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Synthesis of Chiral Amino-acids Derivatives: Silica-gel Promoted
Ring Opening of Substituted Aziridines

Li, Xiaona Zhou, Hongyong Zhang, Pengliang Wang, Jiaxi*
(Hebei Univ Technol, Key Lab Green Chem Technol & High Efficient Energy, TianJin 300130)

Abstract Chiral amine is a kind of important chemicals. Several L-amino acid based chiral diamines and triamines were
prepared by ring-opening of substituted aziridines with L-amino acid esters in the matrix of silica without solvent. The
ring-opening reactions were promoted by silica and accelerated by ultrasound radiation. The L-amino acid esters reacted with
substituted aziridine 2 to give diamine 3 at first, then diamine 3 reacted with aziridine 2 again to form triamine 4. Compared
with L-amino acid esters 1, compound 3 had a higher activity. (S)-Methyl pyrrolidine-2-carboxylate (1d) reacted with (R)-
2-isopropyl-1-tosylaziridine (5) selectively yielding (S)-methyl 1-[(R)-3-methyl-2-(4-methylphenyl sulfonamide)butyl]pyr-
rolidine-2-carboxylate (6b) through the ring opening at 1,3-position of aziridine. All obtained compounds were characterized
by "H NMR, "*C NMR, IR and elemental analysis. 4¢c was analyzed by X-ray diffraction as well.
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B TR IR AR 1) M =k A
1 SR5it1E
1.1 FHIERITEYNERK

AT AL LiClO, A LT, L-2K N = JE i F
fi(1a) 22 I A0 25 R 5 N-Xok FE 5 25 T %0 1A e (2) 1)
TFER N, 5 TLC Wi, 20 h 543 kA4 I W (Eq. 1)
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B, B4R S VR & A, TLC KA 1R b s kA
(Eq. 2), 7& FR R NAKR TIN5 equiv.[F) = L&, kst
Y10 h, TLC fill A — & ==, AR
i%(Eq. 3). AESCHR[4bIMIE R T, 2l LHEF&ET
DA s Ay S5 A I SR L- 2R TR 2 e Y T (1) BT -] H R
T LU I (2) R ], 10 h Ji BUREZE TLC K, e vk
TR (Eq. 4), X AT Re &8 AL GEHIHE ) PR & 1)
RIS TN, B S N A A T R
THBF PR E R, 7E 40 C/RBHEE (L% 150 W) 5 h,
WREZE TLC F0 4, JsURMI A3 S m,  HLEI S AR
D(Eq. 5). K TN Z AT, FRAT15 Ak e iR Rk K
AN NP R R, & R BILRE I R H % (100 ~ 200,
200~300)%f L-Z8 N 2 341 F s (1a), L-TN 2008 LBE(1D),
L-TH 28 TR (1d) A N-S6F R 2R e 5 4 I (2) S W 3%,
PLA L-F2 R R (L) AT 2-57 P - N FR R s B 2 TN
WE (5) )5 W T8 B M. B S AT 58 T REIR i
X L-RNRAFER T EE(1a) 5 N-XFH R 2R IR 0 A W (2)
(10 FF B N () S 00, > ke e 5 D ek 25 )it o
SN GENS, I R JEURL TR 2 R, ROVIER
B, BE— PRI TR E R TR 3 R, OV
FRARASK, BT LG SR 32 2 2 JsORE i & 2 A5 16
JRAE 5 WL R A IR

