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Abstrsct---- Stereoselective synthesis of several oxygenated eremoplulane sesqmterpenes as 
phytotoxms. (+)-@gamenone 1. (+)-phomenone 2 and (+)-phaseolmone 3. was ach=ved m short steps 
from (+>spomgen-A0 l(13desuxyphomenone) 4 

Since protection of plants from phytopathogemc microorganisms is currently one of the most important tasks 

for human-bemgs, studies on the chemistry and the physiology of pathogenic phytotoxms have been extenswely 

devoted and culminate m determining the structures of numerous toxms They include a wide variety of 

structures such as those of terpenes, polyketides, phenohcs, carbohydrates, heterocycles and pepndes ls2 

Recently, several oxygenated eremoptulane sesqmterpenes were Isolated as phytotoxms from plant pathogenic 

fungi (+)-Glgantenone 1 was Isolated from weed pathogen, Drechslera grgantea, causing eye-spot &sease on 

many kmds of grasses mcludmg culnvated turfgrasses and weeds such as crabgrass, Dlguarra sp , quackgrass, 

Agropyrone repens and Bermuda grass, Cytwdon dactylon 3 This toxin also contams &verse bioacavmes of 

Interest, mcludmg cytokmm-hke acttvtty of chlorophyll retennon and auxm-hke actlv~ of rlnzogenesls and 

shoot growth agamst mung bean, Phaseolus aureus, asparagus, Asparagus o~cmalu, red wood, Sequma 

sempervrrens and so on (+)-Phomenone 2 was first ldent&d from a pathogemc fungus, Phom exzgna var 

Jrkxydublhs,4 and later from Phoma desfructiva P 5 as a growth mtubitor agamst the tomato plant It was also 

1 X=H, Glgantenone 2 X=OH, Phomenone 

3 X=OH, Phaseohnone 4 X=H, Sporogen-A0 1 
(13-Desoxyphomenone) 

Fig I 

t Synthesis of Mono- and Sesqune.rpenolds Part 20 Pars 19, Mon,K , Suzuk~,N L.wbtgs Ann Gem, 1990,287 
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zsolated Tom Drechslera grgmtea.6 (+)-Phase&none 3, molated from Macropkms phaseoltna~ and later from 

Drechslera gtgantea.6 caused root rot and inhibitton of seed-germmatron of beans, tobacco plants, ground nuts 

and other plants Its relative s~~~rnts~ was determmed by X-ray ~staBo~phy.6 All of them are 

oxygenated analogs of (+)-sporogen-A0 18( 13-desoxyphomenot~e~) 4 contaming antrfungal and phytotoxtc 

activities9 as well as sporogemc acuvrty agamst Aspergrllus oryme * They all have intetestmg btoacttvmes and 

must be useful for the basrc research on plant phy~olo~, ~~010~ and breeding of reststam races. 

Chual synthesis of them, however, has not been achteved yet. Only synthesis of (f)-phomenone (+)-2 was 

reported,te but the overall yield of (f)-2 was not sufftclent to ptovtde the sample for further study The situauon 

prompted us to synthesize those e~mophllanes, 1,2 and 3 m opttcally pure form effictently. As u became 

possible to afford substantml amount of (+)-sporogen-A0 14 by our effecttve synthesis,tt we decnied to use 4 

as the common mterme&ate. As shown below, we report the short step synthesis of the natural enanuomers of 

gtgantenone 1, phomenone 2 and phaseolinone 3. 

