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Synthesis of Functionalized Spiro - cyclopropane Bis — lactones
Containing Multiple Chiral Centers
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Abstract  In this paper , the unusual spiro - cyclopropane bis - lactones containing four stereogenic centers
4a ~ 4d were obtained in 25% ~ 48% vyields with d.e. =98% via tandem double Michael addition/internal
nucleophilic substitution of the novel chiral synthon, 5-/-menthyloxy-3-bromo-2-( 5H )-furanone 1, with
nitrogen nucleophiles under mild conditions. The structure and configuration were established on the basis of
their analytical and spectroscopic ([«]¥,UV,IR,'"H NMR, *C NMR, MS and X - ray crystallographic) data. —
These results provide a valuable synthetic route to some complex molecules containing spiro-cyclopropane

skeleton with multiple chiral centers.

Keywords  5-I-menthyloxy-3-bromo-2 ( 5H )-furanone, tandem asymmetric Michael reaction and internal
nucleophilic substitution, crystal structure, spiro-cyclopropane derivatives containing tertiary amine group and

multiple chiral centers
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B)-3-R-2(5H)-BEMmER 1 4R AR SHEEEExE
BRI ARG R - T — R
XA RN, BRATHR TR YRR . B8
HRFWFFREAAY , HI0X P RS F R
1 R &4 Michael HIRL I , FIML T X FR 25 B 315 81
MR, FENFEERNRS - (-REH) -3 -
T8 - 2(5H)-BEWEER 1 76080 B A B A 4 #8%
B A Tok A R B M A B BEER I, Bl — 2
Ji DO S S S RE G A R
RHFEILEAGT , B BERAAXTFRI Michael i
B/ F R EEBACR R, — 2N T 4 ME T
Bl , 183 T oL AR [ 1-R04- |- EE-5-E k-6
HA-ZH(3.1.0] O 2,2 -(3-REGEA-I-H
HETAAR) da ~4d(H BB ILEIK 1) . 4a~4d

Nucleophile

25 H Br
N -
R Omfe )= K:COyTBAB

H \\~R O

CH3CN

a—Nu= —N b— Nu= —-N ¢c—Nu= ~N 9 d—Nu=-N

Z[o]®,TTE 47, UV,IR,'H NMR, C NMR,MS IX
K X SRS 0 E 153 T Al RS
B LA B e X H T80 . $e— R AL BB LS5 e R R 4
H/ARAR B IR AR FHTE 3 - Rk
Wl 1B S EEANEREEE BRI T EES
EXfY Michael SRR B, IE IR F 3, B E X
A FREEEUR R, BRAEBE THRIRF ™Y
da~4d. %A MR, RN & HR N, Pk
HERHEESHAFEEZAN ST ER
RPN AR b, Ak PR R (R R B R 25% -~
48% ) . X RN N2 B R e iy B Fn BB BT e 5 g By B A
tb, HEZERREMRE S, A FHM 3-mA2
(SH)-WRmER7E B 5c 14 T RAE %, AT BB IR R — A
HE.

~CH,CH3
N.CH2CH3

A1 SAZERHANTER - FARTEY 4a~ 4d 895 UK

1 SREHEES

1.1 (R R

15 /5 A Yanaco/MP — 506 {3 (RAZIE ) 5 HUHE
Y6 F Perkin — Elmer 241 - C BEYCAXPE ; TTE 47
FH Perkin — Elmer 240 — C BITCE A HT LI E ; K50
UV - 760{0 5 ; L5 6 AT 2170 -
SX S 5 R e HR EE FNBR P A Varian Unity 200
MHz {¥ . Bruker DMX — 300 MHz JU{ %€ , TMS 1E %R ; it
A KYKYQP - 1000A YR {0 5€ . E AT REER H

(10 ~ 40um) . XT3 3 AL .
1.2 $g[1-BR-4-1-ZHE-5-EF-6-8R-Z5
[3.1.0]121%-2,2"- (3 - E-4-I-ZEET NEE) ]
(4a~4d) A RLEE

HEESBEPT, % lmmol K EME 1. 11g
(8mmol ) i AR BRERER , 0. 32g(1mmol ) 1Y T ZEiR L%
) 6mL Z, g R B R, R 20min, RE A
2mmol FHEYR 1, ZIRTHHE, TLC BRER RN . 1k
B, NA 50mL Z 8, R IR AL 48, A 3 x 10mL
ZIEVERRE A R E T B B bR AR AR
WEEEK ZEEHE EERREARIK a~4d.
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1.2.1 B-#2K-4-1-FfA-5-8&-6-
R -=3[3.1.0]Tk -2,2" - (3" —%TEH -
4-1-FZRATAE)]4a HRE1B0.16g BE R
4a, HEHEER 25% ,m.p.80 ~ S1C(ATMBKES &),
[«]®-119.1(c 0.85, CHCly), C33Hs, BriNOg (F 848 :
C,62.07; H,8.15; N,2.19. sLHi{E: C,62.04; H,
8 .43;N,2.47) . A, (95% C,HsOH) : 204 . 8 (loge

