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Abstract—The reaction of tertiary cyclopropanol silyl ethers with diethylaminosulfur trifluoride usually causes ring opening to
produce allylic fluorides. However, cyclopropyl silyl ethers bearing a strong electron-donating substituent at Cl or an
electron-withdrawing substituent at C2 do not afford allylic fluorides but fluorocyclopropanes. It has also been proved that an
electron-donating substituent at C2 of the tertiary cyclopropanol silyl ethers promotes ring opening in the reaction with
diethylaminosulfur trifluoride.

© 2003 Elsevier Ltd. All rights reserved.

Tertiary cyclopropyl systems (1) are important syn- strong electron-donating substituent at C1 only gave a

thetic intermediates due to their high reactivity.! Sev-
eral methods have been developed to achieve specific
cleavage at bond ‘a’ or ‘b’.>* The methods of bond
cleavage at both ‘a’ and ‘b’ have been reported by
Rubottom* and ourselves.® We have also reported that
the reaction of 1 with diethylaminosulfur trifluoride
(DAST)® causes ring fragmentation at bond ‘¢’ to
provide allylic fluorides.” Allylic bromides or chlorides
have been synthesized from the reaction of tertiary
cyclopropoxy sulfonates with metal halides (magnesium
bromide etc.) by Kulinkovich (Scheme 1).87

The plausible mechanism of the reaction of DAST with
1 is shown in Scheme 2. This reaction proceeds through
allylic cations (A and A’) which are produced by the
elimination of the oxygen functionality from 1.

In most cases, 1 reacted with DAST to afford allylic
fluorides (2 and/or 2'), whereas substrates bearing a

* Corresponding author. Tel.: +81-538-45-0166; fax: +81-538-45-0110;
e-mail: kirihara@ms.sist.ac.jp

T Some stereochemical and kinetic studies of ‘c’ bond cleavage of 1
have been reported by several groups.'®
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fluorocyclopropane (3).° In this case, the strong elec-
tron-donating substituent stabilized the cyclopropyl
cation (B) derived from 1, and hence B could survive
long enough to react with the fluoride ion.

RO a a: Hg(OAc),, Znly, base, halogen, AgBF,,
‘7.&',] c CU(BF4)2, SnCI4, PhPdOTT, [Pt(CgH4)C|2]2
N b: FeClz Mn(pic)s, electrolysis, VO(acac)
a & b: Pb(OAc)4, hypervalent A"-iodane
c: EtoNSF3, MgBro
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We further examined the reaction of several kinds of 1
with DAST and found that the electronic property of
the substituents on the cyclopropane ring of 1 influ-
enced the reactivity for the cleavage of cyclopropane
ring. We would now like to report the results of this
study.

First, we investigated the effect of the C1 substituent
of 1 on the reaction. Tertiary cyclopropylsilylethers
(la—-g) were treated with DAST in dichloromethane
and the results are shown in Table 1. In all cases,
allylic fluorides and/or fluorocyclopropanes were effec-
tively obtained. The difference in yield mainly depends
on the stability of the products during the silica-gel
column chromatography. As we expected, the ten-

Table 1.
TMSO, _DAST,_ F
CHzclz 1JI\/F +
Rt 2 r.t. R R
1 2 3
entry starting material products?
OTMS )I\/
F g0
17 CH3(CH2)3)<] CH3(CH,)g 96%
1a 2a
OTMS
F
27 | S | S 45%
/ P
1b 2b
MeO OTMS MeO - MeO F
1c 2c  59% (3:4) 3c
OTMS F
A
4 I /©)<]
MeO” MeO
1d 3d 71%
MeO OTMS MeO F
sy o
MeO MeO
1e 3¢ 65%
OTMS F
B scallisonille
Z
1f 2f 45% 3f 10%
TMSO. F.
T C
S
19 39 63%

2All compounds were characterized on the basis of their mass, IR, 'H and "F-
NMR spectral data. The ratio of the products was determined on the basis of
their 'H and 'F-NMR spectral data.

dency for the cleavage of a cyclopropane ring
decreased further with an increase in the electron
donating ability of the substituent on Cl. For exam-
ple, (1b) having the phenyl group, which is a relatively
weak electron releasing group, afforded only an allylic
fluoride (2b) (entry 2). On the other hand, le having
the 2,4-dimethoxyphenyl group, which is a strong elec-
tron releasing group, furnished only fluorocyclo-
propane (3e) (entry 5). The compound (1c) bearing the
2-methoxyphenyl group, whose electron donativity is
between phenyl and 2,4-dimethoxyphenyl, produced a
mixture of allylic fluoride (2¢) and fluorocyclopropane
(3¢) (entry 3).

