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summary 

Addition reactions of methoxymethyldisilanes to phenylacetylene in the 
presence of various triphenylphosphine complexes of Ni, Rh, Pd and Pt were 
investigated. Palladium and platinum complexes, Pd(PPh,)4, PdC12(PPh3), and 
Pt(PPh3)4 were found to be effective catalysts for the double silylation, giving 
adducts, cis-ru&disilylated styrene derivatives selectively_ It also was shown that 
hexamethyldisilane reacted with the acetylene. A possible mechanism for the 
stereoselective and regioselective double silylation is proposed. The cis-adducts 
isomerized to the corresp_onding trans isomers in the presence of disilane and a 
palladium complex catalyst. 

Introduction 

The double silylation of acetylenic compounds with disilanes was first 
reported by Kumada et al. who found that the reaction of sym-dihydrotetra- 
methyldisilane with dimethyl acetylenedicarboxylate, catalysed by phosphine- 
palladium(II) complexes, gave dimethyl ~1 ,a!‘-bis(dimethylsilyl)maleate [ 11. 

PdCiz<PEt3)2 MeooC, ,COOMe 
HMe2SiSiMe2H f MeOOCC=CCOOMe > 

.,C=C, 
HMe2Sr SiMe,H 

They have also reported that highly reactive fluorinated disilanes add to acety- 
lenes in the presence of palladium complex catalysts to give double silylation 
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products in 60-$X5% yields, but hexamethyldisilane did not react [ 21, e.g.: 

Pd(PPhg)g or 
Ph 

‘c=c 
Ph 

F,MeSiSilMeF, + PhCsCPh - 
PdC12<PPh3)2 F2MeSiA’ ‘SiMeF, 

Sakurai and coworkers independently reported that double silylation occurs 
in the reaction between a strained disilacycloalkane and an acetylene in the 
presence of a palladium(H) catalyst to give a 1,4-disilacycloalk-Z-ene in good 
yield [3], e.g.: 

C SiMea 
I 

PdC12(PPh,), 
+ RC-CR’ - 

SiMe, 
c 

Me2 

They noted that hexamethyldisilane, an example of the unstrained hexaorgano- 
disilane, also undergoes this reaction but only a low yield of the disilylated 
product was obtained. 

These precedents might cause one to believe that the double silylation is ob- 
servable only with. disilanes of special structures such as hydro-, fluoro- and 
strained-disilanes. However, a thermochemical consideration on the reaction 
between a disilane and an acetylene to give the corresponding disilylethylene 
leads to a calculated value of ca. -40 kcal/mol for the heat of reaction [4-6]. 
This means that the double silylation should be quite exothermic and should 
occur with a wide variety of disilanes under appropriate reaction conditions. 
The present paper describes the reaction of various methoxymethyldisilanes, as 
well as hexamethyldisilane, with phenylacetylene catalysed by Group VIII- 
metal triphenylphosphine complexes_ Methoxydisilanes are chosen as substrates 
in view of our continuing interest in their reactions [7-101. The stereochemis- 
try of the reaction and geometrical isomerism of the adducts were investigated. 

Res*Ats and discussion 

Reactions of phenylacetylene with methoxymethyldisilanes in the presence of 
various Group VI.II-metal phosphine complex catalysts 

In order to find effective cataIysts for the reaction shown in eq. 1, the cata- 
lytic activities of six phosphine complexes, NiC&(PPh&, RhCl(PPh&, RhH- 
(CO)(PPh&, Pd(PPhs)4, PdC12(PPh,), and Pt(PPhs)4, were examined, employ- 
ing the reactions of sym-dimethoxytetramethyldisilane and dimethyltetrameth- 
oxydisilane as standards. The results for the double silylation catalysed by 
these complexes are summarized in Table 1. 

