
Teuahdron Vol. 46. No. 3. pp. 161-174. 1990 
Rimed in Gru( Britain 

co4o4020/90$3.00+.00 
@ 1990 PerganonPrcss pk 

STERBOCONTROLLRD SYRTEBSIS OF (-)-PREZIZANOL, (-)-PRBZIZAERE, 

TRBIR RPIHBRS AND (-)-ALLOKEUSIOL+ 

KAzmsu1 sAlm41++, TAKBSAI KITARARA and KENJI MORI* 

Department of Agricultural Chemistry, The University of Tokyo, 

Yayoi l-l-l, Bunkyo-ku, Tokyo 113, Japan 

(Received in Japan 7 September 1989) 

Abstract-- (-l-Prezizanol f-b-1, (-)-prezizaene t-j-2, isolated from 
Eremophila georgei Die&, and their epimers, 5 and 6, were synthesized 
employing B-keto ester 7, readily available from (RI-f+)-pulegone, as a 
starting material. cis-Kpimers, 5 and 6 were obtained with over 95 % - 
stereoselectivity via reductive methylation of enone 22. The natural 
isomers, (-1-l and(-j-2, were synthesized v> hydroxy-directed 
hydrogenation of the corresponding allylic alcohol 40 with a homogeneous 
catalyst. 

(-)-Prezizanol (-1-l and (-)-prezizaene (-1-2 were isolated from the essential 

oil of Eremophila georqei Diels, a kind of sandalwood, by Ghisalberti and co- 

workers. lb Their structures including absolute configuration were rigorously 

determined by chemical degradation') and X-ray crystallographic study.2) Then, it 

was shown that sesquiterpenes containing the same [6,2,1,01r5 lundecane skeleton 

Fia I 

t 
Synthesis of Nmo- and Sequiterpmids, Part 18: Part 17. see Kit&am, T-1 lbhara, K-1 Katanabe, H. and 

Xxi, K. Tetrahedron in press. 
l-t 

Research fellax cm leave fran Takasago International Corpratim in 1986-1989. 
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were present in vetiver oi1.3,4) Bhattacharyya and co-workers isolated (+)- 

prezizaene (+I-2, first isolated by Andersen et a1.,3) and (+)-allokhusiol f+)-3 

from Indian vetiver oi1.5t6' In 1981, Nakanishi and co-workers reported the 

isolation of (-)-jinkohol from Agarwood (Jinkoh in Japanese, Aguilaria sp.) and 

elucidated its structure as depicted in 3.') They, however, did not mention on the 

identity of (-)-jinkohol with (+)-allokhusiol (+I-3, and the sign of optical 

rotation was opposite between two natural products. It is remarkable that those 

tricyclic sesquiterpenes have been found only in vetiver oil, sandalwood and jinkoh 

(agarwood oil). They possess extremely strong woody note. 

We have been interested in studying the structure-odor relationship among 

these tricyclic sesquiterpenes and reported chiral synthesis of (-)-khusimone 4 

employing Lewis-acid catalyzed Diels-Alder reaction. 6) It is also interesting to 

clarify the contradiction between jinkohol and allokhusiol. As the first step of 

this research, we decided to develop a general method for the synthesis of 

prezizanol-type sesquiterpenes. A chiral synthesis of prezizanol f-j-1 and 

prezizaene f-j-2 was reported by Vettel and Coates." The key step in their 

synthesis was a intramolecular ring expansion of (diazoethyl)hydrindanone, which 

gave a ca. 1 to 1 mixture of two products and thus tedious HPLC separation was 

necessary. The other was the synthesis of racemates (*l-l and (?I-2 by Piers and 

co-workers requiring more than 25 steps. 10) 

We wish to describe here an efficient and stereoselective synthesis of f-j- 

prezizanol f-j-1, (--)-prezizaene f-1-2, (-l-epiprezizanol f-j-5, (-)-epiprezizaene 

(-1-6 and (-)-allokhusiol f-1-3. 

SYWBWPICPLAN 

CAL- key intermediate was a bicyclic enone C. Selective reduction of C to a 

trans-fused ring system, gem-dimethylation and cyclization might be a rational 

approach to generate the tricyclic system. The enone C should be derivable from B- 

keto ester 7 through intermediates A and B. The 6-keto ester was easily obtainable 

in optically pure form from (R_)-(+)-pulegone by the reported procedure. 11) 

Fig II 
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K%EmRATImoFTBEm lIWEZWDIATE~,21 AND22 

Alkylation of 7 with NaH and alkyl bromide such as MeOCH2CH2Br both in THF and 

DMF gave an 0-alkylated product almost exclusively. Reaction of 7 with ally1 

bromide was sluggish, requiring reflux for 24 h and diastereoselectivity was not 

high (90 : 10) as that with ptenyl bromide. Alkylation of 7 with prenyl bromide in 

THF at roan temp for 3 h gave 8a and 9a (95 : 5) in 90 % yield. The desired epimer 

8a was easily isolated by chromatography. Reduction of 8a with LiAlH4 gave a 1 to 1 

mixture of oily diol lla and crystalline llb (98 %). The mixture was treated with 

2,2-dimethoxypropane and p-'&OH to give a mixture of acetonide 12. Ozonization of 

12 and reductive work up with NaBH4 gave a primary alcohol 13, which was treated 

with MeI-NaH to give a methyl ether 14 (68 % from 11). Hydrolysis of acetonide with 

70 % AcOH gave a diol 15 (95 $1. Swern oxidation12' of 15 gave unstable 8-keto 

aldehyde 16. Refluxing 16 with oxoalkylidene triphenylphosphorane in benzene for 

40 h gave a,B-unsaturated ketones 17 and 18 in 70 to 72 % yield from 15 

respectively. Catalytic hydrogenation gave diketone 19 and 20 quantitatively. 

Cyclization with 2 % KOH in refluxing MeOH afforded the desired key intermediate, 

enones, 21 and 22 (70 %).13' 

OMe 

(J 
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18 R 2 Me 2; R=Me ii R=M~ 

a; NaH. RBr / THE' b; LAH, Et>0 c; CH,CiOMe)zCH., p-TsOH d; 0, / NeOH, NaBH, 

e; ner. NaH / THF f; 70% CH,COOH g; (COCl),, DHSO, Et,N h; Ph,P=CHCOR / 

benzene. A 1; H,, Pd-C(108) 3; 2% KOH / NeOH, A 

Fig I!I 
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BIRCE~(XU,RRU4RKABIJICIS-SFZ~AMD syRRIEs1soFEP1-!3mUBS 

Stork and co-workers reported that reductive alkylation of octalone 23 or 

tetrahydrindanone 25 yielded the trans-isomer 24 or 26 exclusively or mainly.14) In 

the latter case, ratio of products 26 and 27 was 4 to 1. With this fact in mind, 

the enone 22 was submitted to the reductive methylation with Li-NH3, MeI. 

Surprisingly, the major product was e-isomer 28 (28 / 29 = 95 / 5). Accordingly, 

metal-ammonia reduction of the enone with simple alkyl chain 30 was examined and 

the major product was again cis-isomer 31. Stereochemistry of 28 and 31 was 

rigorously ascertained by canparing with the authentic samples prepared from enones 

22 and 30 by catalytic hydrogenation. Corey and Hngler reported a similar result 

that enone 32 gave cis-fused hydrindanone 33 both by catalytic hydrogenation and - 
metal-ammonia reduction. 15) 

23 ?! 2? 26 (4: 1) 27 

Fig IV 

Treatment of 28 with E9r3 in CH2C12 gave alcohol 34 with concomitant formation 

of unstable bromide causing to reduce the yield. On the other hand, the procedure 

reported by Niwa and co-workers16) using Bl3r3, NaI and crown ether afforded 34 in 
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85 % yield. Tosylation of 34 was followed by cyclization with &-BuOK in THF to 

give tricyclic ketone 36 (81 %I. Addition of MeLi to 36 afforded (-)-epiprezizanol 

5 stereoselectively (90 %). Dehydration of 5 with MsCl-Et3N gave (-)-epiprezizaene 

6 (74 $1. Overall yields of 5 and 6 were 5.3 % and 3.9 % through 16 and 17 steps 

from @I-(+)-Qulegone. 

