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RAINIR[3.1.0] DI5-3-FRBR IR X R AL
#h  HEF & B AR

(R s TR ZE B2 e TRt 211816)

AT R E*

WE il TU D-BEMREL LA R, SR 4- - IEIE (DMAPY AL G . IR BK B . AX]
PR Simmons-Smith [ . KAR, AR EENE S B 2- 28R [3.1.0] T ke-3-FR BRIk 2%, ] '"H NMR, “C NMR, 8% X
RIS a4 M B AR 04T T S5 MR AE. 1L T DMAP fEALIR4 . Simmons-Smith FH/K 8 & N (1) T 21448, 45
# B, DMAP LG R B ALEJFUEHE A n(DMAP) @ n( B8 — 8T IR) n(lJH:ﬂ;I) 0.40 : 4.0 : 1.0 &M F, (R)-5-FAAX0t
W-1,2- IR BT BEAIBCR ATIE 82%; Simmons-Smith [ N B s 8 I RIS, I 2544 55 e X 85 4 5 8 LU AN T AR
th, BB 19.5 h i, XS R GEBIEAE A 6 1 1, WRA 75%. BICEIE 30%, de {H 72%.

RERE 2-H A3, 1.0 CLbe-3-IRIR; 1 212; DMAP IR & KRR N X FRA %

Asymmetric Synthesis of 2-Azabicyclo[3.1.0]hexane-3-
carboxylic Acid

Fu, Xinghua Fan, Jianjian Zou, Aizong Yu, Juan He, Guangke Zhu, Hongjun™

(College of Sciences, Nanjing Tech University, Nanjing 211816)

Abstract 2-Azabicyclo[3.1.0]hexane-3-carboxylic acids were obtained via amino protection, 4-dimethylaminopyridine
(DMAP) catalytic cyclization, reduction-dehydration into alkene, asymmetric Simmons-Smith reaction and hydrolysis reaction
from glutamic acid. The intermediates and target products were characterized by 'H NMR and 'C NMR. (1R,3S,5R)-
2-(tert-Butoxycarbonyl)-2-azabicyclo[3.1.0]hexane-3-carboxylic acid and (18S,3S,55)-2-(fert-butoxycarbonyl)-2-azabicyclo-
[3.1.0]hexane-3-carboxylic acid were analyzed by X-ray diffraction as well. The process conditions about DMAP catalytic
cyclization reaction, Simmons-Smith reaction and hydrolyzation were discussed. The results show that the yield of
(R)-1,2-di-tert-butyl 5-oxopyrrolidine- 1,2-dicarboxyate was 82% at the ratio of n(DMAP) . n(di-tert-butyl dicarbonate) .
n(pyridine)=0.40 : 4.0 : 1.0. The ratio of cis/trans-form varied with the reaction time in Simmons-Smith reaction, which
gave a best ratio of 6 . 1 at 19.5 h. The total yield is 30%, and the de value is 72%.

Keywords 2-azabicyclo[3.1.0]hexane-3-carboxylic acid; glutamic acid; DMAP catalytic cyclization; hydrolysis reaction;

asymmetric synthesis
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Figure 1  Representative compounds containing azabicy-
clo[3.1.0]hexane structure unit

Aissaoui ZFDL L-FEASEIR L6 0 JERA BT A )44
(18,35,55)-2- F Z WA [3.1.01 L de-2,3- - F R -2- L ] T
3-2.M8; 2012 4F Neitz 4P D-BR & N F RS T
P A A (BR)-2- A 28 WA [3.1.0] 458 -2,3- — R -2- 4 T
fis-3- Z.Jig; 2013 4F Borriellom 2P D-HE248 2 15 4 s k)
BT AR GR)-2-H A MIR[3.1.0] e-2,3- — HI R —
BUTEE. XU TR A 2-F 20 [3.1.0] O -
3R G B E RIS ., RN ERZ, JEA
S AL A SCAE A IR SCHER[6~ 91 Sk Ak I,
Wil T — & B AN R S 2 51, HG, E )R,
VG 52— s T SN, KA, mOR S s AR R A R
,ﬁwﬂs 1.0] W heE-3- R IR I % 26 (UL D-B &R A I
*+mAﬁzﬁ%é£ﬁnE 2 7w, LA L-AY 208 0 ORI & 1
2 5 ILERL).

