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5(R)-(-ZE £ )-2(5H)-RrIEEl 5 /R KA 8 — CEeRI R

aow AREC

KEEZ“

CES U PR

(Y FRITE 2 B A4 T 528 & FH 471022)
C MR AL 540 7 TREEBE - F5M 450001)

WE AT SR)-(-ZEERL)-2(5H)-"RIEE S5 RAH R — AEAETK K,COs AN T 3 R4 (TBAB)
TELET, LAZIERIER, 16 80 °C TS S K P G MR . 76 iR 24k F15-3) 1 WU i BA A Z B8 B F MR i e
ITHEEATAEY 3, RN IERE T 5H — AN CEENFEARR L/ T NELEY 5 UURDERSEREY) 6. @it Xt r=isk

F oA, SR T 0% R R] BEALEL.

KEEE  2(5H)-RWEHA; ke T ABRRTAY, TR ARG

IRNENZT

Reaction of 5(R)-(I-Menthoxy)-2(5H)-furanone with Diethyl
Bromomalonate

Kang, Haixia“ Bai, Jing”

Fu, Yuqin™“

Xi, Zhentao”
Zou, Dapeng*’

Zhang, Manman“

(“ College of Chemistry and Chemical Engineering, Luoyang Normal University, Luoyang 471022)

(b College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001)

Abstract The reaction of 5(R)-(/-menthoxy)-2(5H)-furanone and diethyl bromomalonate was investigated in the presence of
anhydrous K,CO; and phase transfer catalyst tetrabutylammonium bromide (TBAB) using CH;CN as solvent at 80 “C. In the
above condition, the expected novel chiral cyclopropane/butyrolactone derivative 3 with two ethyl ester groups was obtained,
and at the same time, another chiral cycloproane/butyrolactone 5 bearing only one ethyl ester group, and trace amount of bro-
mo-substitued compound 6 were also obtained. The possible mechanism was proposed based on the analysis of the products.
Keywords 2(5H)-furanone; cyclopropane/butyrolactone derivative; chiral; synthesis; crystal structure

y- THERES M B0 ZAEE T R =W, 12 A
HIZREHRITTINAEYEAIURT. PUE. P15k, It
JE S R EEVED Y GZ R B A R — B 2
FE M FEL ) RS AT CHIGRI EEAL (rose bengal )77
T, EAEATTE 5S-FHIE2(5H)-PRIRE, B 5
Tl IEE448 AR 7 (M A3 2 A - T 05 N B 45 W BT 1)
FAEVE 5(R)-(I-7 A 58)-2(SH)-Wamg (1, & DI Bf
AR O TR 1 e 3-xifX. 3,4- S ARATAE
PIml R AN Michael fnp! 1o N, M
MR RGN Z EReld] - T WERATAD.

B TR BE 45 R BT AL A AN B R I AR
b L L = I s Neve 7 8= R S [ C O R TRy (AN S 79 ]

* E-mail: lyfuyuqin@126.com

B, WA ZANTESL. BT RAFGBRITIR R NS
2R, IR BE A A VR 2R A AL 22 40,
IRIFFE RS, MBIR N I 7R 2, Hph Lk
R JERH I B I BE A2 A R A T ek S R B iR 2
. PR 1 AT DU 0 N A IR P R g R, AT
TR BT/ T W ERRTAEY), AR B A A By PE AL
BN E . ARG LD S(R)-(1-3 A 2 )-3- 1R -
2(SH)-PRIFHER 5558 Bk BB AZ AR 2 ) B B B
Michael HIE/ 3T PSR B R BIA 3T T — R AR R/
Wk T WL A 22 1), Maestro 27 T
S(R)~(1-35 58 25 )-3- 1R -2 (S H)-WR i i A1 P — R — LR 7E AL
WANAEAE T R, FEFRINR 2] T 5 W 0 7 RY R B K
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B IEIR AR Be/ T WESATAEYD 2 FS— 2 TR OB
A REIFR B T WERE A 3 DI, DL
FEY AL AT IR 11 3-R AT A0 A& A T BT
E 7/ S G N W= Ry AR £ NSE Ty AL RN
Oikawa 2P i A1 B S0 FH e 76 — 40 CHEATIO 1,318
MR s N, VR etk B, 33 T SN
Fe/ T NERL A 4 1).

