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Catalytic Asymmetric Darzens Condensation
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Absiract : The catalytic asymmetric Darzens condensation promoted by the quaternary ammonium
salt (PTC A) derived from cinchonine as a phasc-transfer catalyst is described. Treatment of phenacyl
chloride with various aldehydes under mild reaction conditions afforded the corresponding desired
product in good yield with good to moderate enantiomeric excess. © 1998 Elsevier Science Ltd. All rights reserved.

Development of catalytic asymmetric carbon-carbon bond forming reactions is one of the most

challenging aspects of organic synthesis.” Many successful achievements involving molecular catalysts in

which well-designed chiral ligands and transition metals have played an important role have been reported
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over ihe pasi two decades. Thus, dramatic progress in catalytic asymmetric synthesis has been

recognized. Industry usually requires the development of clean and efficient asymmetric processes
involving high yields, selectivities, low cost, safety, operational simplicity, mild reaction conditions, and
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environmental consciousness. On the other hand, phase-transfer catalysts (P

clean and mild reagent since their disc:ow:*:ry.3 Reactions promoted by PTC can be a direct methodology for
practical synthesis. Many examples have been reported including the addition-elimination rcactionf C-C
bond forming reaction,” oxidation,  and reduction.” Actually, several results have been very successful in

industrial chemistry. For asymmetric syntheses, more than one hundred papers using chiral crown f:thf:rs,8

observed in products is not aiways satisfactory when compared to the transition metal catalyzed asymmetric

reactions. In this communication, we report an efficient catalytic asymmetric Darzens condensation'

promoted by the chiral quaternary ammonium salt derived from cinchonine.

The Darzens condensation is one of the most potential methodologies for the preparation of o, B-
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asymmetric processes, it is very difficult to establish a catalytic cycle in this reaction because of the
generation of stable and less reactive inorganic salts such as metal halides from both metal catalysts and
substrates. Therefore, a stoichiometric amount of metal reagents is needed in any Darzens condensation
system. In fact, almost all reported procedures are not cawalytically enantioselective but are
diastereoseiective Darzens condensations using a stoichiometric amount of chiral auxiliaries'” in substrates or

reagents.
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Schaema 1. Proposed Catalvtic Cycle for Asymmetric Darzens Condensation
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On the other hand, a chiral base generated in situ from an achiral inorganic base and a chiral
quaternary ammoniurm halide under phase-transfer-catalyzed conditions reacts with a substrate and produces
both a coupling product and ammonium halide, thus establishing a catalytic cycie (Scheme 1).13 We
envisioned that the catalytic asymmetric Darzens condensation promoted by chiral PTC would become a
practical method for the preparation of optically active epoxy compounds. Initial work focused on the

catalytic asymmetric Darzens condensation with o-chloroketones and various aldehvdes (Table 1).

Table 1. Catalytic Asymmetric Darzens Condensation under Phase-Transfer-Catalyzed Conditions® ©

c PTC A (10 mol %) o %
RCHO + CN_A\p  “5Bu,0 LioHH0,4C ~ R~ Np,
1 2 3

run aldehyde time (h) yieldot 3(%)  ee (%)
1 1a . ip :

1a - ipPr 60 3a : 80 53 N
2 ib . Et 117 3b:32 79
3 1c . nPr 60 3c : 82 57 P

- art
4 id : jBu 134 3d:73 69 l\/Bf
5 ie : +BuCH 91 3e : 50 62

1f ; YN M
6 if ;Et,CHCH, 117 3t .76 58 Ao ¢
7 19 :Ph(CHy), 114 3g :83 44 ==
8 ih : c-Hex 61 3h : 47 63 PTC A
9 i :Ph 69 3i :43 42

aAll reactions were carried out in the presence of 2.0 eq of base.
5Absolute configuratuions of 3a, 3b, 3¢ and 3i were determined to
be (aS,pA) by comparison of the opiicai rotation with iiterature

~sa 20, 21
udida.