0.799) nm. vy 3078 ( DC—H ), 1789 (C = 0,
1126(COC),936(COC)em™". 64:0.77(3H,d, J =
7.0Hz,CH;),0.84(3H,d, J = 6.8Hz,CH;) ,0.89(3H,
d,J=4.4Hz,CH;),0.91(3H,d, J =5.2Hz,CH;),
0.93(3H,d, J =6.3Hz,CH;),0.97(3H,d, J = 6. 5Hz,
CH;),1.05~1.28(4H,m,2 x CH,),1.35 ~ 1.45(6H,
m,2 x CH,2x CH,),1.55~1.65(4H,m,2 x CH,),
1.68~1.72(6H,m,3 x CH,),2.10 ~2.30(4H, m,4 x
CH),2.53~2.68(4H,m,2 x CH;),3.07(2H,s,3 - H,
3'-H),3.60(2H,bt, J =10.8,4.2 Hz,6' - H,7 -
H,5.88(1H,s,4’ - H),6.25(1H,s,4 - H) . &¢:
15.6,15.7,20.8,21.0,22.3,22.6,22.8,23.1,24.8,
25.4,25.5,26.2,26.3,31.3,31.4,33.6,33.7,34.2,
36.2,38.4,39.3,40.2,47.4,47.5,49.5,49.6,69.0,
77.4,78.2,95.9,96.7,167.9,170.1. m/z:637(M*,
2%),606(M* - CH5;0,18),552(M* - CsHy; N, 18),
153(CyoHy 0%, 100), 140 (Cio Hyy* , 64), 44 (CO,*,
96),43(C3H; * ,100) .

1.2.2 H[1-$#K-4-1-ZEA-5-8%-6-
CER - Zx([3.1.0]em -2,2" - (3" - m A -
4 -1-FRATHE)IMbD HEH0.185; HE5
% 4b, K283 30% ,m.p. 170 ~ 171 C(AHMBES
i), [a]® - 121.2( ¢ 0.515, CHCl;) . C3, Hyo BINOg (11
H1H: C,61.53; H,8.07;N,2.24. SCHI{E : C,62.03;
H,8.21;N,2.04). A, (CHCl3) : 246. 6 (loge 2.435)

nm. vo.: 3080 ( DC—H ), 1785 (C = 0), 1115
(€0OC),927(COC) em™". 8:0.73(3H,d, J = 6.9Hz,
CH;),0.79(3H,d, J = 6.8Hz,CH;),0.87(3H,d, J =
4.1Hz,CH;),0.89(3H,d, J =4.3Hz,CH;),0.93(3H,
d,J=6.5Hz,CH;),0.97(3H,d, J = 6.8Hz,CH;),
1.06~1.26(4H,m,2 x CH;),1.30 ~ 1.50(4H,m,2 x
CHy),1.64~1.68(6H,m,2x CH,2 x CH,),1.80 ~
1.84(4H,m,2x CH,),1.90~2.0(1H,m,CH),
2.06 ~2.20(2H, m,2 x CH),2.22 ~ 2.28(1H, m,
CH),2.60 ~2.80(4H, m,2 x CH,),2.99(1H,s,3 -
H),3.31(1H,s,3’' - H),3.54(1H, bt, J = 10. 50,

4.9Hz,6' - H),3.57(1H,bt, J = 10.71,5.8Hz, 7 -
H),5.72(1H,s,4' -H),6.03(1H,s,4 - H).
8¢:15.6,15.7,20.8,20.9,22.2,22.8,23.1,23.7,
24.7,24.8,25.4,25.5,31.3,31.4,34.1,34.2,35.1,
37.0,38.3,39.3,40.1,47.4,47.5,48.1,48.2,63.7,
77.4,78.1,96.8,96.9,167.9,169.8. m/z:623(M*,
2%),546(M* - G¢Hs,55),344(M* - CgHzOgBr,90),
148( C;H;g 05 %, 34), 135 (CoHys*, 48), 41 (GH,*,
100) .

