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Photocatalytic hydrosilylafion of conjugated dienes with triethylsilan¢ in 
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The effect of donor ligamts on the chromimn cafl~nyl photoc~sed hyda~silyl~ion of 1.3-1a.aadieae. 2 - m e t h y l - I ~  
2.3-<fimethyl-l.3-1mtadiene, rrans- 1.3-pemadiene with u'iethylsilane was studied. P'no~oc,~a]ytic hyd~'3s/lylatiou of dienes ~ ia the 
tnesence of CI(CO)sL (L ffi P(CH3) 3 or P(OCH3) ~) yields the cis- 1,4--adducts, l-trie~ylsilyl-2-bulene d¢fivalivcs~ as the mtfiE lxod~,ls; 
these have been isolaled by distffiafioQ or i~elmrafive GC and fully ctmract~sed by NMR slmctroso0py. As w/th the ~ 
hyda~silylation of dienes in the imesem:e of Cr(CO)~. we lxopoe.e a mechanism which involves the initial c~uvemima of C.r(CO)sL 
f~c~CO)~L('~4-1.3-diene) followed by a fialher pho~olylic CO substitution by triethylsilane, fon~h~ a C r ( C O ) 2 ( H X S I E t 3 ) L ( ~ 4 - | , 3 - - ~  - 

e~e) imenned~te. The acklfition of hydt~le to diene occtws teve~ibly to form an ~/3-enyl figand pt~r to dte ~ ~ 1  ~ m ~ 
m~aulC moiety. The 1,4-hyd~osilylalion adduct is then replaced by new subsumes to complete the ca~dyt~ cycle. Ct(CO)sL comp~x~ 
farm active species which me much mote stab~ tha~ the oue generated from Cr(CO) 6 in the absenc~ of any 4ouc¢ ~ "I 'm, 
ineroduction of an equimo~ ammmt of dom~ liga~l (erimethylpbesplm~ or Uimethyl]p~msph~) increases ~e  life of tl~ ca taJ~  TMs 
le~s to the achievengm of linger tram-over nmnbe~ (80 or 70) cmupmed with the value of 30 for just Cr(CO) o. CdCO)sL 
(L ~ F(C61"Is) ~, F(C6H u) ~ or C~H~N) p~aed inactive in the ~ photocamly~c hyd~o~ylatio~ of d~eaes. 

Keywords: Cafoonyl; Clu~mium; Dienc; Hych~silylation; Phmocauflysis; Phospl~e 

1. In t rodmslkm 

The development of  the synthesis of  organosii;,con 
compounds using a variety of  wansition metal com- 
plexes has been one of  the most remarkable advances in 
chemistry in the recent decades [I]. Hyd~rosilylalion of  
various cemjuga~d dJenes caudysed by transition metal 
complexes provides convenient routes to unsaturated 
mgaaosilicou compmmds and also serves as a u~iquc 
and effective method for the selective formation of  
cm'boa-silicoG bo~ls. A typical example is the photo- 
catalyfc hydrosilylation of  conjugated diolefins with 
some alkylsilanes using Group 6 metal carbopyl com- 
plexes as catalysts [2,3]. The reactions yielded exclu- 
sively the cis-l,4=adducts. Receutly, we rcpm'ued the 
results of  an extensive study on the mechanistic details 
of  the c h r o m i ~ y l  plxotocatalysed hydxosilyla- 
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tion of  1,3-dicnes with Uiethylxi:.m~ [4]. The proposed 
mechanism (Scheme 1) involves the initial 
o f  O ( C O )  6 into O(CO)4(~4-1,3-dicme) f o H o w ~  by a 
further pUo~ytic c o  subsatm~n by u'ia~tsUaue 
framing a Cr(CO)3(HXSiR3XQ4-1.%di~ue) intermedi- 
ate. Experiments with Et~Si-D s l m w ~  a reve~rsib~ 
addition of  the bychide to ~ to form an ~?3-eny! 
ligand prior to the ir~vegsibte silyl Wansfer to the 
organic moiety. The 1,4=hyckOsflylatm adduct is then 
xcpiaced by new sut~r, aes to complete the caudytic 
cycle (Scheme 1) [4]. 