33: A-H 

35 R. Ts 

a; BBr,, NaI, 15-Crown-5, CHzCl, b; p-TsCl, PY c; t-BuOK, THF d; MeLi /Et,0 

e; HSCl, Et,N, CHzClz 

Fig V 

HYIXOXY-Dm ~TI~'l0GGIvE'lWAR!S-~ 

?AS reductive alkylation of 22 gave cis-epimer - 28, it was necessary to find an 

alternative route to the natural trans-iscmer. Evans and Morrissey reported the 

stereoselective hydroxy-directed hydrogenation of 37 with a homogeneous catalyst, 

[Rh(NBD)(DIPHOS-4)1BF4,'7) to give 38. This procedure Seemed to be applicable to 

our synthesis. Thus, the enone 21 was reduced with NaEH4 to give a Separable 

mixture of =.-alcohol 39 and ax.- alcohol 40 in a ratio of 82 / 18 f-100 %). 

Inversion of %.-OH in 39 was readily executed by Yitsunobu procedure 18) to give 

40. The combined yield of 40 was 73 % from the enone 21.+ 

t 
Homologous enone 22 was not suitable substrate for this sequence, because Hitsunobu inversion of the 

intermxliatewith~.M was atrenely slavwith only 10 8 amversian by the presence of a-wthylgrarp. 
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Although other reducing reagent such as LiR(sec-Bu)3H, was examined, we could not - 
achieve the selective reduction to give only 40 directly and the yield was poorer 

than that of NaBH4 reduction. 

Rhodium catalyst, (Rh(NEiD)(DIPHOS-4)1C104 was prepared by the known 

procedure.'g~20) Hydrogenation of 40 under the similar condition as reported") 

gave trans-fused alcohol 41 in 95 % yield with extremely high selectivity (98 / 2). 

After separation, pure 41 was oxidized with Jones' reagent to give trans- 

hydrindanone 42, whose 'H NMR spectrum was distinguishable fran cis-isomer 43 pre- 

pared by catalytic hydrogenation of the enone 21. 

OUe OUe OUe 

ho-_ &..,,,oH + && d l GO" 

21 39 ( 82 : 18 ) ,QJ Ll 

1 t 

p 
Me 

t b 
H 0 

L2 

OUe 0M.Z 

ho ,_$o 

21 9 

a; NaBH,, HeOH b; Ph,P, DEAD, PhCOOH, benzene c; KlCOl / neon d; ~2, 55 etm, 

[Rh(NBD) (DIPHOS-4) 1'210, e; Jones f; Ha, Pd-C(lOE) 

Fig. VI 

o(MpLERoNoF~ !mmiEIS OF NATURAL Isa4ERs 

Conversion of the trans-precursor 42 to (-j-l and f-)-2 was carried out in 

nearly the same manner as described for cis-isomers. Demethylation of 42, 

tosylation and succesive cyclization gave tricyclic ketone 46 (70 %). The specific 

rotation of our 46 coincided with that reported by Coates.') gem-Dimethylation of 

46 with excess MeI-KH in THE' gave the trimethyl ketone 47, which was treated with 

MeLi to give (-)-prezizanol f-j-1 (72-81 % from 461. The spectral data (IR, ' H 

NMR) of the synthetic (-j-l were identical with those of an authentic sample. The 

specific rotation of (-j-l, ruiD -49.9°(c=1.0, cHC13), was also in good agreement 

with that reported, talD-49.00.1~g) 

Dehydration of (-j-l with MsCl-Et3N afforded (-)-prezizaene (-j-2 (73 %I. The 

spectral data of (-j-2 were again indistinguishable from those reported. 
1) 

Synthesis of (-j-l and (-j-2 was achieved in 5.1 % and 3.7 % overall yield through 

19 and 20 steps from (51-(+I-pulegone, respectively. 
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The structure elucidation of (-l-jinkohol f-j-3 was largely due to the fact 

that dehydration of jinkohol with WC13 in pyridine for 10 days gave (+I-prezizaene 

(+)-2. Our synthetic f-1-2, however, was not identical with so-called (+)-2 

prepared from jinkohol in 'H NMR and 13C NMR spectra: especially the chemical shift 

of the secondary methyl group was distinguishable, l-1-2; 'H NMR 6 0.87 ppm, d, 

J=7.2 Hz, 13C NMR 6 20.0 ppm, (+)-2 from jinkohol; 'H N?+R 6 0.86 ppm, d, J=7.2Hz, 

'3c NMR 6 14.3 ppn. In order to determine the stereochemistry of jinkohol, the 

antipode of the proposed structure for jinkohol f-1-3, was synthesized from the 

synthetic (-1-2. Oxymercuration of f-1-2 followed by demercuration with Na8H4 

afforded f-1-3, a diastereomer of (-1-l. The synthetic f-1-3 was again not 

identical with jinkohol, while spectral data of (-1-3 was indistinguishable fran 

those of (+I-allokhusiol 1+)-3 reported by Bhattacharyya.5) 

In conclusion, synthesis of (-l-prezizanol (-j-l and (-)-prezizaene f-)-2, the 

natural enantiomers of key substances in sandalwood, vetiver oil, their epimsrs, 

(-)-epiprezizanol f-j-5 and (-)-epiprezizaene f-j-6, and (-)-allokhusiol f-1-3, the 

antipode of the natural product from Indian vetiver oil, was achieved 

stereoselectively starting from (Rl-(+)-pulegone. At the moment, relative stereo- 

chemistry of jinkohol is shown to be different from the structure as depicted in 3 

and must be revised. Synthetic studies to solve this problem are in progress and 

will be reported in due course. 

OMe 

b 1. 

a; BBr,, NaI, 15-crown-5. CHIC12 b; E-TsCl. PY C; L-BuOK, THF d; MeI, KH, 

THF m; l4eL1, Et,0 f; nscl, Et,N. CH:Clt g; Hg(OAc),, THF-HaO. NaBH,- 

NaOHs. 

Fig _ VII 



768 K. SAKURAI et al. 

GrS,3R)-2-plsthoxycarbcnyl-3-methylcyclopa1~ 7. Alzc&ingtothemethcd~I4u%5)?lndwDlinakyb),7uasIre- 

@ fran u$-(+)-@egale, w#lidl WIa available frun TakasagD IntarnatioMl opporaticn. 

bl#+105.3°~~2.0, CIU3). IR urnax 2950 (a), 

7) n#l.4436, 

1750 (8). 1720 b), 1440 (m), 11x3 M, 1005 Cm). lH Nal 6 1.20 

(3H. d, M.5 Hz), 1.50 WI, W, -1.3, 2.8, 11.1, 12.4 FkL), 2.20 WI, m), 2.37 (I.& dddd, -2.9. 8.5, 11.2, 

11.3 FE), 2.43 (1H. &kkI, J10.9, 1.2, 8.0, 9.3 FkL), 2.60 (lH, m), 2.79 (1H. d, J-12.2 Hz.), 3.77 (3H. 0). =C W 

6 19.3 (q), 29.3 (t), 36.4 cd), 38.7 (t), 52.4 (q), 62.9 cd). 169.6 (q), 211.8 (9). ps m/z 156 (I&, 21). 141 

(19). 123 (33). 109 KW, 101 (SS), 96 (28). 69 (100). 55 (25). Band C, 61.201 R, 7.71, -C&I for C,$il203: C, 

61.521 H,7.74 a. 

t;a,3RR,-2~1-3-wthyl-~lcycl~ & 'm a suspwsion of 60 a WA (6.0 g, 0.15 ml) in 
dry l¶w (300 ml), IBS added Mae 7 (19.9 g, 0.13 Ima) in dry nlF (50 ml) at 10°C up to - WqJ ard the mix- 

ture wae stir?Mi for 3 h. 'm this mixhue, wae added freshly distilled ~enyl brcmide (22.3 g, 0.15 -1) and the 

mixturewee stirred for 3-Shat -w. 'Ihernixtweu&3paaedinto5Omlofrstez~ extractedrithsthar 
(100 ml x 3). 'Ihe ether layerras waahadwieh brine, driedcnmrng93 ard ew. 

i+ 

Tim residlm IAB 

chrwtographed - Si02 to give (h (25.8 g, 90 N). h +l.46%~ [al +123.9~kFO.292, aiCl3): IR - 2950 

(a), 1745 (81, 1725 (8). 1430 cm), 1220 (m)r 1H m 6 1.03 (3& d, J-6.9 Hz), 1.63 (3H, hrs), 1.68 (3H. tcs), 1.78 

(la, M&l, 56.6, 10.6, 10.9, 11.8 ii?.), 2.05 (lH, ml, 2.13 (1H. ckkkl, J-1.8, 2.5, 9.0, 11.5 Hz), 2.30 US. m), 

2.52 (la, dddd, ~-3.7, 2.5, 8.0, 18.4 Hz), 2.55 UH, d, J-S.0 FkZL), 3.70 (3H. B), 4.90 Wi. m). 13C tWf 6 17.6 

(q), 17.9 (q), 25.9 (q), 28.2 (t), 29.6 (t), 38.3 (d), 39.1 (t), 51.7 (q). 63.4 (s). 118.4 (d), 135.9 (8). 171.2 

(s), 216.5 (6) I(s m/z 224 CM+, 28). 206 (17). 165 (39), 149 W30). 141 Ul), 125 (25). 109 (43). 93 (20). S1 

(25), 69 (41), 55 (21).- Fanrd C, 69.77; II, 8.89, ~alod for q3H& C, 69.6lr H, 8.99 R. 

