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Treatment of [RhCl(PiPr&] (1) with the alkynylsilanes R C d S i M e 3  leads to the formation 
of the alkyne complexes truns-[RhCl(RC=CSiMe3)(PiPr&l (R = Me (2), P h  (31, COzEt (41, 
COzSiMes (5), CHzOH (6), C(0)CHPhZ (7)) or the correspondingvinylidenerhodium(1) derivatives 
trans-[RhCl(=C=C(SiMe3)R)(PiPr3)z] (R = SiMe3 (8)) nPr (9), nBu (lo), tBu (11)). Compounds 
2-5 rearrange either thermally or photochemically to  give the isomeric rhodium vinylidenes 
12-15. Whereas the reaction of 1 with HMezSiC=CSiMezH affords the dinuclear hydrido- 
(silyl)rhodium(III) complex [ I R ~ H C ~ ( P ~ P ~ ~ ) Z J Z ( ~ ~ - M ~ Z S ~ C ~ S ~ M ~ ~ ) ]  (16) , the five-coordinate 
alkynylhydrido compound [RhH(C-=CSiMe3)Cl(PtTr3)21 (18) is obtained from 1 and H W S ~ M ~ S .  
18 rearranges smoothly to yield trans-[RhCl(=C=CHSiMe3)(PiPr3)~] (19), and it reacts with 
pyridine to give [RhH(C~CSiMes)Cl(py)(PiPr3)2] (20). Treatment of 20 with Na[N(SiMes)zI 
as a strong base affords the square-planar alkynyl derivative t r a n s - [ R h ( W S i M e d  (py) (PiPrdz1 
(21). The corresponding ethene complex trans-[Rh(C~SiMe3)(C2~)(PiPr3)~] (22) is similarly 
obtained from 18 and Na[N(SiMe&] under a CzH4 atmosphere. The Rh-CzHr bond in 22 is 
rather labile and therefore displacement reactions with alkynes occur readily. With HC=-tSiMes, 
the bis(alkynyl)hydridorhodium(III) compounds [RhH(C~SiMe3)2(PiPr3)2] (23) and [RhH- 
( W S i M e & ( p y )  (PzTr&] (24) and with R C 4 S i M e 3  the alkyne(alkynyl)rhodium(I) derivatives 
truns-[Rh(C=CSiMe3)(RC=CSiMe3)(PiPr3)~1 (R = COzEt (25), COzSiMe3 (26)) are obtained. 
The X-ray crystal structure of 24 (orthorhombic, space group h a 2 1  (No. 33) with a = 19.109(7) 
A, b = 17.397(4) A, c = 12.329(3) A, and Z = 4) reveals a trans disposition of the two alkynyl, 
the two phosphine, and the hydride and the pyridine units. The synthesis of some 
cyclopentadienylrhodium complexes containing alkynylsilane ligands will also be described. 

Introduction 

Whereas numerous examples illustrating the transi- 
tion-metal initiated rearrangement of terminal alkynes 
HC*R’ to the corresponding vinylidenes have been 
described in the literature: almost nothing is known about 
the conversion of internal alkynes R C S R ’  to the 
vinylidene isomers. The explanation for this is that the 
R-C bond in the disubstituted alkyne R-CR’ is 
stronger than the H-C bond in HCnCR’ and that a 1,2- 
alkyl or -aryl shift to form thevinylidene species :C=CRR’ 
is equally hindered for kinetic reasons. 

The difficulty to transform an alkyne RCsCR’ into the 
isomeric vinylidene :C=CRR’ may be overcome, however, 
if R is a silyl instead of an alkyl or aryl group. A l,&silyl 
shift is well-known for substituted cyclopentadienes 
CgHn(SiMe3)&,,3 and has recently also been observed by 
Vahrenkamp et al. for a cluster-bound acetylene deriv- 
ative.’ We report here that HChCSiMe3 as well as various 
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substituted silylalkynes RC-CSiMes react with the 14- 
electron compound [RhCl(PiPr3)2] to give initially the 
expected square-planar (alkyne)rhodium(I) complexes 
trans-[RhCl(RCECSiMea)(PiPr3)2] which rearrange ei- 
ther thermally or photochemically to form the vinylidene- 
rhodium isomers. The preparation of (silylalkyny1)rhod- 
ium derivatives will also be described. Some preliminary 
results of this work have already been communicated.5 

Results and Discussion 

(Alkyne)- and Vinylidenerhodium Complexes 
from Me3SiC=CSiMes and R C e S i M e s .  The highly 
reactive bis(triisopropylphosphine)rhodium(I) complex 1,8 
which is a dimer in the solid state7 but a monomer in 
solution, reacts with the alkynyltrimethylsilanes 
RCzCSiMe3 (R = Me, Ph, COzEt, COzSiMes, CH20H, 
C(0)CHPhz) in pentane to give the square-planar alkyner- 
hodium(1) derivatives 2-7 in good, sometimes almost 
quantitative, yields. Compounds 2-7 (Scheme 1) are 

(4) Bantel, H.; Powell, A. K.; Vahrenkamp, H. Chem. Ber. 1990,123, 
661-665. 

(5) Schneider,D.; Werner,H.Angew. Chem. 1991,103,71C-712;Angew. 
Chem., Znt. Ed. Engl. 1991,30,700-702. 

(6) (a) Preparation in situ: Busetto, C.; D’Alfonso, A.; Maspero, F.; 
Perego, G.; Zazetta, A. J. Chem. SOC., Dalton Tram. 1977,1828-1834. (b) 
Isolation: Werner, H.; Wolf, J.; HBhn, A. J. Organomet. Chem. 1986,287, 
395-407. 

(7) Haas, J. Dissertation, Univeraitiit Kaiaerelautem, 1990. We thank 
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Scheme 1 

Werner et al. 
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yellow or orange-yellow air-sensitive solids which dissolve 
in all common organic solvents and are stable under argon 
at room temperature. For the preparation of 2-7 it is 
important to use isolated and not in situ generated samples 
of the starting material 1 because free triisopropylphos- 
phine, even if present in only small excess, may cause 
problems during the purification procedure and, in the 
case of R = C02Et and COzSiMes, it also reacts with the 
alkyne. 

Treatment of compound 1 with an equimolar amount 
of Me3SiCrCSiMe3 a t  room temperature does not lead 
to any reaction at  all. If, however, a larger excess of Mea- 
SiC=CSiMea is added to a pentane solution of l at  -20 
"C, a quick color change from violet to orange-red is 
observed. After a few minutes, the solution turns violet 
again. Upon workup and recrystallization at  -78 "C dark- 
violet, air- and moisture-sensitive crystals with an ana- 
lytical composition corresponding to 8 are isolated. 
According to the IR and NMR spectroscopic data, there 
is no doubt that 8 is a vinylidene- and not an (alkyne)- 
rhodium complex. The most typical spectroscopic features 
are the low-field signals in the NMR spectrum at  6 = 
272.0 and 89.7, which by comparison are assigned to the 
a-C and S-C vinylidene carbon atoms! the sharp doublet 
in the alP NMR with a Rh-P coupling constant which 
is substantially larger than in the case of 2-7, and the 
absence of a C d !  stretching frequency between 1750 and 
1850 cm-I in the IR spectrum. With regard to the 
mechanism of the reaction of 1 with MeaSiCsCSi- 
Mea, we assume that in the first step the expected al- 
kyne complex tram- [RhCl(Me3SiC=CSiMe3)(PiPr3)2] is 
formed. This is supported by the observation that if after 
the addition of the alkyne the solution is worked up 
immediately at  -78 "C, an orange instead of a dark-violet 
solid can be isolated. Its IR spectrum, which shows a 
relatively strong band a t  1832 cm-1, indicates the presence 
of a coordinated alkyne. The orange intermediate is 
extremely labile and, even in the solid state, rearranges to 
give the vinylidene isomer 8. 

The reactions of 1 with RCrCSiMea, where R is nPr, 
nBu, and tBu, follow a course similar to that of 1 with 
MesSiC=CSiMea (Scheme 1). As in the generation of 8, 
the IR spectra indicate that primarily an alkyne complex 

(8) (a) Werner, H.; Garcia-Alonso, F. J.; Otto, H.; Wolf, J. Z. 
Naturforsch.,B Anorg. Chem.,Org. Chem. 1988,43,722-726. (b) Werner, 
H.; Brekau, U. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1989,44, 
1438-1446. 

Scheme 2 
iPr3P R 

A / / 
CI-Rh=C=C\ 

14, 15 ij: 14 COzEt 

15 C02SiMe3 

is formed but again the rearrangement to the isomeric 
vinylidenes 9-11 occurs readily and does not allow the 
complete characterization of the (alkyne)rhodium inter- 
mediate. 

The alkyne complexes 2 and 3, which are stable not only 
in the solid state but also in pentane solution at  room 
temperature, upon warming to 35 "C (for 2) or 60 "C (for 
3) react to give the vinylidenerhodium derivatives 12 and 
13 (Scheme 2). In contrast, the conversion of 4 and 5 to 
the corresponding compounds 14 and 15 proceeds pho- 
tochemically; the yields are 55-60 7%. The reason for the 
different behaviors of 2 and 3 on the one hand and of 4 
and 5 on the other is not yet clear. This is noteworthy 
insofar as the positions of the charge-transfer (CT) and 
T-T* bands in the UV spectra of compounds 4 and 10 (see 
Experimental Section) are almost the same. It should be 
mentioned, however, that Antonova et al. in their pio- 
neering work on the synthesis of vinylidenemanganese 
complexes have already found that the formation of 
ECSHSM~(=C==CHR)(CO)~I from [CSHSM~(CO)J and 
1-alkynes takes place only under UV irradiation but not 
under thermal conditions.9 

Attempts to observe a stepwise reaction sequence from 
2-5 first to give a five-coordinate alkynyl(sily1)rhodium- 
(111) compound [RhCl(CMR)(SiMes) (PiPrs)~] and then 
the corresponding vinylidene complex 12-15 failed. Even 
in presence of pyridine, the proposed intermediate cannot 
be trapped as an octahedral 1:l adduct. In this context 
it is interesting to note that Lewis et al. recently reported 
on the reaction of [Rh(PMea)JCl with P h C 4 S n M e a  
which, if 2 equiv of the alkyne are used, does not lead to 
a vinylidenerhodium(1) but to the six-coordinate bis- 
(alkynyl)stannylrhodium(III) derivative [Rh(C=CPh)2- 
(SnMes)(PMe3)31 .lo 

The properties of the violet solids 9-15 are similar to 
those of 8 and of the previously described compounds 
truns-[RhCl(=C=CHR)(PiPr3)21 (R = H, Me, tBu, 

(9) (a) Nesmeyanov, A. N.; Aleksandrov, G. G.; Antonova, A. B.; 
Aniiimov, K. N.;Kolobova, N.E.;Struchkov, Yu.T. J. Orgonomet. Chem. 
1976,110, C36438.  (b) Antonova, A. B.; Kolobova, N. E.; Petrovsky, P. 
V.; Lokshin, B. V.; Obezyuk, N. S. J. Orgonomet. Chem. 1977,137,6547. 