It is seen from Table 1 that, for the reaction of sym-dimethoxydisilane, three 
complexes, Pd(PPhs)4, Pd&(PPh& and Pt(PPhs)4, were catalytically active to 
give the double silylation product in fair to good yields (34-80%). However, 
the yields of the products were lower in the reactions catalysed by the latter 
two complexes than those catalysed by the former and the cis to bans isomer 
ratio also was somewhat lower. For the reaction with sym-dimethyltetrameth- 
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(MeO),Me3_,SiSiMe3_,(OMe), f PhECH f% 

(Ia: 111 = n = 0; Ph 
Ib: m = 1; n = 0; ‘c=c 

AH 

Ic: m = It = 1; (MeO), Mes-,Si’ ‘SiMes-,(OMe), 
Id: m = 2; n = 1, 
Ie: m = n = 2) (IIa: m = n = 0 

IIb: m = 1: n = 0 
IIc: m=n=l 
IId: m = 2; n = 1 
IIe: m = n = 2) 

(1) 

oxydisilane, the palladium(O) complex catalyst also was effective, giving 56- 
70% yields of product. From these results it is evident that the palladium(O) 
complex is the best catalyst among those examined for the double silylation of 
this type with methoxymethyldisilane. 

The double silylation of phenylacetylene in the presence of a palladium(O) 
complex catalyst using hexamethyl-, methoxypentamethyl- and 1,1,2-trimeth- 
oxy-1,2,2-trimethyldisilane was next investigated. The reactions of these 
disilanes according to eq. 1 proceeded smoothly to give the corresponding 
products in good yields (56~SO%), except for hexamethyldisilane (18-26s). 
The results using these disilanes as well as di- and tetra-methoxydisilanes are 
listed in Table 2. There is no remarkable difference in yields between the meth- 
oxydisilanes. On the other hand, for the reactions of hexamethyl- and mono- 
methoxymetbyl-disilae, higher yields were obtained in a closed system than in 
an open system. 

The most important feature, however, was that the double silylation of 
phenylacetylene occurred as expected with all the disilanes as predicted from 

TABLE1 

DOUBLE SILYLATION OF PHENYLACETYLENE WITH METHOXYDISILANES IN THE PRESENCE 

OF VARIOUS PHOSPHINE COMPLEXES AS CATALYST = 

DisiIane Catalyst b Temp. Timeq Adduct 

&a (h) 
Yield R&i0 

w)= cis/trans 

<MeO)MeZSiSiMeZ<OMe) <Ic) Pd(PPh& 110 l-5 IIC 78 9218 

Pd<PPhgk llod 20 IIC 76 9119 
PdC12<PPh& 140 3 IIC 45 88112 

Pt(PPh314 130d 48 IIC 34 

150d 48 

65135 
RhCI<PPh3)3 IIC 0 
RhH<CO)(PPh3)3 110 48 IIC 0 
NiCIZ(PPh&. 140 40 IIC 0 

<MeO)2~~eSiSiMe(OMe)2 <Ie) Pd<PPh& 110 d 1.5 IIe 56 89111 

Pd(PPW4 llod 20 He 71 9614 

PtW’h3)4 130d 20 IIe 0 
RhCI<PPh& 150d 20 He 0 

o Disiielacetylene 1015 <mmol): unless othenvis e specified. the reaction was carried out by heating 
under argon in an caen system. ’ One mol 4b relative to the acetylene used. e GLC yield based on the 

acetylene. d Heated In ax evacuated and sealed Carius tube. 
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TABLE 2 

DOUBLE SILYLATION OF PHENYLACETYLENE WITH VARIOUS METHOXYMETHYLDISILANES 

IN THE PRESENCE OF TETRARIS(TRIPHENYLPHOSPHINE)PALLADIUM = 

DisiIane Method o Time 

(h) 

Adduct 

Yield (%) c Ratio 
cwtrans 

Me+iiSiMej (Ia) 
MegSiSiMa~ <Ia) 
h¶egSiSiMe~(OMe) (Ib) 
MqSiSiMe2(0h¶e) (Ib) 

(MeO)Me2SiS~~e2(0?~e) (Ic) 

(MeO)Me@iSiMe2(OMe) (Ic) 
(Me0)2MeSiSiMea(OMe) (Id) 

(MeO)~~leSiSi~Ie~(0~~e) (Id) 
(MeO)2MeSiSiMe<OMe)2 (Ie> 

(Me0)2MeSiSiMe<OMe)2 (Ie) 

A 

B 
A 
B 

A 

B 
A 

B 
A 

B 

1.5 Ha 18 

20 Ha 26 

13 IIb 18 
20 IIb 60 

1.5 IIC 78 

20 IIC 77 

1.5 IId 75 

20 IId 67 

1.5 IIe 56 

20 He 71 

100/o 
100/o 

99/l 
99/l 

9218 
9119 

100/o 
9317 
89111 

9614 

a DisiIanelacetyIene 1015 (mmol): 110°C: Catalyst. 1 mol8 relative to the acetylene used. “A: Open 

system under argon: B: Closed system in a Carius tube (evacuated). c GLC yield based on the acetylene 
used. 

the calculated exothermicity of the reaction. This result conflicts with the pre- 
vious suggestions [ 2,8], because the disilanes used in our systems are by no 
means peculiar in stn+ctures. 

