
Telruhehn Vol. 61. No. 21. pp. 6581 to 6588, 1988 

Printed in Great Brilam 
004&4020;88 53.00+ .I0 

Q 1988 Pergamon Press pk 

A NEW SYNTIESIS OF (-MtUJ!3mlNE+ 

MZUTDSAI SARURAItt, TAKESHI KITAHARA and lcER.71 MORI* 

Department of ngricultural Olemistry, 'Ihe University of *, 
yayoi l-l-l, mku, 'lbkyo 113, Japan 

(Receiwd in Japan 16 June 1988) 

-act_ -- (-)-Khuai- 1, the minor but esaantial camponent of vativer oil with 
insect repellent activity, was ayntheaizad starting from ~~~-6,6~thyl-S-aMho~- 
carbxylmethyl-2-cyclchaxen-l-ccc 2. Lewis acid-catalyzed Diela-Al&r reaction was 
employed to obtain the desired carb skeleta regio- and a tareoaalectively. *era11 
yield of 1 through 15 steps was 6.9%. 

INTRoDucrIoN 

vetiver oil (Vetiveria zizenoides L.) is an important raw material for constituting the 

fragrances with high quality and contains several zisaene sesquiterpenes. It has been 

postulated that these sesquiterpenes play significant role to retain strong woody and 

amber-like notes. Among them, a norsesquiterpene, (-)-khusimone 1, first isolated by 

Seshadri et al '1 is minor but olfactively interesting component in this essential _ -.I 

oil.*) Recently, Meinwald et al 3, and Honda et al 4, --* --- reported that 1 shows repellent 

activity against several pests , such as cockroaches, flies, weevils and mosquitoes. As 

khusimone 1 is not only useful as perfumes but has an interesting dimethylmethylenetri- 

cycl0[6,2,1,0"~ I-undecane skeleton, much attention has been paid for its synthesis. 

Apart from the degradation of natural zizanoic acid to (-)-1,5) two syntheses of (*j-l by 

Aiichi et a1.,6) and Oppolzer et al.') -- and two chiral syntheses of 1 by Chan et al.*) and -- 

Oppolzer et a1.g1 were reported. -- 

1 khusimone zizanoic acid 

Fig. I 

0 
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We also have become interested in synthesizing (-)-khusimone 1 and related analogs to 

evaluate their olfactive utilities. We describe here the novel and stereoselective route 

to f-j-1 using Lewis acid-catalyzed Diels-Alder strategy as a key step. 

Our synthetic plan was based on using Dfels-Alder reaction of fgf-6,6-dimethyl-!?- 

methoxycarbonylmethyl-2-cyclohexen-l-one 2.8) 

If the addition of isoprene 3 proceeds only from the desired S-face of 2, it should 

give a single product C which is convertible to (-1-l via s-methylene formation, ring 

contraction and the formation of bridged five-membered ring. 

I’ bMe \ 
COOMe 

c 3 2 

Fig. II Synthetic Plan 

Although Chan used 2 for the synthesis of t-j-1, their photochemical route was non- 

stereoselective. 8, Thus, tedious separation and isomerization of the undesired isomer to 

the desired isomer caused the decrease of the yield. We studied Diels-Alder route careful- 

ly, and found the optimum condition to give only the desired diastereomer (C; la) 

exclusively. 

There are several reports on Lewis acid-catalyzed Diels-Alder reaction of 5-substituted 

2-cyclohexenone.'") Among them, Rarayama et al.'Oal reported the higher stereoselectivity 

and yield of the reaction between carvone and butadfene in the presence of AlC13 than in 

thermal reaction.") Cppolzer et al ‘Ob) and Fringnulli, Wenkert et al "'1 also reported - 2 - -* 

that dienes added in the presence of Lewis acid-catalyst to simple 5-alkyl-2- 

cyclohexenones almost exclusively from the side opposite to alkyl substituent. It is also 

known that Lewis acid-catalyst markedly effects the regicchemistry of isoprene adducts.") 

Therefore, we employed the Lewis acid-catalyzed reaction. Contrary to the results in 

the case of simple 5-methyl-2-cyclohetienone,'ob;c) the enone 2 gave a mixture of dia- 

stereomers, la and 4b under general procedure previously reported. 

As shown in entry 1 in the Table, the diastereoselectivity was high, but the yield was 

poor using AlC13 as the catalyst. On the other hand, the yield was fairly good (60% based 

on the unrecovered 2 ) with less selectivity in the case of SnC14 (entry 3) and BF3-Et20 
was in between (entry 2). Those facts revealed that reaction pathway (probably influenced 

by the conformation of 2) was not so simple as that of simple S-alkylcyclohexenone because 

of the presence of 4,4-dimethyl and methoxycarbonyl substituenta. Thus, we decided to use 

catalytic amount of SnC14 because it gave batter yields of adducts, and then focused our 

attention to improve the diastereoselectivity. Reactions were carried out under various 

conditions by changing solvent and reaction time. Mstilled CW2C12 was the best solvent 

of choice (see entries 6,7 and 8). Product ratio was dramatically improved by pretreating 

the enone 2 with SnC14 for longer period before the addition of isoprene 3. 
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Table 

6583 

tntrj 

-- 

Tolutnc 

CH,CN - --. 

0 72 16.2 5.3 
0 72 15.0 12.0 
2.0 96 10.6 - 
4.0 120 30.5 - 
4.5 40 35.0 - 

06 
72 
55 
70 
51 
50 
95 
95 __-- 

tire-l complexstion period, time-2; reaction period, yield(%); isolated yield, 

parenthesis; glc yield based on the unrecovered 2. _. 

