Communications

Conjugate Addition of Trimethylsilyllithium.
A Preparation of 3-Silyl Ketones

Summary: Trimethylsilyllithium is readily prepared by
adding methyllithium to hexamethyldisilane in hexa-
methylphosphoramide (HMPA); this reagent undergoes rapid
1,4 addition to cyclohexenones at low temperature to give
enolates of 3-silyl ketones (II).

Sir: Since the late 1950’s, it has been known that silyl anions!
undergo smooth addition to a variety of organic electrophiles?
including ketones, epoxides, and halides. However, we know
of no report of the reaction of these reagents with simple
a,B8-unsaturated carbonyl compounds.? The result of such a
reaction is of special interest since it could lead via 1,2 addition
to an allyloxy carbanion? (I) or via 1,4 addition to a regiospe-
cific enolate of a 3-silyl ketone? (II). In this communication,
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we report an extremely convenient preparation of tri-
methylsilyllithium and a study of its addition to representa-
tive a,8-unsaturated ketones.

Trimethylsily! alkali metal compounds have been prepared
traditionally by a metal exchange reaction between an alkali
metal and bis(trimethylsilyl)mercury.® However, the lengthy
preparation? required for the latter compound and the in-
herent danger of handling volatile mercury compounds make
this route to trimethylsilyl anions unattractive. More recently,
cleavage of hexamethyldisilane by sodium or potassium
methoxide has been used to prepare trimethylsilylsodium or
-potassium.2d.¢ However, the sodium and potassium reagents
have been reported?® to be less effective in addition reactions
with carbonyl compounds than the corresponding lithium
compounds. We therefore sought a convenient preparation
of trimethylsilyllithium. We have found that 1.25 equiv of
hexamethyldisilane® react rapidly with an equivalent of
methyllithium in HMPA (0 °C, 15 min) to produce a deep red
solution of trimethylsilyllithium and inert tetramethylsilane
(TMS). Utilization of methyllithium appears complete since
addition of excess 4-tert-butylcyclohexanone to the reagent
in ether yields no methylcarbinol. Instead, a single product,
the crystalline alcohol 1 (mp 90.5-91.5 °C), is produced. The
stereochemistry of 1 is assumed to be that which would result

0 OH
Me,Sili : ~
—————r————. ~ .
/E\/\/r Et,0-HMPA, (O/ SiMe;
t-Bu —20°C t-Bu

1

from less hindered equatorial attack by a trimethylsilyl
anion.!0 It should be mentioned here that the latter reaction
is very sensitive to the nature of the solvent. Replacing ether
by tetrahydrofuran, for example, resulted in significant by-
product formation.

Addition of 2-cyclohexenone to trimethylsilyllithium in
THF-HMPA (5:1) at —78 °C results in immediate disap-
pearance of the red color of the reagent. Quenching with
methanol and workup yields the known compound, 3-(tri-
methylsilyl)cyclohexanone®de (2) as the only product. Alter-
natively, quenching with trimethylchlorosilane produces the
corresponding enol silyl ether5¢ 3. The intermediate enolate
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can also be alkylated cleanly by reactive alkyl halides without
equilibration. For example, addition of excess methyl iodide
to the reaction mixture yields a methylated silyl ketone
(spectral data given in experimental procedure) in 97% yield
after bulb-to-bulb distillation. TLC, VPC, and NMR indicate
this compound to be a single isomer to which the structure 411
has been assigned. The regiochemistry of the alkylation fol-
lows from mechanistic considerations and from the observa-
tion of a 12% NOE enhancement of the trimethylsilyl grouping
(relative to tetramethylsilane) on irradiation of the 2-methyl
signal in the NMR.12 The equatorial nature of the methyl
group (and therefore the trans disposition of the two sub-
stituents) is indicated by the stability of 4 to epimerizing
conditions (NaOMe, MeOH, 1 hr, 25 °C) and by a half-height
peak width for each member of the methyl doublet which is
only 0.3 hertz broader than tetramethylsilane.!3 Reaction of
the intermediate enolate with less reactive halides fe.g., n-
propyl iodide) gives rise to complex mixtures.

Our results with other enones indicate that the reagent has
a strong preference for axial addition. For example, 3,5-di-
methyl-2-cyclohexenone (5) leads to the silyl ketone 6 [ir
(neat) 1712, 1250, 840 (br) cm~1; NMR 5¢P¢13 0,99 (3 H, d, J
= 6 Hz), 0.97 (3H, s), —0.02 (9 H, s); MS (70 eV) 183 (parent
— CH3)] in 78% yield after column chromatography. The as-
signment of cis-dimethyl stereochemistry is based on the
chemical shifts of the two methyl signals in the NMR. While
3-methylcyclohexanone and cis-3,5-dimethylcyclohexanone
exhibit methyl resonances at § 1.00, cyclohexanones with 8-
methyl groups constrained to be axial show signals shifted to
higher field (8 0.75-0.90).14 Since the methyls in 6 have similar
chemical shifts (5 0.99, 0.97) which are clearly outside the high
field range, these substituents have been assigned as cis di-
equatorial.15 More support for the axial mode of attack is
found in the reaction of trimethylsilyllithium with isophorone
(7). Unlike the previously described reactions, the addition

Me,SiLi
— l
0 0O

SiMe,
5 6
E j Me,SiLi .
————-» o reaction

0
7

of isophorone to the silyllithium reagent does not result in
disappearance of the red color. Instead, the reaction is in-
complete even after 30 min at —78 °C. Quenching and workup
as before returns a pale yellow oil which is 90-95% starting
material. This result is not unexpected. Although steric effects
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for equatorial attack on 5 and 7 are very similar, a severe
1,3-diaxial methyl-trimethylsilyl interaction would be ex-
pected to destabilize the transition state for axial addition to
isophorone.

