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A series of fluorinated N-aminoaziridines have been synthesized by the PhI(OAc)2-mediated aziridination
procedure. The reaction was carried out with various protected hydrazides and fluorinated alkenes. The
reaction was extended to alkenes bearing an amino acid and the ring opening of the CF3eN-amino-
aziridines has been investigated.

� 2012 Elsevier Ltd. All rights reserved.
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Scheme 1. PhI(OAc)2-mediated N-aminoaziridination of fluorinated alkenes.
1. Introduction

The synthesis of aziridines has attracted important attention
because of their use as central precursors in the preparation of
various compounds, such as a and b-amino acids, amino alcohols,
b-lactam etc.1e3 Due to their structural analogy with epoxides,
aziridines can provide similar types of reaction, for example, ring
opening with nucleophiles,4 giving access to a large number of
valuable compounds. However, the N-amino analogues of azir-
idines have been less studiedwhereas they are synthetic precursors
of a and b-hydrazino acids.5,6 Furthermore, they can be considered
as constrained analogues of those hydrazino acids structures,
which have a growing interest in the synthesis of peptidomimetics
with particular structural and biological properties,7,8 such as an-
tibiotic activity9 or inhibition of the human leukocyte elastase.10

Some papers report the synthesis of N-aminoaziridines,11 and the
main method is based on the oxidative addition of N-amino-
heterocycles to olefins. These oxidative aminoaziridination proceed
via nitrenoids, which can be generated from various N-amino-
heterocycles.12,13 This reaction can be performed in the presence of
lead tetraacetate,14e22 iodobenzene diacetate (PhI(OAc)2)23e26 or
other oxidizing agents, such as mCPBA27 or KO2.28 As part of our
continuing interest on the synthesis of fluorinated compounds and
in particular the access to original fluorinated peptidomimetic
units, we focused our attention on the synthesis of fluorinated N-
aminoaziridines. Indeed these units combine the unique physical
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and biological properties of fluorine (steric and electronic con-
straints, increase of the oxidative and proteolytic stability)29e32 and
the structural characteristics of the three member ring heterocy-
cles. Furthermore, the ring opening of the CF3eN-aminoaziridines
carboxylates, provides an interesting access to a-substituted-b-CF3-
b-hydrazino acids, which might be of interest in the inhibition of
the proteasome. Indeed, b-CF3-b-hydrazino acids have been useful
scaffold in the design and synthesis of peptidomimetic inhibitors of
the 20S proteasome.33 Finally, to our knowledge there is no pre-
cedent on the synthesis and reactivity of fluorinated N-
aminoaziridines.

2. Results and discussion

The N-aminoaziridines 2 were synthesized using the iodo-
benzene diacetate mediated aziridination of alkenes developed by
Che and coll.23 (Scheme 1). Compared to lead tetraacetate,
PhI(OAc)2 provides better yields, can be applied to a wide range of
alkenes and is less toxic.
We first investigated the aziridination reaction of the commer-
cially available N-aminophthalimide with the ethyl (E)-tri-
fluorocrotonate 1a34 in dichloromethane (1.5 equiv of PhI(OAc)2
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and 2.8 equiv of K2CO3). The trifluoromethyl N-aminoaziridine 2a
was obtained in good yield (64%) although lower than for its non-
fluorinated counterpart 2b (Table 1, entries 1 and 2). The reaction
was then applied to various fluorinated Michael acceptors: the
ethyl (E)-4,4,5,5,5-pentafluoropentenoate 1c,34 the ethyl (E)-4,4-
difluorobutenoate 1d34 and the ethyl (E)-3-(perfluorophenyl) ac-
rylate 1e,35 whichwere reacted under the same conditions with the
N-aminophthalimide, giving rise to the corresponding aziridines
2cee in reasonable yields (Table 1, entries 3e5).
Table 1
Synthesis of fluorinated N-aminoaziridinesa

CO2Et
R2 H2N

NPht N

CO2EtR2

NPhtPhI(OAc)2
K2CO3

CH2Cl2
1a-e 2a-e

Entry Starting material R2 Product Yield %

1 1a CF3 2a 64
2 1b CH3 2b 78
3 1c C2F5 2c 31
4 1d CHF2 2d 58
5 1e C6F5 2e 55

a Reaction conditions: N-aminophthalimide (1.4 equiv), alkene (1 equiv), iodo-
benzene diacetate (1.5 equiv) and K2CO3 (2.8 equiv) in dichloromethane at room
temperature.
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Scheme 3. Coupling of (E)-trifluorocrotonic acid with amino acids.

Table 3
N-Aminoaziridination reaction with compounds 9aec
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H
N CO2Me

R
O

H
N CO2Me

R
11a-c 12a-d
The reaction was also extended to the (E)-trifluoronitropropene
336 and the (E)-benzyloxy-trifluorobutene 4,37 leading to the
CF3eN-aminoaziridines 5 and 6 in 67 and 35% yields, respectively
(Scheme 2).
R1
F3C H2N

NPht N

R1F3C

NPhtPhI(OAc)2
K2CO3

CH2Cl2
5, 67%
6, 35%

3, R1 = NO2
4, R1 = CH2OBn

Scheme 2. Synthesis of trifluoromethyl N-aminoaziridines.

Entry Reagent R P1 P2 Product Yield %

1 11a Me Pht 12a 68
2 11b iPr Pht 12b 64
3 11c Bn Pht 12c 72
6 11c Bn Boc Boc 12d 79
In order to use these motifs as central units for novel con-
strained peptides, the reaction was then carried out with nitrene
precursors bearing protective groups consistent with further pep-
tide coupling. We investigated the N-aminoaziridination reaction
using the N,N-di-tert-butylcarbazate (NH2NBoc2),38 the commer-
cially available N-methyl-N-tert-butylcarbazate (NH2N(CH3)Boc)
and the N,N-dibenzylcarbazate (NH2NCbz2).20 Ethyl (E)-tri-
fluorocrotonate 1a or (E)-trifluoronitropropene 3 were reacted
with the latter carbazates to lead to the corresponding N-amino-
aziridines 7e9 and 10 in satisfactory yields (Table 2).
Table 2
N-Aminoaziridination reaction with carbazates

