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ENANTIOSELECTIVE ROUTES TO 2,5-DISUBSTITUTED- AND 4-SUBSTITUTED-2-
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Summary: Starting with 5-trimethylsilyl-2-cyclohexenone, widely applicable
enantioselective routes to the title compounds are established.

Although 2-cyclohexenone derivatives have been used as useful starting

1) only a limited number of

materials of a wide variety of natural products,
enantioselective syntheses of substituted 2-cyclohexenones are known.
Therefore, new and efficient methods for the preparation of optically active
2-cyclohexenones are desirable. In the preceding paper we reported an
efficient enantioselective preparation of 5-substituted 2-cyclohexenones from
a newly develqped chiral building block, 5-trimethylsilyl-2-cyclohexenone
(1).2) In this paper we will describe the enantioselective preparation of
2,5-disubstituted and 4—substituted—z—cyclohexenones.3)

The synthesis of 2,5-disubstituted 2-cyclohexenones was carried out by
the three step sequence as outlined in Scheme 1. Treatment of the encne (1)
with LDA at -78°C for 1 h followed by alkylation with alkyl halides (-78
-25°C, 3 h) gave the corresponding 6-alkylated derivatives in good yields.
Estimation of diastereomeric purity of the alkylated products by 3¢ NMR
revealed that single isomer was obtained when methallyl iodide was used as an
alkylating agent, whereas about 10 to 1 mixture of diasterecisomers were
obtained with methyl iodide. Subsequent 1,4-addition of Grignard reagents to
2 in the presence of TMSCl, HMPA, and a catalytic amount of CuBr-MeZS4)
proceeded smoothly to give the adducts 3a-d in high yields. The 13C NMR of
the adduct showed the diastereoisomeric homogeneity of 3d, and in the cases of
3a-c the ratios of the diastereomers were proved to be unchanged (10 to 1)}.
Considering the fact that generally in the 1,4-addition of Grignard reagents
to 2-cyclohexenone derivatives the effect of substituent in position 5 is
greater than that in position 6, it is assumed that the substituent at 3
position is exclusively introduced from the top side of 2a,b. This assumption
was confirmed afterward by the highly enantioselective synthesis of (8)-(+)-
carvone and (R)-(-)-carvotanacetone. Oxidative desilylation of 3 with CuCl,
in DMF2) proceeded smoothly to give the corresponding 2,5-disubstituted 2-

cyclohexanones in good yields. Since both enantiomers of 1 can be obtained in
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enantiomerically pure form, the above conversion offers the enantiomeric

access to 2,5-disubstituted 2-cyclohexenones. Actually, the efficiency of

this route was proved by the demonstrational synthesis of (5)-(+)-carvone
[(+)-4b: [&),1°+58.3%(neat), 1it.5) [¢);204671.2°(neat)] and (R)-(-)-
carvotanacetone [(-)-4c: [KIp22-56.4°(neat), 1it.%®) [x]1,22.56.7° (neat)]
starting with (8)-(+)-1 and (R)-(-)-1. These results are listed in Table 1.
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Table 1 Synthesis of 2,5-Disubstituted-2-cyclohexenones?®)
entry 1 R yield(s) RZ yield(%) yield(%)
2 3 4
1 rac-1 Me 2a 67 Ph 3a 92 4a 70
2 rac-1 Me isopropenyl 3b 89 4b 76
3 rac-1 Me isopropyl 3¢ 83 4c 74
4 rac-1 methallyl 2b 80 isopropyl 3d 97 aa®) 70
5 (8)-{+)-1 Me (+)-2a 48 isopropenyl (-)-3b 88 (+)-4b 75
6 (R)-(-)-1 Me {(-)-2a 61 isopropyl (+)-3c 90 (-)-4c 84

a) The structures were confirmed by spectral (IR and NMR) data and elemental
analysis or by comparison with authentic sample.

b) 4d: 2-(2-methylpropyl)-5-isopropyl-2-cyclohexenone. Oxidative desilylation
was carrigd out after hydrogenation (92%) of 3d. A constituent of Roman
camomile.

As depicted below, the enantioselective synthesis of 4-substituted 2-
cyclohexenones was started with 3-tolylthio-5-trimethylsilyl-2-cyclohexenone
(5) which can be obtained easily in racemic and enantiomeric form.s) Lithium
enolate formation of 5 and alkylation were carried out under similar reaction
conditions as mentioned for 1. As long as checked by 13C NMR, none of the
alkylated compounds 6 were contaminated with diastereoisomer. The high

yields of the alkylated products 6 comparing with those of 2 are presumably
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attributed by the greater stability of lithium enoclate by the contribution of
the arylthio group.7) 1,3-Carbonyl transposition was carried out by reduction
with lithium aluminium hydride followed by hydrolysis with CuC12—CuO in wet

acetone.a)

