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FrLE

0-5-B& K Fr f—oh-2,3- ZBEETAORA 3R

(=3 < < R A\ 3 S S
N ? R B 7k Sk EF
R T RE BB MR 211816)
¢ bigssil kA AL TR B 200240)

BE DR MR A S TR ERET N ERE I Diels-Alder M. S0 LA K 5 45 & ) 4% v 40 BE (- 5- B UK
Wi—5Mex0)-2,3- 1R IF. T EEXNA-5-FF UK Fi ¥~ (endo)-2,3- TRIT A A ML REAT VEAAT 70, IR BESR M40 Bolfie it 52
KA RN A A HEAT LU AL, S IR A ARV AR SOSEIR 8] JERADR BE BEAT ARAK, A5 T — R 1) S A A T
i LA — W R T AR N A S A A0 nT 45 31 s 402 B I-5-FE UK R M- 4h-2,3- IR, 7 EH 66.5%.

REA  -5-FEVK A % -5b-2,3- TR Diels-Alder SN 5L 452K — FIk

Synthesis of Exo-norborn-5-ene-2,3-anhydride via Isomerization

Chen, Haixia” Liu, Yan* Hu, Bei” Zhao, Mengmeng” Ren, Kai®

Xie, Xiaomin” Xu, Hao™* Zhang, Zhaoguo™”
(“ College of Sciences, Nanjing Tech University, Nanjing 211816)
(* School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai 200240)

Abstract High purity exo-norborn-5-ene-2,3-anhydride was synthesized by Diels-Alder reaction of freshly distilled cyclo-
pentadiene and maleic anhydride, isomerization and recrystallization. Acid-promoted isomerization, base-promoted isomeriza-
tion and thermal isomerization of endo-norborn-5-ene-2,3-anhydride were studied in detail. 1,2-Dimethoxybenzene was found
to be a competent solvent in the thermal isomerization of endo-norborn-5-ene-2,3-anhy- dride, and reaction time and concen-
tration of substrate were also optimized. Furthermore, an effective protocol was developed to obtain exo-norborn-
5-ene-2,3-anhydride with high purity in a overall yield of 66.5%.

Keywords exo-norborn-5-ene-2,3-anhydride; Diels-Alder reaction; isomerization; 1,2-dimethoxybenzene

Fi-5- UK F7 4 —Hh-2,3- —BRIEFAE Ay B 1 A HLIE R
HRIEAR, 2 TR 204 F7e. #lin, bl
B WM R A IR -5 - B2 UK R I — b -2,3- Bk W0 i,
JE B B A5 R HH P AR R (B 1)t R TR 7 i (1
162148 — 22 B A A5 24 (1) 2 o () AL A% 8 B
Ii-5- B UK F 4 —Ah-2,3- R IEF ) 5 i 2 B B R (1) LA

R 0 AR TR BRI N JERLAE 200 C EL$2
IR — 25 B I -5-BE UK R 06 -2,3- IR IR &4, 5 H
RZ R G AT ALY, (2) AR ZR (KPR 1 0 H A A
L RRETAE 0 CKIE T4 Diels-Alder 5N il {5 I5i-5-F%
VKA - 1-2,3- BRI, FEAE 195 CIRIAF A1
1k, SR 5 FH AR 2 R B 45 AR B AT 99% 1 I -5- B4 UK

* E-mail: zhaoguo@sjtu.edu.cn

F-Ah-2,3-ZIREF, S50 20%!7. X LT ARLE L
Tk THEQ) IR M AR IR T S R E
T B0U™ FAK; T7VEQ) i o V8 RN #4444 i 78 v
AR R . b E . SRk, 7 RS . A
TR DAL T R, TSR e 2 - 5- UK
Wi—5h-2,3- BRI I 715

1 ZR5vHe
1.1 B, WUE#HmSHAL
FL7E 1946 4E, Bartlett 25 s D1 50% 6% BRI 1L

I T IR R R exo HIRLF endo 47 [
AT 2R LUG-5- B UK Ji- 19 -2,3- EREF 23 FITE 50%H0
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@H“CH\D

HOOC, OH
Hooc._X_COOH

(a) MR H [ B

(b)#h P2 5 43 PG

B bk se g
Figure 1 Antipsychotic agents
BRlR, 85%ITERR VA 80 C FHHT ML [N, 1R 3%
PRI EAFE] exo A=W, B RAT5r AIAE =AM
BB SULEEES O R R T AT LR B, IR T
F exo H R =) H A BOK S BIF=4.