1.2.3 #E[1-BK-4-]-FRE-5-8%-6-
A - =5 [3.1.0] T4 - 2,2" - (3" - "Bk E L -
4 -1 -FZRATAB)4c HE1B0.18s HERIE
4, HEHEHR 28% ,m. p. 189 ~ 190C (A Bk E S
fa).[a]® - 130.9(c 0.89, CHCL) . Gy, Hso BINO, (3
H1H:C,60.00;H,7.81;N,2.19. SEJ1H: C,59.94;
H,8.10;N,2.68). A, ( CHCl; ) : 266.5(loge 0.936),
257.3(loge 1.261),251.4(loge 1.841),247.2(loge

1.824) nm. vy 3060 ( DC—H ), 1785(C = 0),
1125(C0OC),930(COC)em™". 8:0.73(3H,d,
J=6.8Hz,CH;),0.79(3H,d, J = 6.9Hz, CH;) ,0. 85
(3H,d, J = 6.2Hz, CH;),0.90(3H, d, J = 6. 8Hz,
CH;),0.95(3H,d, J = 6.5Hz,CH;),0.99(3H,d, J =
4 .1Hz,CH;),1.02~1.15(4H,m,2 x CH,),1.20 ~
1.30(4H,m,2 x CH,),1.31 ~ 1.50(2H, m,2 x CH),
1.60 ~ 1.70(4H, m,2 x CH,),1.90 ~ 2.01(H, m,
CH),2.02~2.15(2H,m,2 x CH),2.16 ~ 2.25(1H,
m,CH),2.50 ~2.75(4H,m,2 x CH,),3.02(1H,s,3 -
H),3.03(1H,s,3' - H),3.66(4H, m,2 x CH,), 3. 71
(2H,bt, J = 10.5,5.8Hz,6' - H,7 - H),5.85(1H, s,
4'-H),6.16(1H,s,4 - H).8¢:15.6,15.8,20.7,
20.9,22.2,22.8,23.1,24.8,25.5,25.6,31.3,31.4,
34.0,34.1,34.9,35.9,38.1,39.2,40.1,47.4,47.5,
48.5,48.6,67.0,68.5,68.6,77.4,78.1,95.8,96.5,
167.7,169.6. m/z: 640(M* +1,18%),535(M"* -
CgHg,19),530(M* - CgHy3,19),486(M* = C,oHy7 0,
19),369(CigH,505Br* ,89),269( C, Hy O,N* ,100) .

1.2.4 F[1-2RK-4-1-FR&EX-5-8%-6-
SR -=;([3.1.0]T% -2,2' - (3" - =—Thk -
4-1-ZEATRHE)]4d HZB0.30s A6 5
R 4d, 2 HE 48% ,m. p. 43 ~45C (A M ES
). [P -91.5(c 0.47,CHCl) . C3 Hs, BINOg (32
{:C,61.33;H,8.37;N,2.24. SCHI{&: C,61.81; H,
8.69;N,1.84) . A, (CHCl3) :242.0 (loge 1.290)nm.

o
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Viae: 3070 ( DC——H ), 1790 (C = 0), 1118
(€0C),929(COC)em~ 1. 8y4:0.73(3H,d, J =7.2Hz,
CH,),0.78(3H,d, J = 6.8Hz,CH;),0.80(3H,d, J =
6.8Hz,CH;),0.87(3H,d, J = 7.2Hz,CH;) ,0.90(3H,
d,J=6.8Hz,CH;),0.95(3H,d, J =6.8Hz, CH;),
1.06(6H,t,J =7.3Hz,2x CH;),1.19 ~ 1.45(6H,
m,2x CH,2 x CH),1.55 ~1.77(6H, m,2 x CH,,2 x
CH),1.90~2.25(6H,m,6 x CH), 2.54(2H,q, J =
13.3,7.3Hz, CH,),2.65(2H, q, J = 13.3,7. 2Hz,
CH,),3.02(1H,s,3 - H),3.24(1H,s,3’ - H),3.55
(2H,bt, J = 10.2,4.6Hz,6’ - H,7 - H),5.70(1H,
s,4' -H),6.19(1H,s,4 - H).5¢:13.4,13.5,15.6,
15.7,20.8,20.9,22.3,22.4,22.8,23.2,24.8,25.5,
31.4,31.5,34.1,34.2,35.3,36.4,38.4,39.1,40.2,
43.3,43.4,47.4,47.5,65.1,77.6,78.2,96.6,97.8,
167.9,170.3.m/z:625(M* ,3% ) ,408(M* - CgHy; -
0gN,45),225(CyHy;ON* ,81),196(C)HyON ™ L, 83),
140( CioHy ", 26), 139 (Cyo Hyo *, 54), 98 ( C,H,05
67),55(CH;* ,90) ,43(C3H;* ,100) .

