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a b s t r a c t

Allylic alcohols reacted with Et2Zn and CH2I2 in the presence of a catalytic amount of fluorous disul-
fonamide 3a to afford the corresponding cyclopropylmethanols in 69%-quantitative yields with 49e85%
ee. Recovery of the fluorous ligand 3a was readily performed from the reaction mixture by the fluorous
solid-phase extraction (FSPE), and the recovered 3a could be reused without a significant loss of the
catalytic activity and enantioselectivity.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Horv�ath and Rab�ai have initially developed fluorous recovering
technique in the field of catalytic chemistry,1 then Curran has
established the fluorous solid-phase extraction (FSPE) methodol-
ogy using fluorous silica gel.2 Asymmetric reactions by FSPE con-
cept for recovery and reuse of the expensive chiral ligands have also
been reported.3

Furthermore, enantioselective cyclopropanations using chiral
ligands are very attractive owing to various kinds of bioactivities in
the possession of cyclopropane derivatives,4 and some effective
methods for catalytic enantioselective SimmonseSmith cyclo-
propanations have been reported since Kobayashi developed the
first and unique reaction.5 We have recently reported that the
catalytic enantioselective SimmonseSmith cyclopropanations us-
ing L-phenylalanine-derived disulfonamides (1 and 2) as a chiral
ligand afforded the corresponding cyclopropylmethanols in 82%-
quantitative yields with 39e86% ee.6

1:  R1 = H, R2 = 4-NO2C6H4
2:  R1 = H, R2 = 4-CH3C6H4
3:  R1 = C8F17(CH2)3O, 
     R2 = 4-CH3C6H4, C6H5, 4-NO2C6H4, 
             2,4,6-(CH3)3C6H2, CH3
4:  R1 = H, R2 = C8F17

CH3SO2HN NHSO2R2

R1-C6H4

2. Results and discussion

To recover and reuse the valuable ligands such as 1 and 2 for
enanitoselective SimonseSmith cyclopropanation, we have de-
veloped the fluorous disulfonamides 3 as a novel chiral ligand with
fluorous tag.7 It is suggested that a fluorous chain should be in-
troduced into a distant position from the two sulfonamides and
that the distance is important for the enantioselectivity.6d Herein,
we describe the detail of the catalytic enantioselective cyclo-
propanation using recyclable fluorous disulfonamides 3 as a chiral
ligand.* Corresponding author. E-mail address: nimai@cis.ac.jp (N. Imai).
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The fluorous disulfonamides 3were initially designed as a novel
recyclable chiral ligand (see Scheme 1). The amino group of L-
tyrosinol 5 was protected by t-butoxycarbonyl (Boc) group to give
the corresponding alcohol 6 in 98% yield. The reaction of 6with the
fluorous tosylate 78 in the presence of potassium carbonate in
acetonitrile provided the fluorous alcohol 8 in 94% yield. The Boc
group of 8 was removed by treatment with hydrogen chloride in
ethyl acetate, followed by the reaction with methanesulfonyl
chloride (MsCl) in tetrahydrofuran (THF) to afford 81% yield of the
corresponding mesylate 9 in two steps. The azide 10 was obtained
in 94% yield by the reaction of 9 with sodium azide in N,N-dime-
thylformamide (DMF). The azide 10 was hydrogenated in the
presence of Pd on carbon in 1,4-dioxane, followed by the reaction of
4-toluenesulfonyl chloride (TsCl) in pyridine to provide 93% yield of
the desired fluorous disulfonamide 3a in two steps. In addition to
fluorous disulfonamide 3a, various fluorous disulfonamides 3be3e
were prepared in excellent yields. Fluorous disulfonamide 4 con-
taining a fluorous chain on the sulfonamide part was prepared as
shown in Scheme 2. The amine 11 as the intermediate for synthesis
of chiral ligand 2 was easily prepared from L-phenylalaninol
through two steps.6