TRAEIER) endo FITIRT exo A7 ST M4 2 ] f 2
WAHHIE. 1967 4, Bank 25V exo HIBL[K) 2-7 F 3 —
R[22 11 BEkeF 2- 3 —3R[2.2.1]-2-FRF7E 0.7 equiv. il
TEERROATAE R N AR 3] exo M BIFN endo F4HY ()
TRA 2. Craig!' E 1951 4EXFIR-5- B4 UK F- Ja5— 4 -2,3-—
T ST 19 5 440 e 0 HE AL R (R0 B9F 9 PP 2 HE A A0 2 S f 1k
AT RERAE, FENR-5-FE0K - -2,3- R EF 190 “Cm
PSRRI 1% = 1E T 3K BB AL 77, (H45
R T IE T IR A IO\ X S R A R R R R
M, 2% DU-5- B 0K A 45— 9 -2,3- IR BF AR Y, TUA
WRIENIET, 2> BIAE 2.5 equiv. F FR AR . AT B4
TRk, B2 E LS BTFIE Y A s =)
ARk TR E T B S T 5 fe BUE K N-%2E-5-30
R[2.2.1158k5¢-2,3- IR W e (1e) NI, 73 BIFE 2.5 N ()
RN AT BRI VR T b f. 2 W BB e b 221k
FEAS [ER BEREAT A A iy, RILAE 0 A 30 C R IFRA
SR A R, TG 75 C AR AR oK
P BB AL A R A N-2E-5- 004 [2.2.1] 5%
HE-2,3- R (1) (1 DU SR IR VA RN 2.5 moleL ™!
AL BRACR BT B A S A B, T i SN i
FER 75 CHHT SEMIIAR IH A sk 2 8= Hsh 5
RGP A . IX e 2 R B -5 - 0Ky I - N -2,3-
P T A 3K L6 R s P I a3 M T A S A A
1.2 mxFHaKL

Diels-Alder I NAE S F122 386 R AE R endo #4)
RIF=Y), M exo FIRUINRGF=H) 8 2 15480, R,
I H K SRR IR T B Diels-Alder N & B 45 3]
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endo FBY B UK P s IR IF, TI8 T0 U 57 i A S
Pk ) 7 L) 8 exo # R FUK A 45 —BRIET. 10 endo #9734
R 0K A M — BRI TG 7R sl I A S M AT, R SR
PEHER A Sptl, HFEARAG. A7EA Ll B, —
ROVEFIZRBIN B R PR R, sk &SR AT
RS endo FRIBEUK B I — BRITAE BE 288 7 vh HEAT In
SRR T BIFRCR, R 91.4%, (HIXF ik
o 2% 2 B R A, SR AL F LU R e, R
B endo FTR PR UK A M BRI (EAR AL R LU
FERE AT FUIN ARSI, RNAR R TR ES R
Y. B, BRUK T M RRET B B S kA R B
KVE, (BB R A T RS . SR e N AR &
FIN— R F B s IS BT B 8% Bk,
X} endo TR B VK I —RRITF 200 C o AN # i 4k
HATHELE, A1 h JFSARIINA R exo MZYRE UK I
TIRET SN 53% (K 1, Entry 1), {HEER T 5 kA
Diels-Alder <, % @45 K BRGNS R4 AL
FEAL AR, B i ST b A Jok R rh R I M AR R 4
RS, BATAEMMELEIIAN 0.3 moleL ' 5Kz
BF, AR SAHRE I AL G R R exo #RLFEUK B I R
B (1) & &% A R AR KGR 1, Entry 2).