Stereochemistry of the double silylation of the present system 
Tne reactions of phenylacetylene with these disilanes, catalysed by the corn- 

TABLE 3 

ANALYTICAL DATA AND BOILING POINTS OF THE ADDUCTS. DISILYLSTYRENES 

Compound Formula Analysis (Found (cakd.) (%I) B-p. 

(°ClmmHS) 
C H 

cis-IIa = 
tmns-lIa= 

cis-IIb 

tmns-IIb 

cis-IIC 

trons-IIC 

cis-IId 

n-arts-IId 
cis-IIe 

tmns-Ho 

III 

C14Ha&ia - - - 

C14H2&2 
- - 

C I4HI4Si20 63.31 8.95 91/x0 

(63.57) (9.15) 

C I4H24SitO 63.46 8.97 - 

(63.57) (9.15) 

C 14Hz4SizOz 59.92 8.46 133110 

(59.95) (8.62) 

C 14Ht4SizOz 60.11 8.65 - 

(59.95) (8.62) 

CI4H24Siz03 56.33 8.17 117110 

(56.70) 

C I4H24Si203 mol. wt. 296 b 
(8.16) 

CI4HwSitO4 53.93 7.54 159/8 

(53.81) (7.74) 

CI4H24SizG4 53.34 7.45 - 

(53.81) (7.74) 

CIzHIsSitO 62.53 7.75 - 

(61.48) (7.74) 

o Enown compound (see ref. 11). b BY mass spectroscopy: cdcd.. 296. 
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plex Pd(PPh,),, gave &-stereochemistry (Table 2). Determination of the struc- 
tures of these products which could be isolated by GLC technique or by distil- 
lation were made based on ‘H NMR, IR and mass spectroscopic studies and 
comparison with those of the literature. The results of the elemental analysis 
and the spectral data of the products are given in Tables 3 and 4. In the NMR 
spectrum for each of trans-IIa-He, the methyl substituent(s) on the silicon 
attached to the &arbon occurred at higher field when located on the syn-posi- 
tion with respect to the benzene ring than when located on the anti-position. 
This is likely to be due to the anisotropic effect of the benzene ring, as has pre- 
viously been indicated in related literature by Kumada et al. [ll] and was fur- 
ther confirmed by the spectroscopic studies of the isomerization of the cis- to 
the trans-isomers (see below). 

The NMR inspection of c&IIb and IId derived from the unsymmetrical 
disilane have shown that the each of cis compounds was composed of two 
types of regioisomers, Q- and P-form, as shown below. 

a-form /3-form 

Ph 
\ 

Cd’ 
H 

Me,:i’ ‘SiMe, 

OMe 

Ph\ /H 
Cd\ 

Me,Si’ SIMea 

Able 

Ph 
\ 

H 
Cd< 

Ph 
\ 

H 

(MeO),Si’ SiMe2 
Me2Ti 

,c=c< 

die &Me 
Si(OMe12 

OMe Lie 

For example, ck-IIb contained the a and p-form in a ratio of 81/19, cis-IId in a 
ratio of 88/12. 

With the generally accepted concept which has been applicable to the inter- 
pretation of a variety of homogeneous catalytic reactions, the double silylation 
can be interpreted tentatively in terms of a mechanism involving sequential 
stereoselective and regioselective processes, as shown in Scheme 1. The oxida- 
tive addition of the Si-Si bond to the palladium(O) catalyst, the formation of 
acetylene-coordinated complex, the insertion of the acetylene into one of the 
Si-Pd bonds and the reductive elimination of the product would be all reason- 
able processes. 