TEAA IR B N 4R, N=3%of FR il 9 S A e R AR [+
[ L-2 KRR IR (1 [ S W, Scheme 1. L-Z L0 1a~1d
5 NSRRI A 2 565 g R AR 1.
M1 LI, 1a 11 equiv. N-X B A8 L 40 g e
Q) 9h &, 3T 45.7% 3a AI/DEH 4a (<5%, £
1, Entry 1), 24 1a A1 2 equiv. 2 2% 16.5 h 535 83.5%
) 4a(3K 1, Entry 6). 1 L- N2 1K SlE 1b 5 N-XJ FHRT
BERBE Q) RN R, 4 h G RN5E4, AT 3b
1 4b, 7 E =R 55 23.5%, 39.5%(F 1, Entry 2). 4b
J& 3b 5 N-SF R A A e (2) ik — 20 N (774, 4b
WeR T 3b, RUMWENSEZAFE N-XH R A A
WE2) R A TFHR RN, 3b L 1b A5 I S g . 24 1b
2 equiv. N-XJ B RRETE S0 U E (2) ) W Y = 22459 3] 4b,
IY BN 86.6%. BHAG Z LR IACAE R ISZARAT BH
FIBEIN, e 55 N-XF FFORAE IR 0 AW (2) 1 T B4 i v 2
R SN, 24 1e AT 2 [N, RS N F=4) 3¢ Al
de (MRPEIRE e, 4y BgaRw NAE, A 26 133
T 23.8%I[1 3¢(F 1, Entry 3). [AIFf, 24 1c F1 2 equiv. N-
S} F 2RI A E(2) I Y. 30 h S, 4 A F
66.0%[1] 4¢(F 1, Entry 8). L-iZ 2 FF ER(1d) A1 N-X FEK
TR A BE (2 B 5) [ VA3 2] T 6a BL 6b(3K 1, Entries 4,
5).
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Table 1 Results of ring-opening reaction of L-amino acid esters with N-tosyl aziridine

Entry I II I/I1 molar ratio t/h Product Yield/%

1 2 1a 1:1 9.0 3a 45.7

. 3b 23.5
2 2 1b 1:1 4.0 4b 395
3 2 1c 1:1 9.0 3¢ 23.8
4 2 1d 1:1 5.5 6a 86.7
5 5 1d 1:1 9.0 6b 82.5
6 2 1la 2:1 16.5 4a 83.5
7 2 1b 2:1 4.0 4b 86.6
8 2 1c 2:1 30.0 4c 66.0

1.2 FHEEBRITEMNEHRIE

FPER LR AT A (0 R = Ak &1 (1) 45 R 4%
MESCARES il 2T AN S5 . 1A 3 11 'TH NMR
IS BRI R IR 5, SRR LU & a2
TRIES N-A AR sl 101 RN, ka9 4
() "H NMR - H IS BURIE IRAE S b, SR o L
WA G s R IR 5 N-RNVEFZDI R LG 12 2 )RV L-
HR 2R R (L) R =36 FE R I 0 AT E (2), 2-7 TR 2~ V-
o FROR R N RE (S) IV, TR A1) 6a K 6b, iliid
& 6a & 6b i) 'H NMR(E 1, & )%, 6a fE o
2.91~2.97 & ILH & T 45828 EARidoh d 1) CH, (1
55, 766 2.80~2.85, 2.62~2.67 L BIbr A e ) CH,
MfE, Wk 2011, miEREY 6b H, 76 6 3.03,
2.88~2.90 } 2.56~2.58 &byl LA r By 12 1
1 FME Y, UM, 2R E RS PRANIETE 1, 3
PEIFIR, EFMEER T LAY 6b.
1.3 4c BIGIRLEM

H T AT R R R AT AR = A S

ght, FH Xeray SEAATHITVENS de IIESRIIEAT T 430,
de M ERARE R 3 o, 431 IR oy BB A 1) T
2 vh N-XHORR BRI 43 1K) S—O, S—N, S—C H#E 1)
SRR 5k 1.438(4), 1.630(4), 1.766(5) A. O—S—
O 18 Ff M 119.6(2)°, C(1)—S(1)—0 F1 N(1)—S(1)—0
(1% 4f 55 Urbanczyk-Lipkowska “5PHRIE (12 EME 5
FH A ASTR], e Bl R A 5 SR 4R 1) AH DG B K R
B8 L-A0EIR PS4 1R C(10)—C(13), C(13)—
C(14), C(13)—C5) 8K 7 5l o~ 1.525(5), 1.542(6),
1.534(6) A, b Yagi S'HRIE(EIE R, C(10)—C(13)—
C(15)F1 C(13)— C(14)—C5) 8 5 5k 108.5(4)°,
110.4(3)°. 4c &0 FPA74E N—H---O AT EAE ], BdEa
T 3.

