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Heteroaryl 2-silylmethyl-substituted cyclopropyl ketones re-

arrange under Lewis acid conditions via heteroaromatic homo-

Nazarov cyclization to form 2,3-heteroaromatic ring fused

4-t-butyldiphenylsilylmethyl-substituted cyclohexanones.

Fused heteroaromatic rings serve as key building blocks in many

biologically important natural products.1–4 The acid-catalyzed

ring closure of heteroaryl vinyl ketones to cyclopentanones fused

with heteroaromatic rings is known as heteroaromatic Nazarov

cyclization.5,6 An electron-withdrawing group present at the

position 2 or 3 of the heterocyclic ring does not allow its

Friedel–Crafts alkylation by the initially formed cation due to

deactivation of the ring.7 To facilitate this transformation, one is

required to mask the carbonyl group. Nazarov cyclization pro-

vides the requisite masking of the carbonyl group in the form of

an enolate. Analogous to the heteroaromatic Nazarov cyclization,

an acid-induced transformation of a cyclopropyl heteroaryl

ketone into a cyclohexanone fused with a heteroaromatic ring

may be called heteroaromatic homo-Nazarov cyclization.8 We

have lately been studying the construction of various carbocycles

and heterocycles using silylmethyl-substituted cyclopropanes

bearing a vicinal electron-withdrawing substituent as inherent

1,3- and 1,4-dipoles.9 This presented an opportunity to consider

the reactions of heteroaryl 2-t-butyldiphenylsilylmethyl-

substituted cyclopropyl ketones via the homo-Nazarov protocol

to form 2,3-heteroaromatic ring-fused 4-t-butyldiphenylsilyl-

methyl-substituted cyclohexanones (Scheme 1). Herein, we pre-

sent our results and demonstrate from a variety of examples that

the reaction is general.

We commenced our study using the relatively more reactive

substrates 1a/1b that underwent heteroaromatic homo-Nazarov

cyclization on admixture with SnCl4 in dichloromethane at 0 -

30 1C for 48 h to furnish the furan-fused cyclohexanone 2 in 40%

yield. Other Lewis acids such as TiCl4, BF3�OEt2, Sc(OTf)3
and Cu(OTf)2, and solvents such as cyclohexane, acetonitrile,

toluene and nitromethane were less effective than SnCl4 and

Scheme 1 Homo-Nazarov cyclization.

Table 1 Cyclization of (2-t-butyldiphenylsilylmethyl)cyclopropyl
heteroaryl ketones with SnCl4 in dichloroethanea

Entry Substrate Product
Yield
(%)b

1 85

2 80

3 80

4 80

5 85

6 80

7 80

8 85

9 70c

a All the reactions were carried out using 4 equivalents of distilled

SnCl4 at 80 1C in dichloroethane for 12 h. b Isolated yields.
c 3-Butenyl-5-(4-chloro-2-nitrophenyl)-2-furyl ketone was also iso-

lated in 15% yield.
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dichloromethane. 1,2-Dichloroethane (DCE) offered similar re-

sults to dichloromethane under the above reaction conditions.

However, a reaction in DCE at 80 1C for 12 h furnished the

desired product in 85% yield (Table 1, entry 1). The cis-1a and

trans-1b generated the same product in identical yields when

reacted separately. Further, there was no epimerization of one

isomer into the other and both the isomers required the same time

for completion. Thus, isomeric mixtures of the reacting substrates

were used for other reactions.

Encouraged by the above result, we ventured to study other

donor–acceptor substituted cyclopropanes10 to assess the general-

ity of the protocol. Both 3- as well as 2-substituted furan and

thiophene substrates (entries 1–4 and 7–9) reacted very well to

generate the desired products. The success with the 2-substituted

furan and thiophene substrates is indeed noteworthy in view of the

general observation that an electrophilic substitution at position 3

is less facile than an electrophilic substitution at position 2 in

heteroaromatic compounds except the indoles.11 The higher tem-

perature probably allows the 2-substituted furan and thiophene

reactants (entries 2 and 3, respectively) to achieve the requisite

transition states with near as much facility as the corresponding

3-substituted reactants. Indeed, cis-3a and trans-3b were found to

be inert to SnCl4 in dichloromethane at 0 - 30 1C for 48 h.

The 2- and 3-substituted indoles 9a/9b and 11a/11b generated

the desired products 10 and 11 in 85% and 80% yields, respec-

tively (entries 5 and 6). Interestingly, protection of the nitrogen

was not necessary. Heteroaryls like 5-bromo-2-furyl cyclopropyl

ketones 13a/13b (entry 7) and 5-(2,4-dichlorophenyl)-2-furyl

cyclopropyl ketones 15a/15b (entry 8) reacted smoothly to gen-

erate 14 and 16 in 80 and 85% yields, respectively. The reaction of

the somewhat electron-deficient 5-(4-chloro-2-nitrophenyl)-2-

furyl cyclopropyl ketones 17a/17b also proceeded reasonably well

to generate 18 in 70% yield along with the simple silicon-

eliminated product, 3-butenyl 5-(4-chloro-2-nitrophenyl)-2-furyl

ketone, in 15% yield (entry 9). The successful reaction of 17a/17b

demonstrates a remarkable ring-closing efficiency of the present

homo-Nazarov protocol.

ð1Þ

ð2Þ

We next examined the reactions of substrates bearing other

electron-donating substituents, oxygen and phenyl in particular.

The substrates 19a/19b were smoothly transformed into the

tricyclic product 21 in 65% yield. The cis ring junction in 21

was ascertained from the J value (3.2 Hz) and also from NOE

measurements. Under the Lewis acid condition, 19a/19b is ex-

pected to generate the oxonium-enolate 20 which ring closes,

under stereoelectronic control, from the axial site to result in the

observed cis ring junction (eqn (1)). Likewise, a 1 : 2 isomeric

mixture of the cyclopropyl ketones 22a and 22b, bearing a

phenyl group as the donor substituent, was prepared from

Rh2(OAc)4-catalyzed addition of the carbene generated from 2-

furyldiazoketone12 to styrene and transformed conveniently into

2,3-furano-4-phenylcyclohexanone 23 in 90% yield (eqn (2)).

Murphy and Wattanasin have previously studied the cycli-

zation of aryl 2-alkyl/aryl-substituted cyclopropyl ketones to

2,3-aryl-fused 4-alkyl/aryl-substituted cyclohexanones.13 The

difficulty in further easy chemical manipulation of the 4-alkyl/

aryl group limits its synthetic usage. Since the silicon acts as a

masked hydroxyl group,14 the present protocol extends the

synthetic scope of the homo-Nazarov cyclization considerably.

As a representative example, a 1 : 1.5 diastereomeric mixture

of the alcohols 24a and 24b, obtained from the reduction of 16

with LiAlH4, was transformed into a 1 : 1.5 diastereomeric

mixture of the corresponding diols 25a and 25b in 60% yield

(eqn (3)). Oxidative cleavage of the sC–Si bond in the ketone

itself was unclean under these reaction conditions.

ð3Þ

In summary, we have developed the first synthesis

of 4-silylmethyl/hydroxymethyl-substituted 2,3-heteroaro-

matic ring-fused cyclohexanones in high yields via a hetero-

aromatic homo-Nazarov cyclization.15 The development of an

asymmetric version using chiral Lewis acids will expand the

scope of the present protocol even further.
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