SRIE, BATH — R4 ik S 751 N-FR S e E |
T AP —G0K, AR Wl T —
KEERT endo 4 BB UK A I BRI N # R A A gk AT 5
. YTE R RN AR TSR ) N-F
ML B ES, 4 3R exo MY B UK A M BRI 528 55%,
X LE IS A IR A ROR, SRR R R exo 14
R UK A M BRI = BTG INGER 1, Entry 3); SR
TR IR KR exo HIBIBRIK 1 — BRIT
EEWIL 57% (£ 1, Entry 4), {H2AREBOIX AR
B3R T OTE S 2 40, ELER T RO IR A 14 K
U FEURMENT 729, N T I8 B AF 0 AL CR, b
Ji XS FH A FR e VLT 2R SR ). A0 = 50K
RIBEFIRFIET, R TR exo MITLFRUK A I —FRETF & 21X
N 52%, SFHTE RN AT AR T (3R 1, Entry
5); 48 A AR R — BN A4 T, ALk S R &R
exo M BIEUK i — IR & 24 58% (¥ 1, Entry 6). f#f
FH A o 5 P ESRVA R — 2 i TR R AT
SRR RIS, R FRH exo FIBLFRUK A 7 BRI 2 5
SN 56%, 58% (% 1, Entries 7~8). i [ KB FNAL 2K
T HERCAEF IS AR, SR SR R exo #T
FEUK R I BRI & AR B =135 58%, (HIE T =K
ik i U A ] R 5 P2 ) 23 B, WO 2 AR R H R
SR LA

PATO A AT (] R EEEAT T 4k, SEER 4
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Table 1 Effect of different solvents on reaction

O (0]
D
O —_— = o]
\< 200 C,1h
1a o 1d 0
B Ratio of isomers’/%
Entry’ Solvent
exo endo

1 — 53 47
2¢ — 54 46
3 N-Methyl pyrrolidone 55 45
4 Tetramethylene sulfone 57 43
5 1,2-Dichlorobenzene 52 48
6 1,2-Dimethoxybenzene 58 42
7 Diethylene glycol dibutyl ether 56 44
8 Diphenyl oxide 58 42

“ Unless otherwise stated, all reactions were carried out under N, using 6.1
mmol of 1a with 1.5 mL of solvent; * GC detected; “ Maleic anhydride (1.8
mmol maleic) was added.

B 2. INF 2 BEaT s, 45540 0.5 h B 1A
% exo MTLIEUK 7 I RIS & /8 55%(3 2, Entry 1);
R R REIR ) 1 h AR R exo M FRUK A M — TR
BF & B4 m 2 58%(% 2, Entry 2); N T #E— Bt m#L
R, BAVGRSLAE K AL R 2 2, 3 h, (H2ER exo 1
RO b I BRI & S0& A FEAIS, N 57%(3K 2, Entries
3~4). HRSLAEK TR ] S R A B AL R B B,
BR[N] R RE M R IR . ARSI H B
BF=Y), Wok#E 1 h R RSN A]. 42 T R
NI 52T AR FE XS SR SR I, AR A
4.1 molsL "I}, ML G R exo P FFUKFIas — BRI
B EN 58%(F 2, Entry 2); BRI E A 6.1 molsL ™!
B, SR exo TRIREUK I IRET & EH A Hem
(# 2, Entry 5); BiJ5, BATHREMIKES 3.1 moleL '
BEAT %, N 1 h JEIRR exo M EUK A5 —BRIEF &
HIEFEZE 60%(3K 2, Entry 6); dF— B RURMIKIE, 7
M JER R exo MIZYRR UK I BRI & BB R, 4
MRERMIKE N 2.4, 2.0 moleL ! B, BRI IER R exo
R BB UK Py s — BRI 25 59 59%(3 2, Entries 7~38).
TE—EWREVEE N, RMBCREZEARNKR, FRBKS
PRI I 22 i 5 2 S 8T = 2 /. ik,
DATE AN 52 M S A6 A 280 SR (0 1 100 R T i 92 Y 7 P A
FENIE N, HOEFRIEYIIRE 4.1 molL ™' N Mkt
JRVIREE. 254 UL BEE R, DLAZR W EEAVE A, TR
WFE Y 4.1 molsL ™' £ 200 °C5#94k 1 h(% 2, Entry 2) 5
B2
1.3 EEREBAFIRNEE