2 %t

RIS, Wi L= IERER S N-XF R
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Figure 1 'H NMR spectrum of 6a
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Figure 3 Crystal structure of 4¢

K2 Ac R o BRI EE f
Table 2 Selected bond lengths and angles for 4¢

Bond length/A

C(12)—0(4) 1.466(5) C(10)—C(13) 1.525(5)
N(Q2)—C(10) 1.480(5)  C(14)—C(13)  1.542(6)
N(2)—C(9) 1.489(6)  C(15—C(13)  1.534(6)
NQ)—C(16) 1.491(5)

Bond angle/(°)
O(1)—S(1)—C(1) 107.5(2) C(9)—NQ@2)—C(16) 113.5(4)

0Q2)—S(H—C(1)
O(D)—S(1)—N(1)
O(2)—S(1)—N(1)
C(10)—N(2)—C(9)
C(10)—N(2)—C(16)

108.1(2) C(10)—C(13)—C(15)
106.4(2) C(10)—C(13)—C(14)
106.3(2) C(15)—C(13)—C(14)
110.9(4) C(11)—0(4)—C(12)
114(3)

109.6(3)
110.4(3)
108.5(4)
114.5(4)

2548
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"H NMR spectrum of 6b

K3 de AR AR
Table 3 Hydrogen-bonding geometry for 4¢

D—H-A/(°)  D—H/A H'/'SLA/ D---A/A D_I;\"'A/
N()—H(1)=-0(5) 0.895(10) 2.24(3) 2.892(6)  130(3)
NG)—H@3)-0(1) 0.891(10) 2.37(3) 3.062(6)  135(3)

RIRFEE(1d) S 2-57 A FE-N-5F F AR E S AT e (5) k2B
1~3 JFIN R N IE PR TE it A1) 6b.
3 KIS
B 5k FI
P A B BHMCE RS XT4-100A ; 'TH NMR
H1BC NMR: Hi A1 70 /4 ) AVANCE400 70 % 3
WEA(TMS Rk, STARGET AR, BEec: bR
EREEAUAAT R A F Y WZZ-1; JCE D HHL: Ele-
mentar Vario E1; ZL4MY: Bruker Tensor-27; H.jhfi74
% Rigaku MM-OO7/Saturn 70.

FT ARG A o e, ALEH 2 RN 5 218 22 S0k
(11774
32 ZWAHE
3.2.1 FHRIEATA 0 —iba4 3a~3c, 6a~6b
EREE WS

B N-SoF FE A R 0 (2 B 5) (5.60 mmol ) fifAE
7 mL [ &R, AN 2 g iRk & L2 3L R G
la~1d (5.60 mmol), FiHH5) G ZE A, 76 40
TR (IR 150 W)— & I IR], TLC JEm & v, &
N 5E UG CHLCL P hk e A, G FF e AR G Bk v
G, Sk ENT 7215 5] 3a~3c¢, 6a~6b.

3.1
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(S)-2-[2-(4- F BE DR A I JHg ) £ e 2 )-3- 2R 65 TAT 1R Y 1l
(3a): LERFIHEAE, 7% 45.7%. [al —2.73 (c 4.7,
CH,CL,); 'H NMR (CDCls, 400 MHz) d: 7.63 (d, J=1.6
Hz, 2H, C¢H,), 7.25~7.32 (m, 5H, C¢Hs), 7.13 (t, J=1.6
Hz, 2H, C¢Hy), 5.02 (brs, 1H, NHS), 3.64 (s, 3H, OCH,),
3.31 (q, J=2.0 Hz, 1H, PhCH,CH), 2.75~2.94 (m, 4H,
2CH,), 2.71~2.72 (m, 1H, PhCHH), 2.43~2.45 (m, 1H,
PhCHH), 2.42 (s, 3H, CH;Ph), 1.47 (s, 1H, NH); *C NMR
(CDCls, 100 MHz) 6: 21.5, 39.6, 42.4, 46.3, 51.8, 62.2,
126.9, 127.1, 128.5, 129.1, 129.6, 136.9~137.2, 143.3,
174.7; IR (ATR) v: 3289, 3062, 3029, 2951, 2929, 2860,
1733, 1599, 1495, 1454, 1435, 1326, 1157, 1092 cm .
Anal. caled for CoH,4N,0,S: C 60.62, H 6.43, N 7.44;
found C 60.58, H 6.47, N 7.39.

