(1)
-12(1)
-8(1)
-8(1)

-9(1)
-8(1)

-7(3)
-2(3)
-2(3)
-2(3)
-3(2)
-6(3)

2(3)

-8(3)
-12(4)

0(4)

-6(3)
-5(3)

7(2)
7(2)
5(3)
5(2)
3(2)
1(2)
1(3)
8(4)

-7(4)

0(3)
3(3)
9(3)
0(2)
7(3)

-3(3)

-1(3)
-4(3)
12(3)
-6(3)
-2(3)
0(2)
8(3)
4(3)
2(2)
-3(8)
-8(8)
5(12)
-5(10)

-11(12)

-3(2)
13(2)
4(2)
-6(2)
-7(3)
-3(2)
-8(2)
12(2)
-5(2)
3(2)
-5(2)
-9(2)
1(1)
-1(1)
-1(1)
-1(1)
0(1)
1(1)
1(1)
2(1)

-19(3)

-4(3)

-13(3)

-3(3)
-5(2)
-6(3)

-23(3)

-7(3)
15(4)
-7(4)
-1(4)
-9(3)

-12(3)

-9(3)
-6(3)
-7(3)
-6(3)

-14(3)
-16(3)
-34(4)
-50(5)
-31(4)
-14(3)

-9(4)
-6(2)

-11(3)
-15(3)

-3(3)
0(3)
-2(3)
1(3)

-10(3)
-12(3)
-12(3)

-6(3)
-9(3)

-22(9)

-4(9)
2(11)
-4(10)
-33(10)

-5(2)

-18(2)

-33(2)
-20(2)

1(3)
-2(2)
-4(2)
-21(2)

-22(2)
-13(2)

11(2)
2(2)
-6(1)
-5(1)
-8(1)

3(1)
-7(1)
-5(1)
-7(1)
-6(1)
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Table v.5. Hydrogen coordinates ( x 10°4)
displacement parameters (A"2 x 1073) for

H(1A)

H(4A)

H(5A)

H(6A)

H(7A)

H(8A)

H(8B)

H(8C)

H(9A)

H(10A)
H(10B)
H(10C)
H(11A)
H(11B)
H(11C)
H(12A)
H(12B)
H(12C)
H(13A)
H(13B)
H(13C)
H(14A)
H(14B)
H(14C)
H(15C)
H(15B)
H(15A)
H(21A)
H(24A)
H(25A)
H(26A)
H(27A)
H(28A)
H(28B)
H(28C)
H(29A)
H(30A)
H(30B)
H(30C)
H(31A)
H(31B)
H(31C)
H(32A)
H(32B)
H(32C)
H(33A)
H(33B)
H(33C)
H(34A)
H(34B)
H(34C)
H(35A)
H(35B)
H(35C)
H(41A)

2637
5616
7517
7627
5816
2647
3060
3434
1966
2695
1756
1397
314
1576
211
-585
-1193
-1087
-928
229
-441
2391
2901
1737
-256
687
-596
3981
2537
375
-597
630
4531
4803
4507
4085
4129
5615
4842
6463
5461
5589
2611
2143
2885
6405
7067
7615
7082
6101
7339
4426
5144
5894
1147

2301
3360
2440
1357
1218
3097
3875
3832
2911
777
1243
392
1533
835
629
2534
2490
1631
4056
4358
4994
4862
4234
5039
4082
3146
3186
2369
317
832
2037
2707
733
1283
268
2493
4117
3896
4881
3836
3856
4765
4307
4405
5155
1475
2280
1252
2556
2149
1510
668
317
212
6454
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and isotropic

[33].

z U(eq)
8394 29
9469 46
9312 49
8654 46
8123 40
9292 61
8463 61
9352 61
6076 31
6499 52
5780 52
6555 52
8430 62
8327 62
8235 62
6019 66
6954 66
6637 66
6291 77
5590 77
6147 77
6228 84
7100 84
7086 84
8131 71
8417 71
8028 71
1083 31
122 64
63 73
553 61
1127 45
1287 71
315 71
585 71
3302 26
816 61
949 61
893 61
2555 69
3358 69
2594 69
3140 52
2262 52
2339 52
3952 55
3279 55
3328 55
1457 65
1115 65
1512 65
2641 53
3472 53
2608 53
0373 88



H@41B) 2591 6221
H(41C) 2000 5521
H(42A) 2018 5007
H(42B) 1237 5954
H(43A) 208 4715
H43B)  -573 5659
H(44A) 267 4165
H(44B)  -479 5115
H(45A) -1585 4000
H(45B) -1859 3984
H@45C) -2324 4880

PP

Table v.6. Torsion angles [deg] for

O(1)-C(1)-C(2)-C(7)
P(1)-C(1)-C(2)-C(7)
O(1)-C(1)-C(2)-C(3)
P(1)-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(7)-C(2)-C(3)-C(8)
C(1)-C(2)-C(3)-C(8)
C(2)-C(3)-C(4)-C(5)
C(8)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
O(7)-C(21)-C(22)-C(27)
P(2)-C(21)-C(22)-C(27)
O(7)-C(21)-C(22)-C(23)
P(2)-C(21)-C(22)-C(23)
C(27)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-C(24)
C(27)-C(22)-C(23)-C(28)
C(21)-C(22)-C(23)-C(28)
C(22)-C(23)-C(24)-C(25)
C(28)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(22)
C(23)-C(22)-C(27)-C(26)
C(21)-C(22)-C(27)-C(26)
C(41)-C(42)-C(43)-C(44)
C(42)-C(43)-C(44)-C(45)
C(2)-C(1)-O(1)-P(1)
C(22)-C(21)-0(7)-P(2)
C(21)-0(7)-P(2)-C(29)
C(21)-0(7)-P(2)-W(2)
C(22)-C(21)-P(2)-0(7)
C(22)-C(21)-P(2)-C(29)
O(7)-C(21)-P(2)-C(29)
C(22)-C(21)-P(2)-W(2)
O(7)-C(21)-P(2)-W(2)
Si(4)-C(29)-P(2)-0(7)
Si(3)-C(29)-P(2)-0(7)
Si(4)-C(29)-P(2)-C(21)
Si(3)-C(29)-P(2)-C(21)
Si(4)-C(29)-P(2)-W(2)
Si(3)-C(29)-P(2)-W(2)
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9996
0823
9674
9183
0703
0205
9563
9047
0595
9702
9972

88
88
58
58
62
62
69
69
105
105
105

6.1(7)
-62.6(7)

-175.0(4)

116.3(5)
1.9(8)

-177.1(5)
-176.7(5)

4.4(8)
-0.4(9)
178.2(6)
-0.9(9)

0.8(9)
-2.1(8)
176.9(5)

0.7(9)
-6.0(7)
64.0(7)
172.3(5)

-117.7(5)

-1.0(8)

-179.3(5)

178.6(6)
0.4(8)
-0.3(9)

-179.9(6)

1.0(10)
-0.6(10)
-0.6(10)

1.4(9)
179.7(5)

-179.5(18)
-178(2)
-114.3(4)

116.9(4)
100.1(3)

-118.2(2)
-101.5(5)

161.3(5)
-97.1(3)
-3.6(6)
97.9(2)

-114.3(3)

25.6(3)
-61.4(3)
78.5(3)
104.9(2)

-115.1(2)



C(1)-0(1)-P(1)-C(9)
C(1)-0(1)-P(1)-W(1)
C(2)-C(1)-P(1)-0(1)
O(1)-C(1)-P(1)-C(9)
C(2)-C(1)-P(1)-C(9)
O(1)-C(1)-P(1)-W(1)
C(2)-C(1)-P(1)-W(1)
Si(2)-C(9)-P(1)-0(1)
Si(1)-C(9)-P(1)-0(1)
Si(2)-C(9)-P(1)-C(1)
Si(1)-C(9)-P(1)-C(1)
Si(2)-C(9)-P(1)-W(1)
Si(1)-C(9)-P(1)-W(1)
P(1)-C(9)-Si(1)-C(12)
Si(2)-C(9)-Si(1)-C(12)
P(1)-C(9)-Si(1)-C(10)
Si(2)-C(9)-Si(1)-C(10)
P(1)-C(9)-Si(1)-C(11)
Si(2)-C(9)-Si(1)-C(11)
P(1)-C(9)-Si(2)-C(15)
Si(1)-C(9)-Si(2)-C(15)
P(1)-C(9)-Si(2)-C(13)
Si(1)-C(9)-Si(2)-C(13)
P(1)-C(9)-Si(2)-C(14)
Si(1)-C(9)-Si(2)-C(14)
P(2)-C(29)-Si(3)-C(30)
Si(4)-C(29)-Si(3)-C(30)
P(2)-C(29)-Si(3)-C(32)
Si(4)-C(29)-Si(3)-C(32)
P(2)-C(29)-Si(3)-C(31)
Si(4)-C(29)-Si(3)-C(31)
P(2)-C(29)-Si(4)-C(33)
Si(3)-C(29)-Si(4)-C(33)
P(2)-C(29)-Si(4)-C(34)
Si(3)-C(29)-Si(4)-C(34)
P(2)-C(29)-Si(4)-C(35)
Si(3)-C(29)-Si(4)-C(35)
O(3)-C(17)-W(1)-C(19)
0(3)-C(17)-W(1)-C(16)
0(3)-C(17)-W(1)-C(20)
0(3)-C(17)-W(1)-C(18)
0(3)-C(17)-W(1)-P(1)
0(5)-C(19)-W(1)-C(17)
O(5)-C(19)-W(1)-C(16)
0(5)-C(19)-W(1)-C(20)
0(5)-C(19)-W(1)-C(18)
0(5)-C(19)-W(1)-P(1)
0(2)-C(16)-W(1)-C(17)
0(2)-C(16)-W(1)-C(19)
0(2)-C(16)-W(1)-C(20)
0(2)-C(16)-W(1)-C(18)
0(2)-C(16)-W(1)-P(1)
0(6)-C(20)-W(1)-C(17)
0(6)-C(20)-W(1)-C(19)
0(6)-C(20)-W(1)-C(16)
0(6)-C(20)-W(1)-C(18)
0(6)-C(20)-W(1)-P(1)
0(4)-C(18)-W(1)-C(17)
0(4)-C(18)-W(1)-C(19)
0(4)-C(18)-W(1)-C(16)
0(4)-C(18)-W(1)-C(20)
0(4)-C(18)-W(1)-P(1)
O(1)-P(1)-W(1)-C(17)
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-98.7(3)
117.2(2)
101.7(5)
100.2(3)

-158.1(4)

-97.7(2)
4.0(5)
116.5(3)
-23.1(4)
62.8(3)
-76.8(3)

-100.7(3)

119.7(2)

-176.2(3)

45.8(4)
-60.2(4)
161.8(3)
63.0(4)
-75.0(4)
-92.3(3)
46.1(4)
147.5(3)
-74.1(4)
30.1(4)
168.6(3)
-73.6(3)
64.1(4)
49.0(3)

-173.3(3)

165.9(3)
-56.4(4)

-149.1(3)

74.3(3)
90.8(3)
-45.8(4)
-30.6(4)

-167.2(3)

44(76)
-46(76)

-134(76)

156(69)
136(76)
-24(9)
68(9)
2(11)
157(9)

-113(9)
-137(31)

134(31)
-51(31)
42(31)
-20(35)
5(10)
-21(11)
-87(10)

-176(10)

94(10)
162(37)
-87(42)
3(42)
91(42)

-179(100)

86.5(2)



C(1)-P(1)-W(1)-C(17)
C(9)-P(1)-W(1)-C(17)
O(1)-P(1)-W(1)-C(19)
C(1)-P(1)-W(1)-C(19)
C(9)-P(1)-W(1)-C(19)
O(1)-P(1)-W(1)-C(16)
C(1)-P(1)-W(1)-C(16)
C(9)-P(1)-W(1)-C(16)
O(1)-P(1)-W(1)-C(20)
C(1)-P(1)-W(1)-C(20)
C(9)-P(1)-W(1)-C(20)
O(1)-P(1)-W(1)-C(18)
C(1)-P(1)-W(1)-C(18)
C(9)-P(1)-W(1)-C(18)
0(8)-C(36)-W(2)-C(38)
0(8)-C(36)-W(2)-C(39)
0(8)-C(36)-W(2)-C(40)
0(8)-C(36)-W(2)-C(37)
0(8)-C(36)-W(2)-P(2)
0O(10)-C(38)-W(2)-C(36)
0O(10)-C(38)-W(2)-C(39)
0O(10)-C(38)-W(2)-C(40)
0O(10)-C(38)-W(2)-C(37)
O(10)-C(38)-W(2)-P(2)
0(11)-C(39)-W(2)-C(36)
0(11)-C(39)-W(2)-C(38)
0(11)-C(39)-W(2)-C(40)
0(11)-C(39)-W(2)-C(37)
0(11)-C(39)-W(2)-P(2)
0(12)-C(40)-W(2)-C(36)
0(12)-C(40)-W(2)-C(38)
0(12)-C(40)-W(2)-C(39)
0(12)-C(40)-W(2)-C(37)
0(12)-C(40)-W(2)-P(2)
0(9)-C(37)-W(2)-C(36)
0(9)-C(37)-W(2)-C(38)
0(9)-C(37)-W(2)-C(39)
0(9)-C(37)-W(2)-C(40)
0(9)-C(37)-W(2)-P(2)
0(7)-P(2)-W(2)-C(36)
C(21)-P(2)-W(2)-C(36)
C(29)-P(2)-W(2)-C(36)
O(7)-P(2)-W(2)-C(38)
C(21)-P(2)-W(2)-C(38)
C(29)-P(2)-W(2)-C(38)
O(7)-P(2)-W(2)-C(39)
C(21)-P(2)-W(2)-C(39)
C(29)-P(2)-W(2)-C(39)
O(7)-P(2)-W(2)-C(40)
C(21)-P(2)-W(2)-C(40)
C(29)-P(2)-W(2)-C(40)
0(7)-P(2)-W(2)-C(37)
C(21)-P(2)-W(2)-C(37)
C(29)-P(2)-W(2)-C(37)

146.6(3)
-53.3(3)
175.5(2)

-124.5(3)

35.7(3)
-31(5)
29(5)

-171(5)

-0.4(2)
59.6(3)

-140.2(2)

-93.1(2)
-33.0(3)
127.2(3)
-45(24)

-134(24)

46(24)
136(24)
-52(27)
-10(9)
82(9)
-98(9)
14(15)
170(9)
111(14)
22(14)
117(21)

-159(15)

-67(14)
8(12)
97(12)
2(28)
-82(12)

-174(100)

2(18)
-21(23)
-89(18)

90(18)

-177(100)

-89(4)

-149(4)

47(4)
-96.4(2)

-156.8(3)

39.8(3)
-7.0(2)
-67.4(3)
129.3(3)
172.9(2)
112.5(3)
-50.8(2)
82.9(2)
22.5(3)

-140.8(3)
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vi. [2-Bis(trimethylsilyl)methyl-3-(2-methoxyphenyl)-aphosphirane-

kP]pentacarbonyltungsten (4]

(A1)
Table vi.1. Crystal data and structure refin ement for [ 34].
Identification code GSTR105, Gr eg982f
Device Type X8-KappaApe xll
Empirical formula C20 H27 O7 P Si2w
Formula weight 650.42
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P-1
Unit cell dimensions a=10.6733(4) A alpha =
91.152(2) deg.
b =10.8524(5) A beta =
90.391(2) deg.
c=12.3792(4) A gamma =
115.605(2) deg.
Volume 1292.62(9) A"3
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Z, Calculated density 2, 1.671 M g/m”3

Absorption coefficient 4.658 mm~"-1

F(000) 640

Crystal size 0.60 x 0.60 x 0.32 mm

Theta range for data collection 2.77 to 28. 00 deg.

Limiting indices -14<=h<=14, -9<=k<=14, -16<=I<=15
Reflections collected / unique 15331 /599 6 [R(int) = 0.0279]

Completeness to theta = 28.00 96.2 %

Absorption correction Semi-empiri cal from equivalents

Max. and min. transmission 0.3172 and 0.1665

Refinement method Full-matrix least-squares on FA2

Data / restraints / parameters 5996 /0 / 288

Goodness-of-fit on FA2 1.028

Final R indices [I>2sigma(l)] R1=0.0176 , WR2 =0.0442

R indices (all data) R1=0.0183 , WR2 = 0.0447

Largest diff. peak and hole 1.320 and - 0.919 e.A"-3
Table Vi.2. Atomic coordinates ( x 10™4) and equivalent isotropic
displacement parameters (A2 x 10"3) for [34].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y z U(eq)

C(1) 7974(2) 8281(2) 8600(2) 16(1)
C(2) 9482(2) 8763(2) 8819(2) 17(1)
C(3) 10414(2) 9926(2) 8302(2) 20(1)
C(4) 11842(2) 10409(2) 8475(2) 26(1)
C(5) 12322(2) 9703(3) 9161(2) 29(1)
C(6) 11423(2) 8570(2) 9686(2) 26(1)
C(7) 9987(2) 8088(2) 9516(2) 21(1)
C(8) 10691(3) 11650(3) 7034(3) 47(2)
C(9) 5427(2) 7020(2) 7271(1) 13(1)
C(10) 4465(2) 7514(2) 9581(2) 24(1)
C(11) 3823(2) 4635(2) 8686(2) 24(1)
C(12) 2343(2) 6215(3) 7770(2) 31(2)
C(13) 4155(2) 8242(3) 5669(2) 30(2)
C(14) 6101(3) 10144(2) 7429(2) 32(2)
C(15) 7251(2) 9057(2) 5601(2) 26(1)
C(16) 8695(2) 4233(2) 6047(2) 21(1)
c@17) 6011(2) 3755(2) 6897(2) 22(1)
C(18) 7183(2) 5699(2) 5268(2) 21(1)
C(19) 9711(2) 7126(2) 6506(2) 19(1)
C(20) 8495(2) 5003(2) 8205(2) 20(1)
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o(1) 7073(1)
0(2) 9801(2)
0(3) 9190(2)
o(4) 4975(2)
o(5) 6777(2)
o(6)  10701(2)
o(7) 8803(2)
Si(1)  4032(1)
Si(2)  5747(1)
= 6997(1)
W 7873(1)

6942(2)
10496(2)
3579(2)
2811(2)
5814(2)
8077(2)
4708(2)
6376(1)
8639(1)
6895(1)
5415(1)

Table vi.3. Bond lengths [A] and angles

C(1)-0(1)
C(1)-C(2)
C(1)-P
C(1)-H(1A)
C(2)-C(7)
C(2)-C(3)
C(3)-0(2)
C(3)-C(4)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-0(2)
C(8)-H(8C)
C(8)-H(8B)
C(8)-H(8A)
C(9)-P
C(9)-Si(2)
C(9)-Si(1)
C(9)-H(9A)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(1)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(2)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-Si(2)
C(15)-H(15C)
C(15)-H(15B)
C(15)-H(15A)

1.467(2)
1.482(2)
1.790(2)
1.0000
1.390(3)
1.396(3)
1.371(2)
1.394(3)
1.389(3)
0.9500
1.370(4)
0.9500
1.402(3)
0.9500
0.9500
1.423(3)
0.9800
0.9800
0.9800
1.8084(17
1.9047(19
1.9096(19
1.0000
1.868(2)
0.9800
0.9800
0.9800
1.862(2)
0.9800
0.9800
0.9800
1.870(2)
0.9800
0.9800
0.9800
1.871(2)
0.9800
0.9800
0.9800
1.864(2)
0.9800
0.9800
0.9800
1.866(2)
0.9800
0.9800
0.9800

- 248 -

9031(1) 17(1)
7625(1) 27(1)
5681(1) 32(1)
6957(2) 33(1)
4436(1) 34(1)
6346(1) 28(1)
9005(1) 30(1)
8347(1) 17(2)
6516(1) 17(1)
7682(1) 12(1)
6734(1) 14(1)
[deg] for [34].
)

)

)



C(16)-0(3)
C(16)-W
C(17)-0(4)
C(17)-W
C(18)-0(5)
C(18)-W
C(19)-0(6)
C(19)-W
C(20)-0(7)
C(20)-W
o(1)-P
P-W

0(1)-C(1)-C(2)
O(1)-C(1)-P
C(2)-C(1)-P
O(1)-C(1)-H(1A)
C(2)-C(1)-H(1A)
P-C(1)-H(1A)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
0(2)-C(3)-C(4)
0(2)-C(3)-C(2)
C(4)-C(3)-C(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(2)-C(7)-C(6)
C(2)-C(7)-H(7A)
C(6)-C(7)-H(7A)
0(2)-C(8)-H(8C)
0(2)-C(8)-H(8B)
H(8C)-C(8)-H(8B)
0(2)-C(8)-H(8A)
H(8C)-C(8)-H(8A)
H(8B)-C(8)-H(8A)
P-C(9)-Si(2)
P-C(9)-Si(1)
Si(2)-C(9)-Si(1)
P-C(9)-H(9A)
Si(2)-C(9)-H(9A)
Si(1)-C(9)-H(9A)
Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
Si(1)-C(11)-H(11A)
Si(1)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
Si(1)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
Si(1)-C(12)-H(12A)
Si(1)-C(12)-H(12B)

1.141(3)
2.020(2)
1.142(3)
2.040(2)
1.144(3)
2.033(2)
1.136(3)
2.063(2)
1.136(3)
2.057(2)
1.6701(13
2.4631(5)

115.50(15)
60.76(9)
123.31(14)
115.3
115.3
115.3
119.42(18)
121.97(19)
118.61(17)
125.0(2)
114.35(17)
120.67(19)
118.8(2)
120.6
120.6
121.38(19)
119.3
119.3
119.7(2)
120.1
120.1
120.0(2)
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
114.04(10)
112.18(9)
120.03(9)
102.5
102.5
102.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(12A)-C(12)-H(12B)
Si(1)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
Si(2)-C(13)-H(13A)
Si(2)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
Si(2)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(2)-C(14)-H(14A)
Si(2)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
Si(2)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
Si(2)-C(15)-H(15C)
Si(2)-C(15)-H(15B)
H(15C)-C(15)-H(15B)
Si(2)-C(15)-H(15A)
H(15C)-C(15)-H(15A)
H(15B)-C(15)-H(15A)
0(3)-C(16)-W
O(4)-C(17)-W
O(5)-C(18)-W
0(6)-C(19)-W
0(7)-C(20)-W
C(1)-0(1)-P
C(3)-0(2)-C(8)
C(11)-Si(1)-C(10)
C(11)-Si(1)-C(12)
C(10)-Si(1)-C(12)
C(11)-Si(1)-C(9)
C(10)-Si(1)-C(9)
C(12)-Si(1)-C(9)
C(14)-Si(2)-C(15)
C(14)-Si(2)-C(13)
C(15)-Si(2)-C(13)
C(14)-Si(2)-C(9)
C(15)-Si(2)-C(9)
C(13)-Si(2)-C(9)
O(1)-P-C(1)
O(1)-P-C(9)
C(1)-P-C(9)
O(1)-P-W

C(1)-P-W

C(9)-P-W
C(16)-W-C(18)
C(16)-W-C(17)
C(18)-W-C(17)
C(16)-W-C(20)
C(18)-W-C(20)
C(17)-W-C(20)
C(16)-W-C(19)
C(18)-W-C(19)
C(17)-W-C(19)
C(20)-W-C(19)
C(16)-W-P
C(18)-W-P
C(17)-W-P
C(20)-W-P
C(19)-W-P

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
178.01(18)
177.9(2)
177.8(2)
177.37(18)
176.6(2)
69.23(9)
117.45(18)
111.10(10)
108.05(11)
108.33(10)
106.16(9)
113.40(9)
109.68(9)
108.82(12)
110.11(11)
108.47(11)
113.35(10)
109.39(9)
106.59(10)
50.01(8)
107.97(8)
109.21(8)
117.24(5)
125.89(6)
123.04(6)
90.79(8)
90.81(9)
88.04(9)
87.53(8)
176.51(8)
88.93(9)
90.00(9)
89.16(9)
177.09(7)
93.90(8)
175.77(6)
93.05(6)
91.10(6)
88.73(6)
88.28(6)
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s (A"2 x 10"3) for
kes the form:

Table vi.4. Anisotropic displacement parameter [ 34]

The anisotropic displacement factor exponent ta

-2 pit2 [hA2 a*A2 U1l + ... + 2 h k a* b* U12 ]

Uil U222 U33  U23 Uiz U2
C(l) 13(1) 16(1) 17(1)  O(1) 0(1) 5(1)
C(2) 14(1) 20(1) 17(1) -7(1) (1) 7(1)
C(3) 19(1) 20(1) 21(1) -5(1) 2(1)  7(1)
C(4) 15(1) 21(1) 36(1) -8(1) 2(1)  2(1)
C(5) 14(1) 28(1) 43(1) -16(1) 7(1)  8(1)
C(6) 22(1) 28(1) 32(1) -10(1) -10(1)  15(1)
C(7) 19(1) 21(1) 23(1) -6(1) 5(1)  9(1)
C(8) 34(1) 34(2) 59(2) 22(1) 1(1)  0(1)
C(9) 12(1) 13(1) 15(1)  0(1) (1) 5(1)
C(10) 19(1) 31(1) 23(1) -4(1) 2(1)  12(1)
C(11) 20(1) 22(1) 23(1) 5(1) 2(1)  1(1)
C(12) 15(1) 49(2) 29(1) 0(1) 0(1) 14(1)
C(13) 28(1) 28(1) 35(1) 7(1) -10(1)  12(1)
Cc(14) 47(1) 22(1) 31(1) -1(1) -3(1)  19(1)
C(15) 25(1) 24(1) 28(1) 10(1) 6(1)  9(1)
C(16) 19(1) 20(1) 24(1) -1(1) 2(1)  7(1)
C(17) 22(1) 18(1) 28(1) -2(1) 2(1)  12(1)
c(18) 23(1) 18(1) 22(1) -3(1) o(1) 8(1)
C(19) 19(1) 23(1) 19(1) -5(1) 1(1)  12(1)
C(20) 16(1) 22(1) 25(1) 3(1) 1(1)  10(1)
O(1) 14(1) 21(1) 14Q1)  4(1) 1(1)  6(1)
0(2) 20(1) 22(1) 33(1) 7(1) (1) 3(1)
O(3) 36(1) 33(1) 35(1) -6(1) 3(1)  22(1)
O(4) 22(1) 21(1) 50(1)  1(1) 3(1)  3(1)
O(5) 47(1) 30(1) 24(1) -2(1) -12(1)  16(1)
o) 21(1) 24(1) 31(1) -41) 6(1)  4(1)
o(7) 31(1) 34(1) 28(1) 7(1) 3(1)  15(1)
Si(1) 10(1) 21(1) 18(1) 1(1) 1(1)  5Q1)
Si(2) 17(1) 15(1) 20(1)  3(1) 2(1)  7(0)
P 10(1) 12(1) 13(1) 1(1) 0(1) 4(1)
W 12(1)  13(1) 17(1)  O(1) o(1) 6(1)

Table vi.5. Hydrogen coordinates ( x 10"4 ) and isotropic

displacement parameters (A2 x 1073) for [34].
X y z U(eq)

H(1A) 7621 8994 8682 19
H(4A) 12475 11208 8130 32
H(5A) 13295 10013 9268 35
H(6A) 11771 8112 1 0164 31
H(7A) 9360 7302 9878 25
H(8C) 10131 11935 6560 71
H(8B) 11318 11408 6596 71
H(8A) 11239 12403 7539 71
H(9A) 5038 6294 6691 16
H(10A) 4605 8432 9377 36
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H(10B) 5317
H(10C) 3700
H(11A) 4703
H(11B) 3560
H(11C) 3097
H(12A) 2146
H(12B) 2400
H(12C) 1596
H(13A) 3464
H(13B) 3768
H(13C) 4398
H(14A) 6946
H(14B) 5315
H(14C) 6226
H(15C) 7496
H(15B) 6999
H(15A) 8048

7562
7144
4692
4049
4246
5700
7127
5732
8388
7287
8842
10355
9936
10934
9951
8358
9081

Table vi.6. Torsion angles [deg] for

0(1)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
0(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-0(2)
C(1)-C(2)-C(3)-0(2)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
0(2)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
C(2)-C(1)-0(1)-P
C(4)-C(3)-0(2)-C(8)
C(2)-C(3)-0(2)-C(8)
P-C(9)-Si(1)-C(11)
Si(2)-C(9)-Si(1)-C(11)
P-C(9)-Si(1)-C(10)
Si(2)-C(9)-Si(1)-C(10)
P-C(9)-Si(1)-C(12)
Si(2)-C(9)-Si(1)-C(12)
P-C(9)-Si(2)-C(14)
Si(1)-C(9)-Si(2)-C(14)
P-C(9)-Si(2)-C(15)
Si(1)-C(9)-Si(2)-C(15)
P-C(9)-Si(2)-C(13)
Si(1)-C(9)-Si(2)-C(13)
C(1)-0(1)-P-C(9)
C(1)-O(1)-P-W
C(2)-C(1)-P-O(1)
0(1)-C(1)-P-C(9)
C(2)-C(1)-P-C(9)
O(1)-C(1)-P-W
C(2)-C(1)-P-W
Si(2)-C(9)-P-O(1)
Si(1)-C(9)-P-O(1)
Si(2)-C(9)-P-C(1)
Si(1)-C(9)-P-C(1)
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9921
0091
8979
8032
9225
7081
7651
8276
6102
5413
5048
7858
7912
6995
5286
5023
6015

36
36
36
36
36
46
46
46
45
45
45
47
47
47
39
39
39

[34].

-9.1(3)
-79.5(2)
170.67(17)
100.2(2)
179.28(18)
-0.5(3)

0.3(3)

-179.40(19)
-178.0(2)

0.8(3)
-1.6(3)

1.3(3)
-0.7(3)
179.06(19)
-0.2(3)

-115.48(16)

1.6(3)

-177.3(2)

-52.54(12)
169.40(11)
69.72(12)
-68.35(13)

-169.03(12)

52.90(15)
-83.09(13)
54.26(14)
38.54(14)
175.89(11)
155.62(12)
-67.03(14)

-100.34(11)

115.39(8)
102.86(18)
97.71(10)

-159.44(16)

-97.50(9)
5.4(2)
115.14(10)
-25.55(12)
62.18(12)
-78.51(12)



Si(2)-C(9)-P-W
Si(1)-C(9)-P-W
0(3)-C(16)-W-C(18)
0(3)-C(16)-W-C(17)
0(3)-C(16)-W-C(20)
0(3)-C(16)-W-C(19)
0(3)-C(16)-W-P
0(5)-C(18)-W-C(16)
0(5)-C(18)-W-C(17)
0(5)-C(18)-W-C(20)
0(5)-C(18)-W-C(19)
O(5)-C(18)-W-P
O(4)-C(17)-W-C(16)
O(4)-C(17)-W-C(18)
0(4)-C(17)-W-C(20)
0(4)-C(17)-W-C(19)
0(4)-C(17)-W-P
0(7)-C(20)-W-C(16)
0(7)-C(20)-W-C(18)
0(7)-C(20)-W-C(17)
0(7)-C(20)-W-C(19)
0(7)-C(20)-W-P
0(6)-C(19)-W-C(16)
0(6)-C(19)-W-C(18)
0(6)-C(19)-W-C(17)
0(6)-C(19)-W-C(20)
0(6)-C(19)-W-P
O(1)-P-W-C(16)
C(1)-P-W-C(16)
C(9)-P-W-C(16)
O(1)-P-W-C(18)
C(1)-P-W-C(18)
C(9)-P-W-C(18)
O(1)-P-W-C(17)
C(1)-P-W-C(17)
C(9)-P-W-C(17)
O(1)-P-W-C(20)
C(1)-P-W-C(20)
C(9)-P-W-C(20)
O(1)-P-W-C(19)
C(1)-P-W-C(19)
C(9)-P-W-C(19)

-103.13(9)

116.17(8)
147(6)

-125(6)

-36(6)
58(6)
-8(7)
49(5)
-41(5)
-12(6)
139(5)

-132(5)

-40(5)
51(5)

-128(5)

66(5)
144(5)
-55(3)

6(4)

36(3)

-145(3)

127(3)
97(4)
7(4)
-9(5)

-175(4)

-86(4)
-32.6(9)
26.1(9)

-171.1(9)

172.37(9)

-128.93(10)

33.88(10)
84.28(8)
142.98(10)
-54.21(10)
-4.62(8)
54.08(10)

-143.11(10)

-98.56(8)
-39.86(10)
122.95(9)
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vil. [2-Bis(trimethylsilyl)methyl-3tert-butyl-oxaphosphirane-
kP]pentacarbonlyltungsten ([36]

Table 1. Crystal data and structure refineme nt for [ 36].
Identification code GSTRO71, Gr eg661
Device Type Nonius Kapp aCCD
Empirical formula C17 H29 06 P Si2w
Formula weight 600.40
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/n
Unit cell dimensions a = 9.5099( 3) A alpha =90 deg.
b = 18.8095(6) A beta =
91.237(2) deg.
c =13.6649 (4) A gamma = 90 deg.
Volume 2443.76(13) A"3
Z, Calculated density 4, 1.632 M g/m”3
Absorption coefficient 4,917 mm~-1
F(000) 1184
Crystal size 0.36 x 0.32 x 0.20 mm
Theta range for data collection 2.64 to 28. 00 deg.
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Limiting indices -12<=h<=12, -23<=k<=24, -18<=I<=14
Reflections collected / unique 18592 /579 6 [R(int) = 0.0518]

Completeness to theta = 28.00 98.3 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.38493 and 0.32928
Refinement method Full-matrix least-squares on FA2
Data / restraints / parameters 5796 /0 / 253
Goodness-of-fit on FA2 0.932
Final R indices [I>2sigma(l)] R1 =0.0287 , WR2 = 0.0522
R indices (all data) R1 =0.0454 , WR2 = 0.0556
Largest diff. peak and hole 0.984 and - 1.770 e.A*-3
Table vii.2. Atomic coordinates ( x 10"4) and equi valent
isotropic displacement parameters (A"2 x 10"3) for [ 36].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X y z U(eq)
C(1) -1477(3) 1830(2) 3482(2) 19(1)
C(2) -2157(4) 1236(2) 4050(3) 23(1)
C(3) -2326(4) 1507(2) 5098(3) 35(1)
C(4) -1323(4) 546(2) 4053(3) 35(1)
C(5) -3613(4) 1114(2) 3574(3) 35(1)
C(6) -457(3) 2729(2) 1979(2) 16(1)
C(7) -865(4) 3585(2) 3964(3) 25(1)
C(8) -112(4) 4344(2) 2121(3) 29(1)
C(9) 2046(3) 3362(2) 3090(3) 26(1)
C(10) -1889(4) 3347(2) 153(3) 33(1)
C(11) -3561(3) 3290(2) 2029(3) 30(2)
C(12) -2922(4) 1943(2) 916(3) 27(1)
C(13) 2457(4) 318(2) 892(3) 32(1)
C(14) 1801(4) 493(2) 2904(3) 28(1)
C(15) 667(4) 1464(2) 343(3) 26(1)
C(16) 2862(4) 1652(2) 1805(3) 30(2)
c@17) -451(4) 288(2) 1460(3) 32(2)
0(2) 30(2) 1973(1) 3723(2) 20(1)
0(2) 3202(3) -58(1) 484(2) 45(1)
0@3) 2166(3) 210(2) 3605(2) 44(1)
0@4) 410(3) 1743(2) -385(2) 39(1)
0(5) 3815(3) 2020(2) 1886(2) 49(1)
0(6) -1357(3) -107(2) 1375(2) 55(1)
P -236(1) 1857(1) 2522(1) 16(1)
Si(1) 135(1) 3493(1) 2812(1) 19(1)
Si(2) -2216(1) 2831(1) 1284(1) 21(1)
w 1198(1) 978(1) 1629(1) 19(1)
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Table vii.3. Bond lengths [A] and angle

C(1)-0(2)
C(1)-C(2)
C(1)-P
C(1)-H(1)
C(2)-C(4)
C(2)-C(3)
C(2)-C(5)
C(3)-H(3A)
C(3)-H(3B)
C(3)-H(3C)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)
C(6)-P
C(6)-Si(1)
C(6)-Si(2)
C(6)-H(6)
C(7)-Si(1)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-Si(1)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(2)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(2)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-0(2)
C(13)-W
C(14)-0(3)
C(14)-W
C(15)-0(4)
C(15)-W
C(16)-0(5)
C(16)-W
C(17)-0(6)
C(17)-W
O(1)-P

P-W

0(1)-C(1)-C(2)
O(1)-C(1)-P
C(2)-C(1)-P

1.487(4)
1.514(4)
1.784(3)
1.0000
1.520(5)
1.532(5)
1.534(5)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.811(3)
1.910(3)
1.915(3)
1.0000
1.865(3)
0.9800
0.9800
0.9800
1.870(4)
0.9800
0.9800
0.9800
1.865(3)
0.9800
0.9800
0.9800
1.858(4)
0.9800
0.9800
0.9800
1.864(3)
0.9800
0.9800
0.9800
1.866(3)
0.9800
0.9800
0.9800
1.154(4)
2.010(4)
1.144(4)
2.038(4)
1.147(4)
2.035(4)
1.144(4)
2.037(4)
1.142(4)
2.045(4)
1.669(2)
2.4804(8)

116.1(3)
60.54(14)
134.0(3)

s [deg] for

[ 36] .