With respect to the stereoselectivity in the present reaction, the o-bonded 
palladium complex [D] in which the C-Si and C-Pd bond are placed in syrz- 
position to each other would account for the cis stereochemistry. Analogous cis 
stereochemistry has been often quoted in the metal-catalysed hydrosilylation 
of acetylenes [ 12,13]_ 

Direction of addition of two different silyl moieties in the double silylation 
with unsymmetrical disilanes, RI and Id, is of interest. For example, the reac- 
tion of phenylacetylene with Ib gave cr-dimethyhnethoxysilyl-&trimethylsilyE 
styrene predominantly along with the minor regioisomer. The trend of the silyl 
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Scheme 1. A possible mechanism for the stereoselective and regioselective double silylation. 

ph-CGC--H 

, 
PdL4 

[IAl 

Ph-CTC-H 
: 

Ccl 

/H . 
Ph ‘C+ c\ , 

*Aa L/pd\L 

moiety possessing more methoxy groups to add to the a-position also was ob- 
served in the reaction of phenylacetylene with IId which gave the predominant 
a-adduct. Although the directive effects of methoxy groups cannot be fully under- 
stood at the present time, the reaction would proceed with the following geom- 
etry in a concerted transition state: 

Ph-CGC-f-i 

: ; 
(MeO)Me&---;P< - SiMe, 

t CD1 

isomerizations of cis-isomers catalysed by the Pd complexes with and without 
d&lane 

The cis-disilyl olefins were heated in the presence of the palladium(O) com- 
plex with or without disilane (Table 5). Thus, a mixture of the two isomers of 
IIb (99% cis and 1% trans) was heated at 140” C in the presence of the catalyst 
and Ib. The cis and tmns ratio decreased with time (60/40 and 54/46 after 4 
and 24 h, respectively) (Run 2). In contrast, heating of an identical sample at 
110°C without the dlsilane remained unchanged after 3 h (cisltrans 97/3) 
(Run 1). 

Similarly, a 96/4 mixture of the cis-IIc and trans-LIc was kept at llO’C, 6 h 
in the presence of the catalyst and Ic afforded a cis/trans mixture of IIc in a 
ratio of ?0/30 (Run 4). It is of interest that, when Ib (Run 5) and Ie (Run 6) 
were employed in place of Ic, cis-IIc similarly isomerized to trams-IIc. However, 
in the both cases silicon exchanged products, as exemplified SeIow, were not 
formed to any detectable extent_ On the other hand, in the absence of any 
disilane (Run 3),_ no isomerization occurred, but there was obtained a siloxane, 
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YMe 
Ph\ ,SiMe, 

I w 
Me,Si 

/Cd\ 
H 

OMe 

OMe 

+* ph,=c<~iMe~ 

( Meo)2:i 
Me 

Ph\ H 
/ 

Me2Ti’ 
C=C\SiMe 

I 2 
OMe OMe 

Pd (PPh314 

(MeO),!fi-_i(OMel, 

Me Me 

III. This product was presumably formed via the hydrolysis of cis-IIc followed 
by the intramolecular cyclization. Kumada et al. had also observed a similar 

H2O 
Ph\ fH 

c=c 

-r 

e 
Me& 

\ 

‘0’ 
SiMea 

cis -IIc (III 1 

Ib, Ic or Ie/Pd(PPh314 
- trans-IIC 

cyclic siloxane from the reaction of acetylene dicarboxylate with sym-tetra- 
methyldihydrodisilane [ 11. 

The isomerization of cis-IId occurred to only small extent; affording the 
Srczns-IId with and without disilane. For example, a mixture of 90% cis- and 
10% trcns-isomer changed to 81% cis- and 19% frans-isomer (Run 9). 

Surprisingly, the treatment of I.Ic using the complex PdC12(PPh& instead of 
Pd(PPh&, resulted in complete isomer&&ion to the trans-isomer even after a 
short period of time (1 h, Run 7). This is in sharp contrast to the reaction of 
IIc with the palladium(O) complex which gave compound III. However, cis-IIe 
in the presence of PdCl,(PPh,), isomerized only slightly even after a long 
period of time. Thus, it appears that the ease with which the series of the iso- 
merizations found in the present study depends not only on.the nature of the 
catalyst systems but also on the structure of disilylolefins. The fact that the iso- 
merization was effected more effectively by PdC12(PPh& than by the 
Pd(PPh,), might suggest the electrophilic attack of the palladium species on the 
disilylolefins during isomerization. 