SYNTHESIS OF (+I-GIGANTENONE 

Epoxtdatton of sporogen-A0 I 4 wtth MCPBA gave a mtxture of two epoxules 1 and 8 m ca 47 to 53 

ratro, while 0-TBS sporogen-A0 1 5 gave a mixture of 6 and 7 m ca. 30 to 70 ratio Thus the undesued 

eprmers 8 and 7 were obtamed p~omln~dy. The mixture of 1 and 8 was hardly separable, but It could be 

separated m the case of protected dtepoxldes 6 and 7, and they were ngorously charactermed after deprotectton 

Alternative procedures of mduect epoxuiatton afforded 0-TBS eplgtgantenone 7 more selectively or almost 

exclustvely as shown m Fig II (see entry 3.4). Thus, we turned to mtroduce an epoxide lmkage directly to the 

a,(b,c) 

4 R=H, x=CHz 
5 R=TBS, X=CH2 6 R=TBS 7 R=TBS 
9 R=TBS, x=0 1 R=H 8 R=H 

product ratto 

1,47% 8; 53% 

6, 30% 7; 70% 

6; 10% 7, 90% 

Yield 

70% 

6, trace 
I 7*-100% I I 

___ ___ 0% 

8; trace 64% 

I I 1 
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dlketoepoxlde 9, which was used as the key mtennedtate for our sporogen-A0 1 synthesis I1 Treatment of 9 

with dimethylsulfomum methyl@2 caused decomposmon of the substrate and did not give any products 

Chloromethylllthtum prepared m sltll, I3 however, added smoothly to 9 at -70°C gtvmg the adduct whtch 

spontaneously cyclized to give gigantenone TBS ether 6 at amhent temperature almost exclusively (64%). The 

ratto of the products, 6 and 7 was over 99 to 1, and thus, stereoselective epoxidatton of side chain was 

estabhshed Deprotecuon with I-IF m acetomtnle gave (+)-gtgantenone 1, which was dent& with the authentic 

sample (IR,NMR) 

SYNTHESIS OF PHOMENONE AND PHASEOLIN’ONE 

An attempt on allyhc oxrdauon of the side chain m 5 with Se~-r-BuOOH14 was unsuccessful and several 

mals using alummum ~sopropoxule,*~ diethylalummum 2,2,6,6_teaamethylplpendlde,‘6 mmethylsllyl t&ate17 

or lithium &ethylamide*s for the rearrangement of the epoxrde m 6 &d not grve the destred 0-TBS phomenone 

11 (FigHI) On the other hand addmon of phenylselenenyl mfIuoroacetatel~ to 0-TBS sporogen-A0 15 at 

-1O’C for 3 h gave mamly antt-Markovmkoff adduct 10 and the mixture was due&y oxidmed with MCPBA, 

followed by methanolysis to give 0-TBS phomenone (55%) Deprotectton gave (+)-phomenone 2 111 good 

overall yield from 5 

Fmally. phomenone 2 was converted to phaseolmone, but MCPBA oxldahon of 11 agam afforded a mlxtme 

of 0-TBS phaseolmone 12 and its eptmer 13 in ca 1 to 2 raho TBHP oxldahon catalyzed by VO(aca& m dry 

benzene20 gave 12 and 13 in ca. 1 to 10 So Sharpless asymmetric epoxldahon was examined Although 

TBsdg& I-[ TB%Q&+-&lsomer 
5 10 

%&.. SO” -.,, p-X&” 
11 R=TBS 

7 
d 

2 R=H 

12 (a-epoxlde) 

+13 (P-epoxide) 

f 
OTBS 

14 (a-epoxide) 

+15 (B-epoxide) 

0’ ) 

HO“ OH 

a,PhSeOCOCF3/CH2C12,-lO”C/3h b,MCPBA/CH,% c.K2a&Me&XI 
(55%) d, HF / MeCN (96%) e, r-BuOOH, R-(-tDIPT, Ti( -I-PT)~ / 
f, TBSCl, Im / DMF g, separation (61% from 11) h; HF / MeCN (quant) 

Fig III 
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catalyttc proce& &d not afford the epoxidatton products, stolchlomemc process using D-(-)-DIPT, Tl(O- 

Gr)q, TBHP and MS4A 111 CH~cl2~ gave the desired epoxlde 12 predommantly (95 5) m 60% yield. The 

separation of the isomer was acult m thts step, so the hydroxyl group m the side cham was protected as TBS 

ether Blsszlylated phaseolmone 14 and its Isomer 15 were e&y separated by Sl& column chromatography 