R1
F3C H2N

NP1P2 N

R1F3C

NP1P2PhI(OAc)2
K2CO3

CH2Cl21a-3

7-10

Entry R1 Reagent P1 P2 Product Yield %

1 CO2Et 1a Boc Boc 7 65
2 CO2Et 1a Boc Me 8 37
3 CO2Et 1a Cbz Cbz 9 76
4 NO2 3 Boc Boc 10 57
We next extended this reaction to the CF3-crotonic acid pre-
viously coupled with an amino acid in order to access directly to
fluorinated constrained peptidomimetics. The starting olefins
11aec were obtained in good yields by coupling various amino
acids methyl ester hydrochloride with the commercially available
(E)-trifluorocrotonic acid in the presence of usual coupling agents,
HBTU and HOBt (Scheme 3).
The N-aminoaziridination of compounds 11aec, using N-ami-
nophthalimide or N,N-di-tert-butylcarbazate was carried out fol-
lowing the same reaction conditions as previously described. The
corresponding peptidomimetics 12aed were obtained in satisfac-
tory yields as a mixture of diastereoisomers in a 1:1 ratio (Table 3).
In the case of the products 12a and 12b, the two diastereoisomers
were separated by chromatography on silica gel, leading to the
enantiopure peptidomimetics.
We then focused our attention on the reactivity and stability of
those new fluorinated building blocks in the ring opening reaction
towards various nucleophiles. Many ways to open aziridines are
described in the literature, using both hard or soft nucleophiles,4

whereas in the few examples of N-aminoaziridines ring opening,
an excess of reagent6,9,39 or an activation by an acid is
required.40e43 Furthermore, the ring opening of CF3-aziridines is
more difficult than their non-fluorinated counterparts and requires
special conditions, such as the presence of an electron-
withdrawing group on the nitrogen atom.44 In order to check the
reactivity of the trifluoromethyl N-aminoaziridine, we first in-
vestigated the ring opening under the standard nucleophilic con-
ditions. As expected, the ring opening of the CF3eN-aminoaziridine
2a with NaN3, NaCN or benzylamine did not lead to the expected
products even in the presence of Lewis acids. This shows the sta-
bility of these patterns towards various nucleophiles. We then in-
vestigated the ring opening under strong acidic conditions, based
on the previously reported work of Prati and coll. who described
the ring opening of the non-activated trans-N-benzyl-3-
trifluoromethyl-aziridine-2-carboxylate in hydrochloric acid or
trifluoroacetic acid.45 Thus, the ring opening of N-aminoaziridine
2a in refluxing trifluoroacetic acid led to the a-hydroxy-b-hydra-
zino ester 13 in 77% yield, whereas the a-chloro-b-hydrazino esters
14a and 14b were obtained in good yields, by reacting the N-ami-
noaziridines 2a and 9, respectively, in a solution of HCl/dioxane
(Scheme 4).
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Scheme 4. N-Aminoaziridine ring opening in acidic conditions.
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The ring opening was then extended to thiol containing nucle-
ophiles. The reaction occurred only in the presence of tri-
fluoromethanesulfonic acid,46 leading to the thioethers 15a,bwere
obtained in 54 and 65% yield, respectively (Scheme 5).
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Scheme 5. N-Aminoaziridine ring opening with thiol containing derivatives.
As previously reported for the CF3-aziridines ring opening in
acidic conditions,46 compounds 13e15 were obtained as a single
regioisomer resulting from the C2-attack of the nucleophiles and
were assumed to have an anti relative configuration according to
the previously reported work of Dali and coll.45

3. Conclusion

In summary, we reported the efficient synthesis of various
fluorinated N-aminoaziridines obtained by PhI(OAc)2-mediated
aziridination using fluorinated olefins and nitrene precursors.
Furthermorewe extended the scope of the reaction to the synthesis
of peptidomimetics containing constrained CF3eN-aminoaziridines
consistent for peptide coupling. Finally, the stability towards nu-
cleophiles has been investigated and the ring opening of N-ami-
noaziridine under strong acidic conditions led to the a-substituted-
b-CF3-hydrazino acids, which could be scaffold of great interest in
medicinal chemistry.

4. Experimental part

4.1. General methods

All reagents were used as purchased from commercial suppliers
without further purification. Melting points were measured on
a Stuart� SMP10 apparatus. 1H, 13C and 19F NMR spectra were
recorded on a Bruker� ARX apparatus at, respectively, 300, 75 and
188 MHz in CDCl3 with TMS as internal standard for 1H and 13C and
CFCl3 for 19F NMR. Mass spectra were performed on a Bruker�

Esquire-LC apparatus. IR spectrawere recorded on a Bruker� Vector
22 apparatus. Elemental analyses were carried out on an Ankersmit
CAHN� 25 apparatus. Optical rotations were measured on an Op-
tical Activity LTD Automatic polarimeter polAAr 32 apparatus at
589 nm. Column chromatography was performed on silica gel
Merk� silica gel (43e60 mm) with a cyclohexane/ethyl acetate or
ether/cyclohexane as a system eluent.

4.2. General procedure for the synthesis of products 2

N,N-Disubstituted hydrazines (1.4 equiv) were added to a solu-
tion of alkene 1a (1 equiv), iodobenzene diacetate (1.5 equiv) and
K2CO3 (2.8 equiv) in dichloromethane. The resulting solution was
stirred at room temperature until the disappearance of the starting
alkene (monitored by 19F NMR). The reaction mediumwas washed
with brine, dried over MgSO4, filtered and concentrated under re-
duced pressure. The resulting oil was then purified by chromatog-
raphy on silica gel.

4.2.1. Ethyl 1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-3-(tri-
fluoromethyl)aziridine-2-carboxylate (2a). Yield: 64%. Yellow light
oil. 1H NMR (200 MHz, CDCl3, 25 �C): d¼1.34 (t, 3JH, H¼7 Hz, 3H, CH3

ester), 3.61 (d, 3JH, H¼4.6 Hz, 1H, CHaziridine), 4.20 (qd, 3JH, H¼4.6 Hz,
3JH, F¼4.9 Hz, 1H, CHaziridine), 4.22 (q, 3J¼7 Hz, 2H, CH2 ester),
7.92e7.77 (m, 4H, Hphthalimide) ppm. 13C NMR (75 MHz, CDCl3,
25 �C): d¼13.81 (CH3 ester), 40.44 (CHaziridine), 45.71 (q, 2JC, F¼41 Hz,
CHaziridineeCF3), 62.93 (CH2 ester), 121.73 (q, 1JC, F¼273 Hz, CF3),
123.48 (CHphthalimide), 129.83 (Cphthalimide), 134.42 (CHphthalimide),
164.96 (C]Ophthalimide), 164.18 (C]Oester) ppm. 19F NMR (188 MHz,
CDCl3, 25 �C): d¼�70.88 (d, 3JF, H¼4.9 Hz, 3F). C14H11F3N2O4 (328):
calcd. C 51.23, H 3.38, N 8.53; found C 51.62, H 3.25, N 8.64.