1 Z&R51H
1.1 DMAP BLIREBIFAR

H B SCRRARIE ) A il S-SRI -1,2- — R BE 1)
TE BB RERSRARE, H4 IR BT IR
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(1) (Boc),0, NaOH

HOOC/\)\COOH

(2) HCI

(1) (Boc),0, pyrridine

(2) DMAP
HOOC COOH

»L (2) TEA, TFA, TFAA o |
Boc Boc

oL
0 Iy
Boc HO Boc

CH,CII R2 R1
ZnEt2 g

,I\l HCI X

(0] |

% Boc HO  Boc
R2' '

B2 2-H U301 -3 JRIR 1 itk 2k
Figure 2 The synthetic route of 2-azabicyclo[3.1.0]hexane-3-
carboxylic acid

(Boc) (R EIEAF R, 1A RS AR 3= 2 A7 Wi 3 fr
AN 4 i el JUASTR A AE TR IR A 1. 3
TR X PRI T 1L A A Gy sl iR Gix P 4%
SRRk, 1T 4- R SR E (DMAP) & —
R e, 7 . BB A, etk RE
A v ARG AL AT L, DMAP {4k
S AT S N BEAR . ORI R A,
3 2 %ok 225 1A BEL K (4 IR A 52 A e g 2k S 12, ﬁﬁﬁ
DMAP i, —MIANLIE B = A A Bh 1k 51,
/> DMAP (L ik, A1 H Bocﬁf)ﬁ%\r%@&
AL, L DMAP IR A AL, AL 5153
S-AAARIEME-1,2- — IR U T BR(R4). %% T n(Boc-D-
BREME) © n(DMAP) : n(Boc)h 5-ACHEM-1,2-— F %
TAHUTERCRI R, SRR 1. HHER 1 Entries 1~6
Al %1 n(DMAP) © n(Boc-D-45 2 18 ) K 4 Jo 1) 1 Lb
0.20 : 1.0 B0% 0.50 : 1.0, 7= F OB SE 3 In 5 /b,
YRR LLAE 0.40 0 1.0 BF, 77 SRk B Al
80%; # 1 Entries 7~12 741, bfi#& Boc H & MG N, 7=
MR B W, 24 n(BOC) & n(Boc-D-AB A NK)=4.0 :
1.0 B, PRI B AEH 82%.
1.2  FRFFR Simmons-Smith 55 B9FF 5

Simmons-Smith J W& AR L — A ik, @
2 B BEAN 52, SR AE XA FE /N e — 1)
S Az UAIS6] 8 B g A — AN TR, A% TR
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R6 H  OH
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07N ’\( R = Me, Et
H o]

B3 SCRRIRTE Ik 2
Figure 3 The reported synthetic route
R 1 J5UR Boe-D-A 2R (RS) 5 I ) 5 LU (R)-5-44%
MR- 1,2- R U T BR(RA)CH 5
Table 1 Effect of the molar ratio of Boc-D-glutamic acid (R5)
with reagents on the yield of (R)-1,2-di-tert-butyl 5-oxopyrro-
lidine-1,2-dicarboxyate (R4)

Entry n(RS) : n(DMAP) : n(Boc) Yield%
1 1.0 2 0.20 : 4.0. 36
2 1.0 :0.30: 4.0 38
3 1.0 :0.35: 4.0 44
4 1.0 1 0.40 : 4.0 80
5 1.0:0.45: 4.0 45
6 1.0 1 0.50 : 4.0 43
7 1.0 :0.40: 2.0 41
8 1.0 1 0.40 : 3.0 53
9 1.0:0.40: 3.5 56
10 1.0 1 0.40 : 4.0 82
11 1.0 :0.40 : 45 65
12 1.0 0.40 : 5.0 64

