
Temhe&on Vol. 41, No. 23, pp. 5415 to 5485, 1985 
Printed in Great Britain. 

oo4o-4O20/85 WM t .oo 
0 1985 Per&amon Prm Ltd. 

SYNTHESIS OF BOTH THE ENANTIOMERS OF SCLEROSPORIN AND 

SCLEROSPORAL, SPOROGENIC SUBSTANCE OF SCLEROTINIA FRtlcTICOLA+ 

TAKESHI KITAHARA,* HITOSHI KURATA, TATSUJI MATSUOKA++ and KENJI MORI 

Department of Agricultural Chemistry, The University of 

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

(Received in Japan 1 July 1985) 

Abstract: Both the enantiomers of sclerosoorin 1 and sclerosooral 2 were 
synthesized from (-)-carvone. (4R,gR,lOS)-(+)-Saerosporin and (4RTgR,lDS)- 
(-)-sclerosporal were identified as the natural enantiomers by a comparison 
of their CD-spectra. An intramolecular Dfels-Alder route was proved to be an 
efficient method of preparing sufficient amounts of (+)-1 for the biological 
study. 

Sclerosporin l_, the main sporogenic substance isolated together with sclerosporal 2 by Katayama 

and Marumo from Sclerotinia fructicola , was remarkable in that it induced the formation of asexual 

arthrospores in the fungal mycelium even at extremely low concentration (1 ng / ml).' The struc- 

turesfirst proposed were tmns-guaiane sesquiterpenes*, but these were shown to be questionable by 

the synthesis of the proposed structures. 3 Later, Katayama and Marumo revised their structures to 

cis-cadalane systems; these were confirmed by the 

synthesis of their racemates _ 
In our preliminary communication, we reported the 

synthesis of both the enantiomers of 1 and 2, and the 

determination of the absolute configuration of natural 

sclerosporin as (4R,SR,lOS)-(+)-L5 Here, we describ 

1 2 

in detail the improved synthesis of natural (+)-Lto 

afford the substantial amount required for biological 

Fig I studies. 

Synthesis of unnatural enantiomers, ISS,9S,lORl-1 and 2 - - 
Our synthetic plan was based on the Diels-Alder reaction of dienophile Cwith a chiral diene 

B, the reaction being expected to give endo adducts Band / or L. As shown in Fig II, it was 

assumed that the desired adduct Dmight be predominant if the substituent Y was large enough. 

Structure Ewould then be convertible to (-)-l-by an intramolecular aldol condensation via an 

intermediate similar to A. The major problem, the preparation of the chiral diene B, was solved by 

employing readily available (-)-carvone &as a chlral starting material and converting it to inter- 

mediate S_, a useful bifunctional precursor to both enantiomers of &. 

Selective hydrogenation of the unconjugated double bond of zover a platinum catalyst below 

20 "C gave carvotanacetone (97% pure) along with a tetrahydro derivative. Carvotanacetone was 

converted to an acetal ester ia through several steps: oronolysis and subsequent reductive workup 

+ Synthetic Microbial Chemistry Part xn art etra e ron, in press. 
++ Present address; Fermentation Research Laborato;ies, S~n$~ Co: Ltd., i-2-58 Hiromachi, 

Shinagawa-ku 140, Japan. 
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with Me2S, oxidative cleavage with NaI04, treatment with excess ethylene glycol in the presence of 

p-TsOH and finally transesterification with 1% MeONa in MeOH, in 82% overall yield from A In 

order to determine its optical purity, ia was hydrolyzed and the resulting acid &b was converted to 

both (R)-(+)- and (S)-(-)-a-(1-naphthyl)ethylamides, c and sd. Analysis of these derivatives by 

HPLC showed the optical purity of ia to be 95.0% e.e.6 This was consistent with the value (9578%) 

estimated by comparing the optical rotation of our starting material awith the reported value. 

Reduction of Aa with LiAlH4 gave an alcohol z, which was oxidized with PCC-NaOAc8 to give an 

aldehyde 5 (73%). The aldehyde underwent a Grignard reaction with 2-propenylmagnesium bromide to 

afford an ally1 alcohol L Dehydration via an unstable mesylate &to obtain the diene twas a 

troublesome step. Our attempts to increase the yield are summarized in Table I. Using inorganic 

bases or alkylamnonium salts gave little or no product. In the case of 08U being used as a base, 
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the reaction proceeded very fast, but the yield of 2 did not exceed 10%; the main product was a 

water-soluble ammonium salt fonned by an 512' type substitution with DBU. This result prompted us 

to use more hindered bases, sym-collidine and EtN(i-Pr)2 under various conditions. The most 

effective set of condition (55% yield) involved using EtN(i-Pr)2 as a base in HMPA at 140 

10 min. 