Experimental 

All boiling points are uncorrected. The reactions were carried out by heating 
under an atmosphere of argon or in an evacuated Carius tube. IR spectra were 
recorded using neat liquid films with a Hitachi EPI-G3 spectrometer, and ‘H 
NMR spectra were measured on a Varian A-60D spectrometer in CCL, solution 
with mZS as internal standard. GLC analyses were conducted using an Okhura 
Model $700 gas chromatograph equipped with a 1 or 2 m X 4 mm Teflon column 
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ISOMERIZATION OF cis-ADDUCTS TO tmns ISOMERS IN THE PRESENCE OF PALLADIUM 

COMPLEXES 

Rim SUbStY&% 

Styrene 
cis/trans 

Disiie 

Product 
co;nposition 

Tempeature Time risvtruns 

<“Cl 09 

c&z-cr-ub 

9911 

99 b/l 

1 

2 

POIU3 A 110 3 9713 

Ib A 140 1 79121 
4 60;40 

6 56f44 

24 54146 ’ 

3 
Ck-ff4iC 

9614 *0*e A 110 

4 9614 ic A 110 

5 9218 Ib A ‘110 

9218 fe 

9614 
cis-a-IId 

90110 

A 

B 

A 

110 

110 

140 

9 

10 

11 

12 

13 

14 

90 e/10 Id A 140 

ck-cr-IIe 

w/5 A 1182 

9515 

*one 

Ie A 110 

9812 Ib 

83117 IC 

A 
A 

110 

110 

9416 none B 110 

1 
s 

22 

2 

6 
21. 

1.5 

7 
24 

3 
18 

1 

_d 

- 
- 

9317 

70130 
35165 

82118 

80120 
s/25 

77123 
72128 

o/100 

1 86114 
5 63/17 

25 78122 
1 85115 
4 83117 

25 81119 f 

2 9515 
7 89111. 

24 89111 
2 9416 
7 9317 

24 9119 
22 9317 

I 83117 
7 69131 

23 6li39 
3 9218 
6 9119 

23 87113 

a A: Pd(PPhg)a; B: PdC12(PPh3)2. ’ cis-a-IIb/cis-PIIb 8lflS. = trans.a-IIbltmns-P-IIb 79121. d Main 

product: III; no isomerization occurred essentially. e cis-a-IIdick-@-IId 88112. f trons-cr-Ifdllrans-iIId 

84f16. 

packed with Silicone SF-96 (15-24s) on Cefite 545-AW (column temp. 160- 
190” C; He carrier; an external standard, n-C,.&,). 

All the rne~ox~e~hy~~~~es used were prepared via methoxylation of 
the corresponding chiorodisilanes according to the method reported previously 
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[4]. Mono-, di- and tri-chloromethyldisilane were obtained by chlorination 
[ 14] of hexamethyldisilane which was prepared by the literature method [ 151. 

Dichlorotetramethyldisilane was also prepared via disproportionation of 
disilane fraction of the residue in the “Direct Synthesis” [16]. Phenylacetylene 

was commercially available and used after distillation. The two palladium 117, 
181, the platinum [19], the two rhodium 120,211 and the nickel [22] triphenyl- 
phosphine complexes were prepared as described in the literature. Other mate- 
rials were commercially available_ 

DouSle rilylation reaction of phenylacetylene in the presence of complex cata- 
lysts to form the cis-disilylated styrene deriuatives 

A. With symmetrical hexamethyl- and methoxymefhyl-disilanes. The method 
used for the addition reaction to give cis-a!,&bis(dimethylmethoxysilyl)styrene 
is representative. Under argon, a mixture of 1.8 g (10 mmol) of sym-dimeth- 
oxytetramethyldisilane (Ic), 0.51 g (5 mmol) of phenylacetylene and 58 mg 
(5 X lo-* mmol; 1 mol% relative to the acetylene used) of tetrakis(triphenyl- 
phosphine)palladium, Pd(PPhs)d, was heated at 110” C (oil bath) with magnetic 
stirring for 1.5 h. After cooling, the resulting mixture was subjected to GLC 
analysis. Two products which were isolated by preparative GLC were formed. 
From the elemental analysis and IR and NMR spectra, the minor product 
which had a shorter retention time than the major one was identified as tranr- 
c*,fl-bis(methoxydimethylsilyl)styrene; the major product was as cis-cr,P-bis- 
(methoxydimethylsilyl)styrene. The total yield of the two products was 78% 
(by GLC based on the acetylene used) in which the composition of the cis/ 
trans isomer was shown to be 92/S (see Table 1). Pertinent physical, spectral 
and analytical data for all the compounds thus prepared are given in Tables 3 
and 4. 