2 G BRI

2.1 @&EHE&
4a 7EZ PR T - A ik (30 ~ 60C) TEW Y,

BT EELHH ST T aEHERR .
2.2 X &5

FiE{L &%) 4a CyHy,BiNOg, M, = 638.67, T8,
BE AR 0.6mm x 0.5mm x 0. 5mm. 7E Siemens
P4/PCHBfTHIIN £, A BB EHRBELM
Mo K, 5128 (A = 0.071073nm) N A STHE &, EEH
[(21£1)C)FL w- 6 AfHRIEER 5324 T
55 R BT IR (20,0 = 50°) , H AP SL AT AR 5081
A I220 (D) TR 5 769 4. BT ST R EH £
PHEFRIE daBENERRR, B P212,2) %
(B, BMSE:a=0.1114(4)nm, b = 1.5353(3)
nm, ¢ =2.5293(6)nm, V=4.326(2)nm*, Z =4,D, =
0.981g/cm’, ;2 =0.983mm ™!, F(000) = 1360. FI E &
ERE T 2WIEERE TR, KRR FRIRRH
218 Fourier BHAE . XA SR TF LR LHE
SHERBEHETLEERN _REBENSER
B REBEFRIF2>2s(F)]=0.1506,R, =
0.3862, B & B 28 Fourier B F B KFRAWEN 9.92
x 10%e-nm ™3, FRiR G5 H4 A% B A& IE7E IBM 486/PC
AL SHELXTL PC 34 R 44T .
2.3 SR

FAEALAY) da 2 F 55 H XS FR O TSR
. BMREA AR REN AT — LAY 4a B9
F ., 1% 4a i ORTEP B 4T, & 2 4 4a AR
wR. A TFFEBRERARE,BN(IR,2S,5R)-

B1 FtHT 4a ORTEPE
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B2 FHSFaRETHRER

(= )-EEENLE T BIER NS B P RFERE, i
CRTHASE da 53 FRIZE ST RS C(11)F1 C(23)H R
MR, eIk B F SR T SR-[(1R, 25, 5R)-
(=)-TEE]3R-2(5H)- KR 1. B AF RSN
4 FHEHO R €(21)5,C(20)S,C(19) R, C(12)R.
B 1 BRARRS & RNEMIR4, 2] 85K, 58
RABKERE, FRSEHRA DR C(19)—
C(20)—C(21) = 60(2)°;C(19)—C(21)—C(20) =
59(2)°; C(20)—C(19)—C(21) = 62(2)°, B 1#R 4
i60°. LT A BRI 2EH ML, H0(5),C(20),
C(21),C(22), C(23) 1 O(6) B4 E R Bt /D — T -1
(AR E) N -3.540(0.096) x + 10.847
(0.107)y - 15.995(0.227) z = 0.622(0.111) , K H X
JEFBE A T R BE BS 43 5112 C€(20) - 0.008(0.018),
C(21)0.024(0.017), C(22) 0.002 (0. 028),
C(23) -0.033(0.017) LA 0(5)0.046(0.017),
0(6) - 0.031(0.017),C(23) ®& i) F @ B ST, O(5)
(e B, KA EFE LS E. T
hIUABE, H0(2),C(18),C(19),C(11),C(12) %0
O)HMEMNB/N_FRFEFB(RHMLIRR)N
-4.618(0.089) x + 12.704(0.094) y + 9.582(0.289)
2=8.816(0.069) , &8 3 JF F IR I S T8 f BE S 43 51
C(18)0.070(0.028),C(19)0.070(0.018),C(12)
- 0.144(0.019),C(11)0.148(0.021) A& 0(2)
- 0.116(0.019),0(3) -0.027(0.017) . C(12) 1
O(2) B[] T 3 Hy SF- 187, C(11) B ] F S i, K
EANEFE ST .
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