Unlike most other conjugate additions, the 1,4 addition of
trimethylsilyllithium to enones appears to be a kinetic process
since 1,2 adducts like 9 are stable to the reaction conditions
reported above (=78 °C). As we reported previously, allyloxy
carbanions (8) derived from allyl silyl ethers are in rapid
equilibrium with the corresponding silyl alkoxide 9.4 Such
species may be alkylated on carbon to give 10 or they may be
protonated or silylated on oxygen to give 11 or 12, If, however,
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the allyloxy carbanion reagent is allowed to warm to ap-
proximately —10 °C, it undergoes irreversible rearrangement
to the silyl enolate 13. '

The marked preference for a kinetic 1,4 addition with axial
attack is most compatible with an electron-transfer mecha-
nism. Other reagents (RyCuLi and Li/NHs) believed to react
with enones by electron-transfer processes show similar re-
giochemistry and stereochemistry.!6:17 Further support for
this mechanism is given by a number of reports which indicate
that silyl anions are potent one-electron reducing agents.18
For example, trimethylsilylsodium has been reported to re-
duce benzophenone and naphthalene to the corresponding
radical anions and to effect reductive coupling of alkyl ha-
lides.

The following procedure for synthesis of 4 illustrates the prepara-
tion and use of the trimethylsilyllithium reagent. A solution of 0.50
ml (2.5 mmol) hexamethyldisilane® in 2 ml of anhydrous HMPA was
cooled to 0 °C under nitrogen. Ethereal methyllithium (2 mmol) was
added via syringe and the resulting deep red solution was stirred for
15 min to complete the preparation of trimethylsilyllithium. Anhy-
drous THF (10 ml) was added and the solution was immediately
chilled to —~78 °C. A solution of 144 mg (1.5 mmol) of 2-cyclohexenone
in 1 ml of THF was then added dropwise. After stirring an additional
5 min, 0.5 ml of methyl iodide was injected and the mixture was al-
lowed to warm slowly to 0 °C. The reaction mixture was poured into
50 ml of pentane and thoroughly washed with water (2 X 25 ml) to
remove HMPA. Drying (MgSOy) and solvent removal gave a colorless
oil (308 mg). Kugelrohr distillation (1 mm, oven 80 °C) gave 268 mg
(97%) of trans-3-trimethylsilyl-2-methylcyclohexanone (4): ir (neat)
1710, 1250, 853, 838 cm™*; NMR §¢DPCls 1,10-2.44 (8 H, m), 1.03 (3 H,
d,J = 6.5 Hz), 0.6 (9 H, 8); MS (70 eV) 184 (15) (parent), 179 (53), 156
(9), 155 (12), 141 (19), 75 ('715), 74 (22), 73 (100), 67 (20), 59 (45), 58 (32),
53 (25), 45 (90), 44 (20), 43 (78), 42 (22), 42 (62).

Acknowledgment. The author wishes to thank the donors
of the Petroleum Research Fund, administered by the
American Chemical Society, for their generous support of this
work.

References and Notes

(1) For a recent review see D. D. Davis and C. E. Gray, Organormet. Chem. Rev.
A, 6,283 (1970).

Communications

(2) Cf., inter alia, (a) A. G. Brook, J. Am. Chem. Soc., 80, 1886 (1958); (b) H.
Gilman and G. D. Lichtenwalter, iid., 607, 2680 (1958); {c) H. Gilman, D.
Aoki, and D. Wittenberg, ibid., 81, 1107 (1959); (d) H. Sakurai, A. Okada,
M. Kira, and K. Yonezawa, Tetrahedron Lett,, 15611 (1971); (e) H. Sakurai
and F. Kondo, J. Organomet. Chem., 92, C46 (1975); (f) P. B. Dervan and
M. D. Shippey, J. Am. Chem. Soc., 98, 1285 (1976); (g} T. M. Reetz and
M. Plachky, Synthesis, 199 (1976).

(3) Tributylstannylmagnesium bromide, however, has been added to enones
and gives 1,2 or 1,4 addition depending in the substitution of the substrate:
J.-C. Lahourners and J. Valade, J. Organomet. Chem,, 33, C7 (1971).

(4) W. C. Still and T. L. Macdonald, J. Am. Chem. Soc., 96, 5561 (1974).

(8) Other preparations of 3-silyl ketones proceed via (a) enclate alkylation with

R3SiCHoX [L. H. Sommer and R. P. Pioch, J. Am. Chem. Soc., 76, 1606

(1954)], (b) olefin hydrosilation [J. W. Curry and G. W. Harrison, Jr., J. Org.

