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Abstract: An unprecedented nucleophilic ring opening of cyclo-
propanecarbaldehydes with benzenethiols proceeds regioselective-
ly under the catalysis of 40 mol% proline to afford fair to good
yields of 4-phenylthio-substituted butyraldehydes. If o-thiosalicyl-
aldehydes are employed, a tandem homoconjugate addition–aldol
reaction occurs, which constitutes an expedient entry to pharmaceu-
tically valuable 2,3-dihydrobenzo[b]thiepine-4-carbaldehydes.

Key words: ring opening, tandem reactions, heterocycles, regio-
selectivity, aldol reactions

Cyclopropane-containing derivatives enjoy increasing
utilities in synthetic chemistry because of two main facts.1

One is that the rapid development of carbene chemistry
has rendered cyclopropane derivatives easily accessible,
and the other is that the cyclopropane ring resembles a
C=C double bond in many aspects to qualify it as a func-
tional carbon group. Especially, the ring opening has been
proved to be a very useful route to the myriad of function-
alized carbon skeletons.1g,2 The ring opening mostly relies
on activation with additional functional groups, and the
activations can be categorized into two classes.3 The first
class includes the reactions of donor–acceptor cyclopro-
panes.1f The second class features electrophilic reaction of
cyclopropanes, which are usually activated by cation-
stabilizing groups or attached electron-withdrawing
groups. Within the latter context, the most widely investi-
gated substrates have been those activated by two gem-
substituted electron-accepting groups, for example, 1,1-
cyclopropane dicarboxylic acid esters.4–6 In general, the
cyclopropane ring has to be further activated to achieve a
successful nucleophilic-induced ring opening. The well-
established methods employ a Lewis acid such as
Ni(ClO4)2·6H2O,3 BF3·OEt2,

7 SnCl4,
8 TMSOTf.9

As evidenced by an explosive growth in the number of
publications in recent years, organocatalysis has become
a rapidly evolving field.10 The use of organocatalytic
transformations implies a connotation of ecologically be-
nign and green chemistry. Numerous organocatalysts
have been developed to prompt a broad range of reactions,
some of which are either difficult to proceed or require ex-
pensive and toxic metal previously.

Although organocatalyzed nucleophilic addition to a,b-
unsaturated carbonyl systems has been thoroughly stud-
ied,10,11 as far as we are aware, a homoconjugate nucleo-
philic version to a cyclopropane ring under activation with
organocatalysis remains untouched.12 Replacing a C=C
double bond with a cyclopropane ring, the reaction with
nucleophiles may provide an attractive entry into homo-
Michael addition products. In this letter, we wish to report
that cyclopropanecarbaldehydes can be activated by (S)-
proline to trigger an effective homoconjugate nucleo-
philic ring opening with benzenethiols. In the same way,
using o-thiosalicylaldehydes as the nucleophile, the proto-
col constitutes an unprecedented tandem homoconjugate
addition–aldol reaction affording benzo[b]thiepines,
which are of considerable biological significances.13

In the domain of organocatalysis, secondary amines have
been widely employed as iminium catalysts.10b For exam-
ple, (S)-proline, being an inexpensive and nontoxic natu-
ral amino acid that is safe for use, has been found to
perform well in a number of transformations.10e We envi-
sioned that the formation of an iminium ion of the alde-
hyde group in cyclopropanecarbaldehydes may render the
three-membered ring far more electrophilic to be attacked
by a nucleophile and result in the formation of 1,4-difunc-
tional compounds.

We elected initially to treat 2-phenylcyclopropane-carb-
aldehyde (1a) with benzenethiol (2a) along with a second-
ary amine as the catalyst (Scheme 1). The required
starting aldehyde 1a was easily prepared from ethyl cin-
namate by cyclopropanation using DMSY (Me2SO+CH2

–)
in DMSO on the double bond followed by reduction with
LAH and oxidation with PCC in CH2Cl2.