O
" o <
M*0™ "o M*O o
1 R oM*
2

EtOOC.__COOEt

ey A
M0” Yo 0 M*O™ o

B1 Em1~4 8

Figure 1 Structures of compounds 1~4

5W R B, oA R 48R o-H
A F SRR, TR 2% 1 T BB 25 5 T Bk 77 5 1,
[R5 T3 £ R, AT DL a- 1R R
ZOPRESIIIE R TS S(R)-(I-d S IE)-2(S H)- MR IR A
(M HEERN, WA HN R/ T AERATAEY 3
(Scheme 1), 3/ SALH ] HE 2 5 BE) Michael /4
T WEZEACR B, B3 R RN, SEIG e /KR, %
SNAMNAS R T AR F R A e/ T NERATAEY 3, [F
BHIEAE] T A—H W/ T WERRTAED 5 DURDERS
RAED) 6, b 3 A1 5 B #a B vl X 4
Bm T HHHf A

@ hv, O, = o &o

0~ TCHO Rose bengal, C,H50 @)

% OH, H* recrystallization ﬂ
M*O0 0

o
I 1
C2H50-—C H
)<B C,Hs00C_ COOC,Hs
C,Hs0—C  'Br H
2M15 \\ H
o)
Base M*O™ o0

3
M* = %ﬁ\

B 1 HisbaY 3 6k LBt

Scheme 1 Synthetic route of the target compound 3
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1 HERETR
1.1 BEHRUEMNER

Maestro ZEP1LL 5(R)-(1-7 5 3E)-3-11-2(5 H)-PR IR A
AN R ABE A LAY 3 B NAE — 2 F L%
(DMF)H 1T, DAL, BT «- BRI =2
BEf a-H HLIA R = OB B A ok v, Fik, 4]
T SR ER A, DL S NVE, IO T IR Ak B
(TBAB/WEMFERAMEALT, fE4ME 80 CoHAF IR, K
FH R AR R 1t R B — V5 4/, R M EER
ik 6 BT B AR FE R 10 7] TBAB M55 B8R R A, £
PEfIE. ZHEANSREE T —4~5 DMF AL s e is
FIREE, FIF I S IEAT, T H3 & DMF 1, &
IV ANk E NS

SEIRTE 80 CIMyGH In#lkAT, fRlERIEAE KRG,
bR, I YE, SRR YE S FHEERSEAT R E M 0 S A
27 BARFEI AL T WERHTAY) 3 (Scheme 2), [FIH
AR T IR T WERL &P 5 Fii b2 & e, 1k
HW S W= 3 /0 T —ANERE, &Y 6 AR,
BERR =R, HRBA .

COOC,Hs
H

CQH5OOCJ:{”~ o
He
e 0
0]
3
(0]
Il

H
O C_002H5 H
4 Br—< 4
g r e—0C,Hs CoHs00C—2f
H
yo o % o

K,COs, TBAB, CH,CN
1 80°C

(0]

Il H
CszO_C\‘LBr
S A
0" o O

6

B2 a3, 586 Mam
Scheme 2 Synthesis of compounds 3, 5 and 6

1.2 REHIBERT

KFWAEY 3 = oI TITE R, HRTRE
PIFEF M —& Michael /2T W EAZBUCHLEE
(Scheme 3), RIVRACTH R — ZBEIEGI/ER T, TR
AR AE, K5 —0F S(R)-(-%5A5)-2(5H)-
MR HR 4= Michael B0 ¥ BCf B 1 HrlagAk 7, 481K
A0y F NSRRI R R 228, TR R T e g 4, 4531
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& 3; R, BIZEMME S R R
T OBERAE a-HRTE R, MR S5 F IR AR
IR =T, TR RS2 T DB 5= 6,
&Y 6 W LG e THEIE 1 SR i — 2l k4t
Michael JIAS 20 H 0724 8 o 73 Bt fE 2 1M 15 (Scheme
3). ELAR A SREG 25 FC A I B R A R AL,
{ENEIF=4 6 I B ATT AT LA = Ju IR 45 ) R TR R —
SEA7AE Michael JIl /4> F P SR A% BU R FE.