In the best case (entry 61, 2 was complexed with SnCl4 (0.1 eq) over 4.5h and then to 

--- _ 
glc yield 

w 

1 

17 ( 57) 

45 ( 92) 

5(i(-100) 
! 
/ 

--~ I 

number in 

this was added isoprene. The mixture was left to stand over ca. 2 days to give only the 

desired adduct la in 70% yield based on the unrecovered 2 (glc yield was nearly 

quantitative). 

It is rather difficult to rationalize this remarkable stereospecificity. Cur tentative 

explanation is as follows; predominant conformer of 2 must be a flat half chair 2a with 

equatorial methyl ester chain as judged from 'H-NMR data (CS-H; Ha, 6 2.19, dddd, J=2.5, 

3.1, 8.4 and 8.8Hz). Two large coupling constants prove C5-H to be axial. In this 

conformation, there is not much difference between both faces for steric approach. (Xlce 

SnC14 was added, it formed the complex with 2 to give 2aL and/or 2bL. In this case, both 

bulkier O-Lewis acid group and methyl ester chain is present as gauche to C6-dimethyl 

groups in the conformer 2a. Thus, the conformer 2aLis not so stable as 2a and the other 

conformer 2bL exists more in equilibrium. During complexation period, SnC14 may chelate 

with the other carbonyloxygen of methyl ester side chain in 2bLto give the stabilized 

complex 2c, in which endo a-face is completely blocked by bulky halogen and methoxy 

groups. Exe B-face possesses only quasiaxial methyl group. Consequently, isoprene added to 

the polarized enone only from B-face to give la diastereo- and regioselectively. As the 

desired octalone 4a in hand, further transformation was executed. 

c-o p-&Lo 

Fig. III 
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IWTRDrrJcrIDN op EXO-Mm ANDRINGODNTRACl'ION -- 

Treatment of the cis-octalone la with NaOMe in MeOH gave mainly a trans-isomer 5 - 
(4a/5-10/90-15/85). Chromatcgraphic separation and repetition of the same process gave 5 

in 95% yield. In order to introduce exo-methylene group at hindered carbonyl position, - 

several methods were examined. 

Since Coates reported that direct Wittig reaction of the hindered ketone gave the 

product in pcor yieldJ3) we tried Nozaki's low valent titanium-mediated methylenationf4) 

and Peterson type reaction with TWSCR2MgCl and successive elimination.15) The yield of 7b, 

however, was extremely poor (lo-20%). 

Alternatively, reductive elimination of vicinal phenylthio-carboxylate13) was applied. 

Addition of phenylthiomethyllithium16) to 5 gave 6-lactone 6 as a sole product in 78% 

yield. Sulky organometallic reagent approached from less hindered S-face to give an axial 

hydroxide ion which attacked the axial ester carbonyl to form lactone ring. The result 

also proved the stereochemistry of the Diels-Alder adduct la to be correct. Lithium- 

ammonia reduction of 6 gave the desired exo-methylene acid 7a in 75% yield. Reduction of - 
7a with LiAlA4 was followed by acetylation to give a diene-acetate 9 in quantitative 

yield. 

Selective ozonization of tri-substituted olefin was unsuccessful, but treatment of 9 

with m-CPRA gave a mixture of epoxides 10a and lob (53:47) regioselectively in 86% yield. 

Periodic acid oxidation afforded a mixture of a keto-aldehyde 12 (13.4%) and m-&axial 

diol 11 (85.8%). 

The latter was oxidized with Pb(OAc)4 to give more 12 and the combined yield of 12 was 

86.7% from 10. Cyclization of 12 with 10% KORaq. in refluxing benzene afforded an enone 

13 in 81% yield, which on acetylation gave an enone acetate 14 (80%). 

lb R=CH3 

lga l3-epoxide 

b cr-eratie 

h 
t 

12 R=H 

13 R=Ac 

a) MeONa-MeW b) FhSCHzLi c) Li-NH3, H’ , CH2N2 d) LAH-Et9 

e) AczO-Pyr 1) mCPBA g) H104 h) Pb(OAc& I ) 10% KOHaq. 

J) Ac20-Pyr 

Fig. IV 
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CONVWSION~CYCLOPaJTANONEANDTHSCOMPLE7PION OFTHE SyNTHEjIS -- -- 

Direct Baeyer-Villiger oxidation of $4 and the successiv8 hydrolysis to give the cyclo- 

psntanone 17 was unsuccessful. Thus, Beckmann rearrangement route in Djerassirs steroid 

synthesis ") was applied to our intermediate 14. Treatment 34 with hydraxybUnin8 hyciro- 

chloride in pyridine gave an oxime 15 in 70% yield. Beckmann rearrangement of 15 with 

MsCl-DMAP in pyridine and successive alkaline hydrolysis of the resulting enamide 16 

afforded the desired k8tOl in 70% yield. Finally, mesylation of 17 (85%) and cyclization 

witht-BuOKin THF (98%) gave (-)-khusimone 1, mp 78"C, [alg3 -109.0' (~~0.244, CHC12). 

Synthetic 1 was indistinguishable with authentic sample derived from natural zizanoic acid 

in all respects [IR, 'II-NMR, 13C-NMR, MS, Capillary GC (FPAP, W-101), mp, TLC]. 