A set of different reaction conditions including varying
solvents and acid additives was tested with emphasis on
the screening of amine catalyst. Several representative re-
sults are shown in Table 1. The reactions were performed
at room temperature with 1 mmol of 1a and 1.2 equiva-
lents of 2a in the presence of an amine catalyst along with
a small amount of 4 Å MS. To our delight, the use of 20
mol% of pyrrolidine 3a in combination of a stoichiomeric
amount of 2-nitrobenzoic acid could effectivelly promote
the expected homoconjugate addition with exclusive regio-
selectivity. After stirring for three days in toluene, the
reaction reached a maximal conversion (TLC) and the ad-
duct 4-phenyl-4-(phenylthio)butyraldehyde (4a) was iso-
lated in a low yield (Table 1, entry 1). We then turned to
the use of (S)-proline (3b) as the catalyst without additive,
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but with an increased dosage (40 mol%) in CH2Cl2 as the
solvent. Again, the reaction could also proceed to furnish
a slightly higher yield of 4a (Table 1, entry 2). Consider-
ing the poor solubility of 3b in CH2Cl2, the reaction medi-
um was switched to THF. The reaction could occur under
the catalyst of 20 mol% of 3b to afford 4a, but still in a
low yield (Table 1, entry 3). Increasing the amount of 3b
to 40 mol% could improve the yields (Table 1, entries 4
and 5). Further increase in the amount of the employed
catalyst 3b did not show beneficial efffects on improving
the yield. In addition, we found that addition of 4 Å MS
was also a vital point to promote this thia-homoconjugate
addition (Table 1, entry 7). Unexpectedly, when (S)-
diphenyl(pyrrolidin-2-yl)methanol (3c) was employed as
the catalyst, the reaction did not occur at all, and with (S)-
2-[diphenyl(trimethylsilyloxy)methyl]pyrrolidine (3d) as
the catalyst, the target compound could not be detected af-
ter stirring for three days (Table 1, entries 8 and 9). Thus,
the opmimized conditions were defined to be 40 mol% 3b
as catalyst in THF at room temperature with the addition
of 4 Å MS.

With optimized conditions in hand, we next explored the
scope and generality of the protocol (Table 2). A range of
2-phenylcyclopropanecarbaldehydes 1 and benzenethiols
2 bearing different substituent at the para position on both
of the phenyl rings were investigated, respectively.14 As
indicated in Table 2, the reactions were applicable to a
wide variety of combinations of 1 and 2 (Table 2, entries
1–12). Both electron-donating groups and electron-
accepting groups can be tolerated. The results revealed
that an electron-withdrawing substituent, such as fluorine
atom, residing either on the phenyl ring of 1 or 2 or both
could appreciably facilitate the reaction. For instance, the
use of 1b carrying a strong electron-donating group pro-
vided generally lower yields than the use of 2-(4-fluo-
rophenyl)cyclopropanecarbaldehyde (1c,Table 2, entries
5–8 vs. 9–12, respectively). However, the substituent ef-
fects of benzenethiols 2 seemed to be less pronounced
than that of 1. In the pairing of 1c with 2d, where both sub-
strates bear a fluorine substituent, the reaction afforded
the highest yield of the homoconjugate addition product 4l
(Table 2, entry 12). We next became interested in exam-
ining the role of phenyl substituent in cyclopropane-
carbaldehydes 1. As shown in Table 2, although
cyclopropanecarbaldehyde 1d could also be employed to
produce the corresponding 4-phenylthio-substituted bu-
tyraldehydes 4, the yields were generally lower than the
phenyl-substituted analogues 1a–c (Table 2, entries 13–
16). In addition, when aliphatic thiols such as ethanethiol
were used as the nucleophilic reagents, the reaction only
delivered the trivial dithioacetals.

To further expand the scope of the proline-catalyzed
homoconjugate addition protocol, the reaction of 1 with o-
thiosalicylaldehydes 5 were investigated (Table 3).15

Recently, organocatalytic tandem Michael–aldol reaction
has been reported by two pioneer research groups, provid-
ing catalytic asymmetric synthesis of thiochromenes.16

Our work was directed to develop a tandem homoconju-

Scheme 1 The plausible mechanism of the tandem reaction
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Table 1 Screening for the Optimal Reaction Conditions

Entry Cat. (equiv)Additive Solvent Time 
(d)

Yield 
(%)a

1 3a (0.2) 2-nitrobenzoic acid toluene 3 25

2 3b (0.4) none CH2Cl2 3 27

3 3b (0.2) none THF 3 28

4 3b (0.4) none THF 2 45

5 3b (0.4) none THF 3 55

6 3b (0.8) none THF 3 50

7b 3b (0.4) none THF 3 0

8 3c (0.2) 4-chlorobenzoic acid toluene 3 0

9 3d (0.2) benzoic acid toluene 3 n.d.c

a Isolated by chromatography.
b Without addition of 4 Å MS.
c Not detected.
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gate addition–aldol sequence to provide an attractive
route to benzo[b]thiepines 6, which are of considerable
current biological significance.13 To our delight, the reac-
tion took place effectively and regioselectively to furnish
the expected 2,3-dihydrobenzo[b]thiepine-4-carbalde-
hydes 6 in fair to moderate yields (Table 3). In compari-
son to other ways for construction of such fused
heterocyclic core,13 this organocatalyzed domino method
is very straightforward, and the conditions avoid use of
any expensive reagents.17 A catalytic cycle to account for
the formation of 6 is postulated in Scheme 1.

