
Notes J .  Org. Chem., Vol. 40, No. 1, 1975 131 

Table; I1 
Slopes of the Zucker-Hammett Plots, z ,  and 

Bunnett's w Parameters 
Compound 2 w -  

HC E C  7s-C 2 H, 1.16 * 0.04 -2.4 * 0.3 
C H&=C-S<zHj 1.31 * 0.04 -3.4 i' 0.5 
C 2HSC =C S-C 2 H, 1.16 * 0.04 -2.4 i 0.5 
CH,C=C-S-C (CH3)3 1.03 i 0.03 -0.2 i 0.5 

also in the acid catalyzed hydration of acetylenic thioethers 
covalent bonding of water is not of much importance in the 
transition state of the proton transfer step. 

As a matter of com.pleteness, in Table I1 we have given 
the slopes w of plots of (log k + Ho) us. log a (H20) ac- 
cording to Bunnett.8 These negative values are in the range 
believed to be characteristic for reactions in which water is 
not involved in the rate-determining step. 
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The title compound, cuprous trimethylsilylacetylide (l), 
is of interest in that (1) trimethylsilyl protected acetylenes 
can be readily cleavedl to regenerate the terminal acetylen- 
ic function, (2) cuprous acetylide, itself, does not undergo 
the reactions of other cuprous acetylides, and (3) it repre- 
sents the simplest Castro coupling reagent.2 To the best of 
our knowledge acetylide 1 has not been prepared.lB 

In this paper we wish to report the preparation of 1 and 
its reaction with acid chlorides. Treatment of trimethylsil- 
ylacetylene in tetrahydrofuran (THF) with cuprous tert- 
butoxide4,b afforded a solution containing 1. Although an 
orange-red solid can be isolated from this solution upon 
dilution with ether, it is unstable and readily decomposes, 
even a t  -20'. We have tentatively assigned the structure of 
1 to the orange-red solid based upon the infrared (Nujol 
mull) absorption bands at  1890 (C=C), 1250 (SiMes), and 
855 cm-l (SiMe3). The insolubility and instability of this 
precipitated material h u e  precluded further characteriza- 
tion. The THF solutions of 1 are relatively stable at  Oo pro- 
vided they are not allowed to stand for extended periods of 
time. Thus 1 is best prepared in solution and used immedi- 
ately without isolation. Furthermore, when preparing 1 it 
was found essential for cuprous iodide and trimethylsilyl- 
acetylene to be in excess of the lithium tert-butoxide, as 1 

decomposed upon prolonged exposure to basic reagents. 
We have also prepared 1 from trimethylsilylacetylene by 
the butyllithium-cuprous iodide method,6 but this method 
was not as satisfactory as the cuprous tert- butoxide proce- 
dure. 

So far all attempts to obtain the Castro coupling product 
from 1 and the very reactive substrate methyl 2-iodoben- 
zoate have been unsuccessful due t o  the instability of 1 
under the reaction conditions. However, treatment of 1 
with acid chlorides afforded the trimethylsilylethynyl ke- 
tones listed in Table I. 

Table I 
Trimethylsilylethynyl Ketones 

T A m t ,  m m o l 7  RCCC=CSi(CH3)3, 

R RCOCl l a  % yield 

CH3 15 12.8 30 
CH3 15 25.6 24 
CH3 (CHz), 8 12.8 38 
CH3 (CH2)db 8 12.8 62 
(CH3)2CHb 8 12.8 48 
C6H5 1 5  12.8 66 
C6H5 15 25.6 66 
#-CH3CBH4 8 12.8 48 
P-C~CGH, 8 12.8 61 

@ Prepared in.situ from CuOC(CH3)3 and HC=CSi(CH& with 
the assumption of a quantitative formation of 1. bThe solution 
containing 1 was evaporated to dryness under reduced pressure and 
the residue redissolved in THF before the addition of RCOC1. 

