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Synthesis of The Optically Active Bicyclo (4.2.0) octanone
by Stereoselective Intramolecular (2+2) Cycloaddition

Pil-Jong Shim and Hee-Doo Kim'
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea

Abstract— Stereoselective synthesis of the optically active bicyclo(4.2.0) octanone 5 was accomplished
using intramolecular olefin-keteniminium salt {2-+2] cycloaddition of the amide 4 as a key step. This
important chiral synthon was prepared starting from readily available L-glutamic acid via an efficient 8-

step sequence.

Keywords [_] Stereoselective intramolecular [2+2) cycloaddition, Olefin-keteniminium salt, L-Glutamic

acid, Optically active bicyclo (4.2.0) octanone.
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Fig. 1 — Structures of optically active bicyclo(4.2.0)oc-
tanones.
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A7) FB(NMR) ~®E2h= BRUKER AMX
500 E¥ Varian Gemini 300 o]t TMS(te-
tramethylsilane)tt CDClLo% 2&3 = CHCL
2 Y BF 542 8o 348 R &2¥EgE
Shimadzu 1R-435 #32=A2 248029 cm”
2 gAehgrt. Mass 2HEHMS)E VG Trie-2
GO-MSE AM-8led 70 6VE) 0] 23} Mgl M IR &
735453 e}. High resolution mass spectra(HRMS)+
VG70-VSEQZ 70SQ EI'® ZAsigich &3 A=
vlE 1B (TLC)= silica gel(Kieselgel 60F .,
Merk)E AHEE9 T, d3 aanE 239 silica
gel(Kieselgel 60, 230-400 mesh, Merk) & AM&-31%
t}. 7tazazvieEIatEs Hewlett Packerd Abe)
HP589%0 series 115 AHE8l9l2w, capillary colu-
mne HP-1& AMdle] FIDE FAgsidrt. THF
(tetrahydrofuran)® 34 71§34 benzophe-
none sodium ketyl® ¥E] #FH3td AHgdlgn
CH,Cl;,, DMF. toluene, pyrrolidine, triethyla-
mine, 2.4,6~collidine® CaH ol S®3to] AMg-3t
gt (8)~(+)-y-Todomethyl-y-butyrolactone({)2
71xel 2a7 F3e) wdel A ¥ L-Glutamic
acid2RE 4540 4A st

(R)-{+)-5-(3'-Butenyltetrahydro-2-furanone(2)

{S)-(+)-¥Iodomethyl~y-butyrolactone(1)(2.5
g, 11.2mmol)& o}2& 7iAR A8e 7pAEd 52
ZapA30) YW1 €718 toluene(1l ml. 71738 1 mmol/
1 miE 718ted wstEA] AIBN(489 mg, 1.7 mmol)
7} allyltributyltin(6.94 m1, 22.4 mmoD& Zz}+ 71§
th. 80°CE 7hedled 12417 M 8HE o AUESE
3o} e AAg ggazetEneisl(n-Hexane— -
He-  xane: EtOAc=3DE #3t 74 {F4E22
1.43 g(91%)& LA}

R 0.61(n-Hexane : EtOAc=3:2, Si0): IR(neat)
e’ 2980, 1780, 1640, 1460, 1180: 'H NMR(500 MHz,
CDCL) 8 5.87~5.74(m, 1H). 510~4.93(m, ZH},
456(m, 1H), 2.52(dd, J=68, 9.6Hz, 2H), 244~
2.28(m, 2H), 2.22~213(m. 2H). 1.93~1.75(m, 1H).
1.73~159(m, 1H): MS(ED m/z MOM"). 122, 111,
98, 85, 80, 67, 55: [o” + 24.4%(c 1.0, CHCL).
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{8)~(+)-1-(4-Hydroxy-7-octenoyl)-pyrrolidine(3)

(R)-(+)-5-(3"-Butenyl)tetrahydro-2-furanone
(32 mg. 0.23 mmol) & FEFekAF Yi1 B trie-
thylamine(0.05 ml, 0.7 mmoD)$¢} ¥4 pyrrolidine
(0.06 mi, 0.7 mmol)& 71l 12412 7R EHE o
< TLCE 982l 248 1% ¥ Aehsddn ¢
Ag fdazorg 39 {(CHLCL - MeOH=10:
1, SiO)) 8k 48 fAHEE 40 mg(100% )8 BAct.