~1~,~,~~-2~yl-3~yl-2~l~cl~~l ll. m a suqxlsicn of LAN (3.9 g, 0.1 mD1) in dry 

ether exJml),wasaddaddrc&setaoOg,89.~1) indryether WOml) at 0-1O’CaIKlthe HdxturewasatirTed 

for 2 h. Ihemixhvevaa treateduithH20 (InIl), 8Na(R (lml) anaH (3rd) and filtered. +aR filtrate- 

dried-qs34and omcenttated.~rasi~waachnmatograFhedoverSi togive 

(?k 

aR)-ll(l3a) and (IS)-llalb) 

in a ratio 1 : 1 al a 1H PanI an¶lyaia. (17.3 g, 98 *j. Ltr mp 65 OC [crl -28.2 cx.1, aKx3). n-k 33% 

(S), 2950 (s), 1440 (a), 1370 (m). 1050 (s). 1Fl MI 6 0.88 (3H, d, J-7.0 e), 1.20 (1H. m), 1.58 (lH, m), 1.69 

(3H, a), 1.74 (3H. d, J-l.2 Hz), 2.00 (4H. m), 2.12 (1H. dd, J=S.O, 15.4 Fktz), 2.33 (lH, dd, J-7.0, 14.0 -Jr 3.4S 

(lo, dd, J=lO.l, 11.1 HZ)., 3.67 (la, d, J=lO.7 &L), 4.23 UH, t. J-6.5 bkb), 5.35 WI, I). 13C MR 6 15.6 (q). 

17.9 (q), 26.2 (q), 29.3 (t), 30.1 (t), 31.7 (t), 38.9 (d), 50.3 (81, 66.5 (t). 78.8 cd). 121.1 cd). 134.0 (s)i 

)zs m/z 1% @I+,. I), 180 (41). 155 (23). 149 (65), 138 (26), 124 (35). 111 (49), 93 (78). Sl (77). 69 (74), 55 

c1OG: Famd C, 72.721 A, 11.06, Calal fOr Cl2H22% C, 72.681 A, 11.19 t. llb 8 r@ 1.4631 tcil~-4.6"(c1).2, 

azl,). IR b 3350 (m), 2950 (s), 1440 (m), 1370 (m), 1050 (a). 1S M 6 0.98 (3H, d. M-7 *z)r 1.44 (lb m)e 

1.67 (3H, s), 1.73 US, d, -1.2 HZ), 1.75 (3H, m), 1.97 (1~. d&Id, JW.S, 1.6, 3.7, 7.9 Hr.), 2.13 (1H. a. 

J=11.2, 14.4 Hz), 2.32 (la, dd, Jlll.2, 14.4 Hr.), 2.85 (2H, m). 3.54 (lb a. 56.7, 11.2 mz), 3.90 (1H. & 

J=4.0, 11.2 Hz), 4.04 (lH, m), 5.27 (lH, m). 1~ ~MI 6 14.6 (q), 17.8 (q), 26.2 (q), 29.7 (t). 31.5 (t). 32.2 

(t), 38.3 cd), 49.3 (a), 64.4 (t), SO.5 (d), 120.2 cd), 134.2 (8). = m/z 1% M+,. S), 18J (47). 155 (2S), 149 

(78). 1313 (33). 124 (43), 111 (58). 95 (93). 81 (92). 69 (S7), 55 (100). F~DxI C, 72.508 S111.14. C&X~ far 

~1~~~~4 c, 72.68; H, 11.19 u. 

(lR,3aFs,7aS)-1,5,5*iIm3thyl-7apenyl-4,6-diox¶hexahjdrindane 12. A mixture of ll(13.1 g, 66.2 ml), E_ 

Tsauo.5 g) Md 2.2-dinethcpcypcopme (3OOml) vas mfluxad for6-8h. After being ax~led, tha mixhve m washed 

with a.&NaHa)), brine& &id_r bQS34. OrganiClWWraS cxxl&zltratejandth0theidue-~~~~ 

over PLorisi1UX-200 mesh) to give Y (14.2 g,90 t). I.28 d41.4610 [al 4-16.30b0.1, (uc13). IR % 2950 

(8). 1740 (m), 1630 Cm), 14Xl Cm), 1383 (s), 1370 (a), 1050(m), 850 (m). P H tWR 6 O.&i OH, d, -7.4 HZ), 0.92 

(3H. d, J=6.9 Hz), 1.30 (3H. s), 1.35 (3H. s), 1.65 (3H, B!, 1.72 (3H, s), 1.75 (lH, m), 2.18 Wi, dddd, J-7-S. 

8.0, 18.4, 22.7 AZ), 3.25 (1H. d, 5111.3 Hz), 3.62 (1H. d, J-11.3 HZ), 3.82 (lb C& J-10.7. 11.3 m), 3.S7W. d. 

s-d.2 HZ), 5.17 (1H. m). 1% ~MX 6 14.2(q), 18.5 (q), 23.0(q), 26.5 (q). 28.0 (q), 32.4 (t)e 33.6 (t)r 34.9 (t), 
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40.8 (d), 48.6 (s), 61.7 (d), 78.8 (d), 98.4 (81, 120. (d), 134-l (8). BE m/z 23a (M+, 4). 223 (ll), 180 (49). 

165 (17). 147 (30). 136 (291, 121 (48). 111 (45). 93 (74). 79 (85). 69 (100);;5 (73). RxnxI, C, 75.63; R,10.78, 

Calcd for Cp9?2& C175.581 A.11.00 N. 

(l~,3a~S,7a~)-7a-~l-l,5,~1-4,6-di . ‘ndrhdam lb a 6d.n of 12 (14.0 g, 58.8 Imul) in 
dry MmR (1OOml),ae in- 03 wltiltbe wlor teomin9 bru0 at :&. m this s0I.n 188 added ta1m~t2.22 4, 

~~l)p&,awiwan3themhtun3~mtirredovarniglrr. MXir*lsevapratdand~(#W)ml)andbhE(M 

ml) were added to the residue. Organic layer was washed with brine several times, dried over NgSO4 and 

cTxom&nw. The residue -CL8 chm?atlxJm~ - Florisil to 9ivu l3 (10.1 g, 80 9). 33; 461.4645 ra186 

-15.7°(~.27, C?E13), IR h 3450 (s), 2950 (a), 1370 (8). 1230 (III), lo50 (m). 'H W 6 0.94 (3H. de J-6.4 Hz), 

1.32 (3~. s), 1.39 (3~. s), 1.79 V/H, m), 3.40 (lH, d, Jh111.4 Rz). 3.65 (I& d, Pll.4 -)a 3.76 (18, m, Jp1.2~ 

6.4, 6.6, 11.6 RZ), 3.85 (la, dddd, J-5.9, 6.0, 7.7, 11.9 AZ), 3.98 (LB. dr J-4.2 RzL). =C W 6 13.4 (q). 23.3 

(q), 26.0 (q), 32.4 (t), 33.2 (t), 41.5 (t), 43.6 (d), 47.6 (s), 59.9 (t), 61.6 (t)r 77.7 (d), 98.7 (8). = m/z 

199 CM+-15, 111, 156 (6). 138 (446), 108 (55), 93 (82). 79 (87). 67 (81), 59 (100). 55 (82), 53 (67). @curxl C. 

67.041 Ii, 10.04, Calcd for +$&03 C, 67.26) H, 10.35 9. 

(LR,hRS,7aS)-7a+Wkxy&hyl-l,5,5+&mthyl-4,6-di~~ 14. m a wrspension of 60 a NaH (3.6 g, 90 

-1) indryw (5ooml),wasaddeddroprlss 3.3 (9.70 g, 45.3-l) indrymp (WOml) at 40-50°Cand the mix- 

ture ww refluxed for 5 h. AftErbeingawled, (H3I (13.4g. 9Olmnl) was added dro&.9s to the mixture and this 

mixture - stirred for overnight. 'Ihemixtureraspllrrdintoi_ter(50ml)an3extractedwlthethar. 'Ihe 