(S)-2-[2-(4- F L DR Mt 8 fie ) & I B 1 1R 4 T (3b):
o R B AR, 7R 23.5%. [aly —21.05 (¢ 3.5,
CH,CL,); 'H NMR (CDCls, 400 MHz) d: 7.75 (d, J=8.0
Hz, 2H, C¢Hy), 7.30 (d, J=8.0 Hz, 2H, C¢H,), 5.42 (brs,
1H, NHS), 4.14 (q, J=6.8 Hz, 2H, OCH,), 3.18 [q, J=6.8
Hz, 1H, CHC(0)], 2.99~3.05 (m, 1H, CHHNHS), 2.88~
2.96 (m, 1H, CHHNHS), 2.71~2.77 (m, 1H, CHHNHC),
2.52~2.58 (m, 1H, CHHNHC), 2.42 (s, 3H, CH;Ph), 1.59
(brs, 1H, NHC), 1.21~1.27 (m, 6H, 2CH;); *C NMR
(CDCls, 100 MHz) 6: 14.2, 19.1, 21.5, 42.7, 46.3, 56.1,
60.8, 127.2, 129.7, 136.9, 143.2, 175.4; IR (ATR) v: 3287,
3065, 2980, 2935, 2872, 1729, 1494, 1447, 1376, 1325,
1155, 1092 cm™'. Anal. caled for C,4;H,,N,0,S: C 53.48, H
7.0, N 8.91; found C 53.29, H 7.10, N 8.95.

(S)-2-[2-(4- FH BE DR A I JHe ) £ e 2 -3- FH S T 1R HH g
(3c): LKL, 7% 23.8%. [alp —13.84 (c 0.6,
i-PrOH); 'H NMR (CDCl;, 400 MHz) 6: 7.75 (d, J=8.0
Hz, 2H, C¢Hy), 7.30 (d, J=8.0 Hz, 2H, C¢H,), 5.35 (brs,
1H, NHS), 3.67 (s, 3H, OCH;), 2.98~3.01 (m, 1H,
CHHNHS), 2.90~2.91 (m, 1H, CHHNHS), 2.83 [d, J=
5.6 Hz, 1H, CHC(0)], 2.72~2.77 (m, 1H, CHHNHC),
2.45~2.48 (m, 1H, CHHNHC), 2.42 (s, 3H, PhCH,),
1.82~1.87 (m, 1H, CH), 1.53 (s, 1H, NH), 0.88 (d, J=3.6
Hz, 3H, CH3), 0.86 (d, J=3.6 Hz, 3H, CHj); °C NMR
(CDCls, 100 MHz) 6: 18.4, 19.3, 21.5, 31.5, 42.6, 46.8,
51.6, 66.6, 127.1, 129.7, 136.8, 143.3, 175.3; IR (ATR) v:
3286, 3029, 2955, 2925, 2871, 2855, 1731, 1598, 1460,
1390, 1326, 1156, 1092 cm™'. Anal. calcd for CisHyN,-
0,S: C 54.86, H 7.37, N 8.53; found C 54.90, H 7.41, N
8.49.

(S)-1-[2-(4- F L Tt 9t i ) £ Ak - DY St v -2- R
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HTig(6a): JCERNFIIA, 7% 86.7%. [alb —63.90 (c
3.6, CH,CL,); "H NMR (CDCls, 400 MHz) 8: 7.77 (d, J=
8.4 Hz, 2H, C¢Hy), 7.29 (d, J=8.0 Hz, 2H, C¢Hy), 5.77
(brs, 1H, NH), 3.66 (s, 3H, OCHj3), 3.18 (q, J=3.6 Hz, 1H,
CHC(0)), 2.91~2.97 (m, 2H, CH,NH), 2.80~2.85 (m,
1H, CHHN), 2.62~2.67 (m, 2H, CH,N), 2.42 (s, 3H,
PhCHj;), 2.24~2.29 (m, 1H, CHHN), 2.07~2.12 (m, 1H,
CHH), 1.85~1.89 (m, 1H, CHH), 1.73~1.77 (m, 2H,
CH,); "C NMR (CDCl;, 100 MHz) : 21.5, 23.7, 29.7,
41.6, 52.0, 53.0, 53.1, 65.2, 127.3, 129.5, 136.9, 143.1,
175.0; IR (ATR) v: 3276, 3028, 2952, 2879, 2829, 1731,
1598, 1495, 1436, 1402, 1327, 1156, 1092 cm™'. Anal.
caled for CsH»,N,0,4S: C 55.19, H 6.79, N 8.58; found C
55.10, H 6.75, N 8.52.