4.2.2. Ethyl 1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-3-(penta-
fluoroethyl)aziridine-2-carboxylate (2c). Yield: 78%. Colourless light
oil. 1H NMR (200 MHz, CDCl3, 25 �C): d¼1.20 (t, 3JH, H¼7.3 Hz, 3H,
CH3 ester), 3.56 (d, 3JH, H¼4.5 Hz, 1H, CHaziridine), 4.18 (q, 3JH,
H¼7.3 Hz, 2H, CH2 ester), 4.24 (m, 1H, CHaziridine), 7.84e7.65 (m, 4H,
Hphthalimide) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼13.77 (CH3

ester), 39.29 (CHaziridine), 42.35 (dd, 2JC, F¼24 Hz, 2JC, F¼31 Hz, CHa-

ziridine), 62.90 (CH2 ester), 123.41 (CHphthalimide), 129.76 (Cphthalimide),
134.38 (CHphthalimide), 163.96 (C]Ophthalimide), 164.18 (C]Oester)
ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�84.19 (t, 3JF, F¼1.27 Hz,
3F, CF3), �121.49 (ddq, 2JF, F¼276.8 Hz, 3JH, F¼8.1 Hz, 3JF, F¼1.27 Hz,
1F, CF2), �124.79 (ddq, 2JF, F¼276.8 Hz, 3JH, F¼8.1 Hz, 3JF, F¼1.27 Hz,
1F, CF2) ppm. C15H11F5N2O4 (378): calcd. C 47.63, H 2.93, N 7.41;
found C 47.21, H 2.71, N 7.32.

4.2.3. Ethyl 3-(difluoromethyl)-1-(1,3-dioxo-1,3-dihydro-2H-iso-
indol-2-yl)aziridine-2-carboxylate (2d). Yield: 58%. Yellow light oil.
1H NMR (200 MHz, CDCl3, 25 �C): d¼1.33 (t, 3JH, H¼7 Hz, 3H, CH3

ester), 3.57 (d, 3JH, H¼4.8 Hz, 1H, CHaziridine), 3.89 (dddd, 3JH,
H¼2.5 Hz, 3JH, H¼4.8 Hz, 3JH, F¼5.5 Hz, 3JH, F¼13.2 Hz, 1H, CHaziridine),
4.22 (q, 3JH, H¼7 Hz, 2H, CH2 ester), 6.05 (dd, 3JH, H¼2.5 Hz, 2JF,
H¼56 Hz, 1H, CHF2), 6.25 (dd, 3JH, H¼2.5 Hz; 2JF, H¼55 Hz, 1H, CHF2),
7.95e7.65 (m, 4H, Hphthalimide) ppm. 19F NMR (188 MHz, CDCl3,
25 �C): d¼�121.22 (ddd, 3JF, H¼5.5 Hz, 2JF, H¼55 Hz, 2JF, F¼297 Hz,
1F), �127.13 (ddd, 3JF, H¼13.2 Hz, 2JF, H¼56 Hz, 2JF, F¼297 Hz, 1F)
ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼13.82 (CH3 ester). 39.76
(CHaziridine), 45.95 (dd, 3JC, F¼27 Hz; 3JC, F¼35 Hz, CHaziridine), 62.56
(CH2 ester), 111.89 (t, 2JC, F¼242 Hz, CHF2), 123.31 (2C, CHphthalimide),
129.94 (Cphthalimide), 134.26 (2C, CHphthalimide), 164.26 (COphthalimide),
164.92 (COester) ppm. C14H12F2N2O4 (310): calcd. C 54.20, H 3.90, N
9.03; found C 53.95, H 4.06, N 9.21.

4.2.4. Ethyl 1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-3-(penta-
fluorophenyl)aziridine-2-carboxylate (2e). Yield: 55%. White solid,
mp 152 �C. 1H NMR (200 MHz, CDCl3, 25 �C): d¼1.29 (t, 3JH, H¼7 Hz,
3H, CH3 ester), 3.87 (d, 1H, 3JH, H¼5.1 Hz, CHaziridine), 4.20 (q, 2H, 3JH,
H¼7 Hz, CH2 ester), 4.53 (d, 1H, 3JH, H¼5.1 Hz, CHazirindine), 7.85e7.65
(m, 4H, Hphthalimide) ppm. 19F NMR (188 MHz, CDCl3, 25 �C):
d¼�142.87 (m, 2F), �152.94 (tt, 1F, 3JF, F¼2.2 Hz, 3JF, F¼21 Hz),
�161.75 (m, 2F) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼13.87
(CH3 ester), 40.86 (CHaziridine), 43.79 (CHaziridine), 62.55 (CH2 ester),
108.68 (CC6F5), 123.51 (CHphthalimide), 134.20 (Cphthalimide), 130.05
(CHphthalimide), 136.01 (CFC6F5), 139.37 (CFC6F5), 143.13 (CFC6F5),
164.27 (COester), 165.51 (COphthalimide) ppm. C19H11F5N2O4 (426):
calcd. C 53.53, H 2.60, N 6.57; found C 54.13, H 2.57, N 6.61.

4.2.5. 2-[2-Nitro-3-(trifluoromethyl)aziridin-1-yl]-1H-isoindole-
1,3(2H)-dione (5). Yield: 67%. White solid, mp 123 �C. 1H NMR
(300 MHz, CDCl3, 25 �C): d¼4.85 (broad, 1H, CHaziridineeCF3), 5.55
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(broad, 1H, CHaziridineeNO2), 7.9e7.7 (m, 4H, Hphthalimide) ppm. 19F
NMR (188 MHz, CDCl3, 25 �C): d¼�69.69 (br s, 3F, CF3) ppm. 13C
NMR (75 MHz, CDCl3, 25 �C): d¼30.89 (CHaziridine), 44.15 (q, 2JC,
F¼42 Hz, CHaziridine), 120.55 (q, 1JC, F¼275 Hz, CF3), 124.01
(CHphthalimide), 129.42 (Cphthalimide), 134.96 (CHphthalimide), 163.34
(C]O) ppm. C11H6F3N3O4 (301): calcd. C 43.87, H 2.01, N 13.95;
found C 43.07, H 1.94, N 13.29.

4.2.6. 2-{2-[(Benzyloxy)methyl]-3-(trifluoromethyl)aziridin-1-yl}-
1H-isoindole-1,3(2H)-dione (6). Yield: 35%. White solid, mp 108 �C.
1H NMR (200 MHz, CDCl3, 25 �C): d¼3.08 (td, 1H, 3JH, H¼3.9 Hz, 3JH,
H¼5.0 Hz, CHaziridine), 3.62 (d, 3JH, H¼3.9 Hz, 2H, CH2OBn), 4.15 (qt,
3JH, H¼4.9 Hz, 3JH, F¼4.9 Hz, 1H, CHaziridine), 4.24 (d, 1H, 3JH,
H¼11.7 Hz, OeCH2ePh), 4.32 (d, 1H, 3JH, H¼11.7 Hz, OeCH2ePh),
7.1e6.8 (m, 5H, Haromatic benzyl), 7.7e7.5 (m, 4H, Hphthalimide) ppm. 19F
NMR (188 MHz, CDCl3, 25 �C): d¼�71.09 (d, 3JH, F¼4.9 Hz, 3F, CF3)
ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼39.39 (q, 2JC, F¼40 Hz,
CHaziridine), 42.89 (CHaziridine), 63.54 (CH2), 73.23 (CH2), 122.85 (q,
1JC, F¼273 Hz, CF3), 123.21 (2C, CHphthalimide), 127.54 (CHbenzyl),
127.81 (CHbenzyl), 128.28 (CHbenzyl), 134.18 (CHphthalimide), 130.12
(Cphthalimide), 136.59 (Cbenzyl), 164.93 (C]O) ppm. C19H15F3N2O3

(376): calcd. C 60.64, H 4.02, N 7.44; found C 60.30, H 4.32, N 6.97.