The data in Table I show that there is no advantage in 
using an excess of either 1 or the acid chloride. When ali- 
phatic acid chlorides were used, the tert- butyl alcohol gen- 
erated in the preparation of 1 had to be removed (evapora- 
tion under reduced pressure) prior to the acid chloride ad- 
dition since it competed with 1 for the acid chloride. With 
aryl acid chlorides the competing side reaction with tert- 
butyl alcohol was negligible. 

Trimethylsilylethynyl ketones have previously been pre- 
pared by the action of trimethylsilylethynylmagnesium 
bromide on acid anhydrides' and by the aluminum chloride 
catalyzed reaction of acid chlorides with bis(trimethylsi1- 
y1)acetylene .'3 

The present procedure is complementary to the above 
methods in that it uses acid chlorides instead of the less 
readily available anhydrides required by the former, and 
the reaction conditions are essentially neutral as compared 
to the strongly acidic conditions of the latter. 

In summary, cuprous trimethylsilylacetylide proved to 
be too unstable for Castro coupling; however, it does react 
readily with acid chlorides to give trimethylsilylethynyl ke- 
t o n e ~ . ~  

Experimental Section'o 
General 'Procedure. To a magnetically stirred suspension of 

cuprous iodide in 40 ml of THF at 0' under nitrogen was added 0.9 
equiv of lithium tert- butoxide. The mixture was stirred for 45 min 
at  0' and then 1 equiv of trimethylsilylacetylenell dissolved in 10 
ml of THF was added with the temperature being maintained at 
Oo. After 30 min, the acid chloride was added and the cooling bath 
was removed. The reaction mixture was stirred for 20 hr at room 
temperature and the solvent was then removed on a rotary evapo- 
rator. The residue was treated with ether and filtered, and the fil- 
trate was evaporated on a rotary evaporator. The residue was chro- 
matographed on a small column of silica gel eluting with hexane up 
to 0.5% ether-hexane. The products so collected were then dis- 
tilled under reduced pressure. In each chromatography run a small 
forefraction, ranging from 12 to 18%, of bis(trimethylsilyl)-1,4-bu- 
tadiyne was obtained as a coupling product from 1. 

Phenyl trimethylsilylethynyl ketone was isolated as a pale 
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yellow liquid: bp 98-99O (1.0 mm) [lit.7 bp 103-104' (2.5 mm)]; ir 
( c c l d  2165 (CEC), 1640 (C=), 1250 (Si(CH3)3), 865 (Si(CH3)3), 
855 cm-l (Si(CH3)3); nmr (cc14) 6 0.32 (s, 9, Si(CH3)3), 7.50 (m, 3, 
Ar H), 8.05 (m, 2, Ar H). 

p-Ch loropheny l  t r i m e t h y l s i l y l e t h y n y l  k e t o n e  was isolated as 
a pale yellow liquid: bp 105-106.5O (0.5 mm) [lit.sb bp 80-84O 
mm)]; ir (cc14) 2160 (CzC),  1645 (C=O), 1250 (Si(CH3)3), 865 
(Si(CH3)3), 855 cm-' (Si(CHd3); nmr (CC14) 6 0.32 (s,9, Si(CH3)3), 
7.15 (d, 2, J = 9 H,, Ar H), 7.75 (d, 2, J = 9 Hz, Ar H). 

p M e t h y l p h e n y 1  t r i m e t h y l s i l y l e t h y n y l  ke tone was isolated as 
a pale yellow liquid: bp 110-112° (0.75 mm) [lit.8b bp 74-78O 
mm)]; ir (cc14) 2170 (C=C), 1640 (C=O), 1250 (Si(CH3)3), 865 
(Si(CH3)3), 855 cm-l (Si(CH3)s); nmr (CC14) 6 0.30 (s, 9, Si(CH&), 
2.28 (s, 3,Ar CH3),6.92 (d, 2 , J  = 8 Hz, Ar H), 7.62 (d, 2 , J  = 8 Hz, 
ArH). 