In conclusion, stereospecific synthesis of (-)-khusimone 1 was achieved in 6.9% overall 

yield through 15 steps starting from (~)-6,6-dimethyl-5-methoxycarbonylmethyl-2-cyclo- 

hexen-l-one 2. 

b 
> 1 c,d 

> 

12 R=H ! 

18 R=t& 

a) Nti20H~HCI-Fyr b) MsCI-Fyr,DMAP, H’ C) tO%l0ia@enzme, b 

df M&l-Et3N.CH2C12 e) t-BuOK- THF 

Fig. V 

ts)-5-~lwthyl~~ m l- l-me2 xTxa&l9toulearetpaofwuet&3) lrasdffatnd 
frmp .¶mmmim salt of (-I-lcroanpnulfaclc add. 2, @ laY/2 tax, 44 L4760# I@ bc16' GZ7. c?lcl3h wbax 2950 

W, 1740 W,1660 W,1390 W.1360 tm) cm-l, ‘iI-NNR 6 1.02 (3R, a),159 (311, sf, 2.19 (18. dddd, J-2.5, 3.1. S.4. 8.8 
Rz), 2.24 (li?, dd. J-3.6, 15.2 Hz), 2.42 (LA, ID). 2.54 <lR, cld, 3-3.6, 15.3 f&f, 2.56 (1R. ml, 3.79 (JA, s), 5.97 (lfi, ddd, 

J-1.7, 2.3, 10.1 Rm), 6.81 Ui, dtldd, J-3.2, 4.9, 5.0, 10.1 SK). 13C-RUR 6 19.2 (a), 22.5 (a), 29.2 (t), 34.9 (t), 40.5 
Cd), 44.9 (01, 51.6 (q). 128.2 fd), 146.7 (d). 173.2 (sir 203.4 (s)r NS: P/Z 1% tN+. -_ 10 a), 123 119). 96 (5). 68 (100, 

baea paak), 41 (5). 



6586 K. SAKURAI et al. 

hexane to give plm h (632 q, 23.9 mm& 35 l ) 61 reuwued 2 "as distilla? toqiw x7 q of F 2 (SO l I. 481 mp 
83Q [ala4 +13.1° (-5, 0Q3)t vmax(Rr5r) 29w (a), 1730 (s), 1700 (m), 1430 (mh 1360 cm) cm% Gf-tWR 6 1M (JR, 

s), 1.08 (3A, a), 1.60 (3H, bra). 1.68 UA, IO), 1.75 (2% m), 1.90 Wi, a). 2.00 UH. m), 2.22 (LA, dd, J-10.3. 14.9 Hz), 
2.32 (1X, m), 2.40 (lR, mf. 2.52 (la, dd, J-3.1, 14.9 Rt). 2.54 Mi, mf. 2.98 (1% dd, J-5.9, 6.1 HZ), 3.70 (3% s)r 5.34 

(1% bra), 13C-NWR 6 20.5 (q). 22.4 fq). 23.6 f&r 24.1 tt), 31.1 ftfr 32.7 ft), 34.7 fd), 35.9 (0, 40.0 (d), 42.3 (d). 
47.9 (et, 51.7 fq), 118.9 cd), 131.6 (a), 173.4 (a), 214.0 (S)J MS: m/t 264 CM+ 
121 (721, 118 (.52), x15(38), 93 (67). 43 (166), ?@nx3 C, 72.238 R, K 

, 11 W, 214 (II), 173 (541, 172 (loo), 
Qldl for Cl@24O3, C, 72.69 rR0 a3S \. 

(3s,4as,eas)-3,4,U45,~~3~~1-2,2,6~m~l-l(~)~~- !5. Ib a w1utim of bi 
~lt2q,4U~~.)indryI*aR~l00ral~tndatAr,rasabdalal~eolutianof~3indryndDT12mltatrmmtsmp The 

mLtture "aa StiEIvd ftx 2-3 hat- tamp& WlloRwae -tratadrnderreduoed~ IhsE&dWW~arrtrsctad 
ri~athar.~layerwasr~riehbrfne,drisdavat~4and -tr&KltOgfwa mixture of (a ad 5 in a ratio 

10:90-15:8SarGCaMlysiJ% This mA "as c&rwn#l~~ ovee ai02 2 cc 3 timem. Rlutim with n-beaw-m (1O:l) 
gavepm,Sanf.aluticnWitb wbeame-Etac (l&l-8rl) gave a mixture of la and 5 in a ratio 45:5% W latter fraction 
raedisaolvadFnriry~MdtesatdlrithHarmj~aadsectibdl~~I*rsctLnpoQIctws.chmma~~~~* 

siqtoqi~5kTx&&ed yiel.d10.6q# 40.3 emof, 95 -1. 
(ef, 1695 (s), 143s (Elf* 1380 fmf. 1250 fm) cm-1i 

5; lap 3l% ta1$3 +l.99* &0.30. CJcl,)l UMX 2950 (SL 1730 

l!i-NHR 4 0.98 (3A, el, 1.30 (3H. e), 1.61 (1X. ddd, J-3.1, 3.9. 16.8 
AZ), 1.63 (3X. brs), 1.85 (lR, m), 1.93 (38, m), 2.05 (IA, dd, J-11.3, 16.8 Hz), 2.10 (ZR, m), 2.40 f3H, m), 3.67 (3R. sl, 

5.40 WI, brs), 13C-NHR 6 22.1 (q), 23.2 (cl), 25.2 (91, 27.1 (t), 32.1 (t), 35.1 (t), 35.7 (t), 38.7 (t), 43.7 (t). 45.6 
(d), 48.1 (e), 51.7 (q), 120.3 (d), 132.6 (s), 173.5 (a), 210.0 (8). t4S: m/z 264 (&I* 1 *), 173 (34). 172 (92). 157 (base 

pesk, 100). lx8 (531, lb5 (X)f, 93 (47). 43 (13h Axmd c, 72.49? & f&se,&&? f0r Cl6n24ti c. 7269) X, qJS . 