EOEAREERAIERS, TR T SRR, NiAE
HEAEFRFE I A 1T,

%2 Simmons-Smith S """ A3y JFUE R3 A
CH,Cll J EtyZn i ARIEFevES A 2G4 R2 Fl
R2'. AN SO LB 4 Bros. — SRR St
Fi L AL A EtZnCH,CL, Zn 75 R3 T-E00 T i %
FEAECAT, KA oKL F A 2 AE B R )[R, DRkt I F
TR BT S BSE M R, A==, BT Zn 5
PILIAE A S E g, A TFPEmem) o —w
(AL BRI /DS, bt o D& e =) R2 =4, (AR
RIS N TA) 06T 12 S5 8 PR ST AR I FE A — s s i,
HPLC ¥z NV Ig R 5 pros. 29 & NI ) )
19.5 h I Py 2 [ Le s B e 6 1, s oy 3= 4k
oy

[, FRATT A 2 %8 7 B 6F T s Y. &5 SR 1 52 1)
Simmons-Smith 5 H ] 2 A7 — 3L B LRSIk,
— R T BN AR B B IR, Bk R A1 e T
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ZnEt, + CH)CIl —— EtZnCH,Cl + Etl

H Et/anCI

o Zn—Et

0 \ W ZnEty, CHCII 0-HL" &
N — ‘> o / \: Zn‘TEt
PN )
)o< o /5 N
R3 L

i ZnEt,, CH,CII j
Et

l R2:R2' = 6:1

R2'

B 4 N Simmons-Smith & 5 772
Figure 4 Possible paths for the Simmons-Smith reaction
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50 R2 e o o
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Figure 5 The content of intermediates R2 and R2' varied with
the reaction time

—30, —20 F1—10 CHFRMAEHL. SN —30 CHY,
JRRE R3 7E 30 h A N 5e4, =45 =4 b
61 W N —20 CHE, 76 19.5 h IF R} R3 W58
4, WA= aE e 6 1 1 R —10 CHY,
76 15 h 50k R3 W se4s, (2RI YIE %, Fiikm
FEW AR D RER Y N EEET 20 CHY,
FH. (1) 72 2 RN AR TR B B e A
1.3 2-F|ZEWIF[3.1.0]2%-2,3- ZHER M T B (R2
N R2)AY7k R

AR B AR, HE 1979 4, Hall
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A2 2 Stk DA SR A 0 A B 1 R 0l I e A A
(FISTARIE B K RAT T — 9T, ZJa, T 1986 4F Bk
i 24 PRUIE e N 1 A 0l I S 0 P K ot o v 2 I
SO R A TR A T B, S, T 1992 4R R B
SV 9 T AN ) S W I A (R K R, 4 R W% L
BRI K R 0 STARARAE g K LR e s 1996 4F Parr 25124
FEN P B4 FE R R I B K R R A
AT Z R SRR

H T A R2 A R2'E50P &A1) Boe 7EIRTE 4%
PR Gy R AETKAEE, h e SEAE SRR A R K A 1
BUEAT TS, KIS 13207=9) R1FI R, &A1 oA
Ho4 1. SE1EE R RIS SHEROLE 1.4
TNFIEE 1.2 WS, ATLUE A A WA K gL R
R o- Bk T RE R ZE T M BB EE, B R AL N
(1R,3R,5R)-2-H e WIR[3.1.0] EkE-2,3- ~ H R U ] g
(R2)/K R4S 3 7= ) (1R, 3S,5R)-2-F T 48 Bk ik -2- B 4L XU
[3.1.0] L E-3- FH R (R1); #4224 (1S,3R,58)-2- % 4% WA
[3.1.0] &\ %¢-2,3- — F IR 48U 1 ik (R2") /K fi 15 51l 7= 1)
(185,38,58)-2- U T A B 2 -2- A A AR [3.1.0] b -3- HH R
(R1"). Friltb&4 R1, R1', (1S,3R,55)-2-4 | 48 BHk-2-
HABIR[3.1.0] pE-3- IR (SO AT (1R,3R,5R)-2- B T 4
B -2- B 24 WA [3.1.0] e -3- R (S 1) 11 L e e £ 4y
Wk [l —80.2, —43.7, +85.5, +42.1 (¢ 0.2, CH;-
CH,OH). H:/ R1 5 S1, R1'5 S1'43 Bl S5t megk, £ 5%
S5 JABUE I T BT K i R R EE TR a- R R AET
P TBH . A7 A BB ML A il — 2.
1.4 R15R1BIGBRIKLEWN