&herlayerwaswashezlwithbrins,drisdorrra~4and -tG¶t.Od. Iheresiduswasc.wcmmtagra~wersiO2 

to give 14 (9.81 g, 95 a). 141 d21.4581 (61a2 -18.2O (00.215, (Rc13). IR vna* 2950 (s), 1450 (ml, 1365 (III), 

1220 (S), 1115 (6). l?I MR 6 0.95 (3H, d, ~7.0 FFz), 1.30 (3H, s), 1.36 (3H, s), 1.65 (4H. ml, 1.78 (2H, ml, 1.85 

(1A. ddd, J-5.5, 6.4, 8.0 Fkz), 3.33 (3H. s), 3.37 (1H. d, J=10.6 Hz), 3.49 (2H. ml, 3.64 (1H. d, J-10.6 Hz). 3.92 

(IJi, d, 513.8 Hz). =C p#l 6 14.2 (q), 22.9 (q), 26.4 (q), 32.2 (t), 33.5 (t). 37.1 (t), 41.6 (d), 47.2 (a), 58.6 

(q), 61.4 (t), 69.7 (t), 78.9 (d), 93.5 (8). p6 Q/z 228 (M+, 1). 213 (30, 170 (14), 152 (59). 138 (WI, 121 

(34), 121 (441, 107 (37), 93 (95), 79 (lOOI, 67 (731, 59 (72). 55 (721, 53 (66). ti c, 68.381 A, 10.54, 

mlcd fOK C13H2403: c168.381 H, lo.59 9. 

(lRS,2S,3R)-2+ydrcw~&hyl-~l-3-wthylcycl~l-ollS. 14 (7.80 g, 34.2 imrol) - dissolved in 

100m10f708ai3azaicDlnandthe mixtura was atin-d for l-2 h. It,thismixtur8rss~10_50*RoAsolnto 

beIxutralized.~~rasaxtra~witheeher. IheetherlayerwaswaahedwithsatNGn.$Wn8anddried 

-ngsoqd -tKatEd. lM residue - cbrcxatc.gra#ed over Si4 to give lS(6.11 g, 95 a). =J n&4698 

[c@-14.6' (~0.2, W13). IR "_ 3450 (s), 2950 (81, 1120 (ml. 'H m 6 0.86 (3H, d, J=7.1 Hz), 1.43 (1H. ml, 

1.57 (2S, ml, 1.76 (2S. ml, 1.92 (lR, ddd, -3.1, 6.7, 15.1 Hz), 2.03 (1A. m), 3.39 (3H. s), 3.50 (PHI, bra), 3.55 

(1H. dd, J-1.7, 11.7 Hz), 3.62 (1H. m), 3.67 (1H. &Z&l, J=3.6, 3.6, 6.7, 6.7 FM, 3.77 (lH, M, J=3.1, 3.1, 8.7, 

8.7 Hz), 3.96 (2H, &I, J-1.0, 11.6 Fk). 13C MUI 6 14.3 (q), 28.7 (t), 30.1 (t), 37.5 (t), 41.1 (d). 47.1 (6). 

58.6 (q), 63.9 (t), 70.5 (t), 81.8 (6). Fs m/z 152 CM+-36,. 140 (2). 138 (9), 120 (la), 107 (25). 97 (391, 95 

(37), 81 (45), 79 (56), 67 (66). 55 (100). 53776). Fbnd C!, 63.55~ A, 10.49, Calod for C10H2003: C, 63.80~ A, 

10.71 a. 

(2S,3R)-2-Fo?x~l-~l-3~th~lcyclo~811~l6, J (28,3R)-2~1-3~thyl-2-(3-l-butenyl~- 

cyclW 17 arrl (2S,3R)-2~yl-3-n&hyl-2-(3-axo-l-px1tznyl)cyclopwtarane 18. m a soln of 

(L?X~)~ (6.1 ml, 70 mrpl) in dry a2Cl2 (100 ml), - added a soln of pa3 (9.15 ml, 140 mrpl) in dzy 012'212 at 

-78'C. ?t, ths mixhzra was added IS (6.0 g, 31.9 rmol) in dxy CX2C12 soln and tbs mixture was stirred for 15 min 

at -78Y. lb the mixture, was added Et3N (45 ml) an3 stirred forlh at -78 'C and up to rcan tenp. l'tw mixture 

uas pxred into i-tar(#) ml) and oryanic layer was extracwd with 0f2C12. IheorganiCla~WASWdSbsdWith 

brine,dried-Hgso4and ooncentrated. 6ri.1~ (10ml)ransaddedtoarasiduaandotganiclayerwksaxtracted 

witbetbsr. l?u3 ether Layer was wshedwith brine, dried over t4gSJ4 and wnmntrataitogivecruds16. 16 wd~ 

enpl@ for th mxt stapwithatt further purification. 16~ IR h 2950 (s), 2750 (m), 1740 (a), 1705 (s), 1450 

(m), 1110 (8). 'H m 6 (GD6) 0.86 (3H, d, -7.1 Hz), 1.43 (1H. ml, 1.52 (lH, m), 1.78 (lH, ml, 1.88 (2H, m), 

2.07 (ZH, m), 2.13 (1H. ddd, J-2.3, 8.6, 19.8 Rzlz), 2.96 (3H. 81, 3.18 (lH, m), 3.31 (18, m), 9.35 (1H. d, J=l.O 

R?G). 13C TV 6 (C6D6) 14.5 (q), 20.0 (t), 30.6 (t), 37.7 (t), 39.7 (t), 58.0 (q), 67.0 (s), 68.3 (t), 199.9 (d), 

214.0 (6). 

Ihe mixture of 16 ti tri&enyl~ranylideeao8~ (60 g, 0.15 rol) in dry benzene was refluxad for 48 h 

under AK. eenUrne '1~s evaporated ti the residue as chnnmtcqra@wzd ever SiO, to give 17 (2.57 g, 72 9). 171 

d41.4703 (++@J.6°(c10.135, r*rcm). IR v_ 2950 (s), 1740 (s), 1665 (s), 1615 (s), 1360 (6). 1260 (ml, 11x) 

(a). 'H ?M? 6 1.07 (3H, d, J-6.9 Hz), 1.55 (lH, m), 1.80 (lH, ddd, P5.7, 6.0, 14.4 Rz), 2.08 (1H. m), 2.10 (1H. 

m), 2.23 (3H. s), 2.30 (1H. m), 2.35 (2H, III), 3.25 (3A. s), 3.40 (2H, Dodd, P1.2, 1.4, 4.2, 9.6 Fk), 6.03 (1H. d, 

J-16.3 Hz), 6.70 (lH, d, J-16.3 fk). 13C WR 6 14.9 (q), 27.3 (t), 28.0 (q), 32.9 (t), 37.1 (t), 39.2 (d). 57.1 

(a). 58.5 (q), 68.6 (t), 131.1 (d), 143.8 (d), 197.3 (s), 217.9 (6). = m/z 224 (N+, 15). 209 (10). 182 (26). _- 
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166 (17), 149 (36)r 137 (75). 123 (69), 109 (74), 91 (68). 79 (X0), 77 (83). 65 (66). 55 (72), 53 (79). panrd 

C, 69.59; Ii, 9.01, Cal03 for Cl3H2003: C, 69.611 A, 8.99 \. 

lB was mpued fran 15 (5.8 g, 31.7 mol) in the sLu43 

[alp +50.5°w0.45, ether). 

lnanner dBcri.kd akwa(2.64 g, 72 N). lEY l$21.4822 

IR & 2950 W, 1740 (s), 1680 (8). 1620 (81, 1469 (m), 1120 (s), 990 (m). 'A N4R 

6 1.06 (3H. d, JW.9 Rz), 1.08 (3H. t, J-7.3 FkiL), 1.56 US, m), 1.82 (lS, ddd, N.6, 6.2, 14.3 Fk), 2.06 Wi, la), 

2.09 (1H. dt, J-5.3, 7.2 Hz), 2.28 (ZR, ml, 2.38 (1H. cHd, m.3, 8.8, 19.2 Hz), 2.53 (2S. q, J-7.3 Fb), 3.26 (3% 

a), 3.40 G?H, dt, J-5.9, 7.3 Hz), 6.04 (1H. d, J-16.2 Hz), 6.73 (1H. d, J116.2 ik). =C tWf 6 7.9 (q), 14.8 (q), 

27.3 (t), 32.8 (t), 34.6 (t), 37.2 (t), 39.1 (d), 57.1 (s), 58.5 (q), 68.6 (t), 130.1 cd), 142.5 (d), 199.8 b), 

218.1 (S). I(s m/z 238 &I+, 7). 207 (54). 182 (32). 153 (72). 137 (581, 128 (56). 109 (60, 95 (69). 81 WO), 57 

(loo), 55 (97)._ - Ftxmd c, 70.101 A, 9.26 calal fcx cl4Fi224: c, 70.561 R, 9.309. 