(10) Davies, S. J.; Johnson, B. F. G.; Khan, M. S.; Lewis, J. J. Chem. 
Soc., Chem. Commun. 1991,187-188. 

(11) (a) Rappert, T.; NUrnberg, 0.; Mahr, N.; Wolf, J.; Werner, H. 
Organometallics 1992,11,4166-4164. (b) Wemer,H.;Rappert,T. Chem. 
Ber. 1993,126,669-678. 

(12) Werner, H.; Schneider, D.; Schulz, M. J. Organomet. Chem. 1993, 
451, 175-182. 

(13) Haszeldine,R. N.;Parish,R. V.;Parry, D. J. J. Chem. SOC. A 1969, 
683-690. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 8

, 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

01
6a

01
3



Reactions of Alkynylsilanes with [RhCl(F'iPr3)J 

Scheme 3 
HMe2SiC=CSiMe2H 

[R h CI ( P i  Pr3)2]n 

1 

* 

H ,Pi~r, 

\ 
e i ~ r ,  c 

*c PiPr,  
Me,\ ' ,Si -R h -CI 
Me / I  

16 i p r 3 p  

CH=CHz, Ph, C02Me).8J1 A characteristic difference 
between the Rh=C=CHR and the Rh=C=C(SiMes)R 
complexes is, however, the presence of two sets of signals 
for the protons and the carbon atoms of the phosphine 
CH3 groups in the lH and the 13C NMR spectra of 9-15 
even at  room temperature, which indicates a hindered 
rotation of the vinylidene ligand around the Rh=C bond. 
We suppose that this is due to the steric repulsion between 
the two substituents on the 8-C atom of the vinylidene 
unit and the bulky triisopropylphosphine ligands. If one 
of the vinylidene substituents is hydrogen, a comparable 
restriction of the rotation at  room temperature cannot be 
detected.8J1 

The C-Si bond in 8-15 can easily be cleaved by proton 
sources. After chromatography of solutions of the si- 
lylvinylidene complexes on A1203 (activity grade 111) in 
hexane or benzene, not the original reaction products but 
the desilylated derivatives trans- [RhCl(=C=CHR)- 
(PiPr3)2I8J1 are eluted. Treatment of 13 or 14 with 
[nBmNlF also leads to cleavage of the C-Si bond and 
formation of the square-planar alkynylrhodium(1) anions 
trans-[RhCl(C~R)(PiPr3)2]-.12 The anionic complex 
with R = C02Et is equally accessible on reaction of 4 with 
[nBmNlF which illustrates that the C-Si bond is prone 
to hydrolysis both in silylalkyne and silylvinylidene ligands. 

Reaction of 1 with HMezSiC=CSiMeaH. The be- 
havior of the SiMe2H-substituted alkyne HMe2Si- 
C=CSiMe2H toward 1 is completely different from that 
of the SiMe3 analogue MesSiCdXiMes. Although it 
reacts with 1 under the same conditions as used for the 
synthesis of 8, the product is not the mononuclear 
vinylidene complex trans-[RhCl(=C=C(SiMe~H)z)- 
(PiPr&l but the dinuclear hydrido(sily1) compound 16 
(Scheme 3). The oxidative addition of the Si-H bond to 
the metal center is obviously preferred over ?r-coordination 
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supposed to be the primary step in the reaction of 1 with 
MeaSiCzCSiMe3. We note that mononuclear rhodium 
complexes of composition [RhH(SiR3)X(PPh&I (X = C1, 
Br; R = C1, OEt, Me, Et, Ph) are known,l3 but for R = 
alkyl they are unstable in solution. 

The structural proposal for compound 16 depicted in 
Scheme 3 not only is substantiated by elemental analysis 
but also is in full agreement with the spectroscopic data. 
Both the observation of only one doublet in the 31P NMR 
and that of two doublets of virtual tripleh for the PCHCH3 
protons in the 'H NMR spectrum are consistent with the 
trans disposition of the two phosphine ligands. Further- 
more, the cleavage of the Si-H bonds in the reacting 
molecule HMezSiC=CSiMezH and the formation of two 
equivalent Rh-H and Rh-Si linkages in the product is 
supported by the appearance of one hydride resonance in 
the 'H NMR at  6 = -16.34 and one signal a t  6 = 14.53 in 
the 29Si NMR spectrum. In either case, a relatively strong 
coupling to l03Rh and 31P is observed. It should be 
mentioned that the ratio of l:HMezSiC=CSiMe2H has 
no influence on the constitution of the reaction product; 
even if a large excess of the alkyne is used, the formation 
of a mononuclear complex [RhH(SiMe2C=CSiMe2H)Cl- 
(PiPr3)zl could not be detected. 

Alkynyl and Vinylidene Complexes from HC=C:- 
SiMe,. Like HCECtBu, the homologous terminal alkyne 
HC=CSiMe3 reacts with 1 even at  low temperatures not 
to give an (alkyne)rhodium(I) but an alkynylhydrido- 
rhodium(II1) derivative. For the isolation of pure samples 
of the orange-yellow crystalline compound 18 (Scheme 4) 
it is absolutely necessary to work up the reaction mixture 
a t  -30 "C and to use rigorous anhydrous conditions; 
otherwise the known unsubstituted vinylidene complex 
trans-[RhCl(=C=CH2) (PiPr3)2Ih is obtained. Similar 
observations have also been made in related iridium 
chemistry.14 As far as the mechanism of the reaction of 
1 with HCd!SiMe3 is concerned, there is some spectro- 
scopic evidence for the formation of trans- [RhCl- 
(HC=CSiMe3)(PiPr3)21 (17) as the primary intermediate. 
The 31P NMR spectrum, if measured immediately after 
the addition of the alkyne to a benzene-d,j solution of the 
starting material, shows besides the doublet of 18 at  6 = 
49.29 and the less intensive signal of 19 at  6 = 42.30 a third 
doublet a t  6 = 34.07 [J(RhP) = 107.0 Hzl, which by 
comparison could be assigned to 17. In the 31P NMR 
spectrum of the similar alkyne complex 4, a corresponding 
signal a t  6 = 34.01 [d, J(RhP) = 114.3 Hzl is observed. 

Compound 18, which has been fully characterized by 
analytical and spectroscopic data, reacts either in solution 

Scheme 4 
H 

i P r 3 P  I pipr3 - CI-Rh-Ill - CI-Rh-C=C-SiMe3 
HC=CSiMe3 / c  I /  

/ / 
[Rh CI (P i Pr3),], 

1 ~ i ~ r ,  '\ PiPr,  

SiMe3 'i 17 

i P r 3 P  H 
PY / / 

P i P r 3  ~ i ~ r ,  
/ N O [ N ( S ~ M ~ ~ ) ~ I  I / 

CI- R h - C E C - S i M e J  CI-Rh=C=C 
o N - F h - C = C - S i M e ,  - / I  / \ 

-py pipr3 SiMe, PiPr,  

21 

I 

20 19 
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Scheme 5 

Werner et al. 

PiPr3  
Na [N ( Si M / 

PI Pr3 

pipr3 
CI -Rh I /  -C=C-SiMe3 C2H4 - )(-?7h-CIC-SiMe3 < PI Pr3 

22 

HC=CSiMe3 I 
18 

pipr3 I /  PY I /  - Me3Si-C=C-Rh-C=C-SiMe3 
/ 

iPr3P 

23 

ipr3p 1 
Me3Si - C =C -)R h----\l[ 

C 
\ iPr3P 

M e3Si C=C C02R / c  
22 

(hexane, 40 "C) or in the solid state to yield the vinylidene 
derivative 19. As DTA measurerqents reveal an exothermic 
peak at  46 OC, we assume that this indicates the rear- 
rangement of the alkynylhydrido complex to the vinylidene 
isomer. Both compounds 18 and 19 react with pyridine 
at  low temperatures almost quantitatively to give the 1:l 
adduct 20 which in solution in contrast to other complexes 
of this type is rather labile and (e.g. in benzene) re-forms 
the vinylidene complex 19. In the presence of excess 
pyridine, compound 20 reacts with Na[N(SiMes)zl by 
elimination of HC1 to yield the square-planar alkynyl- 
rhodium(1) derivative 21. We note that, in the context of 
our previous studies on the mechanism of the reaction of 
[RhH(C~CR)Cl(py)(PiPrs)zl (R = Me, Ph) with NaCaH5 
to give [C6HsRh(=C=CHR)(PiPr3)1, we have found that 
also in this case the primary step consists of the formation 
of truns-[Rh(C~CR)(py)(PiPr3)2] which further reacts 
with CbH6 to give the half-sandwich type producta.15 

As our attempts to replace the pyridine ligand in 21 by 
CzHr failed, the synthesis of the alkynyl(o1efin)rhodium- 
(I) complex 22 was performed on a different route. 
Treatment of compound 18 with Na[N(SiMe3)23 under 
an ethene atmosphere leads, presumably via the coordi- 
natively unsaturated intermediate [Rh(C=CSiMes)- 
(PiPr&], to the ethene complex 22 which is isolated as an 
orange air-sensitive solid. Like in the related acetylide 
derivative trans-[Rh(C~CH)(CzH*)(PiPr3)2I,l6 the 
CzHd-Rh bond in 22 is rather labile and thus the olefin 
can be easily displaced. The reaction of 22 with 
HC=CSiMe3 gives nearly quantitatively the five-coordi- 
nate bis(alkynyl)hydridorhodium(III) compound 23 
(Scheme 5) for which a square-pyramidal configuration is 
assumed in analogy to  the crystallographically charac- 

~ ~~ 

(14) (a) HBhn, A.; Otto, H.; Dziallas, M.; Werner, H. J. Chem. SOC., 
Chem. Commun. 1987,852-854. (b) HBhn, A.; Werner, H. J. Organomet. 
Chem. 1990,382, 255-272. 