It is well imown that the ~ activity and sekc-  
tivity of  transition metal c o m p ~ . e s  vexy often c iepe~ 
on the ,umme of  other ligands wesem in the comdina- 
don sphere of  the metal ion in the comse o f  the caUdy~  
reaction [5]. The~efoee, ~ e  Im~Sence o f  a donor f i p ~  
such as txialkylphosphiue, in the w.actiom medimn is 
expected to affect ma~y steps in the mechumism Lmm.- 
posed for the pho~ca~aly~ hy~msilylafion of  colju- 
gated d i m ~ .  For i n s t an t ,  its urivial involvcm~m in t ~  
first C O - m b s t i m ~  in hexac~bonykknm~ium(O) would 
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lead to the formation of pentacarbonyltrialkylphos- 
ph/nechromium(O) which might react further with sub- 
strates to form an active catalyst. Such an active species 
might have catalytic activity and selectivity different 
fi'om those produced from hexacarbonylehromium(0) in 
the photocatalytic hydrosilylation of dienes. This ha3 
motivated us ~o investigate the effect of donor ligands 
on the phot~,~:atalydc addition of Si-H to the conjugated 
dienes, In this paper we report in full detail on the 
pho~ocatalytic 1,4-hydrosilylafion of 1,3-butadiene (1), 
trans- 1,3 -pentadien¢ (2), 2,3-dimethyl- 1,3 -butadiene (3), 
and 2-methyl-l,3-1mtadien¢ (4) with triethylsilane using 
either a 1:i mixture of Cr(CO) 6 and L, or Cr(CO)sL 
(L = P(CH~) 3, P(OCH3) 3, I~CtHs) 3, P(CbHH)3, 
CsHsN) as catalysts. 

2. Remits mad ~ 

The reaction of 1,3-bmadiene (1) with wiethylsilane 
in the presence of hexacurbonylehsomium(0) and 
ttiraethylpbosphite (i:1 ratio) under continuous irradia- 

tion yields exclusively the cis-1,4-adduct, cis-1-triethyl- 
silyl-2-butene (11), the saree product as obtained from 
the photocatatyfic hydrosilylation using just bexacar- 
bonylchromium(0) [2] (Eq. (I)). 

y h~/r.t .  ~ - ~ i  a 
+ H-SiEt 3 --~ (1) 

CKCO)JP(OCH 3) ~ 11 

IR spectroscopic monitoring of the reaction reveals 
that, in addition to the gradual disappearance of the 
Si-H stretching band at 2102cm -~ and CO-stretching 
band of CKCO) 6 at 1980cm- I, four bands first grow in 
at 2073s, 1985vw, 1963 s, and 1949vscm - l ,  which are 
readily assigned to the well known Cr(CO)sP(OCH3) 
complex [6]. These bands then start to lose intensity 
with concomitant development of three new CO-stretch- 
ing bands at 1989, 1917, and 1900cm -! upon continu- 
ing irradiation. The latter bands are assigned to fac- 
Cr(CO)3P(CK'H3)3(~4-1,3-butadiene), which has been 
i so la ted  from the photolyt ic  react ion of  
Cr(CO)5P(OCH3) 3 and 1,3-butadiene in n-bexane at 
- 2 0 ° C  [7]. Once this complex is generated upon irradi- 
ation in the solution, the IR spectrum remains practi- 
cally unaltered in the CO-stretching region throughout 
the photocatalytic hydrosilylation. These observations 
imply that the photncatalytic reactions can also be started 
by using either Cr(CO)sP(OCH3) 3 or fac-  
Cr(CO)3P(OCH3)3(T/4-1,3-butadiene) as catalytic pre- 
cursor. Indeed, continuous irradiation of 1,3-butadiene 
and triethylsilane in the presence of either 
Cr(CO)sP(OCH3) 3 or fac-Cr(CO)3P(OCH3)3(714-1,3 - 
butadiene) gives the same 1,4-hydrosilylation product, 
cis-l-triethylsilyl-2-butene (11). The photolytic conver- 
s ion  of  C r ( C O ) ~ P ( O C H 3 ) 3  in to  f a c -  
Cr(CO)3P(OCH3)3(~4-1,3-butadiene) requires addi- 
tional time before the catalytic cycle starts. After this 
conversion there is no difference between the two ex- 
periments started with either Cr(CO)sI~OCH3) 3 or fac- 
Cr(CO) 3P(OCH 3 )3(~ L 1,3-butadiene) with respect to the 
rates and products of the hydrosilylation. Howevex, the 
use of Cr(CO)sF(OCH3) 3 is preferred in order to avoid 
laborious isolation of fac-Cr(CO)3P(OCH3)3('04-I,3 - 
butadiane). 

