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Abstract—A variety of cyclopropane derivatives bearing stereochemistry at all three positions on the ring were readily obtained in a
high yield of 76-92% and high stereoselectivity (trans:cis > 95:5) when the monocarboxylic vinyl epoxide analogues reacted with
dithianyllithiums in the presence of HMPA. This reaction was supposed to be a tandem conjugation addition-opening epoxide ring

sequence.
© 2005 Elsevier Ltd. All rights reserved.

The smallest cycloalkane, cyclopropane, is found as a
basic structure element in a wide range of naturally
occurring compounds.! Moreover, many cyclopro-
pane-containing unnatural products have been prepared
to test the bonding features of this class of highly
strained cycloalkanes and to study enzyme mechanism
or inhibition. Cyclopropanes have also been used as ver-
satile synthetic intermediates in the synthesis of more
functionalized cycloalkanes and acyclic compounds.
Especially, the 1,2,3-trisubstituted cyclopropanes are
found widely in natural products and biologically active
molecules.? The Michael induced ring closing reactions
(MIRC) play an important role in this field of chemistry
and many synthetic applications are described in the lit-
erature so far.’ But in this reaction, in most cases it is
necessary to use doubly activated substrates. When only
one activating group is present on the substrates, the
reaction usually fails due to an unfavourable Michael
equilibrium.* Kasatkin reported the synthesis of cyclo-
propane dicarboxylates using MIRC reactions of diethyl
2,3-epoxybutylidene-malonate with methylmagnesium
iodide and lithium phenylacetylide in the presence of
5 mol % Cul.”> However, when Yamamoto et al. studied
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the reactions of monocarboxylic vinyl epoxide with cop-
per reagents in the similar reaction conditions, they
found that only SN, or SN products were obtained.®
So in Kasatkin’s reaction conditions, the doubly activate
2,3-epoxybutylidene must be required in the MIRC
reaction. There have been few applications of the MIRC
reaction to monocarboxylic vinyl epoxide analogues.

Recently, we reported one approach to 1,2,3-trisubsti-
tuted cyclopropanes derivatives that were readily
obtained using phenylvinyl epoxide with dithianyllithi-
ums in the presence of HMPA.” However, this work
only suitable for one type of substrate, mono epoxides
of diaryl-substituted dienes (Scheme 1).

Encouraged by our previous results, we intend to extend
the reaction scope. Initially, (E)-methyl 3-(3-methyloxi-
ran-2-yl) acrylate 1a was chosen as substrate to optimize
the reaction condition. The reaction was found to be
critically dependent upon temperature and the presence
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of HMPA.® The reaction of 2a with la proceeded
smoothly at —50 to —20 °C in anhydrous THF. When
the reaction was performed in a lower temperature,
the product of Michael addition was obtained in high
yield. When the reaction was performed in the absence

of HMPA, the reaction became complicated and the ex-
pected product 3a was obtained in a minor amount.
Meanwhile, we found that Lewis acid such as BF5 did
not promote the reaction. Using catalytic amount of
BF3, the starting materials disappeared quickly, very lit-
tle desired product was detected by TLC and the reac-
tion also became very complicated. It is also worth
noticing that this reaction needs anhydrous and oxy-
gen-free conditions. Moreover, the solvents played an
important role in this reaction. For example, the use
of anhydrous THF as the solvent could lead to the for-
mation of cyclopropane in high yield, whereas the reac-
tion was carried out with difficulty in toluene and ethyl
ether. When MeLi or n-BuLi was used under the current

Table 1. Cyclopropanation of monocarboxylic epoxide analogues with dithianyllithiums
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# All the experiments were done according to Ref. 11.

® All the products were identified by '"H NMR, '*C NMR, HRMS and IR."?
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Scheme 3. Supposed mechanism.

reaction conditions, the reaction was complex and the
desired cyclopropane product was not obtained (Scheme

2).

