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Abstract ; The catalytic asymmetric Homer-Wadsworth-Emmons reaction promoted by
quaternary ammonium salts derived from c‘mchonine asa phase-transfer caralyst is
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conditions afforded the corresponding desired products in moderate enantiomeric excess.
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The Horner-Wadsworth-Emmons (HWE) reaction is a potential method for the preparation of
carbon-carbon double bonds, and optically active condensation products will be obtained using prochiral

ketones such as 1 with catalytic or stoichiometric reagents (Scheme 1).  All examples reported so far have

required a stoichiometric amount o

1-3 . . . .
form.” © However, a catalytic cycle may be established using a catalytic amount of a chiral quaternary
ammonium salt as a phase-transfer catalyst (PTC) with an inorganic base because of the easy transformation

of the ammonium phosphonate generated as an intermediate into the corresponding halide. In this

lvtic asvmmetric HWE reaction
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n
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quaternary ammonium salt as a phase-transfer catalyst (PTC) derived from cinchonine, which gives optically

active o, B-unsaturated esters.
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under phase-trans
proceeded at room temperature in the presence of a strong base such as KOH with a catalytic amount of a

chiral quaternary ammonium salt as a PTC to give condensation products (Scheme 2). The desired

condensation products 3a and 3b were obtained using the methyl or ethyl phosphonate 2a and 2b in the
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B) as the PTC with 43 and 38% ee, respectively, though chemical yields were not satisfactory (Table 1, runs
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low, when the phosphonates involving a-propyl, isopropyl and zer-butyl carboxylate 2c-2e were used as
subatrates (Table 1, runs 3,4 and 5).° 1In run 4, PTC C® was used instead of PTC B. These results are
summarized in Table 1.

Scheme 2. The Asymmetric Horner-Wadsworth-Emmons Reaction under Phase-Transfer-Catalyzed Conditions?

* -~ 9 9 DT,

OR' “benzene, KOH

nzere, KO A~ [ )
TIP: 2a:R!=A%=Me l\.) 3a:R'=Me
2b:R'=R2=Ft t-Bu ;
1a 2¢:R' = n-Pr, R2= Et :R -H
2d:R' = iPr, R? = Ef 3¢:R =nPr
2e:R'=tBu, R? = Et ::2::_::‘
Table 1 2N
run phosphonate PTC time(h) \vieldof3 (%) ee (%,b ¢ A
1 2a A 38 3a : 15 43 HQ, (\ﬁr\u*
2 2b B 42 3b : 24 38 | x
3 2¢ B 41 3c :78 8 s \7"‘\\
4 24 ¢ 65 3d:8 19 S )
5 2e B 40 3e :89 7 \’\93
2All reactions were carried out in the presence of 5.0 eq of base except PTCA:R3=H,X=Cl
run 3 (3.0 eq). bEnantiomeric excess was determined by HPLC analysis PTCB:R3=H X=Br
i AICEL L OD {hexane:PrOH = 20:1). “Absolut )
lgr::iggl?rati%ns ;"2:::‘-5 gb Seré :ein:\inedoby oorgpa)risonbs? i:: PTC C:R? = CFg, X = Br

optical rotation with literature data.!

In order to obtain the desired products in high yield, we have tried to acidify the reaction system at
the end of the reaction. Methyl and ethyl esters are easily hydrolyzed under basic conditions and give the

corresponding alkaline metal salts of the carboxylic acids. Treatment of the salt with the corresponding
alcohol and conc HCI at 60°C afforded the desired products as an ester form which can be easily isolated in

7 < < . - 5 .
good yield.” Fortunately, its enatiomeric excess was not lost. Next, we aimed to prepare and examine &

. 8 . . . . . . .
more effective PTC derived from cinchonine for the development of the catalytic asymmetric HWE reaction.