(lS,3S,4aS,BaS~-l-Aydroxy-l-phenyltbiomethyl-2,2,6-trimethyl-l,2,3,4,4a,5,8,8a~~~~-3~la~tiC acid 6- -- 
lactum6. It, a solutim of 5 (C74 q. 17.7 mmol) in dry lXF (loo ml), wae dLbd Fwar2Li (50 mmol) in Tw peapsrsd by 
~methajofetat~6)taderarat-7aac ltwmix&rewaestirredforlhandwarmed\q,torcur.tem~ %ethiswaa 

added LuLtNq$u anf GFT&# evapanted. llm~i&evasextractedxith~ranitheeihmrsoln wa.m rashedwithbrine, 

driedwmr~ end 

d 

rpIcsntrated l%e residue naa duwmtapa#w3 over Si% toqive pne 6-lactuw 6g4.78 q, 13.3 mm& 
75 l >. 6~ fal 'S +10.5* (c-0.31, CXC13It urnax 2920 (81, 1720 (a), 1580 <at, 1225 (8). 1160 ($I, 980 (6). 735 fe), 690 
(8) cm% %I-NMR 6 1.16 (3X, sf. 1.36 (3X. e), 1.55 (lH, ma), 1.62 (31% brs), 1.67 (1% at), 1.77 (2% m), 1.88 flH. d, 
J-1.91 !I?.), 1.95 (lA, dd. Jg4.4. 17.0 X.), 2.15 (2A, m), 2.20 (1H. mf, 2.37 (IX. d, J-19.0 Hz), 2.85 (1% dd. J- 8.5, 19.0 

He), 3.13 Wf, d, J-12.4 He), 3.51 flR, d, J-12.4 B?.), 5.33 (1X, bra), 7.2-7.3 (58, aromatic). 13C-NNR 6 23.1 (q), 24.1 

Iq), 25.1 (q), 25.4 (t). 29.4 (d), 34.4 (tl, 35.1 (t), 36.6 ft). 38.7 cd), 39.9 Gl), 89.6 (s), 120.4 (d), 126.2 id), 128.5 

fdt, 129.1 (d). 132.3 fs), 137.1 (at, 171.6 f&t HS: m/z 356 fM+. 78 N), 233 (base peak, 1001, 171 (82)‘ 173 (491, 159 
(19), 132 (21). 124 (49), 119 (32). 105 (931. 91 (23);79 (18). 69 (211, 55 (23)~ Found c, 74.111 H, 7.94, Calcd for 

C22X28w: c, 7e32r X, 7.92 L 

~3S,4aS,8aS~-2,2,6-himethyl-l-mathylane-l.2,3,4,4a.5,8,&~~~~-3~~c acid 7a. 'Ib a solution of 

metallic !.I (LC6q. O.l2 mol) in l%&dNi* (loOml), waa add&a solutimof 6 (3.l4q, 8.81~1, indry= (10 ml) at 
-23% snd the mixture waa stirred tcz 1 i AnbydrwNX4Cl@.5q) "asadAdtoth8r&%.i*~ - t.nQaaapoeeeacnse 
ofLi,thenthemixtarewasvarnxduptoewmtam~ ?hanaulti*la~w~dilutedwithlPins(lOml)~wasaxtrsrrcld 

with ether (xl ml). An lQwKx30 layer Y&n acidified with lN-x!l to #i 3-k an3 ezxeae& with etluar (50 ml x 3). Ihe 
latter aatract was wanbad with brim, driei wer HqaO4 awl ancWtnrtsd merasidae w(Ls duanmtnqm~- siq to 
give 7a G.704 g, 6.87 mmol, 78 l >. 
(s), 1410 (ml, 890 (8) cm-l, 

7a, I$ U150; fala1 W8* f@J.2S. ~C.l3lt vrmu: 3400-3100 Gxs), 173.0 W. 16x) 

*A-NMR 6 1.10 (3R, s), 1.22 13A, a), 1.53 (Ui. m), 1.58 (18, dt, J-2.5. 9.1 IL%), 1.65 (3X, 
brs). l&O (2A. ml, 1.93 (lH, dd. J-4.7, 9.1 Xz), 2.09 (48, mft 2.12 flH, dd, J-9.1. 14.6 Rz), 2.43 WI, dd, J-4.7, 14.6 

Hz), 4.78 (1X, brs), 4.81 flfi, brsf, 5.43 (lli, brs), 10.20 (1X, br, -CCC& 13C-NMR 6 23.2 (9). 26.7 fq). 28.8 (q). 29.4 
tt), 33.6 ft), 34.6 cd), 34.9 (t), 38.1 ld), 39.2 ft), 40.1 (8)r 42.3 (d). 106.3 (t), 120.6 (d), 132.9 W, 155.1 (8). 