Having established optimal reaction condition, several
racemic monocarboxylic epoxide analogues’ and a vari-
ety of dithianyllithiums were prepared and the reaction
results are summarized in Table 1. The substituents of
the epoxide terminal did not affect cyclopropanation
reaction (Table 1, entries 1-4). When R~ was a small ste-
ric group such as methyl, a tandem reaction occurred
and the corresponding cyclopropane-bearing lactones
were obtained as the sole products (Table 1, entries 1,
3, 6 and 9). We also found the steric factor of 1,3-dithi-
ane did not obviously affect stereoselectivity of cyclo-
propanation (Table 1, entries 1, 6, 7 and 8). In all
cases, 1,2,3-trisubstrated cyclopropanes were obtained
in a high yield of 76-92% and high stereoselectivity
(trans:cis > 95:5). The NMR analysis of the crude reac-
tion revealed that in all cases, the trans isomers were
formed exclusively and the cis isomers have not been
detected by the NMR spectrum.3+10.12

Based on the experimental results, a plausible mecha-
nism was suggested as follows (Scheme 3). This cyclo-
propanation reaction was supposed to be a tandem
conjugation addition-opening epoxide ring sequence.

In summary, we have developed a new and high stereo-
selective process for synthesis of 1,2,3-trisubstrate
cyclopropanation derivatives in high yields. More
importantly, a variety of substituents could be intro-
duced into the resulting cyclopropane monocarboxylic
ester derivatives with a highly stereoselective. Further
mechanistic and synthetic studies are currently in
progress.
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Although there are exceptions, cyclopropanations via the
MIRC reaction of acyclic olefins are usually nonstereo-
specific, and both (E)- and (Z)-olefins give the trans-
cyclopropanes. Kasatkin et al. observed a 5 Hz coupling
for the trans isomers and 8 Hz for the corresponding cis
isomer. And the "H NMR spectral analysis showed that
the trans-cyclopropanes were the product: Funaki, I.; Bell,
R. P. L.; Thijs, L.; Zwanenburg, B. Tetrahedron 1996, 52,
12253-12274.

General procedure: A solution of the dithiane (1 mmol)
and HMPA (0.30 mL, 1.65mmol) in anhydrous THF
(3 mL) was cooled to —50 °C. n-BuLi (2.5 M in petroleum
ether, 0.6 mmol) was added dropwise via syringe, and the
reaction mixture allowed to warm to —20 °C while stirring
for 0.5h. The mixture was re-cooled to —50°C and a
solution of the monoactivated epoxide analogues
(0.50 mmol) in anhydrous THF (3 mL) was added drop-
wise via syringe. The mixture was warmed to —20 °C over
1 h. After stirring an additional 19 h the reaction was
quenched with saturated aqueous NH4Cl (6 mL) and then
diluted with Et,O (20 mL). The organic layers were
separated, the aqueous phase extracted with Et,O

12.

(3x5mL), and the combined organic layers dried over
anhydrous Na,SOy, filtered and concentrated. Flash
chromatography (petroleum ether/ethyl acetate as eluent)
provided cyclopropane derivatives as either colourless oil
or white solid.

The spectral data of some products. Product 1: White
crystal, mp 126-127°C. '"H NMR (300 MHz, CDCl,):
7.93 (d, J=28.1 Hz, 2H), 7.40 (t, J=7.5Hz, 2H), 7.29
(t, J=17.5Hz, 1H), 4.63-4.59 (m, 1H), 2.70-2.62 (m, 4H),
2.01 (m, 1H), 1.98 (m, 1H), 1.89 (m, 2H), 1.84 (m, 1H),
1.33 (d, J= 6.3 Hz, 3H). '>*C NMR (300 MHz, CDCl3): &
174.4, 137.2, 129.9, 128.8, 127.9, 75.6, 57.54, 32.0, 27.9,
27.7,25.7, 24.5, 23.2, 17.5. IR (v em™Y): 1762, 1192, 971,
901, 784, 712, 615, 571, 513. HRMS (ESI) Caled for
C1¢H50,8:Na (M+Na)™: 329.0640. Found: 329.0646.
Product 6: White crystal, mp 97-98°C. 'H NMR
(300 MHz, CDCl;): 6 4.81 (m, 1H), 2.89 (m, 2H), 2.48
(m, 2H), 2.45 (dd, J= 7.8, 4.5 Hz, 1H), 2.23 (dd, J =4.2,
3.0Hz, 1H), 2.08 (m, 1H), 1.90 (m, 2H), 1.42 (d,
J=6.3Hz, 3H), 0.99 (s, 9H). >C NMR (300 MHz,
CDCls): 6 175.3, 77.4, 36.6, 32.3, 28.5, 27.0, 26.4, 24.0,
23.7, 23.6, 19.8, 17.7, —6.0, —6.4. IR (v cm™}): 2959,
2857, 1768, 1187, 1085, 970, 824. HRMS (ESI)
Caled for C;cH»30,S,Si (M+NH4)+: 362.1638. Found:
362.1645.
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