O(1)-C(1)-H(1)
C(2)-C(1)-H(1)
P-C(1)-H(1)
C(1)-C(2)-C(4)
C(1)-C(2)-C(3)
C(4)-C(2)-C(3)
C(1)-C(2)-C(5)
C(4)-C(2)-C(5)
C(3)-C(2)-C(5)
C(2)-C(3)-H(3A)
C(2)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(2)-C(3)-H(3C)
H(3A)-C(3)-H(3C)
H(3B)-C(3)-H(3C)
C(2)-C(4)-H(4A)
C(2)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(2)-C(4)-H(4C)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
C(2)-C(5)-H(5A)
C(2)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(2)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
P-C(6)-Si(1)
P-C(6)-Si(2)
Si(1)-C(6)-Si(2)
P-C(6)-H(6)
Si(1)-C(6)-H(6)
Si(2)-C(6)-H(6)
Si(1)-C(7)-H(7A)
Si(1)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
Si(1)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
Si(1)-C(8)-H(8A)
Si(1)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
Si(1)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
Si(1)-C(9)-H(9A)
Si(1)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(1)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
Si(2)-C(10)-H(10A)
Si(2)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(2)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
Si(2)-C(11)-H(11A)
Si(2)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
Si(2)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)

111.4
111.4
111.4
113.8(3)
106.8(3)
110.3(3)
106.6(3)
109.8(3)
109.5(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
114.05(17)
112.71(16)
117.60(16)
103.4
103.4
103.4
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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Si(2)-C(12)-H(12A)
Si(2)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
Si(2)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
0(2)-C(13)-W
0(3)-C(14)-W
O(4)-C(15)-W
O(5)-C(16)-W
0(6)-C(17)-W
C(1)-0(1)-P
O(1)-P-C(1)
O(1)-P-C(6)
C(1)-P-C(6)
O(1)-P-W
C(1)-P-W
C(6)-P-W
C(7)-Si(1)-C(9)
C(7)-Si(1)-C(8)
C(9)-Si(1)-C(8)
C(7)-Si(1)-C(6)
C(9)-Si(1)-C(6)
C(8)-Si(1)-C(6)
C(10)-Si(2)-C(11)
C(10)-Si(2)-C(12)
C(11)-Si(2)-C(12)
C(10)-Si(2)-C(6)
C(11)-Si(2)-C(6)
C(12)-Si(2)-C(6)
C(13)-W-C(15)
C(13)-W-C(16)
C(15)-W-C(16)
C(13)-W-C(14)
C(15)-W-C(14)
C(16)-W-C(14)
C(13)-W-C(17)
C(15)-W-C(17)
C(16)-W-C(17)
C(14)-W-C(17)
C(13)-W-P
C(15)-W-P
C(16)-W-P
C(14)-W-P
C(17)-W-P

109.5
109.5
109.5
109.5
109.5
109.5
178.5(4)
178.1(3)
177.9(3)
178.2(3)
178.7(4)
68.58(16)
50.88(13)
107.29(14)
104.68(15)
119.87(9)
136.25(12)
117.58(11)
110.66(17)
106.67(16)
109.08(16)
115.06(15)
107.16(15)
108.09(16)
109.99(18)
108.00(18)
108.36(16)
107.75(15)
112.19(16)
110.47(15)
89.10(14)
88.54(15)
90.02(15)
89.54(14)
178.03(14)
88.53(15)
90.82(15)
90.70(15)
179.03(15)
90.73(15)
176.14(11)
89.81(9)
87.76(10)
91.46(10)
92.90(10)

Table vii.4. Anisotropic displacement paramete
The anisotropic displacement factor exponent ta
-2 pif2[h"2 a2 U1l + ...+ 2 hka*b*U12

U u22 u33 u23

C(1)
C(2)
C(3)
C(4)
C(5)

172)  202) 21(2) -1(2)
27(2) 172  25(2)  2(2)
48(2) 34(2) 25(2) 2(2)
43(2) 26(2) 37(2) 10(2)
29(2) 36(2) 40(3)  4(2)
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rs (A2 x 1073) for
kes the form:

]

[ 36]

Uiz  U12
42)  -1(1)
102) -2(2)
132)  -3(2)
18(2)  6(2)
92) -8(2)



C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
O(1)
0(2)
0(3)
O(4)
O(5)
O(6)
P
Si(1)
Si(2)
W

18(2)
25(2)
31(2)
22(2)
30(2)
21(2)
22(2)
44(2)
31(2)
28(2)
25(2)
44(2)
19(1)
68(2)
48(2)
43(2)
25(2)
71(2)
16(1)
18(1)
18(1)
22(1)

16(2)
23(2)
17(2)
27(2)
39(2)
34(2)
34(2)
26(2)
28(2)
28(2)
30(2)
27(2)
23(1)
34(2)
54(2)
49(2)
45(2)
46(2)
15(1)
16(1)
24(1)
15(1)

15(2)
28(2)
40(2)
29(2)
29(2)
34(2)
26(2)
25(2)
26(2)
23(2)
35(2)
24(2)
19(1)
36(2)
30(2)
24(2)
78(2)
49(2)
17(1)
23(1)
20(1)
19(1)

1(1)
-7(2)
0(2)
-8(2)
10(2)
-3(2)
-6(2)
9(2)
-2(2)
-6(2)
0(2)
-3(2)
1(1)
5(1)
11(2)
10(1)

-13(2)

-4(2)
1(2)

-1(1)
2(1)
1(1)

Table vii.5. Hydrogen coordinates ( x 10"
displacement parameters (A2 x 1073) for

H(1)
H(3A)
H(3B)
H(3C)
H(4A)
H(4B)
H(4C)
H(5A)
H(5B)
H(5C)
H(6)
H(7A)
H(7B)
H(7C)
H(8A)
H(8B)
H(8C)
H(9A)
H(9B)
H(9C)
H(10A)
H(10B)
H(10C)
H(11A)
H(11B)
H(11C)
H(12A)
H(12B)
H(12C)

-2050
-1402
-2744
-2940
-1248
-1805
-380
-4120
-4144
-3504
249
=717
-1869
-534
-1119
357
296
2387
2567
2188
-2767
-1186
-1541
-3233
-3710
-4448
-3785
-3130
-2222

2276
1636
1133
1926
371
191
632
1567
778
919
2734
3161
3636
4006
4430
4310
4737
3744
3370
2903
3391
3101
3822
3770
3021
3320
2005
1666
1691
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0(1)
2(2)
2(2)
0(2)
-5(2)
-3(2)
-1(2)
9(2)
8(2)
7(2)
6(2)
4(2)
1(1)
22(2)
8(1)
8(1)
8(2)
-4(2)
3(1)
2(1)
-1(1)
5(1)

0(1)
-1(2)
-1(2)
-5(2)
-1(2)
2(2)
-2(2)
7(2)
10(2)
5(2)
6(2)
-4(2)
-2(1)
26(2)
24(2)
13(1)
-6(1)
-33(2)
0(1)
-1(1)
-1(1)
3(1)

4) and isotropic

[36] .
z U(eq)
3502 23

5376 53

5497 53

5092 53

3381 52

4449 52

4330 52

3533 52
3971 52
2915 52
1448 19
4370 38
3805 38
4323 38
2007 43
1491 43
2502 43
3520 39
2479 39
3416 39
231 49

-237 49
328 49

2194 44
2633 44
1653 44
521 41

1503 41
531 41




Table vii.6. Torsion angles [deg] for

O(1)-C(1)-C(2)-C(4)
P-C(1)-C(2)-C(4)
0(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
0(1)-C(1)-C(2)-C(5)
P-C(1)-C(2)-C(5)
C(2)-C(1)-O(1)-P
C(1)-0(1)-P-C(6)
C(1)-0(1)-P-W
C(2)-C(1)-P-O(1)
O(1)-C(1)-P-C(6)
C(2)-C(1)-P-C(6)
O(1)-C(1)-P-W
C(2)-C(1)-P-W
Si(1)-C(6)-P-O(1)
Si(2)-C(6)-P-O(1)
Si(1)-C(6)-P-C(1)
Si(2)-C(6)-P-C(1)
Si(1)-C(6)-P-W
Si(2)-C(6)-P-W
P-C(6)-Si(1)-C(7)
Si(2)-C(6)-Si(1)-C(7)
P-C(6)-Si(1)-C(9)
Si(2)-C(6)-Si(1)-C(9)
P-C(6)-Si(1)-C(8)
Si(2)-C(6)-Si(1)-C(8)
P-C(6)-Si(2)-C(10)

Si(1)-C(6)-Si(2)-C(10)

P-C(6)-Si(2)-C(11)

Si(1)-C(6)-Si(2)-C(11)

P-C(6)-Si(2)-C(12)

Si(1)-C(6)-Si(2)-C(12)

0(2)-C(13)-W-C(15)
0(2)-C(13)-W-C(16)
0(2)-C(13)-W-C(14)
0(2)-C(13)-W-C(17)
0(2)-C(13)-W-P

0(4)-C(15)-W-C(13)
0(4)-C(15)-W-C(16)
O(4)-C(15)-W-C(14)
0(4)-C(15)-W-C(17)
O(4)-C(15)-W-P

0(5)-C(16)-W-C(13)
0(5)-C(16)-W-C(15)
0(5)-C(16)-W-C(14)
0(5)-C(16)-W-C(17)
O(5)-C(16)-W-P

0(3)-C(14)-W-C(13)
0(3)-C(14)-W-C(15)
0(3)-C(14)-W-C(16)
0(3)-C(14)-W-C(17)
0(3)-C(14)-W-P

0(6)-C(17)-W-C(13)
0(6)-C(17)-W-C(15)
0(6)-C(17)-W-C(16)
0(6)-C(17)-W-C(14)
0(6)-C(17)-W-P

O(1)-P-W-C(13)

C(1)-P-W-C(13)

C(6)-P-W-C(13)
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-50.4(4)
22.8(5)
71.4(4)
144.7(3)

-171.6(3)

-98.3(4)
127.7(3)
95.11(18)

-127.34(15)

-99.1(4)

-100.54(17)

160.4(3)
94.52(18)
-4.6(4)
15.1(2)

-122.37(16)

68.1(2)
-69.4(2)

-123.58(13)

98.95(15)
-62.8(2)
72.4(2)
60.7(2)

-164.07(18)

178.09(17)
-46.6(2)

-140.33(19)

83.8(2)
98.5(2)
-37.4(2)
-22.6(2)

-158.41(18)

130(13)
40(12)
-48(12)

-139(12)

57(13)
-60(9)
28(9)
-14(12)

-151(9)

116(9)

12(12)
77(12)
102(12)
61(17)

-167(12)

8(11)
-39(14)
-81(11)

98(11)

-169(11)

61(17)
150(17)
12(22)

-29(17)
-120(17)
-87.7(17)
-150.8(17)

45.7(17)



O(1)-P-W-C(15) -161.26(14)

C(1)-P-W-C(15) 135.63(19)
C(6)-P-W-C(15) -27.89(16)
O(1)-P-W-C(16) -71.23(15)
C(1)-P-W-C(16) -134.3(2)

C(6)-P-W-C(16) 62.13(16)
O(1)-P-W-C(14) 17.24(14)
C(1)-P-W-C(14) -45.9(2)

C(6)-P-W-C(14) 150.60(16)
O(1)-P-W-C(17) 108.05(14)
C(1)-P-W-C(17) 44.9(2)

C(6)-P-W-C(17) -118.59(16)

viii. [2-Bis(trimethylsilyl)methyl-3-dimethyl-oxaposphirane-
kP]pentacarbonyltungsten ([32]

(A1)

Table viii.1. Crystal data and structure ref inement for [42].
Identification code GSTR100, Gr eg954

Device Type X8-KappaApe xIl

Empirical formula C15 H25 06 P Si2w

Formula weight 572.35
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Temperature 100(2) K

Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/n
Unit cell dimensions a=10.8795 (3) A alpha =90 deg.
b = 18.9957(5) A beta =
108.1870(10) deg.
c=11.2893 (4) A gamma = 90 deg.
Volume 2216.53(12) A3
Z, Calculated density 4, 1.715M g/m”3
Absorption coefficient 5.416 mm~-1
F(000) 1120
Crystal size 0.56 x 0.44 x 0.44 mm
Theta range for data collection 2.86 to 28. 00 deg.
Limiting indices -14<=h<=14, -24<=k<=25, -14<=|<=14
Reflections collected / unique 100210 / 53 36 [R(int) = 0.0845]

Completeness to theta = 28.00 99.8 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.25339 and 0.12202
Refinement method Full-matrix least-squares on F~2
Data / restraints / parameters 5336 /0 / 234
Goodness-of-fit on F/2 1.100
Final R indices [I>2sigma(l)] R1=0.0179 , WR2 =0.0412
R indices (all data) R1 =0.0197 , WR2 =0.0416
Largest diff. peak and hole 0.710 and - 1.497 e.A™-3
Table viii.2. Atomic coordinates ( x 10"4) and equ ivalent
isotropic displacement parameters (A*2 x 10"3) for [42].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X y z U(eq)
C(1) 2374(2) 2573(1) 3390(2) 17(1)
C(2) 1725(2) 2965(1) 4196(2) 22(1)
C(3) 2161(2) 2897(1) 2131(2) 24(1)
C4) 3216(2) 1226(1) 2475(2) 14(1)
C(5) 236(2) 1280(1) 1314(2) 25(1)
C(6) 1841(2) 117(2) 616(2) 25(1)
C(7) 1850(2) 1582(1) -397(2) 29(1)
C(8) 6104(2) 1350(1) 3854(2) 23(1)
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C(9) 5200(2)  750(1) 1231(2)  27(1)
C(10)  4983(2)  2318(1) 1635(2)  26(1)
C(11)  2000(2)  362(1) 6701(2)  23(1)
C(12) 555(2)  1294(1) 4767(2)  20(1)
C(13)  1888(2)  112(1) 4212(2)  19(1)

C(14)  4313(2)  614(1) 5972(2)  19(1)
C(15)  3029(2)  1758(1) 6643(2)  19(1)
o(1) 3756(1)  2404(1) 4076(1)  17(1)
0(2) 1722(2) 30(1) 7421(2)  35(1)
0(3) -493(1)  1466(1) 4391(2)  32(1)
0(4) 1557(1)  -364(1) 3573(1)  28(1)
o(5) 5365(1)  432(1) 6319(1)  26(1)
0(6) 3391(1)  2195(1) 7356(1)  30(1)
Si(1)  1783(1)  1072(1) 998(1)  17(1)
Si(2)  4861(1)  1430(1) 2291(1)  17(1)
= 2864(1)  1674(1) 3739(1)  13(1)
W 2440(1)  949(1) 5398(1)  14(1)

Table viii.3. Bond lengths [A] and angl es [deq] for [42].

C(1)-0(1) 1.495(2)
C(1)-C(3) 1.499(3)

C(1)-C(2) 1.511(3)

C(1)-P 1.7949(18 )
C(2)-H(2A) 0.9800

C(2)-H(2B) 0.9800

C(2)-H(2C) 0.9800

C(3)-H(3C) 0.9800

C(3)-H(3B) 0.9800

C(3)-H(3A) 0.9800

C(4)-P 1.8023(18 )
C(4)-Si(2) 1.9046(18 )
C(4)-Si(1) 1.9164(18 )
C(4)-H(4A) 1.0000

C(5)-Si(1) 1.868(2)

C(5)-H(5A) 0.9800

C(5)-H(5B) 0.9800

C(5)-H(5C) 0.9800

C(6)-Si(1) 1.869(2)

C(6)-H(6A) 0.9800

C(6)-H(6B) 0.9800

C(6)-H(6C) 0.9800

C(7)-Si(1) 1.870(2)

C(7)-H(7A) 0.9800

C(7)-H(7B) 0.9800

C(7)-H(7C) 0.9800

C(8)-Si(2) 1.864(2)

C(8)-H(8A) 0.9800

C(8)-H(8B) 0.9800

C(8)-H(8C) 0.9800

C(9)-Si(2) 1.874(2)

C(9)-H(9A) 0.9800

C(9)-H(9B) 0.9800

C(9)-H(9C) 0.9800

C(10)-Si(2) 1.864(2)

C(10)-H(10C) 0.9800

C(10)-H(10B) 0.9800

C(10)-H(10A) 0.9800

C(11)-0(2) 1.143(2)

C(11)-W 2.019(2)

C(12)-0(3) 1.133(2)
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C(12)-W
C(13)-0(4)
C(13)-W
C(14)-0(5)
C(14)-W
C(15)-0(6)
C(15)-W
O(1)-P
P-W

O(1)-C(1)-C(3)
O(1)-C(1)-C(2)
C(3)-C(1)-C(2)
0O(1)-C(1)-P
C(3)-C(1)-P
C(2)-C(1)-P
C(1)-C(2)-H(2A)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(1)-C(2)-H(2C)
H(2A)-C(2)-H(2C)
H(2B)-C(2)-H(2C)
C(1)-C(3)-H(3C)
C(1)-C(3)-H(3B)
H(3C)-C(3)-H(3B)
C(1)-C(3)-H(3A)
H(3C)-C(3)-H(3A)
H(3B)-C(3)-H(3A)
P-C(4)-Si(2)
P-C(4)-Si(1)
Si(2)-C(4)-Si(1)
P-C(4)-H(4A)
Si(2)-C(4)-H(4A)
Si(1)-C(4)-H(4A)
Si(1)-C(5)-H(5A)
Si(1)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
Si(1)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
Si(1)-C(6)-H(6A)
Si(1)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
Si(1)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
Si(1)-C(7)-H(7A)
Si(1)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
Si(1)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
Si(2)-C(8)-H(8A)
Si(2)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
Si(2)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
Si(2)-C(9)-H(9A)
Si(2)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(2)-C(9)-H(9C)
H(9A)-C(9)-H(9C)

2.0576(19
1.142(2)
2.045(2)
1.142(2)
2.0380(18
1.137(2)
2.045(2)
1.6672(13
2.4805(5)

114.35(15)
112.15(15)
113.93(15)
60.08(8)
123.10(14)
119.94(14)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
115.46(9)
116.41(9)
118.27(9)
100.6
100.6
100.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(9B)-C(9)-H(9C) 109.5

Si(2)-C(10)-H(10C) 109.5
Si(2)-C(10)-H(10B) 109.5
H(10C)-C(10)-H(10B) 109.5
Si(2)-C(10)-H(10A) 109.5

H(10C)-C(10)-H(10A) 109.5
H(10B)-C(10)-H(10A) 109.5

0(2)-C(11)-W 178.42(18)

0(3)-C(12)-w 177.69(17)

0(4)-C(13)-W 177.76(16)

0O(5)-C(14)-W 178.49(17)

0(6)-C(15)-W 177.78(16)

C(1)-0(1)-P 68.92(9)

C(5)-Si(1)-C(6) 110.30(10)

C(5)-Si(1)-C(7) 109.02(10)

C(6)-Si(1)-C(7) 107.11(10)

C(5)-Si(1)-C(4) 109.78(9)

C(6)-Si(1)-C(4) 105.81(8)

C(7)-Si(1)-C(4) 114.72(9)

C(8)-Si(2)-C(10) 109.25(10)

C(8)-Si(2)-C(9) 108.61(10)

C(10)-Si(2)-C(9) 108.49(10)

C(8)-Si(2)-C(4) 108.01(8)

C(10)-Si(2)-C(4) 114.36(9)

C(9)-Si(2)-C(4) 107.98(9)

O(1)-P-C(1) 51.00(7)

O(1)-P-C(4) 108.69(7)

C(1)-P-C(4) 113.35(8)

O(1)-P-W 121.41(5)

C(1)-P-wW 125.55(6)

C(4)-P-W 118.15(6)

C(11)-W-C(14) 92.11(8)

C(11)-W-C(15) 90.52(8)

C(14)-W-C(15) 87.06(7)

C(11)-W-C(13) 87.68(8)

C(14)-W-C(13) 91.43(7)

C(15)-W-C(13) 177.61(7)

C(11)-W-C(12) 89.45(8)

C(14)-W-C(12) 178.27(7)

C(15)-W-C(12) 93.66(7)

C(13)-W-C(12) 87.90(7)

C(11)-w-pP 177.11(6)

C(14)-W-P 90.62(5)

C(15)-W-P 90.56(5)

C(13)-W-P 91.31(5)

C(12)-w-pP 87.80(6)

Table viii.4. Anisotropic displacement parameters (A"2 x 1073) for
[42]
The anisotropic displacement factor exponent ta kes the form:
-2 pif2[h"2 a2 U1l + ...+ 2 hka* b* U12 ]
ull u22 U33 u23 U13 U1z

C(1) 17(1) 14(1)) 19(1) -1(1) 51) -1(1)
C(2) 24(1) 18(1) 24(1) -2(1) 9(1) 3(1)
C(3) 33(1) 17(1) 24(1) 4(1) 11(2) 2(1)
C@) 16(1) 12(1) 14(1) -1(1) 5(1) 0(1)
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C(5) 18(1) 25(1) 28(1) -5(1) 1(1)  0(1)

C(6) 29(1) 21(1) 24(1) -6(1) 5(1) -3(1)
C(7) 40(1) 27(1) 17(1) 1(1) 4(2) 1(1)
C(8) 16(1) 27(1) 26(1) -2(1) 6(1) -2(1)
C(9) 30(1) 30(1) 27(1) -5(1) 16(1) 2(1)
C(10) 27(1) 28(1) 27(1) 0(1) 14(1) -8(1)
C(11) 23(1) 27(1) 21(1) 2(1) 10(1) 1(1)
C(12) 20(1) 20(1) 21(1) -4 8(1) -1(1)
C(13) 17(1) 19(1) 22(1) 6(1) 9(1) 2(1)
C(14) 22(1) 17(1) 19(1) 2(1) 9(1) 1(1)
C(15) 15(1) 23(1) 20(1) 3(1) 5(1) 4(1)
O(1) 16(1) 16(1) 21(1) -3(1) 6(1) -2(1)
O(2) 42(1) 38(1) 331 12(1) 21(1) -1
O(3) 18(1) 36(1) 40(1) -9(1) 7(1) 3(1)
O@4) 31(1) 21(1) 30(1) -5(1) 9(1) -2(1)
O() 19(1) 27(1) 33(1) 6(1) 7(1) 5(1)
o) 27(1) 33(1) 26(1) -9(1) 3(1)  -1(2)
Si(1) 19(1) 16(1) 141 -1(1) 2(1) 0(1)
Si(2) 17(1) 20(1) 18(1) -2(1) 9(1) -2(1)
P 12(1) 13(1) 13(1) 0(1) 4(1) 0(1)
w 13(1) 15(1) 142 1(1) 6(1) 1(1)
Table viii.5. Hydrogen coordinates ( x 10 ") and isotropic
displacement parameters (A2 x 10"3) for [42].
X y z U(eq)
H(2A) 784 2930 3827 33
H(2B) 1983 3461 4251 33
H(2C) 1987 2758 5033 33
H(3C) 2563 2601 1643 36
H(3B) 2550 3367 2229 36
H(3A) 1231 2934 1697 36
H(4A) 3366 737 2816 17
H(5A) 267 1763 1625 38
H(5B) 117 953 1942 38
H(5C) -489 1232 543 38
H(6A) 1699 -168 1284 38
H(6B) 2690 6 534 38
H(6C) 1166 14 -171 38
H(7A) 2674 1489 -549 44
H(7B) 1776 2086 -247 44
H(7C) 1134 1437 - 1127 44
H(8A) 6084 872 4176 35
H(8B) 5918 1690 4428 35
H(8C) 6962 1444 3780 35
H(9A) 4598 811 387 41
H(9B) 5089 279 1537 41
H(9C) 6090 804 1214 41
H(10C) 5842 2376 1540 39
H(10B) 4849 2680 2200 39
H(10A) 4321 2365 819 39
Table viii.6. Torsion angles [deg] for [42].
C(3)-C(1)-0O(1)-P -115.54(15)
C(2)-C(1)-0O(1)-P 112.80(15)

- 266 -



P-C(4)-Si(1)-C(5)
Si(2)-C(4)-Si(1)-C(5)
P-C(4)-Si(1)-C(6)
Si(2)-C(4)-Si(1)-C(6)
P-C(4)-Si(1)-C(7)
Si(2)-C(4)-Si(1)-C(7)
P-C(4)-Si(2)-C(8)
Si(1)-C(4)-Si(2)-C(8)
P-C(4)-Si(2)-C(10)
Si(1)-C(4)-Si(2)-C(10)
P-C(4)-Si(2)-C(9)
Si(1)-C(4)-Si(2)-C(9)
C(1)-0(1)-P-C(4)
C(1)-0(1)-P-W
C(3)-C(1)-P-O(1)
C(2)-C(1)-P-O(1)
O(1)-C(1)-P-C(4)
C(3)-C(1)-P-C(4)
C(2)-C(1)-P-C(4)
O(1)-C(1)-P-W
C(3)-C(1)-P-W
C(2)-C(1)-P-W
Si(2)-C(4)-P-O(1)
Si(1)-C(4)-P-O(1)
Si(2)-C(4)-P-C(1)
Si(1)-C(4)-P-C(1)
Si(2)-C(4)-P-W
Si(1)-C(4)-P-W
0(2)-C(11)-W-C(14)
0(2)-C(11)-W-C(15)
0(2)-C(11)-W-C(13)
0(2)-C(11)-W-C(12)
0(2)-C(11)-W-P
0(5)-C(14)-W-C(11)
0(5)-C(14)-W-C(15)
0(5)-C(14)-W-C(13)
0(5)-C(14)-W-C(12)
0(5)-C(14)-W-P
0(6)-C(15)-W-C(11)
0(6)-C(15)-W-C(14)
0(6)-C(15)-W-C(13)
0(6)-C(15)-W-C(12)
0(6)-C(15)-W-P
0(4)-C(13)-W-C(11)
0(4)-C(13)-W-C(14)
0(4)-C(13)-W-C(15)
0(4)-C(13)-W-C(12)
0(4)-C(13)-W-P
0(3)-C(12)-W-C(11)
0(3)-C(12)-W-C(14)
0(3)-C(12)-W-C(15)
0(3)-C(12)-W-C(13)
0(3)-C(12)-W-P
O(1)-P-W-C(11)
C(1)-P-W-C(11)
C(4)-P-W-C(11)
O(1)-P-W-C(14)
C(1)-P-W-C(14)
C(4)-P-W-C(14)
O(1)-P-W-C(15)
C(1)-P-W-C(15)
C(4)-P-W-C(15)
O(1)-P-W-C(13)
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-10.66(13)

-154.96(10)
-129.67(11)

86.03(12)
112.48(12)
-31.81(14)
48.09(12)

-167.28(10)

-73.76(12)
70.86(12)
165.38(10)
-50.00(13)
105.33(10)

-112.46(9)

101.11(18)
-99.81(16)
-95.72(10)
5.39(18)
164.47(14)
104.22(8)

-154.67(13)

4.41(17)
23.97(12)

-121.33(9)

78.69(11)
-66.61(12)

-119.66(8)

95.04(9)

-154(7)

119(7)
-62(7)
26(7)
8(8)
-62(7)
29(7)

-149(7)

143(6)
119(7)
70(5)
-22(5)
29(6)
159(5)

-113(5)

21(4)
113(4)
62(5)
-69(4)

-156(4)

-91(5)
64(6)
178(100)
-4(5)
88(5)
127.5(12)
65.5(12)
-93.7(12)
-71.48(8)

-133.45(9)

67.36(8)
15.59(7)
-46.38(9)
154.42(8)

-162.93(7)



C(1)-P-W-C(13) 135.10(9)

C(4)-P-W-C(13) -24.09(8)
O(1)-P-W-C(12) 109.23(8)
C(1)-P-W-C(12) 47.26(9)
C(4)-P-W-C(12) -111.94(8)

ix.[2-Bis(trimethylsilyl)methyl-3-diphenyl-oxaphobpane-

kP]pentacarbonyltungsten (G)1]

(A1)
Table ix.1. Crystal data and structure refin ement for [41].
Identification code Gregl1216q, GSTR145
Device Type Bruker X8-K appaApex Il
Empirical formula C25 H29 06 P Si2w
Formula weight 696.48
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Temperature 100(2) K
Wavelength 0.71073 A

Crystal system, space group Orthorhombi

Unit cell dimensions a =53.5138
b =21.2300
¢ =10.0069
Volume 11368.8(6)
Z, Calculated density 16, 1.628
Absorption coefficient 4.240 mm~-1
F(000) 5504
Crystal size 0.48 x 0.22

Theta range for data collection 3.49 to 28.
Limiting indices -70<=h<=60,
Reflections collected / unique 23349 /547
Completeness to theta = 28.00 99.7 %
Absorption correction Semi-empiri
Refinement method Full-matrix
Data / restraints / parameters 5472 /32 /
Goodness-of-fit on F/2 0.982
Final R indices [I>2sigma(l)] R1=0.0174
R indices (all data) R1 =0.0189
Absolute structure parameter  0.997(5)
Largest diff. peak and hole 0.574 and -
Table ix.2. Atomic coordinates ( x 10"4)
displacement parameters (A"2 x 1073) for

U(eq) is defined as one third of the trace
Uij tensor.

C(l)  -1808(1) -5807(1)
C(2)  -1931(1) -6276(1)
C(3)  -2187(1) -6295(1)
C(4)  -2300(1) -6729(1)
C(5)  -2155(1) -7140(2)
c(6)  -1897(1) -7126(1)
C(7)  -1784(1) -6696(1)
C(8)  -1746(1) -5190(1)
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c, Fdd2

(16) A alpha =90 deg.
(6) A beta =90 deg.
(3) A gamma = 90 deg.
AN3

Mg/m”3

x 0.12 mm
00 deg.
-27<=k<=28, -13<=I<=8

2 [R(int) = 0.0363]

cal from equivalents
least-squares on FA2

323

, WR2 = 0.0361

, WR2 = 0.0366

0.398 e.A"-3

and equivalent isotropic
[41].
of the orthogonalized

z U(eq)

8111(3)  14(1)
7209(3)  14(1)
7074(3)  18(1)
6219(3)  24(1)
5498(3)  25(1)
5606(3)  25(1)
6464(3)  19(1)
7475(33)  17(1)



C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
o(1)
0(2)
0(3)
o(4)
o(5)
0(6)
P
Si(1)
Si(2)
W

-1934(1)
-1877(1)
-1634(1)
-1447(1)
-1503(1)
-1762(1)
-1951(1)
-2120(1)
-2330(1)
-1260(1)
-1423(1)
-1662(1)
-2181(1)
-1714(1)
-2184(1)
-2370(1)
-1914(1)
-1596(1)
-2259(1)
-1535(1)
-2278(1)
-2561(1)
-1849(1)
-1835(1)
-2042(1)
-1533(1)
-2039(1)

-4832(1)
-4267(1)
-4059(2)
-4402(2)
-4966(2)
-5189(1)
-3881(1)
-4442(1)
-4958(1)
-5718(1)
-4400(1)
-5542(1)
-7588(1)
-7008(2)
-6286(1)
-6738(1)
-7429(1)
-6079(1)
-8014(1)
-7135(1)
-5994(1)
-6705(1)
-7786(1)
-5920(1)
-4631(1)
-5225(1)
-6838(1)

RPRRPRRPRPRRRRERRE

e e

PR

Table ix.3. Bond lengths [A] and angles

C(1)-0(1)
C(1)-C(8)
C(1)-C(2)
Cc(1)-P
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(S)
C(6)-C(7)
C(6)-H(6)
C(7)-H(7)
C(8)-C(13)
C(8)-C(9)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-H(13)
C(14)-P
C(14)-Si(2)
C(14)-Si(1)
C(14)-H(14)
C(15)-Si(1)

1.485(3)
1.494(4)
1.495(4)
1.811(3)
1.378(4)
1.403(4)
1.395(4)
0.9500
1.373(5)
0.9500
1.385(5)
0.9500
1.391(4)
0.9500
0.9500
1.389(4)
1.403(5)
1.387(4)
0.9500
1.374(5)
0.9500
1.367(5)
0.9500
1.393(5)
0.9500
0.9500
1.794(3)
1.905(3)
1.923(3)
1.0000
1.871(3)
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6859(3) 22(1)
6232(3) 28(1)
6195(4) 32(1)
6780(4) 32(1)
7428(3) 23(1)
0711(3) 13(1)
0058(3) 25(1)
2688(3) 21(1)
0124(3) 22(1)
1669(4) 23(1)
2450(4) 23(1)
3761(3) 21(1)
1925(3) 16(1)
1977(3) 22(1)
2445(3) 18(1)
9989(3) 18(1)
9498(3) 21(1)
8878(2) 16(1)
2495(2) 23(1)
2520(3) 38(1)
3259(2) 28(1)
9479(2) 29(1)
8731(3) 37(1)
9898(1) 12(1)
0913(1) 15(2)
2166(1) 16(1)
0980(1) 13(1)
[deg] for [41].