R 0.47(CHC);  MeOH=10:1, Si0yp: IR(neat)
cm™ 3400, 2990, 1620, 1450: 'H NMR(300MHz,
CDCly 85.80~5.78(m., |H), 5.04{ddd, J=1.7. 3.5,
17.1Hz, 1H), 4.95(ddd, J=1.2, 3.2, 10.1Hz, 1H),
3.74(br s, 1H), 3.65(m. 1H), 3.46(t, J=6.8Hz,
9H). 3.42(t. J=6.8Hz, 2H). 2.26~2.07(m, 2H),
2.0~1.94(m, 2H), 1.93~1.81(m, 4H), 1.75~1.49(m,
2H): MS(ED) m/z 211(M"), 197, 156, 149, 113, 85,
71, 57 {@)y” +13.8°(c 2.0, CHCly).

(S)-(+)-1-{4-@ert-Butyldiphenylsilyloxy)-7-octenoylipyr-
rolidine(d)

{S)-(+)-1-(4-Hydroxy-T-octenoy 1) pyrrolidine
(700 mg, 3.3 mmol)2 A3 ¥ F0IR
&oll DMF(5 mDE 718te] 43420 ¥ imidazole
(338 mg, 4.9mmol)& Wi tert-butyldiphenyl-
silyl chloride(l.1 mI, 4.3 mmol)& HA3| 7%t
60°CE 7+&sha] 12417 @Hkgheh. TLCE wheof F2
£ g3 3 2YFF3 DMFE HASIT EtOAc
Z &l 7132 H0(2x20m), brine(20 mD)
o2 AFsRn FF Na,SO2 BE, A3 U A
& dojd f4EHE FHIEvEaN(n-
Hexane : EtOAc=6:18 §A4 {084 14g(91%)
& At

Ry 0.56(n-Hexane : BEtOAc=21, 8i0,: IR
(neat) cm’ 3080, 2990. 1640, 1420, 1105 'H
NMR(500MHz, CDCLy) 8 7.70~7.66(m, 4H), 7.42
~17.33(m, 6H), 5.20~5.06(m. 1H), 4.91~4.83(m,
2H), 3.86~3.82(m, 1H), 3.40(t. J=6.7Hz. 2H),
3.18(t. J=6.5Hz. 2H), 2.38~2.08(m, 2H), 2.07~
1.93(m, 2H), 1.91~1.73(m. 6H). 159~1.52(m.
2H). 1.06(s. 9H): “C NMR(25MHz. CDCly 3
171.6, 138.7. 136.1. 134.6, 129.7, 127.7, 1145, 72.7,
46.5. 45.7. 36.2. 3.3, 30.8, 29.4, 27.3, 26.3, 24.6
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19.6: MS(ED) m/z 449(M™), 442, 392. 199, 183, 135,
57: (a)p® +2.7°(c 1.2, CHCL).

(1S, 4S, 6R)-d(tert-Butyldiphenylsilyloxy)bicyclo [4.2.
0}-octan-7-one(S)- & (IR;-4S;-685)4-(tert-Butyldipheny-
ksilyloxy)bicyclo [4.2.0]-0ctan-7-one(6)

MG FLEEAAE ofEE JFAE XFS £
(S)-(+)-1-(4-(tert-Buty1diphenylsilyloxy)-7-oc-
tenoyl) pyrrolidine(137 mg, 0.3 mmol)3} §4- 2, 4,
6-collidine(0.056 m!, 0.42 mmol)& methylene ch-
loride(7 m1)°l 343t} ¥ methylene chloride
(4 mDol 343§ triflic anhydride(0.06 mI, 0.36
mmol)-§-4& canularg F3te] 108 23 3] 7}
gk, 24717 4°Coll A wnkst - 79ksE3te] methy-
lene chlorideZ AAs2 5miel CCL 15mig] &
£ 718t 5217 B ZReREsich v 4-g methy-
lene chloride® #&& ¥+ #7]%& H0(2x20m).
brine(20 mD 22 HA3t1 F4 Na,SO,&2 AZ, i
3 o g EHET dold S ERS AYazete
229 (n-Hexane : EtOAc=151—5:D3l T4 &
424 39.3mg(34%: 7143+E 34| 87%) R 7]
2 83 mg& LU o]BAL 59} 60] 2.2:12 EAjsf=
EFEYol 7kxazetE 2t 9 2D NOEZ49] ¢
A=At