Deprotecuon gave (+)-phase&none 3 m 84% yield from 12 Synthetic (+)-phomenone 2 and (+)-phaseohnone 

3 were identuzal ~th authentic samples (IR,NMR) 

In concluston, opucally pure oxygenated eremophtlane phytotoxms, glgantenone 1, phomenone 2 and 

phaseohnone 3, were synthesized 111 short steps from sporogen-A0 14 Biolo@cal stu&es usmg those samples 

are under mvesttgahon and the result will be qorted m due course 

EXPERIMENTAL 
AlI m p WeJe UnCorreCvd IR Sptra Were me&rurpd So KBr disks a as sollmons of CC& on a Jasco IRA-102 spectrometer ‘H- 

NMRSpectraw~~wUhTMS~~mtemalstandardatlOOMHzonaTEOLJNMFl[-laOspechwneteroratU)(IMHzona 
BROKER AC300 spectrometer ‘%-NMR speclra warn mccded woh TM3 as an nuemal standard at 22 SMHZ on a JEOL JNM EX- 
90 spectrometer OpUcal rotauons were measured on a Jasco DIP 140 pobmmevr UV spectra were measured on a I%ta& 200-20 
speztrophotometer CD spectra were measured on a Jasco J-UK: spectropo~eter Merck &e&gel 60 was used for SIR column 
cbatography 

’ _ _ ’ ‘_ 
Zo_nlrohrhaleMne 6 A solution of 9 (29mg. 0 076mmol) and chloromdomethane (0 03ml,O 4mmol) m dry THF (3ml) was 

cooled to -70°C under argon and to thn was added dropullse 1 OM methylhthuun m ether (0 32ml. 0 32mmol) The solution was 
stured at -7@‘C for 30 mm, then gradually used to room temp and surred overmght. The reacuon mum was poured Into sat 
NJ&Cl soln and extracted wtth ether, washed with water, sat NaJKQ soln and brme. dned (MgSO.+) and concentrated m MCIU) The 
residue was chromamgraphed over SIOZ (0 Sg) Elufion with hexane-EtOAc (10 1) gave 6 (19mg, 0 049mmol,64%) as pnsms, 
m p 83-84’C (EtOH-H&=4 1). [a]u*’ 3 +147“ (c=O 85, CHQ). IR vmax (CCb solution) 3170(w). 2980(m), 2950(m), 2910(w), 
2875(m), 1680(s), 1634(w), 1472(w). 1461(w), 1437(w), 1383(w), 1360(w), 1257(m), 1205(w), 1118(m), 1102(m), 1080(m), 
1026(w), 1008(w). 979(w), 958(w), 937(w), 911(w), 886(m), 861(w), 837(m), 713(w). 684(w) cm-’ , *H-NMR 6(100MHz,CDC13) 
0 085(3H,s), 0 090(3H,s), 0 92(9H.s), 1 12(3H,s), 1 18(3H,dJ=7 OHz), 1 59(3H,s), 1 2-2 53(5H,m). 2 59(1H,dJ=4 7Hz), 
2 82(1H,dW 7Hz), 3 56(1H,dtJ=4 510 7Hz). 3 62UH.s). 5 7l(lH,dJ=l7Hz). Found C, 66 16, H, 8 90 Calc for CZ1H3404S~ 
C, 66 62, H, 9 05 