(S)-1-(R)-3- H1KE-[2-(4- FHHL IR M I e ) T A5 1- DU &tk
- 2-FER FfiK(6b): TR, =% 82.5%. [aly
—41.96 (c 1.1, i-PrOH); '"H NMR (CDCls, 400 MHz) ¢:
7.75 (d, J=8.0 Hz, 2H, C¢H,), 7.27 (d, J=8.4 Hz, 2H,
CeHy), 5.15 (br, 1H, NH), 3.70 (s, OCH;), 3.23 [t, J=4.0
Hz, 1H, CHC(0)], 3.03 (m, 1H, CH), 2.88~2.90 (m, 1H,
CHHN), 2.56~2.58 (m, 1H, CHHN), 2.46~2.50 (m, 1H,
CHHN), 2.42 (s, 3H, PhCH;), 2.25~227 (m, 1H,
CHHN), 2.00~2.09 (m, 2H, CH, CHH), 1.79~1.88 (m,
2H, CHH, CHH), 1.72~1.70 (m, 1H, CHH), 0.84 (d, J=
6.8 Hz, 3H, CH3), 0.79 (d, J=6.8 Hz, 3H, CH;); °C NMR
(CDCLs, 100 MHz) &: 17.5, 18.4, 21.5, 23.7, 28.8, 29.2,
51.8, 53.1, 54.9, 58.1, 66.4, 127.2, 129.4, 138.1, 143.0,
174.7; IR (ATR) v: 3285, 3027, 2958, 2874, 1733, 1599,
1495, 1436, 1391, 1370, 1328, 1160, 1093 cm™'. Anal.
calcd for C;sH,3N,0,4S: C 58.67, H 7.66, N 7.60; found C
58.59, H 7.6, N7.67.
322 FHEHBATA G Z b da—~4dc BIE R
ik

I N-F HOR R AU E (2) (6.32 mmol)fRTE 10
mL S erh, FRDIA 3 g Mkl K L-Z LS
(1a~1c) (3.16 mmol), ¥4I J5dd 728 I 5, 7F 40 ‘CK
WP A (B2 150 W) —3E I 7], TLC Wl je B, 2 NV 5¢
JE H CHLCL PR A, — S0 F e Al I B 7 s,
R JZNTr 2515 5] da~4e.

(8)-2-[ - (2-(4- W RE AR W ) £ ) e Rk -3 -4 Bk I
R FH iR (4a): TCERBTBAE, 772 83.5%. [aly —25.34
(¢ 3.0, i-PrOH); 'H NMR (CDCls, 400 MHz) &: 7.69 (d,
J=8.0 Hz, 4H, 2C¢H,), 7.27~7.30 (m, 5H, C¢Hs), 7.18~
7.26 (m, 4H, 2C¢H,), 4.74 (t, J=4.0 Hz, 2H, 2NH), 3.65
(s, 3H, OCH,), 3.47 (q, J=2.8 Hz, 1H, PhCH,CH), 2.97~

http://sioc-journal.cn/ 2549
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3.01 (m, 1H, CH,), 2.82~2.85 (m, 3H, 2CH,)], 2.72~
2.79 (m, 4H, 2CH,), 2.59~2.63 (m, 2H, CH,), 2.41 (s, 6H,
2CH3); *C NMR (CDCl;, 100 MHz) 6: 21.5, 35.5, 40.9,
50.6, 51.6, 64.6, 126.8, 127.1, 128.8, 129.2, 129.7, 136.9,
138.2, 143.4, 172.4; IR (ATR) v: 3281, 3063, 3029, 2952,
2925, 2857, 1730, 1598, 1495, 1453, 1435, 1401, 1323,
1153, 1092 cm™'. Anal. caled for C,gH3sN306S,: C 58.62,
H 6.15, N 7.32; found C 58.70, H 6.16, N 7.29.