Table I. Reaction Conditions and Yields of the Diene & 

Run Base Solvent 
Reaction Temperature 
Time ("C) 

Yield of 2 
(%) 

1 Triton B - CMF 4h 60 0 

LiCl-Li2C03 HMPA 24 h 100 

DBU Toluene 15 min reflux 

s-Collidine s-Collidine 60 min llO--130 

s-Collidine HMPA 50 min 100 

i-PrPNEt HMPA 45 min loo--110 

trace 

10 

12 

30 

33 

7 i-Pr;NEt HMPA 10 min 140 55 

The Diels-Alder reaction of 2 with methyl acrylate at 120 'C for 8.5 h afforded a mixi 

*C for 

Jre of 

adducts ,lJ (65%). In GLC analysis, u exhibited three peaks (I; Rt 33.43 min, II; Rt 35.83 min, 

III; Rt 39.86 min). The two peaks, I and II, were identified as trans-isomers and broad peak III 

was due to a mixture of &s-isomers. + This implied that all four poeeibte isomers were produced 

during the Die&Alder reaction without any etereoeelectiviity. It would be very surprising if exo- 

addition was more predominantthan endo-addition, and therefore, it is more likely that the initially 

formed &s-isomers epimerized to trans-isomers during the reaction. This explanation was supported 

by the fact that the ratio of cia- and tia-isomers varied from 54/46--37/63 by the lot even under 

similar reaction conditions. Several trials to minimize the epimerization were unsuccessful and 

in order to avoid further epimerization, separation of the desired de-isomer was executed at later 

stage. 

Reduction of l_o with LiAlH4 followed by tosylation and then treatment with KCN in DMSO gave a 

mixture of nitriles 11 -- 14 in 72% yield which was separated by medium pressure chromatography and 

fractional recrystallization. The cis- and trcms-isomers were identified by comparing GLC data of 

a mixture of1 -- 14 with that of lD, because both mixtures showed almost the same pattern with the 

same intensities. Both tie-isomers, n and 12, were obtained as crystalline products, although the 

identification of each isomer was postponed to the cyclization step. The trans-isomers were isolat- 

ed in the pure state. Determination of their structures, however, was not further examined. The 

nitrile 11 was reduced with DIBAL and the resulting aldehyde 15 subjected to an intramolecular 

directed aldol condensation' through a silyl enol ether 16" to give (+)-sclerosporal - 1 (32% 

from 11). - The stereochemistry ofi was rigorously assigned on the basis of its 400 MHz 'H-NMR 

spectrum. In the case of 12, however, the same treatment as above afforded B in extremely poor 

yield (< l%).++ 

Finally, oxidation of (+)-2 with NaC102" gave a crystalline (4S,9S,lOR)-(-)-sclerosporin 

(-)-1 (90%), whose spectral data were identical with those of an authentic sample. The synthetic 

(-)-1 showed a positive Cotton effect in its CD spectrum, opposite to that of the natural sclero- 

sporin. Thus, the absolute configuration of natural sclerosporin was determined to be (4R,9R,lOS). 

+ After the treatment of the mixture 10 with MeONa- 
MeOH, most of peak III disappeared and Eaks I and II 
were equally enhanced. 

++ In case of the desired isomer (i) a bulky isopropyl 
group is located at the convex site in the transition 
state. In the other d8-fSOmer (ii), however, the 
isopropyl group has to be present at sterically hindered 
concave site during cyclization and thus, intermolecular 
condensation (polymerization) was prefered to intra- 
molecular reaction. In practice, it was unnecessary to 
separate the isomers; treating the mixture in the same 
manner as described above afforded mostly pure (+)-2_. 

(i) (ii) 
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Synthesis of natuvrl (4R,9R, IOSI-(cl-l 

Since it became obvious that intermolecular Diels-Alder reaction did not give the desired 

adduct selectively, we decided to use the intramolecular Diels-Alder process reported by Taber. 
12 

The key intermediate was the diene nitrile 20 which should be convertible to Taber's intermediate 

22 in optically active form. Again the alcohol zwas employed for the preparation of 20. 

