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Summary: a-Methylene- B-hydroxysilanes react with 
NaH in octane to give predominantly allenes resulting 
from @-elimination: The corresponding reactions in more 
polar solvents or with KHgive mixtures of products from 
8-elimination and desilylation, with desilylation pre- 
dominant in the more polar systems. 

Although simple (saturated) 8-hydroxysilanes readily 
undergo base-induced &elimination reactions to give 
olefins? &hydroxysilanes which are also vinylsilanes (a- 
alkylidene-&hydroxyeilanes) are relatively unreactive to 
some of these conditions.3 Treatment of such compounds 
with fluoride has led to allylic alcohols4 from desilylation,6 
and treatment with metal hydrides has led to allylic 
alcoholsuJ*6b or the corresponding silyl ethers.4d@afcvd 
Compared to the saturated systems, the 8-elimination 
reactions in the unsaturated systems are disfavored, 
presumably because they would lead to relatively strained 
allenes, and the desilylation reactions are favored by the 
greater stability of vinyl anions over the analogous alkyl 
anions. 

The base-induced @-elimination reactions of the satu- 
rated 8-hydroxysilanes are typically carried out with KH 
in an ethereal solvent such as ether or tetrahydrofuran 
(THF), or with NaH in a more polar solvent such as 
dimethylformamide.2 We have previously shown that 
simple (saturated) @-hydroxysilanes react with bases such 
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P. F.; Peterson, D. J.  Am. Chem. SOC. 197S, 97,1464-1468. (c) Hudrlik, 
P. F.; Peterson, D.; Rona, R. J. J. Org. Chem. 1978,40,2263-2264. For 
reviewe we (d) Ager, D. J. Synthesis, 1984,384-398. (e) Hudrlik, P. F.; 
Agwaramgbo, E. L. 0. In Silicon Chemistry; Corey, E. R., Corey, J. Y., 
Gaspar, P., Eds.; Ellis Horwood, La.;  Chichester, 1988; pp 96-104. (0 
Ager, D. J. Org. React. 1990,38, 1-223. 
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Chem. 1978,43,1626-1632. 
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1978, 100, 4624-4626. (c) Snider, B. B.; Conn, R. 5. E.; Karras, M. 
Tetrahedron Lett. 1979, 167S1682. (d) Fristad, W. E.; Bailey, T. R.; 
Paquette,L. A. J. Org. Chem. 1980,45,3028-3037. (e) Oda, H.; Sato, M.; 
Moriznwa, Y.; Oshima, K.; Nozaki, H. Tetrahedron Lett. 1983,24,2877- 
2880. (0 Wrobel, J. E.; Ganem, B. J.  Org. Chem. 1983,48,3761-3764. 
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Larson, G. L.; McGarvey, G. J. Tetrahedron Lett. 1988,29,1366-1358. 
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the ieotopeaof hydrogen ('protiodesilylation", 'deuterioddylation", etc.). 
See Jones, R. A. Y.; Bunnett, J. F. Pure Appl. Chem., 1989,61,725-768, 
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as KOtBu or KOH in a highly polar solvent such as Me2- 
SO (particularly in the presence of a proton source such 
as H20) to give predominantly products of desilylation 
rather than fl-eliminati~n.~ Since very polar conditions 
appeared to favor the desilylation reaction with the 
saturated 8-hydroxysilanes, we felt the use of very nonpolar 
conditions might favor &elimination (allene formation) 
with a-alkylidene-8-hydroxysilanes. 

We have previously suggested that desilylation reactions 
of saturated p-hydroxysilanes involve a homo-Brook 
rearrangement followed by hydrolysis or cleavage of the 
resulting silyl ethers? and we have shown that the base- 
induced 8-elimination reactions of simple 8-hydroxysilanes 
take place in a syn manner.2c Thus, probable reaction 
pathways for the @-elimination and desilylation reactions 
of a-alkylidene-8-hydroxysilanes are shown in Scheme I. 
The fluoride-induced desilylations may also take place by 
this pathway. 