4.2.7. Ethyl 1-[bis(tert-butoxycarbonyl)amino]-3-(trifluoromethyl)
aziridine-2-carboxylate (7). Yield 65%. Colourless oil. 1H NMR
(200 MHz, CDCl3, 25 �C): d¼1.29 (t, 3JH, H¼7 Hz, 3H, CH3 ester), 1.48
(s, 18H, CH3 Boc), 3.32 (d, 3JH, H¼4.6 Hz, 1H, CHaziridine), 3.60 (qd, 3JH,
H¼4.5 Hz, 3JH, F¼4.9 Hz, 1H, CHaziridineeCF3), 4.30e4.05 (m, 2H, CH2

ester) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�70.20 (d, 3JH,
F¼4.6 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼13.86
(CH3 ester), 27.77 (CH3 Boc), 27.88 (CH3 Boc), 43.41 (CHaziridine), 48.33
(q, 3JC, F¼41.4 Hz, CHaziridine), 62.24 (CH2 ester), 84.37 (Cquat Boc), 84.78
(Cquat Boc), 121.99 (q, 2JC, F¼274 Hz, CF3), 148.6 (COBoc), 150.41
(COBoc), 164.50 (COester) ppm. C16H25F3N2O6 (398): calcd. C 48.24, H
6.33, N 7.03; found C 48.61, H 5.95, N 6.87.

4.2.8. Ethyl 1-[(tert-butoxycarbonyl)(methyl)amino]-3-(tri-
fluoromethyl)aziridine-2-carboxylate (8). Yield 37%. Colourless oil.
1H NMR (200 MHz, CDCl3, 25 �C): d¼1.30 (t, 3JH, H¼7 Hz, 3H, CH3

ester), 1.42 (s, 9H, CH3 Boc), 2.93 (s, 3H, CH3eN), 3.32 (d, 3JH, H¼4.5 Hz,
1H, CHaziridine), 3.45 (qd, 3JH, H¼4.5 Hz, 3JH, F¼4.9 Hz, 1H, CHaziridine),
4.21 (m, 2H, CH2 ester) ppm. 19F NMR (188 MHz, CDCl3, 25 �C):
d¼�70.94 (d, 3JH, F¼4.9 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3,
25 �C): d¼13.87 (CH3 ester), 28.11 (CH3 Boc), 35.41 (CH3eN), 44.20
(CHaziridine), 45.40 (q, 3JC, F¼40 Hz, CHaziridine), 62.12 (CH2 ester), 81.58
(Cquat Boc), 122.13 (q, 2JC, F¼273 Hz, CF3), 154.83 (COBoc), 164.02
(COester) ppm. C12H19F3N2O4 (312): calcd. C 46.15, H 6.13, N 8.97;
found C 46.52, H 6.54, N 8.41.

4.2.9. Ethyl 1-[bis(benzyloxycarbonyl)amino]-3-(trifluoromethyl)
aziridine-2-carboxylate (9). Yield 76%. Colourless oil. 1H NMR
(200 MHz, CDCl3, 25 �C): d¼1.12 (t, 3JH, H¼7.2 Hz, 3H, CH3 ester), 3.33
(d, 3JH, H¼4.7 Hz, 1H, CHaziridine), 3.61 (qd, 3JH, H¼4.7 Hz, 3JH,
F¼4.8 Hz, 1H, CHaziridineeCF3), 3.95 (m, 2H, CH2 ester), 5.11 (d, 2JH,
H¼12.2 Hz, 2H, CH2 benzyl), 5.21 (d, 2JH, H¼12.2 Hz, 2H, CH2 benzyl),
7.33e7.45 (m,10H, Haromatic) ppm. 19F NMR (188 MHz, CDCl3, 25 �C):
d¼�70.53 (d, 3JH, F¼4.8 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3,
25 �C): d¼13.79 (CH3 ester), 43.50 (CHaziridine), 48.51 (q, 3JC,
F¼40.6 Hz, CHaziridine), 62.43 (CH2 ester), 69.49 (OeCH2ePh), 121.95
(q, 2JC, F¼273.5 Hz, CF3), 128.41 (CHaromatic), 128.54 (CHaromatic),
128.57 (CHaromatic), 134.52 (Caromatic), 151.35 (COCbz), 164.37 (COester)
ppm. C22H21F3N2O6 (466): calcd. C 56.65, H 4.54, N 6.01; found C
56.78, H 4.41, N 6.12.

4.2.10. Di-tert-butyl [2-nitro-3-(trifluoromethyl)aziridin-1-yl]imido-
dicarbonate (10). Yield 57%. White solid, mp 80 �C. 1H NMR
(300 MHz, CDCl3, 25 �C): d¼1.52 (s, 18H, CH3 Boc), 4.18 (qd, 3JH,
H¼2.8 Hz, 3JH, F¼4.9 Hz, 1H, CHaziridine), 5.35 (d, 3JH, H¼2.8 Hz, 1H,
CHaziridine) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�68.56 (d, 3JH,
F¼4.9 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼27.74
(CH3 Boc), 48.08 (q, 2JC, F¼41 Hz, CHaziridine), 72.05 (CHaziridine), 85.73
(Cquat Boc), 120.70 (q, 1JC, F¼275 Hz, CF3), 149.58 (CO Boc) ppm.
C13H20F3N3O6 (371): calcd. C 42.05, H 5.43, N 11.32; found C 42.38,
H 5.49, N 11.03.

4.3. General procedure for the synthesis of products 11aec

To a solution of trifluorocrotonic acid (1.0 equiv) in DMF, was
added the amino acidmethyl ester hydrochloride (1.2 equiv), DIPEA
(4.0 equiv), HBTU (1.2 equiv) and HOBt (1.2 equiv) in this order. The
mixture was stirred overnight at room temperature under argon
atmosphere. The solvent was evaporated under vacuum and the
residue dissolved in ethyl acetate. The organic layer was washed
with 10% citric acid aqueous solution (two times), water, 10%
K2CO3aqueous solution (two times) and brine, dried over Na2SO4,
filtrated and evaporated. The crude product was purified by column
chromatography (EtOAc/cyclohexane: 3/7) to afford the corre-
sponding alkene.

