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Chiral Aziridine Derivatives
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Abstract The chiral 1R,5S-6-akyl-6-aza-2R-menthoxy-3-oxa-4-oxobicyclo[3,1,0]hexane (5a~5d) con-
taining two stereogenic centers were obtained in 41%~51% yields with e.e.=98% via the tandem asym-
metric Michael addition and internal nucleophilic substitution reaction of the chiron 3 with the primary
amine 4 as a nucleophile. After the effective reduction of compounds 5 by LiAIH,in THF, the target mole-
cules, meso-N-alkyl-2,3-bis(hydroxymethyl)aziridines (6a~6d) were obtained in 66%~91% yields. The
chemical structures of 5 and 6 were readily confirmed by analytical and spectroscopic data. The proposed
structures of optically active compounds were consistent with the stereochemistry and configuration of their
molecules further confirmed by the X-ray crystallography of 5a and 6¢. These results could provide a new
synthetic route to the functionalized optically active aziridine derivatives.
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W, & F B GEB AT R A 2T T8
P ASORFH R M RE R RS T o0 3 1Rk
AKEFR Michael e N, 15332 8 AN B0
1R,55-6- 45t 3t -6- & A4 -2R- i L Ik -3- A A% -4- S AR R
[3,1,0] C.KE(5), Ja & E LIAIHYTHF ik J7 58] T N-be
BE-2,3- X (F& H AL ) A% B8 TN ¢ (6). 38 ik T = 4 AT,
[a]®, IR, *H NMR, C NMR, MS LK X S 2 75 &
RMGE, #hE T eI = R RIS B JLE it
=X 1 R,

1 KEEHY

1.1 {UEERIRAF

S FT RS A b Ketai %7 4 5543 Nicolet
AVATAR 360 FT-IR £L5MGi5{%; Brucker Avance 500
MHz #3412, TMS YEPI#%; Brucker Daltonics Inc.
APEX II.FT-ICRMS ! Jitii%{%; Perkin-Elmer 241-C gt
1%; Perkin-Elmer 240-C BUcE /. EMTHAER H
(10~40 um). R0 AL T,
1.2 1R,5S-6-kT£-6-F Z¢-2R-
:%[3,1,0]5&(5)3@%&

R, K 4 mmol 687 4 g 2.2 g (16
mmol ¥ AR FRAY, 0.64 g (2 mmol)PU | Ak 4% 1)
10 mL ST, B 20 min, A5 1.26 ¢
(4 mmol) F-PEJC 3, & FHiHE, TLC BRERR MY, FFF1
JG 3 AW R, Zal M. I 50 mL LR LT, MV
RGN uE, FH 3X10 mL 4P ZERVESE AR, s T

BN

BEE-I-FR4ER

H

hv 0,

[, 19 L0EE B kR [ . ST E T 20 8
4 A A Ak 5a~5d.

1R,55-6-3f CL-6- J4-2R- i A Jk-3- 48 2k-4- S A —
2N [310]ak’“(5a). 0.68 g, /"% 50%, m.p. 158~159
‘C, [a]® =—1089 (c 1.465, CHCI3); *H NMR (CDCls,
500 MHZ) 6: 5.50 (s, 1H, H-5), 3.60 (ddd, J=10.7, 4.2, 4.2
Hz, 1H, H-1), 2.95 (d, J=4.2 Hz, 1H, H-2), 2.59 (d, J=
4.2 Hz, 1H, H-6), 2.08~2.19 (m, 2H, 2CH), 1.88~1.90
(m, 4H, H,-6, H-5, H-8), 1.60~1.72 (m, 4H, CH»-6",
CH,-2"), 1.38~1.50 (m, 4H, CH,-3', CH,-4), 1.16~1.32
(m, 4H, CH,-4", CH»-5"), 1.02~1.10 (m, 2H, CH»-3"),
1.00 (d, J=8.3 Hz, 3H, CHg-7), 0.90 (d, J=7.1 Hz, 3H,
CHs-9), 0.78 (d, J=6.9 Hz, 3H, CHs-10); *C NMR
(CDCl3, 125 MHzZ) 6: 171.9 (C-3), 99.2 (C-5), 77.3 (C-1),
65.6 (C-1"), 47.7 (C-2), 44.3 (C-6), 39.9 (C-2), 37.4 (C-6),
34.2 (C-4), 32.3 (C-2", C-6"), 31.3 (5), 25.7 (C-4"), 24.4
(C-5"), 24.3 (C-8), 23.0 (C-3), 22.2 (C-7)), 20.8 (C-9), 15.6
(C-10); IR (KBr) v: 3072, 2931, 2858, 1788, 1454, 1450,
1128, 947 cm % EIMS m/z 336 (M*+1, 2), 335 (M™, 4),
290 (M*—C,H;N, 20), 290 (M " —C,H-N, 20), 198 (M —
CioH17, 20), 170 (C1oH,oNO", 16), 169 (C1oH1oNO", 40),
83 (C,H;05, 100), 68 (CsHa, 36), 55 (C4H7, 90).
Anal. calcd for CxoHxNOs: C 71.12, H 10.10, N 4.01;
found C 71.60, H 9.91, N 4.18.