C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(16)-Si(1)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-Si(1)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-Si(2)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-Si(2)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-Si(2)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-0(2)
C(21)-W
C(22)-0(3)
C(22)-W
C(23)-0(4)
C(23)-W
C(24)-0(5)
C(24)-W
C(25)-0(6)
C(25)-W
o(1)-P

P-W

O(1)-C(1)-C(8)
O(1)-C(1)-C(2)
C(8)-C(1)-C(2)
0O(1)-C(1)-P
C(8)-C(1)-P
C(2)-C(1)-P
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(6)-C(7)-C(2)
C(6)-C(7)-H(7)
C(2)-C(7)-H(7)
C(13)-C(8)-C(9)
C(13)-C(8)-C(2)
C(9)-C(8)-C(1)

0.9800
0.9800
0.9800

1.868(3)
0.9800
0.9800
0.9800

1.864(3)
0.9800
0.9800
0.9800

1.862(3)
0.9800
0.9800
0.9800

1.868(3)
0.9800
0.9800
0.9800

1.865(3)
0.9800
0.9800
0.9800

1.148(3)

2.002(3)

1.136(4)

2.034(3)

1.141(4)

2.033(3)

1.146(4)

2.042(3)

1.135(4)

2.053(3)

1.671(2)
2.4802(8)

113.0(2)
112.9(2)
115.1(2)
59.96(13)
123.7(2)
118.3(2)
119.2(3)
121.0(3)
119.8(3)
120.6(3)
119.7
119.7
119.9(3)
120.1
120.1
120.6(3)
119.7
119.7
119.6(3)
120.2
120.2
120.1(3)
119.9
119.9
118.1(3)
121.6(3)
120.2(3)
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C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(8)-C(13)-C(12)
C(8)-C(13)-H(13)
C(12)-C(13)-H(13)
P-C(14)-Si(2)
P-C(14)-Si(1)
Si(2)-C(14)-Si(1)
P-C(14)-H(14)
Si(2)-C(14)-H(14)
Si(1)-C(14)-H(14)
Si(1)-C(15)-H(15A)
Si(1)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
Si(1)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
Si(1)-C(16)-H(16A)
Si(1)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
Si(1)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
Si(1)-C(17)-H(17A)
Si(1)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
Si(1)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
Si(2)-C(18)-H(18A)
Si(2)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
Si(2)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
Si(2)-C(19)-H(19A)
Si(2)-C(19)-H(198B)
H(19A)-C(19)-H(19B)
Si(2)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
Si(2)-C(20)-H(20A)
Si(2)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
Si(2)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
0(2)-C(21)-W
0(3)-C(22)-W
O(4)-C(23)-W
0(5)-C(24)-W
0(6)-C(25)-W
C(1)-0(1)-P

120.6(3)
119.7
119.7
119.9(3)
120.0
120.0
120.6(3)
119.7
119.7
120.0(3)
120.0
120.0
120.7(3)
119.6
119.6
116.96(15)
114.22(15)
116.49(14)
101.9
101.9
101.9
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
178.3(3)
176.5(3)
176.2(3)
176.4(3)
175.7(3)
69.74(14)
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0(1)-P-C(14) 106.51(12)

0O(1)-P-C(1) 50.29(12)

C(14)-P-C(1) 108.45(13)

O(1)-P-W 116.33(7)

C(14)-P-w 125.25(9)

C(1)-P-w 124.73(10)

C(17)-Si(1)-C(16) 107.32(16)

C(17)-Si(1)-C(15) 109.77(16)

C(16)-Si(1)-C(15) 108.11(15)

C(17)-Si(1)-C(14) 111.66(13)

C(16)-Si(1)-C(14) 114.03(14)

C(15)-Si(1)-C(14) 105.86(15)

C(18)-Si(2)-C(20) 108.41(15)

C(18)-Si(2)-C(19) 108.71(15)

C(20)-Si(2)-C(19) 108.95(15)

C(18)-Si(2)-C(14) 108.76(14)

C(20)-Si(2)-C(14) 115.43(14)

C(19)-Si(2)-C(14) 106.41(14)

C(21)-W-C(23) 88.37(12)

C(21)-W-C(22) 87.17(13)

C(23)-W-C(22) 94.34(13)

C(21)-W-C(24) 88.98(12)

C(23)-W-C(24) 87.57(13)

C(22)-W-C(24) 175.65(13)

C(21)-W-C(25) 88.76(12)

C(23)-W-C(25) 176.02(14)

C(22)-W-C(25) 88.28(14)

C(24)-W-C(25) 89.62(13)

C(21)-W-P 176.00(9)

C(23)-W-P 91.73(8)

C(22)-W-P 88.83(9)

C(24)-W-P 95.03(8)

C(25)-W-P 91.33(9)

Table ix.4. Anisotropic displacement parameter s (A"2 x 10"3) for [41]
The anisotropic displacement factor exponent ta kes the form:
2 pif2[h"2 a2 U1l +...+2hka*b*U12 ]

Uil u22 uU33 u23 uU13 U1z
C(1) 13(2) 17(1) 11(1) -1(0) 2(1) 1(1)
C(2) 20(2) 12(1) 10(1) 1(1) (1)  -1(2)
C(3) 18(2) 16(2) 19(2) -3(1) 0(1) 0(1)
C(4) 28(2) 25(2) 18(2) 0(1) -6(2) -6(1)
C(5) 46(2) 17(2) 13(2) 0(1) -2(2) -8(2)
C(6) 44(2) 1420 17(2) -2(1) 9(2) 2(2)
C(7) 20(2) 17(2) 19(2) 0(1) 8(1) 2(1)
C(8) 26(2) 17(2) 8(1) -1(1) 3(1) -6(1)
C(O) 32(2) 20(2) 1420 -2(1) 51) -2(1)
C(10) 38(2) 24(1) 23(2) -1(1) 0(1) 3(1)
C(11) 46(2) 25(1) 23(2) 2(1) 2(1)  -9(1)
C(12) 34(2) 34(2) 29(2) -5(1) 4(1) -15(1)
C(13) 28(2) 25(2) 17(2) -2(1) 1(2) -6(1)
C(14) 142) 141 1120 -1(0) (1)  -1(2)
C(15) 31(2) 16(2) 27(2) 4(1) 2(2) 0(1)
C(16) 21(2) 19(2) 23(2) -4(1) 0(1) 4(1)
C(17) 18(2) 21(2) 27(2) -4(1) -6(1) 5(1)
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c(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
0(1)
0(2)
0(3)
0(4)
o(5)
0(6)
P
Si(1)
Si(2)
W

15(2)
18(2)
25(2)
19(2)
24(2)
20(2)
19(1)
29(2)
12(1)
31(1)
31(2)
40(2)
23(1)
51(1)
12(1)
16(1)
14(1)
16(1)

22(2)
24(2)
25(2)
16(1)
18(2)
15(2)
16(1)
14(2)
21(1)
19(1)
31(1)
22(1)
33(1)
27(1)
13(1)
13(1)
18(1)
12(1)

31(2)
27(2)
14(2)
13(1)
25(2)
18(2)
18(2)
21(2)
15(1)
21(1)
52(2)
22(1)
30(1)
34(1)
12(1)
16(1)
14(1)
12(1)

5(1)
-4(1)
3(1)
-1(1)
5(1)
3(1)
6(1)
4(1)
-2(1)
4(1)
15(1)
-2(1)
14(1)
-4(1)
1(1)
-1(1)
0(1)
1(1)

Table ix.5. Hydrogen coordinates ( x 10"4
displacement parameters (A2 x 1073) for

H(3)
H(4)
H(5)
H(6)
H(7)
H(9)
H(10)
H(11)
H(12)
H(13)
H(14)
H(15A)
H(15B)
H(15C)
H(16A)
H(16B)
H(16C)
H(17A)
H(17B)
H(17C)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)

-2288
-2476
-2232
-1797
-1607
-2102
-2006
-1595
-1280
-1373
-1661

-2091
-1907
-1807
-2250
-1970
-2182
-2376
-2298
-2467
-1129
-1196
-1313
-1563
-1356
-1291
-1532
-1719
-1803

-6009
-6741
-7436
-7408
-6686
-4978
-4025
-3674
-4255
-5199
-4969
-3586
-3971
-3695
-4115
-4289
-4822
-5352
-5039
-4654
-5682
-5573
-6159
-4140
-4229
-4400
-5535
-5976
-5281

N

P RRREpR

RPRRPRRRPRRPRRRPR

Table ix.6. Torsion angles [deg] for

O(1)-C(1)-C(29)-C(3)
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-1(2)
-5(1)
-3(1)
-2(1)
-4(1)
2(1)
0(1)
4(1)
1(1)
-2(1)
-18(1)
10(1)
-6(1)
11(1)
0(1)
-1(1)
-2(1)
0(1)

0(1)
-2(1)
0(1)
2(1)
-3(1)
-3(1)
-2(1)
2(1)
3(1)
-6(1)
1(1)
2(1)
-6(1)
5(1)
1(1)
3(1)
0(1)
0(1)

) and isotropic

[41] .
z U(eq)
7568 21
6137 28
4919 30
5097 30
6546 23
6872 26
5829 34
5758 38
6746 39
7842 28
0012 16
0083 37
9127 37
0517 37
2712 32
3148 32
3135 32
0569 33
9175 33
0212 33
2346 34
0805 34
1593 34
2753 35
1613 35
3131 35
4450 32
3623 32
4049 32
[41] .
139.2(3)



C(8)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
O(1)-C(1)-C(2)-C(7)
C(8)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(2)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
0(1)-C(1)-C(8)-C(13)
C(2)-C(1)-C(8)-C(13)
P-C(1)-C(8)-C(13)
0(1)-C(1)-C(8)-C(9)
C(2)-C(1)-C(8)-C(9)
P-C(1)-C(8)-C(9)
C(13)-C(8)-C(9)-C(10)
C(1)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(9)-C(8)-C(13)-C(12)
C(1)-C(8)-C(13)-C(12)
C(11)-C(12)-C(13)-C(8)
C(8)-C(1)-O(1)-P
C(2)-C(1)-0(1)-P
C(1)-O(1)-P-C(14)
C(1)-0(1)-P-W
Si(2)-C(14)-P-O(1)
Si(1)-C(14)-P-O(1)
Si(2)-C(14)-P-C(1)
Si(1)-C(14)-P-C(1)
Si(2)-C(14)-P-W
Si(1)-C(14)-P-W
C(8)-C(1)-P-O(1)
C(2)-C(1)-P-O(1)
O(1)-C(1)-P-C(14)
C(8)-C(1)-P-C(14)
C(2)-C(1)-P-C(14)
O(1)-C(1)-P-W
C(8)-C(1)-P-W
C(2)-C(1)-P-W
P-C(14)-Si(1)-C(17)
Si(2)-C(14)-Si(1)-C(17)
P-C(14)-Si(1)-C(16)
Si(2)-C(14)-Si(1)-C(16)
P-C(14)-Si(1)-C(15)
Si(2)-C(14)-Si(1)-C(15)
P-C(14)-Si(2)-C(18)
Si(1)-C(14)-Si(2)-C(18)
P-C(14)-Si(2)-C(20)
Si(1)-C(14)-Si(2)-C(20)
P-C(14)-Si(2)-C(19)
Si(1)-C(14)-Si(2)-C(19)
0(2)-C(21)-W-C(23)
0(2)-C(21)-W-C(22)
0(2)-C(21)-W-C(24)
0(2)-C(21)-W-C(25)
0(2)-C(21)-W-P
0(4)-C(23)-W-C(21)
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-89.0(3)

72.2(3)

-42.1(4)

89.7(3)

-109.2(3)

0.6(4)
179.3(3)
-0.4(5)
-0.2(5)

0.6(5)
-0.4(5)
-0.2(4)

-178.9(3)

10.6(4)

-121.1(3)

78.9(4)

-171.8(2)

56.4(4)

-103.6(3)

-0.5(5)

-178.1(3)

0.9(5)
-0.5(5)
-0.3(5)
-0.3(5)
177.3(3)

0.7(5)
116.8(2)

-110.4(2)
-100.54(16)

114.54(13)
-79.07(17)
139.91(14)

-131.94(16)

87.03(17)
61.83(19)
-79.19(16)
-99.1(3)
101.5(3)
96.45(16)
-2.6(3)

-162.0(2)

-97.24(14)

163.7(2)
4.3(3)
-3.2(2)

-144.37(17)

118.71(16)
-22.5(2)

-122.57(17)

96.21(18)
46.4(2)

-173.45(15)

-75.6(2)
64.49(19)
163.36(17)
-56.5(2)
-60(11)
35(11)

-147(11)

123(11)
32(12)
-48(4)



0(4)-C(23)-W-C(22)
0(4)-C(23)-W-C(24)
0(4)-C(23)-W-C(25)
O(4)-C(23)-W-P
0(3)-C(22)-W-C(21)
0(3)-C(22)-W-C(23)
0(3)-C(22)-W-C(24)
0(3)-C(22)-W-C(25)
0(3)-C(22)-W-P
0(5)-C(24)-W-C(21)
0(5)-C(24)-W-C(23)
0(5)-C(24)-W-C(22)
0(5)-C(24)-W-C(25)
0(5)-C(24)-W-P
0(6)-C(25)-W-C(21)
0(6)-C(25)-W-C(23)
0(6)-C(25)-W-C(22)
0(6)-C(25)-W-C(24)
0(6)-C(25)-W-P
O(1)-P-W-C(21)
C(14)-P-W-C(21)
C(1)-P-W-C(21)
O(1)-P-W-C(23)
C(14)-P-W-C(23)
C(1)-P-W-C(23)
O(1)-P-W-C(22)
C(14)-P-W-C(22)
C(1)-P-W-C(22)
O(1)-P-W-C(24)
C(14)-P-W-C(24)
C(1)-P-W-C(24)
O(1)-P-W-C(25)
C(14)-P-W-C(25)
C(1)-P-W-C(25)
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-135(4)

41(4)
-4(6)

136(4)
43(5)
131(5)
15(6)

-46(5)
-137(5)

12(5)

-76(5)

40(6)
101(5)

-168(5)
-14(4)
-58(5)

73(4)

-103(4)

162(4)
67.9(13)

-69.6(13)

126.3(13)
159.27(12)
21.70(15)

-142.35(15)

64.96(13)

-72.61(15)

123.34(16)

-113.03(13)

109.40(15)

-54.64(15)
-23.29(13)
-160.86(15)

35.09(16)




x. [1-Oxa-2-(bis(trimethylsilyl)methyl)phosphaspirdp?octane-

kP]pentacarbonyltungsten (®)da]

(B1)
03

Table x.1. Crystal data and structure refine ment for [ 46a].
Identification code GSTR138, Gr eg1236f
Device Type Bruker X8-K appaApex Il
Empirical formula C18 H29 06 P Si2w
Formula weight 612.41
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P-1

Unit cell dimensions a=9.0075(3) A alpha = 72.526(2)

deg.

b=10.6148(4) A beta =

79.663(2) deg.
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c = 14.7863(6) A
66.018(2) deg.

Volume 1229.43(8)

Z, Calculated density 2, 1.654 M
Absorption coefficient 4.888 mm~"-1
F(000) 604

Crystal size 0.600 x 0.3

Theta range for data collection 2.48 to 28.
Limiting indices -11<=h<=11,

Reflections collected / unique 18872 /585
Completeness to theta = 28.00 98.8 %
Absorption correction Semi-empiri
Max. and min. transmission 0.45765 and
Refinement method Full-matrix

Data / restraints / parameters 5858/ 30/

Goodness-of-fit on FA2 1.116

Final R indices [I>2sigma(l)] R1 =0.0227
R indices (all data) R1 =0.0267
Largest diff. peak and hole 1.699 and -

gamma =
A"3

g/m~3

57 x 0.162 mm

00 deg.

-10<=k<=14, -19<=I<=19

8 [R(int) = 0.0286]

cal from equivalents
0.14175
least-squares on FA2

341

, WR2 = 0.0496
, WR2 =0.0511

1.139 e.A?-3

Table x.2. Atomic coordinates ( x 10"4) a
displacement parameters (A2 x 10"3) for

nd equivalent isotropic
[46a] .

U(eq) is defined as one third of the trace

Uij tensor.

of the orthogonalized

X y z U(eq)
C(1) 7818(4) 3847(3) 8600(2) 34(1)
C(2) 8239(4) 4925(4) 8892(3) 26(1)
C(2S) 7020(20)  5003(17) 9284(13)  34(4)
C(3) 8207(4) 4561(4) 9949(3) 42(1)
C(4) 9289(5) 3049(4) 1 0389(3) 40(1)
C(5) 9093(5) 1962(3) 1 0006(2) 40(1)
C(6) 9076(4) 2338(3) 8934(3) 24(1)
C(6S) 8000(20)  2339(16) 9382(11) 30(4)
C(7) 6851(3) 2894(3) 7159(2) 20(1)
C(8) 3535(5) 2919(5) 8186(4) 44(1)
C(9) 5477(6) 784(5) 7042(3) 38(1)
C(10) 6555(6) 441(5) 8968(3) 39(1)
C(10S) 6990(20) -177(19) 8558(14) 37(2)
C(8S) 4160(20) 2600(20) 8714(17)  43(3)
C(9S) 4630(30)  1480(20) 7015(15)  41(3)
C(11) 8559(5) 1888(5) 5399(3) 36(1)
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C(12)  10085(5)  148(4)
C(13)  10166(5)  3127(5)
C(12S) 10571(16)  720(17)
C(11S)  8880(20)  1000(20)
C(13S)  9830(20)  3380(19)
C(14)  4075(3) 8817(3)
C(15)  3131(3)  6474(3)
C(16)  4625(4)  7568(3)
C(17)  7350(3)  7200(3)
C(18)  5878(3)  6131(3)
o(1) 6171(3)  3978(2)
O(1S)  8583(6)  4126(14)
0(2) 3381(2)  9954(2)
o(3) 1929(3)  6311(3)
o(4) 4296(4)  8009(3)
o(5) 8501(3)  7430(3)
o(6) 6223(3)  5766(2)
Si(1)  5666(1)  1739(1)
Si(2)  8951(1)  1999(1)

= 6642(1)  4374(1)

W 5244(1)  6828(1)

Table x.3. Bond lengths [A] and angles

7247(3) 36(1)
6332(4) 33(1)
7527(12) 31(4)
5822(15) 41(4)
5866(14) 30(4)
5883(2) 27(1)
6884(3) 35(1)
7849(3) 33(1)
6479(2) 28(1)
5449(2) 29(1)
8784(2) 24(1)
7680(5) 52(4)
5453(2) 35(1)
7036(2) 58(1)
8505(2) 52(1)
6389(2) 42(1)
4760(2) 41(1)
7863(1) 25(1)
6576(1) 24(1)
7611(1) 19(2)
6658(1) 22(1)
[deg] for [46a] .

C(1)-0(1S) 1.414(4)
C(1)-0(1) 1.416(4)
C(1)-C(2) 1.531(4)
C(1)-C(6) 1.531(4)
C(1)-C(6S) 1.634(14)
C(1)-C(2S) 1.676(16)
C(1)-P 1.778(3)
C(2)-C(3) 1.491(5)
C(2)-H(2A) 0.9900
C(2)-H(2B) 0.9900
C(2S)-C(3) 1.424(15)
C(2S)-H(2S1) 0.9900
C(2S)-H(2S2) 0.9900
C(3)-C(4) 1.509(5)
C(3)-H(3A) 0.9900
C(3)-H(3B) 0.9900
C(4)-C(5) 1.509(5)
C(4)-H(4A) 0.9900
C(4)-H(4B) 0.9900
C(5)-C(6S) 1.328(16)
C(5)-C(6) 1.515(5)
C(5)-H(5A) 0.9900
C(5)-H(5B) 0.9900
C(6)-H(6A) 0.9900
C(6)-H(6B) 0.9900
C(6S)-H(6S1) 0.9900
C(6S)-H(6S2) 0.9900
C(7)-P 1.816(3)
C(7)-Si(1) 1.903(3)
C(7)-Si(2) 1.916(3)
C(7)-H(7) 1.0000
C(8)-Si(1) 1.886(4)
C(8)-H(8A) 0.9800
C(8)-H(8B) 0.9800
C(8)-H(8C) 0.9800
C(9)-Si(1) 1.867(4)
C(9)-H(9A) 0.9800
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C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(10S)-Si(1)
C(10S)-H(10D)
C(10S)-H(10E)
C(10S)-H(10F)
C(8S)-Si(1)
C(8S)-H(8SA)
C(8S)-H(8SB)
C(8S)-H(8SC)
C(9S)-Si(1)
C(9S)-H(9SA)
C(9S)-H(9SB)
C(9S)-H(9SC)
C(11)-Si(2)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(12S)-Si(2)
C(12S)-H(12D)
C(12S)-H(12E)
C(12S)-H(12F)
C(11S)-Si(2)
C(11S)-H(11D)
C(11S)-H(11E)
C(11S)-H(11F)
C(13S)-Si(2)
C(13S)-H(13D)
C(13S)-H(13E)
C(13S)-H(13F)
C(14)-0(2)
C(14)-W
C(15)-0(3)
C(15)-W
C(16)-0O(4)
C(16)-W
C(17)-0(5)
C(17)-W
C(18)-0(6)
C(18)-W
O(1)-P
0(1S)-P

P-W

0(1S)-C(1)-0(1)
0(1S)-C(1)-C(2)
0(1)-C(1)-C(2)
O(1S)-C(1)-C(6)
0(1)-C(1)-C(6)
C(2)-C(1)-C(6)
O(1S)-C(1)-C(6S)

0.9800
0.9800
1.852(4)
0.9800
0.9800
0.9800
1.957(18)
0.9800
0.9800
0.9800
1.83(2)
0.9800
0.9800
0.9800
1.831(19)
0.9800
0.9800
0.9800
1.883(4)
0.9800
0.9800
0.9800
1.857(4)
0.9800
0.9800
0.9800
1.851(5)
0.9800
0.9800
0.9800
1.982(16)
0.9800
0.9800
0.9800
1.779(19)
0.9800
0.9800
0.9800
1.899(19)
0.9800
0.9800
0.9800
1.149(3)
2.013(3)
1.138(4)
2.039(3)
1.141(4)
2.039(3)
1.136(3)
2.047(3)
1.144(4)
2.038(3)
1.676(3)
1.677(3)
2.4740(7)

124.3(3)
92.4(5)
115.7(3)
95.1(5)
115.2(3)
110.7(3)
130.5(9)

- 280 -



O(1)-C(1)-C(6S)
C(2)-C(1)-C(6S)
C(6)-C(1)-C(6S)
0(1S)-C(1)-C(2S)
0(1)-C(1)-C(2S)
C(2)-C(1)-C(2S)
C(6)-C(1)-C(2S)
C(6S)-C(1)-C(2S)
O(1S)-C(1)-P
O(1)-C(1)-P
C(2)-C(1)-P
C(6)-C(1)-P
C(6S)-C(1)-P
C(2S)-C(1)-P
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(3)-C(2S)-C(1)
C(3)-C(2S)-H(2S1)
C(1)-C(2S)-H(2S1)
C(3)-C(2S)-H(2S2)
C(1)-C(2S)-H(2S2)

H(2S1)-C(2S)-H(2S2)

C(2S)-C(3)-C(2)
C(2S)-C(3)-C(4)
C(2)-C(3)-C(4)
C(2S)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(2S)-C(3)-H(3B)
C(2)-C(3)-H(3B)
C(4)-C(3)-H(3B)
H(3A)-C(3)-H(3B)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4B)
C(5)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(6S)-C(5)-C(4)
C(6S)-C(5)-C(6)
C(4)-C(5)-C(6)
C(6S)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5A)
C(6S)-C(5)-H(5B)
C(4)-C(5)-H(5B)
C(6)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(5)-C(6)-C(1)
C(5)-C(6)-H(6A)
C(1)-C(6)-H(6A)
C(5)-C(6)-H(6B)
C(1)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(5)-C(6S)-C(1)
C(5)-C(6S)-H(6S1)
C(1)-C(6S)-H(6S1)
C(5)-C(6S)-H(6S2)
C(1)-C(6S)-H(6S2)

79.0(6)
117.6(6)
39.4(6)
125.1(9)
76.0(6)
41.0(6)
123.4(6)
101.4(9)
62.16(16)
62.10(15)
121.2(2)
122.8(2)
118.8(6)
111.5(6)
108.9(3)
109.9
109.9
109.9
109.9
108.3
104.7(9)
110.8
110.8
110.8
110.8
108.9
45.6(8)
126.7(7)
114.0(3)
63.2
108.8
108.8
124.2
108.8
108.8
107.7
113.3(3)
108.9
108.9
108.9
108.9
107.7
121.5(7)
43.6(7)
114.6(3)
65.8
108.6
108.6
129.1
108.6
108.6
107.6
108.8(3)
109.9
109.9
109.9
109.9
108.3
113.1(10)
109.0
109.0
109.0
109.0
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H(6S1)-C(6S)-H(6S2) 107.8
P-C(7)-Si(1) 116.38(15)
P-C(7)-Si(2) 115.27(13)
Si(1)-C(7)-Si(2) 118.57(13)
P-C(7)-H(7) 100.5
Si(1)-C(7)-H(7) 100.5
Si(2)-C(7)-H(7) 100.5
Si(1)-C(8)-H(8A) 109.5
Si(1)-C(8)-H(8B) 109.5
Si(1)-C(8)-H(8C) 109.5
Si(1)-C(9)-H(9A) 109.5
Si(1)-C(9)-H(9B) 109.5
Si(1)-C(9)-H(9C) 109.5
Si(1)-C(10)-H(10A) 109.5
Si(1)-C(10)-H(10B) 109.5
Si(1)-C(10)-H(10C) 109.5
Si(1)-C(10S)-H(10D) 109.5
Si(1)-C(10S)-H(10E) 109.5
H(10D)-C(10S)-H(10E)  109.5
Si(1)-C(10S)-H(10F) 109.5
H(10D)-C(10S)-H(10F)  109.5
H(10E)-C(10S)-H(10F)  109.5
Si(1)-C(8S)-H(8SA) 109.5
Si(1)-C(8S)-H(8SB) 109.5
H(8SA)-C(8S)-H(8SB) 109.5
Si(1)-C(8S)-H(8SC) 109.5
H(8SA)-C(8S)-H(8SC) 109.5
H(8SB)-C(8S)-H(8SC) 109.5
Si(1)-C(9S)-H(9SA) 109.5
Si(1)-C(9S)-H(9SB) 109.5
H(9SA)-C(9S)-H(9SB) 109.5
Si(1)-C(9S)-H(9SC) 109.5
H(9SA)-C(9S)-H(9SC) 109.5
H(9SB)-C(9S)-H(9SC) 109.5
Si(2)-C(11)-H(11A) 109.5
Si(2)-C(11)-H(11B) 109.5
Si(2)-C(11)-H(11C) 109.5
Si(2)-C(12)-H(12A) 109.5
Si(2)-C(12)-H(12B) 109.5
Si(2)-C(12)-H(12C) 109.5
Si(2)-C(13)-H(13A) 109.5
Si(2)-C(13)-H(13B) 109.5
Si(2)-C(13)-H(13C) 109.5
Si(2)-C(12S)-H(12D) 109.5
Si(2)-C(12S)-H(12E) 109.5
H(12D)-C(12S)-H(12E)  109.5
Si(2)-C(12S)-H(12F) 109.5
H(12D)-C(12S)-H(12F)  109.5
H(12E)-C(12S)-H(12F)  109.5
Si(2)-C(11S)-H(11D) 109.5
Si(2)-C(11S)-H(11E) 109.5
H(11D)-C(11S)-H(11E)  109.5
Si(2)-C(11S)-H(11F) 109.5
H(11D)-C(11S)-H(11F)  109.5
H(11E)-C(11S)-H(11F)  109.5
Si(2)-C(13S)-H(13D) 109.5
Si(2)-C(13S)-H(13E) 109.5
H(13D)-C(13S)-H(13E)  109.5
Si(2)-C(13S)-H(13F) 109.5
H(13D)-C(13S)-H(13F)  109.5
H(13E)-C(13S)-H(13F)  109.5
0(2)-C(14)-W 178.7(3)
0(3)-C(15)-W 177.1(3)

- 282 -



O(4)-C(16)-W
0(5)-C(17)-W
0(6)-C(18)-W
C(1)-0(1)-P
C(1)-0(1S)-P
C(8S)-Si(1)-C(9S)
C(8S)-Si(1)-C(10)
C(9S)-Si(1)-C(10)
C(8S)-Si(1)-C(9)
C(9S)-Si(1)-C(9)
C(10)-Si(1)-C(9)
C(8S)-Si(1)-C(8)
C(9S)-Si(1)-C(8)
C(10)-Si(1)-C(8)
C(9)-Si(1)-C(8)
C(8S)-Si(1)-C(7)
C(9S)-Si(1)-C(7)
C(10)-Si(1)-C(7)
C(9)-Si(1)-C(7)
C(8)-Si(1)-C(7)
C(8S)-Si(1)-C(10S)
C(9S)-Si(1)-C(10S)
C(10)-Si(1)-C(10S)
C(9)-Si(1)-C(10S)
C(8)-Si(1)-C(10S)
C(7)-Si(1)-C(10S)
C(11S)-Si(2)-C(13)
C(11S)-Si(2)-C(12)
C(13)-Si(2)-C(12)
C(11S)-Si(2)-C(11)
C(13)-Si(2)-C(11)
C(12)-Si(2)-C(11)
C(11S)-Si(2)-C(13S)
C(13)-Si(2)-C(139)
C(12)-Si(2)-C(139)
C(11)-Si(2)-C(139)
C(11S)-Si(2)-C(7)
C(13)-Si(2)-C(7)
C(12)-Si(2)-C(7)
C(11)-Si(2)-C(7)
C(13S)-Si(2)-C(7)
C(11S)-Si(2)-C(12S)
C(13)-Si(2)-C(12S)
C(12)-Si(2)-C(129)
C(11)-Si(2)-C(129)
C(135)-Si(2)-C(12S)
C(7)-Si(2)-C(12S)
O(1)-P-O(1S)
O(1)-P-C(1)
0(1S)-P-C(1)
0(1)-P-C(7)
0(1S)-P-C(7)
C(1)-P-C(7)
O(1)-P-W
O(1S)-P-W
C(1)-P-W
C(7)-P-W
C(14)-W-C(16)
C(14)-W-C(18)
C(16)-W-C(18)
C(14)-W-C(15)
C(16)-W-C(15)
C(18)-W-C(15)

178.2(3)
178.5(3)
178.7(3)
69.59(17)
69.60(17)
109.4(10)
81.9(8)
127.2(6)
129.9(6)
25.4(6)
109.9(2)
29.3(7)
82.9(7)
108.0(2)
106.8(2)
111.0(6)
107.6(6)
115.87(15)
106.61(16)
109.36(16)
107.8(9)
105.6(8)
28.6(6)
83.8(6)
128.8(6)
115.2(5)
126.1(7)
78.6(7)
111.7(2)
29.1(7)
107.6(2)
106.8(2)
109.3(10)
22.5(6)
127.2(6)
86.5(7)
112.2(6)
110.54(17)
113.94(15)
105.76(16)
110.5(6)
108.4(8)
83.7(5)
32.4(5)
133.4(5)
103.9(8)
112.2(5)
96.5(3)
48.31(13)
48.23(14)
108.46(12)
102.6(5)
113.27(13)

118.69(8)

108.6(4)

127.26(10)
118.43(9)

89.42(12)
89.52(12)
178.54(11)
89.64(12)
88.94(13)
92.05(13)
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C(14)-W-C(17)
C(16)-W-C(17)
C(18)-W-C(17)
C(15)-W-C(17)

C(14)-W-P
C(16)-W-P
C(18)-W-P
C(15)-W-P
C(17)-W-P

90.65(11)
88.95(13)
90.07(12)
177.86(13)
179.06(8)
90.71(9)
90.37(8)
89.43(9)
90.29(8)

Table x.4. Anisotropic displacement parameters
The anisotropic displacement factor exponent ta
2 pif2[h"2 a2 U1l +...+2hka*b*U12

(A"2 x 1073) for
kes the form:

[ 46a]

Uil  U22  U33  U23
C1) 44(2) 24Q1) 382 -7(1)
C2) 272 23(2) 32(2) -8(1)
C(2S) 30(8) 38(8) 38(11) -19(7)
CR) 472 4220 43(2) -22(2)
C@) 56(2) 44(2) 27(2) -5(1)
C(5) 57(2) 35(2) 26(2) -3(1)
C() 25(2) 23(2) 22(2) -2(1)
C(6S) 46(9) 32(8) 11(8)  7(6)
C(7) 20(1) 18(1) 22(2) -6(1)
C@B) 30(2) 49(2) 64(4) -24(2)
C(O) 52(3) 32(2) 43(3) -10(2)
C(10) 52(3) 45(2) 28(3) 1(2)
C(10S) 48(4) 44(4) 29(5) -1(4)
C(8S) 31(4) 47(4) 63(5) -22(4)
C(9S) 50(5) 35(4) 43(4) -6(4)
C(11) 36(2) 40(2) 29(2) -13(2)
C(12) 32(2) 26(2) 35(2) -6(2)
C(13) 24(2) 41(2) 34(3) -10(2)
C(12S) 10(6) 29(7) 39(10) -3(7)
C(11S) 28(8) 44(11) 49(13) -15(9)
C(13S) 26(9) 33(9) 20(10) -5(8)
C(14) 21(1) 22(1) 332 -6(1)
C(15) 19(1) 38(2) 43(2) -7(1)
C(16) 33(2) 26(1) 41(2) -12(1)
C(17) 22(1) 26(1) 33(2) -4(1)
C(18) 26(1) 24(1) 32(2) -4(1)
O(1) 22(1) 29(1) 25(1) -11(1)
O(1S) 52(4) 52(4) 53(4) -13(1)
O(2) 29(1) 25(1) 39(1) -3(1)
O(3) 25(1) 74(2) 71(2) -8(2)
O(4) 65(@2) 53(2) 48(2) -27(1)
O() 30(1) 45(1) 50(2) -1(1)
o) 52(1) 41(1) 31(2) -11(1)
Si(1) 26(1) 25(1) 28(1) -6(1)
Si(2) 23(1) 21(1) 22(1) -5(1)
P 18(1) 18(1) 23(1) -5(1)
W 18(1) 17(1) 29(1) -5(1)

Uiz U1z
-22(2)  -11(1)
-6(2)  -11(1)
-12(7)  -8(7)
-12(2)  -13(2)
-11(2)  -25(2)
-13(2)  -15(2)
-5(2)  -10(1)
-2(7)  -23(7)
1) -7(1)
10(2)  -25(2)
-3(2)  -28(2)
-4(2)  -34(2)
-7(4)  -31(4)
10(4) -26(4)
-3(4)  -25(4)
1(2)  -9(2)
1(2)  1(2)
6(2) -14(2)
8(6)  -1(5)
-5(8)  -8(8)
7(r) A7)
A1) -4(1)
-6(1)  -8(1)
6(1) -12(1)
-5(1)  -7(1)
-6(1)  -7(1)
3(1)  -12(1)
-4(1)  -20(2)
-S(1) - -3(1)
-9(1)  -21(1)
20(1) -30(1)
-8(1)  -19(1)
-2(1)  -19(1)
-1(1)  -14(1)
2(1)  -5(1)
-3(1)  -7(1)
41 -4(1)
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Table x.5. Hydrogen coordinates ( x 10°4) and isotropic

displacement parameters (A2 x 10"3) for [46a] .
X y z U(eq)

H(2A) 9334 4895 8614 31
H(2B) 7440 5900 8654 31
H(2S1) 6823 5989 8898 40
H(2S2) 5974 4959 9613 40
H(3A) 7073 4714 1 0211 50
H(3B) 8547 5220 1 0135 50
H(4A) 9038 2834 1 1085 48
H(4B) 10438 2965 1 0271 48
H(5A) 8063 1839 1 0291 48
H(5B) 9996 1035 1 0213 48
H(6A) 8790 1651 8743 28
H(6B) 10168 2290 8638 28
H(6S1) 6930 2421 9727 36
H(6S2) 8319 1581 9045 36
H(7) 6201 3416 6586 24
H(8A) 2969 3498 7605 65
H(8B) 3585 3545 8540 65
H(8C) 2943 2326 8580 65
H(9A) 6539 54 6931 57
H(9B) 5102 1466 6436 57
H(9C) 4690 330 7328 57
H(10A) 5945 -186 9228 58
H(10B) 6495 953 9434 58
H(10C) 7696 -131 8826 58
H(10D) 7820 -662 8117 55
H(10E) 6295 -719 8851 55
H(10F) 7528 -109 9053 55
H(8SA) 4712 2724 9175 65
H(8SB) 3533 2006 9047 65
H(8SC) 3419 3534 8376 65
H(9SA) 5439 1024 6555 61
H(9SB) 3873 2404 6681 61
H(9SC) 4028 869 7357 61
H(11A) 7903 2840 5037 55
H(11B) 7971 1250 5507 55
H(11C) 9598 1516 5041 55
H(12A) 11088 -278 6876 54
H(12B) 9407 -416 7365 54
H(12C) 10360 163 7855 54
H(13A) 10438 3164 6934 50
H(13B) 9533 4092 5977 50
H(13C) 11171 2721 5956 50
H(12D) 10658 1264 7932 46
H(12E) 11633 312 7200 46
H(12F) 10222 -49 7920 46
H(11D) 8501 241 6196 61
H(11E) 9977 573 5531 61
H(11F) 8138 1628 5323 61
H(13D) 9842 3951 6275 45
H(13E) 9164 4003 5330 45
H(13F) 10948 2898 5625 45
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Table x.6. Torsion angles [deg] for [46a] .