4.3.1. Methyl (2S)-2-{[(2E)-4,4,4-trifluorobut-2-enoyl]amino}prop-
anoate (11a). Yield 81%. Colourless solid, mp 156 �C. ½a�25D ¼þ35 (c 1,
CH2Cl2). 1H NMR (200 MHz, CDCl3, 25 �C): d¼1.45 (d, 3JH, H¼7.2 Hz,
3H, CH3), 3.75 (s, 3H, CH3 ester), 4.68 (qt, 3JH, H¼7.2 Hz, 1H,
CHaeCH3), 6.61 (dq, 3JH, H¼15.4 Hz, 4JH, F¼1.4 Hz, 1H, CHalkene), 6.76
(dq, 3JH, H¼15.4 Hz, 3JH, F¼6.4 Hz, 1H, CHalkeneeCF3), 7.02 (dbroad, 3JH,
H¼7.2 Hz, 1H, NH) ppm. 19F NMR (188 MHz, CDCl3, 25 �C):
d¼�65.56 (dd, 4JH, F¼1.4 Hz, 3JH, F¼6.4 Hz, 3F, CF3) ppm. 13C NMR
(75 MHz, CDCl3, 25 �C): d¼18.21 (CH3), 48.44 (CHa), 52.69 (CH3 es-

ter), 124.19 (q, 1JC, F¼280 Hz, CF3), 128.86 (q, 2JC, F¼36 Hz, CHeCF3),
130.40 (q, 3JC, F¼5.5 Hz, CHalkene), 162.03 (COamide), 173.14 (COester)
ppm. C8H10F3NO3 (225): calcd. C 42.67, H 4.48, N 6.22; found C
42.61, H 4.52, N 6.31.

4.3.2. Methyl (2S)-3-methyl-2-{[(2E)-4,4,4-trifluorobut-2-enoyl]
amino}butanoate (11b). Yield 78%. Colourless solid, mp 178 �C.
½a�25D ¼þ78 (c 1, CH2Cl2). 1H NMR (200 MHz, CDCl3, 25 �C): d¼0.85
(d, 3JH, H¼6.1 Hz, 3H, CH3), 0.95 (d, 3JH, H¼6.1 Hz, 3H, CH3), 2.22 (m,
1H, CHisopropyl), 3.73 (s, 3H, CH3 ester), 4.66 (dd, 3JH, H¼5.2 Hz, 3JH,
H¼8.9 Hz, 1H, CHa), 6.62 (dq, 3JH, H¼15.3 Hz, 4JH, F¼1.5 Hz, 1H,
CHalkene), 6.73 (dq, 3JH, H¼15.3 Hz, 3JH, F¼6.8 Hz, 1H, CHalkeneeCF3),
7.15 (dbroad, 3JH, H¼8.9 Hz, 1H, NH) ppm. 19F NMR (188 MHz, CDCl3,
25 �C): d¼�65.55 (dd, 4JH, F¼1.5 Hz, 3JH, F¼6.8 Hz, 3F, CF3) ppm. 13C
NMR (75 MHz, CDCl3, 25 �C): d¼17.82 (CH3), 18.08 (CH3), 30.15
(CHisopropyl), 51.42 (CHa), 56.34 (OCH3), 48.44 (CH3 ester), 52.69
(CHa), 56.03 (OCH3 ester), 123.48 (q, 1JC, F¼278 Hz, CF3), 128.82 (q, 2JC,
F¼38 Hz, CHeCF3), 129.87 (q, 3JC, F¼5.7 Hz, CHalkene), 161.73 (COa-

mide), 172.84 (COester) ppm. C10H14F3NO3 (253): calcd. C 47.43, H
5.57, N 5.53; found C 47.84, H 5.52, N 5.41.

4.3.3. Methyl (2S)-3-phenyl-2-{[(2E)-4,4,4-trifluorobut-2-enoyl]
amino}propanoate (11c). Yield 76%. White solid. Mp 102 �C.
½a�25D ¼þ128 (c 1, MeOH). 1H NMR (300 MHz, CDCl3, 25 �C): d¼3.07
(dd, 3JH, H¼5.7, 2JH, H¼13.9 Hz, 1H, CH2a), 3.15 (dd, 3JH, H¼5.7, 2JH,
H¼13.9 Hz, 1H, CH2b), 3.69 (s, 3H, CH3 ester), 4.90 (dd, 3JH, H¼5.7 Hz,
3JH, H¼13.9 Hz, 1H, CHeCH2), 6.32 (d, 3JH, H¼6.6 Hz, 1H, NH), 6.42
(dq, 3JH, H¼15.6 Hz, 4JH, F¼1.2 Hz, 1H, CH]CO), 6.62 (qd, 3JH,
F¼6.7 Hz, 3JH, H¼15.6 Hz, 1H, CH]CF3), 7.01 (d, 3JH, H¼7.0 Hz, 2H,
CHaromatic), 7.19 (m, 3H, CHaromatic) ppm. 19F NMR (188 MHz, CDCl3,
25 �C): d¼65.53 (dd, 3JH, F¼6.7 Hz, 4JH, F¼1.2 Hz, CF3), 13C NMR
(75 MHz, CDCl3, 25 �C): d¼37.6 (CH2), 52.6 (CH3 ester), 53.5
(CHeCH2), 122.3 (q, 1JC, F¼270.8 Hz, CF3), 129.1 (q, 3JC, F¼35 Hz,
CHeCF3), 129.2; 129.7 (CHaromatic), 130.1 (q, 4JC, F¼5.7 Hz, CHeCO),
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135.3 (Caromatic), 161.9 (COamide), 171.5 (COester) ppm. C14H14F3NO3
(301.26): calcd. C 55.82, H 4.68, N 4.65; found C 55.98, H 4.83, N
4.63. MS: ESIþ (MþNa)¼324.

4.4. Products 12aed were synthesized using the general
procedure for the synthesis of N-aminoaziridines

4.4.1. Methyl (2S)-2-({[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-
3-(trifluoromethyl)aziridin-2-yl]carbonyl}amino)propanoate
(12a). Yield 68%. C16H14F3N3O5 (385): calcd. C 49.88, H 3.66, N
10.91; found C 50.07, H 3.65, N 10.38.

Diastereoisomer A: white solid, mp 198 �C. 1H NMR (300 MHz,
CDCl3, 25 �C): d¼1.25 (d, 3JH, H¼7.3 Hz, 3H, CH3), 3.53 (d, 3JH,
H¼4.5 Hz, 1H, CHaziridine), 3.76 (s, 3H, CH3 ester), 4.35 (dq, 3JH,
H¼4.5 Hz, 3JH, H¼4.9 Hz 1H, CHeCF3), 4.50 (qt, 3JH, H¼7.3 Hz CHa),
7.26 (dbroad, 3JH, H¼7.3 Hz, 1H, NH), 7.67e7.77 (m, 4H, CHphthalimide)
ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�70.54 (d, 3JH, F¼4.9 Hz,
3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼17.15 (CH3),
42.43 (CHaziridine), 43.15 (q, 2JC, F¼40 Hz, CHaziridineeCF3), 48.87
(CHa), 52.72 (OCH3), 121.92 (q, 1JC, F¼272 Hz, CF3), 123.27
(CHphthalimide), 129.91 (Cphthalimide), 134.28 (CHphthalimide), 161.09
(COphthalimide), 164.11 (COamide), 172.82 (COester) ppm. ½a�25D ¼þ96 (c
1, CH2Cl2).

