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ABSTRACT: A novel chiral motif based on a phenylcyclopropane scaffold has been designed and a facile synthetic route to the key-
intermediate for the synthesis of phenylcyclopropane-based chiral secondary amines has been developed. Newly synthesized chiral 
amines function as effective catalysts for several asymmetric reactions through enamine intermediates. 

In asymmetric catalysis, the design of novel chiral motif is 
highly important for the development of new chiral ligands or 
catalysts providing unprecedented reactivity and selectivity. 
Among them, the axially chiral binaphthyl structure has been 
widely applied to chiral ligands such as BINAP, BINOL or var-
ious catalysts.1 We have previously designed binaphthyl-based 
secondary amine catalysts (S)-1 and (S)-2 containing an acid 
functional group at the 3-position for enamine catalysis (Figure 
1).2–4 These catalysts have been successfully utilized in several 
asymmetric reactions, and have shown unique reactivity and se-
lectivity in comparison with commonly used proline and its de-
rivatives. 3-Mono-substituted binaphthyl-based secondary 
amine structures were also found in amine organocatalysts (S)-
3 and (S)-4.5 In spite of their utility, however, the applications 
of binaphthyl-based amines in asymmetric reactions are still 
rare due to their synthetic inefficiency. Since the axially chiral 
binaphthyl dicarboxylic acid (S)-5 is not readily available, the 
binaphthyl-based secondary amine (S)-6 as a key-intermediate 
for our catalysts is less accessible.6 In connection with our in-
terest in asymmetric reactions promoted by chiral secondary 
amines, we have developed a novel chiral motif (S,R)-7 based 
on a phenylcyclopropane scaffold that can be prepared through 
scalable processes using readily available and inexpensive rea-
gents (Scheme 1). In designing this motif, the one naphthalene 
moiety of the previous binaphthyl-based amine is replaced with 
a cyclopropane ring as it is considered to be an isostere of olefin 
in medicinal chemistry.7 The modular nature of this motif al-
lows quick access to several secondary amine catalysts. This 
new family of catalysts opens up opportunities for the explora-
tion of new reactions and also the development of highly effec-
tive catalysts for known reactions. We report herein the simple 

and efficient synthesis of phenylcyclopropane-based secondary 
amine catalysts and their applications to the asymmetric reac-
tions through enamine intermediates. 
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Figure 1. Binaphthyl-based organocatalysts. 

Scheme 1. Design of a Novel Chiral Secondary Amine Motif 
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Synthesis of chiral secondary amine 7 commenced with the 

preparation of acetal 9 by treatment of 2-bromo-6-iodobenzal-
dehyde (8)8 with ethylene glycol in the presence of p-tol-
uenesulfonic acid monohydrate. The palladium-catalyzed 
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asymmetric cyclopropylation of the obtained 9 with N-cyclo-
propylmethyl triflamide 10 gave the desired phenylcyclopro-
pane (R,S)-12 in excellent enantioselectivity, albeit with mod-
erate yield.9 Removal of trifluoromethanesulfonyl group and 
subsequent acidic work-up provided the cyclic imine, which 
was reduced with NaBH4 to the cyclic amine (R,S)-7 (Scheme 
2). 
Scheme 2. Synthesis of Chiral Secondary Amine (R,S)-7 
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With the key-intermediate (R,S)-7 in hand several chiral sec-
ondary amine catalysts could be synthesized after the protection 
of the amino group by benzyloxycarbonyl (Cbz) group (Scheme 
3). After the palladium-catalyzed amination of (R,S)-13 with 
benzophenone imine,10 treatment with Tf2O and deprotection 
afforded trifluoromethanesulfonamide (R,S)-14 in 77% yield. 
The chiral amino alcohol (R,S)-15 was prepared by treatment of 
lithiated (R,S)-13 with benzophenone and subsequent deprotec-
tion. Treatment of (R,S)-15 with trimethylsilyl triflate gave the 
chiral amine (R,S)-16. Finally, the chiral amine catalyst (R,S)-
17 was synthesized through debromination of (R,S)-13. 
Scheme 3. Synthesis of a Series of Phenylcyclopropane-
Based Secondary Amine Catalystsa 
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aReagents and conditions: (a) Cbz-Cl, Et3N, THF, rt (99%); (b) (i) 
benzophenone imine, Pd2(dba)3, BINAP, NaOt-Bu, toluene, reflux, 
then 1N HCl, THF, reflux; (ii) Tf2O, N,N-dimethylaniline, CH2Cl2, 
rt; (iii) H2, Pd/C, MeOH, 40 °C (77% for three steps); (c) (i) BuLi, 
THF, –78 °C; benzophenone, 0 °C (59%); (ii) H2, Pd(OH)2, MeOH, 
rt (81%); (d) TMSOTf, Et3N, CH2Cl2, rt (92%); (e) H2, Pd(OH)2, 
Et3N, THF, rt (64%). 

The absolute configurations of chiral amino sulfonamide 14 
were determined by X-ray crystal structure analysis of HCl salt 
of 14 (Figure 2). It was found that the spatial relationship be-
tween two nitrogen atoms of 14 closely resembles that of the 
binaphthyl-based amino sulfonamide catalyst (R)-2.11,12 

 

front view

bottm view

3.675Å 3.743Å

 
Figure 2. X-ray crystal structures of (R,S)-14·HCl salt and (R)-
2·HCl salt. 