(2S.3R)-2+Wha~Wl-3~~l-2-O_cmohttyl)cyclopcatanola 19 ti (2&3R)-2~1-3aathyl-2-(3- 

cPropentylb'=losBltanons a0. A mkture of 17t2.5 g, 21 mml) awl W-C (10 S) (50 mg) in !&Cm (30 ml) un%.r ~ 
a~wasstirredforlhat-tenp. ‘Ibe mixture was filtered to reaueacatalystandthm filtratevaa 
concentrated to give 19. 19 was employed for the next step without further plrification. 

r++45.0%0.49, (xK!lj). 

19,na21.4662 

IR b 2950 b), 1733 (s), 1720 (s), 1360 (ml, 1160 cm), 1115 (a). lH tWR 6 1.05 

(3H, d, X.9 Hz), 1.51 (2% dddd, J-3.9, 1.7, 4.6, 6.5 Rz), 1.62 (1H. dt, J11.4, 10.3 R~br), 1.75 (lH, &M, 56.2, 

9.2, 15.2 FIz.), 1.93 (ZA, ml, 2.12 (JR, B), 2.18 @H, ml, 2.33 (2R, d& J-1.7, 8.7 Hz), 2.44 (lH, HI), 3.24 (3R, s), 

3.30 (2H. dt, J-1.3, 7.2 Rz). % w 6 14.0 (q), 23.1 (t), 26.8 (t), 30.1 (q), 31.8 (0, 37.0(t). 37.3 (t), 38.1 

(d), 51.6 (8). 58.5 (q), 68.9 (t), 208.3 (s), 221.7 (8). = m/z 168 CM+-Se,, 153 (100). 123 (391, 109 (39), 95 

(52), 79 (63), 67 (84). 53 (98). Faad C, 68.48; H, 9.70, Cala3 for C13H : C168.991 A, 9.80 a. 

aDwae~lxxedfroalainthes.!nmnanner(72%~. abr n&.4665, [dl % .8°k=G%S5, ether). IR urnax 2950 

(~1, 1730 (8). 17lO (s), 1450 (m), 1400 (ml, 1360 (III), 1110 (s). lH W 6 1.03 (3H. t, J17.4 Hz), 1.04 (3A, d, 

J-6.9 Hz), 1.49 (lH, m), 1.53 (lH, m), 1.63 (Ui, m), 1.76 (1H. m), 1.98 (lA, m), 2.00 (la, m), 2.12 (la, m), 2.22 

(lH, m), 2.32 (1H. ddd, J=l.5, 8.7, 8.9 Hz), 2.39 (28, d, J-7.3 Hz), 2.40 (2H, m), 3.24 (38, s), 3.30 (2% dd, 

J-5.9, 6.0 Fk), =C tM7 6 7.8 (q), 14.0(q), 23.1 ct.), 26.7 (t), 31.7 (t), 36.0 (t), 36.1 (t), 37.0 (t), 38.0 cd), 

51.6 (8). 58.5 (q), 68.9 (t), 211.1 (S), 221.8 (8). phnd C, 69.74) R, 9.96, Calad for cl4A244: C. 69.96; A, 

10.06 a. 

(U(,7aS)-7a-Efathoayethyl-lml-5,6,7,7a-tetrahydrindarrS 21 ard U.~,7a~)-7a~l-l,4-%mthyl- 

5,6,7,7a_tetrahydrindarr5_one P. 19 (5.25 g, 21.9 -1) ras d.tseAwd in 2 % KfX in lgoA aoln (30 ml) urn%%% ti 

at- &up and the mixbve was reflexed for 6-8 h. ~w3eva~tadtogivaaresidwandtheresidueraa 

extractedvLtiether. Iheetherlayerwaswashedwithbrirm,dried-ngso and -trated. me residue was 

chroaatagralzhed over 5102 to g-l- 2lf3.40 g, 70 $1. =J r$0%5049 [.l~O. +44.2°k0.35, 4 ether). IR '4aax 2950 

(S), 1665 (a). 1~ tam 6 0.87 (3H, d, -7.1 Hz), 1.40 (lH, m), 1.70 (lit, &kl, -1.0, 6.8, 14.0 Hz), 1.87 (3A, m), 

2.15 (lH, ml, 2.25 (lH, ml, 2.37 (1A. Dodd, m.8, 2.4, 14.0, 17.9 Hz), 2.52 (3H. m), 3.32 (3H, s), 3.46 (2H, dd, 

J=6.8, 7.0 Rz), 5.86 (lH, 8). % W 6 17.0 (q), 26.9 (t), 29.8 (t), 30.5 (t). 33.3 (t), 34.5 (t). 39.3 cd). 

47.3 (s), 58.7 (d), 69.7 (t), 122.6 cd), 178.2 (5). 199.4 (s). !@ m/g 2OS W+, 3). 150 (58), 135 (36). 121 (2’3), 

105 (49). 91 WO), 79 (59), 77 (72). 65 (37). 53 (37). Fank3 C, 74.68J A, 9.64, Qlcd for Cl3S204: C, 74.96J 

Ii, 9.68 n. 

22waspreparedfrcmaDinthewm3 wanner(3.2 g, 72 a). 22~$%5072 tdl~+41.0°+0.44, ether). IR & 

2950 (s), 1650 (s), 1440 cm), 1370 cm), 1320 (8). 1290 (m), 1110 (s). 1H MR 6 0.82 (3H, d. J-7.2 ML), 1.48 (lH, 

tit, J-1.7, 3.7, 8.5 ?kZL), 1.70 (W, brs), 1.71 (1H. ddt, J-1.0, 6.5, 14.5 Hz), 1.78 (1H. t, X.0 Hz), 1.85 (ZA, 

dt, J-2.7, 6.2 FIZZ), 2.16 (lH, m), 2.22 (lH, ddd, J-2.3, 6.0, 10.0 Rz), 2.38 (1H. ddd, J=2.0, 4.0, 6.9 AZ), 2.51 

(2~. m), 2.54 (1H. ml, 3.32 (3H. 8). 3.44 UH, dd, Ja.7, 6.9 HZ). 13C w 6 11.5 (q), 17.0 (q)r 26.7 (t)r 28.4 

(t), 30.2 (t), 33.4 (t), 34.2 (t), 39.5 cd), 47.9 (s), 58.7 (q), 70.1 (t), 128.6 (s). In.1 (s), 193.8 (S). m 

m/z 222 (M+, 8). 164 (100). 149 c&9), 135 (71). 121 (53). 105 (66). 91 (981, 77 (98). 67 (48). 55 (93). pamd 

C, 75.47~ H, 9.75, Calcd fOr Cl4H2fi: C, 75.63~ H, 9.97 t. 

(1R,3aS,7aS)-7a~yl-1,4,4~~~~~5- aB. lb a soln of nwtallic Li (1.08 9, 0.12 mD1) 

in liquid NH3 (100 ml), was added a eoln of 22 (440 mg, 2 -1) in dry 'IFIF (10 ml) at -33'C and the mixture was 

stirred for 1 h. 'Ib the mixture, was added dropwise M3I (1.49 g, 10 mnol) arrd then the mixture - *srmed UP to 

-temp. Ihemixturewas dilutedwith brine (10 ml) and was extractedwith ether. llmether layervasraskd 

withbrine, driedover l@D4 ark3 txmcwknted. Ihe residue wan chramtcgra~ over Sic12 to give 28 (262 mg, 55 

%). 28 J $b&Y.2 [.l~-49.8°(~.485, ether). IR k 2950 (s), 1705 (a), 1460 (m), 1380 (m), 1120 (~1. 'H 
NNR 6 0.83 (3H. d, J-6.9 HZ), 0.99 (3H, s), 1.24 (2% m), 1.30 (3S, s), 1.48 (1% m), 1.72 (%I. m), 1.87 (1H. ddd, 

J-3.8, 9.6, 14.4 Hz), 1.913 (al, ml, 2.16 (1H. &kM, J-2.0, 2.8, 5.3, 13.0 Fk), 2.20 (1FL dt. J=3.8, 5.3 AZ), 2-76 

(1% dt, J-6.1, 14.4 Hz), 3.37 (31%. s), 3.51 Wi, dt, -5.8, 9.3 IizL), 3.57 (lH, dt, J-5.5, 9.3 tiL). ram/z 238 

CM+, 8). 223 (19). 179 (29). 162 (62). 161 (30). 149 (251, 121 (44), 109 (301, 107 (511, 95 (55). 93 (591, 81 

(50). 79 (68). 67 (74), 55 (100). 



