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Cyclopropane moiety is a fundamental class of functional 
group that is the focus of many organic synthesis programs 
and performs a key structural role in a wide range of 
biologically active molecules.1,2 The importance of cyclo­
propanes is reflected in the enormous effort that has been 
invested in their diastereo- and enantioselective synthesis.1-4 
In addition, cyclopropane derivatives could be transformed 
to structurally diverse compounds.5

During the extensive studies on the chemical transfor­
mations of Baylis-Hillman adducts,6 we examined the 
introduction of cyclopropane moiety at the primary position 
of Baylis-Hillman adducts to form vinyl cyclopropane 
derivatives 2 (Scheme 1). Such vinyl cyclopropane back­
bone is an important entity in many naturally occurring and 
synthetic pyrethroidal insectides,2a and could be used for 
further chemical transformations.5

Our synthetic rationale is shown in Scheme 1. The starting 
cinnamyl bromide la was prepared from the Baylis-Hillman 
adduct and HBr according to the reported method.7 The 
reaction of la and dimethyl sulfide in CH3CN generated the 
sulfbnium salt (I), which was converted into the correspond­
ing sulfur ylide (II) by treatment with NaOH. The in situ­
generated sulfur ylide (II) reacted with methyl vinyl ketone 
to give the desired cyclopropane derivative 2a in 45% yield 
as shown in Scheme 1 via the intermediate (III). The synthe­
sis of 2a was carried out in CH3CN at room temperature 
within 12 h. Encouraged by the successful results we 

prepared other cyclopropane derivatives 2b-h and the results 
are summarized in Table I.8

The use of CS2CO3 instead of NaOH showed similar yield 
of 2a. However, the use of K2CO3 gave 2a in only trace 
amounts. When we used nitrogen ylide, which was made 
from the reaction of la and DABCO in the presence of 
NaOH, we could not observe the formation of 2a at all. 
Variation of the electron-withdrawing substituents (-COOMe, 
-COOEt, -COMe, -CN) of the starting materials la-f did not 
alter the reactivity for the formation of cyclopropanes. Ethyl 
vinyl ketone (entry 2) could also be used successfully as the 
Michael acceptor in the reaction with la. However, we 
failed to obtain the corresponding products when we 
replaced methyl vinyl ketone with other Michael acceptors 
such as methyl acrylate, acrylonitrile, and 2-cyclohexen-l- 
one. In these cases we could not observe any major 
component on TLC. The reason for the failure could be 
explained either by the hydrolysis or low reactivity of these 
Michael acceptors. Fortunately, 2-chloroacrylonitrile could 
be used as the Michael acceptor efficiently to give 2g (entry 
7) as inseparable cis-trans mixtures in 57% yield.

The relative stereochemistry of the two substituents of 
cyclopropane was trans in all cases as reported in 
similar systems.3,4 We could not isolate the other 
stereoisomer from the reaction mixtures. Further synthetic 
applications of the cyclopropane products are currently 
underway.

Scheme 1
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Table 1. Synthesis of cyclopropane derivatives

Entry Substrate" Conditions” Products (%)。

methyl vinyl ketone 
(1.5equiv), 12 h

2a (45)d

COOMe

COMe

COOMe

2 1a ethyl vinyl ketone 
(1.5equiv), 12 h

CO 타
2b (42)

-COOMe»/0/COOMe
methyl vinyl ketone 
(1.5equiv), 12 h

methyl vinyl ketone 
(1.5 eq니iv), 13 h

methyl vinyl ketone 
(1.5 equiv), 8 h

methyl vinyl ketone 
(1.5equiv), 12 h

2-chloroacrylonitrile 
(1.5 equiv), 20 h

methyl vinyl ketone 
(1.5equiv), 12 h

Me COMe
2c (47)

-COOMe

2d (49)
、COMe

COMe

COMe

COOMe

“The stereochemistry of double bond of la-e is Z and that of If is E. "MezS (1.5 equiv), NaOH (1.5 equiv), CH3CN, rt, given time. cWe obtained trans 
isomers in all cases (except for entry 7). "The use of CS2CO3 (1.5 equiv) instead of NaOH under the same conditions gave 48% of 2a. eTwo 
stereoisomers were mixed in a ratio of 3 : 2.