II 
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Tosylation of 5 and subsequent treatment with NaCN in DMSD gave the nitrile 19 (93.5%). Acid - 
hydrolysis of the nitrile gave an aldehyde which without purification was submitted to the same 

process (vicfe supra) to give the diene nitrile (53% from l9J. DIBAL reduction afforded a dienal 

3, which nn treatment with vinylmagnesium bromide gave an ally1 alcohol 22 (74.5%). Chromic acid 

ojidation of 21 afforded mainly a die-octalone 23 (84.5% pure in GLC) as a result of spontaneous 

cyclization. Chromatographic purification gave 23 (91.9% pure; containing ca. 8% of other stereo- 

isomer) in 69.7% yield. 

Transformation of 23 to (-)-1 and (+)-1 was executed in the following manner.' Addition of - 

dimethylsulfoxonium methylide" to 23 gave (lR)-epoxide ga as the major product in 88.5% yield - 
&a: gb = 88 : 121. On the other hand using dimethylsulfonium methylide in the same manner, the 

(lS)-epoxide 24b became the major product as was expected &a : gb s 29 : 71].13tt Rearrangement - 
of the epoxide aa to an allylic alcohol 25 was examined.using several reagents and solvents under 

various conditions. l4 The results are sumnarired in Table II. 

Aluminumisopropoxide was shown to be the best of choice as reagent,. Unfortunately, epimeriza- 

tion at theC-9 position during the rearrangement reaction caused to form substantial amount of 

other isomers (mainly a tM?Ze isomer 26) and the ratio of the desired 25 to 26 and other products - - 
was significantly changed by the reaction condition. For example, it took more than three hours to 

complete the reaction by refluxing in xylene and the ratio of 25 to 26 and other products was about 

3:l : 1 (GLC purity of 25 was 47%). On the other hand, the reaction proceeded extremely fast in - 
diethylaniline and at 200 "C the rearrangement was complete in only a minute in nearly quantitative 

yield. The ratio of products, however, was no better than when xylene was used. After several 

trials at different temperature, we found that the optimum temperature and reaction time were 160 

'C and 10 min respectively. Under this set of conditions with 0.95 equivalent of aluminum isoproP- 

oxide in diethylaniline, the ratio of the products was ca 4.1 : 1 : 0.8 (GLC purity of 25 was 70%) 
and the combined yield was 94.5%. 

Crude ally1 alcohol 25 containing other isomers was oxidized with chromic acid to give (-)- - 

+ In the preliminary communication, we reported a different route to synthesize (+)-1 from a. 
The overall yield of (+)-1 from 23, however, was very poor (3.2%). In this paper, only the 
improved procedure (overaT yielx 20.2%) is described. 
tt When the epoxide derived via dimethylsulfonium methylide route was used for the rearrangement 

reaction, the yield of the ally1 alcohol 25 was much worse than using the other epoxide, contain- 
ing aa predominantly. (lR)-Epoxide 1_a was presumably the better substrate for the rearrangement 

reaction than (lS)-epoxide 2_4b. 
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ga A1(0i-Pr)3 (3.0) toluene reflux 7 h 53 4 43 

2_4a A1(Oi-Pr)3 (1.08) xylene reflux 4 h 60 19 21 

fib Al(Oi-Pr)13 (1.08) xylene reflux 4 h 10 31 59 

Ua Al(Ot-Bu)3 (1.0) xylene reflux 3 h 0 0 100 

2_4a DEATMP (5.0) benzene OWoC overnight 20 23 57 

Ua A1(Oi-Pr)3 (0.95) DEA 200 OC 1 min 53 10 37 

2_4a Al(Oi-Pr)3 (0.95) DEA 170 OC 10 min 68 16 16 

Ua Al(Oi-Pr)3 (9.95) DEA 160 "C 10 min 70 17 13 
--__.- _. _ _ _ _ _ 

Cf). DEATMP; Diethylalumlnun 2,2,6,6-tetramethylpiperidide. 

DEA; N,N-Diethylaniline. 