H T e T 2- AR [3.1.0] D E-3- R R
R1 A1 RI'IZEH, FRATH X S i b fr it 7 a0t R1 A0
RIS HIHEAT T 2081, R IEAS K 6 Fios, 4>
T A B A 5 T2 2 . RIS ASS F i 7
FaR, o3 o B B A A TR 3

a o(1)

c(1) 03)

Bl6 RI AL
Figure 6 Crystal structure of R1
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c¢) €4

o))

Bl 7 RISAELH
Figure 7 Crystal structure of R1'
F2 RI1FEKTIRA
Table 2 Selected bond lengths and angles for R1

Bond length/A

N—C(7) 1.336(4) O(3)—C(7) 1.220(3)
N—C(1) 1.437(4) C(3—C4) 1.533(4)
N—C(4) 1.459(4) O(4)—C(7) 1.337(3)
O(1)—C(6) 1.183(3) O(4)—C(8) 1.472(4)
C(1H)—C(Q) 1.479(5) C(8)—C(11) 1.491(5)
0(2)—C(6) 1.317(4) C(2—C(3) 1.519(5)
Bond angle/(°)
C(7—N—C(2) 122.2(3) N—C(5)—C(4) 104.2(3)
C(7—N—C(5) 124.3(3) C(6)—C(5)—C(4) 110.4(3)
CQQ)—N—C(5) 113.4(3) N—C(5)—H(5A) 109.4
CQ)—C(1)—C@3) 59.2(3) O(3)—C(7)—N 124.4(4)
N—CQ2)—C(3) 106.5(4) O(4)—C(8)—C(10) 102.0(3)
N—C@2)—C(1) 115.3(4) C(9)—C(8)—C(10) 111.9(4)
N—C(5)—C(6) 113.93) O(4)—C(8)—C(11) 110.9(4)

&3 RUME BB A
Table 3 Selected bond lengths and angles for R1'

Bond length/A

N—C(7) 1.336(4) O(3)—C(7) 1.220(3)
N—C(1) 1.437(4) C(3)—C4) 1.533(4)
N—C4) 1.459(4) O(4)—C(7) 1.337(3)
O(1)—C(6) 1.183(3) O(4)—C(8) 1.472(4)
C(H—C(2) 1.479(5) C(8)—C(11) 1.491(5)
C(H—C(®) 1.488(5) C(2—C(@3) 1.519(5)
Bond angle/(°)
C(7)—N—C(1) 122.8(3) N—C(4)—C(3) 104.2(2)
C(7)—N—C4) 124.7(2) O(3)—C(7)—N 124.2(3)
C(1)—N—C@4) 112.3(2) O(3)—C(7)—0#) 125.1(3)
N—C(1)—C(2) 107.4(3) N—C(7)—0#) 110.6(2)
N—C(1)—C(5) 116.4(3) O(4)—C(8)—C(11) 110.1(2)
C2Q)—C(H)—C(5) 60.5(2) O(4)—C(8)—C(9) 109.5(3)
N—C(4)—C(6) 112.0(2) C(11)—C(8)—C(9) 113.5(3)

© 2014 Chinese Chemical Society & SIOC, CAS
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. B RIS ARLGHE 6 nLLGEH, BLN JRFHIER
FLICHEME ER IR, NS 20 ] C(1)FREE S HAT
C(6) 7 HI LA T~ 520, R1 @ el M A, B k&
(1R,3S,5R)-2- B T 4 Bl e -2- S 2 WA [3.1.0] L e -3- FF
PR, AR RIS ARSE R 7 thEEI B b 22 HH N Ji
FZEM C)W R FL AN Co)yRAEL T M, R1'E
I A 7R B 40(18,38,58)-2- 40 T 48 Bk ik -2- R %
TUIR[3.1.0] Cb-3-F 2.