-4.4a5.6.7.8_hexnhvdro _ _ 

1 To a solutum of 6 (76mg. 0 2Ommol) m CH$N (2ml) was added 47% HF soln (0 06ml) After 
stunng for 1 h at room temp. the reactmn mixture was quenched wtth sat NaHC03 soln and extracted wtth EtOAc The extract was 
washed with water and brme, dned (MgSO4) and concentrated m vucuo The residue was chromamgraphed over SIOz (lg) Eluuon 
with hexane-EtOAc (1 1) gave pgantenone 1(53mg, 0 2Ommo1, 100%) as pnsms, m p 118 5-119 5°C (hexane-EtOAc=l 1). 
[aloW +235” (c=O 42, CHC13)(ht 3 m p 140°C (EtOAc), [u]o +160“ (c=O 4, CHCls)), UV (c=4 73xl05mol/l m MeOH) 
log&=4 10 (hmax 242nm). CD (at 24 5”C, c=O 025 m M&H, Ae[x(m)]) -5 31(219), +5 31(244). +4 03(332), IR vmax (KBr disk) 
3530(s), 3420(s), 3065(w), 3010(m). 2980(m), 2920(m), 2890(m), 1665(s), 1625(m), 1490(w), 1455(m), 1448(m), 1430(m). 
1380(m), 1362(m), 1332(w), 1310(w), 1298(w), 1260(m), 1235(w). 1210(w). 1174(w), 1151(w), 1118(m), 1092(w). 1081(w), 
1058(m), 1040(m), 1025(m), 998(m), 981(w). 956(w), 933(m), 885(m), 866(m), 850(m), 828(w). 784(m), 753(w). 720(w). 695(m) 
cm ‘, ‘H-NMR 6(3oOMHz.CDCl3 1 11(3H,s), 127(3H,dJ=6 7Hz), 143(1H,ddddJ=3 8,116,119,14 ~Hz), 158(3H,s). 17OUHs). 
1 79(1H,dq,3=6 i,lO 5Hz),2 14&H,ddid,ii 9.4 2;4 5,116I-i~). i34(1H,dddJ=2 9.3 8,14 3I-i~). 2.47(1H;j=dddd,l 8.4.5.14 j.14 i- 
Hz), 2 6O(lH,dW 6Hz). 2 83(1H,dW 6Hz). 3 6O(lH,dddJ=4 2,lO 5.10 ~Hz), 3 64(1H,s), 5 73(1H,dJ=l ~Hz), IX-NMR 
6(22 SMJ&CDCl,) 1134.18 41.18 80.30 85.35 05,41 11.44 39.5188.54 00.64 26.64 53.70 86, 120 86,163 59, 193 39, 
Found C, 68 33, H, 7 70 Calc for CISHa004 C, 68 16, H, 7 63 

(3S.4R.4aRSR.6R).t.7.8-he2(3H) _ -- __ -- _ _ 

5 A mixture of 4 (87mg. 0 35mmol). lmldazole (7Omg. lmmol) and f-BuMe&Cl (77mg, 0 Smmol) m DMF (3ml) was stured 
overmght at room temp The reaction mixture was poured mm water and extracted w~tb etha The extract was washed with water 
(x4’) and brine. dned fMeSOA) and concentrated m vac~u) The residue was chromamanmhed over SI(X (5~1 Elunon wah hexane- 
EtdAc. (20 1) gave r&&e&‘4 (9mg. 10%) and 5 (113mg. 0 3lmmol,89%. 99% b&bn the unre&~4) as needles, m p 82- 
84°C (Isopropylether). [&z30 +164’ (cl0 4, CHW, IR vmax (CCL solution) 2970(s). 2945(s), 2910(m), 2870(s). 1680(s), 
1635(w), 1472(w), 1461(m), 1438(w), 1407(vw), 1382(w), 1372(w), 1361(w). 1352(w). 1331(w). 1255(m), 1204(w), 1186(w), 

1115(s), 1100(m), 1080(s), 1030(m), 1006(m), 955(w), 935(w), 910(w). 888(s), 836(s). 684(w) cm 1 , ‘H-NMR S(~OOMHZ,CDCI~ 
0 075(3H,s), 0 08(3H,s), 0 89(9H,~), 1 17(3H,dJ=6 8Hz), 1 21(3H,s), 1 87(3H,tJ=l 2Hz). 1 05-2 63(5H.m). 3 31(1H,s), 
3 58(lH,dtJ=4 4.10 5Hz). 5 10(2H,m), 5 74(1H,dJ=l 5Hz), Found C, 69 54, H. 9 33 Calc for CmHNO& C, 69 56, H, 9 45 
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11 To a solutum of 5 (166mg, 0 44mmol) m Cl&C& (Sml) was added dtupwtse -3 sohltlon m CH& 