1eO.l (eh I(s m/z 248 CX* ,32W. 233 111). 205 (81, 188 (39). 173 (201, 159 (241, 145 WI), 134 (38). 119 (71), 105 (base 
peak, loOI, 91‘i69), 79 (67). 41 (60). M C, 77.071 R, 9.84, Q&d for C&i&2: c, 77.371 X, 9.74 % 

(~,~,eaS)-3~1-2,2,6~~1-1~1~1,2,3,4,45,~,~~~~~~ 8. luasuapasicmof~ 
Go2 mg, Ll7 mmol) in dry etkr (SO ml), vaa aaId wss 78 &61q. 6.47 mmal) indxyethar (lOmu ldhv Artitbe 
mixture was refluxed for 30 min. Aftabeccvling, t.lm- “aa %zr0lad with HyJ (1 ml), 15 t NKsf (1 ml), $0 (3 ml) 
ard ether wasdrfedover -4. Rt_b6r wae wqxxatedard theresidua vm &ramatcqra#wdovmr Siq toqiva8 flJ92g. 5.qS 

mmol, 92 w. 131 *4 ~52041 talg +W* fc-O.20, cx!13), umex 3350 (Ix&, 2950 W, 1635 W, 1440 (m). 1380 fm). 1060 

(a), 895 (s) cm-18 lR-~~~ 6 1.09 (3R, s), 1.19 (3R, s), 1.35 (lA, 81, 1.50 (lR, m). 1.55 (2% ml, 1.65 (3% brs), 1.70 
(2H. mf, 1.82 (li?, I), 1.92 (iii, dd, J-4.7, 9.1 Rzf, 2.02 (2R, la). 2.10 (2R, la), 3.60 (2R, m), 4.74 (1% brd, J-l.5 Rr), 

4.78 (Ifi, brd, J-1.8 Hz), 5.44 (1X. bre). 13C-NMR 6 23.2 fq), 26.6 (q). 29.1 (q), 29.5 (t), 31.5 (tf, 32.2 (tf, 34.6 fd), 
38.2 (d), 39.3 (t), 40.3 fs), 42.0 (d), 62.1 fd), 105.5 (t), 120.7 cd), 132.9 (B), 156.0 (S>J MS: m/t 234 CM+, 24 t). 219 
(9). 216 (8), 191 (111, 173 (14). 159 (13). 145 (311, 133 (361, 106 (54). 105 bme peak, lOO), si?6fl,, 79 (44), 77 (431, 

67 (30), 55 (35). 41 (57). HR-KS 234.2014 Rxmd G 79321 I& law, Cala for c@&o c, 7Q99I 9r 1W8 *. 

~3S,4sS,8aS~-3-Dcstoxyathyl-2,~6-trfaetlyl-l~lens-l,2,3,4,~5,8,Ba~ 9. AmixtwaofS %I23 

q. CBO mlml). ray twridine (5 ml). luxl AC* (2 al) *as stirred vwrniaht at recap teeox& Ib the mixture. wa9 adead ioe 
water (Zo ml) ax3 ether (SO ml). Ethmr l&r was eepvat& waehedrithsatCL83q, sat-?WKD3Mabrti, Giedwer ?4#30 

andancuYkated. Ihe~~wae~~~aversiqtogiM9(L26g,456mmal,95b). 
+14.8* kW.Z, Qsl3)r MLLU 295.0 k), 1740 (s), 1630 (a), 1360 cm), 1240 tmf, 1030 (ml, 890 (s) cmwlf 

9l np LSOrst Ia@ t 

%Wt4R 6 LO9 L?fi, 
n), 1.19 (3A, 81, 1.40 (1X, ml, 1.52 (3H, m), 1.63 (3% bra), l.73(38, m), 1.92 (lli, dd, J-4.7, 6.2 Hz), 2.00 (lH, 11, 2.03 
(3H, a), 2.10 (2R, m), 4.03 (2R. a), 4.75 (lH, bra), 4.78 Mi, bra), 5.43 (11%. bra). 13C-N14R 6 21.0 (g), 23.2 (q), 26.6 
(ql. 27.3 W, 29.1 (q). 29.5 (t). 32.1 (tf, 34.5 cd), 38.2 cd), 39.2 (tf, 40.3 (.I, 42.3 (dt, 64.0 (t), 105.8 (tf, 120.7 

fd). 132.9 (st. 155.8 fsf. 171.2 W. M8: m/z 276 (M+, 13 11, 261 (5). 201 (14). 173 (17). 145 fdS1, 119 (40). 105 f73), 
91 (SO). 79 (3OL 43 rbLla0 PuJr. lax, 41 rx EwaxI C# 78321 & lal2, alal fwz q&&r Cl 7aZlt It 10.21 r. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 10. 
TO a solution& 9 (1.205 q, 4.34 nmolf in (3~~1~ (SO ml), was added 60 \ ~O?BA f941mq. 4.34 mmolf at O-S OC and We 

mfxhJr8wa4seirradovemighL an,layarraawaahdlwith5~re29203,eatMIlcgan3tcfne,&isd~~4sni 
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-tratad. me da wae -ww ovu 8i4 to do 10 a086 g, 3.n -1) - II mi%tuN of (66,78)_ axI 

(6&7R)-isomsr a* a&18) in 0 ratio 53 : 47 Q1 lR-NnR6pnct& eMlys.iN (yield+ 85e. 1% 44 l-4943 t r*#-i655* 

(&j2, (~~13)~ v,,a.x 2950 (81, 1740 (sl, 1630 W, 1360 (I), 1230 (a). 1030 (ml, 890 fs) CR-~? 'H-NKR 4 1.07 (3R. 8), 
1.14 (3H, a), 1.33 (3R, s), 1.30-1.70 (78, ml, 1.83 (1H. ml, 2.W (1H. dd. J-2.8, 14.5 RzL 2.03 (38. 0)~ 2.10 (1H. m), 
&27 (l& at, s?.& lc5 rfs). 3.06 and 3.x0 (I& bus‘ kuw, ratio 53!47), ux, fat mk c75 Ga& b+ w8: & 292 w+* 85 

r), 232 (82). 217 (base peak, 100).. 199 f65), 189 (63). 171 (86). 150 f91), 133 (80). 119 (93). 105 (85). 91 (75). 79(51), 