(15) Werner, H.; Wolf, J.; Garcia-Alonso,F. J.; Ziegler, M. L.; Serhadli, 
0. J. Organomet. Chem. 1987,336,397-411. 
(16) Schifer, M.; Wolf, J.; Werner, H. J. Chem. SOC., Chem. Commun. 

1991,1341-1343. 

SiMeJ 

25, 26 

CI 

C5a 

I R  

C25 - 

Figure 1. Molecular structure (perspective view) and labeling 
scheme of 24. Hydrogen atoms are omitted for clarity. 

terized complex [RhH(C=-tCiPrzOH)z(PiPr3)21 .17 The 
most typical feature of this type of hydridorhodium(II1) 
species is the position of the Rh-H resonance in the 1H 
NMR spectrum which appears a t  significantly higher fields 
(for 23 a t  6 = -29.58) than in the case of the corresponding 
six-coordinate derivatives. The open coordination site in 
23 is readily occupied by Lewis bases and thus, on 
treatment of 23 with pyridine, the octahedral rhodium- 
(111) compound 24 is formed. I t  can also be prepared from 
the alkynyl(pyridine) complex 21 and an equimolar amount 
of HCdSiMe3;  for both reactions the yield is 85%. 
Compound 24 is a white crystalline solid which is less air- 
sensitive than the corresponding counterpart 23. 

The result of the X-ray structure analysis of 24 is shown 
in Figure 1, and the most relevant bond distances and 

(17) Wiedemann, R. Diploma Thesis, UnivemiMt Wibburg, 1992. 
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Reactions of Alkynylsilanes with [RhCl(PiPr3)J 

Table 1. Selected Bond Distances and Angles with Esd's for 
Comwuml24 
Distances (A) 

Rh-PI 2.352(2) C 1 4 3  1.207(9) 
Rh-P2 2.353(2) C 2 4 4  1.219(9) 
Rh-C 1 2.032(6) C 3 S i l  1.797(7) 
Rh-CZ 2.020(6) C u i 2  1.801(7) 
Rh-N 2.275(5) (Rh-HI 1.5421(4)) 

Bond Angles (dcg) 
P1-Rh-P2 16 1.02(6) P2-Rh-C2 90.7(2) 
C1-Rh-CI 176.5(2)' N-Rh-C 1 92.si2j 
P 1 -Rh-N 100.3(1) N-Rh-C2 90.9(2) 
P2-Rh-N 98.6( 1) C l - C 3 S i  1 17 1.5(6) 
PI-Rh-Cl 89.4(2) C2-CMi2 167.5(6) 
P1-Rh-CZ 90.4(2) Rh-Cl-C3 177.0(5) 
P2-Rh-Cl 88.4(2) Rh-C2-C4 176.8(6) 

angles are outlined in Table 1. Although the position of 
the hydride ligand was calculated (see the hatched circle), 
on the basis of the positions of the Rh-bound atoms C1, 
C2, P1, P2, and N and the bond angles, there is no doubt 
that the metal center is octahedrally coordinated. Whereas 
the C1-Rh-C2 axis is almost linear, the P1-Rh-P2 
axis is slightly bent. The bending is in the direction of the 
smallest ligand (hydride), a situation which is also found 
in other six-coordinate hydridobis(triisopropy1phosphine)- 
metal c o m p l e ~ e s . ~ ~ 4 ~ ~  The Rh-Cl-C3 and R h - C 2 - C 4  
units are nearly linear with Rh-C1 (Rh-C2) andCl-C3 
(C2-C4) distances typical for Rh-C(sp) single and C=C 
triple bonds. Similar bond lengths and angles have been 
found in the dinuclear compound [{RhH(CeCSi- 
Mes)2(dmpe)j2(~-dmpe)l (dmpe = Me2PCH2CH2PMe2) 
which was prepared by Marder et al. from [RhCH8(dmpe)zl 
and excess HC=CSiMe3.1g 

The olefin ligand of 22 is not only displaced by 
HCWSiMe3 but also by other silylalkynes. The reactions 
of 22 with Me3SiCeCOzEt and Me3SiC=CCO2SiMe3 
proceed smoothly a t  room temperature to give the square- 
planar (alkyne)alkynylrhodium(I) derivatives 25 and 26 
(Scheme 5) in 60-70% yields. Both complexes are air- 
and moisture-sensitive but otherwise quite inert and do 
not rearrange on either heating or UV irradiation to give 
the alkynyl(vinylidene)rhodium isomers trans-[Rh(C=CSi- 
Mes)(=C=(SiMea)CO2R)(PiPr3)21 (R = Et, SiMe3). The 
behavior of the analogous chloro and alkynyl compounds, 
4 ,5  and 25,26, in this respect is distinctly different and 
possibly reflects the stronger u-donor character of the 
alkynyl compared with that of the chloro ligand. 

Cyclopentadienylrhodium Complexes Containing 
Silylalkyne, -alkynyl, and -vinylidene Ligands. Since 
the previously prepared square-planar alkynyl compounds 
trans-[Rh(C~R)(py)(PiPr3)21 (R = Me, Ph) react with 
cyclopentadiene to yield the half-sandwich type vinylidene 
derivatives [ C ~ H S R ~ ( = C = C H R ) ( P ~ P ~ ~ ) I  ,15 we expected 
a similar course for the reaction of 22 with C5H6. However, 
in this case a mixture of two isomeric products 27 and 28 
(Scheme 6) is formed which, despite severalattempts, could 
not be completely separated by fractional crystallization 
or chromatographic techniques. Therefore, both com- 
pounds have been identified by spectroscopic means. The 
13C NMR spectrum of the vinylidenerhodium(1) isomer 
27 which is the major component shows the typical low- 
field resonance for the a-carbon atom of the vinylidene 

(18) (a) Schulz, M.; Werner, H. Organometallics 1992,11,2790-2795. 
(b) Tena, M. A,; Nhberg,  0.; Werner, H. Chem. Ber. 1993,126,1597- 
1602. (c) Papenfuhs, B.; Mahr, N.; Werner, H. Organometallics 1993,12, 

(19) Chow, P.; Zargarian, D.; Taylor, N. J.; Marder, T. B. J.  Chem. 
SOC., Chem. Commun. 1989, 1545-1547. 

4244-4246. 
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Scheme 6 

+ - 
Rh 

=9 
Rh. C5H6 z2 - 

SiMe, 
27 28 

R 

R 29 (R= Ph) 
=P iPr3P I 

/ C NaC5H5 

C'-Rh-!! PiPr3 / \ - iPr3P'"i"p- 30 (R-  C02Et) SiMeS 
SiMe3 5, 4 

unit a t  6 = 304.71, while the 'H NMR spectrum of the 
alkynylhydridorhodiu(II1) isomer 28 reveals the expected 
high-field signal of the Rh-H proton at  6 = -13.09. 
Attempts to convert 28 to the vinylidene complex 27 failed. 

A clean reaction occurs between the four-coordinate 
alkyne compounds 3 and 4 and NaCsHs. Besides PiPr3 
(which is removed by addition of methyl iodide) the 
cyclopentadienyl complexes 29 and 30 are obtained and 
isolated as red oils. They are remarkably stable both in 
substance and in solution and, like 25 and 26, do not 
rearrange to give the vinylidene isomers [C&,Rh(=C==C- 
(SiMea)R)(PiPra)]. From the spectroscopic data we 
conclude that in 29 and 30 the alkyne behaves as a two- 
electron donor ligand which corresponds to the bonding 
of phenylacetylene and diphenylacetylene in the related 
half-sandwiches [CsHsRh(RC=CPh)(PiPr3)] (R = H, 
Ph).20 Although rhodium compounds of the general type 
[CsHsRh(RCeR')(PiPra)] have been recently used not 
only by us20p21 but also by others22 for synthetic purposes, 
to the best of our knowledge the complexes 29 and 30 are 
the first representatives having a silylalkyne linked to the 
CaHsRh(PiPr3) fragment. 

Conclusion 
The present investigation has confirmed that not only 

1-alkynes HCECR but also the trimethylsilyl derivatives 
RC=CSiMe3 can be transformed in the coordination 
sphere of rhodium into the isomeric disubstituted vi- 
nylidenes :C=C(SiMe3)R. Although no mechanistic de- 
tails of the rearrangement are known, we assume that the 
1,2-SiMe3 shift, which depending on the group R occurs 
thermally or photochemically, proceeds in a concerted way 
via an initial slippage of the alkyne to a v1 geometry. On 
the basis of MO calculations, such a reaction pathway has 
also been considered as energetically preferred for the 1,2- 
shift in the 18-electron system [C$I&~II(CO)~(HC=CR)I.~ 

Recent studies in our laboratory as well as in the Sakurai 
group have shown that the use of silylalkynes as starting 
materials for the preparation of vinylidene complexes is 
not restricted to rhodium. Photolysis of trans- [IrCl- 
(C8Hld)(PiPr3)21 (31) and RC=CSiMea (R = Ph, C02Et) 
directly leads to the formation of trans- [IrCl(=C=C- 
(SiMea)R)(PiPr3)21 whereas the thermal reaction of 31 
with Me3SiC<C=CSiMe3 goes stepwise via the alkyne 
compound trans- [IrCl(+-Me3SiC=CCSiMe3) (PiPr&I 
to give the vinylidene isomer tram-[IrCl(=C=C(SiMe3)- 

(20) Werner, H.; Wolf, J.; Schubert, U.; Ackermann, K. J.  Organomet. 
Chem. 1986,317, 327-356. 

(21) Wolf, J.; Werner, H. Organometallics 1987,6, 1164-1169. 
(22) (a) Binger, P.; Haas, J.; Herrmann, A. T.; Langhauser, F.; Krtiger, 

C. Angew. Chem. 1991,103,316318;Angew. Chem.,Znt. Ed. Engl. 1991, 
30,310-312. (b) Tjaden, E. B.; Stryker, J. M. Organometallics 1992,11, 
1618.  