2 DLAR A  F NI, JRAYDHRIE N 4.1 moleL ' {E

Chin. J. Org. Chem. 2015, 35, 1759~1764
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Table 2 Optimization of reaction conditions

O\
Vi ©: - P
Vi ol
u Ny, 200 C
(0]

o
1a 1d

Ratio of isomers’/%

Entry® Time/h  Conc./(molsL™")

exo endo
1 0.5 4.1 55 45
2 1 4.1 58 42
3 2 4.1 57 43
4 3 4.1 57 43
5 1 6.1 57 43
6 1 3.1 60 40
7 1 2.4 59 41
8 1 2.0 59 41

© 2015 Chinese Chemical Society & SIOC, CAS

“ Unless otherwise stated, all reactions were carried out under N, using 6.1
mmol of 1a at 200 °C; ® GC detected.

200 CHIFFERIML 1 h 5, A2 =R EA Y&
N 31.5%, exo FHLE & 90%. BARFTH =Y exo #)

UG B B ATIAEAE DB endo WYY, R, TSR —F
AL SR BT VBRI 25 endo MITURRUK A4 — R IT.
Rk, BAMERSECR. KR A, TH. L8R ZEE.
BRIR —FlE. 1,4- 5N FRUARBREFIN 1.0 g
POk Fr i —BREF IR & W (endo @ exo=1  1)i#4T E 45 &
MR, SRR 3.

T, AT R — T 2 R RO 0 R
BFVE &R 3, Entries 1~8). 244 [ 2K B B I 47 H [E] 44
TN 33.4%, exo FIBLE BN 85%(3 3, Entry 2); fHH A
R AT A EA 33.1%, exo MRS TN 83%((E 3,
Entry 3); f# FHBER — FHERHS BAR exo TS 2N 86%,
BT A RN 20.0%(F 3, Entry 6); i H 2R
T [E A 5 34.1%, exo R L5 1 84%(3K 3, Entry 8).
SEANTHERER exo AR, MAKFERE. HER.
FOR U AT, O TS B 4 ) B 4 i 8CR, B S 3T
PR R PAEE . FR 2R = A R R TR A A R A T
S5 mS2EG(#K 3, Entries 9~11). 8 F A A BRTR & 1%
FV V=1 DI BN 36.6%, exo H 3 & &k
88%, XLk R AUE H k1R A ARV - V=1 1)H 4
P BCR R (3% 3, Entries 9~10); {3 F 2% B R A R A 1)
RERFN L v=1 " DELHH =P ER exo H7
TEREN 93%, HENTH RN 22.4%GR 3,
Entry 11). ZEEHTHEARERN exo MBS &, HIARMA
R VER Y 7). 45 B O R . AT R R R — I
7] Je F 2 A R Y A Y R S A A S B i AT TR A R
Y(exo: 90%, endo: 10%)HEAT H 45 M E KM, fHH
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Table 3 Recrystallization in different solvents
Ratio of i g
Entry” Solvent Precipitate solid/% atio of isomer /%
exo endo
1 Chlorobenzene 33.2 81 19
2 Anisole 334 85 15
3 Acetone 33.1 83 17
4 Methyl ethylketone 33.0 80 20
5 Ethyl acetate 29.9 77 23
6 Dimethyl carbonate 20.0 86 14
7 1,4-Dioxane none
8 Toluene 34.1 84 16
9¢ V(Toluene) : V(Acetone)=1 : 1 36.6 88 12
10° V(Toluene) : V(Anisole)=1 : 1 36.5 84 16
11° V(Anisole) : V(Acetone)=1: | 22.4 93 7
12¢ Toluene 66.1 98 2
134 V(Toluene) . V(Acetone)=1 1 69.3 96 4

“Unless otherwise specified, the system was heated until it to clarify. exo : endo=1 :