(5h12mmol) at -10X’ under argon Afterstvnng for 4 h at -1ooC. py&me (0.16ml. &mol) and MC!P~!P.g~\~n 
wereaddedandthenac~mutlatwrsstnndM-l00Cforlhandatroomt#npovermghr~necaon 
ether, washed with water, 1N HCl soln, sat NaHCOs sob and brme. dned (MgSO,) and concentrated m vacua The residue was 
chrome ovw SQ (2og) Elutlon vnth hexaneEtOAc (2 1) gave ll(89mg. 0 24mmol, 55%) as plates, m p 122-123°C 
(hexa@. [aIDa +147’(c=D 255. CHas), IR VmW 3640(w), 3500(w), 2%0(s), 2940(s). zS9S(m). 2860(m). 1676(s), 1633(w), 
1470(w). 1461(m), 1437(w). 1385(w). 1370(w), 1360(w). 1332(w), 1255(m), 1205(w). 1185(w). 1143(w). 1115(m), 1100(m), 
1080(s), 1028(m), 1008(w). 958(w). 921(w). 888(s). 838(s). 689(w) cm-’ (CCl.,soluuon). IH-NMR 8(100MHz,CDCls) 0 11(6H,s), 
0 93(9H,s). 1 17(3H,dJ=6 4Hz), 1 27(3H,s), 0 95-2 71(5H,m). 3 37(lH,s). 3 58(1H,dtJ=4 4.9 8Hz). 4 19(1H,dJ=13 OH+ 
4 3UlH,dJ=l3 OHz), 5 33(lH& 5 38(lH,dJ=12Hz), 5 77(1RdJ=14Hz). Found C. 66 28, H, 8 87 Calc for C2,HMO$i C, 
6663, H.905 

To a solutmn of ll(37mg. 0 095mmol) m CH,CN (lml) was added 47% HF soln (0 04ml) After sbrrmg for 20 

mm at room temp. the reactmn muture wasquenched wnth sat NaHCOs soln and extracted ~th EtOAc The e&act was washed wrth 
water and brine, dned (MgSO4) and concentrated m vacua The residue was chmmatographed over SIO* (lg) Eluuon wttb hexane- 
EtOAc (1 1-O 1) gave phomenone 2 (24mg. 0 09lmmo1, %%) as pnsms, m p 147 9-148 1°C (EtOAc), [a]uze7 +243O (c=O 65, 
MeOH)(htP m p 148-149oC (EtOAc), [a] Da0 +225f2’ (MeOH)]. UV (c=4 16x1U5mol/l m MeOH) lo@ 12 (knax 245nm). CD 
(at 24 5°C c=O 022 m MeOH, AE[&,,)~) -9 7(216). +9 5(247), +3 1(330), IR vmax (KBr &Sk) 3400(s) 3340(s) 2990(m), 
296OOn). 2940(m), 2890@), 1675(s), 1633(m). 1458(m), 1450(m), 1430(w), 1400(m), 1388(w), 1365(m). 1333(m), 1277(w), 
1253(w), 1212(m). 1186(w), 1145(w), 1111(m). 1092(w). 1036(s), 1022(s), 1011(m). 980(m). 958(w), 927(s), 909(s), 897(s), 
860(m), 832(w), 750(w), 731(w), 722(w), 700(s), 670(m) cm ‘, ‘H-NMR 8(300MHz,CDCl,) 1 24(3H,s), 1 27(3H,d, 
J=7 OHz),l45(1H.dddd.k4 3.11 1.12 3.14 4Hz). 1 W(2H,broad), 1 82(1H,dqJ=7 0.10 6Hz). 2 17(1H,ddddJ=2 7.4 5.4 8.12 3Hz), 
2 36(lH,dddJ=2 7.4 3.14 4Hz). 2 54(1H,ddtJ=l 9.4 8.14 4Hz). 3 38(1H.s), 3 64(1H,dddJ=4 5.10 6.11 lHz), 4.2O(lH,d+4 6Hz), 
4 33(lH,dJ=4 6Hz), 5 33(lH,s), 5 40(1H,bmad,s), 5=19(1H,dJ=19Hz). “C-NMR 8(22 5MHz.CDC13 1131.18 62.3100.35 21. 
4126.44 42.62 36.63 85.68 80.70 89,120 95.126 39,142 91, 163 97.193 84 , Found C, 67 82. H, 7 63. Calc for C1sHZ004 
C, 68 16. H, 7 63 