We have studied the reactions of a-methylene-8- 
hydroxysilanes with bases in different solvents to help 
determine the factors influencing desilylation versus 
@-elimination. We were especially interested in finding 
conditions which favor 8-elimination, enabling these 
reactions to be used for the synthesis of allenes. Allenes 
have previously been prepared from a-alkylidene-8- 
hydroxysilanes by a two-step procedure involving con- 
version of the hydroxyl to a better leaving group followed 
by treatment of the product with fluoride.g*"*i*8 
As substrates for these reactions, we have prepared the 

a-methylene-&hydroxysilanes 1 and 5 by reaction of 
l-(trimethylsily1)vinyllithium with cyclohexanone (90% 
yield) and 2-decanone (77-84 % yield), respectively. We 
have treated substrate 1 withNaH and with KH in avariety 
of solvents, and with NaHI18-crown8 (catalytic) in a few 
solvents. In most cases, allene 2 and silyl ether 4 were the 
only products observed; with NaH in MezSO, the allylic 
alcohol 3 was observed. Typical results are shown in Table 
I. Reaction times shown are those for complete or nearly 
complete consumption of substrate 1. 
As can be seen from Table I, the relative amount of 

&elimination (giving 2) was highest with nonpolar con- 
ditions. With NaH in heptane or octane, no reaction 
occurred at room temperature, but a t  reflux, the allene 2 
was by far the major product observed. (With hexane or 
cyclohexane as the solvent, reaction was very slow, and 
somewhat more of the desilylation product 4 was observed.) 

(7) (a) Hudrlik, P. F.; Hudrlik, A. M.; Kulkami, A. K. J. Am. Chem. 
SOC. 1982,104,6809-6811. (b) Hudrlik, P. F.; Holmes, P. E.; Hudrlik, 
A. M. Tetrahedron Lett. 1988,29,6395-6398. 

(8) Reviewe on allene synthesis: Taylor, D. R. Chem. Rev. 1967,67, 
317-369. Hopf, H. In The Chemistry of Ketenes, Allenes and Related 
Compounds; Patai, S.,  Ed., Wiley: Chicheater, 1980; Part 2, pp 779901. 
Paeto, D. J. Tetrahedron 1984,40,2806-2827, especially pp 2808-2811. 
Sandler, S. R.; Karo, W. Organic Functional Group Preparations, 2nd 
ed., Academic Press: Orlando, FL, 1986; Vol. 11, pp 1-47. 

0 1993 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 2

8,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

1,
 1

99
3 

| d
oi

: 1
0.

10
21

/o
m

00
03

0a
05

4



2368 Organometallics, Vol. 12, No. 6, 1993 

Table I. @-Elimination/Deailylylation of 1 under Various 
conditions 

HO SiMe, 

& -  

Notes 

1 2 3 ( R  - H) 
4 ( R  = S i M q )  

NaH KH NaH/lIJ-crown-6 
solvent time 2/4a time! 214' time! 2 / 4 O  

Octane l d a y  1:tr 3-5 days 1:l-2 1-4 days tr:l 
heptane 2-3 days' >10:1 3-5 days 1-21 
toluene 1 day' 4:l 1 day 3:2 1 day tr: 1 
EtSN 6h-1 day  3:2 1-2days -1:l 
TMEDA 1-3hd 1:lO 
Et20 2dayse NR 5 h  3:4 
dioxane 1 he 1:2 1 h 1:2 
THF 1-2daysb 1:lO 1 h 1 :4 
DME 1-2daysb tr: 1 few min tr: 1 
MezSO fewminutab e 

a Approximate GC ratios, not corrected for detector raponse; tr = 
trace; NR = no reaction. b At room temperature. e Twenty-four hours at 
room temperature followed by indicated number of hours at reflux. At 
100 O C .  Only the hydroxy compound 3 was detected. 

