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Abstract: Treatment of 2-alkylidenecycloalkanones with hydrogen
iodide in benzene and subsequent reaction of the obtained b-iodo
ketones with zinc dust in THF in the presence of chlorotrimethyl-
silane or titanium(IV) chlorotriisopropoxide led to exo- and endo-
(n+3)-alkylbicyclo[n.1.0]alkan-1-ols in high yields. Cyclization of
the intermediate b-iodo ketones under these conditions proceeded in
a moderate to good diastereoselectivity, and the resulted bicyclic
cyclopropanols were easily separated by column chromatography
over silica gel. exo-7-Isopropylbicyclo[4.1.0]heptan-1-ol obtained
in this manner was efficiently employed as a key intermediate in the
synthesis of capsaicin.

Key words: cyclopropanols, stereoselectivity, ring closure, ring
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Substituted cyclopropanols and their derivatives are use-
ful synthetic intermediates and could be prepared by var-
ious methods, including cyclopropanation of carboxylic
esters with alkoxytitanacyclopropane reagents, cycloaddi-
tion of carbenoid reagents to unsaturated compounds as
well as reactions of 1,3-cyclization.1 In the latter case, the
precursors of the cyclopropanols are b-halogenocarbonyl
compounds.2 Thus, Narasimhan and Patil reported the
transformation of b-iodo ketones into the corresponding
cyclopropanols under the treatment with an excess of zinc
dust (20 equiv) and trimethylchlorosilane (6 equiv) in re-
fluxed THF.3–5 During our studies on the stereochemistry
of cyclization of acyclic b-metallo ketones, we have re-
cently found that the transformation of b-iodo ketones
into 1,2-disubstituted cyclopropanols proceeded smoothly
at room temperature under the treatment with close to
equimolecular amounts of the same combination of the re-
agents.6 It was attractive to extend this convenient proce-

dure for the preparation of cyclopropanols to the synthesis
of bicyclic analogues 1, bearing alkyl substituents in cy-
clopropane ring. Although such kind of compounds has a
considerable synthetic potential,1c to our knowledge, their
preparation was limited by the synthesis of TMS-protect-
ed bicyclo[n.1.0]alkan-1-ols, bearing methyl substituent
at the three-carbon ring, by the reaction of cyclic silyl enol
ethers with the carbenoid reagent, generated from zinc
and 1,1-diiodoethane.7

In this work, it was found that easily available 2-alky-
lidenecycloalkanones 28 are more suitable intermediates
for the preparation of (n+3)-alkylbicyclo[n.1.0]alkan-1-
ols 1 by means of 1,3-elimination reactions. Unsaturated
ketones 2, obtained by the condensation of the corre-
sponding cycloalkanones with aldehydes8a–e were trans-
formed into the corresponding b-iodo ketones 3 by
treatment with gaseous hydrogen iodide or iodotrimethyl-
silane in aprotic solvents and followed by aqueous work-
up of the reaction mixtures (Scheme 1).9,10 In comparison
with acyclic b-iodo ketones,6 compounds 3 were consid-
erably less stable and all our attempts to isolate them in
pure form were unsuccessful.11 Addition of the prepared
solutions of b-iodo ketones 3 to the mixture of zinc dust
(2 equiv) and trimethylchlorosilane (2 equiv) in THF led
to the formation of the corresponding bicyclic cyclopro-
panols 1, however, the yields of the products 1 were hard-
ly reproducible and did not exceed 60%.

We have found with pleasure, that compounds 1 could be
smoothly obtained in reproducible yields if b-iodo ke-
tones 3 were prepared immediately before the cyclization
by the addition of an equimolecular amount of hydrogen
iodide to the solutions of unsaturated ketones 2 in dry ben-
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zene (Scheme 1, procedure A).12,13 Under these condi-
tions, unsaturated ketones 2a–h led to the mixtures of
stereoisomeric bicyclic cyclopropanols 1a–h in 68–84%

combined yields (Table 1, procedure A). In all cases, exo-
diastereoisomers 1a–h were isolated as major products.
Diastereomeric alcohols exo-1a–h and endo-1a–h were
easily separated by column chromatography over silica
gel, and endo-isomers demonstrated lower Rf values in
comparison with corresponding exo-isomers.14,15