Experimental Section

Typical procedure for the synthesis of cinnamyl bro­
mide la and cyclopropane derivative 2a. The cinnamyl 
bromide derivative la was prepared in 92% yield by the 
treatment of the Baylis-Hillman adduct of benzaldenyde and 
methyl acrylate with aq HBr (rt, 5 h).7 Synthesis of Ib-f was 
also carried out similarly with HBr at room temperature (5­
16 h, 85-95%). To a stirred solution of la (254 mg, 1.0 
mmol) and methyl vinyl ketone (105 mg, 1.5 mmol) in 
CH3CN (3 mL) was added successively dimethyl sulfide (93 
mg, 1.5 mmol) and NaOH (60 mg, 1.5 mmol) at room 

temperature. The reaction mixture was stirred for 12 h at 
room temperature. After the normal aqueous workup and 
column chromatographic purification process (hexanes/ether 
=10 : 1) we obtained 2a as clear oil, 110 mg (45%). 
Synthesis of 2b-h was carried out similarly and the spectros­
copic data of 2a-h are as follows.

Compound 2a: 45%; clear oil; IR (KBr) 1712, 1628, 1254 
cm-1;NMR (CDCI3, 300 MHz) 8 0.90-0.97 (m, 1H), 
1.47-1.53 (m, 1H), 1.94-2.04 (m, 1H), 2.19 (s, 3H), 2.29­
2.36 (m, 1H), 3.82 (s, 3H), 7.34-7.46 (m, 5H), 7.76 (d, J = 
1.8 Hz, 1H); 13C NMR (CDCI3, 75 MHz) 8 19.98, 23.33, 
31.01, 31.99, 52.23, 128.46, 129.16, 130.20, 130.34, 134.70,
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142.18, 168.16,20770; ESIMS m/z 245 (M++H).
Compound 2b: 42%; clear oil; IR (KBr) 1712,1628, 1254 

cm"1; 】HNMR(CDCk 300 MHz)刘.89-0.95 (m, 1H)? L05 
(t, J= 7.2 Hz, 3H), L45-L51 (m, 1H)? L92-L98 (m, 1H)? 
2.29-2.36 (m, 1H)? 247 (qd? J=72and2.7Hz? 2H),3.81 (s, 
3H), 733-7.46 (m, 5H), 7.75 (d, J= L8 Hz, 1H); 13C NMR 
(CDCh, 75 MHz) Q7.71, 19.58, 22.67, 30.91, 36.89, 5L98,
128.19, 128.90, 130.01, 130.28, 134.53, 14L90, 167.99, 
210.02; ESIMS m/z 259 (M++H).

Compound 2c: 47%; clear oil; IR (KBr) 1712, 1254 cm-1; 
】HNMR(CDCk 300 MHz) ^0.91-0.98 (m, 1H)? L48-L54 
(m, 1H)? L96-2.02 (m, 1H)? 2.21 (s, 3H), 2.27-234 (m, 1H)? 
237 (s, 3H), 3.81 (s, 3H), 7.18 (d, J= 8.1 Hz, 2H), 7.35 (d, J 
=8.1 Hz, 2H), 7.73 (d, J= L5 Hz, 1H); 13C NMR (CDC13? 
75 MHz)以0.02, 2L57, 23.44, 3L00? 32.18, 52.12, 129.14, 
12930, 13034, 13L77, 139.45, 142.26, 168.27, 207.75; 
ESIMS m/z 259 (M++H).

Compound 2d: 49%; clear oil; IR (KBr) 1712,1254 cm-1; 
】HNMR(CDCk 300 MHz)浏1.89-0.95 (m, 1H)? L47-L53 
(m, 1H)? L99-2.05 (m, 1H)? 2.23 (s, 3H), 2.24-232 (m, 1H)? 
3.82 (s, 3H), 735 (d, J= 8.7 Hz, 2H), 7.40 (d, J= 8.7 Hz, 
2H), 7.69 (d, J= L8 Hz, 1H); 13C NMR (CDC13? 75 MHz) 
19.79, 23.11, 3L05, 32.04, 52.29, 128.70, 130.84, 13L50, 
133.03, 135.14, 140.68, 167.86, 207.47; ESIMS 前艺 279 
(M++H).

