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Chiral Synthesis of 3-Substituted and 3,3-Disubstituted y-Butyrolactones
by Enantioselective Deprotonation Strategy
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Abstract; Chiral synthesis of 3-substituted and 3,3-disubstituted y-butyrolactones
was achieved by employing an enantioselective deprotonation of the comresponding
cyclobutanone derivatives with chiral bases as a key reaction.

Enantioselective deprotonation of meso or prochiral compounds using chiral lithium amide bases
provides useful chiral intermediates for the synthesis of a wide variety of organic compounds including
natural products.! Recently we have applied this methodology to the enantioselective preparation of 4,4-
disubstituted cyclohexanones aimed at the construction of a chiral quaternary carbon center, and have
succeeded in the synthesis of (+)-¢)c-cupm'enone.2 In the course of our continuing work on enantioselective
deprotonation of cycloalkanones, we have been interested in the development of a novel synthetic path to
chiral substituted y-butyrolactones, since compounds having such a ring system are often observed in nature
and also are biologically significant.

The strategy which we have developed, involves an enantioselective deprotonation of cyclobutanone
derivatives, followed by oxidative bond cleavage of the resulting silyl enol ethers. (Figure 1)
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We first attempted an enantioselective deprotonation reaction of 3-phenylcyclobutanone (1),3 since no
systematic investigation on an asymmetric induction for four membered cycloalkanones with chiral lithium
amide bases seems to have been described. Thus, the treatment of 1 with lithium (R)-2-(4-methylpiperazin-1-
yb)-N-neopentyl-1-phenylethylamide in tetrahydrofuran and 1.0 equiv. of hexamethylphosphoric triamide
(HMPA) at -78°C in the presence of triethylsilyl chloride (TESCI) afforded the sily! enol ether (2) in 74%
yield. Whereas, none of the desired silyl enol ether (2) could be isolated with the use of trimethylsily] chloride
(TMSCY) in this reaction, probably because of its instability. The enantiomeric excess of the product, after its
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conversion to the known lactone (3) by ozonolysis and subsequent reductive work-up with sodium
borohydride, was deterinined to be 45% e.e. and the absolute configuration was also confirmed by comparison
of its optical rotation with that of the literature.4 When this reaction was carried out with lithium S, H-a, o~

dimethyldibenzylamide at -100°C, the enantioselectivity was increased to 92% e.e. in 67% conversion yield.

Results for the enantigselective deprotonations of 1 using other chiral bases are listed in the Table 1, which
indicates that the chmh base having C2 symmetry seems to be superior to the other bases for asymmetric
induction of 3-mono-substituted cyclobutanone derivative.

Table 1. Enantioseiective Deprotonation of 3-Substituted Cyclobutanone with Chiral Bases

Chiral Base
-BllLl Ph Phﬁ
SN RetEhet
TES tes 32N HCl
1 )-2 B2 ®-3 (53
Silyl Enol Ether (2) Lactone (3)
Chiral Base ’ Solv. |Temp.CC) Nicld (| [olo* [¥ield (%) [olp® |Configaration]ere, (%
Bh THE - 78 74 1.8 78 +233 S 45
v [ » v
MeO\)\NH o ea
!‘,Hl‘Bu m"n;c -100 68 -19 73 +24.2 s 47
Y /L ‘ THF -78 67 3.1 75 +39.9 S 17
PR NT “Ph
H THF | -100 67 3.7 70 | w416 S 92
% THF 78 70 40.5 7 6.5 R 13
N~pn
a) Measured in CHCh at 25+ 1°C

b) Determined by comparison with reported [ojpvalue.
¢€) 1.0 equiv. of HMPA was used.

Having obtained satisfactory results in enantioselective deprotonation of a 3-substituted cyclobutanone
derivative, we next examined the synthesis of 3,3-disubstituted y-butyrolactone by application of the above
strategy using 3-methyl-3-phenylcyclobutanone (4), prepared according to the literature,> as a starting
material. Based on thé consideration of the above results, enantioselective deprotonation of 4, followed by in
situ trapping of the énolate with triethylsilyl chloride, was attempted by employing lithium (S, S")-o, o'~
dimethyldibenzylami{ile as the chiral base at -78°C. However, the enantiomeric excess of the product was only
12% based on the HPLC analysis using the chiral column, CHIRALCEL OJ (Daicel Chemical Industries,
Ltd.). 'When this reaction was carried out with lithium (R)-2-(4-methylpiperazin-1-yl)-N-neopentyl-1-
phenylethylamide in itetrahydrofuran at -78°C, its enantiomeric excess was increased to 51%. Furthermore,
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improved enantioselectivity (78% e.c.) was obtained with the use of 1.0 equiv. of HMPA as a co-solvent in
either tetrahydrofuran or toluene as a solvent at 100°C The results obtained are summarized in the Table 2.
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i) lithium (R)-2-(4-methylpiperazin-1-yD)-V-neopentyl-1-phenylethylamide, TESCI, THF-HMPA,
-78°C; ii) O3, MeOH, -78°C; iii) HiO2-HCOpH, 40 to -10°C.