Scheme I 
HO SiMe, MesSiOL ,H no, ,H 

4 3 - 4 -  
DESILYLATION 

sourco 
/I base 

r 1 

\ I J  L 

>.= @-ELIMINATION 

On the other hand, with NaH/l&crown8 in octane, 
reaction took place (slowly) a t  room temperature, and silyl 
ether 4 was essentially the only product. (In a preliminary 
experiment, a reaction of 1 with NaH/l8-crown-6 in octane 
heated at  reflux was complete within 1 h, and was less 
selective, giving a ratio of 214 of about 1:6.) Use of polar 
solvents for the reaction of 1 with NaH also led to only (or 
almost only) desilylation products (compound 4 using 
dimethoxyethane (DME), and, in preliminary experi- 
ments, using pyridine and acetonitrile, and alcohol 3 using 
MezSO). In general, reactions with NaH/l&crown-6 and 
with KH were faster (or proceeded a t  lower temperatures) 
than the analogous reactions with NaH, but resulted in 
more desilylation. 

Preliminary experimenta using ultrasound (Bransonic 
220 ultrasound bath) did not indicate an improvement in 
the reaction. Treatment of substrate 5 with NaH in octane 

ethers (analogous to 4) together with a very small amount 
of allene 6. The lack of improvement in the reaction under 
sonication suggests that alkoxide formation with sodium 
hydride is not the slow step (which is perhaps not 
surprising). 

A mixture of the silyl ether (analogous to 4) and allene 
6 was also observed in a preliminary experiment using 
KH in octane at  room temperature (without sonication). 
Treatment of 5 with NaH in octane at reflux resulted in 
allene 6 together with several percent of the silyl ether. 

The &elimination reactions in octane at  reflux may have 
some preparative value, since the allene is by far the major 
product. In a preparative experiment, treatment of 6 with 
NaH in octane a t  reflux (27 h) produced pure allene 6 in 
54% yield after chromatography. 

Experimental Section 
General. All reactions were carried out under a nitrogen or 

argon atmosphere. The verb 'concentrated" refers to removal 
of solvent under reduced pressure (water aspirator) using arotary 
evaporator. 1H NMFt spectra were obtained on Nicolet NT-200 
(200 MHz) or General Electric QE300 (300 MHz) spectrometers, 
and 'Bc NMR spectra (76.6 MHz) were obtained on the latter 
instrument. Chemical shifta are reported relative to CHCh (6 
7.26) for lH spectra of compounds containing Me& to Me$i 
(6 0.00) for lH spectra of compounds not containing Measi, and 
to CDCh (6 77.0) for 1gC spectra Maw spectra were obtained on 
a Finnigan MAT 4500 or a Hewlett-Packard 6890Seriee IU6971A 
gas chromatography maw spectrometer (GC/MS) system. Gas 
chromatography (GC) analyses were carried out using a flame 
ionization detector on a Hewlett-Packard 6880 instrument using 
a 12.6-m crosslinked polymethyldisiloxane capillary column or 
on a Shimadzu GC-SA using a 2.1-m g h  column packed with 
3% OV-101 silicone on 100/120 mesh Supelcoport. 

Octane, heptane, dioxane, and dimethyl sulfoxide were distilled 
from CaHz. Toluene and lI2-dimethoxyethane (DME) were 
distilled from sodium. Triethylamine and tetramethylethyl- 
enediamine (TMEDA) were dietilled from BaO. Diethyl ether 
(anhydrous) and tetrahydrofuran (THF) were distilled from 
sodium and benzophenone. 