WEY 5 RUAEY 3 BFIBERE =Y, TA NS
W) 3 PR i i 4 1 A 4% Scheme 4 #E4T, BIZEBRER £5 1
T, &3 HCO, XTEaHEMMmA. B EtO . Pk
CO,, WABRIMEE Y 5. FRBE S MEEE R
AR N, TR 28R R AR R — 2Bk
NGB FERE =, HLRUESLBAEMLEY) 5. Bt
b, thBEW 3 MiFERSE, SEEEAER C BT,
&5 =03 R =AS H REAEE PR R, B 55

FAER R B H S5k BRI H AL T e s
X, G 5 B —xh 2z m k. WA B Tl
FECE LR CHy IR BRI, A2Hw B Py &
g, T B I R FR I 22 B, FRATT RS HEIN X A T e A
N ZE ) R AR AL R ARALATTT 51 REE 1, L8 HRUEE TR B K
B v SR (81 5, A 22 W) S M AR R AE. T HL, i —
B il SR 5 A i = e 2 MRS A (] 3).
LRG0T, BAVAAY) 5 N f—m R &4, T lE
FER 22— EREERL S 6 BRI RS 5 MLl G
’1‘% 6 15 Br MER) C JEF R T, HMEIEFGK
T A B 1) R R ARFAE, SO L B — e Y
ﬁI%%%%.Eﬁﬁ&@¢,ﬁﬁﬁ%%%%ﬁﬂﬁ
AR TP,
1.3 L&%) 3 15 BB RLEWMEA

A3 I X BB AT AR IR CuH50,, &
THRER, C2 FNHE. BSHa=225173) A, b=

0
ﬁ s\ 2 ,L:S;O 0 E—ocH
- *| 25
CoHsO— 3<H coZ  CHs0—C MO~ g =0  CoHs0— c\z Br
—_— — >
CyH50— (i\ Br  -HCOs cszo—(\:\ Br ﬂ\
o S MO~~~ 0
7
o
—OC;H;s 0 E—oc H n H
C2Hs0— C\LBr CHsO—C—Lg CoHs0-C—Lp;
ﬂf\‘H-oog I\A\ e ’&
*| ————— - _—
MO™ ™o~ 0 MO\ o~=0 MO™\o~=0
7 8 6
Q <';' OC,Hs C;Hs00C,_ COOC;Hs C,Hs00C, H
C,HsO—C~L73; H Y H H

*MO™ N
7 3

O,

T

It i A Fﬁ
*MO (0]

(6]
5

X3 a3 ke HTE ) S L ER

Scheme 3 Proposed mechanism for the formation of cyclopropane structure in compound 3

|

o 000 o—C
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Scheme 4 Proposed mechanism for the formation of compound 5
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9.1379(11) A, ¢=11.4137(13) A, =106.6950(10)°, V=
2.249.5(5) nm’, Z=4, D,=1.171 Mg/m’, M,=396.47.
F(000)=856, ZMEMH T At WE 2. tbEP 5 1
X R B R ATET R I R s CiHos0s, R R, P2(1) %
[HEE. S E a=53331(8) A, b=16.629(2) A, c=
10.5282(15) A, f=94.719(2)°, ¥=0.9305(2) nm®, Z=2,
D.=1.158 Mg/m’, M,=324.40. F(000)=352, Zit&4
(15 F- 450 LA 3.

C(19)

T 0@
c(18)

C(21) 0@4)

B2 &3 raimE

Figure 2 Molecular structure of compound 3

c(14)
* C(10) c@)
c(15)

2 E(i)&”' o c(16) O(5)

‘;’ Pe : car)
c7 »e3
(g% Co 2 "S5,
c3) e o(1) ) '

c(18)

C(12) 0(2)

B3 EmsrsTaimE

Figure 3 Molecular structure of compound 5

&9 3 05 R EA AR T NBET
e EY, Hh el — M TFUR o, KHR
E MR A R, AT N BRI TE % T FFI 45,
BIXUIA[3.1.01 ke, FEALE 3 v, Fa A P e 1 B A
49 5E C(3)—C(5)—C()=61.59(15)°, C(2)—C(3)—
C(5)=59.45(15)°, C(2)—C(5)—C(3)=58.95(15)°. fE4L
G5, R IR B AR A0 2 C(2)—C(15)—
C(3)=159.3(2)°, C(15)—C(2)—C(3)=59.3(2)°, C(2)—
C(3)—C(15)=61.4(2)°, FJ¥zik 60°, I REMHYI 5.
WA 3 F0 5 T ABEZS R IT, R PY A 5
TSI, AR HIX AT, BT S B =
R.