The HWE reaction smoothly proceeded in the presence of a catalytic amount of the new

10 .
rocedure  in modest

1da A.aw:urxf;‘vrn with RhOH und

romide derivati ave 3b with the acidi
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enantiomeric excess.  According to examination of the effect of the substituent groups on the phenyl ring in
this reaction system, PTC alkylbenzyl functions seemed to give the best re:sult.11 Acwally, a catalytic
amount (20 mol %) of PTC involving the terr-butyl group at the 4-position afforded 3b in 75 % yield with

55 % ee after the acidifidation procedure (Table 2, run 3). These results are summarized in Table 2.
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In conclusion, we have developed the catalytic asymmetric HWE reaction promoted by quaternary

Hivee are affactive cataluer tn
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produce the desired product with modest enantiomeric excess.  Although catalytic turnover and enantiomeric
excess are not presently satisfactory, the results described here will lead to further progress.

Scheme 3. The Catalytic Asymmetric Homer-Wadsworth-Emmons Reaction with Various PTCs®

o CO,Et
K“\ o 0 1) PTC (20 mol %) r
. (E!O)zRVJL. ___benzene, RbOH, it /\|
OEt “2) HCVEIOH, 60°C L\ _J
t-Bu 2b +-Bu
1a 3b
Table 2
run PTC:R time (h)  yield of 3b (%) ee (%)
1 AP: CgHs 191 69 57
2° AP: CgHs 98 24 37 =\
3 D :4-tert-Bu-CgH4 192 75 55
4 D :4-tert-Bu-CeHy 161 61 43° HQ, e
5 E :2,4-Mes-CgHg 187 77 48 ey
6 F :Mes-Cg 187 77 48 Y™ R
7 G : a-Naphthyl 190 69 39 XN
8 H : p-Naphthyl 148 66 48
9 I: 4-MeO-CgHg 165 86 46 PTC
10 J :3,4,5-(MeO)3-CeHp 191 73 54

a0ther PTCs involving electron withdrawing groups on the phenyl ring
gave lower ee. bAmmonium chioride was used. ©2a was used as a
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Other solvents such as Et,Q, THF, CH,ClL,, and toluene were not effective and gave the desired
product with low ee.

PTC A and C were purchased

m Aldrich Chemical and Fluka Co.
Other substrates such as the cyano and k tophosphona were not effective in this reaction system

The condensation product was easily hydrolyzed under these basic conditions and obtained in low
yield from the asymmetric HWE reaction. We attempted to directly convert the carboxylate to the
ester with acid in alcohol.  This procedure is effective to obtain the desired product in the ester form
in good yield. See ref. 10.

All PTCs except PTC A and C described here were prepared from cinchonine and a corresponding
benzyl halide derivative under reflux in THF.

According to the investigation of the base effect for the asymmetric HWE reaction, RbOH was found

to give the desired m'ndnm with better enantiomeric excess,
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A typical procedure for the catalytic asymmetric Horner-Wadsworth-Emmons reaction under phase-
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ohexanone 1 (100 mg,
0.65 mmol) in benzene (3.2 mL), triethyl phosphonoacetate 2b (0.26 mL, 1.30 mmol) and N-(4-
tert-butylbenzyl)cinchoninium bromide (PTC D, 68 mg, 0.13 mmol) were added at room
temperature.  After RbOH monohydrate (390.6 mg, 3.2 mmol) was added at room temperature, the
reaction mixture was stirred for 192 h.  The reaction mixture was acidified to ca. pH=3 with conc.
HCl and then ethanol (10 mL) was added, and the reaction mixture was stirred for a further 96 h at
60°C. The reaction mixture was filtered and removal of the solvent followed by column
chromatography (silica gel, hexane:diethyl ether = 2:1) gave the desired product 3b as a colorless oil

(109.2 mg, 75 %, 55% ee). Enantiomeric excess was determined by HPLC analysis (DAICEL
MHIIRDAT CORT O ha .mnn-.‘,_D.-n‘LI = 2M1 flaw rata + N T mT /fmin) Tha ratantinn tima wae 12 1
L,IAAL\['\.LA\_,J_AJ N7y HUAQIIGATL A1) == LU, 1y RIUVY 1AW V.S Liigiliiansy AUIU TVWAIUULL W W AD 2k

min for the (R)-isomer and 14.1 min for the (§)-isomer,
The desired products were obtained with low ee in the case of using PTC involving an electron
withdrawing group on the phenyl ring such as CN, F, Cl, Br, and NO, groups.