13C NMR analysis of the enones 8 indicated their diastereoisomeric
homogeneity. Hydrogenation in the presence of Pd or Pt catalyst or 1,4-
conjugate reduction of the cyclohexenone 8a-c and subsequent oxidative
desilylation furnished 4-substituted 2-cyclohexenones 10. The inferior yield
of 10a is presumably due to the volatility of the product. Though the high
level of stereocontreoll by trimethylsilyl group in this sequential
transformation was confirmed by 13c nMr estimation, epimerization in the last

step is still in guestion. To confirm the viability of this route, synthesis

of (-)-4-methyl-2-cyclohexenone was carried out from R-(+)-5 and the product
was proved to have high optical purity.g) These results are listed in
Table 2.
0 o OH
DLDA/THE g LAH R CuCl,-Cu0
-78 °C
——— —————
s 23R X - o acetone-HyO
TMSY | W \ 2
SpTo ™S SpTol ™S SpTol | “4qvm)
5 6 7
R
R R CuCl, O
—_— EE——
TMS™ ) ™™ o DMF o
8 9 10
Scheme 2
Table 2 Synthesis of 4—Substituted—2—cyclohexenonesa)
entry 5 RX yield(s) yield(%) methodP) yield(s) yield(%)
6 8 9 10
1 rac-5 MeI 6a 82 8a 61 A 9a 96 10a 45
2 rac-5 BnBr 6b 95 8b 65 B 9b 87 10b 70
3 rac-5 /l§y~\ é6c 93 8c 74 c 9¢c 74 10c 74
Br
4 (R)-(+)-5 Mel (+)-6a 80 (+)-8a 67 A (+)-9a 89 (-)-10a 44
5 (S)-{~)-5 BnBr (+)-6b 88 (-)-8b 55 A (-)-9b 97 (+)-10b 76

a) The structures were confirmed by spectral (IR and NMR) data and elemental
analyses.

b) Method A: Pd—C/HZ, ACOEt; methed B: PtO,/H,, AcOEt; method C: MeCu-
DIBAH/HMPA-THF, at -50°C.
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In conclusion, the ready access to both enantiomers of these types of 2-

cyclohexenones provides the necessary pool of synthons for optimum chiral

choice in the planning of synthesis.

References

1)

2)
3)

4)

5)

6)
7)

8)

9)

"The Total Synthesis of Natural Products," ed by J. A. ApSimon, John Wiley
& Sons, New York (1973), Vol. 2; "Natural Products Chemistry," ed by K.
Nakanishi, T. Goto, S. Itoh, S. Natori, and S. Nozoe, Kodansha Ltd, Tokyo
(1974), vol, 1.

M. Asaocka, K. Shima, N, Fujii, and H. Takei, Tetrahedron, 44, 4757 (1988).
Some papers have reported racemic and enantiomeric preparation of 2,5-
disubstituted and 4-substituted cyclohexencnes; a) A. F. Thomas, M.
Schouwey, and J-C. Egger, Helv. Chim. Acta, 64, 1488 (1981), b) W. A,
Kinney, G, D. Crouse, and L. A, Paquette, J. Org., Chem., 48, 4986 (1983),
c) T. Sone, S, Terashima, and S. Yamada, Chem. Pharm. Bull., 24, 1273
(1976), d) M. G. Silvestri, J. Org. Chem., 48, 4986 (1983), e) M. L.
Elliott and F. J. Urban, J. Org. Chem., 1752 (1985), f) A. I. Meyers, B. A.
Lefker, K. Th. Wanner, and R. A. Aitken, J. Org. Chem., 51, 1936 (1986),
and references cited therein.

Y. Horiguchi, S. Matuzawa, E., Nakamura, and I. Kuwajima, Tetrahedron Lett.,
27, 4025 (1986),

a) "Dictionary of Organic Compounds,” 5th ed, ed by J. Buckingham, Chapman
and Hall, New York (1982), vol 1, p. 1012. b) S. G. Levine and B.
Gopalakrishnan, Tetrahedron Lett., 1979, 6£99.

M. Asacka, K. Takenouchi, and H. Takei, Tetrahedron Lett., 29, 325 (1988).
Attempted enolate anion formation from 3-methoxy-5-trimethylsilyl-2-
cyclohexenone, which could obtained from 5 with sodium methoxide in
methanol in 8%5% yield, under a similar reaction conditions resulted in a
failure.

K. Narasaka, T. Sakashita, and T. Mukaiyama, Bull., Chem. Soc. Jpn., 45,
3724 (1972).

(55,6S)-6a: [X1p21+98.1°(c 1.02, CHCl3), (4S,55)-8a: [XIp2'+130.4°(c,
CHCl3), (3S,45)-9a: [Klp'8-%+154.3°(c, CHCl4), (48)-10a: [K)1p22-114.3°(c
9.46, CHCly) [(4R)-10a: 1it.33) [K12%4105°(c 9.2, CHCly)). (5R,6R)-6b:
[K1p22+82.1°(1.01, CHCl3), (4R,5R)-8b: [X1p2%-122.8°(c 1.05, cuCly),
(3R,48)-9b: [®1,24-102.8°(c 1.02, CHCly), (4S)-10b: [K),26480.3°(c 1.01,
CHCl4).
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