The use of both isobutyraldehyde 1a and phenacyl chloride 2 as substrates was investigated. The
reaction proceeded smoothly in the presence of a catalytic amount of PTC A " under phase-transfer-catalyzed



conditions, and the desired product 3a was obtained in high yield with complete diastereoselectivity.

However, its enantio ic excess was very low gsnﬂ_‘.ially usi
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such as NaOH or KOH in any of the usual solvents."’

It was recognized that the more reactive alkaline metal enolate generated from the strong base and
the ketone reacted not with the chiral ammonium halide but smoothly with the aldehyde, and gave a

condensation product with a low ee in this reaction system. On the other hand, treatment of 1a and 2 in

dihutvl o "16 writh the wealer T 1 17 mnnahvdrate haca in the nracanca nf a nrxtqln tic amount o DT A
\-LIU\-IIJI Wwidiwia WY EUL I YV AL AANSL X ARINJIINIA VUM AW Ulow 411 uly y‘wo\’llw Vi @ wilvia J Lo Lo AEIJLIEAL UL & BN IR
PPN T T 1ot il DT 18,19 g . , . . . 1 g

(1U Mol %) arrorded Ja in good yieid with >3% €€. Uther substrates such as ID, .ld, and 11 gave

the desired products with 79, 69, and 42% ee, respectively (Table 1, runs 2, 4, and 9). These results are
summarized in Table 1.2°

In summary, we have realized that the chiral quaternary ammonium salt PTC A is an effective
ratalyat e tha coevmenatels Theonne A damants e Ao ghmizim 3 Thakhla 1 DTYY A nwmimanms ¢ ont no o oafisl
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phase-transfer catalyst to produce o, B-epoxyketones with good to modest enantiomeric excess. Although
the catalyst turnover and enantioselectivity is not presently satisfactory, the results described here will lead to
further progress.

knowledgments: One of the authors (S. A.) is grateful to the Sasakawa Scientific Research Grant for
their financial support. This work was also supported by a Grant-in-Aid from the Ministry of Education,
Science, Sports and Culture of Japan (10 S. A.).

REFERENCES AND NOTES

1. Noyori, R. Asymmetric Catalysis In Organic Synthesis; John Wiley and Sons: New York, 1994

2. Catalvtic Asymumetric Synthesis; Oiima, 1. Ed; VCH: New York, 1993

’l Far rarant hanlkc an PTO cee (a) Phaco Trancfor Crtralveie arhanicem mnd Svnthococ - Halne M

3 For recent books on PTC, see (a) Phase-Transfer Catalysis. Mechanism and Syntheses; Halpern, M.
E., Ed.; American Chemical Society, Washington, D C, 1997. (b) Handbook of Phase Transfer
O atahieser Qacornn Ve Nanmann D EA: Rlaslkia A &M T Aandan 1007
Cdiaiysiy, 0addiil, 1, nwWliilalill, .., D1alkid A, K ivi,, LODGON, 1577

A TNadmaesmal-s RA A § 97200 Sy iy w AAntnm~e 7 « MMaolbrnomn A T Nern MNlnees 107Q A2 ALQN

& réaorynski, vi ) vwijCicCnOwWSKi, s viataCz, L., IvidaKOSZ4d, iv. org. Cniém. 17710, 43, 4004-

$a
N
oo
£

8311. (b) lshn, Y Yamawakl, K.; Ura, T.; Yamada, H.; Yosmda, T.; Ogawa, M. J. Org. Chem.
1988, 53, 3587-3593. (c) Venturello, C.; D'Alosio, R. J. Org. Chem. 1988, 53, 1553-1557.

7.  Colonna, S.; Fornasier, R. J. Chem. Soc. Perkinl. 1978, 371-373.

Cram. D. J.; Sogah, G. D. Y. J. Chem. Soc., Chem. Commun. 1981, 625-628.

9. Bentley, P. A.; Bergeron, S.; Cappi, M. W.; Hibbs, D. E.; Hursthouse, M. B.; Nugent, T. C.;
Pulido, R.; Roberts, S. M.; Wu. L. E. J. Chem. Soc. Chem. Commun. 1997. 739-740. and

references cited therein.