2 Zig

IR MR IR, SRRy A, 5.
P52 - s T SN K AERSE 5 P RN LR RS
B H AR A 0 (1R,38,5R)-2- B T 480 B ik -2- % 2% WL IR
[3.1.0] & %5¢-3- FH R (R1) A1 (15,38,58)-2- 4 T 48 ek -2- A
JRXIA[3.1.0] C2-3- FER(R1Y), JFH451T T DMAP fiEfh
NG BB LA, HE T G S A s T N (1) N [
T, BJGME T BAEEY R1 A R L.

3 KEIHN
3.1 UEHIKF

JE TR AN A AT PR 7] A2 77 1R X4 507 R Ao
AUE A Bruker 400 BUAZHEILARY, BL TMS A W FRIT
AR AT (CDCLy) 8 2 it AR = H (DMSO-de) AR ;3 [
Varian 2 7 4272 ) Varian 1200 % & %07 A €04 X
(HPLC) Kromasil-C18 J#H##(4.6 mm X250 mm, 5 pm);
H% SGW-1 HBIIE G, BT A b s, HoR,
DU 201G Al 8 4 J B [m it T, AE T Z28 . S i
(TLOYEHIFT Btk Ty ) A I HE R (200~300 H).
32 ZWAHE
3.2.1 Boc-D-5RFL(R5) ) )&

2000 mL DY G NN D-#F AR (R6) (100 g,
0.70 mol). 1000 mL NaOH /K#5 (85 g, 2.1 mol), &%
20 C, AN BRER T Es(180 g, 1.0 mol), ik
J% 20 h*5251 ] 3 mol/L ff) HC1 W77 pH & 3. 4R
CERAI =K, To/KBRIREN T, g, e, H21Mk
AW R5 146 g, WE 87%. mp. 109~111 C (1it.”®
113~114 °C). Boc-L-73ZAMR(SS) I 1 7% 7] RS.
322 (R)-5-FB AR E-1,2- — § B — 4 T B5 (R4) 49 %)
&

¥ Boc-D-¥ & FR(R5) (10 g, 41 mmol)iE T 100 mL
LR ZHEY, HIMAMEEB.2 g, 41 mmol). HEEE R
THE(36 g, 163 mmol), 35 C FHiFEV 15 h, ¥HI% 20
‘C, I\ DMAP (2.0 g, 16 mmol), =i FHiEER Y 24
W27 N 30 mL 7K, 44525 W 30 min. A5 kT IR 2%
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MWL LRI R S AN K VR 3 IR, oK R+
e, VR, IRATEER, 19 BRI Ry, Ha
TN R QR E 4G Gh, 2R B OEA R4 7.1 g, YR
E 67%. mp. 54~56 C (it 53~54 C); [a]l +
46.1 (¢ 0.2, CH;CH,OH); 'H NMR (CDCl;, 400 MHz) §:
1.48 (s, 9H), 1.50 (s, 9H), 1.96~2.01 (m, 1H), 2.23~2.32
(m, 1H), 2.42~2.48 (m, 1H), 2.58~2.62 (m, 1H), 4.63
(dd, J=9.5, 2.5 Hz, 1H); *C NMR (CDCl;, 100 MHz) ¢:
173.4, 170.3, 149.3, 82.7, 77.0, 59.5, 31.0, 27.8, 21.6;
ESIMS m/z: 308.2 (M+Na").

(R)-5-5ARMEME-1,2- — H IR U T B (SHIM A i
R4 &5 1ESHRL. Hald —46.7 (¢ 0.2, CH;CH,OH)
[1it.?® —36.7 (¢ 1,CHCL)].