Chem., 23, 627 (1958); P. D. Petrov, S. |. Sadykh-Zade, and E. . Filatova,

J. Gen. Chem. USSR, 29, 2896 (1958)], {c) vinylsilanes photochemically

[N. V. Komarov, V. K. Roman, and L. |. Komarova, lzv. Akad. Navk SSSA,

1464 (1966); Chem. Abstr., 66, 55546a, (1967)], (d) reduction/oxidation

of a silylphenol [R. J. Fessenden, K. Seeler, and M. Dagani, J. Org. Chem,,

31, 2483 (1966)], (8) metal/R3SiCl reduction of enones [R. Calas, J. Du-

nogues, and M. Bolourtchian, J. Organomet. Chem., 26, 135 (1971); R.

Calas, M. Bolourtchian, J. Dunogues, and N. Duffaut, ibid., 34, 269 (1972);

J. Dunogues, A. Ekouya, R. Calas, and N. Duffaut, ibid., 87, 151 (1975)],

(f) rearrangement of silyl halohydrins [P. F. Hudrlik and G. P. Withers,

Tetrahedron Lett,, 29 (1976)].

E. Hengge and N. Holtschmidt, J. Organomet. Chem., 12, P5 (1968). Re-

duction of hexaalkyldisilanes does not appear to be a feasible alternative:

H. Gilman and G. L. Schwebke, Adv. Organomet. Chem., 1, 90 (1964); A.

G. Evans, M. A. Hamid, N. H. Rees, J. Chem. Soc. B, 1110 (1971).

Cf., inter alia, C. Eaborn, R. A. Jackson, and R. W. Walsingham, J. Chem.

Soc. C, 2188 (1967); R. Fields, R. N. Haszeldine, and R. E. Hutton, ibid.,

2559 (1867); G. Neumann and W. P. Neumann, J. Organomet. Chem., 42,

277 (1972).

(8) H. Gilman and G. D. Lichtenwalter, J. Am. Chem. Soc., 80, 2680 (1958).

(9) Hexamethyldisilane is available from PCR or Columbia Organics, or it may
be conveniently prepared: H. Sakurai and A. Okada, J. Organomet. Chem.,
36, C13(1972).

(10) This assumption is by analogy with the reaction of 4-tert-butylcyclohexa-
none and tert-butylmagnesium chloride which gives exclusive equatorial
addition: G. D. Meakins, R. K. Percy, E. E. Richards, and R. N. Young, J.
Chem. Soc. C, 1106 (1968).

(11) All new compounds gave satisfactory IR, NMR, MS, and C, H analyses.

(12) Experimental procedure: C. L. Van Antwerp, J. Chem. Educ., 50, 638
(1973),

(13) M. J. T. Robinson, Tetrahedron Lett., 1685 (1965).

(14) See, for example, R. K. Boeckman and S. M. Silver, J. Org. Chem., 40, 1755
(1975),

(15) The trimethylsilyl grouping would be expected to be axial in 6 since its 1,3
interaction with hydrogen [calculated to be 1.9 kcal: M. T. Tribble and N.
L. Allinger, Tetrahedron, 28, 2147 (1972)] is less than the alternative
1,3-diaxial methyl-methyi interaction [3.7 kcal: N. L. Allinger and M. A.
Miller, J. Am. Chem. Soc., 83, 2145 (1961)].

(18) RyCuli: cf., inter alia, G. M. Posner, Org. React. 19, 1(1972); H. O. House,
Acc. Chem. Res., 9, 59(1976).

(17) Li/NHg: ¢f., inter alia, G. Stork and S. D. Darling, J. Am. Chem. Soc., 88,
1761 (1964); H. 0. House, *‘Modern Synthetic Reactions’’, 2nd ed, Benja-
min, Menlo Park, Calif., 1972, pp 173-205.

(18) H. Sakurai, A. Okada, H. Umino, and M. Kira, J. Am. Chem. Soc., 95, 955
(1973); H. Sakurai, H. Umino, and A. Okada, Chem. Lett., 671 (1873).

W. Clark Still

Department of Chemistry, Vanderbilt University,
Nashville, Tennessee 87235

Received June 2, 1976

[

(7

Facile Reduction of Alkyl Tosylates with Lithium
Triethylborohydride. An Advantageous Procedure
for Deoxygenation of Cyclic and Acyclic Alcohols

Summary: Lithium triethylborohydride rapidly reduces p-
toluenesulfonate esters of both cyclic and acyclic alcohols to
the corresponding alkanes in excellent yields and is applicable
even to tosylates derived from hindered alcohols.

Sir: Deoxygenation of alcohols to the corresponding alkanes,
a frequently encountered transformation in synthetic organic
chemistry, is usually achieved by the reduction of p-tolu-
enesulfonate ester of the alcohol with lithium aluminum hy-
dride.! Although this procedure works satisfactorily with
relatively unhindered primary alcohols, the results are less
favorable for the more hindered alcohols as well as for certain
cycloalkanols. In such cases, the yield of the desired alkane