(-)-hzid. -m and -6lkJkhuaiol 771 

(V(,kS,laSJ-7hffydroayathyl-l,4,4_tr~ 34. lb a mixbxa of 2N220 mg, 0.91 ml), MI 

(420 rag, 3 rmD1J and l_ (250 mJ, 1.2 WlJ in dry ar2cl2 (60 ml). (CuI ebd ere,CO.l arl, 1.2 KeaJlJ at 

-30='cunckr~r ami themixtura uaa stirred for 4 h. 'IheK&tureraa~intosat~(2.OmlJsnd~ 

withCS2c12.CH2c121ayerlaswaahsdrithsatNa2s2q) sewraltimss,sattaRD3~brins,dried-11993(and 

-t?XbY. mmI!3&b0*aaduaatogm~-siqLtoglve34.34antainedl~ hJtuSSeqalopifor 

thenextstapwithalt f\nthar puifioaticm. 348 IR -,& 3450 oxs), 2950 (ml, 1705 (6). 1450 (mJ, 1370 (a), 1020 

(ml. lg m/z 224 (I&, 22J, 194 (23J, 192 (91). 160 (60). 128 (56J, 109 (23J, 96 (39). 95 (30). 81 (3Oo)e 73 (25). 

64 (1OoJ. 55 (34). 

(1R,kS,7aSJ-1,4,4~1-7a-tosylaxyeth a Tb * I&xture of cnde 34 aIxl m (10 mgJ in 

dxy mid_i.m (5 ml), - addsd p%Cl (190 rag, l-1) at M'C and ths adxhve - stirred OvsmigM. me 

reactianmFxhvewaspcrvedin~i-~(lomlJ~ exeact&~thether(5Oml x 3). ThsethErms~with 

satcuxl4, u20, satNaKo$ brine, dried over lqSO4 and anoentrated. %Breaidwwa6chraaltograFhsd-Si~ 

to give 35. 35walaqYloyedforthenextstapwithatt furthsr plrsficatial. IR yax 2950 (BJ, 1700 (sJ, 1360 

Cm), 1170 (a). 

0~,2~,5~J-2,6,6-~~it~i~y~1o~6,2,1,&1 llfx%Qw7_ax,~ lbasolnof3!5indryTTrFG!OmlJunderAr,was 

"e3t-Sux (112 mg, llm@DlJ at-20 Yawl ths Rdxture ems stirred for 3Omin. merdxtulausspxlreTJintoweer 

(5mlJandextractEifwkhetbr. ThsetherlayarraswlNshadwithkine,driadovarr+3So4and -trated. me 

residue - chmuxtogra#ei - sip to give 36(184 ng, 70 a fmm mJ. 361 n&4794 [aJ~t7.5*W0.1, CXI~J 

IR urnax 2950 (BJ, 1705 (8). 4 W 6 0.90 (3H. d, X.8 WJ, 1.06 (3H, a), 1.18 (3Ii, a), 1.22 (2H, mJ, 1.40 (l.% 

ckkl, J=LE, 2.5, 12.2 RZJ, 1.55 WI, ml, 1.58 (3iT. mJ, 1.70 WI, mJ, 1.82 Wi. mJ. 1.97 (2% mJ. 2.73 (lb &% 

M.6, 7.7 FIZZ). 13C M 6 14.6 (qJ, 24.7 (qJ, 26.1 (qJ, 29.7 (t), 30.8 (tJ, 31.5 (tJr 31.8 (tJr 33.3 (tJr 38.9 
cd), 44.0 (eJ, 50.3 (dJ, 53.7 (sJ, 57.5 cd), 220.2 (8). )(s m/z 206 W+, 80). 191 (7). 178 (440, 163 (12J, 150 

(lo), 135 (7OJ, 121 (35). 107 (84J, 94 (1COJ. 82 (56). 69 CsOJ;?5(25J, 41 (100). l%HE 206.1632 C14S22O. 

(-J-5-Epi~l 5. Tb a soln of 36 WOmg, 0.44 IlwlJ in dry ether(4 ml), wls addsd ai3Li ( lml, 1.28 n 

ether eoln, 1.28 -1) at -78=X ux?er AK. Ihe mk@ara ww &irraJ at -78=X! for 5 rain am.3 up to roan tenp for 10 

min. meraixtwe~plnedi.ntoi-~(5mlJand exbacbdwithether. l%RethRrlayerwaswas~with 

brines-1times,driedw%rNgSQ4alki a*loentntted. mere~~rs~~~~o~ersi~~gigive5~77 

w. 80 nJ. 5J mp m”cJ WJ$-53.0°b0.2, =3)J lR urnax 3500 b), 29% (S), 1450 bJ, 1375 (ID), 1080 bJ. 'Si 

W 6 0.83 (3H, d, Jh6.4 AZ), 0.85 (31x, sJ, 1.12 (I.S. mJ, 1.14 (3H. sJ, 1.22 (3tb sJr 1.30 C2& III), 1.40 (3% m), 

1.58 (4A, mJ, 1.80 a, mJ, 1.98 US, a% Jh4.4, 4.9 IizJ. % M 6 14.3 (qJ, 24.4 (tJ, 25.6 (qJ, 26.5(t), 29.7 

(qJ, 30.1 (q), 20.2 (tJ, 30.6 (tJ, 30.9 (tJ, 38.2 (sJr 38.4 (dJ, 50.5 Cd), 52.8 (a), 59.8 (dJ, 76.6 (8). M m.'z 

222 CM+, 44J, 179 (88). 161 (18). 137 (28). 109 WJ, 95 (53). 83 (6oJ, 7I WIOJ, 43 (58). Rind C. 80.761-ft~ 

11.71, Cal& for C~.p&: C, 81.021 A.ll.78 L 

(-J-5-Epipreziulene 6. 'Ib a soIn of 5 (31.3 mg, 0.14 ma31J, R3N (2 ml) in dry a'zc12 0 ml), wa added Elscl 

(0.1 ml) at OY rmdet Ar. 'Ihemixhve*asstFrred for10minrpouredintoice-rsterMdertracted*ith~~2. 

'Ihe extractwas washedwith brine,dried- MgSO4 ard oxwxrltratad. ltlsrasidwwasduum~~over 

neutral SiO2 to give 6 (21rq, 73 *J. 6 J n&49% blp-53.0%=0.05, IXl3J IR vwx 2950 (6). 1630 (sJ, 1370 

(SJ, B90 (8). %I ?Ml 6 0.83 DFI, d, ~=7.0 Sz), 1.04 (3H. sJ, 1.17 (3A, sJ, 1.45 (2IX, mJ, 1.52-1.85 UOH, mJ, 2.75 

(J.H, mJ, 4.61 (1A. d, pl.8 RzJ, 4.67 (1A. d, -1.8 SzJ. 13C W 6 14.3 (qJ, 26.0 (tJ, 28.7 (q), 29.7 (tJ. 30.0 

(qJ, 30.5 (tJ, 31.5 (tJ, 32.7 (qJ, 35.7 (a), 36.3 cd), 38.9 (tJ, 46.1 (dJ, 59.3 (dJ. 105.2 (tJr 162.7 (8). Is m/z 

x)4 (M+, 13), 189 (35J, 175 (10). 161 (23J, 147 (22J, 134 (42). 133 UOOJ, 119 (4OJ, 108 (35). 91 (35). 93 (32J, 

81 (25). 67 !12J, 69 (12). 55 (15). 41 (10). pbmd C. 87.781 R, 11.67, 81cd for Cl5ffi4: C, 88.161 ii, 11.84 B. 

m*J 204.1852. 