(23) Silvestre, J.; Hoffmann, R. Helo. Chim. Acta 1985,68,1461-1506. 
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C=CSiMe3) (PiPr&J .a The corresponding rhodium com- 
plex trans-[RhCl(SCSC(SiMe3)~SiMea)(PiPq)23 has 
been prepared photo~hemically.~5 The advantage of 
photochemical activation for the isomerization process is 
also convincingly illustrated in the synthesis of the 
cyclopentadienylmanganese derivatives [CbH5Mn(C0)2- 
(=C=C(SiMe2R)2)] which are obtained both from cyclic 
and acyclic acetylenes substituted by two silyl groups on 
each end of the molecule.26 Although the yields in these 
reactions are not overwhelming, it nevertheless should be 
emphasized that the ease of the 1,2-SiMe3 shift during the 
formation of the silylvinylidene complexes is particularly 
noteworthy because for free silylalkynes such a process 
only occurs under severe reaction  condition^.^' 

Werner et al. 

Experimental Section 
All reactions were carried out under an atmosphere of argon 

by Schlenk tube techniques. The starting materials [RhCl- 
(PiPrs)2In (l),BbMegSiC=CtBu,% MegSiCdC(0)CHPh2,28 and 
HMezSiCdSiMezHW were prepared as described in the liter- 
ature. The other alkynes were commercial products from Aldrich 
and Fluka. NMR spectra were recorded on JEOL FX 90 Q and 
Bruker AC 200 instruments, IR spectra on a Perkin-Elmer 1420 
infrared spectrometer, and UV spectra on a Hewlett Packard 
8452 A spectrometer. Melting points were measured by DTA. 

General Procedure for the Preparation of the Alkyne 
Complexes tranrr-[RhCl(RC@SiMes)(PzFrs)~] (2-7). A so- 
lution of l (397 mg, 0.87 mmol for n = l) in 30 mL of pentane 
was treated at -20 OC with an equimolar amount of the alkyne 
RCaCSiMes (R = Me, Ph, C02Et, CHzOH, C(0)CHPhz). For 
R = COzSiMes, a 0.1 M solution of the alkyne in pentane was 
added dropwise to the violet solution of 1 until a color change 
to yellow-orange had occurred. After the reaction mixture was 
warmed to room temperature, it was stirred for 30 min, and then 
the solvent was removed. The oily residue was dissolved in 2-3 
mL of hexane, and the solution was stored at -78 OC. Yellow or 
orange-yellow air-sensitive solids precipitated which were sep- 
arated from the mother liquor, washed with 3 mL of pentane 
(-30 OC), and dried in vacuo. [If instead of a solid, an oily 
precipitate was formed, it was dissolved in 3-5 mL of ether and 
then 20 mL of nitromethane was added. The ether was slowly 
evaporated in vacuo (ca. 50 Torr) until the formation of a 
crystalline solid was observed. It was filtered off, repeatedly 
washed with nitromethane, and dried in vacuo.] 

2: yield 263 mg (53%). Anal. Calcd for C&&lF'2RhSk C, 
50.48; H, 9.53. Found C, 50.40; H, 9.72. IR (hexane): u ( M )  
1848 cm-l. lH NMR (C&& 200 MHz): 6 2.33 (m, 6H, PCHCHa), 
2.31 (d, J(RhH) = 0.5 Hz, 3H, d C H g ) ,  1.35 (dvt, N = 13.5, 
J(HH) = 6.9 Hz, 18H, PCHCHg), 1.19 (dvt, N = 12.9, J(HH) = 
6.2 Hz, 18H, PCHCHs), 0.24 (8, 9H, SiCH3). lac NMR (c&, 
50.3 MHz): 6 112.97 (d, J(RhC) = 16.7 Hz, one C of CsC) ,  62.06 
(d, J(RhC) = 14.3 Hz, one C of C=C), 23.03 (vt, N = 15.8 Hz, 

1.80 (8,  SiCHs). ST NMR (C&, 36.2 MHz): 6 32.78 (d, J(RhP) 
= 118.7 Hz). 

3: yield 314 mg (57%); mp 86 "C dec. Anal. Calcd for 

(hexane): u(C=C) 1805 cm-l. lH NMR (C&, 200 MHz): 6 7.05 
(m, 5H, c&~), 2.33 (m, 6H, PCHCH3), 1.32 (dh ,  N = 13.6, J(HH) 

18H, PCHCHg), 0.33 (8, 9H, SiCHg). l3C NMR (c@& 50.3 
MHz): 6 132.22, 131.05,130.51 (all s, C&&), 117.00 (dt, J(RhC) 

PCHCHs), 21.01, 19.80 (both 8, PCHCHs), 15.99 (8,  4 C H 3 ) ,  

CmH&lPzRhSi: C, 55.01; H, 8.92. Found C, 55.09; H, 9.15. IR 

= 7.0 Hz, 18H, PCHCHs), 1.02 (dvt, N = 13.0, J(HH) = 6.1 Hz, 

(24) Lass, R. Dissertation, Universitit Wiuzburg, in preparation. 
(25) Rappert, T.; Niunberg, 0.; Werner, H.; Organometallics 1993,12, 

(26) Sakurai, H.; Fujii, T.; Sakamoto, K. Chem. Lett. 1992, 339-342. 
(27) (a) Karpf, M.; Dreiding, A. S. Helu. Chim. Acta 1979,62,852-865. 

(28) Zweifel, G.; Lewis, W. J. Org. Chem. 1978, 43, 2739-2744. 
(29) Stang, P. J.; Fisk, T. E.; Synthesis 1979, 438-440. 
(30) Seyferth, D.; White, D. L. J. Orgunomet. Chem. 1971,32,317- 

1359-1364. 

(b) Barton, T. J.; Groh, B. L. Organometallics 1986,4, 575-580. 

322. 

= 18.3, J(PC) = 3.2 Hz, one C of C-C), 77.92 (d, J(RhC) = 14.4 
Hz, one C of W), 22.45 (vt, N = 16.8 Hz, PCHCHs), 21.17, 
19.49 (both 8, PCHCHd, 1.64 (8,  SiCHs). 3lP NMR (CsDEDs, 
36.2 MHz, -40 OC): 6 31.20 (d, J(RhP) = 115.8 Hz). UV 
(hexane): ACT) 386, A(-*) 254,248,220 nm. 

4: yield 460 mg (84%); mp 69 OC dec. Anal. Calcd for 
C&ClO&RhSi: C, 49.64, H, 8.97. Found C, 49.54; H, 9.28. 
IR (hexane): u ( C 4 )  1805, u ( C 4 )  1695,1685 cm-l. lH NMR 

(m, 6H, PCHCHa), 1.31 (dvt, N = 13.6, J(HH) = 7.0 Hz, 18H, 

1.07 (t, J(HH) = 7.1 Hz, 3H, OCH~CHS), 0.35 (s,9H, SiCHg). 

= 20.2, J(PC) = 3.6 Hz, one C of C e ) ,  100.82 (d, J(RhC) = 14.6 
Hz, one C of M), 60.40 (8, OCH~CHS), 22.79 (vt, N = 17.5 Hz, 

0.75 (8, SiCHs). 3lP NMR (Cas,  36.2 MHz): 6 34.01 (d, J(RhP) 
= 114.3 Hz). UV (hexane): A(CT) 390, A(n-r*) 336, A(a-r*) 
256,250,216 nm. 

5: yield 521 mg (89%); mp 74 OC dec. Anal. Calcd for 
CaHd210zP2RhSi~: C, 48.17; H, 8.98. Found C, 47.93; H, 9.13. 
IR (hexane): u ( C d )  1805, u(C=O) 1676,1663 cm-l. lH NMR 
( c a s ,  200 MHz): 6 2.33 (m, 6H, PCHCHS), 1.33 (dvt, N = 13.6, 

6.3 Hz, 18H, PCHCHg), 0.34, 0.33 (both 8, 18H, SiCHs). 4osi 

4S iMea) .  3lP NMR (C&, 36.2 MHz): 6 33.97 (d, J(RhP) = 
114.3 Hz). 

6: yield 465 mg (91%); mp 80 OC dec. Anal. Calcd for 

(Cas,  200 MHz): u 4.09 (9, J(HH) 3 7.1 Hz, 2H, OCH&Hs), 2.33 

PCHCHs), 1.19 (dvt, N = 13.1, J(HH) 6.3 Hz, 18H, PCHCHs), 

NMR (Cas,  50.3 Mz): S 155.35 (8, C o a t ) ,  106.61 (dt, J(RhC) 

PCHCHs), 20.75, 19.41 (both 8, PCHCHs), 14.27 (8,  OCHnCHs), 

J(HH) 13.1, J(HH) = 

NMR (C&, 17.8 Mz): 6 22.59 (8, COfiSiCHg), -13.17 (8,  

7.0 Hz, 18H, PCHCHg), 1.20 (dvt, N 

c&~C10P2RhSi: C, 49.10; H, 9.27. Found C, 49.22; H, 9.73. 
IR (hexane): u(OH) 3596, u(C*) 1834 ~m-'. 'H NMR (C& 

6H, PCHCHs), 1.31 (dvt, N = 13.5, J(HH) = 6.9 Hz, 18H, 
PCHCHa), 1.16 (dvt, N 12.9, J(HH) = 6.3 Hz, 18H, PCHCHa), 

200 MHz): 6 4.66 (e, 2H, CHsOH), 2.80 (8,  br, lH,  OH), 2.30 (m, 

0.22 (s,9H, SiCHs). l3C NMR (C&&Ds, 22.5 MHz, -20 OC): 6 
116.97 (dt, J(RhC) = 18.3, J(PC) = 3.4 Hz, one C of C==C), 66.62 
(dt, J(RhC) = 14.0 Hz, J(PC) = 1.1 Hz, one C of C*), 66.81 

8, PCHCHs), 1.94 (8,  SiCHs). NMR (C&CDs, 17.8 MHz, 
-20 OC): 6 -15.15 (t, J(PSi) = 1.5 Hz). 3lP NMR (C&CDs, 36.2 

7: yield 400 mg (61%); mp 99 "C dec. Anal. Calcd for 

IR (KBr): v(C=C) 1750 cm-l. lH NMR (C&, 90 MHz): 6 7.37 
(m, 5H,C&I6),5.77 (s,lH,CHPhp), 2.26 (m,6H,PCHCH,),1.20 

13.4, J(HH) = 7.2 Hz, 18H, PCHCHg), 0.50 (e, 9H, SiCHs). 31P 

Preparation of t r a a s - [ R h C l ( ~ ( S i M s ) R ) ( P z F r ~ ) * ]  
(8-10). A solution of 1 (287 mg, 0.63 mmol for n = 1) in 25 mL 
of pentane was treated at -20 OC with an excess (ca. 1 mL) of the 
alkyne. A spontaneous color change from violet to orange-red 
occurred, but after the solution was stirred for 10 min at room 
temperature, it became violet again. The solvent was removed, 
the oily residue was dissolved in 2-3 mL of hexane, and the 
solution was stored at -78 OC. Violet crystala precipitated which 
were separated from the mother liquor, washed with pentane 
(-30 OC), and dried in vacuo. If an oil instead of a crystalline 
solid precipitated, the second workup procedure described for 
2-7 was applied. 

