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The Darzens condensation of symmetric and unsymmetric 
ketones with (-)-8-phenylmenthyl a-chloroacetate dia- 
stereoselectively affords glycidic esters in 77-94% de; the 
stereochemistry [(2R,3R) configuration] of the product is 
understandable in terms of n-n interaction in the open 
transition state model. 

The epoxide functionality has been demonstrated to be a 
versatile and useful moiety for organic synthesis.' Our approach 
to the asymmetric synthesis of epoxides is based on the Darzens 
glycidic ester condensation, which is one of the more reliable 
methods for the construction of a,P-epoxy esters.2 Since the 
Darzens reaction formally consists of an initial aldol type 
addition, followed by an intramolecular S N ~  rea~tion,3-~ the 
high stereoselectivity in such a reactions is mostly induced in 
the initial ~tep.37~ Therefore, little attention has been shown to 
the stereoselective Darzens reaction of ketones, especially 
symmetric 0nes.~,5 In this communication we describe the 
highly asymmetric Darzens reaction of ketones with a- 
chloroacetate using the (-)-8-phenylmenthyl group? as a chiral 
auxiliary, as shown in Scheme 1. 
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Scheme 1 Reagents and conditions: i, ButOK, CH2C12, -78 to 0 "C 

Table 1 Asymmetric Darzens condensations 

The results and related data are summarized in Table 1. The 
Darzens condensations of acetone (entry 2), pentan-3-one (entry 
3), cyclopentanone (entry 4), cyclohexanone (entry 5 )  and 
benzophenone (entry 6) with (-)-8-phenylmenthyl a-chlor- 
oacetate l c  on treatment with potassium tert-butoxide afforded 
mixtures of diastereoisomeric glycidic esters in 77-96% de.$ 
Although the Darzens condensations of acetophenone (entry 7) 
and propiophenone (entry 10) with methyl a-chloroacetate la  
gave a mixture of E/Z geometric isomers (1 : 1.3-1.4) of the 
glycidic esters 7a and 8a, acetophenone and l c  reacted on 
treatment with potassium tert-butoxide to give the (2)-glycidic 
ester (2)-7c as a major product (2 : E = 7.6 : 1 .O), which was 
isolated by thin layer chromatography (TLC) on silica gel (entry 
9). The geometric assignments were determined by difference 
NOE analysis of the 'H NMR spectra; the diastereoselective 
excess of (2)-7c was very high (93% de), but that of the (E)-7c 
was only 52% de. Reaction of acetophenone with (-)-menthy1 
a-chloroacetate l b  under the same reaction conditions gave a 
8.3 : 1 mixture of the glycidic esters (2)-7b and (E)-7b with less 
than 38% de for each ester (entry 8).454 The Darzens reaction 
of propiophenone with l c  demonstrated the high dia- 
stereoselectivity (87% de) in the 2-product (Z)-8c (entry l l). 

Reduction of (2)-7c with lithium aluminum hydride gave (S) -  
(-)-3-phenylbutane- 1,3-diol(90% yield, [aID26 -65.8,99.3% 
optical purity).fl From this result, the stereochemistry of (2)-7c 
was confirmed to be (Z,2R,3R). The 1H NMR signals at C-2 of 
(Z,2R,3R)-7c and (2,2S,3S)-7c were observed at 6 3.31 and 
2.62, respectively. Similarly, the signal at C-2 of the major 
product (or major 2-product) appeared downfield relative to that 
of the minor product (or minor Z-product) in all cases of the 
reaction of asymmetric and unsymmetric ketones with l c  (e .g .  
6 2.84 for major 2c and 6 2.19 for minor 2c). These facts 
indicate that the 'H NMR signal at C-2 having R rather than S 
configuration is subject to the paramagnetic effect of the 
benzene ring of the (-)-8-phenylmenthyl auxiliary. Therefore, 
the absolute configuration of all major products seems to be 
(2R,3R). 