Although 2-alkylidenecycloalkanones 2a–d,f–h with un-
branched substituents afforded corresponding bicyclic
cyclopropanols 1a–d and 1f–h with moderate exo diaste-
reoselectivity, in the case of ketone 2e with more bulky
isopropyl substituent, the diastereoselectivity was higher
(Table 1, entry 5). exo-Bicyclic cyclopropanol exo-1e was
obtained in 68%, and no increase in yield was observed
after prolonged reaction time (24 h) or when the reaction
was carried out in refluxing THF. 2-Isobutylcyclohex-
anone (ca. 30 mol%) was detected in this case as a major
byproduct by 1H NMR spectroscopy. Moderate yield of
exo-1e could be attributed to a higher content of the corre-
sponding b-zinc ketone in equilibrium with the sterically
hindered zinc cyclopropanolate.16

Assuming more steric bulkiness of b-titano ketones in
comparison with b-zinc ketones,6 we attempted to in-
crease yields and stereoselectivity of the cyclization by
the use of titanium(IV) chlorotriisopropoxide as a promot-
ing reagent (Scheme 1, procedure B).4,17 Indeed, the addi-
tion of the solution of b-iodo ketone 3e in benzene to
suspension of zinc dust (2 equiv) in THF in the presence
of TiCl(Oi-Pr)3 (1 equiv) at room temperature led to the
reaction, and in the formation of cyclopropanols 1e in
95% overall yield (exo/endo = 91:9, Table 1, entry 5, pro-
cedure B). For the case of the zinc-induced cyclization of
ketone 2h in the presence of TiCl(Oi-Pr)3, the yield of the
corresponding cyclopropanols 1h increased to 95%, in
comparison with 68% overall yield, obtained in the pres-
ence of TMSCl. However, the ratio of exo/endo diaste-
reomers remained nearly the same (Table 1, entry 8). In
the case of cyclopentane derivative 2b both procedures
gave similar results in respect to diastereoselectivity and
yields of the products 1b (Table 1, entry 2), whereas in the
case of compound 2a yield of endo-isomer 1a decreased
under the conditions of procedure B (Table 1, entry 1).

To demonstrate a synthetic utility of bicyclic cyclopro-
panols 1, we used compound exo-1e as a key intermediate
in a new synthesis of capsaicin18 starting from cyclohex-
anone 5 (Scheme 2). Oxidative fragmentation of the tri-
methylsilyl ether exo-4e, prepared from cyclopropanol
exo-1e, by treatment with phenyliodosodiacetate in acetic
acid7c–e,19 afforded trans-8-methyl-6-nonenoic acid (6) in
82% yield.20 The acid 6 was transformed into the corre-
sponding acid chloride18h and subsequent acylation by the
latter of vanilylamine led to capsaicin 721 in 29% overall
yield based on cyclohexanone 5.

In conclusion, we elaborated an efficient procedure for the
preparation of (n+3)-alkylbicyclo[n.1.0]alkan-1-ols 1
from easily available 2-alkylidenecycloalkanones 2 by
treatment of the latter with an equimolecular amount of
hydrogen iodide in dry benzene and subsequent intramo-

Table 1 Preparation of (n+3)-Alkylbicyclo[n.1.0]alkan-1-ols 1

Entry Bicyclo[n.1.0]-
alkan-1-ol 1

Starting ketone 2 Proce-
durea

Yield (%)b

exo-1 endo-1

1

1a
2a

A
B

60
65

24
9

2

1b
2b

A
B

59
57

22
25

3

1c
2c

A 58 22

4

1d
2d

A 63 20

5

1e
2e

A
B

68
87

5c

8

6

1f 2f

A 62 12

7

1g 2g

A 68 15

8

1h
2h

A
B

50
67

18
28

a Procedure A: 1) HI (1 equiv); 2) Zn (2 equiv), TMSCl (2 equiv), 
THF, r.t. Procedure B: 1) HI (1 equiv); 2) Zn (2 equiv), TiCl(Oi-Pr)3 
(1 equiv), THF, r.t.
b Isolated yields.
c Estimated by 1H NMR, product was isolated in impure form.
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lecular cyclization of b-iodo ketones 3. The exo- and
endo-diastereomers of bicyclic alcohols 1 are easily sepa-
rable by column chromatography, and could be employed
as useful synthetic intermediates for the stereoselective
preparation of pure alkenoic acids by the oxidative ring
cleavage as it was illustrated by a convenient synthesis of
capsaicin 7 from cyclohexanone 5.
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The combined organic phases were washed with sat. 
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