Ny AT S = B S I BN Y ol o e i W
ISP AP, BPALT e, 3K BN T 0 A RS B
PSR, BT EAEMARER, SRR 5T M
BB — BB, M43 3 55 S ST A b T e X
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11 B HIFE.
2 i

DURERS A JEORL, 265 Ab . il I NAR B T FE
U5 5(R)-(I-5 A 05)-2(SH)-WRI IR, FF A A&, 1E
ToIK KoCOsy MU TR (TBABVTEAE I, LA i
7, 5 o-IRAH R = g K A2 T Michael I/ 7 F W
FREEACR B, 53] 7 A F IR T N BT
V). HEERZ 'TH NMR, PC NMR 1 X 52k 5 5Ly 5t
TTHN. ZRMNFER S N AR, 5 AL FE
B GE R GERHT T IRRERA A YT BRI
BRI R T WERRT A A AR AL T —Fh
B R

3 SRS
3.1 X5

Bruker DPX 400 (400 MHz) B! #8 S 4% s SLHR A 52,
TMS AW #H5; Bruker Apex 11 X HF28 B g fiTH, XTSA
A S AY, MR AR IE. R e A At
ARG BN, FEE. LBk Z S 72
Ty E AR AL
3.2 5(R)-(FZEXE)-2(5H)-RKIEE(1)H & 5K

WA 1 3 SCRR[ 117775 1.
33 a-RRKAZERZZEEMEMK

UK, T 100 mL B9 =2, AN iR
2.1 8.008 g (50 mmol). Jo/K Z ik 50 mL, A#iHEidiE
J18.109 g (50 mmol)RZEK, M INIRAELE0~5 C.
INsEEe SR, Mkvkis, =R 12 h SRR, KK
FHZE187K . NaHCO; Wi i be gk, KA R B
THERVRA AR, I TCKBR IR BE T4, 198, I8
20 R 2 AR IR AR o RS R L BR
13.109 g, “% 91%. 'H NMR (400 MHz, CDCLy) ¢: 4.84
(s, 1H), 4.29 (q, J=7.2 Hz, 4H), 1.31 (t, J=7.2 Hz, 6H).
3.4 k&4 3,5% 6 AR

¥ 1.896 g (8 mmol)IRANTH —R — 4FE N2 &
4.416 g (32 mmo ) F3 AIREKERHH A 1.289 g (4 mmol)PY
1E T3R5 (TBAB)Y) 30 mL Z & FWt, #tdE 20
min J5, M 0954 g (4 mmo)tb &Y S(R)-(I-7 &
F)-2(SH)-WRIEHERE, B mAE] 80 C M, 2Bk
BRI, FF PRI S(R)-(1-55 580k )-2(S H)- PR iR I (1) B A
WA, &b, JuE, H AR OBETE A, KiE
TR E 7R R G A 2L, ARG SRR E ZE T 5, 57
13,5 F1 6.

(1R,4S,5R)-4-(I- % A H5)-6,6- — LA PR F:-3- 5 42 W
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[3.1.0] ki-2-FH (3): A EEERY), 72% 34.7%. m.p.
81.9~83.0 C; [a]; —46.4 (c 0.967, CHCly); '"H NMR
(400 MHz, CDCl3) 6: 5.60 (s, 1H), 4.19~4.28 (m, 4H),
3.54 (td, J=8.0, 4.0 Hz, 1H), 2.83~2.87 (m, 2H), 2.08~
2.10 (m, 2H), 1.64~1.67 (m, 2H), 1.36~1.38 (m, 1H),
1.28 (t, J=8.0 Hz, 6H), 1.21~1.33 (m, 1H), 0.87~1.04
(m, 3H), 0.93 (d, J=8.0 Hz, 3H), 0.88 (d, J=8.0 Hz, 3H),
0.77 (d, J=8.0 Hz, 3H); *C NMR (100 MHz, CDCLy) ¢:
170.1, 166.1, 163.8, 98.4, 78.1, 63.1, 62.8, 47.8, 40.2, 38.3,
34.7, 34.3, 31.5, 30.0, 25.5, 23.2, 22.3, 21.0, 15.7, 14.1,
13.8. Anal. calcd for C,;H3,0,: C 63.60, H 8.08; found C
63.47, H 8.15.