8: yield 214 mg (54%); mp 72 "C dec. Anal. Calcd for 
C&ClPzRhSi2: C, 49.63; H, 9.61. Found C, 49.53; H, 9.89. 
IR (hexane): u(C=C) 1624 cm-l. lH NMR (c&43,200 MHz): 6 
2.71 (m, 6H, PCHCHs), 1.34 (dvt, N = 13.4, J(HH) = 7.0 Hz, 
36H, PCHCHs), 0.24 (8,  18H, Sic&). l9C NMR (c&, 50.3 
MHz): 6 272.00 (dt,J(RhC) = 58.9,J(PC) = 13.7 Hz, Rh--C=C), 
89.71 (dt, J(RhC) = 14.7,J(PC) = 4.2 Hz, Rh-C-C), 24.69 (vt, 
N = 19.0 Hz, PCHCHs), 20.82 (8,  P C H W ) ,  2.87 (8,  SiCHs; from 
satellites J(SiC) = 52.6 Hz). W i  NMR ( c a s ,  17.8 MHz): 6 
-14.49 (t, J(PSi) = 2.2 Hz). *lP NMR (C&, 36.2 MHz): 6 41.10 
(d, J(RhP) = 140.7 Hz). 

(8, CH20H), 22.74 (vt, N = 17.8 Hz, PCHCHs), 21.02,19.54 (both 

MHz, -20 OC): 6 31.75 (d, J(RhP) = 117.2 Hz). 

C&&lOP&hSi: C, 59.16; H, 8.32. Found: C, 58.93; H, 8.22. 

(dvt, N =  13.4, J(HH) = 7.2 Hz, 18H, PCHCHs), 1.14 (dvt, N =  

NMR (Cas ,  36.2 MHz): 6 33.83 (d, J(RhP) 115.7 Hz). 
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Reactions of Alkynylsilanes with [RhCl(PiPr&7 

9: yield 193 mg (51%); mp 90 "C dec. Anal. Calcd for 

(hexane): v(C=C) 1631 cm-l. 'H NMR (c&13, 200 MHz): 6 2.76 
(m, 6H, PCHCHs), 2.33 (m, 2H, CHzCHzCHs), 1.35 (dvt, N = 
13.4, J(HH) = 6.9 Hz, 36H, PCHCHs), 0.95, 0.83 (both m, 5H, 
CHzCHzCH3), 0.20 (s,9H, SiCHs). 13C NMR (C&, 50.3 MHz): 
6 281.35 (dt, J(RhC) = 59.0, J(PC) = 15.3 Hz, Rh=C=C), 99.22 
(dt, J(RhC) = 16.3 Hz, J(PC) = 4.6 Hz, Rh=C=C), 25.27 (s, 

CH3),20.54(s,PCHCH3),14.89 (s,CH&H2CH3),0.74(s,SiCHs). 
"Si NMR (Cas ,  17.8 MHz): 6 -14.87 (t, J(PSi) = 1.8 Hz). 31P 

10: yield 243 mg (63%); mp 82 "C dec. Anal. Calcd for 

IR (hexane): v(C=C) 1639 cm-'. 'H NMR (c&, 200 MHz): 6 
2.75 (m, 6H, PCHCHa), 2.36 (m, 2H, CH&HzCH&H3), 1.35 (dvt, 

J(HH) = 6.7 Hz, 18H, PCHCHd, 0.87 (m, 3H, (CHz)sCH3), 0.21 
(s,9H, Sic&); signals of the CH~CH~CH~CHS protons partially 
covered by PiPr3 proton signals. l3C NMR (c&, 50.3 MHz): 
6 281.39 (dt, J(RhC) = 60.0, J(PC) = 15.3 Hz, Rh=C=C), 99.16 
(dt, J(RhC) = 14.2 Hz, J(PC) = 4.6 Hz, Rh=C=C), 34.21 (8, 

C%H&lPzRhSi: C, 52.12; H, 9.76. Found: C, 51.92; H, 9.92. IR 

CH&H&Hs), 24.03 (vt, N = 18.9H2, PCHCH3), 21.92 (8,  CH~CHT 

NMR (Cas ,  36.2 MHz): 6 40.96 (d, J(RhP) = 137.8 Hz). 

Cz,H&lPzRhSi: C, 52.89; H, 9.86. Found: C, 53.12; H, 10.12. 

N = 14.1, J(HH) = 7.1 Hz, 18H, PCHCHs), 1.34 (dvt, N = 13.6, 

CHzCHzCHzCH3), 24.09 (vt, N = 19.3 Hz, PCHCHB), 23.69 (8,  
CH&HzCHzCHs), 20.59 (9, PCHCHs), 19.37 (8,  CH2CHzCHz- 
CHs), 14.07 (8, (CH2)&Hs), 0.80 (8, SiCH3). NMR (csD6, 
17.8 MHz): 6 -14.91 (t, J(PSi) = 1.8 Hz). 31P NMR (C&, 36.2 
MHz): 6 40.88 (d, J(RhP) = 137.8 Hz). UV (hexane): A(CT) 
414, A(m-u*) 304, 298, 246, 226 nm. 

Preparation of trans-[RhCl(=C=C(SiMes)tBu)(Pi~rs)z] 
(11). A solution of 1 (161 mg, 0.35 mmol for n = 1) in 20 mL of 
pentane was treated dropwise with tBuC=CSiMes (710 pL, 3.5 
mmol) and stirred for 2 h at 40 "C. The workup procedure was 
the same as that described for 8-10. Dark-violet crystals were 
obtained; yield 127 mg (59%); mp 41 "C dec. Anal. Calcd for 

(KBr): v(C=C) 1610 cm-l. lH NMR (C&, 90 MHz): 6 2.83 (m, 
CgH&lPzRhSi: C, 52.89; H, 9.86. Found: C, 52.39; H, 9.96. IR 

6H, PCHCHa), 1.39 (dvt, N = 13.4, J(HH) = 7.1 Hz, 18H, 
PCHCHS), 1.35 (dvt, N = 12.8,J(HH) = 7.1 Hz, 18H, PCHCHd, 
1.16 (s,9H, CCHs), 0.42 ( 8 ,  9H, SiCH3). l3C NMR (C&& 100.6 
MHz): 6 291.69 (dt,J(RhC) = 57.2,J(PC) = 15.8 Hz,Rh=C.=C), 
117.08 (dt, J(RhC) = 16.4 Hz, J(PC) = 5.9 Hz, Rh=C=C), 33.78 

20.48,20.37 (both 8,  PCHCH,), 1.18 (8,  SiCH3). 31P NMR (C&6, 
36.2 MHz): 6 39.21 (d, J(RhP) = 139.2 Hz). 

Preparation of trans-[RhCl(==C=C( SiMes)Me)(iFiPra)d 
(12). A solution of 2 (171 mg, 0.30 mmol) in 20 mL of pentane 
was stirred for 6 h at 35 "C. After cooling to room temperature, 
the solution was evacuated to ca. 3 mL in vacuo and then stored 
at -78 OC. Dark-violet, moderately air-stable crystals were 
obtained which were washed with pentane (-30 "C) and dried in 
vacuo; yield 91 mg (53%); mp 83 "C dec. Anal. Calcd for 
CuH&lP2RhSi: C, 50.48; H, 9.53. Found: C, 49.95; H, 9.25. IR 
(hexane): v(C=C) 1647 cm-1. 'H NMR (c&, 200 MHz): 6 2.72 
(m, 6H, PCHCH3), 1.74 (t, J(PH) = 1.9 Hz, 3H, =CCH3), 1.33 
(dvt, N = 13.4, J(HH) = 7.0 Hz, 18H, PCHCHs), 1.32 (dvt, N = 
13.3, J(HH) = 6.9 Hz, 18H, PCHCHs), 0.10 (8,  9H, SiCH3). 
NMR (Cas ,  50.3 MHz): 6 280.25 (dt, J(RhC) = 57.8, J(PC) = 
15.3 Hz, Rh-C-C), 92.91 (dt, J(RhC) = 15.3 Hz, J(PC) = 4.9 
Hz, Rh=C=C), 23.95 (vt, N = 19.0 Hz, PCHCH,), 20.56 (8, 
PCHCH3), 1.37 (s,=CCH3),-0.91 (8,  SiCH3). slP NMR ( C d k  
36.2 MHz): 6 41.44 (d, J(RhP) = 136.3 Hz). 

Preparation of trams-[RhCl(=C=C(SiMes)Ph)(PiPrs)zl 
(13). A solution of 3 (190 mg, 0.30 mmol) in 20 mL of hexane 
was stirred for 25 h at 60 "C and was then worked up as described 
for 12. Dark-violet crystals were obtained; yield 127 mg (67 % ); 
mp 97 "C dec. Anal. Calcd for CmHmClPzRhSi: C, 55.01; H, 
8.92. Found: C, 54.96; H, 8.79. IR (hexane): v(C=C) 1642 cm-'. 
lH NMR (ca6 ,200  MHz): 6 7.64 (m, 2H, C a d ,  7.04 (m, 3H, 
C a & ) ,  2.69 (m, 6H, PCHCHa), 1.35 (dvt, N = 14.0, J(HH) = 7.1 

PCHCH3), 0.37 (a, 9H, SiCH3). lSC NMR (Ca13, 22.5 MHz): 6 
286.68 (dt, J(RhC) = 60.7, J(PC) = 14.7 Hz, Rh=C=C), 128.42, 

(8, CCHs), 28.30 (9, CCHa), 23.63 (vt, N = 19.2 Hz, PCHCHd, 

Hz, 18H, PCHCHa), 1.27 (dvt, N 13.6, J(HH) = 7.0 Hz, 18H, 

127.58,125.65,124.93 (alls, C~HS), 106.44 (dt,J(RhC) = 14.5 Hz, 
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J(PC) = 4.9 Hz, Rh=C=C), 24.80 (vt, N = 19.6 Hz, PCHCHS), 
20.85,20.50 (both 8, PCHCHs), 1.13 (8, SiCH3). "Si NMR ( c a s ,  
17.8 MHz): 6 -15.86 (t, J(PSi) = 1.8 Hz). 31P NMR ( c a s ,  36.2 
MHz): 6 41.62 (d, J(RhP) = 136.3 Hz). 