69 (4%. 55 (43). lpbmd c# 74.231 4 9.44# calal for Cl#i&' c 73.931 & 9.65 L 

(~~~,7S,~)-3-~1~,7~~-2~2.6-triaethyl-l-n~ththyl~~~~~~~~l~ne 11 and (38,5R,68)-3- 

Mltmr5~2~l)d~~larthyl-2,2~1~1~~1~1~ 12 Ib a stirnd sDlutim of 10 (LO34 9, 

354 mmol) in dty ather (30 ml), Yea added HI04 (110 m9, OM2 -1) in dry lw (10 ml) at llxll tey, d the DixtwB wa 
sti?x~f~30& ~thfsm~rasaddedaat~~~~~anaorsanicLayarrassapsratad SEaqusaul laycu “aa 
axtnrcted Pith ether (30 ml x 3). ltmasabimiorganic~~wa6waehedxithaat~ mv6nltimesMibr~driad 

mwgso4arri -trataL IhereBicbewasdlivm.¶tographedwerSi02. elutimwith lvhwmBVpwAc (4rl) gave 11 a47 
rag, 0.474 mm&. 13.4 W and elation with n-hexana-XtOAc f4:1-l:l) gave 12 (936 reg. 3.04 mm& 85.5 8). Dial 11 was 

dissolved indrybguen, (30 ml) an3 tothiseolutimMBar~"areaddgillccNa 1L246g, 1u mmol) snd9O*Pboe4 
(2.245 g, 4.56 mmol) at room tamp lho mixture was stirred far l-2 h and filtanxl. &lid we washed with dxy bsusr VIA 

armbFnedbaaene"aaw~rithast~,Wne,&iedararng90q,ardevaporatgt Thexwfliduewas~e~ 

si 

[a) 5 -291. (cQ635, aa3)r vlB%x 3450 Rrrs), 29!i0 (81, % 

togfvel2(g17~263marol,86;1~)fmslltl2waeemplqadfostha~~riMarrhPMar prfficatiQ7b 111 
1740 (a), 1630 (a), 1360 (in), 1360 (a), 1240 (m). 1120 (m), 1010 

(m), 890 (a) CIU-~, lH-NMR 6 1.07 (3H. 81, 1.19 (3H, a), 1.28 (3H, 8). 1.42 (3H, m). 1.50-1.70 (78, m), 1.75 (IS, dt. 
J-3.1. 13.8 Hz). l.93 (lH, ddd, J-2.7. 12.0, 12.0 Hz), 2.03 (3% 8). 2.27 WI, ddd, J-l.4, 1.5. 12.0 Sr), 3.71 (1% tt 
J-2.8 Se), 4.02 (ZR, m). 4.73 (ZH, dd. J-1.3, 3.6 Hz). 13C-NHR 6 21.0 (q), 26.7 (q), 27.4 cd). 27.7 (q), 29.1 (q), 32.1 
(t), 32.4 (t), 33.4 (d). 35.2 (d), 40.3 (e), 41.4 (t), 42.5 (d), 64.0 (t), 71.6 (a), 74.1 (d), 105.0 (t). 155.6 (a), 171.3 

(a)* ns: m/z 310 tn+. 62 W, 292 (bass peak, loo), 250 (221, 232 (671, 217 (77). 207 (481, 199 (43L 189 (511, 171 (371, 
153 f63),i3? (46). 123 (561, 108 (55). 93 f43f, 81 (331, 69 (27). 55 (41). RR-XS 310.2047 loand C. 69.36~ H, 9.62, 

C&Zd fOIT C,8H3004: c, 69.641 H, 9.74 %. 12, [al44 -28.3' (c-0.25, CNC13)r vmaz 2950 (a), 2720 (w), 1715 (8). 1630 
(a), 1360 (m), 1240 (ml. 1160 (ml, 1030 (III), 895 (6) cm-l. lH-NNR 6 1.03 (3H. 81, 1.11 f3H. s). 1.30-1.80 (7H, P), 2.00 
(lH, I), 2.05 (3X, 8). 2.13 (38, s), 2.37 flH, dd, J-7.3, 17.0 Rz), 2.62 (IH, ddd, J-2.6, 5.4, 8.4 tizfr 277 (1% ddd, 

P2.8, 5.4, 8.4 Hz), 4.07 (2H, m), 4.70 (lH, bra), 4.90 (lH, bra), 9.70 (lH, dd, J-1.3, 1.4 Hz). 13C-NNR I 21.1 (q), 25.2 
(9). 28.1 (q), 29.4 (.I, 30.8 (t), 34.2 (d), 39.9 (d), 40.1 (d), 40.7 (d), 45.9 (t), 48.4 (t), 63.9 (t), 110.0 (t), 155.1 

(8). 1721 (al, 203.5 cd), 208.9 (ah US: m/z 308 tM+, 56 8). 290 (5e). 256 f52t, 247(62), 230 &ese peak, 1001, 215 (51). 
205 (47), 187 f98), 159 (73), 147 (87). 133 7781, X19 (861, 105 (73), 91 (70). 81 (63). 69 (67). 55 (95). 