Diastereoisomer B: white solid, mp 224 �C. 1H NMR (300 MHz,
CDCl3, 25 �C): d¼1.31 (d, 3JH, H¼7.4 Hz, 3H, CH3), 3.33 (d, 3JH,
H¼4.6 Hz, 1H, CHaziridine), 3.65 (s, 3H, CH3 ester), 4.28 (dq, 3JH,
H¼4.6 Hz, 3JH, H¼4.8 Hz 1H, CHeCF3), 4.42 (qt, 3JH, H¼7.4 Hz, CHa),
7.15 (dbroad, 3JH, H¼7.4 Hz, 1H, NH), 7.54e7.68 (m, 4H, CHphthalimide)
ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�70.73 (d, 3JH, F¼4.8 Hz,
3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼16.93 (CH3), 41.61
(CHaziridine), 42.74 (q, 2JC, F¼41 Hz, CHaziridineeCF3), 48.58 (CHa),
52.19 (OCH3), 121.13 (q, 1JC, F¼274 Hz, CF3), 123.17 (CHphthalimide),
129.80 (Cphthalimide), 134.20 (CHphthalimide), 161.75 (COphthalimide),
164.27 (COamide), 172.93 (COester) ppm.

4.4.2. Methyl (2S)-2-({[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-
3-(trifluoromethyl)aziridin-2-yl]carbonyl}amino)-3-methylbutanoate
(12b). Yield 64%. C18H18F3N3O5 (413): calcd. C 52.30, H 4.39, N
10.17; found C 52.01, H 4.12, N 10.47.

Diastereoisomer A: colourless oil. 1H NMR (200 MHz, CDCl3,
25 �C): d¼0.87 (d, 3JH, H¼6.8 Hz, 3H, CH3), 0.92 (d, 3JH, H¼6.8 Hz, 3H,
CH3), 2.09 (m, 1H, CHisopropyl), 3.64 (d, 3JH, H¼4.6 Hz, 1H, CHaziridine),
3.75 (s, 3H, CH3 ester), 4.44 (m, 2H, CHeCF3, CHa), 7.45 (dbroad, 3JH,
H¼8.6 Hz, 1H, NH), 7.59e7.81 (m, 4H, CHphthalimide) ppm. 19F NMR
(188 MHz, CDCl3, 25 �C): d¼�70.77 (d, 3JH, F¼4.9 Hz, 3F, CF3) ppm.
13C NMR (75 MHz, CDCl3, 25 �C): d¼17.68 (CH3), 18.47 (CH3), 31.44
(CHisopropyl), 42.11 (CH aziridine), 42.95 (q, 2JC, F¼41 Hz, CH azir-

idineeCF3), 52.48 (CHa), 58.08 (OCH3), 121.76 (q, 1JC, F¼273 Hz, CF3),
123.26 (CHphthalimide), 129.90 (Cphthalimide), 134.30 (CHphthalimide),
161.84 (COphthalimide), 164.19 (COamide), 172.21 (COester) ppm.
½a�25D ¼þ67(c 1, CH2Cl2).

Diastereoisomer B: white solid, mp 206 �C. 1H NMR (200 MHz,
CDCl3, 25 �C): d¼0.92 (d, 3JH, H¼7.2 Hz, 3H, CH3), 0.96 (d, 3JH,
H¼7.2 Hz, 3H, CH3), 2.15 (m, 1H, CHisopropyl), 3.55 (d, 3JH, H¼4.5 Hz,
1H, CHaziridine), 3.72 (s, 3H, CH3 ester), 4.38 (m, 2H, CHeCF3 and CHa),
7.19 (dbroad, 3JH, H¼8.1 Hz, 1H, NH), 7.65e7.78 (m, 4H, CHphthalimide)
ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�70.69 (d, 3JH, F¼4.9 Hz,
3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼18.07 (CH3), 18.72
(CH3), 31.16 (CHisopropyl), 42.08 (CHaziridine), 42.10 (q, 2JC, F¼40.6 Hz,
CHaziridineeCF3), 52.31 (CHa), 58.34 (OCH3), 122.55 (q, 1JC, F¼274 Hz,
CF3), 123.33 (CHphthalimide), 129.98 (Cphthalimide), 134.18 (CHphthali-

mide), 162.01 (COphthalimide), 164.08 (COamide), 171.29 (COester) ppm.
½a�25D ¼�51 (c 1, CH2Cl2).

4.4.3. Methyl (2S)-2-({[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-
3 - ( t r ifluo rome thy l ) a z i r i d i n - 2 - y l ] c a r b ony l } am ino ) - 3 -
phenylpropanoate (12c). Yield 72%. White foam. The two di-
astereoisomers were separated.

Diastereoisomer A: 1H NMR (300 MHz, CDCl3, 25 �C): d¼2.93
(dd, 3JH, H¼5.9 Hz, 2JH, H¼13.7 Hz, 1H, CH2a), 3.10 (dd, 3JH, H¼4.7 Hz,
2JH, H¼13.9 Hz, 1H, CH2b), 3.43 (d, 3JH, H¼4.0 Hz, 1H, CHaziridine), 3.68
(s, 3H, CH3 ester), 4.35 (m, 1H, CHaziridine), 4.83 (dd, 3JH, H¼5.2 Hz, 3JH,
H¼7.8 Hz, 1H, CHeCH2), 6.92 (d, 3JH, H¼8.3 Hz, 1H, NH), 7.27 (m, 5H,
CHaromatic), 7.71 (m, 4H, CHphthalimide) ppm. 19F NMR (188 MHz,
CDCl3, 25 �C): d¼70.26 (m, CF3) ppm. 13C NMR (75 MHz, CDCl3,
25 �C): d¼37.9 (CH2), 41.9 (CHaziridine), 43.0 (q, 3JC, F¼43.2 Hz,
CHeCF3), 52.4 (CHeCH2), 53.6 (CH3 ester), 123.3; 123.4 (CHaromatic),
123.8 (q, 1JC, F¼272.1, CF3), 128.7; 128.9 (CHphthalimide), 129.4 (Car-

omatic), 134.2 (CHphthalimide), 135.1 (Cphthalimide), 163.3 (COphthalimide),
164.0 (COester), 171.1 (Camide) ppm.