_ _ ‘_ _ ‘_ __ 

-12 and C-l’ Isomer 13 - _ (Sharpless’ catalyst complex-TBHP solution A; To a soluuon of (-)- 
dnsopropyltartrate (0 35ml.O 016mmol) and MMA (1OOmg) in CH2C12 (1Oml) was added dropw~se otamum temsourouoxlde 
(0 59m1,O 02Ommol) at O°C The mixture 
BuOOH (4 3mmol) m lsooctane (0 6ml) 

was swred at OYfor 30 mm and cc&d to -20°C. then a 7 1M solution of a&y&us I- 
was added dropw~se ] A solutton of ll(6Omg. 0 16mmol) and MS4A (30mg) m dry 

CH& (4ml) was cooled to -2O’C under argon To dus soluuon was added dropw~se the TBHP solution A (0 93ml,O 36mmol) 
The reacuon mixture was stured for 16 h at -20°C. then quenched wrtb 10% aqueous (i)-tartanc acid and surred for 30 mm at -20°C 
and 1 h at mm temp The organic phase was separated, combined with EtOAc extracts from the aqueous phase. and the whole was 
washed with water, sat NazS& soln, dned (MgSO4) and concentrated m vucuo The residue was dduted with ethec and cooled to 0°C 
1N NaOH soln was added to this and the mixture was stured for 30 mm at 0°C and 1 h at room temp The orgamc phase was 
separated, combined with EtOAc extracoon of the aqueous phase, washed with brme, tied (MgS04) and concentrated m vacua The 
residue was chromatographed over SIOZ (5g) Eluoon with hexane-EtOAc (1 1-O 1) gave recovered 11 (11 3ma. 19%) and 95 5 _ 1. _ 
mixture of 12 and 13 (38mg. 0 096mmol. 60%. 73% based on the unrecovered 11) The raoo of the two isomers was determrned 
from the 3OOMHz ‘H-NMR spectrum Thus mixture was used m the next step wlthout further puniicauon IR vmax (film) 3450(s), 
1660(s), 1643(m), 1250(s) cm-l, *H-NMR &3OOMHz,CDC13 0 75(3H,s), 0 77(3H,s), 0 89(9H.s), 1 12(3H,s). 1 17(3H,dJ=6 8Hz), 
1 l-l 6(trace,m), 1 7-l 9(1H,m), 2 O-2 l(lH,nQ, 2 2-2 5(3H,m), 2 62(1H,dJ=4 6Hz). 2 93(trace,dJ=lHz), 3 ll(lH,dJ=rl6Hz), 
3 5-3 7(2H,m), 3 86(1H,m), 4 16(1H&, 5 73(1H,dJ=18Hz) 

(3S.4R.4aRR-I’S)_6_t_&,tv~ 3 (2 t b- 1 _ _ ‘__ - ‘_ e, -3.4~eooxv4a f-de 
4.4aS.6.7.8_hexahvdro 14 A mixture of 12 and 13 (36mg.O 09lmmol). imldazole (2Omg, 0 3mmol) and I- _ _ 