Preparation of trans-[RhCl(=C=C(SiMea)CO~Et)(Pi- 
Pr&] (14). A solution of 4 (264 mg, 0.42 mmol) in 30 mL of 
benzene was irradiated for 4 ha t  room temperature with a 500-W 
UV lamp (Osram HBO). A color change from orange-yellow to 
red-violet occurred. The solvent was removed, and the residue 
was dissolved in 2-3 mL of hexane. After thesolution was stored 
at -78 "C, violet crystals precipitated which were separated from 
the mother liquor, washed with pentane (-30 OC), and dried in 
vacuo; yield 143 mg (54%); mp 116 "C dec. Anal. Calcd for 
C%H&lOzPzRhSi: C, 49.64; H, 8.97. Found: C, 49.61; H, 9.19. 
IR (hexane): v(C=O) 1675, v(C=C) 1585 cm-I. lH NMR (c&6, 
200 MHz): 6 4.03 (4, J(HH) = 7.1 Hz, 2H, OCH~CHS), 2.69 (m, 
6H, PCHCH3), 1.32 (dvt, N = 13.7, J(HH) = 7.1 Hz, 36H, 
PCHCHs), 1.03 (t, J(HH) = 7.1 Hz, 3H, OCH~CHS), 0.39 (8,9H, 

63.1,J(PC) = 13.1 Hz, Rh=C=C), 159.40 (8,  COZEt), 105.71 (dt, 
J(RhC) = 15.3 Hz, J(PC) = 4.4 Hz, Rh=C=C), 59.85 (8,OCHz- 
CHB), 24.66 (vt, N = 19.9 Hz, PCHCHs), 20.55, 20.35 (both 8,  

Sic&). 13C NMR ( c a s ,  50.3 MHz): 8 284.13 (dt, J(RhC) = 

PCHCH3),14.47 (s,OCHzCHs),O.l9(s,SiCH3). 3lPNMR(C&, 
36.2 MHz): 6 43.08 (d, J(RhP) = 136.3 Hz). UV (hexane): A- 
(CT) 414, x(~-**) 250,226 nm. 

Preparation of trans-[RhCl(=C=C(SiMes)COzSiMes)- 
(PiPrs)~] (15). This compound was prepared analogously as 
described for 14, using 5 (283 mg, 0.42 mmol) as startingmaterial. 
Violet crystals were obtained; yield 167 mg (59%); mp 107 "C 
dec. Anal. Calcd for CnH&lOzPzRhSiz: C, 48.17; H, 8.98. 
Found: C, 47.87; H, 9.12. IR (THF): v(C=O) 1675, v(C=C) 
1580 cm-l. 'H NMR ( c a s ,  200 MHz): 6 2.68 (m, 6H, PCHCHs), 
1.33 (dvt, N = 13.9, J(HH) = 7.1 Hz, 18H, PCHCHs), 1.32 (dvt, 
N = 13.5, J(HH) = 7.1 Hz, 18H, PCHCHs), 0.35, 0.31 (8,  18H, 
SiCH3). I3C NMR (C&, 50.3 MHz): 6 284.82 (dt, J(RhC) = 
62.1, J(PC) = 13.8 Hz, Rh=C=C), 159.62 (8, COsSiMe& 104.70 
(dt, J(RhC) = 15.3 Hz, J(PC) = 4.4 Hz, Rh=C-C) 24.73 (vt, N 

(both 8, SiCH3). NMR (C&, 17.8MHz): 6 20.74 (a, OSiMe3), 
-11.32 (t, &Psi) = 1.5 Hz, =CSiMe& NMR ( c a s ,  36.2 
MHz): 6 43.52 (d, J(RhP) = 136.3 Hz). 

Preparation of [RhzHtCl~(PiPra)l(p-MezSiC~SiMez)l 
(16). A solution of 1 (268 mg, 0.58 mmol for n = 1) in 20 mL of 
pentane was treated at  0 "C with HMe2SiCSSiMezH (120 mg, 
0.84 mmol) and, after warming to room temperature, stirred for 
30 min. A light-yellow solid precipitated which was filtered off, 
repeatedly washed with pentane until the filtrate became 
colorless, and dried in vacuo; yield 277 mg (90% ); mp 102 "C dec. 
Anal. Calcd for Cd2HgeCl2Plflh2Si2: C, 47.59; H, 9.32. Found 
C, 47.73; H, 9.61. IR (KBr): v(RhH) 2108 cm-l. lH NMR ( c a s ,  
200 MHz): 6 2.71 (m, 12H, PCHCHs), 1.35 (dvt, N = 13.9,J(HH) 

36H, PCHCHa), 0.93 (s,12H, SiCHs), -16.34 (dt, J(RhH) = 21.5, 
J(PH) = 13.1 Hz, 2H, RhH). W i  NMR (CD&12,17.8 MHz, -35 
OC): 6 14.52 (dt, J(RhSi) = 36.4, &Psi) = 9.7 Hz). 31P NMR 

in off-resonance). 
Preparation of [RhH(C-SiMes)Cl(PiPra)r] (18). A 

solution of 1 (122 mg, 0.27 mmol for n = 1) in 10 mL of pentane 
was treated at -30 "C dropwise with HC=CSiMes (38 ML, 0.27 
mmol). A spontaneous color change from violet to orange 
occurred. The solvent was quickly removed (at -30 "C), the 
residue was dissolved in 2 mL of ether, and 8 mL of nitromethane 
was added. The further workup procedure was the same as that 
described for 2-7. Orange-yellow, air-sensitive crystals were 
obtained; yield 115 mg (78%); mp 46 OC (rearrangement to 19). 
Anal. Calcd for C23H&lP2RhSi: C, 49.59; H, 9.41. Found C, 
49.34; H, 9.44. IR (CHC13): v(RhH) 2220, (C=C) 2035 cm-I. lH 
NMR ( c a s ,  90 MHz): 6 2.84 (m, 6H, PCHCHd, 1.34 (dvt, N = 

= 7.1 Hz, 18H, PCHCHs), 0.08 (s,9H, SiCH,), -27.44 (dt, J(RhH) 

= 21.1 Hz, PCHCHa), 20.66,20.32 (both 8, PCHCHS), 0.06,0.03 

= 7.0 Hz, 36H, PCHCHs), 1.25 (dvt, N 13.5, J(HH) = 6.6 Hz, 

(CD2C12,36.2 MHz, -35 OC): 6 44.74 (d, J(RhP) = 115.7 Hz; dd 

13.6,J(HH) =7.1H~,18H,PCHCHs),l.26(dvt,N=13.6,J(HH) 

= 43.0, J(PH) = 24.4 Hz, lH, R W .  3lP NMR (CDCl3, 36.2 
MHz, -50 "C): 6 49.29 (d, J(RhP) = 99.6 Hz). 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 8

, 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

01
6a

01
3



1096 Organometallics, Vol. 13, No. 4, 1994 

Preparation of trans-[RhCl(~HSiMes)(PzFra~a] (19). 
(a) A solution of 18 (30 mg, 0.05 mmol) in 5 mL of hexane was 
stirred at 40 OC for 2 h. A color change from orange-yellow to 
red-violet occurred. The solution was concentrated to ca. 0.5 
mL in vacuo and then stored at -78 OC for 12 h. A violet crystalline 
solid precipitated which was separated from the mother liquor, 
washed with 1 mL of pentane (-30 "C) and dried in vacuo; yield 
25 mg (83%). (b) A solution of 1 (64 mg, 0.14 mmol for n = 1) 
in 8 mL of hexane was treated at room temperature with 
HC+SiMes (20 pL, 0.14 mmol) and then stirred at 40 "C for 
2 h. The workup procedure waa the same as for (a); yield 61 mg 
(79%); mp 93 OC. Anal. Calcd for CaH&lP2RhSi: C, 49.59; 
H, 9.41. Found C, 49.82; H, 9.60. IR (KBr): v(C=C) 1625 cm-1. 
1H NMR (C&, 90 MHz): 6 2.93 (m, 6H, PCHCHs), 1.46 (dvt, 
N = 13.4, J(HH) = 7.3 Hz, 36H, PCHCHa), 0.21 (s,9H, SiCHs), 
-0.39 (dt, J(RhH) = 1.8, J(PH) = 2.9 Hz, lH,  =CHSiMea). '9c 
NMR (Cas ,  22.5 MHz): 6 281.78 (dt, J(RhC) = 57.6, J(PC) = 
15.6 Hz, Rh=C=C), 88.76 (dt, J(RhC) = 16.6 Hz, J(PC) = 4.9 
Hz, Rh4-C) ,  23.73 (vt, N = 19.6 Hz, PCHCHs), 20.44 (8, 

PCHCHs), 0.99 (8 ,  SiCH3). 3lP NMR (c&, 36.2 MHz): 6 42.30 
(d, J(RhP) = 137.7 Hz). 

Preparation of [RhH(C4XiMe&3l(py)(PzFr&] (20). (a) 
A solution of 18 (65 mg, 0.12 mmol) in 10 mL of pentane was 
treated at room temperature with excess pyridine (0.1 mL). 
Almost immediately a white solid precipitated which after 10 
min was filtered off, repeatedly washed with pentane (-30 OC), 
and dried in vacuo; yield 69 mg (92%). (b) A solution of 19 (53 
mg, 0.10 mmol) in 10 mL of pentane was treated at room 
temperature with excess pyridine (0.1 mL) and stirred for 2 h. 
A white precipitate was formed which was isolated as described 
above; yield 54 mg (90%). (c) A solution of 1 (50 mg, 0.11 mmol 
for n = 1) in 7 mL of pentane was treated with H W S i M e s  (16 
pL, 0.11 mmol) and pyridine (0.1 mL) and stirred for 2 h a t  room 
temperature. The reaction mixture was worked up as described 
above; yield 55 mg (79%); mp 78 OC dec. Anal. Calcd for 
C%H&lNP2RhSi: C, 52.87; H, 9.03; N, 2.20. Found: C, 52.61; 
H, 9.04; N, 2.15. IR (KBr): v(RhH) 2180, (-1 2030 cm-l. 'H 
NMR (CeDe, 200 MHz): 6 7.05 (m, 5H, NCaa), 2.60 (m, 6H, 
PCHCH3),1.39(dvt,N= 13.2,J(HH) = 7.3 Hz,18H,PCHCHs), 
1.36 (dvt,N= 13.1,J(HH) = 7.2 Hz, 18H, PCHCHs), 0.47 (5,9H, 

31P NMR (Cas ,  36.2 MHz): 6 37.51 (d, J(RhP) = 101.8 Hz). 
Sic&), -17.01 (dt, J(RhH) = 13.9, J(PH) = 13.9 Hz, lH, RhH). 