Continuous irradiation of various acyctie 1,3-dienes, 
triethylsilane, and Cr(CO)3P(OCH3) 3 (in molar ratio 
20:20:i) in n-hexane solution results in nearly quantita- 
tive hydrosilylation of the diene, as m~,ultored by GC. 
The products of these photocatalytic hydrosilylations 
are found to be the same as those obtained from the 
reactions using just hexacarbonylehromium(O), as de- 
tected by means of GC-MS and fully characterized by 
I H and t3C NMR speclroscopy [4]. 

y hv/r.t. ~f-S~h 
+ H-SiEt 3 -~ (2) 

Ct(CO)5P(OCH 3) 3 l i  
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12a 
h~/r+t+ 

+ H-SiEt~ ---, - -~ / -~ t~  (3) 
2 Cr(CO)~P(OCH ~)~ 

/ ~ t ~  12b 

hu/r.t. ~ S ~ t ~  
" " + H-SiEt~ --, (4) 

3 CdCO)sP(OCH 0~ 13 

14a 

~4 ~.t3 he/r.L + H-SiEt+ -+ (5) 
CdCO)sP(OCH ~)~ 

f - ~ t ~  1,lb 

The reactions ill Eqs. (2) and (4) give only one 
hydrosilylation product, while two hydmsilylatiou prod- 
ucts are formed by the reactions in Eqs. (3) and (5). 
Continuous irradiation of tmns-l,3-pentadiene (2), Iri- 
e thylsi lane,  and pentacarbonyhr imethylphos-  
phitechromium(0) (in molar ratio 20:20:1) in hexane 
solution results in the formation of two hy&-miiylation 
products, cis- l-(trlethylsilyl)- 2-pentene (12a) and trons- 
4-(triethylsilyi)-2-pentene (12b) in ca. 25:1 ratio, as 
detected by means of GC-MS. 12a is a cis-l,4-hydro- 
silyladon product while 12b has been shown to result 
from a 1.2-hydmsilylation with attachinent of the trieth- 
ylsilyl group to C-2 of the dlcnc [4]. Two 1,4-ad&don 
products, cis-I-(triethylsilyl)-2-methylo2-bmene (14a) 
and cis-I-(triethylsilyl)-3-methyl-2-1mtene (14b), axe 
formed from the photocatalydc reaction of 2-methyl- 
1,3-butadiene (4) with uiethylsilane in the presence of 
pentacarbonylu~cthyiphosphitechromium(0), Eq. (5), in 
ca. 3:1 ratio, a~ detected by means of GC-MS. 

In all cases, .monitoring of the reaction by using 1R 
spectroscopy shows the initial conversion of 
Cr(CO)51~OCH3) 3 (1) into the respective faco 
CdCO)3P(OCH3)3-(n+-i,3-dlene) riD. The photochem- 
ical formation of complexes of this type from pentacar- 
bonyl(trialkylphosphine)chromium(0) and diene is 
known [7-9] and their role as the precursor to the active 
catalyst in the photocatalytic hydrogenation of norbor- 
nadiene [10] has been tested. As expected, the hydrnsi- 
lylation of 1,3-butathene under conth,uous irradiation in 
the presence of fac-CdCO)3P(OCH3)301+-1,3 - 
butadiene) as catalyst instead of CdCO)sP(OCH3)3 
gives the same results. Based on the X-ray slxuctural 
analysis of an analogous tungsten complex [I 1], fac- 
CdCO)3l~OCH3)3f~/4-1,3-butadiene) (H) is assumed to 
have the trimethylphnsphite ligand on a facial position 
c lo~ to the C-2 and C-3 carbon atoms of the diene 
ligand. As with the mechanism outlined in Scheme 1. 
photolyt ic  de tachment  of  CO from fac- 
Cl'(CO)3P(OCH3)3(,r/'t-l,3-1mtadiene) should provide 
entrance to the catalytic cycle by creating the vacant 
coordination site on the wansition metal cenUc required 

for binding the silane ~ to its transfer ordo the 
ligand (Scheme 2). 

