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In  the presence of chloroplatinic acid or platinum 
catalysts, silicon hydrides add to both terminal and 
nonterminal olefins to form primary alkylsilanes.1~2 
The unusual tendency toward making primary alkyl- 
silanes from nonterminal olefins and for olefins to 
isomerize during the reaction has been studied by several 
groups of investigators.3-6 

We wish to report that no such rearrangement occurs 
with butyne-2. Methyldichlorosilane adds to butyne-2 
stereospecifically in 5~ cis manner a t  the original posi- 
tion of the triple bond to form cis-2-methyldichloro- 
silylbutene-2 (1). That the reaction led to cis addition 
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\ /  
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is in agreement with the results of Benkeser' which 
showed that in the presence of chloroplatinic acid or 
supported platinum catalysts trichlorosilane added to 
1-alkynes in a cis manner to form trans-l-trichlorosilyl- 
1-alkenes as the major products. 

Treatment of the adduct 1 with methylmagnesium 
bromide formed cis-2-trimethylsilylbutene-2 (2). 
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The H1 nuclear magnetic resonance (nmr) spectrum 
of 2 was examined in detail using spin-decoupling 
methods. A relatively large Jac coupling (2.0 cps) 
would indicate that methyl group a and the vinyllic H 
atom are situated trans to each other. In  addition the 
small value observed for Jab in 2 (0.9 cps) indicates that 
the methyl groups are in a cis configuration. These 
conclusions are based on interpretations of the nmr spec- 
tra of cis- and trans-2-bromobutene-2 published by 
Richards and Beach.8 

Further confirmation of our assignment of a cis con- 
figuration to 2 is based on the synthesis of trans-2-tri- 
methylsilylbutene-2 (3). Dreiding and Prattg pre- 
pared angelic acid in 91% isomeric purity by carbona- 
tion of the organolithium derivative formed from trans- 
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2-bromobutene-2. The work of these authors plus the 
references cited in their publication provide convinc- 
ing evidence that the formation of the vinyllithium spe- 
cies and its coupling with various reagents can be ac- 
complished with only minor loss of the configuration of 
the groups about the double bond. 

The lithium reagent from trans-2-bromobutene-2 re- 
acted with trimethylchlorosilane to form trans-2-tri- 
methylsilylbutene-2 (3) which we judged from its in- 
frared spectrum to be contaminated by 13% of 2. The 
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same lithium reagent with acetic acid produced essen- 
tially pure trans-butene-2, as judged by it,s infrared 
spectrum. Thus we are able to relate the configuration 
of methyl groups in 3 to those of trans-butene-2. 

Experimental Section 

cis-2-Trimethylsilylbutene-2 (2).-Butyne-2 (27 g, 0.5 mole) 
and chloroplatinic acid mole) were placed in a small flask 
equipped with a reflux condenser. Methyldichlorosilane (0.45 
mole) was slowly added. The solution was cooled with a water 
bath to maintain its temperature a t  25-30'. The product was 
added to an excess of methylmagnesium bromide in ether. After 
the usual work-up and distillation, cis-2-trimethylsilylbutene-2 
was recovered boiling a t  110': n26~ ,  1.4245; dZ50.7461; RD~O 
0.3423, RD calcd 0.3403; yield 27 g (47%). 

And.  Calcd for C7Hl&i: C, 65.5; H ,  12.55; Si, 21. 
Found: C, 65.4, 65.4; H, 12.40, 12.53; Si, 21.5. 

The infrared spectrum showed characteristic bands a t  1620 
(C=C stretch), 1375 (MeC), and 1243 (MeSi), as well as three 
strong unassigned bands at 610, 460, and 403 cm-* which were 
used to assay this compound in mixtures. 

The nmr spectrum showed a singlet absorption at 7 9.98 
(MeSi), a complex system of peaks at  8.4 (both methyl groups on 
carbon), and a complex peak system a t  4.3 (vinylic hydrogen). 
A spin-decoupling experiment" showed a vinylic hydrogen spec- 
trum composed of a 1 : 3 : 3 : 1 quartet of 1 : 3 : 3 : 1 quartets with 
coupling constants 6.8 and 2.0 cps. The 6.8 coupling constant 
is assigned to geminal CHICH and the 2.0-cps coupling to a 
trans CHaC=H system. The five-band CH8CH, coupling dis- 
played by the methyl group absorption (a doublet of quartets) 
is 0.9 cps which indicates a cis arrangement of the methyl 
groups 