1R,55-6- 7 N JE-6- R A4-2R- i S Jk-3- 4 Ak -4- 4 AR
¥1[3,1,01 24 (5b): 0.58 g, 7% 51% (H 5 mmol 3), m.p.
105~106 C, [a]® =—184.4 (c 0.955, EtOH); !
NMR (CDCl3, 500 MHZ) : 5.45 (s, 1H, CH-5), 3.56 (ddd,
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Scheme 1l Synthetic route to the functionalized chiral aziridine derivatives
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J=10.7, 6.5, 4.2 Hz, 1H, H-1), 2.70 (d, J=4.2 Hz, 1H,
H-2), 2.30 (d, J=4.2 Hz, 1H, H-6), 2.00~2.22 (m, 2H,
CH,-6"), 1.88~1.90 (m, 4H, CH-2', CH-5', CH-8, CH-1"),
1.35~1.46 (m, 2H, CH,-4), 1.18 (d, J=5.6 Hz, 3H,
CH5CH), 1.17 (d, J=5.6 Hz, 3H, CH5CH), 1.00~1.20 (m,
2H, CH,-3),0.93 (d, J=6.5 Hz, 3H, CHs-7), 0.87 (d, J=
7.0 Hz, 3H, CH3-9), 0.77 (d, J=6.9 Hz, 3H, CH;-10); *C
NMR (CDCl3, 125 MHz,) 6: 172.2 (C-3), 99.5 (C-5), 77.7
(C-1), 58.6 (C-1"), 48.2 (C-2), 45.4 (C-6'), 40.4 (C-2),
38.5 (C-6), 34.7 (C-4'), 31.8 (C-5), 25.8 (C-8), 23.5 (C-3),
22.6 (CHCH), 22.4 (CHLCH), 22.2 (C-7), 21.2 (C-9),
16.1 (C-10"; IR (KBr) v: 3057, 2966, 2853, 1786, 1446,
1348, 1143, 933 cm % EIMS nmvz: 296 (M*+1, 34), 250
(M"—C;H:N, 12), 159 (C;Hy5sNO3 , 18), 157 (CyHxO",
100), 139 ( CpHis, 28), 130 ( CsHgNO3 , 52), 112
(CsHgNO; , 60), 98 (CsHgNO", 53), 83 (C4H30; , 70),
69 (CsH,N™, 53), 57 (CsH;N™, 40), 43 (C3H7 , 50). Anal.
cacd for Ci7HgNOs: C 68.75, H 9.71, N 4.55; found C
69.12, H 9.89, N 4.74.

1R5S6- 1 Hi Jk-6- A A% -2R- il S -3 A 4% -4- AR
TIR[3,L,0] EE(50):  0.68 g, FEF 41%, mp. 61~62 C,
[a]® =—1221 (c 0.95, EtOH ); '"H NMR (CDCls, 500
MHz) §: 5.49 (s, 1H, CH-5), 3.57 (ddd, J=10.5, 4.2, 4.2 Hz,
1H, H-1'), 2.75 (d, J=4.2 Hz, 1H, H-2), 2.56 (d, J=4.2 Hz,
1H, H-6), 2.35 (t, J=7.2 Hz, 1H, NCH,), 2.00~2.15 (m,
3H, CH-2, CHy6), 1.56~1.75 (m, 6H, CH-5, CH-8,
2XCH,), 1.20~1.46 (m, 23H, CH»-3, CH,-4, 8XCH,,
CHg), 0.95 (d, J=6.5 Hz, 3H, CH5-7), 0.89 (d, J=6.9 Hz,
3H, CHz-9), 0.78 (d, J=7.0 Hz, 3H, CHz-10); °C NMR
(CDCl3, 125 MHz) §: 172.3 (C-3), 99.6 (C-5), 77.8 (C-1),
58.4 (C-1"), 48.1(C-2), 46.1 (C-6), 40.4 (C-2), 39.0 (C-6),
34.7 (C-4'), 32.3 (C-5)), 31.8 (CH,), 30.1 (CH,), 30.0 (CH,),
29.9 (CH,), 29.8 (CH,), 29.7 (CH,), 27.5 (CH,), 25.8 (C-8),
235 (C-3), 23.1 (CH,), 22.6 (CH3), 21.3 (C-7), 16.1 (C-9),
14.5 (C-10); IR (KBr) v: 3070, 2952, 2851, 1783, 1468,
1347, 1132, 942 cm % EIMS miz 422 (M"+1, 13), 421
(M™, 2), 376 (M"—C,HgN, 13), 284 (M*—CyoHy7, 80), 254
(M"—CypHaps, 64), 238 (M"—CpHx:N, 91), 210 (M*—
CuHzNO, 32), 184 (M™—CysHNO, 38), 139 (CyoHis,
24), 126 (CgHigN™, 53), 83 (C,H303 , 100), 69 (CsHg ,
72), 55 (C4H7 , 40). Anal. calcd for CxHasNO5: C 73.84, H
11.57, N 3.00; found C 74.06, H 11.23, N 3.32.