Proline and its derivatives are known to promote the syn-se-
lective Mannich reaction of aldehydes with imines.13 On the 
other hand, the newly synthesized (R,S)-14 was found to effec-
tively catalyze the anti-selective Mannich reaction between iso-
valeraldehyde and an α-imino ester 18 to give the corresponding 
anti-Mannich adduct 19 with excellent enantioselectivity 
(Scheme 4a).3a,13f,13g The Mannich reaction using N-Boc-pro-
tected imine 20 also gave the unusual anti-adduct 21 in good 
yield with high enantioselectivity (Scheme 4b).3b Since the phe-
nylcyclopropane-based amino sulfonamide catalyst (R,S)-14 
behaves similarly to the binaphthyl-based catalyst (R)-2, utility 
of the phenylcyclopropane scaffold as a novel chiral motif has 
been evaluated in several other amine-catalyzed reactions. We 
found that (R,S)-14 was an effective catalyst for the asymmetric 
aminoxylation of 3-phenylpropanal with nitrosobenzene, and 
in-situ reduction of the product with NaBH4 gave 1,2-diol de-
rivative 22 in excellent enantioselectivity (Scheme 4c).14,15 On 
the other hand, use of chiral amino alcohol (R,S)-15 as catalyst 
afforded the optically enriched hydroxyamination product 23 
exclusively from the same set of reactants (Scheme 4d).16,17 
Several chiral amine catalysts were applied to the conjugate ad-
dition of 3-phenylpropanal to nitrostyrene, and (R,S)-16 bearing 
a bulky diphenyl(trimethylsiloxy)methyl group provided the 
corresponding conjugate adduct 24 in good yield with high en-
antioselectivity (Scheme 4e).5,18 Additionally, (R,S)-16 proved 
to be an appropriate catalyst for the conjugate addition to enone 
25, giving ketone 27 with satisfactory yield and stereoselectiv-
ity after olefination of the resulting conjugate adduct with 26 
(Scheme 4f).19 
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Scheme 4. Asymmetric Reactions Catalyzed by Phenylcy-
clopropane-Based Amines 
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Possible transition state models for the amine-catalyzed Man-
nich reactions are proposed as shown in Figure 3. In the case of 
the proline-catalyzed reaction, the syn-isomer is obtained 
through the s-trans-enamine (Figure 3, TS1). While both s-
trans-enamine and s-cis-enamine might be formed in the reac-
tion catalyzed by (S)-2, only s-cis-enamine can react with the 
imine that is activated by the distal acidic proton of the tri-
flamide of (S)-2, giving the unusual anti-isomer predominantly 
(Figure 3, TS2). On the basis of the observed stereochemical 
outcome, the reaction catalyzed by (R,S)-14 , which is a pseudo-
enantiomer of (S)-2, would proceed through a similar transition 
state TS3, thus affording the anti-product. 
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Figure 3. Proposed transition state models for the amine-catalyzed 
Mannich reactions. 

Possible transition state models for the amine-catalyzed ami-
noxylation and hydroxyamination are also proposed as shown 
in Figure 4. In the case of the aminoxylation catalyzed by (R,S)-
14, the observed stereochemistry was rationalized by the tran-
sition state model in which nitrosobenzene approaches the Re 
face of the s-cis-enamine, as directed by the highly acidic tri-
flamide group (TS4). The present aminoxylation might proceed 
through the acid-base complexation between the triflamide 
group and the nitroso group that makes the oxygen atom of ni-
trosobenzene more reactive. On the other hand, the less acidic 
hydroxy group of (R,S)-15 directs and activates nitrosobenzene 
by hydrogen bonding with the oxygen atom of the nitroso group 
to give the hydroxyamination product with the R configuration 
(TS5). In the absence of the highly acidic functionality such as 
triflamide group, the nitrogen atom of nitrosobenzene is basi-
cally more reactive than the oxygen atom because of the higher 
electronegativity of oxygen atom. We assumed that the acidity 
of the hydroxy group of (R,S)-15 is not enough to form the acid-
base complex and the hydroxyamination would proceed instead 
through TS5 utilizing hydrogen bonding. 
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Figure 4. Proposed transition state models for the amine-catalyzed 
aminoxylation and hydroxyamination. 

The newly developed amine catalysts having no α-substituent 
can generate both s-trans and s-cis-enamine intermediates as 
shown in Figure 5. The conjugate addition catalyzed by (R,S)-
16 seems to proceed through TS6 because of the greater steric 
repulsion between the catalyst cyclopropane moiety and the 
acyl group of electron-deficient olefin in TS7 compared to that 
in TS6. 
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Figure 5. Proposed transition state models for the amine-catalyzed 
conjugate addition. 

In summary, we have developed chiral secondary amine cat-
alysts based on a phenylcyclopropane scaffold as a novel chiral 
motif. The new design of amine catalysts enabled us to synthe-
size various types of amine organocatalysts in an efficient way. 
Research is currently underway to explore the advantages of 
these phenylcyclopropane-based secondary amines in asym-
metric catalysis. 
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