Preparation of trans-[Rh(~SiMes)(py)  (PiPrs)~] (21). 
A solution of 20 (343 mg, 0.54 mmol) in 20 mL of freshly distilled 
THF was treated at 0 OC first with pyridine (1 mL) and then with 
a solution of Na[N(SiMes)z] (99 mg, 0.54 mmol) in 5 mL of THF. 
After the reaction mixture was stirred for 2 min, the solvent was 
removed, and the orange-red residue was extracted three times 
with 5 mL of hexane (-30 OC). The combined extracts were 
concentrated in vacuo until a precipitate appeared, and then 
stored at -78 OC. Yellow air-sensitive crystals were formed which 
were separated from the mother liquor, washed with pentane 
(-78 "C), and dried in vacuo; yield 277 mg (85%); mp 74 OC dec. 

6.60, 6.21 (both m, 5H, NCJ&), 2.30 (m, 6H, PCHCHa), 1.37 

SiCH3). 31P NMR (CeD6, 36.2 MHz): 6 40.10 (d, J(RhP) = 152.4 
Hz). 

Preparation of trans[Rh(-SiMes)(Cr&) (PtFr&] (22). 
A solution of 18 (302 mg, 0.54 mmol) in 25 mL of pentane WBB 
treated at -78 OC under an ethene atmosphere with Na- 
[N(SiMes)~l (120 mg, 0.65 mmol). By warming to room tem- 
perature, the solution was stirred for 15 min, and then the solvent 
was removed. The residue was extracted three times with 5 mL 
of pentane (-30 OC), the combined extracts were concentrated 
in vacuo to ca. 2 mL, and the concentrate was stored at -78 OC. 
Orange, moderately air-sensitive crystals precipitated which were 
separated out, washed with 1 mL of pentane (-78 "C), and dried 
in vacuo; yield 208 mg (70%). (b) A solution of 1 (281 mg, 0.61 
mmol for n = 1) in 10 mL of ether was treated at room temperature 
withHMSiMe3 (108pL,0.76mmol). Thesolventwasremoved, 
and the oily residue was dissolved in 25 mL of pentane. The 
further reaction with Na[N(SiMes)z] and ethene was performed 

IR (CHCls): v(C&) 2010 cm-l. 'H NMR (C&, 200 MHz): 6 

(dvt, N 12.6, J(HH) = 7.0 Hz, 36H, PCHCHs), 0.38 (8, 9H, 

Werner et al. 

as described for (a); yield 228 mg (68%); mp 65 OC dec. Anal. 
Calcd for C&&RhSi: C, 54.73; H, 10.10. Found: C, 54.76; H, 
10.43. IR (hexane): v ( C 4 )  1996 cm-'. lH NMR (C&, 200 

(m, 6H, PCHCHs), 1.30 (dvt, N = 13.0, J(HH) = 6.9 Hz, 36H, 
PCHCHs), 0.27 (s, 9H, Sic&). 13C NMR (c&,3, 100.6 MHz): 
6 150.61 (dt, J(RhC) = 45.7, J(PC) = 20.1 Hz, R h - M ) ,  125.81 
(d, J(RhC) = 12.3, Rh-CEC), 55.56 (d, J(RhC) = 9.6 Hz, CzI&), 
23.32 (vt, N L: 17.3 Hz, PCHCHa), 20.66 (8, PCHCHa), 1.05 (8,  
SiCHs). 3lP NMR ( c a s ,  81.0 MHz): 6 39.38 (d, J(RhP) = 129.4 
Hz). 

Preparation of [RhH(mSiMe&(PiPrs)r] (23). A so- 
lution of 22 (100 mg, 0.18 mmol) in 10 mL of pentane was treated 
at -78 "C dropwise with H C 4 S i M e s  (25 pL, 0.18 mmol) and 
was then slowly warmed to room temperature. After a change 
of color from orange-red to yellow had occurred, the solution waa 
Concentrated to ca. 2 mL in vacuo and then stored at -78 OC. A 
yellow air-sensitive solid precipitated which was fiitered off, 
repeatedly washed with pentane (-30 "C), and dried in vacuo; 
yield 102 mg (91%); mp 67 "C dec. Anal. Calcd for CaeHSlP2- 
RhSi2: C, 54.35; H, 9.94. Found: C, 54.67; H, 10.36. IR (KBr): 
v(C+) 2000 cm-'. 'H NMR (CsDe, 200 MHz): 6 2.88 (m, 6H, 

0.24 (8, 18H, SiCHs), -29.58 (dt, J(RhH) = 50.8, J(PH) = 11.9 

MHz): 6 3.19 (dt,J(RhH) = 1.6, J(PH) = 3.3 Hz, 4H, CJ&), 2.43 

PCHCHs), 1.28 (dvt, N = 13.7, J(HH) = 6.9 Hz, 36H, PCHCHs), 

Hz, lH,  RhH). "C NMR (Cas ,  50.3 MHz): 6 146.65 (dt,J(RhC) 
= 34.8, J(PC) = 15.1 Hz, R h - M ) ,  123.12 (d, J(RhC) = 7.2, 
R h a C ) , 2 4 . 7 8  ( v t ,N=  22.9Hz,PCHCH8),20.25(s,PCHCHs), 
1.35 (8,  SiCHs). 31P NMR (c&& 81.0 MHz): 6 53.36 (d, J(RhP) 
= 99.5 Hz; dd in off-resonance). 

Preparation of [RhH(~SiMer),(py)(PtFrs)~]  (24). (a) 
A solution of 23 (50 mg, 0.08 mmol) in 5 mL of pentane was 
treated at room temperature with excess pyridine (0.1 mL). After 
the reaction mixture was stirred for 30 min, a white solid 
precipitated which was worked up as described for 23; yield 49 
mg (86%). (b) A solution of 21 (97 mg, 0.16 mmol) in 5 mL of 
pentane was treated at room temperature dropwise with 
H W S i M e s  (23pL,O.l6mmol). Awhitesolid wasformedwhich 
was isolated as described above; yield 95 mg (86 % ); mp 80 OC 
dec. Anal. Calcd for CasHBBNPzRhSi2: C, 56.79; H, 9.53; N, 2.01. 
Found C, 56.74; H, 9.66; N, 2.27. IR (KBr): v(C&) 2002 cm-1. 
'H NMR (Cas ,  200 MHz): 6 6.75 (m, 5H, NCas) ,  2.96 (m, 6H, 

0.33 (8,  18H, SiCHs), -18.00 (dt, J(RhH) = 16.7, J(PH) = 14.5 
PCHCHs), 1.24 (dvt, N = 13.1, J(HH) = 6.9 Hz, 36H, PCHCHg), 

Hz, lH,  R W .  "C NMR (C& 50.3 MHz): 6 155.18, 136.06, 
123.35 (all 8, NCsHa) 149.85 (dt, J(RhC) 33.7, J(PC) = 15.0 Hz, 
Rh-mC), 113.99 (d, J(RhC) = 5.9 Hz, Rh-CEC), 25.45 (vt, 
N = 22.0 Hz, PCHCHs), 19.80 (8,  PCHCHs), 1.69 (s, SiCHS). 3lP 
NMR (cap, 81.0 MHz): 6 42.26 (d, J(RhP) = 98.1 Hz; dd in 
off-resonance). 

Preparation of t rans - [Rh(~S iMes) (MetS iC~CO,-  
Et)(PiPr&] (25). A solution of 22 (140 mg, 0.26 mmol) in 5 mL 
of toluene was treated at -78 OC with MesSiWCOaEt (55 pL, 
0.29 "01) and was then slowly warmed to room temperature. 
After the reaction mixture was stirred for 4 h, the solvent was 
removed, the oily residue was dissolved in 5 mL of hexane, and 
the solution waa chromatographed on AI203 (neutral, activity 
grade V, height of column 1 cm). With hexane, an orange-red 
fraction was eluted which was concentrated to ca. 2 mL in vacuo 
and then stored at -78 "C. Red air-sensitive crystals precipitated 
which were filtered off, washed with small quantities of pentane 
(-30 OC) and dried in vacuo; yield 100 mg (57% 1; mp 46 OC dec. 
Anal. Calcd for C31H~OaP2RhSi2: C, 53.89; H, 9.48. Found C, 
53.16; H, 9.03. IR (KBr): v ( C 4 )  1998,1835, v(CE0) 1685 cm-1. 

CH3), 2.42 (m, 6H, PCHCHs), 1.31 (dvt, N = 14.0, J(HH) = 6.8 
'H NMR ( c a s ,  200 MHz): 6 4.01 (9, J(HH) = 7.1 Hz, 2H, OCH2- 

Hz, 18H, PCHCHs), 1.23 (dvt, N 14.1, J(HH) = 7.0 Hz, 18H, 
PCHCHs), 1.00 (t, J(HH) = 7.1 Hz, 3H, OCH~CHS), 0.29, 0.20 
(both s, 18H, Sic&). 31P NMR (c&),3, 81.0 MHz): 6 40.43 (d, 
J(RhP) = 123.5 Hz). 