1R,55-6-1 )\ i 3k-6-H 4-2R- i 48 3E-3- 4 A4-4- A AR
TIR[3,1,0] W kE(5d): 1.88 g, ;K 47% (FH 8 mmoal 3),
mp. 69~70 C, [a]® =—86.4 (c 0.22, CHCly); H

NMR (CDCl3, 500 MHZ) : 5.49 (s, 1H, CH-5), 3.56 (ddd,
J=10.7, 4.2, 4.2 Hz, 1H, H-1), 2.75 (d, J=4.2 Hz, 1H,
H-2), 2.56 (d, J=4.2 Hz, 1H, H-6), 2.35 (t, J=7.2 Hz, 1H,
NCH,), 2.04~2.17 (m, 3H, CH-2', CH»-6), 1.64~1.76
(CH-5', 2H, CH-8), 1.56~1.62 (m, 4H, 2X CH,), 1.22~
1.48 (m, 32H, CH,4', 15X CH,), 0.98~1.08 (m, 2H,
CH>-3), 0.95 (d, J=6.5 Hz, 3H, CH;-18"), 0.92 (d, J=6.4
Hz, 3H, CH5-7), 0.89 (d, J=6.6 Hz, 3H, CH3-9), 0.79 (d,
J=6.9 Hz, 3H, CH;-10); *C NMR (CDCl3, 125 MHz) o
172.2 (C-3), 99.6 (C-5), 77.8 (C-1), 58.4 (C-1"), 48.2
(C-2), 46.1 (C-6"), 40.4 (C-2), 39.0 (C-6), 34.7 (C-4), 32.3
(C-5), 31.8 (CH,, CH,), 30.1 (CH,, CH,), 30.0 (CH,, CH,),
29.9 (CH,, CH,), 29.8 (CH,, CH,), 29.7 (CH,, CH,), 27.5
(CH,, CH,), 25.8 (C-8), 23.5 (C-3), 23.1 (CH,, CH,), 22.6
(CH3), 21.6 (C-7), 16.1 (C-9), 14.5(C-10); IR (KBr) v:
3070, 2918, 2850, 1785, 1469, 1348, 1131, 942 cm %
EIMS mz 506 (M, 13), 478 (M —NCH,, 22), 368 (M —
CioHss, 28)1 340 (M+—C11H20N, 34)1 294 (C19H36NO+,
63), 155 (CoH150", 8), 138 (CyoHi5, 30), 126 (CgHyN ™,
36), 96 (C;H1,, 100), 82 (CgH1y, 98), 69 (CsHg, 99), 55
(C4H7, 99). Ana. caled for CypHssNOs: C 7558, H
12.17, N 2.78; found C 75.98, H 11.76, N 2.77.
1.3 N-JE#-2R,3S-M(FERAE)ARIAFLE(6) AL

T30 mL THF (] LiAIH, (2 mmol ) &7, #F—5~
0 ‘C F1 MW A 30 mL 5 (1 mmol)ff) THF ¥, SNk
RIE 0~4 CHiE 2 h, SRJF{EEE N8 11 h,
TLCHREE, HEIFMEA IS K. N2 mL HEA NapSO,
WBT RNARZR T, B4k 1 h, B 20 mL EtOH. B4
Wit vk, DUE EtOH ¥k, AHAHLUZE, /K MgSo,
T, wkRBEZE, K-S AE RN R 45 Ak, 197
) 6a~6d.