We then examined the reaction of DAST with 1 hav-
ing an electron-withdrawing substituent (CO,Et) at
C2. We summarized these results in Table 2 and also
showed the results of the reaction with 1 having no
substituent at C2 for comparison. Interestingly, fluoro-
cyclopropanes are the only products for 1 having the
CO,Et group at C2 (entries 2, 4, 6, 8, 10 and 12).}
These results are in sharp contrast to the reaction of
DAST with tertiary cyclopropylsilylethers which have
no substituents at C2 (entries 1, 3, 5 and 9). The
reaction of 1 containing an electron-attracting group
at C2 with DAST must be a good method to synthe-
size the fluorocyclopropanes. As noted in entry 12, the
cis-isomer (Im) gave a mixture of the cis- and trans-
fluorocyclopropanes (3m). This result confirms that the
reaction proceeds through a cyclopropyl cation inter-
mediate.

We next investigated the reaction of DAST toward 1
bearing an electron-releasing substituent (Me or Ph) at
C2 and found that allylic fluorides were obtained in all
cases (Table 3).* Even if 1 had a strong electron-
releasing group at C1, no fluorocyclopropane was pro-
duced (entries 2, 3 and 6). These results are contrary
to the results of 1 having an electron-withdrawing
substituent.

Our results suggest that the electronic property of the
substituents at C2 strongly affects the reactivity of the
cyclopropane ring in 1. We depicted the plausible reac-
tion mechanism of 1 containing a substituent at C2 in
Scheme 3. Since the electron-donating group at C2 can
stabilize the allylic cation (A), the cleavage of the
cyclopropane ring is stimulated. On the other hand,
the electron-accepting group at C2 destabilizes the
allylic cation (A), and the cyclopropyl cation can sur-
vive long enough to react with the fluoride ion. Fur-
ther details of this reaction are currently under
investigation.

+Since some products (2, 3) were unstable to silica gel column
chromatography, the isolated yields of the products were very low
in some cases. The unstable compounds easily decomposed to
afford complex mixtures. We measured the '"H NMR of the crude
products and confirmed that the desired products (2, 3) were
effectively obtained.
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Table 2.
TMSO DAST E 2
>ANR2 CH,Clp R F s ) R R= H or CO,Et
1 2 R
R! r.t.
1 2 3
entry starting material products? entry starting material products?
OTMS
)]\/F OTMS
17 CHy(CHa)g™ <] CH3(CH>)g 7
1a 2a 96% MeO'
OTMS 1d e
F OTMS
2 CH3(CH2)8MJJ~"COZEt CHs(CH2)8)<LJJ—C02Et . O)QNCQZB /(j)qwcozﬂ
1hP
3hb 229 MeO Me0”
oTMS 1k° Kb 20%
OTMS
37 , <
2 o v
1f 2f 45% 10%
OTMS oTMS
1i® 10
22%
11 310 84%
MeO OTMS Me° F TMSO. 1 F
5 117 N
l Z
1c 2c  59% (3:4) 3c
19 39 63%
TMSO.
; CO,Et F.
MeO OTMS MeO F \_<]’H 2 wvco,Et
(20 CC
6 12
. 3j® 259 im 3m  45%3:2 mixture of
1j° stereoisomers

A1l compounds were characterized on the basis of their mass, IR, 'H and '?F-NMR spectral data. The ratio of the products was
determined on the basis of their 'H and ?F-NMR spectral data.

b 1:1 mixture of stereoisomers.
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2All compounds were characterized on the basis of their mass, IR, 'H and 'F-NMR spectral data.

The ratio of the products was determined on the basis of their "H and '°F-NMR spectral data.

b 1:1 mixture of stereoisomers.
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