The stereochemical outcome of the products is under- 
standable in terms of the open transition state model.'' As 
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1.0: 1.3 - - 
8.3: 1.0 38 < 10 
7.6: 1.0 93 52 
1 .Ot1 .4  - - 
4.5: 1.0 87 78 

a: R = methyl, b: R = (-)-menthyl, c: R = (-)-8-phenylmenthyl. The yield was not optimized. c The diastereoselectivity was determined by 1H NMR 
(270 MHz). 
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illustrated in Scheme 2, the geometry of enolate intermediate A 
would be considered to be 2 under thermodynamic control.11 
According to the high diastereoselectivity for Q-7c (Z,2R,3R), 
the initial step of the Darzens reaction should occur exclusively 
between the Si-face of intermediate A and the Si face of 
acetophenone (lk-attack) as shown in Scheme 2. Therefore, it 
seems reasonable that the n-JT interaction between the benzene 
ring of the chiral auxiliary and the ester moiety in intermediate 
A stabilizes the transition state of the product-determining 
step.I4 Within this conformation, the rear face of the enolate 
double bond is blocked by the benzene ring, so that the ketone 
approaches from the front side (Si face) of A to give the 
(2R,3R)-glycidic ester. The fact that the methylene hydrogens of 
the ester moiety of l c  are observed as doublets at 6 3.35 and 
3.01, and are thus shifted to a higher magnetic field relative to 
those of l b  (6 4.01 and 4.07), is the direct consequence of the 
aromatic shielding of the methylene hydrogen atoms by the 
benzene ring in the chiral auxiliary. 

The authors thank Shiono Koryo Kaisha, Ltd., for the gift of 
(+)-pulegone. The NMR and mass spectral measurements were 
made using GSX-270 and SX- 102A spectrometers, respect- 
ively, at the Instrument Center for Chemical Analysis, Hir- 
oshima University. 

Footnotes 
t The chiral auxiliary was prepared from (+)-pulegone (ref. 9). 
$ All new compounds have been fully characterized by IH NMR and gave 
satisfactory combustion analyses or exact mass. Typical experimental 
procedure: To a solution of potassium tert-butoxide (37.4 mg, 0.331 mmol) 
in CH2C12 (4 ml) was added dropwise a solution of l c  (99.9 mg, 0.323 
mmol) in CH2C12 (3 ml) at -78 "C. After stirring for 30 min at -78 "C, a 
solution of benzophenone (70.4 mg, 0.386 mmol) in CH2C12 (1.1 ml) was 
added dropwise to the reaction mixture. The mixture was allowed to warm 
to 0 "C over 8 h and further stirred for 16 h at 0 "C. The mixture was 
quenched and extracted with diethyl ether. The extracts were washed with 
brine, dried and evaporated to give the crude product. Purification of the 
crude product by preparative TLC on silica gel gave 6c. 
9 The Darzens reaction of l a  with benzaldehyde gave preferentially the E- 
product (Z : E = l .O : 9.5) as expected from the overlap control mechanism 
in which the E-epoxide should be predominant (ref. 3). In contrast, 
treatment of a mixture of benzaldehyde and l c  with potassium tert-butoxide 
afforded the corresponding glycidic esters (Z: R* = Ph, R2 = H; E: R' = H, 
R2 = Ph), the Z : E ratio being 2.8 : 1 .O and the diastereoselectivity being 33 
and 38% de, respectively. 
1 The optical rotation [aID26 of (R)-(+)-3-phenylbutane-1,3-diol is +66.7" 
(ref. 10). 
11 It has been widely accepted that the most stable Z-isomer is the one 
obtained under thermodynamic control (ref. 12). Recently it was reported 
that the use of potassium tert-butoxide should favour the transition state 
leading to the 2-isomer in the deprotonation of 8-phenylmenthyl N -  
[bis(methylthio)methylene]glycinate (ref. 13). 

.O- 

0- 

n 

Me phA :02 

References 
1 M. Bartok and K. L. Lang, Chemistry of Ethers, Crown Ethers, 

Hydroxyl Groups and Their Sulphur Analogues, ed. S. Patai, Wiley, 
Chichester, 1980, vol. 2, p. 609; J. M. Chong and K. B. Sharpless, 
J .  Org. Chem., 1985, 50, 1560; C. H. Behrens and K. B. Sharpless, 
J. Org. Chem., 1985, 50, 5696; L. Deng and E. N. Jacobsen, J. Org. 
Chem., 1992, 57, 4320; C. Bonini and G. Righi, Synthesis, 1994, 225. 