N-FF CL3-2R 3SR (4 AL ) A 4 PR A 4 (6a): 0.168
g, /% 91%, m.p. 121~122 °C; '"H NMR (CDCl3, 500
MHz) ¢: 3.78 (dd, J=11.5, 6.0 Hz, 2H, CH,OH), 3.69 (dd,
J=11.5, 6.0 Hz, 2H, CH,OH ), 2.07~2.41 (br, 2H, 20H,
FKACHR T, HERFAEUENS %), 1.92 (g, J=4.1 Hz, 1H,
H-2), 1.91 (q, J=4.1 Hz, 1H, H-3), 1.86~1.87 (m, 2H,
CH,), 1.78~1.79 (m, 2H, CH,), 1.56~1.66 (m, 1H, CH),
1.28~1.29 (m, 3H, CH,, CH), 1.20~1.21 (m, 3H, CHj,
CH); *C NMR (125 MHz, CDCl;) ¢: 68.1, 60.7, 43.4,
43.4, 32.6, 32.6, 25.9, 24.8, 24.8; IR (KBr) v: 3364, 3098,
2857, 1458, 1371, 1168, 1136,1058, 1043, 883, 579 cm *;
EIMS m/z 186 (M"+1, 5), 285 (M™, 16), 168 (M"—OH,
12), 154 (M"—CH,OH, 16), 142 (M"—C,HsN, 62), 136
(M"—CH,OH—H,0, 28), 123 (M"—2CH,OH, 23), 84
(CgH1>, 14), 55 (CsHsN ™, 27), 49 (C,H ™, 90), 35 (H503 ,
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90). Anal. calcd for CyH1gNO,: C 65.04, H 10.06, N 7.67;
found C 64.83, H 10.34, N 7.56.

N- 77 A J5-2R 35 (4 FH AL ) AU 49 34 A e (Bb): 0.191
g, 7% 66% (] 2 mmol 5), m.p. 88~90 C; *H NMR
(CDCl3, 500 MHz) §: 3.79 (dd, J=11.1, 45 Hz, 2H,
CH,0H), 3.66 (dd, J=11.1, 4.5 Hz, 2H, CH,0H ), 2.42~
3.30 (br, 2H, 20H, H/KAZ#)E, MAFEIEY ), 1.89 (q,
J=4.0 Hz, 2H, H-2, H-3), 1.66 (g, J=12.3, 6.2 Hz, 1H,
NCH), 1.16~1.18 (m, 6H, 2CH,); *C NMR (125 MHz,
CDCl3) 6: 60.5, 60.3, 44.0, 43.9, 29.7, 22.0, 22.0; IR (KBr) v:
3364, 3098, 2857, 1458, 1371, 1168, 1136, 1058, 1043, 883,
579 cm :; EIMSm/z 146 (M*+1, 2), 145 (M, 2), 117 (M "
—CH,0H, 2), 117 (M —2CH,OH, 2), 86 (M " — C3H,NH3,
5), 57 (CsH/N", 35), 55 (CH/N™, 31), 43 (CsH7, 100).
Anal. caled for C;HsNO,: C 57.75, H 10.76, N 9.52; found
C57.90, H 10.41, N 9.65.

N- -+ = ¢ 3£ -2R,3S- XU (4 4k ) % A% BF A & (B¢):
0.732 g, % 90% (Jf§ 3 mmol 5), m.p. 50~51 C; H
NMR (500 MHz, CDCls) 6: 3.80 (dd, J=11.8, 6.1 Hz, 2H,
CH,OH), 3.67 (dd, J=11.7, 5.4 Hz, 2H, CH,OH), 2.50~
2.80 (br, 2H, 20H, H/KAZ#)E, MAFEIEY ), 2.38 (q,
J=7.6 Hz, 2H, H-2, H-3), 1.85~1.88 (m, 2H, NCH,),
1.56~1.59 (m, 2H, CH,), 1.28~1.31 (m, 18H, 9CH,),
0.90 (t, J=6.8 Hz, 3H, CH5); *C NMR (CDCls, 125 MHz)
J: 60.8, 60.5, 44.5, 31.9, 30.8, 30.4, 29.8, 29.6, 29.6, 29.6,
29.6, 29.6, 29.5, 29.4, 27.3, 22.7, 14.1; IR (KBr) v: 3405,
3099, 2853, 1464, 1398, 1127, 1039, 860, 723 cm *; EIMS
m'z. 272 (M*+1, 5), 271 (M +1, 6), 253 (M"—H,0, 5),
242 (M*—C,Hs, 6), 240 (M*—CH,OH, 14), 228 (M*—
CsH7, 33), 196 (M —C4Hy3N, 52), 172 (M"—C/Hss, 6),
158 (M —CyHuN, 8), 154 (M —CyHxN, 19), 131
(CoHgN™, 32), 124 (CgH1,N ™, 19), 116 (CgHeN ™, 100), 110
(CHN™, 70), 100 (CHy6", 64). Andl. caled for CgHaNOy:
C 70.96, H 11.85, N 5.31; found C 70.80, H 12.25, N 5.16.