Preparation of tranrr-[Rh(C~SiMea)(MeaSiC~CO,- 
SiMes)(PiPrs)t] (26). A solution of 22 (135 mg, 0.26 mmoL) in 
10 mL of hexane was treated at -78 "C with MesSiCWCO2- 
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Reactions of Alkynylsilanes with [RhCl(PiPr3)J 

SiMes (70 pL, 0.30 mmol), and was then slowly warmed to room 
temperature. After the reaction mixture was stirred for 1 h, the 
solvent was removed, the oily residue was dissolved in 3 mL of 
pentane, and the solution was stored at -78 "C. Orange-red air- 
sensitive crystals precipitated which were filtered off, washed 
with small quantities of pentane (-30 "C), and dried in vacuo; 
yield 124 mg (69%); mp 51 "C dec. Anal. Calcd for 
C S Z H ~ O Z P ~ R ~ S ~ S :  C, 52.29; H, 9.46. Found: C, 52.38; H, 10.28. 
IR (KBr): u ( C 4 )  1987, 1820, u ( C 4 )  1665 cm-I. lH NMR 
(Cas ,  200 MHz): 6 2.46 (m, 6H, PCHCHa), 1.36 (dvt, N = 13.9, 

6.8 Hz, 18H, PCHCHa), 0.33,0.32, 0.26 (all a, 27H, SiCHa). 31P 

Reaction of 22 with C&. A solution of 22 (180 mg, 0.33 
mmol) in 10 mL of pentane was treated at  -50 "C with an excess 
of freshly distilled cyclopentadiene (0.1 mL) and, under warming 
to room temperature, stirred for 15 min. The volatile substances 
were removed in vacuo, and the oily residue was dissolved in 5 
mL of pentane. After the solution was treated with CHaI (0.1 
mL), it was stirred for 20 min, and then the white precipitate of 
[PMeiPrslI was filtered off. The yellow fiitrate was concentrated 
to ca. 1 mL, and the solution was chromatographed on A120s 
(neutral, activity grade V, height of column 2 cm) with hexane. 
Two yellow fractions were eluted of which the first contained a 
9:l mixture of [CsHsRh(3C3CHSiMes)(PiPrs)l (27) and the 
isomer [CaHaRhH(C--?iMes)(PiPrs)] (28). The second fraction 
consisted of a 1:l mixture of 27 and 28. Because further attempts 
to separate the two components remained unsuccessful and led 
to increasing decomposition of the products, compounds 27 and 
28 were characterized by spectroscopic measurements. 

27: IR (hexane): u ( C 4 )  1625 cm-'. 'H NMR (c& 400 

= 4.0 Hz, lH, =CHSiMes), 2.06 (m, 3H, PCHCHs), 1.07 (dd, 

SiCHs). '3C NMR (c&3, 100.6 MHz): 6 304.71 (dd, J(RhC) = 
65.5, J(PC) = 24.9 Hz, Rh=C<), 95.84 (dd, J(RhC) = 15.2, 

12.5 Hz, PCHCHs), 20.02 (a, PCHCHs), 0.98 (e, SiCHs). NMR 

28: IR (hexane): u(RhH) 2120, u ( C 4 )  2030 cm-l. lH NMR 
(Cas ,  400 MHz): 6 5.13 (a, 5H, Cdr,), 1.68 (m, 3H, PCHCHs), 

(a, 9H, SiCHs), -13.09 (dd, J(RhH) = 24.0, J(PH) = 32.0 Hz, lH, 

Hz). 
Preparation of [ C&Rh(PhC=CSiMe,) (PiPr,)] (29). (a) 

A solid sample of 3 (92 mg, 0.15 mmol) was treated at  room 
temperature with a solution of NaC& (150 mg, 1.70 mmol) in 
10 mL of THF, and the mixture was stirred for 1 h. A color 
change from yellow to red-brown occurred. The solvent was 
removed, and the residue was extracted three times with 3 mL 
of hexane (-30 "C). To remove free PiPrs, the combined extracts 
were treated with CHJ (1 mL, 1.61 mmol) and stirred for 30 min 
at  room temperature. The white precipitate was filtered off, and 
the filtrate was brought to dryness in vacuo. A red, moderately 
air-stable oil was obtained; yield 50 mg (69%). (b) A solution of 
1 (105 mg, 0.23 mmol for n = 1) in 10 mL of pentane was treated 
at  0 "C dropwise with PhCZCSiMes (47 pL, 1.82 "01) and 
stirred until a color change from red-violet to yellow had occurred. 
The solvent was removed in vacuo, and the residue was treated 
with asolution of NaC& (160 mg, 1.82 "01) in 10 mL of freshly 
distilled THF. The reaction mixture was stirred for 1 h at  room 
temperature and worked up as described for (a); yield 70 mg 
(61 %). Anal. Calcd for CaI&PRhSi: C, 59.75; H, 8.02. Found 
C, 59.97; H, 8.26. IR (hexane): v(C=C) 1795 cm-I. 'H NMR 
(C&, 90 MHz): 6 7.5 (m, 5H, Cas ) ,  5.28 (dd, J(RhH) = 0.6, 
J(PH) = 1.3 Hz, 5H, Cdr,), 1.58 (m, 3H, PCHCHs), 1.00 (dd, 

= 13.4, J(HH) = 7.0 Hz, 9H, PCHCH3), 0.41 (a, 9H, SiCHs). lSC 

CsHS), 117.36 (dd, J(RhC) = 14.6,J(PC) = 4.4 Hz, one C of M), 

J(HH) = 7.0 Hz, 18H, PCHCHa), 1.26 (dvt, N = 13.4, J(HH) = 

NMR (Cas ,  81.0 MHz): 6 40.58 (d, J(RhP) = 123.5 Hz). 

MHz): 6 5.22 (8, 5H, C a s ) ,  2.56 (dd, J(RhH) 2.4 Hz, J(PH) 

J(PH) = 13.7, J(HH) = 7.1 Hz, 18H, PCHCHs), 0.23 (8,  9H, 

J(PC) = 2.6 Hz, Rh-C=C), 86.04 (e, C&), 26.59 (d, J(PC) = 

(Cas ,  162 MHz): 6 74.86 (d, J(RhP) = 211.9 Hz). 

1.03 (dd, J(PH) = 14.2, J(HH) = 7.0 Hz, 18H, PCHCHs), 0.29 

RhH). 3'P NMR (C& 162 MHz): 6 85.19 (d, J(RhP) = 142.8 

J(PH) = 13.4, J(HH) = 7.0 Hz, 9H, PCHCHs), 0.86 (dd, J(PH) 

NMR (Cas ,  22.5 MHz): 6 133.79, 131.38, 127.51, 125.76 (all 8, 

84.72 (dd, J(RhC) = 2.9 Hz, J(PC) = 2.9 Hz, CaHa), 25.21 (dd, 
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J(RhC) = 1.4, J(PC) = 20.5 Hz, PCHCHs), 19.47 (8,  PCHCHs), 
0.97 (a, SiCHa); signal of second C of C W  not exactly located. 
"P NMR (Cas ,  36.2 MHz): 6 72.6 (d, J(RhP) = 196.3 Hz). 

Preparation of [C&Rh(Me,SiC=CCOaEt)(PiPr~)] (30). 
Analogously as described for 29, using 4 (115 mg, 0.18 mmol) 
(route a) or 1 (150 mg, 0.35 mmol for n = 1) (route b) as starting 
materials. A red oil was obtained; yield 66 mg (72%) (route a) 
or 108 mg (63%) (route b). Anal. Calcd for C22&02PRhSi: C, 
53.00; H, 8.09. Found C, 52.82; H, 7.93. IR (hexane): u(C=C) 
1780, u ( C 4 )  1680 cm-1. lH NMR (c&, 90 MHz): 6 5.18 (d, 

J(HH) = 7.2 Hz, 2H, OCH~CHS), 1.65 (m, 3H, PCHCHs), 1.07 
J(RhH) = 0.6, J(PH) = 1.4 Hz, 5H, C a s ) ,  4.16, 4.13 (both 9, 

(t, J(HH) = 7.2 Hz, 3H, OCHaCHs), 1.02 (dd, J(PH) 13.1, 
J(HH) 7.1 Hz, 9H, PCHCHs), 0.93 (dd, J(PH) = 13.1, J(HH) 

50.3MHz): 6 164.12 (8,  COtEt), 107.78 (dd,J(RhC) = 19.9,J(PC) 
= 7.1 Hz, 9H, PCHCHs), 0.39 (a, 9H, SiCHs). lSC NMR (Cas ,  

= 6.5 Hz, one C of %C), 105.27 (dd, J(RhC) = 17.3, J(PC) = 
4.5 Hz, one C of C=C), 85.37 (dd, J(RhC) = 3.5, J(PC) = 3.5 Hz, 
CsHs), 60.15 (a, OCH~CHS), 25.36 (d, J(PC) = 20.1 Hz, PCHCH,), 

SiCHs). 3lP NMR (Cas ,  36.2 MHz): 6 72.7 (d, J(RhP) = 205.1 
Hz). 

X-ray Structural Analysis of 24. Single crystals were grown 
from pentane/toluene. Crystal data (from 23 reflections, 10" < 
8 < 14"): orthorhombic, space group Pnaal (No. 331, a = 19.109- 
(7) A, b = 17.397(4) A, c = 12.329(3) A, V = 4098(2) As, Z = 4, 
D d d  = 1.13 g cm-8, p(Mo Ka) = 5.6 cm-I, crystal size 0.25 X 0.40 
X 0.45 mm; Enraf-Nonius CAD4 diffractometer, Mo Ka radiation 
(0.709 30 A), graphite monochromator, zirkon filter (factor 16.4), 
T = 293 K, w/28-scan, maximum 28 = 54", 4954 independent 
reflections measured, 3668 regarded as being observed [F, > 3a- 
(F,)]. Intensity data were corrected for Lorentz and polarization 
effects, and an empirical absorption correction ($-scan method) 
was applied. The minimum transmission was 94.12%. The 
structure was solved by the Patterson method (SHELXS-86). 
Atomic coordinates and anisotropic thermal parameters of the 
non-hydrogen atoms were refined by full-matrix least squares 
(349 parameters, unit weights, Enraf-Nonius SDP).S1 The 
position of the metal-bound hydrogen was calculated with the 
program HYDEXs2 but not refined, and positions of the other 
hydrogen atoms were calculated according to the ideal geometry 
(distance C-H 0.95 A) and used only in structure factor 
calculations. The methyl groups of the Si(1)MeS unit showed a 
1:l disorder; both positions were refined independently with 
isotropic temperature factors. R = 0.032, R, = 0.036; reflex/ 
parameter ratio 10.5; residual electron density +0.746/-0.229 e 
A-s. 

19.66, 19.32 (both 8, PCHCHs), 14.60 (8 ,  OCH~CHS), 0.79 (8, 
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