R; 0.68(n-Hexane ' EtOAc=6:1, Si0O,): IR(neat)
cm™ 3080, 2990, 1775, 1420, 1110, 700: 'H NMR
(300MHz, CDCly) 6 7.73~7.63(m, 4H), 7.45~7.33
(m, 6H), 3.75~3.69(m, 1H), 3.45~3.42(m, 1H),
3.24~3.03(m, 1H), 2.44~2.34(m, 2H), 2.17~1.97
(m, 2H), 1.86~1.79(m, 1H), 1.65~1.46(m, 2H),
1.57(s, 9H): HRMS(ED) m/z calcd for C,H30.Si
378.2015, found 378.2011: [(a]y23 +85%c 0.2,
CHCly.
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cycloaddition®] A& 271 .0 198034 o) 2
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Mol $-83t3x} Bt o] AlRHYTH* Y (2+42)
cycloadditiong YA Al vkgo) 283 d2&
Ghosez%°} chiral amine© & ¥ chiral keten-
iminium saltg #%3l9 ring junction® chiral-
ity S 853 asymmetric {2+ 2} cycloadditions
A7 T ¥ Greene $&” dichloroketene
chiral auxiliary& #d vinyl ether7t9} YA 4e3
2 (2+2) cycloadditiong 273t} Finch%<”
dioxolane methanolg ZYEZZ 3l 13-oxa-
prostaglandins®| 3884 FFAE vl (2+2)
cycloaddition® A 43t ojol Az 52 &
AA ] FH3 L-glutamic acidE chiral source ¥
four carbon unit®Z #83}4 keteniminium el
chiral alcoholE #=% ¥ hydroxy”19] chirality
£ o)&sle wuad Hel ®olA ring junctiond
chiralityg Z3@3lzz} s}t £ vhg-9 key step
¢l olefin-ketenium saltE o}-&& EFxh) vy
{2+2]) cycloaddition®t-g-2 9] FA chiral am-
ine® AME-3tE MARE, &2 h3-9 dubd 289
AgEE AV Jded we B AN E Lglu-
tamic acid& chiral source 2 four carbon unit=
ALg8HE chiral synthon&.& AR&-3te] 3884 bi-
cyclo (4. 2. 0) octanoned] LWt FAHE ML
L et ¢ 1=

(2+2]) cycloaddition®] 712 amide= A
FH A EA3] chiral source® W3] o] 45
< Lglutamic acid2%H << 4 k. Lglu-
tamic acidZ 7129 ¢ W FAH 23tod* ¥ lac-
tone 1= M3 F lactoned pyrrolidine® & 74
g3l vhE o 2 amideE 58 HScheme 1).

B3g Keck? W'Y #3814 lactone 1€ to-
luene®ll *=o°]1 allyltributyltin, AIBNS 7}s}ted
iodideZ allyl7]| 2 X &&= radical?h&-S 2335
o} 3 =(R)-(+)-(3-butenyl)-tetrahydro-2-fura-
none(2)& TEA &3l pyrrolidined ¥H8-A1A lac~
toneZte] NER(S)-(+)-1-(4-hydroxy-T-octenoyl)
pyrrolidine(3) 2 &2 A#&}3ct. o] amide alcohol 3&
imidazole &3}l TBDPSCIE 7138l TBDPSY |2 X
so2N (2+2] #3bge] 71HAQ)(+)-1-(4-
tert-Butyldiphenylsilyloxy-7-octenoyl) pyrrolidine
(e 28 & A} HFHOCE amide 49 triflic
anhydride®} 2.4,6-trimethylpyridines 7}3ted £}
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Reagents & Conditions: a) allyl tributyltin, AIBN, to-
luene, 80°C: b) pyrrolidine. TEA, reflux: ¢) TBDPSCI,
imidazole, DMF, 60°C: @) 24.6-collidine, triflic anhy-
dride, CH,Cl,, 4°C, then H;O. reflux

Scheme I — Synthetic Route to Bicyclo[4.2.0)octanone 5.
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