2 M. S. Newman and B. J. Magerlein, Org. React., 1945, 5, 413; 
M. Ballester, Chem. Rev., 1955, 55, 283; G. Berti, Top. Stereochem., 
1973, 7, 93. 

3 H. E. Zimmerman and L. Ahramjian, J .  Am. Chem. SOC., 1960, 82, 
5459. 

4 J. D. Morrison and H. S. Mosher, Asymmetric Organic Reactions, 
Prentice-Hall, N.J., 1971, p. 152. 

5 H. Dahn and L. Loewe, Chimia, 1957, 11, 98; a diastereoselective 
Darzens type condensation between a bromoethyloxazoline (bro- 
mopropionate equivalent) and acetone has been reported, see 
J. R. Liddell and C .  G. Whiteley, S. Afr. J. Chem., 1991, 44, 35. 

6 M.-C. Roux-Schmitt, J. Seyden-Penne and S. Wolfe, Tetrahedron, 
1972,28, 4965. 

7 R. K. Bansal and M. K. Sethi, Bull. Chem. SOC. Jpn., 1980, 53, 1197. 
8 T. Mukaiyama, T. Haga and N. Iwasawa, Chem. Lett., 1982, 1601; 

A. Abdel-Magid, L. N. Pridgen, D. S. Eggleston and I. Lantos, J. Am. 
Chem. Soc., 1986,108,4595; C. Baldoli, P. D. Butter0 and S. Maiorana, 
Tetrahedron, 1990, 46, 7823; L. N. Pridgen, A. F. Abdel-Magid, 
I. Lantos, S. Shilcrat and D. S. Eggleston, J. Org. Chem., 1993, 58, 
5107; T. Takahashi, M. Muraoka, M. Capo and K. Koga, Chem. Pharm. 
Buff., 1995, 43, 1821. 

9 E. J. Corey and H. E. Ensley, J .  Am. Chem. Soc., 1975,97,6908; 0. Ort, 
Org. Synth., 1987, 65, 203. 

10 T. Hosokawa, T. Yagi, Y. Ataka and S.-I. Murahashi, Bull. Chem. Soc. 
Jpn., 1988, 61, 3380; S. Mitsui, S. Imaizumi, Y. Senda and K. Konno, 
Chem. Ind. (London), 1964, 233. 

11 S. Murata, M. Suzuki and R. Noyori, J .  Am. Chem. SOC., 1980, 102, 
3248; Y. Yamamoto, H. Yatagai, Y. Naruta and K. Maruyama, J. Am. 
Chem. SOC., 1980, 102, 7107; H. Danda, M. M. Hansen and 
C. H. Heathcock, J. Org. Chem., 1990, 55, 173; M. A. Walker and 
C. H. Heathcock, J. Org. Chem., 1991, 56, 5747. 

12 H. 0. House and B. M. Trost, J .  Org. Chem., 1965, 30, 1341; 
D. W. Moreland and W. G. Dauben, J. Am. Chem. Soc., 1985, 107, 
2264. 

13 C. Alvarez-Ibarra, A. G. Gs&y, R. Maroto and M. L. Quiroga, J .  Org. 
Chem., 1995,60,7934. 

14 Review: J. K. Whitesell, Chem. Rev., 1992, 92, 953; G. B. Jones and 
B. J. Chapman, Synthesis, 1995,475; S. E. Denmark, M. E. Schnute and 
C. B. W. Senanayake, J. Org. Chem., 1993,58,1859; J. F. Maddaluno, 
N. Gresh and C. Giessner-Prettre, J .  Org. Chem., 1994, 59, 793; 
N. Shida, C. Kabuto, T. Niwa, T. Ebata and Y. Yamamoto, J .  Org. 
Chem., 1994, 59,4068; B. de Pascual-Teresa, J. Gonzalez, A. Asensio 
and K. N. Houk, J .  Am. Chem. SOC., 1995, 117, 4347; K. Ohkata, 
K. Miyamoto, S. Matsumura and K.-y. Akiba, Tetrahedron Lett., 1993, 
34,6575; K. Ohkata, T. Kubo, K. Miyamoto, M. Ono, J. Yamamoto and 
K.-y. Akiba, Heterocycles, 1994, 38, 1483. 

Received, 8th July 1996; Corn. 6f04748C 

2412 Chem. Commun., 1996 