KT BRI 66.1%, exo MTIE TN 98%(F 3,
Entry 12); {# A F 2K 74 Wi VR & 7 70 B B H T4 & o
69.3%, exo M 8 96%(K 3, Entry 13). RUH % 7t
K, BBV 5 T H, Wom A 1L FE
AR E L I
1.4 SRR ZEREE AR T S AL H & IR-5-F& Kk B - Ih-
2,3-—ERET

BATRFEYHE R 4.1 moleL ™ 7E 200 Chn#
Rtk 1 h(FK 2, Entry 2) AN Z&ARORSES, Wit T W
Rtk 77, J7a— M5 2= (Schemes 1 A1 2). 7=
— & DURR IR SR A AT H [ A4 S5 1 BN R IR A AL 1)
W), BARTT 00 R (Scheme 1): 10 g FRUKH# —FRET
(endo FHRTE 15 mL 462K — FfH 200 Chn#k 1 h )5,

1 (6.1 mmol); * GC detected; ¥V : V=1: 1;%exo0 : endo=9 : 1.

A SIS EAE 3.1 g (exo: 97%); BERHEIIA 10 g B&
UKW R BT (endo )4k S: 200°C I H AL 1 h; =
524 REEAE, GIF 4 MR 37.9 g, @i F R 45
ZUAER AGEARTY) 18.4 g, K HEN 46.0% (exo 1
BUALE >99.0%). K77 A\—In# S Aa A bl A 55 5 /8
(RGN A AR B EOREHRIR, BT E AR T exo 14
RS B HOREAG. 77 N2 DRI R AT R Al i
V) J5 X B AR S I # S Ak, BT 54407 F (Scheme
2): 40 g BEVK A —BR T (endo HIT)AE 60 mL AR 7 —
ikt 200 CHI# 1 h J5, AEILIEAREA 12.6 g (exo:
90%); BRBRFFINIE 200 CHMML 1 h 5, A2, I
JE7&2% 20 mL ¥& 7, A EEIEAEA 11.0 g (exo: 87%);
BERESE 3 KIREE TR 3] exo A BLF S5 m I [ 14

M fE{418.4 g

431 g
10.0 g endo, (@)200°C, 1h exo. 97%
R — 5
15 leﬁﬁJ (b){/\/\é:ﬂ E‘h&‘ (a) 200°C,1h

(b)AH)

exo. >99%
IR E LM Z IR
A E146.9 g
0
exo. 88% A& K127 g

() 200°C, 1 h

R exo. 75%
B >

YA .

T (b)) BEf | <— [10.0 g endo
(a) 200°C, 1 h

10.0 g endo

(b)¥& &

rpyg | |FIELE£15.2 g

exo. 69%

BRI 1 A = HBE i 77 S A A ) 8 -5 - B K R M= 5h-2,3- BRI —

Scheme 1 The synthetic process (1) of exo-norborn-5-ene-2,3-anhydride by thermal isomerization in 1,2-dimethoxybenzene
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A fEfgk12.6 g

o 0
40.0gendo | (@)200°C.1h exo: 90%
YAF N
60 mL &5 (b)AHN B (a) 200 °C, 1 h

(c)&#

(b)Jl 75 2520 mLVAH

FE 1.0 g
exo. 87% AEERLE g
B (a)200°C, 1 h exo. 87%
(b) VEIEFE 16 mLET] ;
(© % s

(a)200°C, 1h
(b)Y LK Z6  mLIE
()24

exo. 87% BHl
a)200°C,1h
by E#£26 mL ¥
c)& )

B O[E {426.6 ¢

(

(

(
HFLE R, 20k
FRIRE 45 1. 2k AERE36 g

exo. 80%

exo. > 99%

BRI 2 A = W i 77 S A A ) 8 M- 5- B UK R M= Bh-2,3- BRI A2 —

Scheme 2 The synthetic process (2) of exo-norborn-5-ene-2,3-anhydride by thermal isomerization in 1,2-dimethoxybenzene