BuMe#Cl(22mg. 0 15mmol) m DMF (lml) was sti for 5 h at room temp The reaction mixture was poured mto wakr and 
extracted with ether The extract was washed with water (x4) and brme, dned (MgS0.J and concentrated m V(ICI(O The residue was 

chromatographed over S102 (lgx3) Eluoon with hexane-EtOAc (20 1) gave 14 (38mg, 0 075mmol,84%) as pnsms, m p 133- 
134°C (MeOH), [alD23o +llO” (c=O 365, CHCl& IR vmax (CC& solution) 2960(m), 2940(m). 2855(m), 1676(s). 1631(w), 
1460(m), 1360(m), 1253(s), 1109(s). 1077(s), 1003(w), 886(m). 868(m), 833(s) cm-‘, lH-NMR 8 (100MHz. CDCI,) 0 077(6H,s). 
0 083(6H,s), 0 90(18H,s), 1 15(3H,s), 1 23(3H,dJ=5 7Hz). 2 57(1H,dJ=4 9Hz). 0 9-2 6(5H,m). 3 Ol(lH,dJ=4 9Hz). 
3 4-3 75(1H,m), 3 57UH.s). 3 84(1H,dJ=l2Hz), 4 29(1H,dJ=12Hz), 5 7O(lH,dJ=l7Hz), Found C, 63 88. H, 9 45 Calc for 
C27H4(1OsS12 C, 63 73, H, 9 51 

(2 ‘_ hvdron,Ia 5-d- _ ‘. _ _ _ _ 
3 To a soluuon of 14 (12mg. 0 023mmol) m CH$N (lml) was added 47% HF soln (0 02ml) After 

sturmg for 30 mm at room temp. the reaction mvcture. was quenched with sat NaHCOs soln and extracted with EtOAc The extract 
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WaSwashedwrth~sndbnne,dtXXl(MgSG~iilKl MlyrntrateduIy(Icyo Tbe&was w over SIC& (lg) Eluuon 
with hexane-EQAc (1 1-O 1) gave m 3 (7mg. 0.023mmol. -100%) as pnsms. m p 129-l= (BtGAc), [alDms +208” 
(c=O 32, EtoH)[l~t.’ m p 1%128°C WAC), [aID +94.5’ (c=O 8, BtOH)); W &=6.0x10-smd/l III MeOH) loge=4 4 (%max 
243m@, CD iat 24.5”c. c=O 024 111 WH. Ae&,,el> -3 18(219), +5 950, +4 42(332), IR vmax (KBr dssk) 3540(s), 3420(m). 
339Ym). 3345(m) 2990(w). 2950(w), 2880(w), 1668(s), 1650(s), 1455(w), 1436(w). 1390(w). 1360(w), 1342(w). 1262(w), ml(~), 
1192(w). 1174(w). 1155(w). 1111(w), 1075(w). 1056(m). 1033(s). 998(w). 957(w). 932(w), 900(m), 890(m), 860(w), 842(w), 
818(w), 790(w). 745(w). no(w). 692(w) cm -I, ‘H-NMR &3OOMH&DC&) 1.14(3H.s), 1.27(3H.d&6 7Hz). 143(1H,dddd&4 3, 
112.12 3.14 3fi). 163(w). 179(1H,dq&6 7.10 5Ha). 2 15(lt/dddd+2&4 4.4 7.12 3Hz). 2 36(lH,ddd~=2 8.4 3.14 5Hz), 
2 Sl(lH.ddddJ=l 8.4.7.14.3.14 5Ha). 264(1H,d+4 6Hz). 3 13(1H.dJ=4.6Hz). 3 62(1H,dddJ=4 4,lO 5,112Hz). 3 63(1H,s), 
3 87(lItdJ=l23H+ 4 lqlH.d/=12 3Ha). S=n(lH#=18Ha). ‘F-NMR &22 5MHz.CDC1,) 1131,18.80,30.94,35 03.41 14, 
44 45,48 81.56 75.6173.62 86.63 70.70 77, 120 62. 164 69, 193 60. FoundI, 64 17: H, 7 18. Calc for &H&Is C, 6.4 27, 
H, 7 19 
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