Since all the dienes give the same 1,4-hydxo~lykted 
products as in the reactions using just ~ -  
bouylcleemium(0) it may be assumed tha~ ~e 
coordination site of the Cr(CO)2P(OCH3)3(~4-L3 - 
butadiene) fragn~nt (Eli) is in an axial pmitio~ suited 
for the 1,4-addltion of R3Si-H to the dieae. However. 
no evlclence exists for the relative pos/tion of the 
trimethylphosphite figand in HI. We have slmwn e l~  
insertion of the metal into the Si-H bond in a ae~* 
classical 7/2--(H-SiR3) cowpox leads to the 
of a complex confining hydrido aad u ' tai~hilyl  ~ -  
ands [4]: In the present case, this type of reaction woe~ 
lead to tl~ formalin~ of C i ~ C O ) 2 ( ~ 4 - 1 ~ X h y  - 
drido)(uiulkylsilyl)~OCIt3)3 (V). If  so, the 1,4-ad- 
dition of R 3Si-H to the diene slemkl ocetw m stepwise 
fashion, in conwast to the U'a~er  of H 2 to the d ie~ .  
which by means of PHIP experimems has been shown 
to proceed rapidly via an ~/2-H 2 bound 
[12]. The subsequent wansfer of R3Si to the ot~m~: 

C<CO~ 

= P ( ~  L ~',,I--~ L 

L 

R 

Scheme 2. 
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s t / ~ ,  teke-ep of a new ~ sabsu'ate mo teca~  
rek~ase of  ~ e  U i a ~ 7 1 s f l y ~  product, and coordina- 
~ of  R3Si-H would tl~n c o m p l ~  th~ ~ t a l y ~  ~c l c .  

A ~ of the ~ of Ifiefl~n~'l~ne vs. 
(F-~g. D ~'fl,~L'~S the r~n~vi~x of me die, n~ in me p h ~  
~ffi~fly~¢ byd~osilylafion in the p ~  of  p ~ -  
b o ~ y m - ~ y ~ b i ~ o ~ O )  (I) under the ~m~ 

( m o ~  ratio of trie~hylsfln~:d~ffi~:~omp~ I 
i~ 20:20:.1, tOmM subsame in 20Oral n-hexa~ a~ romn 

in the sa~n~ ~ m s ) .  1 . 3 - B ~  is 
found to ~ me fastest ~ c  hydmsilyla- 

among the ~e~es investigated. A methyl sub- 

smucm in ~e d~ae slows down the phoU~y~ reactio~ 
This n~h t  be amibm~ to the smdc ~ betwc~ 
lbe m~hyl  glrO~S) of the ~ and ~nnD~hylpbosph~e 
]ipud in me caudyficaUy ac~e species. Such a s~b- 
~ effect on the nae of  photocmal~c hydrosilyla- 
tkm was not obvioos in the case of  hexacar- 
bonylclm~miu~O), though sl~ht diff~mces w e ~  no- 
*iced on passing from tmmdie~ to the methyl-sub- 

dmivmiv~. 
In m'de~ to study the effect of var io~  donor lig~mds, 

plmmcmlytic h y ~ i l y l a ~  of  1 , 3 - t ~ , a l e ~  was pe~- 
formed by using Cr(CO) 6, (CO)sCrP(OCH3) 3, 

t~o 

~o ..- 

eD . - " ' .  -°~'" 

-oo • . ° - ~ "  o.--"*" 

~0.  .~o° jl" .°-" 
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( C O ) s C r P ( C H ~ )  ~, ( C O ) s C r P ( C ~ H s ) ~ ,  
(CO)sCrP(C6HII) 3, and (CO)sCKpyridine) as catalyst 
under the same conditions (molar ratio of 
triethylsilane:diene:complex is 20:20.'1, lOmM sub- 
swate in 20Oral n-hexane at room temperature in the 
same apparatus). The results of these experiments show 
that only the first three complexes catalyse the hydrosi- 
lylation of l~3-butadiene under continuous irr~_~n_'~ 
yielding the same 1,4-by&osilylated product, cis-l-~- 
ethylsilyl-2-butene, 11 (Eq. (6)). 