(1R,4R,5R,68)-4- (- A3 )-6- £ 58 P FE-3- A4 WA
[3.1.0] . bE-2-HH(5): AR, =2 43.6%. m.p. 87.1~
89.1 C; [a]) —90.0 (¢ 1.01, CHCl;); 'H NMR (400
MHz, CDCl;) d: 5.64 (s, 1H), 4.16~4.22 (m, 2H), 3.55~
3.62 (m, 1H), 2.53~2.56 (m, 1H), 2.46~2.49 (m, 1H),
2.27~2.31 (m, 1H), 2.09~2.15 (m, 2H), 1.65~1.67 (m,
2H), 1.31~1.42 (m, 1H), 1.27 (t, J=8 Hz, 3H) , 1.21~
1.29 (m, 1H), 0.90~1.03 (m, 3H), 0.93 (d, J=7.2 Hz,
3H), 0.88 (d, J=7.2 Hz, 3H), 0.80 (d, J=7.2 Hz, 3H); "*C
NMR (100 MHz, CDCly) d: 171.4, 167.3, 98.0, 77.8, 62.0,
47.9, 40.3, 34.4, 31.5, 29.7, 25.6, 25.2, 23.8, 23.3, 22.3,
21.0, 15.8, 14.2. Anal. caled for C;sH,30s5: C 66.63, H
8.64; found C 66.71, H 8.52.

(2R,3R)-2- {5 -2-[5'"-(I- 7 S H5 )-2'- S AR ] VU AL ke i -3 -
B OTE6): ABEA, 2R 3%, [al) —264 (c
0.4, CHCl;); 'H NMR (400 MHz, CDCl3) 6: 5.51 (s, 1H),
4.23~426 (m, 1H) 4.18 (q, J=6.8 Hz, 2H), 3.54~3.58
(m, 1H), 2.61~2.63 (m, 1H), 2.66~2.68 (m, 1H), 2.01~
2.15 (m, 2H), 1.90~1.95 (m, 1H), 1.62~1.70 (m, 2H),
1.28 (t, J=6.8 Hz, 3H), 1,20~1.45 (m, 2H), 0.80~1.03
(m, 3H), 0.93 (d, J=7.2 Hz, 3H), 0.89 (d, J=7.2 Hz, 3H),
0.78 (d, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCL) ¢:
172.4, 168.7 99.4,77.8, 61.9, 47.8, 40.2, 34.3, 31.5, 30.2,
25.5,25.1, 24.7, 23.2, 22.3, 21.0, 15.7, 14.0. Anal. calcd
for C,sH,BrOs: C 53.45, H 7.18; found C 53.28, H 7.12.
3.5 3 %15 BRELEHHINE

SR ENT A B ALY 3 W — AR,
B T N A SR Y, BUD & TR LBRE R, R
BRI, TN CEE, TEEKR, 2 d JEE o ER 4.
FEY) S WA RRTEARFILL 1 1 4 [ 208 B8/ Bk Ve &
WA, ZRFEER, H3 06 RAME.

EURNEIERALEY) 3 (032 mmX0.25 mmX
0.17 mm)& 5 (0.41 mmX0.38 mmX0.18 mm)f]hiE,
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F Bruker Smart Apex fiTS AT &5 MK, R &4 5
FEZR AT Mo Ka H14:(4=0.071073 nm), LA -0
7, 7E291(2) KIRE T, 2.34°<0<25.50°76 H P,
Iy R AW 3 1) 8630 MTHT B R(int)=0.0181,
Horba I SRS RT S S 4146 A LAY 5 B 6457 A
fT 9 504 R(int) = 0.0217, e v m] 000 1 ik 7477 55 00
3404 . EEATEIBIEL LP KT AL RS IE G,
HOE BRI D i 5 R T B AR, dhima EE
Fourier & B I3 /N — IS TE AN % ) e 14 ek P2 IR 4%
iE. &Y 3 MmASMMER T R =0.0446, wR,=
0.1175, [I>20(D)], BRAHB T =HEEREN 0215 ¢/A°,
AN —0.165 e/A°. b &) 5 K& &2 H 1
R,=0.0484, wR,=0.1170, [I>20(])], FR AT =5 5
HN 0211 e/A?, FikA—0.165 /A’ g AR T8
RS A AR At TESE PC HLEM
SHELXTL-97 F2 P 5¢ . A4 M B A7 T 95 E 81 i
g oty, H &% 3 11 CCDC 58 967509, (L&)
5 ) CCDC 5/ 1448119.

$#H B#1 K (Supporting Information) L&Y 3, 5, 6 [
"HNMR 1 °C NMR #% . X2 h LA % AT
¥l (http://sioc-journal.cn/) | N %K.
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