323 (R)-23-= &.-1H-vtb o4 -12- — ¥ B — 4 T B
(R3) &9 4] &

# R4 (10 g, 35 mmol)¥% T~ 200 mL J& 7K PYZUWE
AR —T75 C, LR TRT TEEMA 35 mL 5t
KL ES(DIBAL, 1.5 mol/L (¥ FHZRVA), $EHkE N 2 h.
PRI =8 L2(2.1 g, 18 mmol). = Z (21 g, 0.21
mol) Al =J LIRHEF(10 g, 48 mmol), AREEHIHE Y 1.5 h,
Rt T A S P R R NABUINANE] 1 mol/L [T E
BRI WTT, or i, A LA 23 S FH A 0 e R S Ak 7K s v R
PRI AL B A DB P IR, ORI R AN T4, AE 24T
45T 8.6 g R3, WK 90%. 'H NMR (CDCl;, 400
MHz) §: 1.47 (s, 9H), 1.47 (s, 9H), 2.62 (t, J=8.2 Hz, 1H),
2.99~3.09 (m, 1H), 4.42~4.52 (m, 1H), 4.87~4.92 (m,
1H), 6.49~6.64 (m, 1H); *C NMR (CDCl;, 100 MHz) ¢:
171.6, 153.3, 130.0, 104.8, 88.3, 82.5, 60.0, 27.9, 26.8.
Anal. calcd for C4H,3NO,: C 62.43, H 8.61, N 5.20; found
C 62.54, H 8.66, N 5.14.

(8)-2,3- - 1H-MEM%-1.2- — F I — BT BE(S3) &
S A R3 (16 775254
324 (1R3R,5R)-2-F. 22 M IR[3.1.0] TH-2,3- = F #&
— T B (R2)#= (15,3R,58)-2- 5, 4 R IR [3.1.0] & %% -
2,3- =B &R T B5(R2")49 5| &

500 mL [IPU LG In AL A YI(R)-2,3- &~ 1H-
NERE-1,2- R U T FR(R3) (25 g, 93 mmol), &SR
1, I 80 mL =g A AL F HE(39 g, 0.22 mol),
BEIE—20 C, AN ZLHEE(186 mL, 1.1 mol/L FIZK
V), SV 20 WP R N AN TR BR K (213
mL, 1 mol/L)H, 43 A HUAH, F3 il F v Frmi iR &4k 7K
ORI R S AR KR e T, TR BRIREE T4, Ik,
WATH I, I8 R SRR T A5y 5. HPLC 43 My
EEBI(R2': R2)M 6 1 1, RO 73%.

R2: 'H NMR (CDCls;, 400 MHz) §: 0.70~0.72 (m,
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1H), 0.86~0.89 (m, 1H), 0.89~1.25 (m, 1H), 1.45 (s,
9H), 1.44 (s, 9H), 1.97~2.01 (m, 1H), 2.47~2.61 (m,
1H), 3.40~3.55 (m, 1H, CH), 4.36~4.49 (m, 1H). Anal.
calcd for C;sH,sNOy4: C 63.58, H 8.89, N 4.94; found C
63.50, H 8.87, N 4.92.

R2'": '"H NMR (CDCls, 400 MHz) 6: 0.78~0.79 (m,
1H), 0.80~0.89 (m, 1H), 1.24~1.28 (m, 1H), 1.48 (s,
9H), 1.46 (s, 9H), 2.01~2.05 (m, 1H), 2.49~2.53 (m,
1H), 3.46~3.58 (m, 1H), 4.40~4.52 (m, 1H). Anal. calcd
for C;sH,sNOy: C 63.58, H 8.89, N 4.94; found C 63.38, H
8.79, N 4.94.