+ H-SiEt~ --. (6) 
l Cr(CO)st 11 

L - CO 
INOCH ~)~ 

IR spe~c monitoring of the photo~ta]yfic 
reactions enables one to compare rig rate of conversion 
of triethylsilane foe the three catalysts (Fig. 2). In the 
case of Ct(CO) 6 the conversion of triethylsilane is quite 
fast at the be~nning of the reaction. However, the rate 
of conversion decreases as the reaction pageeds. This 
might be due to the gradual deca'ease in the amoum of 
the catalyst. Indeed, the IR ~ ' t r o s c ~ c  monitoring of 
the reaction shows furtlg¢ that tim total area uader the 
CO stretching bands of CI(CO) 6 and Cr(CO),(~/4-1,3- 
diem:) decreases under continuous irradiation. In the 
case of (CO)sCrP(OCH3) 3 ca" (CO)sCI~CH 3)3. the rate 
of conversion of triethylsilane is practically constant 
throughout the photocatalytic hydrosilylatlon. IR spec- 
tgoscopic monitoring of the ~ indi~les that the~ 
is no mmnentons change in the total concentration of 
the catalysts, (CO)sCrL and Cr(CO)3(~4--l,3--die~)L. 
The turn-over numbers are estimated to be greater than 
80 and 70, for (CO)~CrI~OCH~)3 and (CO)sCrP(CH3) ~ 
respectively, from measurement of the amoents of cata- 
lyst consmned: this is achieved by monitm~g the inten- 
sity decrease in the IR absmption band for the CO 
stretching when the s i l a~  is completely used up. These 
values ate notably l~ger than the tmn-over number of 
30 found when just ~ y l c l m m ~ u m ( O )  is used in 
the same photocatalytic reaction [2]. This observation 
impfics that the introduction of t r i m e t h y I ~  og 
trimethylphosphite in 1:1 ratio into the medinm stabi- 
lizes the active catalyst towards any oxidation or de- 
composifion (thermal o¢ photochemical) which would 
lead to its death. 

In contrast to (CO)sCrI~OCHs) 3 or (CO)~CrP- 
(CH~)~, the analogous complexes (CO)sCrl~C~Hs) ~, 
(CO)sCrP(CtHH) ~, end (CO)sCt(pyridine) were fmmd 
not to be catalytically active in the photoly~ hyda~ily- 
lation of ~ t l eae .  Both p e m c a d ~ y ~  
phinechmmium(0) and pentacarbonylwis(cyclo- 
hexyl)phosphinedmmum(0) undergo di~A~,onion- 

~o7 

a f i o n u n d e r t b e r e a ~ o u c o w ,  f ~ J o n s u p o n c o m i m ~  

hulr.t. 
2Cr(CO)sL --~ Cr(CO)aL 2 + Cr(CO)6 (7) 

L = P(C~H~h or r ( c , n , , h  

Hcxacarbonykhuam(0)  formed fc0m this 
pon iona t~  ~ a i o n  acts as catalyst ~a tbc | , 4 - I ~  
silyl~gion of 1,3-1mgadlen~ whereby the tale o~ mag~ion 
is slow due to the reduced ~ of h c x a ~ -  
bonykh,,,.,ium(0). 

(CO)sCr(pyridine) is rapidly comaatul to a 
of many cmC~yl cmlq~xes upon ~ o f t l ~  
solu~n,  as o ~ e ~ e d  in the C O - ~  ~ ~ t b e  
IR spectrum. Among all the cadxmyl compiea~ photo- 

identified. Owing to the Im:sence of the ~ cadxmy| 
complex in a tra~e ammu~ in the so/u~a,  a small 
portion of t r /e~lsi lan¢ (3%, mamitored by IR spec- 
troscopy) is converted into the c/s-l-U'ietbyl~yb2- 
Immne, 11. 

3. C o m d l m ~  

The resets of this investigation s~a~, t k t  t ~  by- 
dres~yh~ion of the conjugated diems wi~  ~ 
occurs almo~ exclusively as a 1,4-addition ill fine pres- 
ence of hexacarbonylchromium(0),  pentacar- 
bonyltfimethylphosphinechromiun~0), ca" peutag~- 
bonyV " "ungO). ~ ,  
is convincing evidence tlm the ~ invobes 
iaidal conversion of o(CO)sL imo fac-O(COhL(~'- 
1,3-diene) followed by a fmther plmmtytic CO sulmfim- 
lion by trlethy~ilane fon~ng a C~CO)2(HXSt'Et3]L- 
(~4-],3-diene) intermediate. The add/flea of hydai~ to 
diene ccctas reversibly to fore m ~3-¢w/! ~ 
to the irmve~b~ silyl mmsfer to the ~ i c  moiety. 
The ] .4-~dn~ilybtion ad~-t  is then p.-placed by new 
sab~,a~ to c o m p ~  the ~ cyc~. C~CO),L 
cmnplexes f~m active specks wh/ch ale m a ~  mmc 
stable t h ~  that ~ fnxn Ct(CO) s m the ai~cace 
of any don~ ligands. Thus, the inmgtm:tion c f m  
~ p ~ a o ~  mourn of the a ~ . ~  ~ ( t r m t h y i ~ s -  
plfine ~ t t i m ~ y l p h o s p ~ )  makes the tif~ of catalyst 
longer, leading to larger tin'n-over numbers. 