(8)-2-[ = (2-(4- W HL R R W 11 ) £ B5) e BE TN IR & i
(4b): TR, 7% 86.6%. [a]l —17.60 (c 2.6,
i-PrOH); 'H NMR (CDCl;, 400 MHz) 6: 7.76 (d, J=8.4
Hz, 4H, 2C¢H,), 7.28 (d, J=8.0 Hz, 4H, 2C¢H,), 5.60 (t,
J=5.6 Hz, 2H, 2NHS), 4.09 (q, J=7.2 Hz, 2H, OCH,),
3.29 [q, J=7.2 Hz, 1H, CHC(O)], 2.85~2.89 (m, 4H,
2CH,NHS), 2.59~2.70 (m, 4H, 2CH,N), 2.41 (s, 6H,
2CH;Ph), 1.19~1.28 (m, 6H, 2CH;); >C NMR (CDCl;,
100 MHz) J: 14.2, 14.8, 21.5, 41.3, 50.6, 57.8, 60.6, 127.1,
129.7, 136.8, 143.3, 173.6; IR (ATR) v: 3284, 3064, 3030,
2980, 2926, 2870, 1726, 1595, 1495, 1449, 1400, 1324,
1155, 1093 cm ', Anal. caled for Cp3H33N;306S,: C 53.99,
H 6.50, N 8.21; found C 53.90, H 6.56, N 8.29.

(8)-2-[ = (2-(4- W LM Wi e ) & 6 ) g Bk 1-3- AR ]
1% HliE (de): FIESA 1A, 773 66.0%. m.p. 85~88 C;
[a]y —50.78 (¢ 0.6, i-PrOH); 'H NMR (CDCl;, 400
MHz) 0: 7.76~7.78 (m, 4H, 2C¢H,), 7.31 (d, J=8.0 Hz,
4H, 2C¢H,), 4.97 (t, J=5.2 Hz, 2H, 2NH), 3.66 (s, 3H,
OCHj3), 2.94~2.95 (m, 4H, 2CH,NH), 2.79~2.86 (m, 2H,
2CHHN), 2.66 [d, J=10.8 Hz, 1H, CHC(O)], 2.49~2.54
(m, 2H, 2CHHN), 2.43 (s, 6H, 2CH3), 1.92~1.95 (m, 1H,
CH), 0.92 (d, J=6.8 Hz, 3H, CH;), 0.79 (d, J=6.4 Hz,
3H, CH;); *C NMR (CDCls, 100 MHz) §: 19.8, 20.0, 21.5,
27.5, 41.3, 50.6, 51.2, 70.0, 127.1, 129.8, 136.8, 143.5,
172.5; IR (ATR) v: 3286, 3063, 3030, 2959, 2872, 1729,
1595, 1495, 1449, 1432, 1401, 1324, 1153, 1092 cm .
Anal. caled for Co4H3sN3O4S,: C 54.83, H 6.71, N 7.99;
found C 54.90, H 6.66, N 8.05.

3.2.3  dc shiRLEM a9 T

¥ 4 W T LR W, WINIE ke, R HARHERIE
R R AR MR, EBCK/N N 0.08 mm X 0.10
mmX0.12 mm 1) S5 AA7E R e A Rigaku Saturn
CCD area detector HLen TS FISCEEEHE. 7E 113(2) K
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IR, #F Mo Ka (A=0.71073 A)ES R, UL o~f133f
77 3AE 2.19°~27.86°30 il WIS 13560 AMTS s,
PSTATHS 509437 N (Rin=0.0443). {4 45 ke f A Rk
A SHELXL-97 /7 oe "™, m& w1 R =
0.0509, wR,=0.0740, Goof=1.022. 4¢ 15> XN
CoyH3sN3O6S,, M, =525.67, diik)E T —RHER, 250
BEPL, SIS HC a=8.2313(19) A, b=9.754(2) A, c¢=
16.764(4) A, a = 106.017(7)°, B = 93.101(12)°, y =
96.206(9)°, ¥=1281.1(5) A’, D.=1.363 glem’, Z=2,
F(000)=560, ©=0.252 mm '. ShAA%HE C&fr T ol
S EE H0(CCDC: 836939).
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