1-[1-(Trimethylsilyl)viny1lcyclohexanol (l)rlo was prepared 
by treatment of cyclohexanone with 1-(trimethylsily1)vinyl- 
lithium.r*lo A Comparison sample of ethenylidenecyclohexane 
(2)8bJ1 was prepared from 1 by treatment with trifluoroacetic 
anhydride/pyridine followed by ~-BQNF*~HzO/M&O.*~ A 
comparison sample of 1-vinylcyclohexanol (3)lZ was prepared by 
treatment of cyclohexanone with vinylmagnesium bromide. A 
comparison sample of the trimethyleilyl ether 4 of l-vinylcy- 
clohexanol wae prepared by treatment of 3 with hexamethyl- 
disilazane followed by trimethylsilyl chloride.18 

General Procedure for Treatment of 1-[ 1-(Trimethyl- 
silyl)vinyl]cyclohexanol (1) with Base (ea. NaH). Sodium 
hydride (144 mg of a 60% dispersion in oil, 3 "01) was washed 
with two 10-mL portions of pentane. To the residue was added 
5 mL of the solvent followed by a solution of 99 mg (0.5 m o l )  
of compound 1 and about 40 mg of internal standard (dodecane; 
octanol when the solvent wae MezSO) in 1 mL of the solvent. 

q i M c a  octan; NOH 

Oct O c t  oct  
5 6 

under sonication at  55 "C for 2 days resulted in little or 
no reaction, while similar treatment with NaH in THF 
resulted in a slow reaction yielding predominantly a 
compound tentatively identified by GUMS as the silyl 

(9) Trimethyleilyl ether of 6 ~BBL)  spectrum m/z (tentative amignment, 
re1 inten) 266 (M+, 0.07), 241 ([M- Me]+, S), 229 ([M- CHICHnl+, 13), 
143 ([M - &I+, loo), 76 (M@iOH+, 23),73 (Me&+, 46). 

(10) Gr(lbel,B.-T.;Swbach,D.Chem.Ber.1977,110,867-877;Paquette, 
L. A.; Wells, G. J.; Horn, K. A.; Yan, T.-H. Tetrahedron 1985,99,913- 
924; and references cited therein. 

(11) Bailey, W. J.; Pfeifer, C. R. J. Org. Chem. 1966, 20, 95101. 
Seyferth, D.; Lambert, R. L., Jr. J. Organomet. Chem. 1976,91,31-46. 

(12) Marmu, A; Normant, H. Bull. Chim. SOC. Fr. 1966,3491-3404. 
Reich, H. J.; Shah, S. K.; Chow, F. J. Am. Chem. SOC. 1979,101,6648- 
6666. Mataubarn, S.; Okazoe, T.; Oshima, K.; Takai, K.; N d ,  H. Bull. 
Chem. SOC. Jpn. 1986,58,844-849. 

(13)Lauger, S.  H.; Connell, S.; Wender, 1. J. Org. Chem. 1968, 29, 
50-58. 
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Notes 

Aliquots were taken and worked up by adding to saturated 
NaHCOs overlaid with ether. The ether layers were removed by 
pipet, dried (MgSOd, and analyzed by GC (Hewlett-Packard). 
When the reaction was found to have gone to completion, water 
was slowly added followed by ether. The aqueous layer was 
extracted twice with ether, and the combined organic layers were 
washed twice with saturated NaHCOs, dried (MgSOd, and 
analyzed by GC and GC/MS. Product aseignmenta were con- 
firmed by comparing the GC and GUMS to those of the 
comparison eamples.14 