4. ~ ,m/a, ,  

AU of the ~ a o n s  and m a i p a h t i ~  i avo~ag  t i e  
metal cm/mayl caudysts were carried om e i t l ~  in vac- 
uum or uad~  d ~  inert anwsplaae (N2 ~ At). Solvems 
were dislilled a f ~  refluxiag over metallic sod/am or 
p~sp~aam ~a~toxide m d ~  a ia ,~-a  for sevmt  days. 



I08 O~ar et a£ / Jmmml of Organometalllc Chemislry 533 (1997) 103-108 

~ h y t ~ a ~ e  ( M e ~ .  h e x a ~ b ~ y l , a ~ , ~ m ( 0 )  (~d- 
d6ch), w~e  avail~!e ~ aad nsed withom 
f~ther p e ~ u e i e L  The dieaes (except ~A4zaadlene 2) 
we~  ~ avaiin~e (Ak~ch) aad distined be- 
fore use. ~ n ~ f i o n s  were carried out in an 
i ammi~-weR q,t~m~es [13] (soUdex #ass. A> 
280ran)  by m / a g  a Hanan T Q  150 high m ~ s u r e  met-  
a m y  lamp, ~ was cooled by ciwnl~i~g w a ~  or 
Immooled  m e l k e ~ l .  P e n ~ y l u i m e t h y l p h o s -  

p h i t o c h r o m h r m ( 0 )  [14], and  f a c - t r i c a r b o n y l -  
u ~ m b y ~ h , , ~ ' -  1,3-bmd~ee)dm~mium(0) [7] 
we~ pmpaed a ~ n g  the ~ e  preceding. 

NMR spectra we~ [~,~,kd on a Bmk~ DPX 400 
400.132MHz for tH, 100.613MHz for 

.996MHz for ~ P )  using TMS as inmmal 
t ' l ~ e f { ~  fl2r 1H arid t3C_~ alfltd H3PO4 in a capil~ry as 
extenud nffenm~e for ~P .  p ~ & r - h ' l m e r  16 PC I~'IIR 
~ d  1430 IR s p e ~ a ~  were used to follow 
ff~e d ~ e ~ c e  of  ~ e  VSi_H absotplion band at 
2102cm -~ and spectral cha~ges in the CO-~hln£ 
regioa in m u ~ u i ~ g  the x=av~ms. Routh~e ges chro- 
ma~. . ,q~ , ;c  analyses wm'e p~fo~med on a F~.d,,~- 

F33 c h r m n m ~ , ~  using a flame i t m i ~  
deex:mr ~ d  a 6 f i  OV-I  cohnnn. GC-MS spectra were 
~ by  using a P e d k i n - m , , ~  R22 GC appm-mus 
( O r - l ,  30 i a  colunm, 60-280°C,  H 2 caxrim gas) com- 
bined with a ~ MAT CH 7A mass sp~huute te r  
(I~). 

All o f  the hydrosilylalion prodncts isolated wexe 
shown to have tl~ same spectroscopic dam as those 
t~¢~rted previoesly [4]. In the case of  1 ,3-~muti~e ,  the 
tm'n-ovor number was detemdned for the fac-  
C r ( C O ) 3 P ( O C H 3 ~ ( ~ % l , 3 - b u t a d i e n e )  and f a c -  
C~OD)3FI((~..[3)3('It~ -1,3-bu~diene) by de~,,-, , ,~ng the 
loss in the catalyst c o u c ~ t , , ~ o n  when the uiethylsilane 
ba~ been completely consumed (i.e. when  the S i - H  
be~  ~ in the m spectrum). Both compexes 
have IR ~ Imads for the CO stretching vibm- 
titm at 1989, 1917, and 19~0cm -~ , and 1981, 1909, and 
1885cm - t  respectively. The changes in concentrations 

2 The ~ wi~ to tl~nk Dr. T. Savasci of PETKIM ~ .  
K~mmefi, Tmkey, fm the s~0101y of 1 , 3 - ~ .  

for the fac-Cr(CO)3P(OCH3)3(~4-1,3-butadiene) or 
fac-Cr(CO)3P(CH3)3(714-1,3-buta~ene) were clerk- 
mined by measuring the intensity loss of  the highest 
f i~luency bands at 1989 ( 8 =  3690 l m o l - I  cm - t )  or  
1981 cm - I  ( c = 4 8 2 0  lmol  - t c m  - l )  respectively. 
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