Table II. Reaction Conditions of Rearrangement and the Ratio of Products. 

jubstrate Reagent 
amount 

(molar es.) "lvent Temp 
GLC ratio 

Time 25 26 Other(:!omers 

sclerosporal (-)-2(85% pure) in 51% yield. Oxidation of (-)-2 with NaC102 gave a crystalline 

(4R,9R,lOS)-(+)- sclerosporfn (24% from 24_) as a pure product, which was identical with natural 

product in all respects including its CD spectrum. Overall yield of (+)-1fn this synthesis was 

5.1% over 18 steps from (-)-carvone. 

In conclusion, synthesis of both the enantiomers of sclerosporin was accomplished and the 

absolute configuration of natural sclerosporin was determined as (4R,9R,lOS). The efficient 

synthesis of a substantial amount of (4R,9R,lOS)-(+)-Lwas carried out via intramolecular Diels- 

Alder route. A detailed biological study of the synthetic (+)-lis now under investigation. 

EXPERIMENTAL 
All b.ps and m.ps are uncorrected. IR spectra were recorded on a Jasco A-102 spectrophotometer. 

NMR were determined on Hitachi R-24A (693MHz) and Jeol GX-1 (400 MHz) spectrometers for 1H and aJeo 
JNM-FX 100 (25.4 NHz) spectrometer for C; chemical shifts are given in 6 with Me$i as the 
internal standard. Low resolution mass spectra were taken on a Hitachi MU-6L mass spectrometer. 
High resolution mass spectrum was obtained with a Jeol DX-300 mass spectrometer. GLC analyses 
were carried out on a Hitachi 163 with FIO detector. Optical rotations were measured on a Jasco 
DIP-140 polarimeter. 
column chromatography. 

Unless otherwise noted, Merck Kieselgel-60 (70--230 mesh) was used for 

1 

Methyl (3RI-5, S-ethylenedioxy-3-II-methytethytl-pntunoate f&d 
Starting material, (-)-carvone, kindly provi&d from Shiono Koryo Co. Ltd. was redistilled 

before use. 
-62.46'). 

3; bp 109--110 'C / 3.8 mnHg. [a]o -59.85O (neat); d23= 0.962. (Lit.' [u]o 
Optical purity 95.8%. To a mechanically stirred mixture of (-)-carvone A(200 g, 1.33 

mol) and PtO, (500 mg) in 95% EtOH (580 ml) was introduced H? gas below 20 'C until 31.5 1 of 
hydrogen (105% of theoretical amount) was absorbed. The mixture was filtered through celite bed 
and the filtrate was concentrated in vacua to give crude carvotanacetone (205 g), purity; 97% 
(GLC). A pure sample was obtained by distillation: bp 114--116 Y / 6.4 mmHg; ng=1.4731; 
lIal2,3 -54.2" (neat); dz3 = 0.924. 

Ozone was bubbled into a solution of crude carvotanacetone (51 g) in MeOH (500 ml) at -5O-- -60 
"C. Being checked the complete conversion to a ozonide by TLC, N2 gas was introduced to remove 
excess ozone over 15 min. To this was added a mixture of Me,S (45 ml), water (50 ml) and MeOH 
(150 ml) and the mixture was stirred overnight at ambient temperature. The reaction mixture was 
neutralized with a 28% solution of MeONa in MeOH to pH 6--7 and concentrated in vacua to a half 
volume. To the residue was added slowly a solution of NaIO, (72 g, 0.34 mol) in water (500 ml) 
and the mixture was stirred vigorously for 2 h at room temperature. The white precipitate was 
filtered and washed with EtOAc repeatedly. The filtrate was extracted with EtOAc (x 3) and the 
extract was washed with water (x 2) and brine, dried over MgSO, and concentrated to give a crude 
aldehydo acid. To this was added ethylene glycol (50 ml), p-TsOH (500 mg) and benzene (500 ml) 
and the mixture was heated under reflux for 6 h with an azeotropic removal of water. The reaction 
mixture was washed with aqueous NaHC&. water and brine, dried over MgSOJ and concentrated. The 
residue was dissolved in MeOH (1 1) and to this was added a 28% solution of MeONa in MeOH (20 ml) 
slowly. The mixture was stirred overnight at room temperature. The reaction mixture was neutraliz- 
ed with AcOH to pH 7.5 and MeOH was evaporated off in vacua. The residue was dissolved in ether 
(700 ml) and the ether layer was washed with water (x 2) and brine, dried over MgS04 and concent- 
rated. The residue was distilled to give an acetal ester 4a (58.3 g, 82.1%): bp 105--110 'C / 