0(1S)-C(1)-C(2)-C(3)
0(1)-C(1)-C(2)-C(3)
C(6)-C(1)-C(2)-C(3)
C(6S)-C(1)-C(2)-C(3)
C(2S)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
O(1S)-C(1)-C(2S)-C(3)
0(1)-C(1)-C(2S)-C(3)
C(2)-C(1)-C(2S)-C(3)
C(6)-C(1)-C(2S)-C(3)
C(6S)-C(1)-C(2S)-C(3)
P-C(1)-C(2S)-C(3)
C(1)-C(2S)-C(3)-C(2)
C(1)-C(2S)-C(3)-C(4)
C(1)-C(2)-C(3)-C(2S)
C(1)-C(2)-C(3)-C(4)
C(2S)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6S)
C(3)-C(4)-C(5)-C(6)
C(6S)-C(5)-C(6)-C(1)
C(4)-C(5)-C(6)-C(1)
O(1S)-C(1)-C(6)-C(5)
O(1)-C(1)-C(6)-C(5)
C(2)-C(1)-C(6)-C(5)
C(6S)-C(1)-C(6)-C(5)
C(2S)-C(1)-C(6)-C(5)
P-C(1)-C(6)-C(5)
C(4)-C(5)-C(6S)-C(1)
C(6)-C(5)-C(6S)-C(1)
O(1S)-C(1)-C(6S)-C(5)
0(1)-C(1)-C(6S)-C(5)
C(2)-C(1)-C(6S)-C(5)
C(6)-C(1)-C(6S)-C(5)
C(2S)-C(1)-C(6S)-C(5)
P-C(1)-C(6S)-C(5)
O(1S)-C(1)-0(1)-P
C(2)-C(1)-O(1)-P
C(6)-C(1)-O(1)-P
C(6S)-C(1)-O(1)-P
C(2S)-C(1)-O(1)-P
O(1)-C(1)-O(1S)-P
C(2)-C(1)-0(1S)-P
C(6)-C(1)-O(1S)-P
C(6S)-C(1)-O(1S)-P
C(2S)-C(1)-O(1S)-P
P-C(7)-Si(1)-C(8S)
Si(2)-C(7)-Si(1)-C(8S)
P-C(7)-Si(1)-C(9S)
Si(2)-C(7)-Si(1)-C(9S)
P-C(7)-Si(1)-C(10)
Si(2)-C(7)-Si(1)-C(10)
P-C(7)-Si(1)-C(9)
Si(2)-C(7)-Si(1)-C(9)
P-C(7)-Si(1)-C(8)
Si(2)-C(7)-Si(1)-C(8)
P-C(7)-Si(1)-C(10S)
Si(2)-C(7)-Si(1)-C(10S)
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-157.9(4)

71.9(4)
-61.5(4)
-18.8(8)

56.1(9)
143.5(3)

-101.2(10)

136.5(11)
-58.2(8)

25.3(14)
61.0(12)

-171.5(7)

53.2(7)
-35.6(15)
-63.7(9)

54.9(4)

3.9(11)
-47.5(4)

-3.3(10)

45.9(5)

59.0(10)
-51.6(4)
154.0(4)
-74.2(3)

59.5(4)
-49.3(9)

15.3(8)

-146.0(3)

37.9(15)
-55.8(8)
94.0(12)

-140.0(12)

-26.6(15)
62.9(10)
-66.8(13)
170.6(8)
0.8(7)
113.3(3)

-115.4(3)
-131.1(6)

124.0(6)
-0.8(7)

-124.4(3)

124.6(3)
105.4(8)
-97.8(7)
13.4(8)
157.7(8)
133.1(7)
-82.5(7)
77.7(2)
66.7(2)
159.71(19)
-55.9(2)
44.6(2)

-171.0(2)
-109.4(7)

34.9(7)



P-C(7)-Si(2)-C(11S)
Si(1)-C(7)-Si(2)-C(11S)
P-C(7)-Si(2)-C(13)
Si(1)-C(7)-Si(2)-C(13)
P-C(7)-Si(2)-C(12)
Si(1)-C(7)-Si(2)-C(12)
P-C(7)-Si(2)-C(11)
Si(1)-C(7)-Si(2)-C(11)
P-C(7)-Si(2)-C(13S)
Si(1)-C(7)-Si(2)-C(13S)
P-C(7)-Si(2)-C(12S)
Si(1)-C(7)-Si(2)-C(12S)
C(1)-0(1)-P-O(1S)
C(1)-0(1)-P-C(7)
C(1)-0(1)-P-W
C(1)-0(1S)-P-O(1)
C(1)-0(1S)-P-C(7)
C(1)-0(1S)-P-W
O(1S)-C(1)-P-O(1)
C(2)-C(1)-P-O(1)
C(6)-C(1)-P-O(1)
C(6S)-C(1)-P-O(1)
C(2S)-C(1)-P-O(1)
O(1)-C(1)-P-O(1S)
C(2)-C(1)-P-O(1S)
C(6)-C(1)-P-O(1S)
C(6S)-C(1)-P-O(1S)
C(2S)-C(1)-P-O(1S)
O(1S)-C(1)-P-C(7)
0(1)-C(1)-P-C(7)
C(2)-C(1)-P-C(7)
C(6)-C(1)-P-C(7)
C(6S)-C(1)-P-C(7)
C(2S)-C(1)-P-C(7)
O(1S)-C(1)-P-W
O(1)-C(1)-P-W
C(2)-C(1)-P-W
C(6)-C(1)-P-W
C(6S)-C(1)-P-W
C(2S)-C(1)-P-W
Si(1)-C(7)-P-O(1)
Si(2)-C(7)-P-O(1)
Si(1)-C(7)-P-O(1S)
Si(2)-C(7)-P-O(1S)
Si(1)-C(7)-P-C(1)
Si(2)-C(7)-P-C(1)
Si(1)-C(7)-P-W
Si(2)-C(7)-P-W
0(2)-C(14)-W-C(16)
0(2)-C(14)-W-C(18)
0(2)-C(14)-W-C(15)
0(2)-C(14)-W-C(17)
0(2)-C(14)-W-P
O(4)-C(16)-W-C(14)
O(4)-C(16)-W-C(18)
0(4)-C(16)-W-C(15)
0(4)-C(16)-W-C(17)
O(4)-C(16)-W-P
0(6)-C(18)-W-C(14)
0(6)-C(18)-W-C(16)
0(6)-C(18)-W-C(15)
0(6)-C(18)-W-C(17)
0(6)-C(18)-W-P
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-160.5(8)

54.8(8)
-14.2(2)

-159.0(2)

112.5(2)
-32.2(2)

-130.45(19)

84.8(2)
-38.2(7)
177.0(7)

77.2(6)
-67.5(6)

-0.6(5)
105.08(16)

-115.90(14)

0.6(5)

-110.1(4)

123.8(4)

-179.2(7)
-104.6(3)

103.5(3)
57.5(8)
-59.9(7)
179.2(7)
74.6(7)
-77.3(7)

-123.2(10)

119.4(10)
86.2(6)
-94.52(17)
160.9(3)
8.9(3)
-37.0(8)

-154.4(7)

-81.8(6)
97.48(15)
-7.1(4)

-159.1(2)

155.0(7)
37.6(7)
26.06(18)

-119.46(15)

127.5(3)
-18.1(3)
77.77(19)
-67.8(2)

-113.08(13)

101.40(13)
-51(12)
130(12)
38(12)

-140(12)

47(16)
-54(10)
-10(13)

-143(10)

37(10)
127(10)
9(12)
-34(14)
99(12)
-81(12)

-172(12)



0(3)-C(15)-W-C(14)
0(3)-C(15)-W-C(16)
0(3)-C(15)-W-C(18)
0(3)-C(15)-W-C(17)
0(3)-C(15)-W-P
0(5)-C(17)-W-C(14)
0(5)-C(17)-W-C(16)
0(5)-C(17)-W-C(18)
0(5)-C(17)-W-C(15)
O(5)-C(17)-W-P
O(1)-P-W-C(14)
O(1S)-P-W-C(14)
C(1)-P-W-C(14)
C(7)-P-W-C(14)
O(1)-P-W-C(16)
O(1S)-P-W-C(16)
C(1)-P-W-C(16)
C(7)-P-W-C(16)
O(1)-P-W-C(18)
O(1S)-P-W-C(18)
C(1)-P-W-C(18)
C(7)-P-W-C(18)
O(1)-P-W-C(15)
O(1S)-P-W-C(15)
C(1)-P-W-C(15)
C(7)-P-W-C(15)
O(1)-P-W-C(17)
O(1S)-P-W-C(17)
C(1)-P-W-C(17)
C(7)-P-W-C(17)
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-74(6)
15(6)

-163(6)

24(8)
106(6)
58(11)
-31(11)
148(11)
-40(13)

-122(11)

-78(6)
173(13)

-136(6)

57(6)
19.72(13)
-89.0(4)
-37.85(17)
154.69(13)

-161.27(13)

90.0(4)
141.17(17)
-26.29(13)
-69.22(14)

-177.9(4)
-126.78(18)

65.76(14)

108.67(13)
0.0(4)
51.10(17)

-116.36(13)




xi.[2-(Bis(trimethylsilyl)methyl)-2,5-diphenyl-1,3;
dioxaphospholane]pentacarbonylchromium(@24]

(A1)
O ClG
Table xi.1. Crystal data and structure refin ement for [ 62a].
Identification code GSTRO099, Gr eg942f
Device Type X8-KappaApe xll
Empirical formula C26 H31 Cr O7 P Si2
Formula weight 594.66
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/n
Unit cell dimensions a=12.6086 (5) A alpha =90 deg.
b = 13.4086(5) A beta =
92.515(2) deg.
c =16.9676 (7) A gamma = 90 deg.
Volume 2865.8(2) A "3
Z, Calculated density 4, 1.378 M g/m”3
Absorption coefficient 0.580 mm~-1
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F(000) 1240
Crystal size 0.60 x 0.20

Theta range for data collection 1.97 to 28.
Limiting indices -16<=h<=16,
Reflections collected / unique 70810/ 691

Completeness to theta = 28.00 99.8 %

Absorption correction Semi-empiri
Max. and min. transmission 0.8928 and
Refinement method Full-matrix

Data / restraints / parameters 6918 /0 /

Goodness-of-fit on FA2 1.078

Final R indices [I>2sigma(l)] R1 =0.0246

R indices (all data) R1=0.0273

Largest diff. peak and hole 0.411 and -
Table xi.2. Atomic coordinates ( x 10"4)
displacement parameters (A2 x 10"3) for

U(eq) is defined as one third of the trace
Uij tensor.

X y
c@) -754(1)  3456(1)
C(2)  -2460(1) 2883(1)
c@3) -102(1)  4391(1)
C(4) 907(1)  4388(1)

C(5) 1516(1)  5252(1)
C(6) 1122(1)  6130(1)
c(7) 112(1)  6147(1)
C(8) -498(1)  5281(1)
C(9)  -3610(1) 3158(1)
C(10)  -3992(1)  4068(1)
C(11)  -5064(1)  4295(1)
C(12)  -5749(1)  3621(1)
C(13)  -5370(1)  2708(1)
C(14)  -4301(1)  2476(1)
C(15)  -526(1)  3358(1)
C(16)  -1277(1)  4203(1)
C(17)  -1037(1)  1918(1)
C(18)  -2854(1)  2982(1)
C(19)  1942(1)  3249(1)
C(20)  1019(1)  5037(1)
C(21)  1352(1)  3108(1)
C(22) 359(1)  -378(1)
C(23) 853(1)  951(1)
C(24)  1058(1)  1443(1)
C(25)  -883(1)  814(1)
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x 0.20 mm
00 deg.
-16<=k<=17, -22<=|<=22

8 [R(int) = 0.0314]

cal from equivalents
0.7223
least-squares on F"2

340

, WR2 = 0.0659

, WR2 =0.0679

0.327 e.A"-3

and equivalent isotropic

[62a] .
of the orthogonalized

z U(eq)

1022(1)  15(1)
1095(1)  17(1)
1048(1)  16(1)
736(1)  19(1)
745(1)  22(1)
1046(1)  24(1)
1341(1)  23(1)
1346(1)  19(1)
1160(1)  17(1)
882(1)  17(1)
928(1)  19(1)
1256(1)  21(1)
1532(1)  24(1)
1482(1)  23(1)
2789(1)  15(1)
4333(1)  30(1)
4187(1)  28(1)
3383(1)  27(1)
2445(1)  24(1)
3242(1)  30(1)
4123(1)  26(1)
1579(1)  23(1)
2652(1)  21(1)
1113(1)  22(1)
776(1)  22(1)



C(26)
O(1)
0(2)
0(3)
O(4)
O(5)
O(6)
o(7)
Si(1)
Si(2)
P

Cr

-1257(1)
-1850(1)
-2046(1)

602(1)
1430(1)
1713(1)

-1356(1)
-2010(1)
-1411(1)

919(1)

-738(1)

-54(1)

544(1)
3724(1)
2486(1)

-1191(1)
896(1)
1726(1)

663(1)

310(1)
3096(1)

3652(1)
2576(1)
954(1)

Table xi.3. Bond lengths [A] and angles

C(1)-0(1)
C(1)-C(3)
C(1)-P
C(1)-H(1A)
C(2)-0(1)
C(2)-0(2)
C(2)-C(9)
C(2)-H(2A)
C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-C(8)
C(7)-H(7A)
C(8)-H(8A)
C(9)-C(10)
C(9)-C(14)
C(10)-C(11)
C(10)-H(10A)
C(11)-C(12)
C(11)-H(11A)
C(12)-C(13)
C(12)-H(12A)
C(13)-C(14)
C(13)-H(13A)
C(14)-H(14A)
C(15)-P
C(15)-Si(1)
C(15)-Si(2)
C(15)-H(15A)
C(16)-Si(1)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-Si(1)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-Si(1)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)

1.4295(13
1.4990(16
1.9239(12
1.0000
1.3988(14
1.4377(14
1.5055(16
1.0000
1.3969(17
1.3981(16
1.3896(18
0.9500
1.385(2)
0.9500
1.3888(19
0.9500
1.3921(18
0.9500
0.9500
1.3867(17
1.3917(17
1.3906(16
0.9500
1.3840(18
0.9500
1.3881(18
0.9500
1.3908(18
0.9500
0.9500
1.8208(12
1.9249(12
1.9334(12
1.0000
1.8744(14
0.9800
0.9800
0.9800
1.8644(14
0.9800
0.9800
0.9800
1.8657(14
0.9800
0.9800
0.9800
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2288(1) 20(1)
932(1) 18(1)
1834(1) 16(1)
1487(1) 31(2)
3188(1) 31(2)
725(1) 34(1)
197(1) 34(1)
2591(1) 28(1)
3661(1) 18(1)
3142(1) 18(1)
1918(1) 13(1)
1729(1) 15(1)

[deg] for [62a] .
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)



C(19)-Si(2)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(190)
C(20)-Si(2)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(200C)
C(21)-Si(2)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)
C(22)-0(3)
C(22)-Cr
C(23)-0(4)
C(23)-Cr
C(24)-0(5)
C(24)-Cr
C(25)-0(6)
C(25)-Cr
C(26)-0(7)
C(26)-Cr
0(2)-P

P-Cr

O(1)-C(1)-C(3)
O(1)-C(1)-P
C(3)-C(1)-P
O(1)-C(1)-H(1A)
C(3)-C(1)-H(1A)
P-C(1)-H(1A)
O(1)-C(2)-0(2)
O(1)-C(2)-C(9)
0(2)-C(2)-C(9)
O(1)-C(2)-H(2A)
0(2)-C(2)-H(2A)
C(9)-C(2)-H(2A)
C(8)-C(3)-C(4)
C(8)-C(3)-C(1)
C(4)-C(3)-C(1)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(7)-C(8)-C(3)
C(7)-C(8)-H(8A)
C(3)-C(8)-H(8A)
C(10)-C(9)-C(14)
C(10)-C(9)-C(2)
C(14)-C(9)-C(2)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10A)
C(11)-C(10)-H(10A)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11A)

1.8688(13
0.9800
0.9800
0.9800

1.8676(15
0.9800
0.9800
0.9800

1.8767(13
0.9800
0.9800
0.9800

1.1447(17

1.8805(13

1.1412(16

1.8989(13
1.1434(16
1.9016(13
1.1442(17
1.8952(13
1.1430(16
1.9054(13

1.6536(8)
2.3673(4)

108.66(9)
102.39(7)

120.23(8)

108.3
108.3
108.3
106.84(9)
110.88(10)
109.96(9)
109.7
109.7
109.7
119.02(11)
121.37(10)
119.55(11)
120.31(12)
119.8
119.8
120.36(12)
119.8
119.8
119.79(12)
120.1
120.1
120.22(13)
119.9
119.9
120.27(11)
119.9
119.9
119.89(11)
120.83(11)
119.26(11)
119.87(11)
120.1
120.1
120.29(12)
119.9
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C(10)-C(11)-H(11A)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12A)
C(13)-C(12)-H(12A)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13A)
C(14)-C(13)-H(13A)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14A)
C(9)-C(14)-H(14A)
P-C(15)-Si(1)
P-C(15)-Si(2)
Si(1)-C(15)-Si(2)
P-C(15)-H(15A)
Si(1)-C(15)-H(15A)
Si(2)-C(15)-H(15A)
Si(1)-C(16)-H(16A)
Si(1)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
Si(1)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
Si(1)-C(17)-H(17A)
Si(1)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
Si(1)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
Si(1)-C(18)-H(18A)
Si(1)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
Si(1)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
Si(2)-C(19)-H(19A)
Si(2)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
Si(2)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
Si(2)-C(20)-H(20A)
Si(2)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
Si(2)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
Si(2)-C(21)-H(21A)
Si(2)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
Si(2)-C(21)-H(21C)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)
0(3)-C(22)-Cr
O(4)-C(23)-Cr
O(5)-C(24)-Cr
0(6)-C(25)-Cr
O(7)-C(26)-Cr
C(2)-0(1)-C(1)
C(2)-0(2)-P
C(17)-Si(1)-C(18)
C(17)-Si(1)-C(16)
C(18)-Si(1)-C(16)
C(17)-Si(1)-C(15)

119.9
120.01(11)
120.0
120.0
119.86(12)
120.1
120.1
120.08(12)
120.0
120.0
116.73(6)
118.18(6)
111.61(6)
102.4
102.4
102.4
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
179.43(13)
175.51(12)
178.18(12)
175.24(12)
176.60(11)
108.29(9)
111.74(7)
105.94(7)
111.47(7)
106.20(7)
112.33(6)
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C(18)-Si(1)-C(15) 114.33(6)

C(16)-Si(1)-C(15) 106.49(6)

C(20)-Si(2)-C(19) 107.41(7)

C(20)-Si(2)-C(21) 106.88(7)

C(19)-Si(2)-C(21) 105.46(6)

C(20)-Si(2)-C(15) 106.87(6)

C(19)-Si(2)-C(15) 114.30(5)

C(21)-Si(2)-C(15) 115.46(6)

0(2)-P-C(15) 102.89(5)

0(2)-P-C(1) 90.05(4)

C(15)-P-C(1) 106.52(5)

0(2)-P-Cr 106.76(3)

C(15)-P-Cr 126.69(4)

C(1)-P-Cr 116.58(4)

C(22)-Cr-C(25) 86.36(6)

C(22)-Cr-C(23) 87.07(6)

C(25)-Cr-C(23) 173.28(6)

C(22)-Cr-C(24) 92.17(6)

C(25)-Cr-C(24) 87.60(6)

C(23)-Cr-C(24) 91.25(5)

C(22)-Cr-C(26) 91.39(6)

C(25)-Cr-C(26) 88.55(5)

C(23)-Cr-C(26) 93.01(5)

C(24)-Cr-C(26) 174.58(5)

C(22)-Cr-P 174.70(4)

C(25)-Cr-P 90.96(4)

C(23)-Cr-P 95.70(4)

C(24)-Cr-P 92.28(4)

C(26)-Cr-P 83.97(4)

Table xi.4. Anisotropic displacement parameter s (A"2 x 1073) for [ 62a]
The anisotropic displacement factor exponent ta kes the form:
-2 pif2 [h"2 a2 U1l + ... + 2 h k a* b* U12 ]

Uil u22 uU33 u23 uU13 Uiz
C(1) 12(1) 20(1) 14(1) 3(2) 0(2) 0(2)
C(2) 16(1) 19(1) 17(0) 2(2) -1(1)  -1(2)
C(3) 14(1) 20(1) 13(2) 5(1) -1(1)  -1(2)
C(4) 16(1) 24(1) 16(2) 6(1) 1(1) 1(1)
C() 15(1) 31(1) 21(2) 9(1) 01) -3(1)
C() 22(1) 24(1) 25(2) 8(1) -5(1) -7(2)
C(7) 25(1) 20(1) 24(1) 3(2) -2(1)  -1(2)
C(8) 16(1) 22(1) 20(2) 3(1) 1(1) 0(1)
C(9) 13(1) 19(1) 18(1) 0(2) -1(1) 0(2)
C(10) 17(1) 18(1) 16(1) 1(1) 01) -1(1)
C(11) 19(1) 20(1) 18(1) 1(1) 1(1) 4(1)
C(12) 15(1) 28(1) 21(1) 0(2) 2(2) 2(1)
C(13) 18(1) 24(1) 31(1) 5(2) 41) -4(1)
C(14) 18(1) 18(1) 33(1) 6(1) 2(2) 0(1)
C(15) 16(1) 16(1) 14(1) 1(1) 1(1) 0(1)
C(16) 35(1) 31(1) 25(1) -8(1) 9(1) -2(1)
C(17) 35(1) 27(1) 22(1) 8(1) 5(1) 1(1)
C(18) 21(1) 33(1) 27(1) 2(2) 9(2) 0(1)
C(19) 16(1) 34(1) 21(1) 4(1) 0(1) -5(1)
C(20) 33(1) 25(1) 30(1) 0(2) -9(1) -8(1)
C(21) 26(1) 35(1) 18(1) 2(2) -4(1) 1(1)
C(22) 20(1) 24(1) 24(1) 1(1) 1(1) 2(2)
C(23) 19(1) 19(1) 25(1) 4(1) 2(2) 0(1)
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C(24) 22(1) 22(1) 23(1) -1(1) 3(1)  5(1)

C(25) 24(1) 20(1) 23(1) -1(1) 3(2) 4(1)
C(26) 22(1) 17(1) 21(1) 2(2) -2(1) 2(2)
Oo(1) 11(1) 23(1) 21(1) 8(2) -1(1)  -1(2)
0(2) 12(1) 19(1) 18(1) 6(1) 01) -1(1)
0@ 331 21(1) 411 -1 3(2) 7(1)
0o@4) 27(1) 33(1) 32(1) 11(1) -10(1)  -3(2)
O() 32(1) 35@1) 35() 1(1) 17(1) 0(2)
o) 37(1) 40(1) 25(1) -6(1) -7(1) 4(2)
O(7) 24(1) 28(1) 33(1) 6(1) 71)  -2(1)
Si(1) 21(1) 19(1) 15(2) 1(1) 5(1) 1(1)
Si(2) 18(1) 22(1) 15(2) 2(2) -3(1) -3(2)
P 11(1) 15(1) 13(1) 2(2) 0(2) 0(1)
Cr 15(1) 16(1) 16(1) 1(1) 1(1) 2(1)
Table xi.5. Hydrogen coordinates ( x 10"4 ) and isotropic
displacement parameters (A2 x 10"3) for [62a] .
X y z U(eq)
H(1A) -562 3061 549 18
H(2A) -2388 2376 669 21
H(4A) 1177 3792 518 22
H(5A) 2207 5240 543 27
H(6A) 1541 6719 1051 28
H(7A) -164 6751 1541 28
H(8A) -1186 5296 1552 23
H(10A) -3523 4534 660 20
H(11A) -5327 4917 733 23
H(12A) -6479 3783 1291 25
H(13A) -5841 2244 1755 29
H(14A) -4041 1850 1669 27
H(15A) -790 4022 2598 18
H(16A) -1489 4808 4042 45
H(16B) -538 4266 4529 45
H(16C) -1736 4115 4779 45
H(17A) -355 2008 4477 42
H(17B) -977 1378 3803 42
H(17C) -1584 1749 4558 42
H(18A) -2992 2330 3139 40
H(18B) -3060 3511 3009 40
H(18C) -3267 3045 3857 40
H(19A) 1712 3435 1906 35
H(19B) 2032 2524 2477 35
H(19C) 2619 3577 2586 35
H(20A) 455 5279 3573 44
H(20B) 940 5345 2719 44
H(20C) 1712 5213 3486 44
H(21A) 1317 2379 4095 40
H(21B) 884 3347 4528 40
H(21C) 2084 3314 4259 40
Table xi.6. Torsion angles [deg] for [62a] .
0(1)-C(1)-C(3)-C(8) 29.86(14)
P-C(1)-C(3)-C(8) -87.45(12)
0(1)-C(1)-C(3)-C(4) -147.34(10)
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P-C(1)-C(3)-C(4)
C(8)-C(3)-C(4)-C(5)
C(1)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(3)
C(4)-C(3)-C(8)-C(7)
C(1)-C(3)-C(8)-C(7)
0(1)-C(2)-C(9)-C(10)
0(2)-C(2)-C(9)-C(10)
0(1)-C(2)-C(9)-C(14)
0(2)-C(2)-C(9)-C(14)
C(14)-C(9)-C(10)-C(11)
C(2)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(9)
C(10)-C(9)-C(14)-C(13)
C(2)-C(9)-C(14)-C(13)
0(2)-C(2)-0(1)-C(1)
C(9)-C(2)-0(1)-C(1)
C(3)-C(1)-0(1)-C(2)
P-C(1)-0(1)-C(2)
0(1)-C(2)-0(2)-P
C(9)-C(2)-0(2)-P
P-C(15)-Si(1)-C(17)
Si(2)-C(15)-Si(1)-C(17)
P-C(15)-Si(1)-C(18)
Si(2)-C(15)-Si(1)-C(18)
P-C(15)-Si(1)-C(16)
Si(2)-C(15)-Si(1)-C(16)
P-C(15)-Si(2)-C(20)
Si(1)-C(15)-Si(2)-C(20)
P-C(15)-Si(2)-C(19)
Si(1)-C(15)-Si(2)-C(19)
P-C(15)-Si(2)-C(21)
Si(1)-C(15)-Si(2)-C(21)
C(2)-0(2)-P-C(15)
C(2)-0(2)-P-C(1)
C(2)-0(2)-P-Cr
Si(1)-C(15)-P-0(2)
Si(2)-C(15)-P-0(2)
Si(1)-C(15)-P-C(1)
Si(2)-C(15)-P-C(1)
Si(1)-C(15)-P-Cr
Si(2)-C(15)-P-Cr
O(1)-C(1)-P-0(2)
C(3)-C(1)-P-0(2)
O(1)-C(1)-P-C(15)
C(3)-C(1)-P-C(15)
O(1)-C(1)-P-Cr
C(3)-C(1)-P-Cr
0(3)-C(22)-Cr-C(25)
0(3)-C(22)-Cr-C(23)
0(3)-C(22)-Cr-C(24)
0(3)-C(22)-Cr-C(26)
0(3)-C(22)-Cr-P
0(6)-C(25)-Cr-C(22)
0(6)-C(25)-Cr-C(23)
0(6)-C(25)-Cr-C(24)
0(6)-C(25)-Cr-C(26)
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95.34(12)
1.83(17)
179.10(10)
-1.40(18)
-0.01(19)
0.96(19)
-0.51(19)
-0.88(17)

-178.09(11)

15.50(15)
133.43(11)

-166.37(11)

-48.45(15)
0.15(18)
178.26(11)
0.50(18)
-0.74(19)
0.3(2)
0.3(2)
-0.6(2)

-178.71(12)

49.63(11)
169.44(9)

-166.15(9)

-37.96(10)
-37.65(11)

-158.05(8)

72.77(8)
-67.43(8)
-48.00(9)
171.80(6)

-164.95(7)

54.85(8)
127.63(7)
-92.81(7)

8.94(9)

148.51(6)

-113.67(8)

25.90(9)
119.49(8)
12.52(8)

-105.36(7)

41.05(7)
178.59(6)
135.00(6)
-87.47(7)
-81.59(7)
55.94(8)
14.19(8)
134.67(9)
-89.28(8)
31.20(10)
123.03(6)

-116.49(8)
-48(12)

134(12)

-135(12)

41(12)
12(12)
-2.2(15)
9.9(18)
90.2(15)

-93.6(15)



0(6)-C(25)-Cr-P
0(4)-C(23)-Cr-C(22)
0(4)-C(23)-Cr-C(25)
0(4)-C(23)-Cr-C(24)
0(4)-C(23)-Cr-C(26)
0(4)-C(23)-Cr-P
0(5)-C(24)-Cr-C(22)
0(5)-C(24)-Cr-C(25)
0(5)-C(24)-Cr-C(23)
0(5)-C(24)-Cr-C(26)
0(5)-C(24)-Cr-P
0(7)-C(26)-Cr-C(22)
0(7)-C(26)-Cr-C(25)
0(7)-C(26)-Cr-C(23)
0(7)-C(26)-Cr-C(24)
0(7)-C(26)-Cr-P
0(2)-P-Cr-C(22)
C(15)-P-Cr-C(22)
C(1)-P-Cr-C(22)
0(2)-P-Cr-C(25)
C(15)-P-Cr-C(25)
C(1)-P-Cr-C(25)
0(2)-P-Cr-C(23)
C(15)-P-Cr-C(23)
C(1)-P-Cr-C(23)
O(2)-P-Cr-C(24)
C(15)-P-Cr-C(24)
C(1)-P-Cr-C(24)
0(2)-P-Cr-C(26)
C(15)-P-Cr-C(26)
C(1)-P-Cr-C(26)

-177.6(15)

17.4(15)
5.4(18)

-74.7(15)

108.7(15)

-167.1(15)

70(4)

-16(4)

157(4)

-61(4)
-107(4)
-107(2)

-20(2)
166(2)
25(2)
71(2)
-8.1(5)
112.9(4)

-106.8(4)

51.45(5)
172.44(6)
-47.28(6)

-129.43(5)

-8.44(6)
131.84(5)
139.08(5)
-99.92(6)
40.36(6)
-36.99(5)

84.00(6)

-135.71(5)
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xii.[2-(Bis(trimethylsilyl)methyl)-2,5-diphenyl-1,3-
dioxaphospholane]pentacarbonyltungsteg@g]

(A1)
07
2
oy
Ces
Table xii.1. Crystal data and structure refi nement for [ 60a].
Identification code GSTR137, Gr egl181
Device Type Nonius Kapp aCCD
Empirical formula C26 H31 O7 P Si2w
Formula weight 726.51
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/c
Unit cell dimensions a=12.707( 2) A alpha =90 deg.
b =13.545(2) A beta =
124.298(9) deg.
¢ =20.703( 3) A gamma = 90 deg.
Volume 2943.7(8) A "3
Z, Calculated density 4, 1.639 M g/m”3
Absorption coefficient 4.100 mm~-1
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F(000) 1440

Crystal size 0.44 x 0.28 x 0.28 mm

Theta range for data collection 2.82 to 26. 00 deg.

Limiting indices -15<=h<=14, -15<=k<=16, -25<=I<=23
Reflections collected / unique 17559 /573 5 [R(int) = 0.1067]

Completeness to theta = 26.00 99.0 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.3931 and 0.2656
Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 5735/0/ 340
Goodness-of-fit on FA2 0.895
Final R indices [I>2sigma(l)] R1 =0.0444 , WR2 =0.0812
R indices (all data) R1 =0.0897 , WR2 = 0.0930
Largest diff. peak and hole 1.435 and - 2.323 e.AN-3
Table xii.2. Atomic coordinates ( x 10"4) and equi valent
isotropic displacement parameters (A"2 x 10"3) for [ 64a] .
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X y z U(eq)
C(1) -1833(6) -8458(5) - 1026(4) 28(2)
C(2) -3600(7) -7886(5) - 1096(4) 31(2)
C(3) -1191(7)  -9385(5) - 1045(4) 29(2)
C(4) -1875(7) -10261(5) - 1351(4) 34(2)
C(6) 32(7) -11090(5) - 1032(4) 37(2)
C(7) 727(7) -10218(6) -723(4) 35(2)
C(8) 102(7)  -9374(5) -725(4) 31(2)
C(9) -4798(6) -8149(5) - 1156(4) 26(2)
C(10) -4920(7)  -9053(5) -888(4) 30(2)
C(11) -6034(7)  -9261(5) -926(4) 34(2)
C(12) -7018(7) -8604(5) - 1232(4) 37(2)
C(13) -6891(7) -7692(6) - 1499(4) 42(2)
C(14) -5784(7)  -7474(5) - 1458(4) 39(2)
C(15) -3339(7) -8361(5) - 2792(4) 29(2)
C(16) -2714(7)  -8062(6) - 4077(4) 43(2)
c@7) -521(7)  -8252(6) - 2417(4) 40(2)
C(18) -2224(8) -10009(5) - 3244(5) 49(2)
C(19) -6205(7)  -7958(6) - 3388(4) 44(2)
C(20) -5140(7)  -6901(5) - 4151(4) 42(2)
C(21) -5562(7)  -9142(6) - 4328(4) 47(2)
C(22) -3587(8) -5479(5) - 2288(4) 32(2)
C(23) -1673(7)  -5755(5) -695(5) 37(2)
C(24) 23(8) -6397(6) - 1066(4) 36(2)
C(25) -1724(7)  -5879(5) - 2676(5) 37(2)
C(26) -1157(7)  -4483(6) - 1542(5) 39(2)

- 299 -



C(5)  -1264(7) -11109(5) - 1347(4)  37(2)

0(1) -2834(4)  -8714(3) -933(3) 31(1)
0(2) -3913(4) -7507(3) - 1837(2) 29(1)
0(®3) -4674(5)  -5274(4) - 2595(3) 46(1)
0(4) -1609(6) -5612(4) -130(3) 54(2)
0(5) 1081(6) -6714(4) -670(3) 55(2)
0(6) -1668(5) -5820(4) - 3211(3) 51(2)
o(7) -852(5) -3667(4) - 1449(3) 51(2)
P -2690(2)  -7594(1) - 1916(1) 28(1)
Si(1) -2214(2) -8640(2) - 3126(1) 34(1)
Si(2) -5036(2) -8070(2) - 3647(1) 34(1)
w -1765(1) -5893(1) - 1708(1) 30(1)
Table xii.3. Bond lengths [A] and angle s [deg] for [ 64a] .
C(1)-0(2) 1.433(7)

C(1)-C(3) 1.510(9)

C(1)-P 1.920(7)

C(1)-H(1A) 1.0000

C(2)-0(1) 1.396(7)

C(2)-0(2) 1.445(7)

C(2)-C(9) 1.498(9)

C(2)-H(2A) 1.0000

C(3)-C(8) 1.382(9)

C(3)-C(4) 1.394(9)

C(4)-C(5) 1.384(9)

C(4)-H(4A) 0.9500

C(6)-C(5) 1.389(10)

C(6)-C(7) 1.394(10)

C(6)-H(6A) 0.9500

C(7)-C(8) 1.391(9)

C(7)-H(7A) 0.9500

C(8)-H(8A) 0.9500

C(9)-C(14) 1.384(9)

C(9)-C(10) 1.390(9)

C(10)-C(11) 1.400(9)

C(10)-H(10A) 0.9500

C(11)-C(12) 1.365(10)

C(11)-H(11A) 0.9500

C(12)-C(13) 1.400(10)

C(12)-H(12A) 0.9500

C(13)-C(14) 1.392(10)

C(13)-H(13A) 0.9500

C(14)-H(14A) 0.9500

C(15)-P 1.835(7)

C(15)-Si(2) 1.906(7)

C(15)-Si(1) 1.943(7)

C(15)-H(15A) 1.0000

C(16)-Si(1) 1.867(7)

C(16)-H(16A) 0.9800

C(16)-H(16B) 0.9800

C(16)-H(16C) 0.9800

C(17)-Si(2) 1.871(7)

C(17)-H(17A) 0.9800

C(17)-H(17B) 0.9800

C(17)-H(17C) 0.9800

C(18)-Si(1) 1.869(7)

C(18)-H(18A) 0.9800

C(18)-H(18B) 0.9800

C(18)-H(18C) 0.9800

C(19)-Si(2) 1.849(7)
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C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-Si(2)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-Si(2)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)
C(22)-0(3)
C(22)-W
C(23)-0(4)
C(23)-W
C(24)-0(5)
C(24)-W
C(25)-0(6)
C(25)-W
C(26)-0(7)
C(26)-W
C(5)-H(5A)
0(2)-P

P-W

0(1)-C(1)-C(3)
0(1)-C(1)-P
C(3)-C(1)-P
O(1)-C(1)-H(1A)
C(3)-C(1)-H(1A)
P-C(1)-H(1A)
0(1)-C(2)-0(2)
0(1)-C(2)-C(9)
0(2)-C(2)-C(9)
O(1)-C(2)-H(2A)
0(2)-C(2)-H(2A)
C(9)-C(2)-H(2A)
C(8)-C(3)-C(4)
C(8)-C(3)-C(1)
C(4)-C(3)-C(1)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7A)
C(6)-C(7)-H(7A)
C(3)-C(8)-C(7)
C(3)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(14)-C(9)-C(10)
C(14)-C(9)-C(2)
C(10)-C(9)-C(2)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10A)
C(11)-C(10)-H(10A)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11A)
C(10)-C(11)-H(11A)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12A)

0.9800
0.9800
0.9800

1.860(7)
0.9800
0.9800
0.9800

1.865(7)
0.9800
0.9800
0.9800

1.184(8)
1.995(8)
1.144(8)
2.041(8)
1.192(8)
1.998(9)
1.153(8)
2.034(8)
1.150(8)
2.017(8)
0.9500

1.656(4)
2.5107(19

109.6(5)

102.1(4)
120.3(5)