Compound 2e: 54%; clear oil; IR (KBr) 1705, 1250 cm-1; 
0 NMR (CDCh, 300 MHz) ^0.90-0.96 (m, 1H)? 135 (t, J 
=7.2 Hz, 3H), L47-L53 (m, 1H)? L94-2.00 (m, 1H)? 2.19 (s, 
3H), 2.32-236 (m, 1H)? 4.27 (qd, J= 7.2 and L2 Hz, 2H), 
735-7.46 (m, 5H), 7.76 (d, J= L8 Hz, 1H); 13C NMR 
(CDC13? 75 MHz)以4.43,20.02,23.25,30.92,3L91,6L01? 
12832, 128.98, 130.09, 130.50, 134.63, 14L80, 167.58, 
207.66; ESIMS m/z 259 (M++H).

Compound 2f: 45%; clear oil; IR (KBr) 1697,1666, 1612, 
1238 cm"1; 0 NMR (CDC13? 300 MHz) 0.83-0.89 (m, 
1H)? L46-L52 (m, 1H)? L83-L89 (m, 1H)? 2.17 (s, 3H), 
2.27-2.35 (m, 1H)? 2.44 (s, 3H), 735-7.47 (m, 5H), 7.57 (d, 
J=2A Hz, 1H); 13CNMR(CDC13? 75 MHz)乃9.87, 22.81, 
27.00,30.85,31.60,12832, 129.11,130.03, 134.51, 138.86, 
14L50, 199.55,207.63; ESIMS m/z 229 (M++H).

Compound 2g: 57% (3 : 2 mixture); clear oil; IR (KBr) 
2241,1716,1261 cm"1; major isomer: 】HNmR(CDCk 300 
MHz) S1A6 (dd, J= 9.0 and 7.2 Hz, 1H)? 2.07 (dd, J= 9.9 
and 6.9 Hz, 1H)? 2.39 (s, 3H), 2.72 (td, J= 9.6 and 2.1 Hz, 
1H)? 3.89 (s, 3H), 7.22 (d, J= 8.1 Hz, 2H), 7.32 (d, J= 8.1 
Hz, 2H), 7.99 (d, J= L8 Hz? 1H); minor isomer:NMR 
(CDCh, 300 MHz) S1A7 (dd, J= 8.7 and 7.2 Hz, 1H)? L86 
(dd, J= 9.6 and 7.2 Hz, 1H)? 2.39 (s, 3H), 2.64 (td, J= 9.0 
and L5 Hz, 1H)? 3.90 (s, 3H), 7.22 (d, J= 8.1 Hz, 2H), 7.35 
(d, J= 8.1 Hz, 2H), 7.99 (d, J= L8 Hz, 1H); 13C NMR 
(CDCh, 75 MHz) Q2L40,2L43,25.74,2635,26.68,29.24, 
3L16, 3L54, 5241 (2C), 116.85, 118.73, 123.51, 123.57, 
128.83, 129.19, 129.93, 130.21, 13034, 13048, 140.19, 
14037, 145.23, 14538, 166.86, 167.29; ESIMS 前艺 276 
(M++H).

Compound 2h: 48%; clear oil; IR (KBr) 2214, 1701, 1184 

cm"1; 0 NMR (CDCh, 300 MHz) 5 L41-L47 (m, 1H)? 
L53-L59 (m, 1H)? 231-242 (m, 2H), 234 (s, 3H), 7.10 (s, 
1H)? 738-7.42 (m, 3H), 7.68-7.71 (m, 2H); 13C NMR 
(CDC13? 75 MHz) 16.69, 27.98, 28.61, 3L03, 110.84, 
116.06, 128.47, 128.78, 130.13, 133.14, 143.52, 205.70; 
ESIMS 212 (M++H).
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