We optimized the reaction conditions for enantioselective
cyclopropanation as shown in Table 1. The various reaction tem-
peratures from �23 �C to 10 �C were examined in the presence of
the fluorous disulfonamide 3a (0.1 equiv) in anhydrous dichloro-
methane (see entries 1e6). The more suitable reaction temperature
was 0 �C as indicated in entry 4. The cyclopropanation was carried
out with 0.2 and 0.3 equiv of the fluorous disulfonamide 3a to af-
ford 78% and 79% ee, respectively (see entries 7 and 8). This reaction
was performed for 3 h to 0 �C or for 23 h to �23 �C with fluorous
disulfonamide 4 containing fluorous chain on the sulfonamide part
to afford 9% and 31% ee, respectively (see entries 9 and 10). It is
guessed that the fluorous chain on the position of the sulfonamide
part is not suitable by the disappearance of the p-p stacking effect.

Next, we examined the various fluorous disulfonamides 3 as
a chiral ligand for enantioselective cyclopropanation as shown in
Table 2. The disulfonamides 3ae3d substituted by 4-toluenesulfonyl,

benzenesulfonyl, 4-nitrobenzenesulfonyl, and methanesulfonyl gave
good enantioselectivities (see entries 1e3, 5). A poor enantiose-
lectivity 35% ee was obtained in the cyclopropanation in the pres-
ence of the disulfonamide 3d containing a sterically bulky
substituent such as 2,4,6-trimethylbenzenesulfonyl group (see entry
4).We selected the fluorous disulfonamide 3a as the optimized chiral
ligand because it is possible to be more easily and cheaply prepared,
and high enantioselectivities were obtained in the catalytic enan-
tioselective cyclopropanation of allylic alcohols using 3a as well as
using the known disulfonamide 2.6

The results of enantioselective cyclopropanation of various al-
lylic alcohols 12ae12p in the presence of 0.2 equiv of 3a are shown
in Table 3. We selected methoxy and methyl substituents as rep-
resentative electron-donating groups (see entries 2e5), then tri-
fluoromethyl, chloro, and bromo substituents as electron-
withdrawing groups (see entries 6e10) on the benzene ring. The
reaction of the cinnamyl alcohol 12f substituted with tri-
fluoromethyl group afforded the highest enantioselectivity (83% ee)
among those of 4-substituted cinnamyl alcohols (see entries 2, 3, 6,
7, 10, 11). In the case of the reactions of cinnamyl alcohols
substituted with methyl and chloro groups (see entries 3e5 and
7e9), 2-substituted cinnamyl alcohols 12e and 12i affored higher
enantioselectivities (75% ee and 85% ee, respectively) than 4- and 3-
substituted cinnamyl alcohols 12c, 12d and 12g, 12h. Then, a lower
enantioselectivity 54% ee was obtained in the reaction using 2,4,6-
trisubstituted cinnamyl alcohol 12k (see entry 11). The other trans-
oriented allylic alcohols 12le12n were converted to the corre-
sponding derivatives in excellent yields with 67e74% ee. The lowest
enantioselectivity 49% ee was obtained in the reaction of the cis-
oriented allylic alcohol 12o due to the steric hindrance between the
allylic alcohol 12o and the ligand 3a (see entry 15). The reaction of
3,3-diphenyl-2-propen-1-ol 12p afforded 71% ee (see entry 16) to
afford the corresponding cyclopropanemethanol 13p, which is
easily converted to (R)-(þ)-cibenzoline.6a,b

Furthermore, the fluorous ligand makes it possible to recover
itself using fluorous silica gel based on solid-phase extraction. The
fluorous disulfonamide 3a was cleanly recovered (>92%) from the
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3a (R = 4-CH3C6H4): 93%
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Scheme 1. Preparation of the fluorous disulfonamides 3.
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Scheme 2. Preparation of the fluorous disulfonamide 4.
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