108.1
108.1
108.1
106.2(5)
111.4(5)
109.7(5)
109.8
109.8
109.8
119.7(6)
119.5(6)
120.7(6)
119.9(7)
120.0
120.0
120.5(7)
119.7
119.7
118.8(7)
120.6
120.6
121.0(7)
119.5
119.5
119.1(6)
120.0(6)
120.9(6)
119.4(6)
120.3
120.3
121.9(7)
119.1
119.1
118.6(7)
120.7
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C(13)-C(12)-H(12A)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13A)
C(12)-C(13)-H(13A)
C(9)-C(14)-C(13)
C(9)-C(14)-H(14A)
C(13)-C(14)-H(14A)
P-C(15)-Si(2)
P-C(15)-Si(1)
Si(2)-C(15)-Si(1)
P-C(15)-H(15A)
Si(2)-C(15)-H(15A)
Si(1)-C(15)-H(15A)
Si(1)-C(16)-H(16A)
Si(1)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
Si(1)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
Si(1)-C(17)-H(17A)
Si(1)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
Si(1)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
Si(1)-C(18)-H(18A)
Si(1)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
Si(1)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
Si(2)-C(19)-H(19A)
Si(2)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
Si(2)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
Si(2)-C(20)-H(20A)
Si(2)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
Si(2)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
Si(2)-C(21)-H(21A)
Si(2)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
Si(2)-C(21)-H(21C)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)
0(3)-C(22)-W
O(4)-C(23)-W
0(5)-C(24)-W
0(6)-C(25)-W
O(7)-C(26)-W
C(4)-C(5)-C(6)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5A)
C(2)-0(1)-C(1)
C(2)-0(2)-P
0(2)-P-C(15)
0(2)-P-C(1)
C(15)-P-C(1)
0(2)-P-W

120.7
120.0(7)
120.0
120.0
121.0(7)
119.5
119.5
116.3(3)
116.8(4)
112.6(3)
102.8
102.8
102.8
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
175.3(6)
175.4(6)
178.0(7)
176.1(7)
177.3(7)
120.1(7)
120.0
120.0
108.9(5)
111.5(4)
102.3(3)
90.3(3)
107.4(3)
107.02(18)
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C(15)-P-W 126.5(2)

C(1)-P-w 115.9(2)

C(16)-Si(1)-C(18) 107.7(3)

C(16)-Si(1)-C(17) 105.4(3)

C(18)-Si(1)-C(17) 107.5(4)

C(16)-Si(1)-C(15) 114.4(3)

C(18)-Si(1)-C(15) 106.7(3)

C(17)-Si(1)-C(15) 114.7(3)

C(19)-Si(2)-C(20) 106.2(3)

C(19)-Si(2)-C(21) 106.2(4)

C(20)-Si(2)-C(21) 110.9(3)

C(19)-Si(2)-C(15) 114.9(3)

C(20)-Si(2)-C(15) 112.5(3)

C(21)-Si(2)-C(15) 106.0(3)

C(22)-W-C(24) 174.3(3)

C(22)-W-C(26) 92.3(3)

C(24)-W-C(26) 91.6(3)

C(22)-W-C(25) 94.0(3)

C(24)-W-C(25) 90.4(3)

C(26)-W-C(25) 86.5(3)

C(22)-W-C(23) 88.2(3)

C(24)-W-C(23) 87.9(3)

C(26)-W-C(23) 86.8(3)

C(25)-W-C(23) 173.0(3)

C(22)-W-P 83.3(2)

C(24)-W-P 92.7(2)

C(26)-W-P 174.9(2)

C(25)-W-P 96.3(2)

C(23)-W-P 90.6(2)

Table xii.4. Anisotropic displacement parameters (A"2 x 1073) for

[ 64a]
The anisotropic displacement factor exponent ta kes the form:
2pif2[h"2 a2 U1l +...+2hka*b*U12 ]

Uil u22 uU33 u23 uU13 U1z
C(1) 27(4) 26(4) 29(4) 1(3) 15(3) 1(3)
C(2) 43(5) 22(4) 33(4) 3(3) 26(4) 5(3)
C(3) 31(5) 26(4) 29(4) 8(3) 17(3) 6(3)
C(4) 34(5) 34(4) 35(4) 4(3) 19(4) 3(4)
C(6) 50(6) 32(5) 39(4) 7(3) 31(4) 9(4)
C(7) 31(5) 48(5) 35(4) 14(4) 25(4) 7(4)
C(8) 37(5) 31(4) 29(4) 7(3) 22(4) 8(3)
C() 27(4) 30(4) 28(4) -3(3) 19(3) -2(3)
C(10) 39(5) 22(4) 30(4) -1(3) 20(3) 4(4)
C(11) 40(5) 26(4) 46(5) 3(3) 30(4) -2(4)
C(12) 43(5) 38(5) 37(4) 2(4) 27(4)  -4(4)
C(13) 37(5) 41(5) 47(5) 4(4) 24(4) 7(4)
C(14) 50(5) 19(4) 56(5) 8(4) 35(4) 5(4)
C(15) 38(5) 19(4) 31(4) -2(3) 19(4) 0(3)
C(16) 47(5) 47(5) 36(4) 2(4) 25(4) 2(4)
C(17) 45(5) 47(5) 39(5) 3(4) 29(4) 7(4)
C(18) 69(6) 35(5) 48(5) -4(4) 36(5) 6(5)
C(19) 31(5) 50(5) 43(5) 9(4) 16(4) 13(4)
C(20) 49(5) 36(5) 37(4) 5(4) 23(4) 2(4)
C(21) 48(5) 44(5) 43(5) -7(4) 22(4)  -7(4)
C(22) 44(5) 24(4) 36(4) 1(3) 26(4) -4(4)
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c(23)
C(24)
C(25)
C(26)
C(5)
Oo(1)
0(2)
0(3)
O(4)
O(5)
O(6)
Oo(7)
P
Si(1)
Si(2)
W

42(5)
43(6)
38(5)
36(5)
41(5)
36(3)
29(3)
46(4)
79(5)
48(4)
72(4)
63(4)
31(1)
45(1)
36(1)
36(1)

23(4)
32(4)
23(4)
31(5)
28(4)
28(3)
27(3)
41(3)
50(4)
41(4)
45(3)
25(3)
24(1)
30(1)
27(1)
22(1)

47(5)
39(5)
48(5)
49(5)
45(5)
40(3)
34(3)
49(3)
41(3)
65(4)
53(4)
65(4)
28(1)
30(1)
31(1)
34(1)

0(4)
-5(4)
10(4)

3(4)
6(3)
8(2)
5(2)
-1(3)

-9(3)
-5(3)
16(3)
-3(3)
1(1)
1(1)
0(1)
1(1)

Table xii.5. Hydrogen coordinates ( x 10"
displacement parameters (A2 x 10"3) for

H(1A)

H(2A)

H(4A)

H(6A)

H(7A)

H(8A)

H(10A)
H(11A)
H(12A)
H(13A)
H(14A)
H(15A)
H(16A)
H(16B)
H(16C)
H(17A)
H(17B)
H(17C)
H(18A)
H(18B)
H(18C)
H(19A)
H(19B)
H(19C)
H(20A)
H(20B)
H(20C)
H(21A)
H(21B)
H(21C)
H(5A)

-1187
-3115
-2760
449
1610
570
-4254
-6107
7774
-7560
-5705
-3432
2711
-3573
-2118
-208
-471
4
-3105
-1823
-1750
-6082
-6084
-7070
-4918
-4547
-6011
-5520
-5002
-6439
-1731

-8061
-7377
-10276
-11675
-10202
-8781
-9527
-9876
-8762
-7221
-6853
-9022
-7342
-8286
-8254
-8516
-7529
-8506
-10240
-10327
-10177
-7327
-8501
-7987
-7029
-6416
-6642
-9746
-9207
-9035
-11704

Table xii.6. Torsion angles [deg] for

O(1)-C(1)-C(3)-C(8)
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25(4)
26(4)
23(4)
23(4)
26(4)
28(3)
19(2)
25(3)
38(3)
24(3)
46(3)
37(3)
17(1)
23(1)
14(1)
20(1)

-1(4)
-11(4)
8(4)
-4(4)
5(4)
7(2)
3(2)
-1(3)
-5(3)
-5(3)
15(3)
-15(3)
1(1)
4(1)
-1(1)
-1(1)

4) and isotropic

[ 54a] .

z U(eq)
-561 33
-679 37
1562 41
1027 44
-515 42
-504 37
-680 36
-734 41
1263 44
1709 50
1641 47
2613 35
4030 64
4486 64
4213 64
1898 61
2392 61
2590 61
3589 73
2732 73
3472 73
3122 66
3039 66
3864 66
4526 62
3764 62
4428 62
4054 71
4510 71
4776 71
1560 44

[54a] .
-145.9(6)



P-C(1)-C(3)-C(8)
0(1)-C(1)-C(3)-C(4)
P-C(1)-C(3)-C(4)
C(8)-C(3)-C(4)-C(5)
C(1)-C(3)-C(4)-C(5)
C(5)-C(6)-C(7)-C(8)
C(4)-C(3)-C(8)-C(7)
C(1)-C(3)-C(8)-C(7)
C(6)-C(7)-C(8)-C(3)
0(1)-C(2)-C(9)-C(14)
0(2)-C(2)-C(9)-C(14)
0(1)-C(2)-C(9)-C(10)
0(2)-C(2)-C(9)-C(10)
C(14)-C(9)-C(10)-C(11)
C(2)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(10)-C(9)-C(14)-C(13)
C(2)-C(9)-C(14)-C(13)
C(12)-C(13)-C(14)-C(9)
C(3)-C(4)-C(5)-C(6)
C(7)-C(6)-C(5)-C(4)
0(2)-C(2)-0(1)-C(1)
C(9)-C(2)-0(1)-C(1)
C(3)-C(1)-0(1)-C(2)
P-C(1)-0(1)-C(2)
0(1)-C(2)-0(2)-P
C(9)-C(2)-0(2)-P
C(2)-0(2)-P-C(15)
C(2)-0(2)-P-C(1)
C(2)-0(2)-P-W
Si(2)-C(15)-P-0(2)
Si(1)-C(15)-P-0(2)
Si(2)-C(15)-P-C(1)
Si(1)-C(15)-P-C(1)
Si(2)-C(15)-P-W
Si(1)-C(15)-P-W
O(1)-C(1)-P-0(2)
C(3)-C(1)-P-0(2)
O(1)-C(1)-P-C(15)
C(3)-C(1)-P-C(15)
O(1)-C(1)-P-W
C(3)-C(1)-P-W
P-C(15)-Si(1)-C(16)
Si(2)-C(15)-Si(1)-C(16)
P-C(15)-Si(1)-C(18)
Si(2)-C(15)-Si(1)-C(18)
P-C(15)-Si(1)-C(17)
Si(2)-C(15)-Si(1)-C(17)
P-C(15)-Si(2)-C(19)
Si(1)-C(15)-Si(2)-C(19)
P-C(15)-Si(2)-C(20)
Si(1)-C(15)-Si(2)-C(20)
P-C(15)-Si(2)-C(21)
Si(1)-C(15)-Si(2)-C(21)
0(3)-C(22)-W-C(24)
0(3)-C(22)-W-C(26)
0(3)-C(22)-W-C(25)
0(3)-C(22)-W-C(23)
0(3)-C(22)-W-P
0(5)-C(24)-W-C(22)
O(5)-C(24)-W-C(26)
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96.3(7)
31.4(8)
-86.4(7)
-1.3(10)

-178.6(6)

1.0(10)

1.8(10)
179.2(6)
-1.7(9)

-167.7(6)

-50.4(8)
14.5(9)
131.8(6)
-0.2(10)
177.6(6)
1.0(10)
-1.2(11)
0.7(11)
-0.3(11)

-178.1(6)

0.1(11)

0.6(10)
-0.5(10)
49.9(6)
169.3(5)

-166.5(5)

-37.8(5)
-38.3(6)

-158.9(4)

121.3(4)
13.4(4)

-103.9(4)

41.9(4)
178.8(3)
136.2(4)
-86.9(4)
-80.4(4)
56.5(4)
13.4(4)
134.9(5)
-89.7(4)
31.9(6)
122.5(3)

-115.9(5)
-112.9(4)

25.6(5)
128.1(4)
-93.4(4)

9.2(5)

147.6(3)
-49.0(5)
172.4(3)

72.6(5)
-66.0(4)

-166.0(4)

55.4(4)
6(10)

-127(8)

147(8)
-40(8)
51(8)
-4(22)
128(20)



0(5)-C(24)-W-C(25)
0(5)-C(24)-W-C(23)
O(5)-C(24)-W-P
0(7)-C(26)-W-C(22)
0(7)-C(26)-W-C(24)
0(7)-C(26)-W-C(25)
0(7)-C(26)-W-C(23)
O(7)-C(26)-W-P
0(6)-C(25)-W-C(22)
0(6)-C(25)-W-C(24)
0(6)-C(25)-W-C(26)
0(6)-C(25)-W-C(23)
0(6)-C(25)-W-P
0(4)-C(23)-W-C(22)
0(4)-C(23)-W-C(24)
0(4)-C(23)-W-C(26)
0(4)-C(23)-W-C(25)
O(4)-C(23)-W-P
0(2)-P-W-C(22)
C(15)-P-W-C(22)
C(1)-P-W-C(22)
0(2)-P-W-C(24)
C(15)-P-W-C(24)
C(1)-P-W-C(24)
0(2)-P-W-C(26)
C(15)-P-W-C(26)
C(1)-P-W-C(26)
0(2)-P-W-C(25)
C(15)-P-W-C(25)
C(1)-P-W-C(25)
0(2)-P-W-C(23)
C(15)-P-W-C(23)
C(1)-P-W-C(23)

-145(20)

42(20)
-49(20)
26(15)

-149(15)

120(15)
-62(15)
-3(18)
100(9)
-84(9)
8(9)
-8(11)

-176(9)

-82(9)
102(9)
10(9)
26(10)

-165(9)

-36.7(3)
83.6(3)

-135.6(3)

139.3(3)

-100.4(3)

40.4(3)
-8(3)
113(3)

-107(3)
-130.0(3)

-9.7(3)

131.1(3)
51.4(3)
171.7(4)
-47.5(3)
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xiii.[2-(Bis(trimethylsilyl)methyl)-2iso-propyl-5-phenyl-1,3,4-
dioxaphospholane]pentacarbonyltungsteg@g]

(B1)
oy
Table xiii.1. Crystal data and structure ref inement for [62a] .
Identification code GSTR139, Gr egl199
Device Type Nonius Kapp aCCD
Empirical formula C23 H33 O7 P Si2w
Formula weight 692.49
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/c
Unit cell dimensions a=11.0063 (16) A alpha =90 deg.
b = 14.099(3) A beta =
116.302(11) deg.

c =20.512( 3) A gamma = 90 deg.
Volume 2853.5(8) A "3
Z, Calculated density 4, 1.612 M g/m”3
Absorption coefficient 4.225 mm~-1
F(000) 1376
Crystal size 0.42 x0.24 x 0.12 mm
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Theta range for data collection 2.52 to 25.
Limiting indices -13<=h<=13,
Reflections collected / unique 18082 / 498

Completeness to theta = 25.25 96.4 %

Absorption correction Semi-empiri

Max. and min. transmission 0.6311 and

Refinement method Full-matrix

Data / restraints / parameters 4984 /36 /

Goodness-of-fit on FA2 0.994

Final R indices [I>2sigma(l)] R1 =0.0496

R indices (all data) R1=0.1199

Largest diff. peak and hole 2.286 and -
Table xiii.2. Atomic coordinates ( x 10"4) and equ
isotropic displacement parameters (A*2 x 10"3) for
U(eq) is defined as one third of the trace

Uij tensor.

X y
C(1) 7302(9) -7967(7)
C(2) 9337(16) -7591(11)
C(2S) 9760(40) -7860(30)
C(3) 6268(9) -8715(6)
C(4) 6600(8) -9552(6)
C(5) 5621(10) -10220(7)
C(6) 4291(10) -10061(7)
C(7) 3962(10) -9236(7)
C(8) 4933(9) -8559(7)
C(9) 10768(16) -7914(11)
C(10) 10786(10) -8595(7)
C(11) 11575(10) -6997(8)
C(9S) 10310(40) -7620(30)
C(10S) 10786(10) -8595(7)
C(11S) 11575(10) -6997(8)
C(12) 8374(8) -7695(6)
C(13) 10496(9) -8106(7)
C(14) 9721(9) -6028(6)
C(15) 11495(9) -7131(7)
C(16) 7264(10) -9309(6)
C(17) 7063(10) -7305(7)
C(18) 5236(8) -7872(7)
C(23) 8676(10) -4956(7)
C(20) 6445(10) -5299(7)
C(21) 4889(10) -6050(7)
C(22) 7158(9) -5596(7)
C(19) 6014(9) -4204(7)
0(1) 8536(6) -8405(5)
0(2) 9315(6) -6988(4)
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25 deg.
-15<=k<=16, -24<=I<=24

4 [R(int) = 0.1264]

cal from equivalents
0.2699
least-squares on F~2

332

, WR2 = 0.0925

, WR2 =0.1145

1.771 e. AM-3
ivalent

[ 62a] .
of the orthogonalized

z U(eq)
1018(5)  43(2)
1112(11)  42(3)
1500(30)  42(3)
928(5)  38(2)
1324(5)  38(2)
1227(6)  49(3)
743(6)  48(3)
348(6)  52(3)
438(5)  47(3)
1324(11)  42(3)
749(6)  55(3)
1357(7)  69(3)
1000(30)  42(3)
749(6)  55(3)
1357(7)  69(3)
2612(5)  37(2)
4163(5)  51(3)
3721(5)  46(3)
3224(6)  57(3)
3209(6)  53(3)
3704(5)  52(3)
2205(5)  48(3)
1975(6)  43(2)
2308(6)  45(3)
868(5)  41(2)
539(6)  43(2)
1070(6)  42(3)
1109(4)  56(2)
1693(3)  43(2)



O(7)
O(4)
O(5)
O(6)
0(3)
P
Si(1)
Si(2)
W

9774(7)
6251(7)
3805(6)
7404(7)
5558(6)
7889(2)
9982(3)
7011(3)
6780(1)

-4687(5)
-5131(5)
-6350(5)
-5649(5)
-3457(5)

-7072(2)
-7223(2)
-8031(2)
-5480(1)

Table xiii.3. Bond lengths [A] and angl

C(1)-0(1)
C(1)-C(3)
C(1)-P
C(1)-H(1A)
C(2)-0(1)
C(2)-0(2)
C(2)-C(9)
C(2)-H(2A)
C(25)-0(2)
C(25)-0(1)
C(2S)-C(9S)
C(2S)-H(2AS)
C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-C(8)
C(7)-H(7A)
C(8)-H(8A)
C(9)-C(10)
C(9)-C(11)
C(9)-H(9A)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(9S)-H(9AS)
C(12)-P
C(12)-Si(1)
C(12)-Si(2)
C(12)-H(12A)
C(13)-Si(1)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(1)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-Si(1)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)

1.427(10)
1.501(12)
1.862(10)
1.0000
1.446(15)
1.472(16)
1.51(3)
1.0000
1.44(4)
1.45(4)
1.45(7)
1.0000
1.381(12)
1.387(12)
1.377(11)
0.9500
1.375(13)
0.9500
1.371(13)
0.9500
1.383(12)
0.9500
0.9500
1.528(17)
1.553(17)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.0000
1.808(9)
1.922(9)
1.929(9)
1.0000
1.862(10)
0.9800
0.9800
0.9800
1.867(9)
0.9800
0.9800
0.9800
1.873(9)
0.9800
0.9800
0.9800
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2273(4)  57(2)
2799(4)  61(2)
564(4)  54(2)
53(4)  56(2)
873(4)  53(2)
1763(1)  36(1)
3412(2)  43(1)
2922(2)  40(1)
1423(1)  38(1)

es [deg] for [ 62a] .




C(16)-Si(2)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(17)-Si(2)
C(17)-H(17A)
C(17)-H(17B)
C(17)-H(17C)
C(18)-Si(2)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(23)-0(7)
C(23)-W
C(20)-0(4)
C(20)-W
C(21)-0(5)
C(21)-W
C(22)-0(6)
C(22)-W
C(19)-0(3)
C(19)-W
0(2)-P

P-W

O(1)-C(1)-C(3)
O(1)-C(1)-P
C(3)-C(1)-P
O(1)-C(1)-H(1A)
C(3)-C(1)-H(1A)
P-C(1)-H(1A)
O(1)-C(2)-0(2)
O(1)-C(2)-C(9)
0(2)-C(2)-C(9)
O(1)-C(2)-H(2A)
0(2)-C(2)-H(2A)
C(9)-C(2)-H(2A)
0(2)-C(2S)-0(1)

0(2)-C(2S)-C(9S)
0(1)-C(2S)-C(9S)
0(2)-C(2S)-H(2AS)
O(1)-C(2S)-H(2AS)
C(9S)-C(2S)-H(2AS)

C(8)-C(3)-C(4)
C(8)-C(3)-C(1)
C(4)-C(3)-C(1)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7A)
C(8)-C(7)-H(7A)
C(3)-C(8)-C(7)
C(3)-C(8)-H(8A)
C(7)-C(8)-H(8A)
C(2)-C(9)-C(10)
C(2)-C(9)-C(11)

1.878(9)
0.9800
0.9800
0.9800

1.882(9)
0.9800
0.9800
0.9800

1.866(9)
0.9800
0.9800
0.9800

1.151(10)

2.022(10)

1.145(11)

2.023(12)

1.154(10)

2.043(10)

1.143(11)

2.039(11)

1.160(10)

1.983(10)

1.642(6)
2.502(2)

109.8(7)
102.8(6)
123.1(7)

106.7
106.7

106.7

103.5(10)

108.6(14)

109.3(15)

111.7
111.7
111.7
105(3)
107(4)
108(4)
112.2
112.2
112.2

118.7(8)

118.8(9)

122.5(8)

120.7(8)

119.6
119.6
120.4(9)
119.8
119.8
118.9(9)
120.6
120.6
121.4(10)
119.3
119.3
119.8(9)
120.1
120.1
109.7(15)
105.4(14)
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C(10)-C(9)-C(11)
C(2)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(11)-C(9)-H(9A)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
C(9)-C(11)-H(11A)
C(9)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(9)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(2S)-C(9S)-H(9AS)
P-C(12)-Si(1)
P-C(12)-Si(2)
Si(1)-C(12)-Si(2)
P-C(12)-H(12A)
Si(1)-C(12)-H(12A)
Si(2)-C(12)-H(12A)
Si(1)-C(13)-H(13A)
Si(1)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
Si(1)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(1)-C(14)-H(14A)
Si(1)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
Si(1)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
Si(1)-C(15)-H(15A)
Si(1)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
Si(1)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
Si(2)-C(16)-H(16A)
Si(2)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
Si(2)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
Si(2)-C(17)-H(17A)
Si(2)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
Si(2)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
Si(2)-C(18)-H(18A)
Si(2)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
Si(2)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
O(7)-C(23)-W
O(4)-C(20)-W
0(5)-C(21)-W
0(6)-C(22)-W

110.7(11)
110.3
110.3
110.3
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
110.1
114.9(5)
119.7(5)
111.1(4)
102.8
102.8
102.8
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
176.9(9)
175.2(8)
177.8(8)
178.1(8)
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0(3)-C(19)-W
C(1)-0(1)-C(2)
C(1)-0(1)-C(2S)
C(2)-0(1)-C(2S)
C(2S)-0(2)-C(2)
C(2S)-0(2)-P
C(2)-0(2)-P
0(2)-P-C(12)
0(2)-P-C(1)
C(12)-P-C(1)
0(2)-P-W
C(12)-P-W
C(1)-P-wW
C(13)-Si(1)-C(14)
C(13)-Si(1)-C(15)
C(14)-Si(1)-C(15)
C(13)-Si(1)-C(12)
C(14)-Si(1)-C(12)
C(15)-Si(1)-C(12)
C(18)-Si(2)-C(16)
C(18)-Si(2)-C(17)
C(16)-Si(2)-C(17)
C(18)-Si(2)-C(12)
C(16)-Si(2)-C(12)
C(17)-Si(2)-C(12)
C(19)-W-C(23)
C(19)-W-C(20)
C(23)-W-C(20)
C(19)-W-C(22)
C(23)-W-C(22)
C(20)-W-C(22)
C(19)-W-C(21)
C(23)-W-C(21)
C(20)-W-C(21)
C(22)-W-C(21)
C(19)-W-P
C(23)-W-P
C(20)-W-P
C(22)-W-P
C(21)-W-P

178.9(9)
101.6(8)
116.2(16)
32.9(16)
32.7(17)
114.6(15)
112.8(7)
103.5(4)
88.6(4)
107.9(4)
106.1(2)
127.1(3)
115.5(3)
111.0(4)
104.2(5)
107.0(4)
107.6(4)
112.4(4)
114.5(4)
108.7(5)
103.4(4)
108.1(5)
114.0(4)
108.0(4)
114.4(4)
92.2(4)
89.8(4)
90.2(4)
88.3(4)
87.7(4)
177.1(4)
89.5(4)
178.2(4)
90.2(4)
91.8(4)
172.7(3)
85.2(3)
97.1(3)
84.8(3)
93.0(3)

Table xiii.4. Anisotropic displacement parameters

[ 62a]
The anisotropic displacement factor exponent ta
-2 pif2[h"2 a2 U1l + ...+ 2 h ka* b* U12

(A"2 x 1073) for

kes the form:

]

Uil U22 U333  U23
C(1) 39(6) 50(6) 43(7) 2(5)
C(2) 37(7) 41(7) 53(9) 6(6)
C(2S) 37(7) 41(7) 53(9) 6(6)
C(3) 35(5) 39(6) 40(6) -5(5)
C(4) 33(5) 42(5) 40(6) -5(6)
C(5) b52(6) 44(6) 56(7) -2(5)
C(6) 43(6) 48(6) 62(8) -16(6)
C(7) 42(6) 60(7) 51(7) -10(6)
C(8) 49(6) 45(6) 46(7) 0(5)
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U3  U12
21(5)  0(5)
25(7)  4(5)
24(7)  4(5)
16(5) -7(4)
17(5)  0(5)
28(6)  -4(5)
32(6) -16(5)
19(6)  -3(5)
22(6)  0(5)



C(9) 38(7) 42(7) 53(9) 6(6) 24(7)  4A(5)

C(10) 61(7) 49(6) 73(8) 13(6) 45(7)  15(5)
C(11) 58(7) 76(8) 93(10) -7(8) 53(8) -4(6)
C(S) 37(7) 41(7) 53(9) 6(6) 24(7) 4(5)
C(10S) 61(7) 49(6) 73(8) 13(6) 45(7)  15(5)
C(11S) 58(7) 76(8) 93(10) -7(8) 53(8) -4(6)
C(12) 41(5) 30(5) 38(6) 1(4) 17(5) 6(4)
C(13) 44(6) 49(6) 46(7) 0(5) 7(6) 8(5)
C(14) 44(6) 40(6) 45(7) 3(5) 13(5) -10(5)
C(15) 40(6) 61(7) 60(8) -4(6) 13(6) 3(5)
C(16) 64(7) 45(7) 57(7) 2(5) 31(6) -6(5)
C(17) 60(7) 58(7) 41(7) -2(5 24(6) 2(5)
C(18) 42(6) 57(7) 58(7) 0(6) 34(6) 0(5)
C(23) 47(6) 30(5) 52(7) -2(5 21(6) 3(5)
C(20) 43(6) 34(6) 49(7) 3(5) 11(6) -1(4)
C(21) 38(6) 43(6) 43(7) 5(5) 20(5) 4(5)
C(22) 33(5) 36(6) 55(7) 0(5) 15(5) -1(4)
C(19) 36(5) 38(6) 44(7) -7(5 12(5) -14(5)
O(1) 49(4) 50(4) 87(6) -20(4) 47(4) -11(3)
O(2) 37(4) 46(4) 51(55) -8(3) 22(4) -1(3)
O(7) 43(4) 50(5) 66(5) 1014 15(4) -4(4)
O@) 79(55) 55(5) 59(6) 1(4) 41(5) 13(4)
O(5) 31(4) 58(5) 62(5) 0(4) 11(4) -4(3)
O) 5314) 7255) 4705 6(4) 26(4) 3(4)
O@) 42(4) 48(5) 64(5) 9(4) 19(4) 6(4)
P 30(1) 38(1) 40(2) -3(1) 16(1) -2(1)
Si(1) 38(2) 40(2) 43(2) -3(1) 12(2) 5(1)
Si(2) 43(2) 36(2) 44(2) 0(1) 22(2) 0(1)
w 32(1) 37(1) 42(1) 2(1) 15(1) 0(1)
Table xiii.5. Hydrogen coordinates ( x 10 ") and isotropic
displacement parameters (A2 x 10"3) for [62a] .
X y z U(eq)
H(1A) 6949 -7606 551 52
H(2A) 8941 -7258 632 50
H(2AS) 10434 -8205 1940 51
H(4A) 7512 -9667 1666 46
H(5A) 5866 -10794 1497 59
H(6A) 3611 -10514 683 57
H(7A) 3048 -9127 5 62
H(8A) 4683 -7988 164 56
H(9A) 11151 -8230 1811 51
H(10A) 11719 -8800 886 83
H(10B) 10427 -8273 277 83
H(10C) 10224 -9150 715 83
H(11A) 12521 -7161 1487 103
H(11B) 11541 -6567 1724 103
H(11C) 11173 -6685 881 103
H(9AS) 9605 -7288 562 51
H(10D) 10005 -9018 514 83
H(10E) 11483 -8909 1178 83
H(10F) 11156 -8444 406 83
H(11D) 11924 -6853 1003 103
H(11E) 12270 -7335 1772 103
H(11F) 11343 -6405 1525 103
H(12A) 8672 -8327 2513 44
H(13A) 10618 -8727 3986 61
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H(13B) 9790
H(13C) 11350
H(14A) 9114
H(14B) 9318
H(14C) 10596
H(15A) 11339
H(15B) 11640
H(15C) 12297
H(16A) 8220
H(16B) 7002
H(16C) 6702
H(17A) 6877
H(17B) 7962
H(17C) 6377
H(18A) 5082
H(18B) 5092
H(18C) 4602

-8149

-7905

-6083
-5602

-5771

-6634
-7739

-6972

-9418
-9714
-9462
-6640
-7358
-7540
-8279
-7208
-8046

Table xiii.6. Torsion angles [deg] for

O(1)-C(1)-C(3)-C(8)
P-C(1)-C(3)-C(8)
0(1)-C(1)-C(3)-C(4)
P-C(1)-C(3)-C(4)
C(8)-C(3)-C(4)-C(5)
C(1)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(4)-C(3)-C(8)-C(7)
C(1)-C(3)-C(8)-C(7)
C(6)-C(7)-C(8)-C(3)
0(1)-C(2)-C(9)-C(10)
0(2)-C(2)-C(9)-C(10)
0(1)-C(2)-C(9)-C(11)
0(2)-C(2)-C(9)-C(11)
C(3)-C(1)-0(1)-C(2)
P-C(1)-0(1)-C(2)
C(3)-C(1)-0(1)-C(2S)
P-C(1)-O(1)-C(2S)
0(2)-C(2)-0(1)-C(1)
C(9)-C(2)-0(1)-C(1)
0(2)-C(2)-0(1)-C(2S)
C(9)-C(2)-0(1)-C(2S)
0(2)-C(2S)-0(1)-C(1)
C(9S)-C(2S)-0(1)-C(1)
0(2)-C(2S)-0(1)-C(2)
C(9S)-C(2S)-0(1)-C(2)
0(1)-C(2S)-0(2)-C(2)
C(9S)-C(25)-0(2)-C(2)
O(1)-C(2S)-0(2)-P
C(9S)-C(2S)-0(2)-P
0(1)-C(2)-0(2)-C(2S)
C(9)-C(2)-0(2)-C(2S)
0(1)-C(2)-0(2)-P
C(9)-C(2)-0(2)-P
C(25)-0(2)-P-C(12)
C(2)-0(2)-P-C(12)
C(25)-0(2)-P-C(1)
C(2)-0(2)-P-C(1)
C(2S)-0(2)-P-W
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4330
4567
3953
3301
4071
2861
3037
3674
3542
2779
3455
3555
4117
3846
1788
2049
2402

61
61
55
55
55
68
68
68
64
64
64
63
63
63
58
58
58

[62a] .

-141.4(9)

97.5(10)
39.4(12)

-81.7(11)

0.5(14)
179.7(9)
-1.0(14)
1.3(15)
-1.2(15)
-0.5(14)

-179.7(9)

0.8(15)
64(2)
176.1(9)

-176.9(10)
-65(2)

174.4(10)

-52.9(10)
-154(2)
-22(2)

55.0(13)
171.0(14)

-66(3)

50(3)
0(4)

-114(3)

70(3)

-44(4)
-68(3)

46(4)
26(4)
141(3)
67(3)

-48(3)
-32.9(14)
-148.5(12)

74(2)
109.9(10)

-34(2)

1.8(10)

-150(2)



C(2)-0(2)-P-W
Si(1)-C(12)-P-0(2)
Si(2)-C(12)-P-0(2)
Si(1)-C(12)-P-C(1)
Si(2)-C(12)-P-C(1)
Si(1)-C(12)-P-W
Si(2)-C(12)-P-W
0(1)-C(1)-P-0(2)
C(3)-C(1)-P-O(2)
0(1)-C(1)-P-C(12)
C(3)-C(1)-P-C(12)
0(1)-C(1)-P-W
C(3)-C(1)-P-W
P-C(12)-Si(1)-C(13)
Si(2)-C(12)-Si(1)-C(13)
P-C(12)-Si(1)-C(14)
Si(2)-C(12)-Si(1)-C(14)
P-C(12)-Si(1)-C(15)
Si(2)-C(12)-Si(1)-C(15)
P-C(12)-Si(2)-C(18)
Si(1)-C(12)-Si(2)-C(18)
P-C(12)-Si(2)-C(16)
Si(1)-C(12)-Si(2)-C(16)
P-C(12)-Si(2)-C(17)
Si(1)-C(12)-Si(2)-C(17)
0(3)-C(19)-W-C(23)
0(3)-C(19)-W-C(20)
0(3)-C(19)-W-C(22)
0(3)-C(19)-W-C(21)
0(3)-C(19)-W-P
0(7)-C(23)-W-C(19)
0(7)-C(23)-W-C(20)
0(7)-C(23)-W-C(22)
0(7)-C(23)-W-C(21)
0(7)-C(23)-W-P
0(4)-C(20)-W-C(19)
0(4)-C(20)-W-C(23)
0(4)-C(20)-W-C(22)
0(4)-C(20)-W-C(21)
0(4)-C(20)-W-P
0(6)-C(22)-W-C(19)
0(6)-C(22)-W-C(23)
0(6)-C(22)-W-C(20)
0(6)-C(22)-W-C(21)
0(6)-C(22)-W-P
0(5)-C(21)-W-C(19)
0(5)-C(21)-W-C(23)
0(5)-C(21)-W-C(20)
0(5)-C(21)-W-C(22)
0(5)-C(21)-W-P
0(2)-P-W-C(19)
C(12)-P-W-C(19)
C(1)-P-W-C(19)
0(2)-P-W-C(23)
C(12)-P-W-C(23)
C(1)-P-W-C(23)
0(2)-P-W-C(20)
C(12)-P-W-C(20)
C(1)-P-W-C(20)
0(2)-P-W-C(22)
C(12)-P-W-C(22)
C(1)-P-W-C(22)
0(2)-P-W-C(21)
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-114.4(9)

46.8(5)

-176.9(5)

139.8(5)

-84.0(6)
-75.9(5)

60.4(6)
30.1(6)
154.4(8)

-73.6(6)

50.6(9)
137.3(5)

-98.4(8)
-168.2(5)

51.9(6)
69.3(6)

-70.6(6)
-53.0(6)

167.1(4)
11.3(7)
149.0(4)
132.2(6)

-90.1(5)
-107.4(6)

30.4(6)

-103(48)
-13(48)

170(48)
78(48)

-172(100)
-127(17)

144(17)

-39(17)

38(27)
46(17)

-19(11)

73(11)
28(16)

-108(11)

159(11)
86(27)
-7(27)
39(31)
175(100)

-92(27)
-47(23)

148(20)
43(23)

-135(23)

140(23)
31(2)
152(2)

-66(2)
-39.1(4)

82.6(5)

-135.4(4)
-128.7(4)

-7.1(4)

135.0(4)
49.1(4)
170.7(4)

-47.2(4)

140.7(4)



C(12)-P-W-C(21) -97.7(4)
C(1)-P-W-C(21) 44.4(4)

xiv. { n>[phenylmethylene
(bis(trimethylsilyl)methyl)hydroxyphosphonium]pentabonyltungsten(0)}2,3,

4,5,6,7,8,9,10,11,12-undecachloro-1-carbadodectbpra]

03
Table xiv.1. Crystal data and structure refinement for [73]
Empirical formula C21 H29 B11 CI13 O6 PSi2 W
Formula weight 1228.20
Temperature 0(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
Unit cell dimensions a =9.5558(12) A alpha = 86.17 40(10)°

b = 14.2372(17) A beta = 86.5200(10)°

- 316 -



¢ =17.852(2) A gamma = 70.7550(10)°

Volume 2285.9(5) A 3

4 2

Density (calculated) 1.784 Mg/m 3

Absorption coefficient 3.410 mm -1

F(000) 1192

Crystal size 0.51 x0.13 x 0.12 mm 3

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.19°
Absorption correction

Max. and min. transmission

1.851t0 29.19°
-12<=h<=12, -18<=k<=17, -22<=|<=23
19052
10829 [R(int) = 0.0118]
87.5%
Sadabs
0.6851 and 0.2752

Refinement method Full-matrix least-squares on F 2
Data / restraints / parameters 10829 /0/538

Goodness-of-fit on F 2 1.043

Final R indices [I>2sigma(l)] R1 =0.0174, wR2 = 0. 0426

R indices (all data) R1 =0.0184, wR2 = 0.0430

Extinction coefficient 0.00010(7)

Largest diff. peak and hole 0.914 and -0.839 e.A -3

Table xiv.2. Atomic coordinates (x 10
displacement parameters (A 2x 10 3) for

I. U(eq) is defined as one third of the trace of

4) and equivalent isotropic
[ 73]

the orthogonalized U

i

tensor.