UR,5R,7aSJ-7a~yl-l~l-5,6,7,7a~~5-ol r). lb a e~ln of Zl(2.08 g, 10.0 uuol) in k&Xl, 

was added px-tionwiea ~&?a~(450 nq, 12 -1) at -20°C and ths mi.xtum was stirred for lh. Bkuiraaeva~ted 

andtotheresimae,rasaddedether~1oO~J~brine~2omlJ. Qqan.iclayerwswshedwithbrine,driedwe.r 

nJso,d -ted. nm residlm ms chmlmeosraphea over nattra1siq to give a lrdxtwe of 39 Cl.75 g, 86.2 

9) ard r) (0.28 g, 13.3 0) 39j n&5010 ~dJ~-25.2°(@J.35, ether) IR h 3450 (SJ, 2950 (a), 1460 (mJ, 1110 

(5). 1Fi r&R 6 0.75 (3ri, d, J-7.1 AZ), 1.16 US, mJ, 1.50 (1A. dt, J-2.3, 7.0 Ii!&), 1.68 (2% m), 1.98 (4A. mJ, 

2.15 (2H, m), 2.30 (UT, mJ, 3.25 (3li. sJ, 3.41 (2% t, Jm7.0 IizJ, 4.56 (1% brt. J-7.0 Hz), 5.77 (Hi, a). 13C ?W7 

6 17.8 (q), 26.7 (tJ, 28.1 (tJ, 30.2 (tJ, 30.3 (tJ, 36.2 (tJ, 39.0 (dJ, 46.1 (sJ, 58.5 (qJ, 67.7 (dJ, 70.1 (tJr 

124.6 cd), 149.4 (6). K? m/z 192 (H+-18, 21). 147 (16J, 134 (91Jr 117 (69Jr 105 (34). 91 WOJ, 77 (19J, 65 

(13). Fbund C, 73.921 A, l?l.%, CalcA for Cl3f+&: C, 74.24~ Ii, 10.54 a. 39 eas axNerud to4obythemathodof 

Mitswkku.lgJ 'lb a soln of 39 (1.75 g, 8.33 rrm~l) in dry benzene(#) ml), was added Pb3P (2.18 g, 8.33 mpolJ, 

tenzoic acid (1.02 g, 8.33 mrol) and DFAD (1.45 g, 8.33 -1) end the mixbum was stirred for lh at rcan temp. 
benzene was eaporated Md the residue vas drunatcgra~ urer SiO2 to give benzoate of 40, whiti was erqAoyed 
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folthenaxtstep~~~pnifigticn(acntaining~anJitisuMbleto~~~~berrrmte). 

Wta of g IR wax 2950 (a), 1780 (s), 17lO (8). 1440 (m), 1260 (8). 1120 (8). 750 (s). ps m/z 314 CM+, 
0, 254 (13), 192 (58~ 147 (lo), 134 (341, 119 (14), 105 wx, 91 (33), n (20). ma a0h of IX&&G in wui, 

wasackledK2cY33(8g)andthe mixture was stirred for 1 h. Mulwaswapxatedardthe~iuerssextractedwith 

ether.llNa*layerml¶swashedwith~ine,dried-M9sJ4and -+Zat&. meresiduewaS~tographad 
over neutral sio2 to give 0 (1.44 g, 73 B). a I $3-5l.5015 r#3.5+107.5°(~.35, ether) IR k 3450 (81, 

2950 (s), 1460 (m), 1110 (S). k MR 6 WA&N, 0.75 (3R, cl, J-7.1 Hz), 1.13 (lH, ml, 1.52 (lA, ddd, J-3.9, 4.0, 

13.0 Hz), 1.66 (1H. ddd, J-1.0, 6.8, 14.2 B), 1.78 (tA, ml, 1.95 (2H. ml, 2.06 (2H. m), 2.21 (iii, m), 2.36 (I& 

m), 3.28 (3H. a), 3.40 (2Ti, t, J-6.4 Rzie), 4.42 (Xi, s), 4.90 (1H. s), 5.83 (lH, brs). 13C HIR 6 17.6 (q), 22.6 

(t), 28.7 (t), 29.3 (t), x1.6 (t), 35.6 (t), 39.6 (d), 45.8 (6). 58.4 (q), 63.5 (d), 70.1 (t), 122.8 cd), 124.0 

(8). BS m/z 192 (&18, 2O), 147 (17), 134 (1001, 117 (64). 105 (29). 91 (88). Ftamxl C, 73.92; A, 10.31, Calal __ 
for C13H224: C, 74.241 A, 10.54 a. 

(lR,3a.9,5R,7as)-7a~Yl-l~~-5x.l II. FewId.@ to the msthod by Amna et al.191 and -- 
Brown et al., 20) (Rh(NBD)(DIPAOS-4)lC104 in WP soln uaa prepared from RhC13, Agc104, NBD and 1,4- 

bis(di#wyl~)bRane. Tb an autoclave (100 ml scale), IBS added O(1.06 g, 5.53 Elml), lw (30 ml) 

freshly distilled ulxk N2, and5amDleqoi'IFIPsolnofQtalyst~~,arrlH2~introduoedeothis 

mixture. 'Ihe mixture uaa hydmseMtea (55 atm, roam tenp, 2.5 h) to give CL (1.02 g, 95 %). at #31.4900 
(dl~*+1.2°(c-0.35, axX3); IR urnax 3450 (81, 2950 (s), 1660 (m), 1120 (s), 690 (8). lH m 6 0.82 (3H, d, J-7.2 

Hz), 1.15-1.25 (3H, ml, 1.30 (lH, dt, P3.0, 15.0 F&j, 1.65 (6H, m), 1.98 (3H, m), 3.35 (3H. s), 3.38 (ZA, t, 

>7.2Hz), 4.10 (1H. ml. =C m 6 18.5 (q), 24.3 W, 27.4 (t). 27.5 (t), 29.0 (t), 30.7 (t), 33.1 (t), 37.7 (d), 

38.2 (d), 44.0 (a), 59.7 (q), 66.5 cd), 70.1 (t). kS m/z 194 &e-18,, 160 (38). 162 (33). 152 (31), 135 (1001, _ _ 

107 (411, 94 (59). 79 (371, 45 (33). pound c, 73.78; H, 11.15, calcd forC13H2& c, 73.54; B, 11.39 L 

(lR,3as,7as)-7a+whcTeeYl-lm~~-5ul0 42. m a soln Of u (930 ng, 4.8 rmml) in acetone (50 

ml), - added Jone8 reagcmt(l5 ml) at O-5?! arrl the lrkturerssstirredfor3Omin. ~lalodnlwaaadded 

tothemixhlreto ~~sofJonee~tandorganiclayer~extracted~thahar. meetharlayer 

aarrslrhedwithsatNaAo3, lxi.ne,driedoverw3sJ4and ~tratecl. lheresidu3rsachrara~pledoversi~ 

togive 42(906rfg, 90 a). 421 ~~A883 (a~#3+26.00(c-0.1, 0xX3). IR v_ 2950 (s), 1715 (a), 1460 (m), 1120 

(8). 1H w 6 0.84 (3H. d, J-7.2 RZ), 1.31 (UI, m), 1.38 (2H. m), 1.57 (I& ddt, -1.3, 5.3. 13.4 Hz), 1.68 (l& 

m), 1.77 (1A. ckkl, J-1.0, 6.4, 13.4 ?kiz), 1.96 (2A, ml, 2.10 (ZA, ml, 2.18 (U!, m), 2.38 (4A, m), 3.36 (3FL s), 

3.48 UH, n), =C t?n? 6 18.4 (q), 27.4 (t), 28.0 (t), 28.2 (t), 31.6 (t), 37.1 (d), 37.4 (t), 42.4 (t). 43.8 

(81, 45.4 cd), 58.8 (q), 69.7 (t), 211.7 (8). PLS m/z 210 (MC, 48). 178 (37). 150 (95), 135 (46). 121 (40). 108 

(65), 93 (OO), 81 (59). 67 (451, 55 (40), 45 ClOO),kM 210.1651 I Cl3H22O2. 

(1R,kS,7a6)-7a~yl_l_methyulexahydrlrrhrr5a u. 44~ pparel fm 42 (792 ark, 3.77 -1) Ln ths 

saremanner~ibed. u, IR ynax 3450 (brb), 2950 (8). 1710 (s). 1~ tw? 6 0.83 (3A, d, 517.2 Hz), 1.35 

(3A, P), 1.58 (I& Mt, -1.3, 5.5, 8.5 RT), 1.67 (3H. ml. 1.79 (1H. drfi, J=2.1. 6.4, 8.5 Hz), 1.95 (me m), 2.1.3 

(lA, ckkl, J-1.3, 6.4, 13.5 Fktz), 2.19 (1H. IQ), 2.40 (4ii. m), 3.80 (2H, m). 135 m/z 1% CM+, do), 151 (561, 133 _ _ 

(SO), 123 (El), 110 (11X3), 93 (94). 81 (901, 67 (731, 55 (80). 