M e t h y l  t i i m e t h y l s i l y l e t h y n y l  k e t o n e  was isolated as a color- 
less liquid: bp 62-64' (28 mm) [lit.7 bp 51.5O (12 mm)]; ir (CC14) 
2160 (CEO, 1675 (C=O), 1255 (Si(CH3)3), 870 (Si(CH3)3), 855 
cm-l (Si(CH3)d; nmr (CCL) 6 0.25 (s, 9, Si(CH3)3), 2.25 (8, 3, 
C(O)CH3). 

n-Pentyl t r i m e t h y l s i l y l e t h y n y l  ketone12 was isolated as a col- 
orless liquid: bp 74-75' (1.0 mm); ir (cc14) 2160 (C-C), 1670 
(C=O), 1250 (Si(CH3)3), 870 (Si(CH3)3), 855 cm-' (Si(CH3)s); nmr 
(cc4) 6 0.24 (s, 9, Si(CH3)3), 0.70-1.90 (cm, 9), 2.38 (t, 2, J = 6 Hz, 
C(O)CHz). 

I s o p r o p y l  t r i m e t h y l s i l y l e t h y n y l  ketone12 was isolated as a 
colorless liquid: bp 78.2-81.8' (17 mm); ir (CC14) 2160 (C=C), 
1670 (C=O), 1255 (Si(CH&), 865 (Si(CH&, 855 cm-l 
(Si(CHd3); nmr (Cc14) 6 0.28 (9, 9, Si(CH3)3), 1.16 (d, 6, J = 7 Hz, 
CH(CH3)2), 2.50 (heptet, 1, J = 7 Hz, CW(CH&). 
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In some previous work, we had established that a-vinyl- 
benzyl alcohol (1) can react in a variety of ways when treat- 
ed with alkyllithium reagents. Treating 1 with n- butyllith- 
ium in tetrahydrofuran (THF) gave good yields of propio- 
phenone (2)) by way of a dianion intermediate (3).2 In con- 
trast to this result, the same starting materials in the 
presence of N,N,N,'N'-tetraniethylethylenediamine 
(TMEDA) and with hexane as the solvent gave the alcohol 
4 (R = n-Bu) and saturated compound 5 (R = n-Bu) in a 
3:l ratio, and no ketone.3 The alcohol, which is produced in 
a highly stereospecific manner, presumably arises by addi- 
tion of n-butyllithium to the internal end of the double 
bond giving rise to intermediate 6 (R = 19-Bu), which upon 
hydrolysis affords 4. The saturated product 5 more than 
likely arises by way of addition of n-butyllithium to the 
terminal end of the double bond, giving rise to 7 (R = n- 
Bu) which eliminates Li20 to 8 (R = n-Bu) and subse- 
quently undergoes a second addition of n-butyllithium to 
the conjugated double bond. 

OH 0 OLi HO R 
I II I I I  

PhCHCHECH, PhCCH,CH, PhC=CHCH,Li PhCHCHCH, 

1 2 3 4 

OLi Li LiO Li 

I I  I I  
R R PhCHCHCH, PhCHCHCH, 

I I I I 
I 
R PhCH=CHCH,R 

I I I 
PhCH2CHCHl R 

5 6 7 8 

Treatment of a-vinylbenzyl alcohol (1) with tert-butylli- 
thium in the presence of TMEDA and hexane gave 23% ke- 
tone (2), 9% cis-8 (R = t-Bu), 36% trans-8 (R = t-Bu), and 
32% 5 (R = ~ - B u ) . ~  Consequently, in the case of tert-butyl- 
lithium the only addition products that result come from 
addition to the terminal end of the double bond and not 
the internal end. These differences led us to investigate the 
addition of n- and tert-butyllithium to two other homolo- 
gous alcohols. 

In our previous work, we reported that 2-phenyl-3- 
buten-2-01 (9) did not show any addition or rearrangement 
products when treated with excess n- butyllithium. How- 
ever, it has now been found (after several trials) that over- 
night refluxing of a solution of 9,3 equiv of n- butyllithium, 

OH 
I Ph H 

9 10 

11 12 

and 1 equiv of TMEDA in the solvent hexane resulted in 
the production of two new compounds, together with a con- 
siderable amount of unreacted starting material remaining. 