.....

Scheme 1

Table 2. Enantioselective Deprotonation of 3,3-Disubstituted Cyclobutanone with Chiral Bases

Chiral Base
n-Buli
e i e s W
TES 3) 2N HQ
4 $)-5 ®-5 R-6 56
LB s, I wSﬂylEnoleer{S} Lactone (6)
ase 01V, emp.
Chir P Nield (@) [ 1oio® [Yield (%)] leb® |Configuration|e.c, (%
THF -
avpac] 78 70 | 425 73 | 4125 s 7
THE -78 71 +30.1 70 +3.8 § 51
L
MeN N, .
—/ xH Tol o ™ 0 [w«2] 12 |27 s 7
Hygy [ M
2
THE -
HMPAc| -100 68 | +463 72 | +136 s 78
THF | -100 65 +35.5 70 +10.5 s 60
X
pn/\ﬁ Ph THF 78 85 +6.9 75 2.1 s 12
% THF S] 74 43 68 -1.3 R 7
tnen
&) Measwred in CHCLat 25 £ 1°C

b) Determined based on HPLC analysis using the chiral column CHIRALCEL O (Daicel Chemical

Industries, Lid.).

¢) 1.0 equiv. of HMPA was used.
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The absolute copfiguration of 3-methyl-3-phenyl-y-butyrolactone (6) was determined by conversion of

{R)-(+)-§ into (5)-(-)+2-methyl-2-phenylsuccinic acid, {o]p -14.4 (EtOH) {1it.,.67 [a)p -20.1(EtOH)} by
ozonolysis and subsequent oxidative treatment with hydrogen peroxide,3 as shown in Scheme 1.

Thus, we have established a novel synthetic route to 3-substituted and 3,3-disubstituted y-butyrolactones

by means of enantioseilectivc deprotonation of cyclobutanone derivatives and we are currently investigating
the synthesis of naturdl products by application of this strategy.

References and Note

1.

[~ Y T N - I O ]

o~

For reviews see: (a) Koga, K. Yuki Gosei Kagaku Kyokai Shi (J. Syn. Org. Chem. Japan), 1990, 48, 463;
(b) Simpkins, N. S| Chem. Soc. Rev., 1990, 19, 335; (c) Cox, P. J.,, Simpkins, N. S. Tetrahedron:
Asymmetry, 1991,2, 1 and references cited therein. Enantioselective deprotonation of cycloalkanones: (a)
Shirai, R.; Tanaka,|M.; Koga. K. J. Am. Chem. Soc., 1986, 108, 543; (b) Simpkins, N. 8. J. Chem. Soc.,
Chem. Commun., J986, 88; (c) Eleveld, M. B.; Hogeveen, H. Tetrahedron Lett., 1986, 27, 631; (d) Kim, H.
-d.; Kawasaki, H.; Nakajima, M.; Koga, K. ibid., 1989, 30, 6537; (e) Izawa, H.; Shirai, R.; Kawasaki, H.;
Kim, H. -d.; Koga, K. ibid., 1989, 30, 7221; (f) Cousins, R. P. C,; Simpkins, N. S. ibid., 1989, 30, 7241; (g)
Kim, H. -d.; Shirai, R.; Kawasaki, H.; Koga, K. Heterocycles, 1990, 38, 307; (h) Sobukawa, M.; Nakajima,
M.; Koga, K. Tetr+hedron:Asymeny, 1990, 1, 295; (i) Cain, C. M.; Coumbarides, G.; Cousins, R. P. C,;
Simpkins, N. S. Te{:rahedron, 1990, 46, 523. Mechanistic study on an enantioselective deprotonation: Sato,
D.; Kawasaki, H.; Shimada, I.; Arata, Y.; Okamura, K.; Date, T.; Koga, K. J. Am. Chem. Soc., 1992, 114,
761 and reference also cited therein.

. Honda, T.; Kimura, N.; Tsubuki, M. Tetrahedron.Asymmetry, 1993, 4, 21.

. Roberts, J. D; Klihe, G. B.; Simmons, Jr., H. E. J. Am. Chem. Soc., 1953, 75, 4765.

. Lawston, L. W.; Inth, T.D. J. Chem. Soc., Perkin Trans. 1, 1983, 2629.

. Greene, A. E.; Laxjsard, J, -P.; Luche, I. -L.; Petrier, C. J. Org. Chem., 1983, 48, 4763.

. (a) Hil, R. X; Giliman, N. W. J. Chem. Soc., Chem. Commun., 1967, 619; (b) Hill, R. K.; Cullison, D. A.

J. Am. Chem. Soc.; 1973, 95, 1229.

. Cram, D. J; Allinger, J. J. Am. Chem. Soc., 1954, 76, 4516.
. Cain, C. M.; Cousins, R. P. C.; Coumbarides, G.; Simpkins, N. S. Tetrahedron, 1990, 46, 523.