The cyclopaopanecarboxaldehyde 1 reacts with (S)-pro-
line to form an iminium zwitterion I with loss of water,
whereby the carbonyl group is suitably activated. Nucleo-
philic attack at the C-2 position of the cyclopropane ring
results in the formation of ring-opened enamine interme-
diate II by the mercapto group of o-thiosalicylaldehyde.
Next, the enamine II undergoes an intramolecular 7-exo-
trig nucleophilic attack on the benzaldehyde moiety, lead-
ing to the initial hydroxyl iminium adduct III. Hydrolysis

of III produces the hydroxy aldehyde with regeneration of
the catalyst 3b. Then elimination of water occurs with as-
sistance of the added MS, furnishing the isolated 2,3-dihy-
drobenzo[b]thiepine-4-carbaldehydes 6. Perhaps because
the chiral center in intermediate I is too far away from the
initial reaction position of 1, no chiral induction has been
obtained in the present protocol.18

The structure of 6 was unambiguously confirmed by an X-
ray crystal diffraction analysis for 2-(4-methoxyphenyl)-
7-methyl-2,3-dihydrobenzo[b]thiepine-4-carbaldehyde
(6e, Figure 1).19

Figure 1 ORTEP picture of compound 6e

Finally, the enantiomerically enriched cyclopropanealde-
hyde 1e was prepared according to a known procedure in
92% ee.20 The reaction of 1e with 5a as well as 5b was
performed under the similar conditions (Scheme 2). To
our delight, the reaction proceeded well to provide the op-

Table 2 Ring Opening of Cyclopropanes 1 by Nucleophilic Addi-
tion Using Benzenethiols 2

Entry R1 1 R2 2 Product Yield 
(%)a

1 Ph 1a H 2a 4a 55

2 Ph 1a Me 2b 4b 26

3 Ph 1a Cl 2c 4c 39

4 Ph 1a F 2d 4d 53

5 4-MeOC6H4 1b H 2a 4e 41

6 4-MeOC6H4 1b Me 2b 4f 40

7 4-MeOC6H4 1b Cl 2c 4g 33

8 4-MeOC6H4 1b F 2d 4h 43

9 4-FC6H4 1c H 2a 4i 57

10 4-FC6H4 1c Me 2b 4j 47

11 4-FC6H4 1c Cl 2c 4k 43

12 4-FC6H4 1c F 2d 4l 61

13 H 1d H 2a 4m 43

14 H 1d Me 2b 4n 15

15 H 1d Cl 2c 4o 29

16 H 1d F 2d 4p 35

a Isolated yield by chromatography.
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Table 3 Tandem Reaction Leading to Benzo[b]thiepines

Entry R1 1 R2 5 Product Yield (%)a

1 Ph 1a H 5a 6a 40

2 Ph 1a Me 5b 6b 35

3 Ph 1a Cl 5c 6c 45

4 4-MeOC6H4 1b H 5a 6d 41

5 4-MeOC6H4 1b Me 5b 6e 56

6 4-MeOC6H4 1b Cl 5c 6f 40

7 4-FC6H4 1c H 5a 6g 50

8 4-FC6H4 1c Me 5b 6h 44

9 4-FC6H4 1c Cl 5c 6i 34

10 H 1d H 5a 6j 39

11 H 1d Me 5b 6k 37

a Isolated yield by chromatography.
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tically active benzo[b]thiepines (2R)-6k (88% ee) and, re-
spectively, (2R)-6l (81% ee).16,20 Mechanistically, the ring
opening step may be viewed as an SN2-type attack of the
mercapto group on the electrophilic 2R-carbon in 1e.
Thus, the chiral carbon is assumed to undergo inversion of
configuration, leading to the formation of 2R-configured
products 6.

Scheme 2 Tandem reaction using (1R,2R)-2-phenylcyclopropane-
carbaldehyde 1e as substrate

In summary, we have presented the first proline-catalyzed
ring opening of cyclopropanecarbaldehydes by nucleo-
philic attack of benzenethiols. Using o-thiosalicylalde-
hydes as the nucleophiles, the protocol constitutes a novel
organocatalyzed homoconjugate addition–aldol domino
reaction. The reaction proceeds with complete regioselec-
tivity to furnish the biologically intetresting benzo[b]thi-
epines in moderate yields.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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