Diastereoisomer B: 1H NMR (300 MHz, CDCl3, 25 �C): d¼3.05
(dd, 3JH, H¼5.6 Hz, 2JH, H¼13.7 Hz, 1H, CH2a), 3.17 (dd, 3JH, H¼6.0 Hz,
3JH, H¼14 Hz, 1H, CH2b), 3.54 (d, 3JH, H¼4.5 Hz, 1H, CHaziridine), 3.64
(s, 3H, CH3 ester), 4.38 (m,1H, CHaziridine), 4.72 (m,1H, CHeCH2), 6.83
(d, 3JH, H¼7.9 Hz, 1H, NH), 7.25 (m, 5H, CHaromatic), 7.75 (m, 4H,
CHphthalimide) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼70.38 (m,
CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼37.3 (CH2), 41.7
(CHaziridine), 43.4 (q, 3JC, F¼43.2 Hz, CHeCF3), 52.6 (CHeCH2), 54.2
(CH3 ester), 123.4; 127.4 (CHaromatic), 128.6; 129.1 (CHphthalimide),
130.0 (Caromatic), 134.2 (CHphthalimide), 135.2 (Cphthalimide), 161.5
(COphthalimide), 164.2 (COester), 171.3 (COamide) ppm.

4.4.4. Methyl (2S)-2-({[1-(bis(tert-butoxycarbonyl)amino)-3-(tri-
fluoromethyl)aziridin-2-yl]carbonyl}amino)-3-phenylpropanoate
(12d). Yield 79%. White foam. Mixture of diastereoisomers in a 1:1
ratio.1HNMR (300 MHz, CDCl3, 25 �C): d¼1.50 (s, 9H, CH3 Boc),1.52 (s,
9H, CH3 Boc), 3.14 (m, 2H, CH2eCH), 3.27 (d, 3JH, H¼4.5 Hz, 1H, CHa-

ziridine), 3.65 (s,1.5H, CH3 ester dia 1), 3.72 (s,1.5H, CH3 ester dia 2), 3.74 (m,
1H, CHaziridine), 4.85 (m, 1H, CHeCH2), 7.09 (m, 1H, NH), 7.27 (m, 5H,
CHaromatic) ppm.19FNMR (188 MHz, CDCl3, 25 �C): d¼69.51 (m, CF3 dia

1), 69.59 (m, CF3 dia 2) ppm. 13C NMR (75MHz, CDCl3, 25 �C): d¼27.9;
28.0 (CH3 Boc), 37.9; 38.0 (CH2), 44.8 (CHaziridine), 52.2 (CHester), 52.3
(CHeCF3), 84.3; 84.9 (Cquat Boc), 127.0 (q, 1JC, F¼272.0 Hz, CF3), 128.6;
128.7; 129.2 (CHaromatic), 148.3 (COBoc), 150.9 (COBoc), 164.3 (COester),
171.2 (COamide) ppm. C24H32F3N3O7 (571.52): calcd. C 54.23, H 6.07, N
7.91; found C 54.68H 6.42, N 7.62. MS: ESIþ (MþNa)¼554.

4.4.5. Ethyl 3-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)amino]-
4,4,4-trifluoro-2-hydroxybutanoate (13). A large excess of trifluoro-
acetic acid (8 mL)was added to the aziridine 2a (250 mg, 0.76 mmol)
and the reaction was refluxed for 18 h. Then the trifluoroacetic acid
was removed under pressure and the residue was diluted in CH2Cl2
and washed with an aqueous saturated solution of NaHCO3. The or-
ganic layer was dried onMgSO4 and the solvent was removed under
reduced pressure followed by purification by column chromatogra-
phyonsilicagel (cyclohexane/AcOEt7/3) toyield thecompound13as
a white solid (202 mg, 77%), mp 139 �C. 1H NMR (300 MHz, CDCl3,
25 �C): d¼1.23 (t, 3JH, H¼7 Hz, 3H, CH3 ester), 3.52 (d, 3JH, H¼6.4 Hz,1H,
OH), 3.89 (qd, 3JH, H¼7.4 Hz, 3JH, H¼2.9 Hz, 1H, CHeCF3), 4.21 (m, 2H,
CH2 ester), 4.62 (dd, 3JH, H¼1.3 Hz, 3JH, H¼2.9 Hz,1H, CHeOH), 5.42 (d,
3JH, H¼7.5 Hz, 1H, NH), 7.65 (m, 2H, CHphthalimide), 7.85 (m, 4H,
CHphthalimide) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�69.58 (dd,
3JH, F¼7.4 Hz, 3JH, F¼1.3 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3,
25 �C): d¼13.90 (CH3 ester), 62.67 (CH2 ester), 63.30 (q, 2JC, F¼27 Hz,
CHeCF3), 68.73 (CHeOH), 123.95 (q, 1JC, F¼¼282 Hz, CF3), 123.77
(CHphthalimide), 129.83 (Cphthalimide), 134.62 (CHphthalimide), 165.81
(COphthalimide), 170.42 (COester) ppm. C14H13F3N2O5 (346): calcd. C
48.56, H 3.78, N 8.09; found C 48.91, H 3.91, N 7.88.

4.4.6. Ethyl 2-chloro-3-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino]-4,4,4-trifluorobutanoate (14a). Hydrogen chloride 4 M
(2.5 mL) in dioxane was added to the compound 2a (100 mg,
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0.31 mmol) at 0 �C. The reaction mixturewas stirred for 5 h at room
temperature and the solvent was removed under pressure. The
residue was diluted with CH2Cl2 (15 mL) and washed with an
aqueous saturated solution of NaHCO3. The organic layer was dried
onMgSO4 and the solvent was removed under pressure to yield the
compound 14a as a colourless oil (98 mg, 87%). 1H NMR (300 MHz,
CDCl3, 25 �C): d¼1.35 (t, 3JH, H¼7.2 Hz, 3H, CH3 ester), 4.22 (q, 3JH,
H¼7.2 Hz, 2H, CH2 ester), 4.26 (qdd, 3JH, H¼3.8 Hz, 3JH, H¼6.2 Hz, 3JH,
H¼7.7 Hz, 1H, CHeCF3), 4.92 (d, 3JH, H¼3.8 Hz, 1H, CHeCl), 5.46 (d,
3JH, H¼7.7 Hz, 1H, NH), 7.9e7.65 (m, 4H, CHphthalimide) ppm. 19F NMR
(188 MHz, CDCl3, 25 �C): d¼�69.78 (d, 3JH, F¼6.2 Hz, 3F, CF3) ppm.
13C NMR (75 MHz, CDCl3, 25 �C): d¼13.78 (CH3 ester), 54.95 (CHeCl),
63.24 (q, 2JC, F¼28.5 Hz, CHeCF3), 63.27 (CH2 ester), 123.5 (q, 1JC,
F¼¼284 Hz, CF3), 123.72 (CHphthalimide), 129.76 (Cphthalimide), 134.64
(CHphthalimide), 165.5 (COphthalimide), 165.7 (COphthalimide), 168.10
(COester) ppm. C14H12ClF3N2O4 (364): calcd. C 46.11, H 3.32, N 7.68;
found C 46.54, H 3.45, N 7.89.