34.4 g, FIFZEESE G 1~2 A5 3 3 G E R 26.6
g, BIEEN 66.5% (exo MIRIAIE >99%). HTBEE+
endo WM Z, PRSI exo T4,
LT H 38 2 [ S5 %) RV A R A0 B LA 4 88 n A
5% Bk, RPN A B
2, JHOK B 5 1] 15 380 B s A P 26

2 #ig

KT — P CLFR IR 0 A 5 B SRR ST i ek
id Diels-Alder [« 574 A0 FH B 45 fit 25 % e 20 4% e 40
JE RIE-5- R UK Ry A —5h-2,3- BRI 1 75 725 8 I %o g 2
BEUK P s — BRI AT S R A2 it M Ak o B fie it S
e SRR — R AT TE, KL LATE — BN
FINFASFE R RCRELF. FFXT R 1 SR H] L R4
WREREATOUA, LA SR A7 ) 25 S It AT 1 0
e, PR AT R RN R A A SO AT R
b, A T AU A TT . 2SR TT iR S 1
G, B R . s e

3 IEES
3.1 UFESHF

RS R R A PR A F AP I X4 B R
T A 52 43 Bruker 400 AZREIEHRIL, LA TMS AR
SARE Al (CDCL); 5[ Agilent 24 & 472 /) Agilent
7890A S AHIEAX(GC)HP-5 (30 mX0.32 mm, 0.24
um); bR 7 S0 A IR A F AR 1) DZF-6050 7Y
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© 2015 Chinese Chemical Society & SIOC, CAS

FLTERRE, TLC FIBCNIE S VLA K A |l A F= (1)
1 S EATRE AR, 4885~ Johnson Matthey A &) BT A
7211 5% Palladium on charcoal (Type 395M paste, mois-
ture 53.4% ww). FTE RGN BT 7 A 4l sl de
alipg dh, Rik—Palifk.
32 LWHE
3.2.1  JR-5-T& sk K Hi—P9-2,3- —BR BT (1a) 69 & Ak

1 L =B i AN SRR EF(150.0 g, 1.5 mol), H
FRUTEE 450 mL, AEIZE 10 °C, S8 260 mL
PR BB 25 I B 1 O 2 D B I 0 AR (1315 g,
2.0 mol)(TSE¥ iR, HTHR IG=RZES). Wit
5, EIRAKT 20 C/RN 2 h, A RE A O AN,
€, [EA I ERCT ZEBE (50 mL X 3)Peik, 153 [
P B2 T T4 12 h (40 ‘C/0.1 MPa), 132349 ¢
H A=Y 1a, P23 93.5%. m.p. 154.3~158.0 C
(lit. " 153.8~155.4 “C); '"H NMR (400 MHz, CDCl;) o:
6.31 (t, J=1.8 Hz, 2H), 3.58 (q, J=1.6 Hz, 2H), 3.52~
3.50 (m, 2H), 1.79 (dt, J=9.2, 2.0 Hz, 1H), 1.58~1.56 (m,
1H); “C NMR (100 MHz, CDCls) §: 171.3, 135.4, 52.7,
47.0, 46.0.
322 N-F A5k B Hi-1-2,3-= F B LA (1b) 4
AR

100 mL = F1GEMi A I IR-5- B 0K 74— N -2,3- =
FRRET(5.0 g, 30.5 mmol), HZK 50 mL, 7% i1-%% 3.2 mL.
WHN5E 110 CEI 4 h R 5EEE, #EL, 010 mL 7
FITRER SN AR EE 20 min, IO 10 mL K20, K2
F R ZRZEH(20 mL X 2), HHLZH 60 mL HEA1£ £E7K 5,

http://sioc-journal.cn/ 1763
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SR F O KR BRAN T4, 108, BRBE, 873 g At
EARF=HI(b), 77F 94.6%. m.p. 83.0~84.6 C (lit."”
87~89 ‘C); '"H NMR (400 MHz, CDCly) §: 7.32~7.23
(m, 5H), 5.89 (t, J=1.8 Hz, 2H), 4.48 (s, 2H), 3.37~3.35
(m, 2H), 3.25 (q, J=1.6 Hz, 2H), 1.68 (dt, J=8.8, 2.0 Hz,
1H), 1.51 (d, J=8.8 Hz, 1H); *C NMR (100 MHz, CDCl5)
5 177.3, 136.0, 134.2, 128.8, 128.2, 127.6, 52.0, 45.6,
44.9,41.9.
3.2.3  2-F ¥ -(3ac,7ac)-6H-4r, 7c-#f I F 3 - "5 % -
1,3- = ER(1c) 49 & mk