(18,35,55)-2- % 24 AIR[3.1.0] & e-2,3- —F IR
THE(S2)FI(1R,38,5R)-2- H A2 WA [3.1.0] 2 i -2,3- —
B BT ER(S2D A BOP RS R2 F R2'G 871258,
3.2.5 (1R3S,5R)-2-# T A B A -2- R 4 M3IL[3.1.0] T
$%-3- F B (R1)F=(18,3S,58)-2-48 T A A -2- R 4
IR[3.1.0] Tke-3- F BL(R1") 49 %) &

¥ R2 A R2'EE40(10 g, 35 mmol)#fi# T 100
mL SEAEEABCT, I 300 mL FIERU T SEBEA, N
A 35 °C, 2.5 h WM I AN AE9(6.0 g, 88 mmol),
S 1 hJE, BN 2 mL K, GREEBERE W 15 hBY,
WHIHET, T 100 mL 7ZKF1 200 mL F3ERLT 340, F
1 mol/L [WERM/KATT pH 2 3, HIELRUT BEALHY,
ToKBRIREE T, IRAEANA, HERAY 72 ¢, B2
IV EE) @ V(SRR LBE)=10 @ 115 Bt alifs e
A RLFTRY, 23510 4.8 g M1 1.2 g, W 74.7%.

R1: mp. 134 ~ 136 C; [a]f — 802 (¢ 02,
CH;CH,OH); 'H NMR (CDCls, 400 MHz) 6: 0.46~0.87
(m, 2H), 1.36 (s, 9H), 1.58~1.83 (m, 1H), 2.10~2.29 (m,
2H), 3.18~3.33 (m, 1H), 3.89 (t, J=12.68, 1H), 12.45 (s,
1H); “C NMR (CDCl;, 100 MHz) §: 172.9, 154.0, 78.3,
595,394, 37.1, 28.9, 14.5, 13.9. Anal. calcd for C;;H;;N-
O4: C 58.14, H 7.54, N 6.16; found C 58.04, H 7.53, N
6.10; ESIMS m/z: 228.2 (M+H").

R1" mp. 134~ 136 C; [a]s —43.7 (¢ 02,
CH;CH,OH); 'H NMR (CDCls, 400 MHz) ¢: 0.62~0.74
(m, 2H), 1.46 (s, 9H), 1.49~1.54 (m, 1H), 1.84~1.92 (m,
1H), 2.48~2.60 (m, 1H), 3.31~3.34 (m, 1H), 4.41~4.43
(m, 1H), 12.56 (s, 1H); *C NMR(CDCl;, 100 MHz) o:
174.7, 153.4, 78.8, 59.0, 39.2, 36.7, 28.0, 14.8, 12.1. Anal.
calcd for C;{H;7NO4: C 58.14, H 7.54, N 6.16; found C
58.24, H 7.52, N 6.10; ESIMS m/z: 228.2 (M+H").

(18,3R,58)-2-H T 4 e FE-2- 5 L WA [3.1.0] 2 J5¢-3-
IR (S1)F(1R,3R,5R)-2- 8 T 4 Fk K -2- A4 AR [3.1.0]
CE-3- RSN G RO EE R FL RIS RO
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s
3.2.6 Rl #= R1'"ah iR & #6495 2

¥ R1 T SR OBy, wgim Py &g, kA
H AR RIFAF BT A, EE 0.30 mmX0.31 mm X
0.25 mm [ b A7 H A S A g Ak Mo Ka (A=
0.71073 A)SFE Ml IR, 76 293 KEE T, Bl /20
A7 AE 9°o<o<13°yulH N, HLER] 2605 MITHS
s 2263 AL AT RO, Ri,=0.028. ShIAZS
Filid SHELXSO7BYRE 82k, ] Fourier &,
LIRS B AEER T2 bR, X EAREUR T AR K % ) S
PSR D ek A B, SR H N, Hon AR
FHBE — ST (R AT wR)ZM51k 0.0550 F10.1518.
mn B IR A SHELXL97 27, S iR%udE oA T
S EE 1 0(CCDC: 982318).

R1KH RO VE R 5 4, B RIFE VAR5
AT TR &, SRS © 4 A7 1 95 | S8 50 oo
(CCDC: 982319).
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