trans-2-Bromobutene-2 .-A mixture of cis- and trans-2- 
bromobutene-2 (Columbia Organic Chemicals) was carefully 
fractionated using a small spinning-band column. The various 
fractions were assayed by gas-liquid partition chromatography 
(glpc). trans-2-Bromobutene-2 was isolated in 99% purity: 
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71% 1.4566; h0 1.318; RD 0.2065, RD calcd 0.2065. Dreiding 
and F’ratt report n% 1.4561 for this compound.* 

trans-2-Trimethylsilylbutene-2 (3).-frans-2-Bromobutene-2 
(6.7 g, 0.05 mole) was slowly added to a flask containing lithium 
wire (0.70 g, 0.10 g-atom) and ether a t  a temperature of 0”. 
When the organolithium reagent had been formed, trimethyl- 
chlorosilane (5.4 g, 0.05 mole) was added. The resulting solution 
w a ~  filtered, washed, anddried. A sample of 3 was then isolated 
by distillation and judged to be 96% pure by glpc, neSD 1.4252. 

The infrared spectrum of this material showed the same group 
bands at 1620,1375, and 1243 cm-l as 2. The bands at 610,460, 
and 403 cm-1 were present at much lower intensity in this sample 
from which we estimate that this material contains 13% of 2. 

This sample exhibited strong absorptions at 643, 485, and 
432 cm-1 which we believe to be characteristic of the trans 
isomer 3. 

trans-Butene-2 .-trans-2-Bromobutene-2 (6.7 g, 0.05 mole) 
was slowly added to lithium wire (0.70 g, 0.10 g-atom) in ether a t  
0” with stirring. When the organolithium reagent had formed 
the solution was treated with acetic acid (3 ml) and the butene 
which was evolved was collected in a cold tap and distilled to a 
second cold trap to free it of ether. The infrared spectrum of this 
material was that reported for trans-b~tene-2~~ except for the 
presence of about 47, ether. 
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The “abnormal” product IVa (Scheme I) of the 
Claisen rearrangement of y-ethylallyl phenyl ether (Ia) 
has been shown to be formed from the normal product 
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I-IVb, R =  CH3 
I-IVa, R -- H 

IIa by a secondary thermal rearrangement.2 Both nor- 
mal and “abnormal” products have usually been de- 
tected in the cases e ~ a m i n e d , ~  but it was reported that 
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when I I a  was heated for a long time a t  200-230°, the 
conversion to  IVa was ~ o m p l e t e , ~  as well as could be 
detected by the infrared analysis used. According to  
the accepted m e c h a n i ~ m , ~ ~ ~  the rearrangement of I I a  
to IVa via the spirodienone intermediate I I Ia  should be 
reversible. Although IVa would be expected to  be 
favored in an equilibrium between I I a  and IVa, there 
is one report in the literature which suggests that I Ia  
should be present in a detectable amount. When the 
ether V was subjected to  thermal rearrangement, a 
mixture of products was obtained which was shown by 
ozonolysis to contain some VII.3a 

?HI 
OCHCH=CHCH3 
I 
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VI  
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We decided to test the reversibility of the rearrange- 
ment in this a-ethylallyl 11, VI1 and a,y-dimethylallyl 
IV, VI system using the p-cresol derivatives I Ib  and 
IVb, which were available to us. 

Thermolysis of y-ethylallyl p-tolyl ether (Ib) a t  tem- 
peratures of 175-200” gave mixtures of IIb and IVb; 
higher temperatures and longer heating times gave in- 
creased amounts of IVb, as expected, but vpc, nmr, and 
infrared data revealed evidence of the presence of both 
isomers in all reaction products. 

Authentic samples of I Ib  and IVb were prepared by 
independent ~yntheses .~J  Preliminary experiments in 
which IVb was heated a t  185-200” gave product mix- 
tures that were difficultly resolved by vpc, but definitely 
contained small amounts of IIb. Better separation of 
IIb from IVb was accomplished by converting the mixed 
isomeric phenols to their methyl ethers before applying 
preparative-scale vapor phase chromat’ography. I n  this 
way, a sample of the methyl ether of I Ib  was obtained 
which was pure enough for positive identification by vpc, 
nmr, and infrared analysis. 

In  order to demonstrate formation of the same equi- 
librium mixture of I Ib  and IVb from either isomer by 
thermal rearrangement, separate samples of I Ib  and 
IVb were heated in N,N-diethylaniline a t  200” for 9 
days. Analysis of the phenolic components of the two 
reaction mixtures showed them to be identical and to 
consist of ca. 96% IVb and ca. 4’% IIb. 

These results support the view that the secondary re- 
arrangement of an a-ethylallylphenol (11) to an a,y-di- 
methylallylphenol (IV), which is responsible for “ab- 
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