X y z U(eq)
W(1) 8996(1) 2079(1) 1893(1) 12(1)
P(1) 11391(1) 1736(1) 2468(1) 12(1)
Si(1) 11144(1) 1547(1) 4216(1) 22(1)
Si(2) 14203(1) 469(1) 3267(1) 16(1)
0(1) 12227(2) 2541(1) 2408(1) 16(1)
0(2) 9410(2) 3902(1) 845(1) 26(1)
0O(3) 9156(2) 894(1) 408(1) 23(1)
0(4) 5554(2) 2644(1) 1583(1) 31(1)
0O(5) 8562(2) 279(1) 2926(1) 26(1)
0O(6) 7715(2) 3641(1) 3175(1) 27(1)
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C(1) 11595(2) 1073(1) 1662(1) 14(1)
C(2) 12327(2) 1190(1) 925(1) 15(1)
C(3) 12787(2) 2005(2) 702(1) 19(1)
C(4) 13466(2) 2056(2) 0(1) 25(1)
C(5) 13681(2) 1297(2) -493(1) 30(1)
C(6) 13252(2) 482(2) -276(1) 29(1)
C(7) 12589(2) 419(2) 429(1) 21(1)
C(8) 12054(2) 972(1) 3292(1) 16(1)
C(9) 9241(2) 1452(2) 4348(1) 34(1)
C(10) 11095(3) 2865(2) 4215(1) 30(1)
C(11) 12194(3) 806(2) 5026(1) 34(1)
C(12) 14738(2) -776(2) 3775(1) 25(1)
C(13) 14966(2) 1348(2) 3701(1) 21(1)
C(14) 14985(2) 308(2) 2282(1) 20(1)
C(15) 9293(2) 3250(1) 1208(1) 18(1)
C(16) 9125(2) 1301(1) 933(1) 16(1)
C(17) 6765(2) 2483(1) 1689(1) 20(1)
C(18) 8735(2) 917(1) 2556(1) 18(1)
C(19) 8200(2) 3084(2) 2731(1) 19(1)
C(20) 3221(2) 6337(1) 2849(1) 17(1)
X y U(eq)

B(1) 1572(2) 6168(2) 3152(1) 17(1)
B(2) 2949(2) 5264(2) 2613(1) 16(1)
B(3) 3888(2) 5899(2) 1973(1) 17(1)
B(4) 3076(3) 7206(2) 2118(1) 21(1)
B(5) 1655(2) 7369(2) 2844(1) 19(1)
B(6) 1060(2) 5644(2) 2381(1) 16(1)
B(7) 2478(2) 5476(2) 1650(1) 17(1)
B(8) 2564(2) 6682(2) 1343(1) 19(1)
B(9) 1183(3) 7593(2) 1884(1) 19(1)
B(10) 240(2) 6954(2) 2525(1) 18(1)
B(11) 809(2) 6525(2) 1594(1) 18(1)
CI(1) 1213(1) 5891(1) 4110(1) 25(1)
Cl(2) 3939(1) 4101(1) 3054(1) 21(1)
CI(3) 5810(1) 5383(1) 1763(1) 27(1)
Cl(4) 4202(1) 7976(1) 2063(1) 34(1)
CI(5) 1374(1) 8305(1) 3498(1) 27(1)
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Cl(6)
Ccl(7)

cl(8)

Cl(9)

CI(10)
CI(11)
C(1A)
CI(1A)
CI(2A)
C(1B)
CI(1B)
CI(2B)

Table xiv.3.

W(1)-C(18)
W(1)-C(19)
W(1)-C(15)
W(L)-P(1)
P(1)-C(1)
Si(1)-C(10)
Si(1)-C(11)
Si(2)-C(12)
Si(2)-C(13)
O(1)-H(1A)
0(3)-C(16)
0(5)-C(18)
C(1)-C(2)
C(2)-C(7)
C(4)-C(5)
C(6)-C(7)
C(20)-B(4)
C(20)-B(1)
C(20)-H(20)
B(1)-B(6)
B(1)-B(5)
B(2)-CI(2)
B(2)-B(7)

-10(1)
2876(1)
3114(1)

270(1)

-1648(1)
-515(1)

5774(7)
4305(9)
6803(4)

6298(6)
4306(2)
6705(2)

2.043(2)
2.0713(19)
2.086(2)
2.4513(5)
1.7394(18)
1.861(3)
1.867(2)
1.863(2)
1.8705(19)
0.75(3)
1.129(2)
1.138(2)
1.479(2)
1.404(3)
1.394(3)
1.385(3)
1.716(3)
1.723(3)
1.14(3)
1.775(3)
1.788(3)
1.772(2)
1.785(3)

4821(1)
4499(1)
6947(1)
8812(1)
7502(1)
6616(1)

5856(5)

6803(6)
6024(3)

6404(5)

6878(1)
5536(2)

2528(1)
1022(1)
403(1)
1496(1)
2816(1)
918(1)
4850(4)
4926(5)
4035(2)
4688(4)
4948(1)
4029(1)

Bond lengths [A] and angles [°] for

W(1)-C(17)
W(1)-C(16)
W(1)-C(1)
P(1)-0(1)
P(1)-C(8)

Si(1)-C(9)
Si(1)-C(8)
Si(2)-C(14)
Si(2)-C(8)

0(2)-C(15)
0(4)-C(17)
0(6)-C(19)
C(2)-C(3)
C(3)-C(4)
C(5)-C(6)
C(20)-B(2)
C(20)-B(5)
C(20)-B(3)
B(1)-CI(1)
B(1)-B(10)
B(1)-B(2)

B(2)-B(6)

B(2)-B(3)

- 319 -

23(1)
24(1)
28(1)
28(1)
29(1)
29(1)
39(1)
146(3)
84(1)
62(2)
40(1)
58(1)

[ 73]

2.0667(19)
2.0784(19)
2.4489(17)
1.5935(14)
1.7865(18)
1.867(2)
1.9193(19)
1.867(2)
1.9380(19)
1.129(2)
1.128(2)
1.126(2)
1.397(3)
1.386(3)
1.379(4)
1.715(3)
1.718(3)
1.729(3)
1.767(2)
1.787(3)
1.792(3)
1.772(3)
1.790(3)



B(3)-CI(3) 1.765(2)
B(3)-B(7) 1.785(3)
B(4)-CI(4) 1.766(2)
B(4)-B(8) 1.780(3)
B(5)-CI(5) 1.774(2)
B(5)-B(9) 1.780(3)
B(6)-CI(6) 1.791(2)
B(6)-B(10) 1.799(3)
B(7)-B(11) 1.793(3)
B(8)-CI(8) 1.781(2)
B(8)-B(9) 1.800(3)
B(9)-B(11) 1.788(3)
B(10)-CI(10) 1.775(2)
B(11)-Cl(11) 1.769(2)
C(1A)-CI(2A) 1.754(7)
C(1B)-CI(1B) 1.839(6)

C(18)-W(1)-C(17)  87.22(8)
C(17)-W(1)-C(19)  82.01(7)
C(17)-W(1)-C(16)  80.48(7)
C(18)-W(1)-C(15) 179.07(7)
C(19)-W(1)-C(15)  87.53(8)
C(18)-W(1)-C(1)  88.35(7)
C(19)-W(1)-C(1)  125.76(6)
C(15)-W(1)-C(1)  90.79(7)
C(17)-W(1)-P(1)  164.93(6)
C(16)-W(1)-P(1) 113.63(5)
C(1)-W(1)-P(1) 41.58(4)
O(1)-P(1)-C(8)  105.42(8)
O(1)-P(1)-W(1)  121.02(6)
C(8)-P(1)-W(1)  127.86(6)
C(10)-Si(1)-C(11) 110.44(11)
C(10)-Si(1)-C(8) 110.09(9)
C(11)-Si(1)-C(8) 109.75(10)
C(12)-Si(2)-C(13) 112.09(9)
C(12)-Si(2)-C(8) 106.63(9)
C(13)-Si(2)-C(8) 110.95(9)
C(2)-C(1)-P(1)  130.08(14)
P(1)-C(1)-W(1) 69.28(6)

B(3)-B(8) 1.785(3)

B(3)-B(4) 1.794(3)
B(4)-B(9) 1.777(3)
B(4)-B(5) 1.788(3)
B(5)-B(10) 1.779(3)
B(6)-B(7) 1.791(3)
B(6)-B(11) 1.791(3)
B(7)-CI(7) 1.773(2)
B(7)-B(8) 1.794(3)
B(8)-B(11) 1.791(3)
B(9)-CI(9) 1.779(2)
B(9)-B(10) 1.796(3)
B(10)-B(11) 1.800(3)
C(1A)-CI(1A) 1.600(10)
C(1B)-CI(2B) 1.699(5)

C(18)-W(1)-C(19)  93.27(8)
C(18)-W(1)-C(16)  90.83(7)
C(19)-W(1)-C(16) 161.79(7
C(17)-W(1)-C(15)  93.36(8
C(16)-W(1)-C(15)  88.55(7)
C17)-W(1)-C(1) 152.10(7)
C(16)-W(1)-C(1)  72.06(6)
C(18)-W(1)-P(1)  87.29(5)
C(19)-W(1)-P(1)  84.30(5)
C(15)-W(1)-P(1)  92.32(5)
O(1)-P(1)-C(1)  113.91(8)
C(1)-P(1)-C(8)  113.84(9)
C(1)-P(1)-W(1) 69.14(6)
C(10)-Si(1)-C(9) 111.32(12
C(9)-Si(1)-C(11) 105.4
C(9)-Si(1)-C(8) 109.72(1
C(12)-Si(2)-C(14) 108.4
C(14)-Si(2)-C(13) 107.5
C(14)-Si(2)-C(8) 111.21(
P(1)-O(1)-H(1A) 114(2)
C(2)-C(1)-W(1)  118.94(12)
C(3)-C(2)-C(7)  118.77(17)
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C(3)-C(2)-C(1)  124.06(16)
C(4)-C(3-C(2)  120.39(18)
C(6)-C(5)-C(4) 120.1(2)
C(6)-C(7)-C(2) 120.5(2)
P(1)-C(8)-Si(2)  111.05(9)

0(2)-C(15)-W(1)  177.81(17)
O(4)-C(17)-W(1)  175.82(18)
0(6)-C(19)-W(1)  177.36(16)

B(2)-C(20)-B(5) 114.61(14)
B(2)-C(20)-B(1)  62.83(12)
B(5)-C(20)-B(1)  62.62(12)
B(4)-C(20)-B(3)  62.77(12)
B(1)-C(20)-B(3)  114.93(14)
B(4)-C(20)-H(20)  117.8(14)
B(1)-C(20)-H(20)  117.8(14)
C(20)-B(1)-CI(1) 121.20(13)
CI(1)-B(1)-B(6)  125.40(15)
CI(1)-B(1)-B(10) 125.49(14)
C(20)-B(1)-B(5)  58.55(12)
B(6)-B(1)-B(5)  107.78(15)
C(20)-B(1)-B(2)  58.37(11)
B(6)-B(1)-B(2) 59.59(11)
B(5)-B(1)-B(2)  107.60(15)
C(20)-B(2)-B(6)  104.45(14)
C(20)-B(2)-B(7)  104.85(14)
B(6)-B(2)-B(7) 60.45(12)
Cl(2)-B(2)-B(3)  120.40(13)
B(7)-B(2)-B(3) 59.92(12)
Cl(2)-B(2)-B(1)  119.13(14)
B(7)-B(2)-B(1)  108.45(14)
C(20)-B(3)-CI(3) 121.30(13)
CI(3)-B(3)-B(8)  125.10(15)
CI(3)-B(3)-B(7)  125.84(14)
C(20)-B(3)-B(2)  58.31(11)
B(8)-B(3)-B(2)  107.95(15)
C(20)-B(3)-B(4)  58.28(12)
B(8)-B(3)-B(4) 59.65(12)
B(2)-B(3)-B(4)  107.22(15)
C(20)-B(4)-B(9)  104.83(15)

C(7)-C(2)-C(1)
C(3)-C(4)-C(5)
C(5)-C(6)-C(7)
P(1)-C(8)-Si(1)

117.16(17)
120.1(2)
120.2(2)

114.32(10)

Si(1)-C(8)-Si(2) 114.77(9

0(3)-C(16)-W(1)
0(5)-C(18)-W(1)
B(2)-C(20)-B(4)

B(4)-C(20)-B(5)
B(4)-C(20)-B(1)
B(2)-C(20)-B(3)
B(5)-C(20)-B(3)

B(2)-C(20)-H(20)
B(5)-C(20)-H(20)
B(3)-C(20)-H(20)

C(20)-B(1)-B(6)
C(20)-B(1)-B(10)
B(6)-B(1)-B(10)
CI(1)-B(1)-B(5)
B(10)-B(1)-B(5)
CI(1)-B(1)-B(2)
B(10)-B(1)-B(2)
C(20)-B(2)-CI(2)
CI(2)-B(2)-B(6)
CI(2)-B(2)-B(7)
C(20)-B(2)-B(3)
B(6)-B(2)-B(3)
C(20)-B(2)-B(1)
B(6)-B(2)-B(1)
B(3)-B(2)-B(1)
C(20)-B(3)-B(8)
C(20)-B(3)-B(7)
B(8)-B(3)-B(7)
CI(3)-B(3)-B(2)
B(7)-B(3)-B(2)
CI(3)-B(3)-B(4)
B(7)-B(3)-B(4)
C(20)-B(4)-Cl(4)
CI(4)-B(4)-B(9)
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178.12(1
178.78(1
114.46(1
62.75(13
114.64(15
62.63(12)
114.92(14
117.7(1
118.0(1
117.2(1
104.01(
104.51(
60.66(1
120.82(13
59.68(12)
119.91(13
108.28(14)
120.63(1
125.28(1
125.89(1
59.06(12)
108.31(14
58.80(11)
59.74(11)
108.67(14)
104.21(
104.28(1
60.33(12)
120.99(14
59.92(12)
120.09(14
107.66(15)
120.41(1
125.22(1

6)
6)
4)

4)
4)
4)
14)
15)
2)

3)
4)
3)

14)
4)

4)
5)



C(20)-B(4)-B(8)
B(9)-B(4)-B(8)
Cl(4)-B(4)-B(5)
B(8)-B(4)-B(5)
Cl(4)-B(4)-B(3)
B(8)-B(4)-B(3)
C(20)-B(5)-CI(5)
CI(5)-B(5)-B(10)
CI(5)-B(5)-B(9)
C(20)-B(5)-B(4)
B(10)-B(5)-B(4)
C(20)-B(5)-B(1)
B(10)-B(5)-B(1)
B(4)-B(5)-B(1)
B(2)-B(6)-B(7)
B(2)-B(6)-CI(6)
B(7)-B(6)-CI(6)
B(1)-B(6)-B(11)
CI(6)-B(6)-B(11)
B(1)-B(6)-B(10)
CI(6)-B(6)-B(10)
CI(7)-B(7)-B(3)
B(3)-B(7)-B(2)
B(3)-B(7)-B(6)
CI(7)-B(7)-B(11)
B(2)-B(7)-B(11)
CI(7)-B(7)-B(8)
B(2)-B(7)-B(8)
B(11)-B(7)-B(8)
B(4)-B(8)-B(3)
B(4)-B(8)-B(11)
B(3)-B(8)-B(11)
CI(8)-B(8)-B(7)
B(11)-B(8)-B(7)
CI(8)-B(8)-B(9)
B(11)-B(8)-B(9)
B(4)-B(9)-CI(9)
CI(9)-B(9)-B(5)
CI(9)-B(9)-B(11)

104.93(15)
60.81(12)
119.49(14)
108.60(16)
120.06(15)
59.92(12)
121.00(14)
125.06(15)
125.08(14)
58.59(12)
108.38(15)
58.82(12)
60.14(12)
108.10(15)
60.14(12)
121.42(14)
121.81(13)
108.19(14)
122.19(13)
60.00(12)
121.02(14)
122.28(14)
60.16(12)
107.68(14)
121.25(13)
107.40(14)
121.48(14)
107.74(14)
59.92(12)
60.43(12)
107.21(15)
107.79(15)
121.86(14)
60.00(12)
122.42(14)
59.72(12)
121.59(15)
122.05(13)
121.97(14)

Cl(4)-B(4)-B(8)
C(20)-B(4)-B(5)
B(9)-B(4)-B(5)
C(20)-B(4)-B(3)
B(9)-B(4)-B(3)
B(5)-B(4)-B(3)
C(20)-B(5)-B(10)
C(20)-B(5)-B(9)
B(10)-B(5)-B(9)
CI(5)-B(5)-B(4)
B(9)-B(5)-B(4)
CI(5)-B(5)-B(1)
B(9)-B(5)-B(1)
B(2)-B(6)-B(1)
B(1)-B(6)-B(7)
B(1)-B(6)-CI(6)
B(2)-B(6)-B(11)
B(7)-B(6)-B(11)
B(2)-B(6)-B(10)
B(7)-B(6)-B(10)
B(11)-B(6)-B(10)
CI(7)-B(7)-B(2)
CI(7)-B(7)-B(6)
B(2)-B(7)-B(6)
B(3)-B(7)-B(11)
B(6)-B(7)-B(11)
B(3)-B(7)-B(8)
B(6)-B(7)-B(8)
B(4)-B(8)-CI(8)
CI(8)-B(8)-B(3)
CI(8)-B(8)-B(11)
B(4)-B(8)-B(7)
B(3)-B(8)-B()
B(4)-B(8)-B(9)
B(3)-B(8)-B(9)
B(7)-B(8)-B(9)
B(4)-B(9)-B(5)
B(4)-B(9)-B(11)
B(5)-B(9)-B(11)
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125.69(1
58.66(12)
59.92(13)
58.95(12)
108.69(15
108.41(15)
105.07
104.63(
60.61(13
120.06(15
59.73(13)
120.22(14
108.47(14)
60.67(12)
108.94(15)
120.68(1
108.03(1
60.05(12
108.60(
108.71(15
60.18(
122.68(1
121.88(14)
59.42(12)
107.69(
59.98(12
59.82(12)
107.80(14)
121.27(15
120.58(14)
123.15(
107.90(15
59.85(12)
59.51(12)
108.07(15
107.86(15)
60.35(13)
107.49(1
107.66(

5)

(14)
15)

4)
5)

14)

12)
4)

14)

14)

4)
15)



B(4)-B(9)-B(10)  108.11(15)
B(5)-B(9)-B(10)  59.66(12)
B(4)-B(9)-B(8) 59.69(12)
B(5)-B(9)-B(8)  108.06(14)
B(10)-B(9)-B(8)  108.40(14)

CI(10)-B(10)-B(1) 121.48(15)
CI(10)-B(10)-B(9) 122.17(14)

B(1)-B(10)-B(9)  107.80(15)
B(5)-B(10)-B(6)  107.14(14)
B(9)-B(10)-B(6)  107.22(15)

B(5)-B(10)-B(11) 107.19(15)
B(9)-B(10)-B(11) 59.63(12)
CI(11)-B(11)-B(9) 122.10(14)
B(9)-B(11)-B(8)  60.39(12)
B(9)-B(11)-B(6)  107.90(14)
Cl(11)-B(11)-B(7) 121.26(13)
B(8)-B(11)-B(7)  60.08(12)
Cl(11)-B(11)-B(10)121.03(14)
B(8)-B(11)-B(10) 108.62(14)
B(7)-B(11)-B(10) 108.59(14)

CI(9)-B(9)-B(10) 121.88(

B(11)-B(9)-B(10)  60.30(12
Cl(9)-B(9)-B(8) 121.25(14)
B(11)-B(9)-B(8)  59.89(12)

CI(10)-B(10)-B(5) 121.69
B(5)-B(10)-B(1)  60.18(
B(5)-B(10)-B(9)  59.73(

CI(10)-B(10)-B(6) 122.50

B(1)-B(10)-B(6)  59.34(11

CI(10)-B(10)-B(11)122.72

B(1)-B(10)-B(11) 107.28

B(6)-B(10)-B(11)  59.70(1
Cl(11)-B(11)-B(8) 122.

Cl(11)-B(11)-B(6) 121.22(

B(8)-B(11)-B(6)  107.92(1
B(9)-B(11)-B(7) 108.46

B(6)-B(11)-B(7)  59.97(12)

B(9)-B(11)-B(10)  60.07

B(6)-B(11)-B(10)  60.12(

CI(1A)-C(1A)-CI(2A)109.

15)

(14)
12)
12)

(15)

)
(14)
(14)
2)
08(14)
14)
4)

(14)

12)
12)
2(5)

CI(2B)-C(1B)-CI(1B)112.7(3)

Table xiv.4. Anisotropic displacement parameters (A 2% 10 3). The

anisotropic displacement factor exponent takes the form: -2 :2[ h 2ax 2011 +
. +2hka*b*U 12
ull u 22 u 33 u23 ul3 ul2
w(1) 11(2) 13(2) 13(2) 0(1) -2(1) -4(1)
P(1) 12(1) 15(2) 11(2) 1(1) -2(1) -6(1)
Si(1) 18(1) 38(1) 12(1) 3(1) -1(1) -11(1)
Si(2) 14(1) 16(1) 17(2) 2(1) -5(1) -6(1)
o@1) 17(3) 15(1) 20(1) -1(1) -3(1) -8(1)
0(2) 37() 22(1) 22(1) 3(1) -2(1) -13(1)
O03) 25(@) 20(1) 22(1) -4(1) -8(1) -5(1)
Oo@4) 16(1) 28(1) 48(1) -6(1) -8(1) -4(1)
o) 23(1) 24(1) 31(1) 7(1) 1(1) -8(1)
ull u 33 u23 ul3 ul2
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o) 23(1)  33(1) 25(1)  -9(1) 1(1) -6(1)
Cc(l) 13(1)  14(Q1) 15(1) 0(1) 2(1)  -4(1)
C2 10(1)  19(1) 14(1) 0(1) 2(1)  -3(1)
c@3) 17(1)  22(1) 17(1) 1(1) A1) -7(D)
C4) 18(1)  32(1) 23(1) 7(1) (1) -8(1)
C(5) 22(1)  47(0) 18(1)  -2(1) 5(1) -6(1)
C(6) 24(1)  39(1) 22(1)  -13(1) 3(1) -6(1)
c(7) 17(1)  24(Q1) 22(1)  -6(1) A1) -5(1)
c@) 17(1)  19(1) 13(1) 5(1) 5(1)  -8(1)
CO) 21(1) 642 19(1) 9(1) o)  -17(1)
C(10) 29(1)  38(1) 21(1)  -10(1) 3(1) -7(1)
C(11) 27(1)  59(2) 17(1)  10(1) 41 -18(1)
C(12) 28(1)  21(1) 27(1) 5(1) -12(1)  -9(1)
C(13) 19(1)  22(1) 25(1)  -3(1) -3(1)  -10(1)
c(14) 171)  21() 22(1)  -2(1) 2(1)  -6(1)
C(15) 18(1)  18(1) 17(1)  -2(1) 3(1)  -5(1)
c(l6) 12(1)  15(1) 21(1) 4(1) 5(1)  -4(1)
C(17) 18(1)  17(1) 24(1)  -3(1) 2(1)  -4(1)
c(18) 12(1)  21(1) 20(1) 0(1) 2(1)  -5(1)
C(19) 14(1)  24(1) 19(1) 1(1) 3(1) -7(D)
C(20) 20(1)  15(1) 17(1) 1(1) A1) -7(D)
B(1) 19(1)  15(1) 16(1) 0(1) 2(1)  -4(1)
B(2) 16(1)  13(1) 18(1) 2(1) 3(1) -4
B(3) 18(1)  15(1) 20(1) 3(1) 3(1)  -6(1)
B(4) 26(1)  17(1) 21(1) 2(1) 5(1)  -10(1)
B(5) 24(1)  13(1) 20(1)  -1(1) 6(1)  -4(1)
B(6) 16(1)  14(1) 20(1)  -1(1) A1) -4(1)
B(7) 17(1)  13(1) 191)  -1(1) 3(1)  -3(1)
B(8) 24(1)  16(1) 16(1) 2(1) A1) -6(1)
B(9) 26(1)  11(1) 19(1) 1(1) (1) -2(1)
B(10) 19(1)  13(1) 20(1)  -2(1) A1) -2(1)
B(11) 17(1)  15(1) 191)  -2(1) 6(1)  -2(1)
U1l U 33 U23 U 13 U 12
Cl(1) 30(1)  26(1) 17(1) 1(1) 2(1) -5(1)
Cl2) 20(1)  14(1) 26(1) 6(1) 2(1)  -2(1)
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Cl(3) 16(1)  30(1) 33(1) 4(1) 1(1) -7(1)

Cl4) 46(1)  29(1) 37(1) 4(1) 5(1)  -28(1)
Cl(5) 41(1)  18(1) 23(1)  -6(1) -8(1)  -8(1)
Cl6) 18(1)  20(1) 34(1)  -4(1) 1(1) -9(1)
Cl(7) 29(1)  16(1) 25(1)  -7(1) 2(1)  -3(1)
cl8) 35(1)  27(1) 18(1) 6(1) 1(1) -8(1)
Cl9) 41(1)  12(1) 27(1) 3(1) 9(1)  -1(1)
Cl(10) 19(1)  26(1) 35(1)  -6(1) 0(1) 3(1)
cl(11) 26(1)  30(1) 27(1)  -6(1)  -14(1)  -2(1)
C(1A) 37(3)  39(4) 36(3) 5(3) 11(3)  -10(3)
CI(1A) 122(5) 154(6)  135(6)  -8(4) 1(4) -8(4)

CI(2A) 106(2)  86(2) 72(2)  -24(2)  43(2)  -52(2)
C(1B) 57(3)  54(3) 67(4) -25(3) -23(3)  2(3)
CI(1B) 39(1)  24(1) 49(1)  -4(1) -9(1) 5(1)
Cl(2B) 49(1)  78(1) 45(1)  -24(1) 31)  -15(1)

Table xiv.5. Hydrogen coordinates ( x 10 4) and isotropic displacement

parameters (A  2x 10 3)

X y z U(eq)
H(1) 11748 354 1797 17
H(3) 12632 2527 1034 22
H(4) 13786 2609 -146 30
H(5) 14124 1342 -979 37
H(6) 13411 -39 -610 35
H(7) 12309 -149 578 25
H(8) 11741 372 3257 19
H(9A) 9300 753 4333 52

X y z U(eq)
H(9B) 8622 1844 3944 52
H(9C) 8804 1709 4834 52
H(10A) 10840 3106 4723 45
H(10B) 10349 3277 3870 45
H(10C) 12072 2907 4051 45
H(11A) 13210 828 4990 51
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H(11B)
H(11C)
H(12A)
H(12B)
H(12C)
H(13A)
H(13B)
H(13C)
H(14A)
H(14B)
H(14C)
H(1A1)
H(1A2)
H(1B1)
H(1B2)
H(1A)

H(20)

12217
11705
14262
14416
15818
14519
14736
16045
16063
14759
14544
5503
6378
6627
6855
11720(30)
4080(30)

114
1088
-1198
-698
-1088
1486
1971
1047
-15
961
-108
5245
5777
6968
6107

3070(20)
6270(20)

5016
5497
3552
4305
3734
4207
3392
3730
2288
2014
2026
4823
5296
4493
5143

2417(16)
3288(15)

51
51
37
37
37
31
31
31
30
30
30
47
47
75
75

34(8)
37(7)

xv.[(Bis(trimethylsilyl)methyl)chloro-(1,1-hydroxypenyl

methyl)phospane]pentacarbonyltungsten8®|

05
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Table xv.1. Crystal data and structure refin

Identification code GSTRO074, Gr
Device Type Nonius Kapp
Empirical formula C19 H26 CI
Formula weight 656.85
Temperature 123(2) K
Wavelength 0.71073 A

Crystal system, space group Triclinic,

Unit cell dimensions a=9.021 A
b =10.386
c=14.292

Volume 1245.7 A3

Z, Calculated density 2, 1.751 M

Absorption coefficient 4.935 mm~-1

F(000) 644

Crystal size 0.43x0.34

Theta range for data collection 2.85 to 28.
Limiting indices -11<=h<=11,
Reflections collected / unique 14138 /578

Completeness to theta = 28.00 95.9 %

Absorption correction Semi-empiri
Max. and min. transmission 0.48000 and
Refinement method Full-matrix

Data / restraints / parameters 5784 /6 /
Goodness-of-fit on FA2 1.064

Final R indices [I>2sigma(l)] R1 =0.0267
R indices (all data) R1 =0.0293

Largest diff. peak and hole 2.058 and -
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ement for [ 85c].

eg672
aCCD

O6 P Si2W

P-1
alpha = 88.96 deg.

A beta =89.59 deg.
A gamma = 68.52 deg.

g/m”3

x 0.15 mm
00 deg.
-13<=k<=11, -18<=|<=18

4 [R(int) = 0.0392]

cal from equivalents
0.39425
least-squares on F~2

289

, WR2 =0.0629
, WR2 = 0.0637

1.507 e.A"-3



Table xv.2. Atomic coordinates ( x 10"4)
displacement parameters (A2 x 1073) for
U(eq) is defined as one third of the trace

Uij tensor.
X y

C(1) 6683(4) 4919(4)
C(1S) 6683(4) 4919(4)
C(2) 5463(5) 6154(4)
C(3) 3954(5) 6781(4)
C(4) 2822(5) 7938(5)
C(5) 3210(5) 8457(4)
C(6) 4690(5) 7820(4) 1
C(7) 5822(5) 6677(4)
C(8) 9340(4) 3784(3)
C(9) 11086(5) 2128(4)
C(10) 12287(6) 1032(5)
C(11) 12714(5) 3608(5)
C(12) 9307(5) 1919(5)
C(13) 7979(6) 1449(4)
C(14) 6172(5) 3906(5)
C(15) 6616(5) 9264(4)
C(16) 6422(5) 8662(4)
C(17) 9377(5) 7547(4)
C(18) 7853(4) 6400(4)
C(19) 4897(4) 7535(4)
Cl 9448(1) 5781(1)
0(1) 7598(4) 3914(4)
0(1S) 6183(17) 4080(15)
0(2) 6344(4) 10277(3)
0(®3) 6033(4) 9332(3)
0(4) 10595(4) 7604(4)
0(5) 8220(4) 5804(3)
0O(6) 3666(3) 7575(3)
P 8083(1) 5396(1)
Si(1) 11303(12) 2665(1)
Si(2) 8186(1) 2767(1)
w 7149(1) 7511(1)

Table xv.3. Bond lengths [A] and angles

C(1)-0(1)
C(1)-C(2)
C(1)-P
C(1)-H(1)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-H(3A)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-P

1.378(5)
1.511(5)
1.886(3)
1.0000
1.392(6)
1.393(6)
1.393(6)
0.9500
1.388(6)
0.9500
1.381(6)
0.9500
1.388(5)
0.9500
0.9500
1.823(3)
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and equivalent isotropic

[ 85c].

of the orthogonalized

z U(eq)
8490(2) 20(1)
8490(2) 20(1)
8955(3) 22(1)
8565(3) 28(1)
8971(3) 33(1)
9783(3) 33(1)
0189(3) 28(1)
9778(3) 26(1)
7154(2) 16(1)
8972(3) 33(1)
7060(4) 51(1)
7653(3) 36(1)
5516(3) 31(1)
7434(3) 34(1)
6128(3) 30(1)
5895(3) 24(1)
7845(3) 22(1)
6849(3) 25(1)
5476(3) 21(1)
6418(2) 20(1)
8743(1) 25(1)
9108(2) 29(1)
8144(10) 37(4)
5477(2) 36(1)
8488(2) 35(1)
6971(2) 47(1)
4792(2) 34(1)
6235(2) 35(1)
7692(1) 17(2)
7739(1) 26(1)
6580(1) 20(1)
6662(1) 14(1)

[deg] for [ 85c].