4.4.7. Dibenzyl 2-(3-chloro-4-ethoxy-1,1,1-trifluoro-4-oxobutan-2-
yl)hydrazine-1,1-dicarboxylate (14b). Hydrogen chloride 4 M
(2.5 mL) in dioxane was added to the compound 9 (100 mg,
0.21 mmol) at 0 �C. The reaction mixturewas stirred for 5 h at room
temperature and the solvent was removed under pressure. The
residue was diluted with CH2Cl2 (15 mL) and washed with an
aqueous saturated solution of NaHCO3. The organic layer was dried
onMgSO4 and the solvent was removed under pressure to yield the
compound 14b as a colourless oil (77 mg, 71%). 1H NMR (300 MHz,
CD3OD, 25 �C): d¼1.24 (t, 3JH, H¼7.2 Hz, 3H, CH3 ester), 4.21 (qd, 3JH,
H¼7.2 Hz, 3JH, H¼2.1 Hz, 2H, CH2 ester), 4.39 (qd, 3JH, H¼3.8 Hz, 3JH,
H¼7.2 Hz, 1H, CHeCF3), 4.95 (dd, 3JH, H¼3.8 Hz, 3JH, H¼0.8 Hz, 1H,
CHeCl), 5.25 (d, 2JH, H¼12.2 Hz, 2H, CH2 benzyl), 5.29 (d, 2JH,
H¼12.2 Hz, 2H, CH2 benzyl), 7.31e7.45 (m, 10H, CHaromatic) ppm. 19F
NMR (188 MHz, CDCl3, 25 �C): d¼�69.45 (d, 3JH, F¼6.9 Hz, 3F, CF3)
ppm. 13C NMR (75 MHz, CDCl3, 25 �C): d¼13.83 (CH3 ester), 54.74
(CHeCl), 63.16 (CH2 ester), 63.56 (q, 2JC, F¼27.9 Hz, CHeCF3),69.82
(OCH2ePh), 123.8 (q, 1JC, F¼¼284 Hz, CF3), 128.47 (CHaromatic),
128.63 (CHaromatic), 128.71 (CHaromatic), 134.43 (Caromatic), 153.01
(COCbz), 165.71 (COester) ppm. C22H22ClF3N2O6 (502): calcd. C 52.55,
H 4.41, N 5.57; found C 51.95, H 4.09, N 5.03.

4.5. General method for the ring opening with thiol

To a solution of aziridine (100 mg, 0.30 mmol,1 equiv) in CH2Cl2,
(5 mL), the thiol (0.33 mmol, 1.1 equiv) and the tri-
fluoromethanesulfonic acid (0.33 mmol, 1.1 equiv) were added to
the solution and the reaction mixture was stirred for 3 h at room
temperature. The reaction mixture was then washed with a satu-
rated aqueous solution of NaHCO3 and the organic layer was dried
on MgSO4 and the solvent was removed under reduced pressure.
The crude product was purified by chromatography on silica gel
(cyclohexane/AcOEt 8/2) to lead to the corresponding pure
compound.

4.5.1. Ethyl 3-[(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)amino]-2-
(ethylsulfanyl)-4,4,4-trifluorobutanoate (15a). Yield 54%. Colourless
oil, 1H NMR (300 MHz, CDCl3, 25 �C): d¼1.35 (t, 3JH, H¼7.2 Hz, 3H,
CH3 ester), 1.42 (t, 3JH, H¼7.5 Hz, 3H, SeCH2eCH3), 2.71 (q, 3JH,
H¼7.5 Hz, 2H, SeCH2eCH3), 3.75 (d, 3JH, H¼3.9 Hz,1H, CHeSEt), 4.22
(m, 1H, CHeCF3), 4.34 (q, 3JH, H¼7.2 Hz, 2H, CH2 ester), 6.18 (d, 3JH,
H¼7.8 Hz, 1H, NH), 7.72 (m, 2H, CHphthalimide), 7.85 (m, 2H,
CHphthalimide) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�71.94 (d,
3JH, F¼7.0 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C):
d¼13.98/14.07 (CH3 ester and CH3eCH2eS), 27.21 (CH3eCH2eS),
44.99 (CHeSEt), 61.94 (q, 2JC, F¼28 Hz, CHeCF3), 62.24 (CH2 ester),
121.15 (q, 1JC, F¼280 Hz, CF3), 123.54 (CHphthalimide), 130.00 (Cphtha-
limide), 134.38 (CHphthalimide), 165.24 (COphthalimide), 169.32 (COester)
ppm. C16H17F3N2O4S (390): calcd. C 49.23, H 4.39, N 7.18; found C
49.01, H 4.03, N 7.29.

4.5.2. Ethyl 2-(benzylsulfanyl)-3-[(1,3-dioxo-1,3-dihydro-2H-iso-
indol-2-yl)amino]-4,4,4-trifluorobutanoate (15b). Yield 65%. Col-
ourless oil, 1H NMR (300 MHz, CDCl3, 25 �C): d¼1.33 (t, 3JH,
H¼7.1 Hz, 3H, CH3 ester), 3.69 (d, 3JH, H¼3.8 Hz, 1H, CHeSBn), 3.97 (d,
3JH, H¼13.4 Hz, 1H, CH2ePh), 4.03 (d, 3JH, H¼13.4 Hz, 1H, CH2ePh),
4.15 (m,1H, CHeCF3), 4.25 (q, 3JH, H¼7.1 Hz,1H, CH2 ester), 6.18 (d, 3JH,
H¼8 Hz, 1H, NH), 7.31e7.52 (m, 5H, CHbenzyl), 7.80e8.02 (m, 4H,
CHphthalimide) ppm. 19F NMR (188 MHz, CDCl3, 25 �C): d¼�72.03 (d,
3JH, F¼7.5 Hz, 3F, CF3) ppm. 13C NMR (75 MHz, CDCl3, 25 �C):
d¼13.96 (CH3 ester), 37.11 (SeCH2ePh), 44.02 (CHeSBn), 61.90 (q, 2JC,
F¼28 Hz, CHeCF3), 62.23 (CH2 ester), 123.51 (CHphthalimide), 124.18 (q,
1JC, F¼285 Hz, CF3), 127.61, 128.69, 129.20 (CHbenzyl), 130.02
(Cphthalimide), 134.34 (CHphthalimide), 136.31 (Cbenzyl), 165.14 (COph-

thalimide), 169.28 (COester) ppm. C21H19F3N2O4S (452): calcd. C 55.75,
H 4.23, N 6.19; found C 55.31, H 9.98, N 6.52.
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