3-Met hy l-2- (trimet hybily1)- 1-undecen-3-01 (5). To 2.99 
mL (19.4 "01) of (a-bromoviny1)trimethylsilane in 20 mL of 
anhydrous ether at -78 'C was added 25.5 mL of tert-butyllithium 
(1.6 M in pentane, 40.8 "01) dropwise. The resulting mixture 
was stirred at -78 OC for 3 h after which 2.57 mL (13.6 "01) 
of 2-decanone in 10 mL of anhydrous ether was added dropwise. 
The resulting mixture was stirred at -78 OC for 6 h. The cold 
bath was removed; the reaction mixture warmed to room 
temperature overnight and was poured into 100 mL of ice-cold 
5% HC1. The aqueous layer was extracted with three portions 
of ether, and the combined organic layers were washed with three 
portions of saturated NaHCOs, dried (MgS03, and concentrated. 
The residue was purified by flash chromatography on 40 g of 
silica gel using pentane/ether (101) giving 2.67 g (76.7%) of 
alcohol S (ae a pale yellow liquid): IR ( f i i )  3615,3480,3060, 
2958,2929,2857,1249,856,839 cm-l; lH NMR (CDCb) 6 0.13 
(8, 9 H), 0.86 (crude t, 3 H), 1.2-1.4 (m, including s at 1.28) and 
1.4-1.65 (m)(total 18.7 H), 6.38 (d, J = 2 Hz, 1 H); 5.60 (d, J = 
2 Hz, 1 H); '8c NMR (CDCb) 6 0.57 (Me&), 14.07 (CHsCHz), 

30.11 (CHS), 31.87 (CHo), 42.96 (CHrhept), 77.80 (C), 122.82 
(vinyl CHz), 159.66 (vinyl C) (assignments by meam of ATP, 
DEPT 135, and 2D (1H-W) studies); mass spectrum m/z (re1 
inten) 256 (M+, very small), 241 ([M - Me]+, 2.5), 225 (1.3), 157 

22.64 (CHo), 23.85 (CHs), 29.28 (CH& 29.58 (CHz), 30.04 (CH& 

Organometallics, Vol. 12, No. 6, 1993 2369 

(6.8), 143 (11.4), 127 (100),75 (83),73 (31). GC analysis (Hewiett- 
Packard) (50 OC for 5 min, then 10 OC/min to 250 OC, and 250 
OC for 5 min) showed the major peak at 15.98 min (96.8%). 
J-Methyl-l,2-~ndecadiene (6). To pentane-washed NaH 

(from 0.44 g of a 50% dispersion in oil, 9.2 "01) was added 15 
mL of octane and0.4 g (1.6 "01) of substrate 5, and the resulting 
mixture was heated at reflux for 27 h.16 The mixture was cooled 
to room temperature and added to cold aqueous NaHCOs overlaid 
with pentane. The aqueous layer was extracted twice with 
pentane, and the combined organic layers were dried (MgS03, 
concentrated, and chromatographed on Florisil (pentane). Re- 
sidual octane was removed from the product by vacuum (35 mm, 
several days at room temperature) to give 0.14 g (54%) of 6l6 as 
a colorless liquid lH NMR (CDCb) 6 0.88 (crude t, 3 H), 1.27 
(bs, 12 H), 1.67 (t, J = 3 Hz, 3 H), 1.92 (m, 2 H), 4.57 (sextet, J 
= 3 Hz, 2 H); mass spectrum m/z (re1 inten) 166 (M+, O.l), 151 
([M - Me]+, 0.41, 138 (0.41, 137 (0.41, 124 (0.71, 123 (0.91, 110 
(5.2),109(4.2),95(12),81(15),68(100),67(46). TheIRepectrum 
was consistent with that reported.'" GC analysis (Shimadzu) 
(70 OC for 5 min, then 10 OC/min to 200 OC, and 200 "C for 5 min) 
showed the major peak at 10.8 min (92.4%). 

(14) This method of analyeis may not have dietinguished between dene 
2 and isomers (eee ref 16). 
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(16) When less solvent wm used for the reaction, or when nome of the 
eolvent accidently evaporated during the reaction, product mixtures, 
includw ieomers (by GC/MS) of allene 6, were formed. 

(16) (a) Moreau, J.-L.; Gaudemar, M. J. Orgonometal. Chem. 1976, 
108, 169-164. (b) Michelot, D.; Clinet, J.-C.; Linatrumelle, G. Synth. 
Commun. 1982,12,739-747. (c) Huynh, C.; Linetrumelle, G. J.  Chem. 
Soc., Chem. Commun. 1989,1133-1134. 
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