%0

2147



2148

oary
o=

p—
-y

12.

13.

14.
15.

16.

17.

ot
0
.

20.

21.

ol TV Twvinnall M T . Rannatt W . W, C I Am (Chomw Chn 1020 1171 72282_718% R
\a’ N7 AAJILIIALy LV J.y APUALLIVLL, Y¥., ¥Y¥U, V. J. 4377, REIHTL, DUL. AR T7OD 7, 111y &ddI dddds \U}

Thmenall WA e Q TatwrnlnAdwnse A cvisssen 1001 2 KQ1_&QA VN dmlreeste W D .
\J LARUKL, IVE, » Y¥U, J. I CWiIcuIon J)’”lf’lc")’, RIF&y Dy ITLITH L%} LAPLUWL&, N, D,

INL AAdL A 4™ Yy _

AV V)
\ad .
Cavanaugh, M. W.; Baker, B.; O’Donnell, M. J. J. Org. Chem. 1991, 56, 5181-5192. (d)
D s
b\’

P P 5 ] >y [ | A [N 1HhoOAa £ P Wy R
LOHng, U. -1., 18, I'., UTADOWSKI], . J. AmM. CREM, DOC. 1704, 1UQ, 440-94/. (C) nugmes,
™ h 4 s Tw_11* — ryY ™ h 748 L W PR + P Vi 1 3. ™ A ol N L . h 94 T T r P g Y Pal
). L., LOUINg, . -G Rydan, N, VL ; DCﬂOCnCWd.l E. ', UTADOWSK], L. J. J. J. Urg. unem
1987, 52, 4745-4752. (f) Masui, M. Ando, A.; Shioiri, T. Tetrahedron Lett. 1988, 29, 2835-

(a) Hummelen, J. C.; Wynberg, H. Tetrahedron Len. 1978, 1089-1092. (b) Colonna, S.;
Fornasier, R.; Pfeiffer, U. J. Chem. Soc. PerkinTrans. I, 1978, 8-11. (c) Annunziata, R.; Banfi,
S.; Clonna, 8. Tetrahedron Lent. 1985, 26, 2471-2474. (d) Masaki, Y.; Shi, M. J. Chem.
Research (S), 1995, 40-41. Recently chiral crown ether catalyzed asymmetric Darzens
condensation was reported: (€) Bako. P.; Szollosy, A.; Toke, L. Synierr, 1997. 291-292.

Ohkata, K.; Kimura, J.; Shinohara, Y.; Takagi, R.; Hiraga, Y. J. Chem. Soc. Chem. Commun.
1996. 2411-2412.

The chiral ammonium hydroxide is difficult to generate because the equilibrium dramatically shifts to
the ammonium halide. See : ref. 3 (b) Chapter 4.

PTC A was purchased from Aldrich Chemical Co., Ltd.

Solvents that are usually used under phase-transfer-catalyzed conditions such as toluene, benzene
and CH,Cl, were not effective in this reaction system.

The epoxyketone 3a was obtained with a lower ee using other ether solvents such as THF, diethyl
ether, diisopropyl ether, ¢-butyl methyl ether, and 1,4-dioxane.

In the case of the use of LiOH as a base, the reaction rate was much slower in the presence or
absence of PTC than the use of NaOH or KOH in any solvents.

Other 4-substituted benzyl cinchoninium salts were not effective in this reaction system (4-CN : 3%
ee, 4-Jodo : 16% ee, 4-NO, : 3% ee).
A r\mu‘al proc edure for the ¢ mlyt_j

l .0 mmol) and
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Removal of the solvent followed by flash column chromatography (silica gel, hexane:diethyl ether =
15:1) gave the desired product 3a as a colorless oil (152.0 mg, 80 %, 53% ee), [a]p'* -11.2 °(c 2.6
CHCL,). Enantiomeric excess was determined by HPLC analysis using DAICEL CHIRALCEL
OD, hexane:i-PrOH = 50:1. The retention time was 8.3 min for the (S, BR)-isomer and 9.9 min
for the (R, BS)-isomer.
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