Similarly, the reaction was carried out by means of an evacuated Carius tube 
in which the starting materials and the catalyst were mixed and sealed. The 
yield of the product thus formed after 20 h was 76% in a 91/9 mixture of the 
cisf Pans isomer. 

13. With unsymmetrical methoxymethyldisilanes. A typical method is given 
for the addition of methoxypentamethyldisilane (Ib) to yield the adduct IIb. 
The reaction was carried out using 3.2 g (20 mmol) of Ib, 1.0 g (10 mmol) of 
phenylacetylene and 116 mg (1 mol%) of Pd(PPh,), at 110°C for 24 h in an 
evacuated Carius tube. The GLC analysis for the product mixture showed that 
the product was 65% in total yield and the isomer ratio of cis to trans was 
99/l. From the reaction mixture a small amount, of the cis isomer was isolated 
by preparative GLC and it was found by means of NMR analysis that this sam- 
ple consisted of 81% cis-cxclimethylmethoxysilyl-~-trimethylsilylstyrene 
(cis-a-IIb) and ‘19% cis-cr-trimethylsilyl-/3-dimethylmethoxysilylstyrene 
(cis-/3-IIb). From the major part of the reaction mixture, a mixture of the cis- 
and trarzs-IIb boiling at 133’ C/10 mmHg was isolated in 36% yield. 

Likewise, from the same reaction under argon in an open system, the prod- 
ucts were formed in the same isomer ratio and also in the same regioisomer 
ratio as the above (see Table 2). 
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Isomerization of cis-11 catalyzed by the Pd complexes with and without 
disilanes 

Some typical examples for the isomer&&ions are shown below. 
A. Isomerization of cis-IIb. A mixture of cis-IIb (2 mmol) (99% cis and 1% 

trans, the regioisomer ratio in the cis isomer being 81/19 for cis-cY-IIb/cis-&IIb, 
respectively), methoxypentamethyldisilane (Ib) (2 mmol) and Pd(PPh,), (5 mg) 
was heated with stirring at 140°C for 24 h, during which time the reaction was 
monitored intermittently by GLC analysis of the mixture. The analyses.showed 
that the peak corresponding to cis-IIb gradually decreased, while the peak due 
to tram-IIb appeared at a shorter retention time than that due to the cis-IIb_ 
The intensity increased with the increasing reaction time. After 24 h, on cool- 
ing, the cis/trans isomer ratio was shown to be 54/46. The sample correspond- 
ing to the trans peak waS isolated by preparative GLC and identified in the 
usual manner to be trans-aciimethylmethoxysilyl-~-trimethylsilylstyrene (trans- 
cz-IIb) and tras-c&rimethylsilyl-P_dimethylmethoxysilylstyrene (trans-/3-IIb) in 
79 and 21%, respectively (Table 5, Run 2). 

B_ Isomerization of cis-IIc_ A mixture of ar&bis(dimethylmethoxysilyl)- 
styrene (IIc, 96% cis and 4% frans), sym-dimethoxytetramethyldisilane (Ic) 
(2 mmol) and Pd(PPh3)4 (5 mg) was treated under argon (110°C). On cooling 
after 6 h, the cis/trans ratio of the resulting mixture was 70/30 (Table 5, 
Run 4). 

C. Isomerization of cis-IIc with Ib. A mixture of cis-cr,&bis(dimethylmeth- 
oxysilyl)styrene (UC, 92% cis and 8% trans) (2 mmol), methoxypentamethyldi- 
silane (Ib) (2 mmol) tid Pd(PPh,), (5 mg) was similarly treated (140°C; 24 h). 
The cis/trans ratio of the resulting mixture was 75/25 and no silicon exchanged 
components which are related to the isomerization, other t&m the frkzs com- 
pound, could be detected in the reaction mixture. 

D. Isomerization of cis-IIc in the presence of PdCl,(PPh,), complex catalyst. 
A similar treatment of a mixture of 96% cis and 4% trans of IIb (1.8 mmol) 
with PdC12(PPh& (5 mg) (110” C; 1 h) gave only trans isomer. The product, 
isolated by preparative GLC, was shown by NMR analysis to be 100% trans-IIc. 
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