(~5S,7aS~-3-~~1-5_hydrcnyethyla.6~~1-7~1~~~4~5,6,7~7a~~ 13. Am- of 12 (7w, 89t 
zs3 mmol) in beaasne (50 ml) ard 10 * XM eolutica (30 ml) was refluxed far lh. kfta beins fxxGz% baEeule layer was 
separated, WashedWith~'lne, dried- e3604anI mnantmtad, meresiduevasduomatogra~oMuSiqtogiveplrel3 

(SOS mg. zos mr& 81 S). 
(ml, 1040 (m). 890 (8) cm-$ 

138 t&4 -8289 t-385. aa3); wnax 2960 (e), 2900 (eh 1665 (El). 1640 (a), 1360 (ml, 1240 

IH-NWR d 1.10 (3n, sl, 1.19 (3% 8). 1.45 (1~ ,mf, 1.70 <4N, m), 2.28 (3R. s), 2.38 (4H, ml, 
2.62 (1H. dddt, J-1.2, 1.5, 6.5, 11.6 Hz), 3.71 (2H, ml, 4.68 (lH, bra), 4.74 (lH, bra), 6.78 (iii, dd. J=2.3. 5.1 HZ), 

13C-NMR 6 25.8 (q), 26.8 (q). 28.0 (t), 29.9 (q), 31.7 (t), 33.4 (t), 40.1 (.I, 43.6 (d), 45.9 (d), 49.5 (d), 61.9 (t). 

104.0 (tt, 144.7 Id). 148.8 (8). 155.1 (sf, 197.1 (a)$ X.9: m/z 248 (X+, 58t1, 233 (291, 203 (531, 187 (31), 161 (40). 148 
(86), 133 (431, 119 (32). 105 (421, 91 (SO), 84 (501, 58%&e peak, 100). HR-@IS 248.3299, Pound C, 76.96; H. 9.73, 

-lrd fm C16H2402: G 77.38, H. 9.74 u. 

(3a8,5S,7a6)-3-~etyl-5-aceto~l~,~l-7~1~~,4,5,6,?,7a~ 14. Amixture of 13 (462 
mq,l.86 mmol~,drywriain, (4 ml),srdti$(Z ml) wan stirred far 5-6 hat- Tess The mixture wasdiluted with ice- 
water (10 ml) ard sxtraceedvithethar. Euar ldyex Yae was&d rithsataJS& FatNuKe3 ~tEiae* dridcuer n$D4ana 

-tratai, Tm rasidue was ciuaanatagra~ CNB siq to give 14 (431 mg# l.48 Rw.l, 89 8). 141 la1p-5 -783" 
(c-0.28, CNCl3)r vm.ax 2960 (s), 2900 (ml, 1740 (s), 1665 (s), 1640 (a), 1360 (ml, 1240 (I), 890 (6) cm-la 'Ii-NNR 6 1.10 

(3H, a). 1.20 (3H, 81, 1.50 (lH, m), 1.65 (IH, ml, 1.77 (ZH, in), 2.03 (3R, sl, 2.28 (38. s), 2.37 (48, m), 2.61 (1% ml, 

4.12 f2R, mf, 4.70 (1X, brs). 4.77 flH, brs), 6.78 flH, brs), 13C-NMR 6 21.0 (q), 25.8 (q), 26.6 fq), 28.0 (t). 28.4 (t), 
29.8 (q), 33.3 (t), 40.1 (a), 43.8 (d), 46.0 (d), 49.6 (d), 64.0 (t), 104.2 (d), 144.7 (d), 148.7 (s), 154.9 (a), 171.1 

(8). 196.8 (s), M8: m/z 290 (n+, loo%), 275 (21>, 247 (21). 230 (68). 215 (441, 203 (II), 187 (961, 173 (20, 159 (27)‘ 
149 (96). 133 (531, 115 GO), 105 (49). 91 (54), 81 (371, 67 (38)‘ 61 (83), 55 (44); Found C, 74.131 H, 8.95, Calcd for 

C16H2603: c, 74.451 ii. 9.02 a. 

~3a8,56,7sS~-5-Acatoxyathyl~~6~~yl-7~1~3-~l~m~l~-~4,5~~7,7a~~ 15. rmixtureof 
14 (400 mq, l.36 mmol), wridine ISO ml), 95 \ EMR SndNWX-tRX tra, as) was reflumd fox lh Et&W van av- and 
the resi&e wasdiluted withice-watsr and axtractad with-%hw. ms& L¶yar"aswashedwitbbrin0 3tilmtl,driedovar 

Siq to give 15 (294 mg, 0.%5 mnol. 70 t!. 1st Y$ L5233t [aIf -49.!P(eO.l5, CXI3)r - 3350 (8). g (s), 1735 
(a), 1640 (8). 1360 fm), 1240 (m), 1040 (mf, 1040 (ml, 890 fs) cm- t lH-NMR 6 1.10 (38, a), 1.20 (3R. 8). 1.50 Wi, III), 
1.62 (3H, m), 1.80 (1H. m), 2.03 (3A, a), 2.07 (3H, a), 2.32 (2H. m), 2.40 (2A. ml, 2.62 (lR, dt, J-7.2, 11.2 Hz), 4.13 

(2H. ddd. J-1.2, 2.0, 7.8 Rz). 4.70 (IH, bre). 4.75 (1H. brs), 6.25 (1H. brs), 13C-NHR 6 11.8 (q), 21.1 (q), 25.8 (q), 
27.4 (t), 28.8 (t), 30.0 (ql, 32.8 RI, 40.0 fst, 43.6 (d), 46.5 (d), 49.8 fd), 64.0 (t), 103.8 (tfr 133.0 (d). 144.4 (sir 
154.3 (a), 155.6 (a), 171.6 (8); MS: m/z 305 (W', 100 \I, 288 (87). 272 (32). 228 (84). 218 (40). 212 (28), 200 (661, 186 
(301, 172 (19). 158 (311, 149 (381, 13165). 117 (21). 105 (28). 91 (37). 79 (21). 69 (18). 55 (25)r Pound C. 70.49; H, 
8.87; N, 669, Caled for C18H27p10) C, 70.79~ N, G9lt N, 4.59 C 