(1R,hS,7a~)-l_Elethyl_7a_toeyloJryethyUleoah 45 cmd (1R,ZR,5S)-7-2-mathyltricyclo[6,2,1,0~~1- 

tmdeoan,& (5mu,p-e~fmn~Uhthesame -rdeecribedabove. 4% IRv- mo (a), 1360 CsiT 

G (la, NW) 0.80 (3~. d, 517.0 RzL), 1.25 (IX, t, -7.0 Hz), 1.50 C3li, m), 1.62 (2HA. de 513.8 mb), 2.00 (a, 

m), 2.34 (4~, dt, 54.0, 12.0 RzL), 2.47 (3H, 8)r 4.20 (2A, tr 517.0 Rz), 7.35 (2He de J=7.5 *jr 7.60 (are de 

~=7.51lz). 45~3s chmnatograpledovarSiD2 andwas enplayea for the next stepwithart fe pnifiatim- 16 

wasEaeparedfm?l45inthaearewnnv described ~(360 mg, 70 a fran 42). e $+o06 r01~*+115.20(~1. 

5X13) lit. (a1~~+115'(~.1, CXXX~). TR * 2950 W, 1705 (81, 1450 (m), 1120 cm). 'H Na 6 0.92 (3S de -7.2 

m), 1.30 (lri, m), 1.38 (2~. m), 1.65 (IA, m), 1.66 (2~. ckL JW.9. 12.5 Eztz). 1.75 (l& m), 1.81 (l& ad. J=b.40 

11.5 AZ), 1.93 (ZH, m), 2.06 (2~. m), 2.19 (lH, ddd, 5-0.7, 12.8, 13.6 HZ), 2.36 (l& a, J-5.7, 14.8 m), 2.67 

(I.& dd, -5.5, 5.7 tiz). 13~ m .s 19.7 (q), 27.7 (t), 28.1 (t), 32.1 !t), 32.6 (t), 38.5 (t), 39.3 (d), 41.4 

(t), 45.4 (d), 51.2 (d), 53.4 (s), 214.7 (8). IB + 178 (M+, 93). 134 (lOO), 121 (75). 108 WJ). 93 (97). 81 

(601, 67 (70), 55 (35), 44 (10). pand C, 80.53; A. 10.04, Cala for Cl2Hl@ c. 80.851 HI 10.18 \. 

(-)-7-Qco-2,6,6-trk&hyltri~l0(6,2,l,Okk~kz&3 4-l. w a wqensLn of KH (278 rag, 20 0 in mineral oil, 

1.56mrc.l) indry TTIF (3Oml). was a&kddropJKloe 16 (26omg. 1.45 mwA) in drY lT@ (2 ml) and the mwzure - 

stirred forlhur&r AK. wthemixtur~,*as addedai3~ (excess) droprise and ttm mixture SW reflumd for 8 h. 

~fteebeingcooled,themlrhversspanedFntoi-tar(20ml)andorgantclayer-extra~withether. Ihe 

etberwaaawashedwithbrine.dri.ciovwr~4and culcezltrated. l'be residue- &rm&xgnfhed over Siq togi- 

47 (267 nq, 91 Q) 47; $31.Y31E (a1~*+13.1°k-0.1, Mcl3) IR "- 2950 (s), 1705 (a), 1460 (m), 1070 (S). 1H 

r?4? 6 0.92 (3H, d, J-7.2 HZ.), 1.71 (3H,8), 1.08 (3Ii, s), 1.25 (lH, m). 1.38 (1H. ddt. J=l.2r 4.4, 7.2 -1. 1.60 



(-)-Prezizanol, -prezizaene and -allokhusiol 773 

(4~, m), 1.73 (ui, m), 1.83 (iii, ddd, ~51.2, 9.1, 10.5 ik), 1.92 (2% m), 2.08 (2H, m). 2.78 (lb a. Jp4.2. 6.9 

RZtL). 1% MQ? 6 19.9 (q), 22.5 (0, 24.4 (q), 27.6 (t), 28.8 (q), 32.0 (t)r 32.1 (t), 37.9 (t)r 39.9 (d), 52.2 

(d), 53.7 (8). 54.1 cd), 167.2 (s), 219.6 (s). Es m/z 206 (M+, 100). 191 (50). 150 (401, 135 (82). 107 (71), 82 

(60). 69 (551, 67 (40). 55 (22). FtxNl c, 8l.591 ii, lo.95, Cal& for c14Ii2p: c, 81.501 A, 10.75 a. 

(-Mrezi-1 1. lwaa ppxcd frcm 47 (247 nq, 1.20 mrol1 in the sanm w described akwe(240 uq, 90 %I. 

1 8 mp 34' fdl~-49.5°(c=0.1, olc13) IR & 3450 (!X), 2950 (s), 1460 (in), 1370 (ml, 1130 cm), 910 M, 890 (ml. 

lH M 6 0.87 (3R, s), 0.63 (3H, d, 507.3 Rzz), 1.01 (3H, s), 1.12 (2H, III), 1.22 (3H. 81, 1.38 (2% ddeJ-4.7r 11.2 

HZ), 1.45-1.60 (5H. ml, 1.75 (lA, m), 1.84 (lH, dd, J-1.0, 2.2 AZ), 1.86 (lb d. 502.3 HZ), 1.98 (2% m). 13C 

tE(R 6 19.4 (q), 19.6 (9). 23.5 (t), 24.9 (t), 27.5 cd), 27.5 (t), 28.6 (4). 32.5 (t), 33.4 (t). 388.1 (t). 39.7 

cd), 40.3 (81, 52.0 cd), 53.0 cd), 53.1 (8). ps m/z 222 CM+, 40), 204 (20), 189 (361, 179 (100). 137 (381, 123 

(#)I, 109 (621, 95 (47), 82 (72). 71 (XI), 55 (205,-43 (38). Fhud C, 81.191 H, 11.73. Calcd for C15H2&: CI 

81.021 H, 11.78 n. 

(-I-Prezinens 2. 2 was pepwed fran I (100 nq, 0.45 nnnl) in the same wmer described abz~ve(67 mg. 73 %). 21 

a.4992 [d@-49.0°b=0.105, (XlC13) IR "_ 2950 (8). 1630 (s), 1375 (m), 1360 cm), 890 (8). %I MTf 6 0.87 

(3A, d, J=7.2 Hz), 1.07 (3H. s!, l.l1(3H, a), 1.15 (lR, m), 1.25 (al, dt, J-1.1, 8.3 Fk)L), 1.50-1.60 (5H. m). 1.79 

(ZH, ml, 1.95 (2H. ml, 2.81 (1A. ckl, J=4.8, 6.3 Rz), 4.60 UH, dd. J=1.8, 18.2 AZ). 4.71 (lb M, J=l.8, 18.2 m)e 

13C tM7 6 20.0 (q), 22.9 (t), 27.1 (9). 30.0 (t), 31.4 (t), 32.2 (q), 32.6 (t), 37.6 (s), 40.4 cd). 41.1 (t). 48.0 

cd), 53.6 (a), 54.3 cd), 105.5 (t), 163.1 (8). bS5 m/z 204 @I+, 20), 189 (43). 161 o()), 133 (100), 108 (74), 91 _- 
(45). 79 (21). 55 (20). pand C, 87.88; H, 11.63, Cald fat Cl5H24: C!, 88.161 He 11.84 %. 

(-M.ll&husiol c-j-3. %a solnof2 (3Onq, 0.15mml) in'l%F-H2O,was tiHg(Q!e)2 (641~0.2mrOl) and the 

mixture was stirred for overnight at rcon temp. lb this nixhlre Ml9 added gradually a soln of 3Mwami4in 3MNax 

so111 (1 ml). Ihe mixture was diluted with water, filtered and extracted with &her. l?le ether layer was washed 

with brine, dried cwer -4 an3 -trated. Ihe residue *as chrmmtcgra~~ over Si% to give reaxered c-j-2 

(15 nq, 50 B) and C-I-3 (13 nq, 85 a, -50 n calversion). c-j-3; $%015 ~.l#J-62~bO.l, cxC13) IR * 34% 

(S), 2950 (9). lH tU4R 6 0.906 (M, d, J=7.2 Hz), 0.910 (3H. s), 0.926 (3H. s), 1.08 (2H. III), 1.27 (2R, dd, J=4.6. 

11.1 Hz), 1.44 (lH, dq, J=3.0, 9.1 I&), 1.52 (W, m), 1.58 (2H, ml, 1.75 (4H. m), 1.95 (lH, m), 2.05 (2H. dd, 

J=4.6, 6.7 Hz). ')C MUi 6 19.8, 21.3, 23.5, 23.8, 26.3, 27.3, 32.0, 33.1, 36.0, 39.8, 40.3, 50.7, 51.8, 52.7, 

76.7. K!3 m/z 222 &, 421, 204 (30). 189 (47). 179 (lOO), 161 (41). 137 (44), 109 (72). 95 (551, 82 (75), 71 

(92), 43 (45): Pund: C, 81.201 H, 11.74 C&xl for C15H260~ C.81.02; H, 11.78 9. 
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