C(8)-Si(1)
C(8)-Si(2)
C(8)-H(8A)
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(2)
C(14)-H(14C)
C(14)-H(14B)
C(14)-H(14A)
C(15)-0(2)
C(15)-W
C(16)-0(3)
C(16)-W
C(17)-0(4)
C(17)-W
C(18)-0(5)
C(18)-W
C(19)-0(6)
C(19)-W

Cl-P
O(1)-H(1A)
O(1S)-H(1S1)
P-W

O(1)-C(1)-C(2)
O(1)-C(1)-P
C(2)-C(1)-P
O(1)-C(1)-H(1)
C(2)-C(1)-H(2)
P-C(1)-H(1)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3A)
C(4)-C(3)-H(3A)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)

1.915(4)
1.929(4)
1.0000
1.869(4)
0.9800
0.9800
0.9800
1.885(5)
0.9800
0.9800
0.9800
1.871(5)
0.9800
0.9800
0.9800
1.867(4)
0.9800
0.9800
0.9800
1.877(4)
0.9800
0.9800
0.9800
1.879(4)
0.9800
0.9800
0.9800
1.146(5)
2.010(4)
1.137(5)
2.050(4)
1.136(5)
2.044(4)
1.147(5)
2.031(4)
1.128(5)
2.055(4)
2.0830(13
0.8400
0.8400
2.5000(9)

114.0(3)
107.6(3)
113.2(2)

107.2

107.2
107.2

119.0(3)

120.1(3)

120.9(4)

121.0(4)

119.5
119.5
119.1(4)
120.5
120.5
120.3(4)
119.9
119.9
120.5(4)
119.7
119.7
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C(6)-C(7)-C(2)
C(6)-C(7)-H(7A)
C(2)-C(7)-H(7A)
P-C(8)-Si(1)
P-C(8)-Si(2)
Si(1)-C(8)-Si(2)
P-C(8)-H(8A)
Si(1)-C(8)-H(8A)
Si(2)-C(8)-H(8A)
Si(1)-C(9)-H(9A)
Si(1)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(1)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)

120.0(4)
120.0
120.0

119.70(19)
114.47(18)
114.97(17)

101.1
101.1
101.1
109.5
109.5

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

H(10A)-C(10)-H(10C) 109.5
H(10B)-C(10)-H(10C) 109.5
Si(1)-C(11)-H(11A) 109.5
Si(1)-C(11)-H(11B) 109.5
H(11A)-C(11)-H(11B) 109.5
Si(1)-C(11)-H(11C) 109.5
H(11A)-C(11)-H(11C) 109.5
H(11B)-C(11)-H(11C) 109.5
Si(2)-C(12)-H(12A) 109.5
Si(2)-C(12)-H(12B) 109.5
H(12A)-C(12)-H(12B) 109.5
Si(2)-C(12)-H(12C) 109.5
H(12A)-C(12)-H(12C) 109.5
H(12B)-C(12)-H(12C) 109.5
Si(2)-C(13)-H(13A) 109.5
Si(2)-C(13)-H(13B) 109.5
H(13A)-C(13)-H(13B) 109.5
Si(2)-C(13)-H(13C) 109.5
H(13A)-C(13)-H(13C) 109.5
H(13B)-C(13)-H(13C) 109.5
Si(2)-C(14)-H(14C) 109.5
Si(2)-C(14)-H(14B) 109.5
H(14C)-C(14)-H(14B) 109.5
Si(2)-C(14)-H(14A) 109.5
H(14C)-C(14)-H(14A) 109.5
H(14B)-C(14)-H(14A) 109.5
0(2)-C(15)-W 177.7(3)
0(3)-C(16)-W 177.8(3)
O(4)-C(17)-W 177.7(4)
0(5)-C(18)-W 178.1(4)
0(6)-C(19)-W 176.1(3)
C(8)-P-C(1) 105.60(15)
C(8)-P-Cl 106.26(12)
C(1)-P-Cl 96.68(13)
C(8)-P-W 116.92(11)
C(1)-P-w 122.03(12)
Cl-P-W 106.45(5)
C(9)-Si(1)-C(11) 111.7(2)
C(9)-Si(1)-C(10) 107.0(2)
C(11)-Si(1)-C(10) 104.9(2)
C(9)-Si(1)-C(8) 114.31(18)
C(11)-Si(1)-C(8) 108.35(18)
C(10)-Si(1)-C(8) 110.11(19)
C(12)-Si(2)-C(13) 111.0(2)
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C(12)-Si(2)-C(14)
C(13)-Si(2)-C(14)

C(12)-Si(2)-C(8)
C(13)-Si(2)-C(8)
C(14)-Si(2)-C(8)
C(15)-W-C(18)
C(15)-W-C(17)
C(18)-W-C(17)
C(15)-W-C(16)
C(18)-W-C(16)
C(17)-W-C(16)
C(15)-W-C(19)
C(18)-W-C(19)
C(17)-W-C(19)
C(16)-W-C(19)

C(15)-W-P
C(18)-W-P
C(17)-W-P
C(16)-W-P
C(19)-W-P

104.5(2)
110.1(2)
108.06(17)
109.73(18)
113.29(18)
89.34(15)
88.15(15)
91.25(15)
89.70(15)
179.02(14)
88.92(16)
89.30(15)
87.73(14)
177.26(14)
92.05(15)
173.17(11)
92.93(11)
85.36(11)
88.04(11)
97.22(10)

Table xv.4. Anisotropic displacement parameter
The anisotropic displacement factor exponent ta

-2 pif2 [h"2 a*2 U1l + ... + 2 h k a* b* U12

s (A"2 x 10"3) for
kes the form:

[ 85c]

Uil U222 U33  U23
C) 26(2) 13(2) 21(2) -1(1)
C(1S) 26(2) 13(2) 21(2) -1(1)
C2) 292) 15(2) 21(2) 2(1)
C@3) 29(2) 34(2) 23(2) -2(2)
C(4) 26(2) 33(2) 332 5(2)
C(G) 37(2) 22(2) 3022 1(2)
C®6) 37(2) 24(2) 22(2) -5(2)
C7) 27(2) 22(2) 25(2) 2(2)
c@) 17(2) 14(2) 15(2) -2(1)
C(9) 40(2) 25(2) 28(2) 8(2)
C(10) 35(3) 41(3) 49(3) -13(2)
C(11) 18(2) 58(3) 31(2) 3(2)
C(12) 31(2) 35(2) 26(2) -15(2)
C(13) 48(3) 25(2) 34(2) 3(2)
C(14) 22(2) 39(2) 35(2) 14(2)
C(15) 25(2) 27(2) 24(2) -2(2)
c@e) 27(2) 17(2) 23(2) 2(2)
C17) 23(2) 33(2) 21(2) 8(2)
C(18) 18(2) 22(2) 24(2) 2(2)
C(19) 21(2) 21(2) 19(2) 3(1)
Cl 32(1) 24(1) 20(1) -2(1)
O(1) 332 222 25(2) 4(1)
O(1S) 38(4) 37(5) 38(5) -1(2)
0(2) 50(2) 28(2) 33(2) 16(1)
O(3) 56(2) 23(2) 27(2) -8(1)
O(4) 30(2) 83(3) 40(2) 10(2)
O(5) 40(2) 41(2) 22(1) -8(1)
o) 19(2) 50(2) 35(2) 2(1)
P 18(1) 14(1) 16(1) -1(1)
Si(1) 20(1) 24(1) 25(1) -1(1)
Si(2) 22(1) 18(1) 20(1)  -4(1)
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Uiz U2
12(2)  -8(1)
12(2)  -8(1)
8(2) -9(2)
5(2) -14(2)
32)  -1(2)
132)  -1(2)
102)  -9(2)
72)  -5(2)
1(1)  -3(1)
112) -7(2)
7(2)  20(2)
2(2)  -13(2)
52) -11(2)
2(2) -21(2)
9(2) -17(2)
2(2)  -14(2)
02) -92)
12)  -12(2)
12)  -7(2)
(1) -7(2)
6(1) -10(1)
6(2) -4(2)
2(2) -15(2)
-16(1)  -21(1)
10(1) -16(1)
5(1)  -36(2)
9(1) -15(1)
3(1)  -14(1)
1(1)  -5(1)
41 1(1)
2(1)  -7(1)



w

14(1)  13(1)

15(1)

1(1)

Table xv.5. Hydrogen coordinates ( x 104
displacement parameters (A2 x 10"3) for

X y
H(1) 6087 4487
H(1S) 7377 4393
H(3A) 3691 6414
H@4A) 1799 8366
H(5A) 2453 9253 1
H(BA) 4936 8168 1
H(7TA) 6841 6250 1
H(BA) 9738 4142
H(9A) 10381 1600
H(9B) 10628 2953
H(OC) 12134 1551
H(10A) 12508 1271
H(10B) 11577 510
H(10C) 13289 465
H(11A) 12468 4302
H(11B) 12604 4067
H(11C) 13809 2949
H(12A) 10266 1138
H(12B) 9613 2591
H(12C) 8631 1583
H(13A) 7554 1898
H(13B) 9024 722
H(13C) 7250 1040
H(14C) 5570 3331
H(14B) 6303 4436
H(14A) 5593 4544
H(1A) 7001 3688
H(1S1) 6452 3361

Table xv.6. Torsion angles [deg] for

O(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
O(1)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(2)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
Si(1)-C(8)-P-C(1)
Si(2)-C(8)-P-C(1)
Si(1)-C(8)-P-Cl
Si(2)-C(8)-P-Cl
Si(1)-C(8)-P-W
Si(2)-C(8)-P-W
O(1)-C(1)-P-C(8)
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0(1) -5(1)

) and isotropic

[ 85c].

z U(eq)
8095 24
9017 24
8013 34
8696 40
0062 39
0753 34
0059 31
6589 19
8987 49
9357 49
9219 49
6421 77
7039 77
7366 77
8144 54
7038 54
7731 54
5705 47
5151 47
5133 47
8027 50
7543 50
7179 50
5950 45
5580 45
6618 45
9476 43
8482 56

[ 85¢c].

-141.0(4)
95.5(4)
38.6(5)

-84.9(4)
1.7(6)

-178.7(3)
-0.8(6)
-0.9(6)

1.6(6)
-0.6(6)
-1.1(5)
179.3(3)
-90.6(2)
51.9(2)
11.3(2)
153.84(14)
129.96(16)
-87.54(18)
56.9(3)



C(2)-C(1)-P-C(8)
O(1)-C(1)-P-Cl
C(2)-C(1)-P-Cl
O(1)-C(1)-P-W
C(2)-C(1)-P-W
P-C(8)-Si(1)-C(9)
Si(2)-C(8)-Si(1)-C(9)
P-C(8)-Si(1)-C(11)
Si(2)-C(8)-Si(1)-C(11)
P-C(8)-Si(1)-C(10)
Si(2)-C(8)-Si(1)-C(10)
P-C(8)-Si(2)-C(12)
Si(1)-C(8)-Si(2)-C(12)
P-C(8)-Si(2)-C(13)
Si(1)-C(8)-Si(2)-C(13)
P-C(8)-Si(2)-C(14)
Si(1)-C(8)-Si(2)-C(14)
0(2)-C(15)-W-C(18)
0(2)-C(15)-W-C(17)
0(2)-C(15)-W-C(16)
0(2)-C(15)-W-C(19)
0(2)-C(15)-W-P
O(5)-C(18)-W-C(15)
O(5)-C(18)-W-C(17)
O(5)-C(18)-W-C(16)
0O(5)-C(18)-W-C(19)
O(5)-C(18)-W-P
O(4)-C(17)-W-C(15)
O(4)-C(17)-W-C(18)
0(4)-C(17)-W-C(16)
0(4)-C(17)-W-C(19)
0(4)-C(17)-W-P
0(3)-C(16)-W-C(15)
0(3)-C(16)-W-C(18)
0(3)-C(16)-W-C(17)
0(3)-C(16)-W-C(19)
0(3)-C(16)-W-P
0(6)-C(19)-W-C(15)
0(6)-C(19)-W-C(18)
0(6)-C(19)-W-C(17)
0(6)-C(19)-W-C(16)
0(6)-C(19)-W-P
C(8)-P-W-C(15)
C(1)-P-W-C(15)
CI-P-W-C(15)
C(8)-P-W-C(18)
C(1)-P-W-C(18)
CI-P-W-C(18)
C(8)-P-W-C(17)
C(1)-P-W-C(17)
CI-P-W-C(17)
C(8)-P-W-C(16)
C(1)-P-W-C(16)
CI-P-W-C(16)
C(8)-P-W-C(19)
C(1)-P-W-C(19)
CI-P-W-C(19)
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-176.2(3)
-52.1(3)

74.9(3)

-166.3(2)
-39.3(3)

56.7(3)

-85.7(2)
-68.6(2)

149.04(19)
177.2(3)
34.8(3)
144.9(2)

-70.8(2)
-93.9(2)

50.4(2)
29.6(2)
173.88(18)

-127(9)
-36(9)

53(9)
145(9)

-17(9)

-29(10)
-118(10)
-18(16)

60(10)
157(10)
70(9)
159(9)

-20(9)

91(9)

-108(9)
-30(10)
-42(15)

58(10)

-120(10)

143(10)
38(5)

-52(5)

16(7)
127(5)

-144(5)
-97.2(9)

130.5(9)
21.3(9)
12.18(17)

-120.16(18)

130.70(11)

-78.84(17)

148.83(18)
39.68(12)

-167.91(17)

59.75(18)

-49.39(12)

100.26(16)

-32.08(18)
-141.22(11)




xvi. [2-Bis(trimethylsilyl)methyl-3-phenyl-oxaphobpane-

kP]pentacarbonyltungsten([)6b]

(A1)
Table xvi.1. Crystal data and structure refi nement for [16Db] .
Identification code GSTR146, Gr egl188
Device Type Nonius Kapp aCCD
Empirical formula C19 H25 06 P Si2w
Formula weight 620.39
Temperature 123(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P 21/c
Unit cell dimensions a=14.1951 (8) A alpha =90 deg.
b =11.0928(9) A beta =
108.497(4) deg.
c =16.3457 (12) A gamma = 90 deg.
Volume 2440.9(3) A "3

- 334 -



Z, Calculated density 4, 1.688 M
Absorption coefficient 4,926 mm~-1
F(000) 1216

Crystal size 0.40 x 0.20

Theta range for data collection 2.58 to 28.
Limiting indices -16<=h<=18,

Reflections collected / unique 18831 /570
Completeness to theta = 28.00 96.8 %
Absorption correction Semi-empiri
Max. and min. transmission 0.5894 and
Refinement method Full-matrix

Data / restraints / parameters 5708 /2 /

Goodness-of-fit on F/2 0.905

Final R indices [I>2sigma(l)] R1 =0.0395
R indices (all data) R1 =0.0730
Largest diff. peak and hole 1.695 and -

Table xvi.2. Atomic coordinates ( x 10"4) and equi
isotropic displacement parameters (A"2 x 10"3) for
U(eq) is defined as one third of the trace

g/m”3

x 0.12 mm
00 deg.
-14<=k<=13, -15<=I<=21

8 [R(int) = 0.0802]

cal from equivalents
0.2433
least-squares on FA2

268

, WR2 =0.0753

, WR2 =0.0828

1.986 e.A™-3
valent

[16Db].
of the orthogonalized

Uij tensor.
X

C(1) 2378(3) 8245(5)
C(2) 2146(4) 9428(5)
C(3) 2892(4)  10135(5)
C(4) 2688(4) 11262(6)
C(5) 1728(4)  11720(6)
C(6) 968(4) 11011(5)
C(7) 1176(4) 9884(5)
C(8) 1971(4) 9254(5)
C(9) 1366(4) 8234(5)
C(10) -44(4) 8067(5)
C(11) 404(4)  10495(6)
C(12) 3275(4)  10509(5)
C(13) 2593(4)  11842(5)
C(14) 4209(4) 9952(6)
C(15) 3649(4) 6996(5)
C(16) 1969(4) 5549(5)
C(17) 2852(4) 5230(5)
C(18) 4540(4) 6670(6)
C(19) 3960(4) 4699(5)
0(1) 1537(2) 7588(3)

- 335 -

z U(eq)
4546(3)  33(1)
4841(3)  32(1)
5385(3)  39(1)
5638(3)  44(2)
5354(4)  45(2)
4822(3)  40(1)
4572(3)  32(1)
2824(3)  30(1)

926(3)  35(1)
1994(3)  39(1)
1358(3)  45(2)
1813(3)  40(1)
3153(4)  47(2)
3688(3)  43(2)
2194(3)  32(1)
2290(3)  34(1)
4069(3)  41(1)
4085(4)  45(2)
2896(3)  37(1)
3940(2)  32(1)



0(2) 3872(3)  7399(4) 1634(2)  43(1)

0(3) 1240(3)  5186(4) 1832(2)  46(1)
0(4) 2595(3)  4712(4) 4557(3)  60(1)
o(5) 5242(3)  6956(5) 4625(3)  67(1)
0(6) 4355(3)  3865(4) 2724(3)  52(1)
P 2389(1)  7916(1) 3469(1)  29(1)
Si(1) 942(1)  8991(1) 1766(1)  31(1)
Si(2)  3007(1) 10366(2) 2852(1)  33(1)
w 3269(1)  6147(1) 3148(1)  32(1)

Table xvi.3. Bond lengths [A] and angle s [deg] for [16Db] .

C(1)-C(2)
C(1)-0(1)
C(1)-P
C(1)-H(1A)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-H(3A)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-P
C(8)-Si(1)
C(8)-Si(2)
C(8)-H(8A)
C(9)-Si(1)
C(9)-H(9C)
C(9)-H(9B)
C(9)-H(9A)
C(10)-Si(1)
C(10)-H(10C)
C(10)-H(10B)
C(10)-H(10A)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12C)
C(12)-H(12B)
C(12)-H(12A)
C(13)-Si(2)
C(13)-H(13C)
C(13)-H(13B)
C(13)-H(13A)
C(14)-Si(2)
C(14)-H(14C)
C(14)-H(14B)
C(14)-H(14A)
C(15)-0(2)
C(15)-W
C(16)-0(3)
C(16)-W
C(17)-0(4)
C(17)-W

1.470(8)
1.480(6)
1.804(5)
1.0000
1.390(7)
1.401(7)
1.376(8)
0.9500
1.388(8)
0.9500
1.394(8)
0.9500
1.375(7)
0.9500
0.9500
1.808(5)
1.899(5)
1.909(5)
1.0000
1.864(5)
0.9800
0.9800
0.9800
1.866(5)
0.9800
0.9800
0.9800
1.869(6)
0.9800
0.9800
0.9800
1.861(5)
0.9800
0.9800
0.9800
1.857(6)
0.9800
0.9800
0.9800
1.874(5)
0.9800
0.9800
0.9800
1.149(6)
2.036(6)
1.141(6)
2.042(6)
1.133(6)
2.054(6)
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C(18)-0(5)
C(18)-W
C(19)-0(6)
C(19)-W
O(1)-P
P-W

C(2)-C(1)-0(1)
C(2)-C(1)-P
O(1)-C(1)-P
C(2)-C(1)-H(1A)
O(1)-C(1)-H(1A)
P-C(1)-H(1A)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4A)
C(5)-C(4)-H(4A)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5A)
C(6)-C(5)-H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6A)
C(5)-C(6)-H(6A)
C(6)-C(7)-C(2)
C(6)-C(7)-H(7A)
C(2)-C(7)-H(7A)
P-C(8)-Si(1)
P-C(8)-Si(2)
Si(1)-C(8)-Si(2)
P-C(8)-H(8A)
Si(1)-C(8)-H(8A)
Si(2)-C(8)-H(8A)
Si(1)-C(9)-H(9C)
Si(1)-C(9)-H(9B)
H(9C)-C(9)-H(9B)
Si(1)-C(9)-H(9A)
H(9C)-C(9)-H(9A)
H(9B)-C(9)-H(9A)
Si(1)-C(10)-H(10C)
Si(1)-C(10)-H(10B)
H(10C)-C(10)-H(10B)
Si(1)-C(10)-H(10A)
H(10C)-C(10)-H(10A)
H(10B)-C(10)-H(10A)
Si(1)-C(11)-H(11A)
Si(1)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
Si(1)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
Si(2)-C(12)-H(12C)
Si(2)-C(12)-H(12B)
H(12C)-C(12)-H(12B)
Si(2)-C(12)-H(12A)
H(12C)-C(12)-H(12A)
H(12B)-C(12)-H(12A)
Si(2)-C(13)-H(13C)
Si(2)-C(13)-H(13B)

1.147(7)
2.045(6)
1.161(6)
1.992(6)
1.668(3)
2.4692(14

116.2(4)
124.9(4)
60.1(2)
114.7
114.7
114.7
118.0(5)
120.6(5)
121.4(5)
121.0(5)
119.5
119.5
120.7(6)
119.7
119.7
119.0(6)
120.5
120.5
120.1(5)
119.9
119.9
121.2(5)
119.4
119.4
114.8(3)
114.1(3)
119.1(3)
101.7
101.7
101.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(13C)-C(13)-H(13B) 109.5

Si(2)-C(13)-H(13A)

109.5

H(13C)-C(13)-H(13A) 109.5
H(13B)-C(13)-H(13A) 109.5

Si(2)-C(14)-H(14C)
Si(2)-C(14)-H(14B)

109.5
109.5

H(14C)-C(14)-H(14B) 109.5

Si(2)-C(14)-H(14A)

109.5

H(14C)-C(14)-H(14A) 109.5
H(14B)-C(14)-H(14A) 109.5

0(2)-C(15)-W
0(3)-C(16)-W
O(4)-C(17)-W
O(5)-C(18)-W
0(6)-C(19)-W
C(1)-0(1)-P
O(1)-P-C(1)
O(1)-P-C(8)
C(1)-P-C(8)
O(1)-P-W
C(1)-P-W
C(8)-P-W
C(9)-Si(1)-C(10)
C(9)-Si(1)-C(11)
C(10)-Si(1)-C(11)
C(9)-Si(1)-C(8)
C(10)-Si(1)-C(8)
C(11)-Si(1)-C(8)
C(13)-Si(2)-C(12)
C(13)-Si(2)-C(14)
C(12)-Si(2)-C(14)
C(13)-Si(2)-C(8)
C(12)-Si(2)-C(8)
C(14)-Si(2)-C(8)
C(19)-W-C(15)
C(19)-W-C(16)
C(15)-W-C(16)
C(19)-W-C(18)
C(15)-W-C(18)
C(16)-W-C(18)
C(19)-W-C(17)
C(15)-W-C(17)
C(16)-W-C(17)
C(18)-W-C(17)
C(19)-W-P
C(15)-W-P
C(16)-W-P
C(18)-W-P
C(17)-W-P

175.4(5)
177.6(5)
177.7(5)
178.3(5)
178.0(5)
69.7(2)
50.26(19)
107.2(2)
107.4(2)
114.50(14)
121.99(19)
128.55(17)
109.8(2)
109.3(2)
108.3(3)
113.9(2)
108.2(2)
107.3(3)
109.9(3)
108.4(3)
106.5(2)
105.6(2)
114.3(2)
112.0(2)
87.0(2)
89.6(2)
91.5(2)
90.4(2)
93.3(2)
175.3(2)
91.5(2)
177.3(2)
86.3(2)
89.0(2)
178.87(16)
94.02(15)
89.78(15)
90.06(17)
87.45(17)

Table xvi.4. Anisotropic displacement parameter

The anisotropic displacement factor exponent ta
2pif2[h"2 a2 U1l +...+2hka*b*Ul12

ull u22 u33

u23

C(l) 23(3) 45(4) 293) 2(2)
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kes the form:

]

[ 16b]

uUi13 Uiz

6(2) -4(2



C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
0(1)
0(2)
0(3)
O(4)
O(5)
O(6)
P
Si(1)
Si(2)
W

33(3)
36(3)
50(4)
60(4)
41(3)
36(3)
33(3)
40(3)
33(3)
41(3)
42(3)
55(4)
33(3)
32(3)
33(3)
57(4)
38(3)
37(3)
34(2)
46(2)
37(2)
82(3)
50(3)
48(3)
29(1)
29(1)
33(1)
31(1)

42(4)
49(4)
50(4)
39(4)
51(4)
38(4)
36(3)
42(4)
53(4)
51(4)
46(4)
39(4)
55(4)
24(3)
38(4)
33(4)
55(4)
36(3)
37(2)
50(3)
54(3)
64(3)
86(4)
47(3)
37(1)
42(1)
38(1)
37(1)

22(3)
33(3)
35(3)
42(3)
32(3)
24(3)
20(2)
23(3)
31(3)
41(3)
41(3)
54(4)
39(3)
38(3)
35(3)
32(3)
42(3)
40(3)
26(2)
36(2)
44(2)
43(3)
50(3)
64(3)
22(1)
22(1)
32(1)
27(1)

2(2)
4(3)
-3(3)
1(3)
5(3)
-1(2)
-1(2)
2(2)
-2(3)
5(3)
7(3)
-5(3)
-1(3)
-7(2)
5(3)
2(2)
9(3)
2(3)
0(2)
1(2)
-6(2)
15(2)
-7(2)
2(2)
2(1)
2(1)
0(1)
2(1)

Table xvi.5. Hydrogen coordinates ( x 10"
displacement parameters (A2 x 1073) for

H(1A)
H(3A)
H(4A)
H(5A)
H(6A)
H(7A)
H(8A)
H(9C)
H(9B)
H(9A)
H(10C)
H(10B)
H(10A)
H(11A)
H(11B)
H(11C)
H(12C)
H(12B)
H(12A)
H(13C)
H(13B)
H(13A)
H(14C)
H(14B)
H(14A)

2834
3553
3208
1592
306
652
1609
807
1620
1895
-632
-221
203
914
169
-154
3804
2673
3488
3141
2389
2030
4679
4487
4091

7734
9836
11731
12506
11306
9408
9691
8163
7429
8713
8041
8429
7246
10997
10889
10389
11104
10772
9726
12422
11742
12139
10623
9235
9782
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12(2)
12(2)
15(3)
24(3)
18(2)
13(2)
8(2)
11(2)
10(2)
11(3)
24(3)
25(3)
10(2)
6(2)
16(2)
13(2)
12(3)
14(2)
13(2)
16(2)
10(2)
33(2)
-7(2)
24(2)
9(1)
9(1)
14(1)
10(1)

-4(3)
1(3)
-4(3)
8(3)
5(3)
-3(2)
-1(2)
1(3)
2(3)
12(3)
-1(3)
-11(3)
-12(3)
-2(2)
8(3)
-1(3)
13(3)
-1(2)
-6(2)
-6(2)
-6(2)
8(3)
0(3)
9(2)
-1(1)
3(1)
-3(1)
3(1)

4) and isotropic

[ 16b] .
z U(eq)
5008 39
5586 47
6010 53
5519 54
4632 48
4212 38
3168 36
391 53

1127 53
818 53

1479 58
2472 58
2150 58
1239 67
1794 67
826 67

1876 61
1361 61
1656 61
3273 71
3668 71
2676 71
3767 64
3500 64
4236 64



Table xvi.6. Torsion angles [deg] for [16b].

0(1)-C(1)-C(2)-C(3) -177.5(4)
P-C(1)-C(2)-C(3) -107.1(5)
0(1)-C(1)-C(2)-C(7) 1.4(7)
P-C(1)-C(2)-C(7) 71.8(6)
C(7)-C(2)-C(3)-C(4) -1.4(8)
C(1)-C(2)-C(3)-C(4) 177.5(5)
C(2)-C(3)-C(4)-C(5) 0.0(8)
C(3)-C(4)-C(5)-C(6) 1.4(8)
C(4)-C(5)-C(6)-C(7) -1.3(8)
C(5)-C(6)-C(7)-C(2) -0.2(8)
C(3)-C(2)-C(7)-C(6) 1.5(7)
C(1)-C(2)-C(7)-C(6) -177.4(5)
C(2)-C(1)-O(1)-P 116.9(4)
C(1)-0(1)-P-C(8) -98.7(3)
C(1)-0(1)-P-W 112.2(3)
C(2)-C(1)-P-O(1) -102.7(5)
C(2)-C(1)-P-C(8) -4.5(5)
O(1)-C(1)-P-C(8) 98.2(3)
C(2)-C(1)-P-W 160.6(3)
O(1)-C(1)-P-W -96.7(2)
Si(1)-C(8)-P-O(1) -76.8(3)
Si(2)-C(8)-P-O(1) 140.7(2)
Si(1)-C(8)-P-C(1) -129.6(3)
Si(2)-C(8)-P-C(1) 87.9(3)
Si(1)-C(8)-P-W 66.6(3)
Si(2)-C(8)-P-W -75.9(3)
P-C(8)-Si(1)-C(9) -73.7(3)
Si(2)-C(8)-Si(1)-C(9) 66.8(4)
P-C(8)-Si(1)-C(10) 48.6(3)
Si(2)-C(8)-Si(1)-C(10) -170.8(3)
P-C(8)-Si(1)-C(11) 165.3(3)
Si(2)-C(8)-Si(1)-C(11) -54.2(4)
P-C(8)-Si(2)-C(13) -127.3(3)
Si(1)-C(8)-Si(2)-C(13) 92.0(3)
P-C(8)-Si(2)-C(12) 111.8(3)
Si(1)-C(8)-Si(2)-C(12) -28.9(4)
P-C(8)-Si(2)-C(14) -9.5(4)
Si(1)-C(8)-Si(2)-C(14) -150.3(3)
0(6)-C(19)-W-C(15) -32(14)
0(6)-C(19)-W-C(16) 60(14)
0(6)-C(19)-W-C(18) -125(14)
0(6)-C(19)-W-C(17) 146(14)
0(6)-C(19)-W-P 118(13)
0(2)-C(15)-W-C(19) 21(5)
0(2)-C(15)-W-C(16) -69(5)
0(2)-C(15)-W-C(18) 111(5)
0(2)-C(15)-W-C(17) -35(9)
0(2)-C(15)-W-P -158(5)
0(3)-C(16)-W-C(19) 76(11)
0(3)-C(16)-W-C(15) 163(11)
0(3)-C(16)-W-C(18) -15(13)
0(3)-C(16)-W-C(17) -15(11)
0(3)-C(16)-W-P -103(11)
0(5)-C(18)-W-C(19) -109(19)
0(5)-C(18)-W-C(15) 164(19)
0(5)-C(18)-W-C(16) -18(21)
0(5)-C(18)-W-C(17) -17(19)
O(5)-C(18)-W-P 70(19)
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O(4)-C(17)-W-C(19)
0(4)-C(17)-W-C(15)
O(4)-C(17)-W-C(16)
O(4)-C(17)-W-C(18)
O(4)-C(17)-W-P
O(1)-P-W-C(19)
C(1)-P-W-C(19)
C(8)-P-W-C(19)
O(1)-P-W-C(15)
C(1)-P-W-C(15)
C(8)-P-W-C(15)
O(1)-P-W-C(16)
C(1)-P-W-C(16)
C(8)-P-W-C(16)
O(1)-P-W-C(18)
C(1)-P-W-C(18)
C(8)-P-W-C(18)
O(1)-P-W-C(17)
C(1)-P-W-C(17)
C(8)-P-W-C(17)

-88(14)
-32(17)
1(14)

-179(100)

91(14)
7(8)
64(8)

-134(8)

156.63(19)

-146.3(2)

15.5(3)
65.2(2)
122.2(2)
-76.0(3)

-110.1(2)

-53.0(3)
108.7(3)
-21.1(2)
35.9(2)

-162.3(3)

xvii. [ (bis(trimethylsilyl)methyl)fluoro-1,1-

(hydroxyphenyl)methylphosphane]pentacarbonyl tuemy§t) P1]

Table xvii.1. Crystal data and structure refinemen
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t for

[91].



Identification code GSTR167, Gr egl1367
Device Type Nonius Kapp aCCD
Empirical formula C19H26 FO 6 PSi2wW
Formula weight 640.40

Temperature 123(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P 21/n

Unit cell dimensions a=10.9714 (3) A alpha =90 deg.

b =12.2708 (4) A beta =96.280(2)
deg. ¢ =18.5295 (5) A gamma = 90 deg.
Volume 2479.62(12) A3
Z, Calculated density 4, 1.715M g/m”3
Absorption coefficient 4.857 mm~-1
F(000) 1256
Crystal size 0.60 x 0.48 x 0.40 mm
Theta range for data collection 1.99 to 28. 00 deg.

Limiting indices -l4<=h<=14, -15<=k<=16, -24<=I<=24

Reflections collected / unique 38680 / 596 4 [R(int) = 0.0954]

Completeness to theta = 28.00 99.4 %

Absorption correction Semi-empiri cal from equivalents
Max. and min. transmission 0.13667 and 0.06361

Refinement method Full-matrix least-squares on F~2
Data / restraints / parameters 5964 /0 / 278

Goodness-of-fit on FA2 1.047

Final R indices [I>2sigma(l)] R1 =0.0395 , WR2 =0.0782

R indices (all data) R1 =0.0523 , WR2 = 0.0827
Largest diff. peak and hole 2.232 and - 1.956 e.A"-3
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Table xvii.2. Atomic coordinates ( x 10" ) and equivalent isotropic

displacement parameters (A2 x 1073) for [ 91].
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y z U(eq)
C(1) 10585(4) 3453(4) 9276(3) 32(1)
C(2) 9370(4) 3717(4) 9558(2) 27(1)
C(3) 8585(5) 4485(4) 9211(3) 33(1)
C(4) 7460(5) 4693(4) 9454(3) 36(1)
C(5) 7098(4) 4132(4) 1 0042(3) 34(1)
C(6) 7891(5) 3390(4) 1 0403(3) 34(1)
C(7) 9029(4) 3181(4) 1 0162(3) 31(1)
C(8) 11959(4) 1754(4) 8559(2) 26(1)
C(9) 11746(6) -438(4) 9374(3) 51(2)
C(10) 12845(6) 1499(6) 1 0219(3) 57(2)
C(11) 14209(5) 341(5) 9090(3) 40(1)
C(12) 14038(5) 3457(5) 8909(4) 50(2)
C(13) 14044(5) 1960(5) 7591(3) 41(1)
C(14) 12286(5) 3776(5) 7522(3) 50(2)
C(15) 7350(5) 2012(4) 6880(3) 32(1)
C(16) 7574(4) 2172(4) 8391(3) 31(1)
C(17) 8838(4) 3773(4) 7484(3) 34(1)
C(18) 9967(5) 1949(4) 6877(3) 41(1)
C(19) 8932(4) 476(4) 7758(3) 39(1)
F 10033(2) 1426(2) 9290(1) 31(1)
0(1) 11024(4) 4287(3) 8862(2) 45(1)
0(2) 6500(3) 1956(3) 6467(2) 41(1)
0(®3) 6861(3) 2127(3) 8797(2) 43(1)
0(4) 8849(3) 4677(3) 7333(2) 43(1)
0(5) 10583(4) 1793(4) 6421(3) 72(1)
0(6) 9047(4) -443(3) 7803(3) 61(1)
P 10428(1) 2224(1) 8672(1) 24(1)
Si(1) 12683(1) 817(1) 9319(1) 34(1)
Si(2) 13064(1) 2755(1) 8170(1) 32(1)
w 8811(1) 2125(1) 7638(1) 25(1)
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Table xvii.3. Bond lengths [A] and angl

C(1)-0(1)
C(1)-C(2)
C(1)-P
C(1)-H(1A)
C(2)-C(7)
C(2)-C(3)
C(3)-C(4)
C(3)-H(3A)
C(4)-C(5)
C(4)-H(4A)
C(5)-C(6)
C(5)-H(5A)
C(6)-C(7)
C(6)-H(6A)
C(7)-H(7A)
C(8)-P
C(8)-Si(2)
C(8)-Si(1)
C(8)-H(8A)
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-Si(2)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(15)-0(2)
C(15)-W
C(16)-0(3)
C(16)-W
C(17)-0(4)
C(17)-W
C(18)-0(5)
C(18)-W
C(19)-0(6)
C(19)-W

F-P
O(1)-H(15)
P-W

O(1)-C(1)-C(2)
O(1)-C(1)-P

1.396(6)
1.518(6)
1.874(5)
1.0000
1.385(7)
1.387(7)
1.383(7)
0.9500
1.383(7)
0.9500
1.380(7)
0.9500
1.395(7)
0.9500
0.9500
1.810(4)
1.920(5)
1.920(5)
1.0000
1.861(6)
0.9800
0.9800
0.9800
1.858(6)
0.9800
0.9800
0.9800
1.865(5)
0.9800
0.9800
0.9800
1.854(6)
0.9800
0.9800
0.9800
1.875(5)
0.9800
0.9800
0.9800
1.876(6)
0.9800
0.9800
0.9800
1.142(6)
2.016(5)
1.144(6)
2.051(5)
1.145(6)
2.043(5)
1.154(7)
2.009(6)
1.137(6)
2.038(5)
1.603(3)
0.8400
2.4684(12

113.7(4)
106.0(3)
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C(2)-C(1)-P
O(1)-C(1)-H(1A)
C(2)-C(1)-H(1A)
P-C(1)-H(1A)
C(7)-C(2)-C(3)
C(7)-C(2)-C(1)
C(3)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3A)
C(2)-C(3)-H(3A)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4A)
C(3)-C(4)-H(4A)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(4)-C(5)-H(5A)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6A)
C(7)-C(6)-H(6A)
C(2)-C(7)-C(6)
C(2)-C(7)-H(7A)
C(6)-C(7)-H(7A)
P-C(8)-Si(2)
P-C(8)-Si(1)
Si(2)-C(8)-Si(1)
P-C(8)-H(8A)
Si(2)-C(8)-H(8A)
Si(1)-C(8)-H(8A)
Si(1)-C(9)-H(9A)
Si(1)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(1)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
Si(1)-C(11)-H(11A)
Si(1)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
Si(1)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
Si(2)-C(12)-H(12A)
Si(2)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
Si(2)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
Si(2)-C(13)-H(13A)
Si(2)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
Si(2)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
Si(2)-C(14)-H(14A)
Si(2)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
Si(2)-C(14)-H(14C)
H(14A)-C(14)-H(14C)

110.5(3)
108.8
108.8

108.8
119.2(4)
120.2(4)
120.6(4)
120.4(5)
119.8
119.8
120.5(5)
119.7
119.7
119.3(4)
120.3
120.3
120.4(5)
119.8
119.8
120.1(5)
119.9
119.9

118.1(2)

114.9(2)

115.5(2)

101.4
101.4
101.4
109.5
109.5

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(14B)-C(14)-H(14C) 109.5

0(2)-C(15)-W
0(3)-C(16)-W
O(4)-C(17)-W
0(5)-C(18)-W
0(6)-C(19)-W
C(1)-O(1)-H(15)
F-P-C(8)
F-P-C(1)
C(8)-P-C(1)
F-P-W

C(8)-P-W
C(1)-P-W
C(10)-Si(1)-C(9)
C(10)-Si(1)-C(11)
C(9)-Si(1)-C(11)
C(10)-Si(1)-C(8)
C(9)-Si(1)-C(8)
C(11)-Si(1)-C(8)
C(12)-Si(2)-C(13)
C(12)-Si(2)-C(14)
C(13)-Si(2)-C(14)
C(12)-Si(2)-C(8)
C(13)-Si(2)-C(8)
C(14)-Si(2)-C(8)
C(18)-W-C(15)
C(18)-W-C(19)
C(15)-W-C(19)
C(18)-W-C(17)
C(15)-W-C(17)
C(19)-W-C(17)
C(18)-W-C(16)
C(15)-W-C(16)
C(19)-W-C(16)
C(17)-W-C(16)
C(18)-W-P
C(15)-W-P
C(19)-W-P
C(17)-W-P
C(16)-W-P

177.9(4)
175.4(4)
173.8(4)
175.5(5)
176.5(5)
109.5
102.43(18)
94.55(18)
107.5(2)
107.27(11)
119.46(16)
120.95(17)
108.8(3)
110.2(3)
105.6(3)
112.3(3)
110.4(2)
109.3(2)
110.1(3)
110.3(3)
103.3(3)
110.9(3)
107.9(2)
114.0(2)
91.1(2)
86.1(2)
92.6(2)
89.4(2)
89.65(19)
175.0(2)
175.0(2)
86.59(19)
89.6(2)
95.04(19)
95.44(16)
173.23(14)
86.08(15)
92.24(13)
86.77(13)

Symmetry transformations used to generat
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e equivalent atoms:



Table xvii.4. Anisotropic displacement paramet
The anisotropic displacement factor exponent ta
-2 pif2 [h"2 a*2 U1l + ... + 2 h k a* b* U12

Uil U222 U33  U23

c) 31(3) 31(2) 36(3) -7(2)
C) 24(2) 25(2) 32(2) -7(2)
C@3) 35(3) 28(2) 37(3) -1(2)
C(4) 34(3) 32(3) 43(3) -2(2)
C(5) 25(2) 34(3) 45(3) -12(2)
C(6) 39(3) 30(2) 353) -5(2)
C(7) 30(3) 31(2) 32(2) -5(2)
C@8) 23(2) 24(2) 32(2) -2(2)
C(9) 55(4) 37(3) 65(4) 18(3)
C(10) 57(4) 77(4) 36(3) -3(3)
C(11) 35(3) 46(3) 39(3) 0(2)
C(12) 30(3) 44(3) 77(4) -21(3)
C(13) 30(3) 47(3) 49(3) 2(2)
C(14) 41(3) 41(3) 70(4) 19(3)
C(15) 34(3) 34(3) 30(2) -4(2)
C(16) 26(2) 29(2) 38(3) -4(2)
C(17) 34(3) 38(3) 29(2) -11(2)
C(18) 32(3) 46(3) 46(3) -8(2)
C(19) 25(3) 28(3) 63(4) -5(2)
F O 31(2) 28(1) 34(1) 3(1)

O(1) 42(2) 352) 61(2) -12(2)
0(2) 35(2) 48(2) 39(2) -42)
O(3) 30(2) 56(2) 46(2) -10(2)
04 372 34(2) 58(2) 11(2)
O(5) 54(3) 101(4) 65@3) -27(3)
O(6) 43(2) 31(2) 106(4) -10(2)
P 21(1) 22(1) 30(1) -1(1)

Si(1) 34(1) 36(1) 31(1) 3(1)
Si(2) 23(1) 28(1) 47(1) 2(1)
W 20(1) 26(1) 31(1) -3(1)

ers (A2 x 1073) for [
kes the form:

]

91].