(usr,,ss,ss)--7,7~~~1~~1~2-~ 17. ~stinad solut.ia~of Ma mixture of 15 (167 ~JI 438 
mxlol), 0MP (40 ag). a& dry pyridim (50 ml), was &u&d M&!l (43 rag, 438 mmol) atO-5Tw3er At? and the mixhw was 
stirsed for l-2 h Iawstar~25nl~~~~lOml~rua~tothism~~them~t~attrredoMlrnirPIt 
at L+5*c Themixtluewa5extnraaa with ether Md sthw layer Nas rsshed with lfataasJ4# sattwsl+ and hine, dried 

wmn9931ti -tr&ted lhemaiQa"asdwawwgm#wxl - siq t4 bffcad ex+mida 16, vmax Uoo Oars). 3350 (a). 
2950 (8). 1735 (e), 1700 (m&1640 Gz.l.1525 (la).1360 (18). 1240 (ID), 890 fs) cm-% * R NXR W30 MHz) 1.09 (3R. a>. 1.22 - 
(3R, a), 2.05 (3H, s), 2.10 (3R. s), 2.40 (5H, a), 3.30 (lH, br), 4.00 (ZH, a), 4.75 (ZH, dd. J-1.2, 1.4 AZ). 4.90 (IA, 
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k), 7.m ~~1. 16 wao aplayad fae th wmt stap rkbxt prrifietim. 'Ihe airhua of 16 inhsuans (10 4 ard 10 l 
mm (10 ml) "a# reflurpsd far 1 h Bm7.umhyarraawadmllrithbrh2ti~WadoMI-~4~ oorosrrratd~ 

rriduanu szhmdqram over 6iq ro &VW 17 WJ Dg, a22a mmol) as a aixhrre of (q-17 and (q-17 in a ratio I:3 to 

1rZcmlm~dynLa Ti~ras70af~1517~eraploydforthnertBtqpwi~ furmu prrificatim. 
17~ 181~3 +@a* (CrMo. ou3); max 3450 (a), 2503 (a), 1735 Cd, 1650 Cd. 1460 W. 1360 ha), 1050 (a), 990 (a) a& 

%I-NNR 6 1.05 (3A, a), 1.17 (311,s). 3.18 (18, 11, 3.63 (2II, m), 3.73 (2H. a), 4.76 (l& brsh 4.92 (1% brs), @IS: + 222 
CM+, 87 a), 201 &em psak. un), 169 (47). 177 (26)r 161 (621. 149 (433). 133 (64). 119 (69L 10!5@7), 91 (83). 79 (6% 67 

(SO), 55 (60). 

(38, ,), 3.23 (lN, br), 4.28 (ZR, ml, 4.83 (lR, bra), 4.97 (IS, bra). 

(-FKhuaimaHl. 'Ib d soln of 18 (30 mg, O.lO aa indry TFV (15 ml). "a~ sddsdt-M (15 nq, a13 nmOl) at Iooll tsmp 

wx3erArmuIths~ waeetirradforlhatmomtum~ 'Ibthis~~addadmttSQCl6olnand~ra~ew~~~ted. Ry 

residwWan0&ra@sd rim * and sther W- e wim td~~ wad - ngm4 ard cxrlwemti to giv43 ends (-)-I. 
pliswallmKKala~~war~qd ZwryemllM frcm distilled n-baxann to affccd ppa t-j-1 (20 m9, cw98 mm& % 

aXItha#mafolloringapctraldatawhidlras~ NirnUrasof-prsatd fmmw (+kv8tivamicacFd 
(-)-18 lap ?vQ [alp -1cBs* (F&244, cwl3), vmaxooh) 3100 (.I, 1730 (I& 1640 (N), 1386 (ill), 910(m). 890 (8) cm-11 

+NNR 6 1.09 (3R, .I, 1.10 (3R. 8). 1.19 (lK, ddd, J-1.1, 5.9, 10.3 Rzf, 1.50 (lR, =I. 1.57 (2R, m), 1.74 (1R. ddd. J-3.0, 

4.2, lI.6 Ht), I.82 (1f1, dd. J-4.4, 6.8 Rz), 1.87 (lfb dtt J-1.8, 11.0 AZ). 1.92 (1R. dd. 4.9, 5.1 R&r 2.03 (1R, dddd, 
J-2.2. 5.5, 11.0, 12.5 Rrl. 2.25 flR, &Id. J-9.6, 11.0, 19.3 Hz). 2.37 (1R. ddd, J-1.2. 8.7, 19.3 Rzfr 2.69 (1R. dddd, 

J-1.0, 2.2, W, ll.6 as). 4.71 tlR. dd, J-0.85, 1.1 i&f, 4.88 (lR, dd, J10.85, 1.1 Rti. 13C-NNR 6 21.6 (t)r 25.6 (t). 

25.7 fq), 28.1 fq), 28.4 (t). 35.9 ftl. 38.0 (tf, 40.6 (sf, 47.8 fd), 50.0 (df. 57.7 fs), 106.2 (t)t 154.8 (8)~ 222.0 fSf1 

~3% al= 204 (N+, 82 a). 1% 1531, 161 MSI. 147 t30), 133 E-S), 119 f65f. 1oB ti pask, l(B), 105 (42)‘ 96 f48), 91 @O), 

79 $3): 67 (221, 55 (17). 41 05). IKHB zoCl514 RxndC8zO9rri~, calcd folr c~4&p2O4.l527 C 82.361 14 

9.87 t. 
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