B N-FR5E-5-FR UK A 0 - -2,3- — H B % (5.0 g,
19.7 mmol), 25 mL Z P8 2, 5% Pd/C (250 mg)T =
SRR, B 910 kPa &S, 50 CHidE 4 h, TLC
WE W S B 5E He g omak, R RERE B s A
Redh T, & K). IEEH LR LEEPER (20 mLX3), &
HENE, BEER, 14 5.0 g AGEEY 1c, =%
99.8%. m.p. 99.6~101.1 C (lit. " 101~103 C); 'H
NMR (400 MHz, CDCly) d: 7.45~7.42 (m, 2H), 7.30~
7.26 (m, 3H), 4.61 (s, 2H), 3.05~3.04 (m, 2H), 2.72 (s,
2H), 1.61~1.58 (m, 1H), 1.56~1.55 (m, 1H), 1.41~1.39
(m, 2H), 1.02~0.96 (m, 2H); “C NMR (100 MHz,
CDCly) 6: 178.0, 136.1, 129.0, 128.4, 127.8, 48.5, 42.1,
42.0,39.2,24.4.
3.2.4 JR-5-TEk R M- 1R-2,3- —BR BT £ 7~ B 74 570 ¥ A
HF ML

RPN, £E25 mL = FURS I I-5- B 0K Fr
15-M-2,3- “FREF(1.0 g, 6.1 mmol), 7 1.5 mL (V-3
ML B AT, B EOR MR W, LT
TUTEEER T ERE), INIE 200 CHERE 1 h 5, SN
1R 2 exo WIS &
3.2.5 A-5-FEuk B Hi—4h-2.3- —BR BT (1d) 49 & &,

FR—: BAEYE, £ 100 mL =R
JIi-5- UK 45— -2,3- EREF(10.0 g, 60.9 mmol), ZB7K
THEE 1S mL, INEE 200 CHERE 1 h, AEIE =IRKK
WREIR A 10 CH BT H, 38R A G 3.1 g (exo:
97%); WEIH IR AN-5-FE UK #i— N -2,3- R (10.0 g,
60.9 mmol), 4£%2200 Chn# 1 h, ¥ % =R KK
BZE 10 CHEANTH, TEMSAAREE 6.9 g (exo:
88%); % Scheme 1 P{ZLEE 4 HERAF 5443 A48 =
i 37.9 g, FRE94.8%. MR ZIREL T 184 g HE
AR 1d, 775 46.0%. m.p. 141.8~145.6 C (lit.!"”
142~143 “C); '"H NMR (400 MHz, CDCl;) 6: 6.33 (t, J=
1.8 Hz, 2H), 3.46~3.45 (m, 2H), 3.00~2.99 (m, 2H), 1.67
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(dt, J=10.4, 1.6 Hz, 1H), 1.46~1.43 (m, 1H); °C NMR
(100 MHz, CDCLy) 8: 171.6, 137.9, 48.70, 46.8, 44.1.

HAR T BAMEPE, £ 100 mL = R I
-5~ 0K Fr M- -2,3- R IF(40.0 g, 243.6 mmol), 4B
7K T HIF 60 mL, JNEE 200 CHEFE 1 h, AEIE=HEIK
KRR 10 CH BT, IR A EFEE 12.6 g
(exo: 90%); JEWAREE 200 CHOFA 1 h, A2, 52800
220 mL V55, AT HEE, & ES A AR 110 g
(exo: 87%). JEMM K LLH% Scheme 2 LRk SNk, HE 4
UARAE G LA B A P 5 34.4 g, 77 86.0%. HIHZE
HEA PTG 26.6 ¢ A=Y 1d, =% 66.5 %(4l
& >>99.0%).
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