N- )\ Bt 2 -2R 3S AU (2 FH 3L ) & 4% B1 N & (6d):
0.265 g, /*“% 75%, m.p. 62~63 C; '"H NMR (CDCls,
500 MHz) ¢6: 3.88~4.56 (br, 2H, 20H, F /KA #)m, It
FRIEIEI 25), 3.73 (d, J=6.0 Hz, 2H, CH,0H), 3.65 (d,
J=6.0 Hz, 2H, CH,OH), 2.36 (q, J=7.5 Hz, 2H, H-2,
H-3), 1.83~1.85 (m, 2H, NCH,), 1.56~1.57 (m, 2H,
CHj), 1.08~1.30 (m, 30H, 15X CH,), 0.90 (t, J=7.1 Hz,
3H, CH4CH,); *C NMR (CDCl;, 125 MHz) &: 61.3, 60.7,
45.3, 30.34, 30.33, 30.32, 30.16, 30.14, 30.13, 30.12,
30.11, 30.08, 30.06, 30.05, 30.04, 30.03, 30.02, 29.93,
29.88 (CH,, CH,), 29.78, 23.1, 14.5; IR (KBr) v: 3406,
3100, 2916, 2850, 1464, 1400, 1139 cm ™ *; EIMS mVz 356
(M*, 2), 320 (M"—2H,0, 5), 319 (M —H,0,—H0, 16),

318 (M"—H30,—H30, 18), 233 (M —CgHysN, 18), 232
(M*—CgHpN, 15), 163 (CuHi7N", 32), 161 (CyiHis/N™,
38), 137 (CyoH17, 100), 123 (CgHiN™, 44), 95 (CoH/N™,
63), 81 (CsH-N", 100), 69 (CsHg , 62), 55 (C,H7 , 40).
Anal. calcd for CpHsNO,: C 73.88, H 12.76, N 3.99;
found C 74.31, H 12.76, N 3.94.

2 HRSWE

I FH fT A FRDRIE 6 S A S N IS B-FR S T4 I IR (2),
Jei 5 AR -y S N A R A 4, e RN
TR B S N A 21 3-UR-2(5H ) -k e 1 (3) 1 22 ) 5744
WIREGY, Ba s fyr sy, B nT 45 3] ali i
5-(R)-(1R,2S,5R)- ifi 44, 3L -3- ¥ -2(5H)- Ik R il (3)12 19,
FrEo6 3 RAMEFMAiTERE. (EEE T, TG AT
7, FIHIEK KCOq AR A kA i, LAY T 878
1% (TBAB) W AL R AR, 540 e R A% AR & A i
PRIIAKTFR Michael Iy, 7931 T 1R 5S6-4ik-6-%(
AR-2R- i A3 -4 AR T IA[3,L,0] CbE(5). BT
PRI (IR 2S5R)- i S AT AE, A R % R M 1
BERAEAE A (AL BN 7 1), RIS J A A S 1) 7 1)
WY C-4, A7 KA RE R M5 T W R Z UK. R =)
S E LR TR F A B I N S 5a~5d, 7
41~51%, ee.=98%. Ut N AR & 1 S AR E B,
JLEE 80 T AN B TR L, TR LIAIH, R4
N- 47 3 -2R,3S XU (74 F AL ) A A 38 4 b (Ba~ 6d), 7= 2
66%~91%. 1k &4 6a~6d & HA A TEH O
P E RN N ke T . Rl e & o & IR, H
NMR, ®C NMR, MS Lk X Sk k3 #rill 2 7 5 f1 6
(RIAR 2 G R J ST AR 2R . P L R 2 23 A &4
Sa fil 6¢ 1A AARZE 1. AT N G iE P N-RE R R
INGERAT AP B AL T —FloBr Sms, I IR AT
AL LG LY E Ao 1 TP LL AL
PREEAL T A S AL

B 1 k&Y 5a i) SRg

Figurel Molecular structure of compound 5a
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