Uiz U1z
102)  -4(2)
7(2)  -2(2)
120 1(2)
52) 10(2)
102)  2(2)
14(2)  -4(2)
3(2)  3(2)
5(2)  1(2)
25(3)  15(3)
33)  27(4)
12)  14(2)
12(3)  -4(2)
122)  0(2)
18(3)  2(3)
8(2)  -3(2)
-1(2)  -3(2)
42)  -3(2)
6(2) -1(2)
1(2)  -2(2)
12(1)  -1(1)
1720 -7(2)
-4(2)  -4(2)
15(2)  -12(2)
92)  2(2)
34(2)  -3(3)
0(2)  0(2)
6(1)  0(1)
6(1) 13(1)
10(1)  0(1)
5(1)  -1(1)




Table xvii.5. Hydrogen coordinates ( x 10 ") and isotropic

displacement parameters (A2 x 1073) for [ 91].
X y z U(eq)

H(1A) 11209 3297 9698 39
H(3A) 8820 4870 8804 39
H(4A) 6932 5226 9216 44
H(5A) 6312 4257 1 0196 41
H(6A) 7659 3019 1 0817 41
H(7A) 9571 2671 1 0414 37
H(8A) 11792 1228 8148 31
H(9A) 11547 -743 8887 77
H(9B) 10986 -257 9581 77
H(9C) 12211 -975 9685 77
H(10A) 12030 1654 1 0364 85
H(10B) 13298 2183 1 0189 85
H(10C) 13293 1020 1 0579 85
H(11A) 14794 947 9144 60
H(11B) 14133 79 8588 60
H(11C) 14502 -252 9418 60
H(12A) 14565 2923 9185 75
H(12B) 13516 3817 9233 75
H(12C) 14549 4002 8699 75
H(13A) 13523 1493 7257 62
H(13B) 14621 1507 7901 62
H(13C) 14502 2464 7311 62
H(14A) 11653 4161 7756 74
H(14B) 11908 3400 7087 74
H(14C) 12892 4301 7383 74
H(15) 11272 4806 9135 68
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Table xvii.6. Torsion angles [deg] for [

O(1)-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
0(1)-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
Si(2)-C(8)-P-F
Si(1)-C(8)-P-F
Si(2)-C(8)-P-C(1)
Si(1)-C(8)-P-C(1)
Si(2)-C(8)-P-W
Si(1)-C(8)-P-W
O(1)-C(1)-P-F
C(2)-C(1)-P-F
0(1)-C(1)-P-C(8)
C(2)-C(1)-P-C(8)
O(1)-C(1)-P-W
C(2)-C(1)-P-W
P-C(8)-Si(1)-C(10)
Si(2)-C(8)-Si(1)-C(10)
P-C(8)-Si(1)-C(9)
Si(2)-C(8)-Si(1)-C(9)
P-C(8)-Si(1)-C(11)
Si(2)-C(8)-Si(1)-C(11)
P-C(8)-Si(2)-C(12)
Si(1)-C(8)-Si(2)-C(12)
P-C(8)-Si(2)-C(13)
Si(1)-C(8)-Si(2)-C(13)
P-C(8)-Si(2)-C(14)
Si(1)-C(8)-Si(2)-C(14)
0O(5)-C(18)-W-C(15)
0(5)-C(18)-W-C(19)
0(5)-C(18)-W-C(17)
O(5)-C(18)-W-C(16)
O(5)-C(18)-W-P
0(2)-C(15)-W-C(18)
0(2)-C(15)-W-C(19)
0(2)-C(15)-W-C(17)
0(2)-C(15)-W-C(16)
0(2)-C(15)-W-P
0(6)-C(19)-W-C(18)
0(6)-C(19)-W-C(15)
0(6)-C(19)-W-C(17)
0(6)-C(19)-W-C(16)
0(6)-C(19)-W-P
0(4)-C(17)-W-C(18)
0(4)-C(17)-W-C(15)
0(4)-C(17)-W-C(19)
O(4)-C(17)-W-C(16)
O(4)-C(17)-W-P
0(3)-C(16)-W-C(18)
0(3)-C(16)-W-C(15)
0(3)-C(16)-W-C(19)
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-157.3(4)

83.6(5)
23.4(6)
-95.7(5)
-1.7(7)
177.6(4)
-0.6(8)
2.5(7)
-2.1(7)
2.0(7)

-177.3(4)

-0.2(7)

-156.4(2)

-14.6(3)
-57.5(3)
84.3(3)
85.4(3)

-132.84(19)

175.9(3)
-60.5(4)
71.3(4)

-165.0(3)

-70.8(3)
52.8(4)
-60.8(4)
82.0(3)
60.8(3)

-156.4(3)

176.5(3)
-40.7(3)
94.6(3)
-47.0(3)

-144.8(3)

73.7(3)
-30.7(4)

-172.2(3)

-45(7)
48(7)

-134(7)

17(9)
134(7)

-171(12)

103(12)
-82(12)
13(12)
25(13)
10(9)

101(9)

-15(10)

-173(9)

-86(9)
41(4)
-50(4)
66(5)

-137(4)

136(4)
2(7)
65(5)

-28(5)



154(5)
0(3)-C(16)-W-C(17)

-114(5)
S A -133.07(19)
F-P-W-C(18) L0
C(8)-P-W-C(18) 130
C(1)-P-W-C(18) 205¢)
N 147.0(12)
C(8)-P-W-C(15) Lrouz
C(1)-P-W-C(15) 75302
F-P-W-C(19) dray
C(8)-P-W-C(19) 830
Foean) 137.36(18)
oot -106.9(2)
C(8)-P-W-C(17) 0690
Fohmle” 42.44(17)
F-P-W-C(16) ol
C(8)-P-W-C(16) 15820
C(1)-P-W-C(16)
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xviii. [Benzyl(bis(trimethylsilyl)methyl)chlorophosphane]pacarbonyl
tungsten(0) 113]

(A1)

Table xviii.1. Crystal data and structure re finement for [113].

Identification code GSTRO070, Gr eg660

Device Type Nonius Kapp aCCD

Empirical formula C19 H26 CI O5PSi2W

Formula weight 640.85

Temperature 123(2) K

Wavelength 0.71073 A

Crystal system, space group Triclinic, P-1
Unit cell dimensions a=9.0076(5) A alpha = 88.090(3)
feo b = 10.3098(5) A beta =
88.596(3) deg.

c=14.2857(5) A gamma =

68.414(2) deg.

Volume 1232.83(10) A3
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Z, Calculated density 2, 1.726 M

Absorption coefficient 4,981 mm~-1
F(000) 628
Crystal size 0.40 x 0.20

Theta range for data collection 2.59 to 27.
Limiting indices -11<=h<=10,
Reflections collected / unique 15005/ 575

Completeness to theta = 27.99 96.8 %

Absorption correction Multi-Scan
Max. and min. transmission 0.49051 and
Refinement method Full-matrix

Data / restraints / parameters 5752 /15/
Goodness-of-fit on FA2 0.998

Final R indices [I>2sigma(l)] R1 =0.0422
R indices (all data) R1 = 0.0549

Largest diff. peak and hole 2.118 and -

- 352 -

g/m”3

x 0.16 mm
99 deg.
-13<=k<=13, -18<=|<=18

2 [R(int) = 0.0807]

0.32225
least-squares on FA2

317

, WR2 = 0.0902
, WR2 =0.0940

2.542 e A3



Table xviii.2. Atomic coordinates ( x 1074) and eq
isotropic displacement parameters (A"2 x 10"3) for
U(eq) is defined as one third of the trace

Uij tensor.
X y

C(1) 6651(7) 4862(6)
C(2) 5406(7) 6060(6)
C(3) 5727(8) 6591(6)
C(4) 4572(8) 7739(7) 1
C(5) 3079(8) 8336(7)
C(6) 2717(8) 7805(7)
C(7) 3866(8) 6687(7)
C(8) 9320(6) 3773(5)
C(15) 6557(7) 9318(6)
C(16) 9301(8) 7577(7)
C(17) 4860(7) 7529(6)
C(18) 7818(7) 6459(6)
C(19) 6357(7) 8650(6)
0(1) 6272(6) 10355(5)
0(2) 10536(6) 7629(6)
0®3) 3619(5) 7566(5)
0(4) 8198(6) 5860(5)
0O(5) 5950(6) 9326(5)
C(9) 9287(8) 1893(7)
C(10) 7926(9) 1435(7)
C(11) 6146(9) 3895(8)
C(12) 10835(8) 2172(7)
C(14) 12688(8) 3527(8)
C(13) 12223(10) 957(8)
P 8017(2) 5380(2)

Cl 9375(2) 5773(2)
Si(1) 8161(2) 2757(2)
Si(2) 11216(2) 2632(2)
C(9S) 9287(8) 1893(7)
C(10S) 7926(9) 1435(7)
C(11S) 10280(30) 5430(30)
C(12S) 10835(8) 2172(7)
C(14S) 12688(8) 3527(8)
PS 7394(18) 5098(16)
CIS 5910(20)  4420(20)
Si(1S) 9610(20)  1955(17)
Si(2S) 10800(20) 3749(18)
C(13S)  11830(90) 760(80)
w 7091(1) 7537(1)

Table xviii.3. Bond lengths [A] and ang

C(1)-C(2)
C(1)-Ps
C(1)-P
C(1)-H(1A)
C(1)-H(1B)
C(2)-C(3)
C(2)-C(7)
C(@3)-C4)

1.501(8)
1.843(15)
1.856(5)
0.9900
0.9900
1.383(8)
1.414(8)
1.391(9)
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uivalent
[113].
of the orthogonalized

z U(eq)
8474(4)  24(1)
8954(4)  24(1)
9768(4)  29(1)
0177(4)  36(2)
9797(4)  38(2)
9000(4)  40(2)
8567(4)  32(1)
7150(3)  20(1)
5910(4)  29(1)
6839(4)  35(2)
6421(4)  27(1)
5460(4)  25(1)
7863(4)  26(1)
5484(3)  44(1)
6961(3)  58(2)
6239(3)  44(1)
4781(3)  39(1)
8500(3)  44(1)
5532(4)  37(2)
7464(4)  37(2)
6123(6)  28(2)
9013(4)  37(2)
7691(5)  42(2)
7141(6)  47(2)
7685(1)  19(1)
8733(1)  31(1)
6583(1)  22(1)
7770(1)  28(1)
5532(4)  37(2)
7464(4)  37(2)
8810(30)  18(11)
9013(4)  37(2)
7691(5)  42(2)
7291(11)  24(4)
6525(13)  39(5)
6773(12) 32(4)
8174(10)  29(4)
6740(50)  51(7)
6658(1)  20(1)

les [deg] for [113].




C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(6)-H(6)
C(7)-H(7)
C(8)-PS
C(8)-P
C(8)-Si(1S)
C(8)-Si(2)
C(8)-Si(1)
C(8)-Si(2S)
C(8)-H(8)
C(15)-0(1)
C(15)-W
C(16)-0(2)
C(16)-W
C(17)-0(3)
C(17)-W
C(18)-0(4)
C(18)-W
C(19)-0(5)
C(19)-W
C(9)-Si(1)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-Si(1)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-Si(1)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-Si(2)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(14)-Si(2)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)
C(13)-Si(2)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
P-Cl

P-W
C(11S)-Si(2S)
C(11S)-H(11D)
C(11S)-H(11E)
C(11S)-H(11F)
PS-CIS

PS-W
Si(1S)-C(13S)
C(13S)-H(13D)
C(13S)-H(13E)
C(13S)-H(13C)

C(2)-C(1)-Ps

0.9500
1.374(10)
0.9500
1.375(9)
0.9500
1.386(9)
0.9500
0.9500
1.781(15)

1.821(5)

1.890(16)
1.901(6)
1.934(5)

1.998(16)
1.0000

1.159(7)
1.998(6)

1.151(7)
2.030(6)

1.141(7)
2.049(6)

1.143(7)
2.032(6)

1.134(7)
2.058(6)
1.852(6)

0.9800

0.9800

0.9800

1.889(6)

0.9800
0.9800
0.9800
1.883(8)
0.9800
0.9800
0.9800
1.880(6)
0.9800
0.9800
0.9800
1.873(7)
0.9800
0.9800
0.9800
1.877(8)
0.9800
0.9800
0.9800

2.098(2)
2.5032(16
1.8800(10

0.9800
0.9800
0.9800
2.07(3)
2.563(15)
1.93(7)
0.9800
0.9800
0.9800

120.7(6)
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C(2)-C(1)-P
PS-C(1)-P
C(2)-C(1)-H(1A)
PS-C(1)-H(1A)
P-C(1)-H(1A)
C(2)-C(1)-H(1B)
PS-C(1)-H(1B)
P-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(6)-C(7)-C(2)
C(6)-C(7)-H(7)
C(2)-C(7)-H(7)
PS-C(8)-P
PS-C(8)-Si(1S)
P-C(8)-Si(1S)
PS-C(8)-Si(2)
P-C(8)-Si(2)
Si(1S)-C(8)-Si(2)
PS-C(8)-Si(1)
P-C(8)-Si(1)
Si(1S)-C(8)-Si(1)
Si(2)-C(8)-Si(1)
PS-C(8)-Si(2S)
P-C(8)-Si(2S)
Si(1S)-C(8)-Si(2S)
Si(2)-C(8)-Si(2S)
Si(1)-C(8)-Si(2S)
PS-C(8)-H(8)
P-C(8)-H(8)
Si(1S)-C(8)-H(8)
Si(2)-C(8)-H(8)
Si(1)-C(8)-H(8)
Si(2S)-C(8)-H(8)
O(1)-C(15)-W
0(2)-C(16)-W
0(3)-C(17)-W
0(4)-C(18)-W
0(5)-C(19)-W
Si(1)-C(9)-H(9A)
Si(1)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
Si(1)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
Si(1)-C(10)-H(10A)
Si(1)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
Si(1)-C(10)-H(10C)

114.1(4)
29.1(5)
108.7
80.2
108.7
108.7
124.4
108.7
107.6
118.4(5)
121.6(5)
120.0(5)
120.4(6)
119.8
119.8
120.6(6)
119.7
119.7
120.0(6)
120.0
120.0
120.2(6)
119.9
119.9
120.3(6)
119.9
119.9
29.8(6)
122.4(8)
147.8(6)
145.1(6)

119.4(3)

76.7(6)
84.3(6)

113.1(3)

39.4(6)
114.6(3)
112.4(8)
83.7(5)
112.0(8)
36.7(5)
145.1(6)
102.0
102.1
101.0
102.1
102.1
103.8
178.7(5)
178.0(6)
175.9(5)
178.7(5)
176.3(5)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(10A)-C(10)-H(10C) 109.5
H(10B)-C(10)-H(10C) 109.5
Si(1)-C(11)-H(11A) 109.5
Si(1)-C(11)-H(11B) 109.5
H(11A)-C(11)-H(11B) 109.5
Si(1)-C(11)-H(11C) 109.5
H(11A)-C(11)-H(11C) 109.5
H(11B)-C(11)-H(11C) 109.5
Si(2)-C(12)-H(12A) 109.5
Si(2)-C(12)-H(12B) 109.5
H(12A)-C(12)-H(12B) 109.5
Si(2)-C(12)-H(12C) 109.5
H(12A)-C(12)-H(12C) 109.5
H(12B)-C(12)-H(12C) 109.5
Si(2)-C(14)-H(14A) 109.5
Si(2)-C(14)-H(14B) 109.5
H(14A)-C(14)-H(14B) 109.5
Si(2)-C(14)-H(14C) 109.5
H(14A)-C(14)-H(14C) 109.5
H(14B)-C(14)-H(14C) 109.5
Si(2)-C(13)-H(13A) 109.5
Si(2)-C(13)-H(13B) 109.5
H(13A)-C(13)-H(13B) 109.5
Si(2)-C(13)-H(13C) 109.5
H(13A)-C(13)-H(13C) 109.5
H(13B)-C(13)-H(13C) 109.5
C(8)-P-C(1) 105.3(2)
C(8)-P-Cl 105.56(19)
C(1)-P-Cl 97.06(19)
C(8)-P-W 117.11(18)
C(1)-P-wW 122.89(19)
Cl-P-W 105.74(8)
C(9)-Si(1)-C(11) 104.2(3)
C(9)-Si(1)-C(10) 111.1(3)
C(11)-Si(1)-C(10) 109.7(3)
C(9)-Si(1)-C(8) 108.5(3)
C(11)-Si(1)-C(8) 114.2(3)
C(10)-Si(1)-C(8) 109.2(3)
C(14)-Si(2)-C(13) 104.5(4)
C(14)-Si(2)-C(12) 112.1(3)
C(13)-Si(2)-C(12) 107.6(4)
C(14)-Si(2)-C(8) 108.7(3)
C(13)-Si(2)-C(8) 110.9(3)
C(12)-Si(2)-C(8) 112.7(3)
Si(2S)-C(11S)-H(11D)  109.5
Si(2S)-C(11S)-H(11E)  109.5
H(11D)-C(11S)-H(11E)  109.5
Si(2S)-C(11S)-H(11F) 1095
H(11D)-C(11S)-H(11F)  109.5
H(11E)-C(11S)-H(11F)  109.5
C(8)-PS-C(1) 107.6(8)
C(8)-PS-CIS 104.1(10)
C(1)-PS-CIS 98.5(9)
C(8)-PS-W 115.9(7)
C(1)-PS-W 120.5(7)
CIS-PS-W 107.6(9)
C(8)-Si(1S)-C(13S) 112(2)
C(11S)-Si(2S)-C(8) 115.4(13)
Si(1S)-C(13S)-H(13D)  109.5
Si(1S)-C(13S)-H(13E)  109.5
H(13D)-C(13S)-H(13E)  109.5
Si(1S)-C(13S)-H(13F)  109.5
H(13D)-C(13S)-H(13F)  109.5
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H(13E)-C(13S)-H(13F)  109.5

C(15)-W-C(16) 88.0(2)

C(15)-W-C(18) 89.3(2)

C(16)-W-C(18) 91.1(2)

C(15)-W-C(17) 90.1(2)

C(16)-W-C(17) 177.6(2)

C(18)-W-C(17) 87.5(2)

C(15)-W-C(19) 90.0(2)

C(16)-W-C(19) 88.7(3)

C(18)-W-C(19) 179.2(2)

C(17)-W-C(19) 92.8(2)

C(15)-w-P 173.07(16)

C(16)-W-P 85.59(17)

C(18)-w-P 93.48(15)

C(17)-w-P 96.39(16)

C(19)-wW-P 87.19(16)

C(15)-W-PS 165.6(4)

C(16)-W-PS 102.7(4)

C(18)-W-PS 80.9(4)

C(17)-W-PS 79.0(4)

C(19)-W-PS 99.8(4)

P-W-PS 21.1(4)
Table xviii.4. Anisotropic displacement paramet ers (A2 x 10"3) for

[113]
The anisotropic displacement factor exponent ta kes the form:
-2 pif2[h"2a*2 U1l + ... + 2 hk a* b* U12 ]
Uil u22 uU33 u23 u13 Uiz

C(l) 28(3) 20(3) 25(@3) 2(2) 3(2) -10(3)
C(2) 23(3) 25(3) 25(3) -2(2 12(2) -9(3)
C(3) 31(3) 31(3) 26(3) -3(2 6(2) -11(3)
C(4) 47(4) 34(4) 29Q3) -11(3) 13(3) -17(3)
C(5) 43(4) 25(3) 36(4) -3(3) 23(3) -2(3)
C(6) 26(4) 43(4) 41(4) 8(3) 53) -3(3)
C(7) 32(4) 41(4) 27(3) -2(3) 53) -18(3)
C(8) 19(3) 22(3) 17(3) -2(2 52) -5(2)
C(15) 27(3) 35(4) 34(3) -3(3) -2(3)  -20(3)
C(16) 30(4) 49(4) 28(33) 20(3) -1(3)  -20(3)
C(17) 22(3) 33(3) 26(3) 7(2) 6(2) -11(3)
C(18) 21(3) 21(3) 30(3) 9(2) 52) -5(2)
C(19) 32(3) 21(3) 243 6(2) 2(2)  -9(3)
O(1) 583) 33(3) 47(3) 19(2) -17(2)  -25(2)
0O(2) 35@3) 102(5) 50(3) 15(3) -6(2) -43(3)
0O@3) 23(3) 694) 4503 5(2) -2(2)  -24(2)
O(4) 45(3) 44(3) 29(2) -10(2) 13(2) -17(2)
O(B) 69(4) 32(3) 34(3) -9(2) 15(2) -23(3)
C(9) 36(4) 46(4) 32(3) -14(3) 8(3) -20(3)
C(10) 51(4) 32(4) 353) -2(3) 8(3) -23(3)
C(11) 25(4) 36(4) 29(4) 0(3) -1(3)  -18(4)
C(12) 38(4) 32(4) 36(4) 9(3) -6(3) -8(3)
C(14) 24(4) 62(5) 41(4) 2(3) -7(3)  -16(3)
C(13) 35(5) 35(4) 45(5B) -44) -3(4)  19(4)
P 18(1) 19(1) 19(1) -2(1) 2(1) -6(1)
Cl 32(1) 32(1) 29(1) -4Q) -6(1) -13(2)
Si(1) 21(1) 21(1) 23(1) -4(1) 3(1) -8(1)
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Si(2) 21(1) 29(1) 29(1)  O(1)
C(9S) 36(4) 46(4) 32(3) -14(3)
C(10S) 51(4) 32(4) 353) -2(3)
C(11S) 18(14) 16(14) 15(14) 7(9)
C(12S) 38(4) 32(4) 36(4) 9(3)
C(14S) 24(4) 62(5) 41(4) 2(3)
PS 14(8) 26(8) 27(8) -3(6)
CIS 34(10) 60(13) 34(10) -7(8)
Si(1S) 32(10) 18(8) 46(10) -3(7)
Si(2S) 28(9) 38(10) 22(8) -3(7)
C(13S) 39(11) 37(11) 49(12) -1(11
W 17(1)  21(1)  22(1)  2(1)

Table xvii.5. Hydrogen coordinates ( x 10
displacement parameters (A2 x 1073) for

H(1A) 6109 4375
H(1B) 7292 4193
H(3) 6743 6169
H(4) 4818 8115
H(5) 2296 9115
H(6) 1677 8205
H(7) 3618 6340
H(8) 9751 4131

N

H(A) 10365 1277
HOB) 9353 2602
HOC) 8737 1342
H(10A) 7326 1918
H(10B) 8983 789
H(l0C) 7347 912

H(11A) 5468 4399
H(11B) 5647 3312
H(11C) 6274 4565

H(12A) 10062 1707
H(12B) 10408 3025
H(12C) 11838 1545

H(14A) 12247 4420
H(14B) 12902 3695
H(14C) 13684 2935

H(13A) 11519 423
H(13B) 13224 408
H(13C) 12450 1165
H(OS1) 8224 2563
H(9S2) 9364 951

H(9S3) 10099 2130
H(10D) 8070 1457
H(10E) 8023 494

H(10F) 6866 2101
H(11D) 9228 5667
H(11E) 10264 6178

H(11F) 11083 5324
H(12D) 9759 2350
H(12E) 11568 2076
H(12F) 11196 1310

H(14D) 13102 2650
H(14E) 13420 3502
H(14F) 12593 4307
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3(1)  -2(1)
8(3) -20(3)
8(3) -23(3)
0(9) -2(10)
6(3) -8(3)
7(3)  -16(3)
7(6)  -2(6)
1(8) -29(9)
3(8) -8(8)
06) -12(8)
-2(11)  20(10)
1(1)  -8(1)

") and isotropic
[113].

z U(eq)
8104 29
8956 29
0050 35
0725 43
0084 45
8746 48
8008 38
6589 24
5711 55
5076 55
5252 55
8012 55
7658 55
7179 55
6641 43
5832 43
5656 43
9023 55
9376 55
9290 55
8008 64
7031 64
7991 64
7150 70
7453 70
6491 70
5371 55
5378 55
5175 55
8140 55
7295 55
7294 55
9108 27
8361 27
9287 27
9266 55
9530 55
8660 55
7355 64
8193 64
7255 64



H(13D) 12260 639
H(13E) 12423 1188
H(13F) 11940 -149

Table xviii.6. Torsion angles [deg] for

PS-C(1)-C(2)-C(3)
P-C(1)-C(2)-C(3)
PS-C(1)-C(2)-C(7)
P-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(2)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
PS-C(8)-P-C(1)
Si(1S)-C(8)-P-C(1)
Si(2)-C(8)-P-C(1)
Si(1)-C(8)-P-C(1)
Si(2S)-C(8)-P-C(1)
PS-C(8)-P-Cl
Si(1S)-C(8)-P-Cl
Si(2)-C(8)-P-Cl
Si(1)-C(8)-P-Cl
Si(2S)-C(8)-P-Cl
PS-C(8)-P-W
Si(1S)-C(8)-P-W
Si(2)-C(8)-P-W
Si(1)-C(8)-P-W
Si(2S)-C(8)-P-W
C(2)-C(1)-P-C(8)
PS-C(1)-P-C(8)
C(2)-C(1)-P-Cl
PS-C(1)-P-Cl
C(2)-C(1)-P-W
PS-C(1)-P-W
PS-C(8)-Si(1)-C(9)
P-C(8)-Si(1)-C(9)
Si(1S)-C(8)-Si(1)-C(9)
Si(2)-C(8)-Si(1)-C(9)
Si(2S)-C(8)-Si(1)-C(9)
PS-C(8)-Si(1)-C(11)
P-C(8)-Si(1)-C(11)
Si(1S)-C(8)-Si(1)-C(11)
Si(2)-C(8)-Si(1)-C(11)
Si(2S)-C(8)-Si(1)-C(11)
PS-C(8)-Si(1)-C(10)
P-C(8)-Si(1)-C(10)
Si(1S)-C(8)-Si(1)-C(10)
Si(2)-C(8)-Si(1)-C(10)
Si(2S)-C(8)-Si(1)-C(10)
PS-C(8)-Si(2)-C(14)
P-C(8)-Si(2)-C(14)
Si(1S)-C(8)-Si(2)-C(14)
Si(1)-C(8)-Si(2)-C(14)
Si(2S)-C(8)-Si(2)-C(14)
PS-C(8)-Si(2)-C(13)
P-C(8)-Si(2)-C(13)
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7378
6333
6503

77
77
77

[113].

-115.7(8)
-83.7(6)
63.4(9)
95.4(6)
-1.8(8)
177.3(5)
2.1(9)
-0.5(10)
-1.4(10)
1.7(9)
-0.1(9)
-179.2(5)
68.1(10)
26.2(12)
-87.3(3)
52.2(3)
-96.0(5)
170.2(10)
128.2(11)
14.7(3)
154.2(2)
6.0(5)
-72.5(10)
-114.5(11)
132.1(2)
-88.5(3)
123.3(5)
-177.0(4)
-66.8(10)
74.7(4)
-175.1(10)
-39.2(5)
71.0(10)
138.0(6)
145.9(3)
-55.7(9)
-72.6(4)
-100.4(10)
22.3(6)
30.2(4)
-171.4(9)
171.7(3)
144.0(10)
-100.8(6)
-92.9(3)
65.5(9)
48.6(4)
20.9(10)
-93.0(11)
-71.8(4)
138.4(6)
149.3(3)
-57.1(8)
152.7(11)
174.0(4)



Si(1S)-C(8)-Si(2)-C(13)
Si(1)-C(8)-Si(2)-C(13)
Si(2S)-C(8)-Si(2)-C(13)
PS-C(8)-Si(2)-C(12)
P-C(8)-Si(2)-C(12)
Si(1S)-C(8)-Si(2)-C(12)
Si(1)-C(8)-Si(2)-C(12)
Si(2S)-C(8)-Si(2)-C(12)
P-C(8)-PS-C(1)
Si(1S)-C(8)-PS-C(1)
Si(2)-C(8)-PS-C(1)
Si(1)-C(8)-PS-C(1)
Si(2S)-C(8)-PS-C(1)
P-C(8)-PS-CIS
Si(1S)-C(8)-PS-CIS
Si(2)-C(8)-PS-CIS
Si(1)-C(8)-PS-CIS
Si(2S)-C(8)-PS-CIS
P-C(8)-PS-W
Si(1S)-C(8)-PS-W
Si(2)-C(8)-PS-W
Si(1)-C(8)-PS-W
Si(2S)-C(8)-PS-W
C(2)-C(1)-PS-C(8)
P-C(1)-PS-C(8)
C(2)-C(1)-PS-CIS
P-C(1)-PS-CIS
C(2)-C(1)-PS-W
P-C(1)-PS-W
PS-C(8)-Si(1S)-C(13S)
P-C(8)-Si(1S)-C(13S)
Si(2)-C(8)-Si(1S)-C(13S)
Si(1)-C(8)-Si(1S)-C(13S)
Si(2S)-C(8)-Si(1S)-C(13S)
PS-C(8)-Si(2S)-C(11S)
P-C(8)-Si(2S)-C(11S)
Si(1S)-C(8)-Si(2S)-C(11S)
Si(2)-C(8)-Si(2S)-C(11S)
Si(1)-C(8)-Si(2S)-C(11S)
O(1)-C(15)-W-C(16)
O(1)-C(15)-W-C(18)
O(1)-C(15)-W-C(17)
O(1)-C(15)-W-C(19)
O(1)-C(15)-W-P
O(1)-C(15)-W-PS
0(2)-C(16)-W-C(15)
0(2)-C(16)-W-C(18)
0(2)-C(16)-W-C(17)
0(2)-C(16)-W-C(19)
0(2)-C(16)-W-P
0(2)-C(16)-W-PS
0(4)-C(18)-W-C(15)
O(4)-C(18)-W-C(16)
0(4)-C(18)-W-C(17)
0(4)-C(18)-W-C(19)
0(4)-C(18)-W-P
0(4)-C(18)-W-PS
0(3)-C(17)-W-C(15)
0(3)-C(17)-W-C(16)
0(3)-C(17)-W-C(18)
0(3)-C(17)-W-C(19)
0(3)-C(17)-W-P
0(3)-C(17)-W-PS
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24.1(7)
35.1(4)

-171.4(9)

32.0(11)
53.2(4)
-96.6(6)
-85.7(3)
67.8(8)
-71.0(10)
84.0(11)
-31.7(16)
94.3(8)
-53.9(11)

-174.8(15)

-19.8(12)

-135.5(9)

-9.5(7)

-157.8(8)

67.2(9)

-137.8(9)

106.5(9)

-127.5(7)

84.3(9)
156.7(6)
71.8(10)
-95.6(10)
179.6(15)
20.7(12)
-64.1(9)

-177(3)
-154(3)

-29(3)
166(3)
-39(3)
-22.6(19)
-14.2(17)

-165.1(18)

179(2)

-136.3(17)

-17(25)

-108(25)

164(25)
72(25)
5(26)

-155(25)

78(15)
167(15)
114(15)
-12(15)

-100(15)
-112(15)

-74(20)

-162(20)

16(20)
-94(26)
112(20)

95(20)

30(8)

-7(12)
-59(8)
120(8)

-152(8)
-140(8)



0(5)-C(19)-W-C(15)
0(5)-C(19)-W-C(16)
0(5)-C(19)-W-C(18)
0(5)-C(19)-W-C(17)

O(5)-C(19)-W-P
0(5)-C(19)-W-PS
C(8)-P-W-C(15)
C(1)-P-W-C(15)
CI-P-W-C(15)
C(8)-P-W-C(16)
C(1)-P-W-C(16)
CI-P-W-C(16)
C(8)-P-W-C(18)
C(1)-P-W-C(18)
CI-P-W-C(18)
C(8)-P-W-C(17)
C(1)-P-W-C(17)
CI-P-W-C(17)
C(8)-P-W-C(19)
C(1)-P-W-C(19)
CI-P-W-C(19)
C(8)-P-W-PS
C(1)-P-W-PS
CI-P-W-PS
C(8)-PS-W-C(15)
C(1)-PS-W-C(15)
CIS-PS-W-C(15)
C(8)-PS-W-C(16)
C(1)-PS-W-C(16)
CIS-PS-W-C(16)
C(8)-PS-W-C(18)
C(1)-PS-W-C(18)
CIS-PS-W-C(18)
C(8)-PS-W-C(17)
C(1)-PS-W-C(17)
CIS-PS-W-C(17)
C(8)-PS-W-C(19)
C(1)-PS-W-C(19)
CIS-PS-W-C(19)
C(8)-PS-W-P
C(1)-PS-W-P
CIS-PS-W-P

-11(9)
77(9)
9(23)
-101(9)
163(9)
180(100)
-100.2(15)
126.6(15)
17.0(15)
-77.7(3)
149.1(3)
39.5(2)
13.1(3)
-120.1(3)
130.34(18)
101.0(3)
-32.3(3)
-141.81(18)
-166.5(3)
60.2(3)
-49.33(18)
66.5(9)
-66.7(9)
-176.3(9)
105.5(15)
-122.1(13)
-10.6(19)
-31.4(9)
101.0(9)
-147.5(8)
57.6(8)
-169.9(9)
-58.4(8)
146.8(9)
-80.7(9)
30.8(8)
-122.3(8)
10.2(9)
121.7(8)
-68.1(10)
64.3(10)
175.8(15)
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