?4!? b,, f435 (m) '1415 &) i3gO (m) 1;7O'(m) 33i5 (m), 1304 (k) 1260 (i) 9 
n23c1.4439* [alz3 -0 58" (c = 2 12 CHCl ) urnaT(film) 2970 (s) 

(m), 1006 (m), 960'(m , 
I 

945 [m), 885 (; , 845 (wj, 822 (sh), 775 (wj cm-l; 
0.86 (6H, d, J = 6 Hz , 1.6--2.4 (6H, m 
(Found: 

I , 3.63 (3H, s), 3.7--4.0 (4H, m), 4.88 
C. 61.20; H, 9.23. Calcd. for CllHzoO4: C, 61.09; H, 9.32%). 

Detemrination of the opticat purity o 4u 

for 1 
A solution of 4a (2 g, 9.26 mnol Znd KOH (770 mg, 13.7 mnol) in 95% EtOH (10 ml) was refluxed f 
h. After cooling, the mixture was diluted with water (20 ml) and extracted with ether (2 x 
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10 ml). The aqueous layer was acidified with IN-HCl (ca. 9 ml) to pH 4--5, saturated with NaCl 

treated with 20% aqueous NaOH (5 ml) and the separated base was extracted with ether (5 ml). The 
extract was washed with brine, dried briefly with CaClz and concentrated. The residue dissolved 
in dry CH2Cl2 (0.4 ml) was added at once to the suspension of DCC and 4& (vi,& supru) and the 
mixture was stirred at ambient temperature. The white precipitate was filtered off through 
celite bed. The filtrate was poured into ice-water and extracted with CHzClz. The extract was 
washed with IN-HCl, aqueous NaHCOz and brine, dried over MgSOo and concentrated to ive an amide 
C (145 mg, 82.5% from 4a. 
ethylamine. 

In the same manner, $l_was obtained from 4aand (S)-(-q-l-(l-naphthyl)- 

Hplc analytical conditions are: Column, NucleosilQ 50-5, 25 cm x 4.6 m; Eluent, n-hexane- 
THF (3 : 1). Flow rate 0.77 ml / min; Detector, UV, 254 nm. 4c: Rt 16.78 min [2.45%, (S)-acid 
+ (R)-amine], Rt 20.09 min [97.55%, (R)-acid + (R)-amine]. 4dr Rt 16.78 min [97.48%, (R)-acid + 
(S)-amine], Rt 20.09 min [2.52X;, (S)-acid + (S)-amine]. Optical purity of & = 95.10 + 94.96 / 2 
= 95.03 = 95.0% e.e. 

~3S~-5,S-Ethytsnsdio~-3-~l-msthylsthyl~-l-psntanot (5) 
To a stirred suspension of LiAlHd (13.4 g, D.353-mol) in dry ether (1.0 1) was added dropuise 

a solution of 4a (100 g, 0.463 mol) in dry ether (100 ml) at 5--10 'C. After the addition was 
complete, the iirrxture was stirred for 1 h and quenched by adding water (13.4 ml), 15% NaOH (13.4 
ml) and water (40.2 ml). The precipitate was filtered through celite bed and washed thoroughly 
with THF and the combined filtrate was dried over MgSO4. 
ion gave 5 (86 g, 98.8%): 

Evaporation of2fhe solvent and distillat- 
bp 108--111 “C / 2.3 amnHg; nq = 

vmax (filiii) 3430 (m), 2955 (s), 2880 (s), 1462 (m), 1432 (m), 
(w), 1250 (sh), 1210 (m), 1135 (s), 1118 (sh), 1095 (m), 1040 
920 (sh), 875 (w), 830 (w) cm-l, 6(60 MHz, Ccl,), 0.85 (6H, 
3.4 OH, broad), 3.49 (2H, t, J = 6 Hz),3.6--4.0 (4H, m), 4.76 (lH, t, J = 5 Hz). (Found: C. 
63.80; H, 10.64. Calcd. for CloHzoQ: C, 63.70; H, 10.69%). 

/3S)-5,5-Ethylsnedkzy-3- (l-m&h 1ethyt)psntunat IGI 
To a stirred suspension of! (52 g, 0.276 molT and NaOAc (9.2 g, 0.112 mol) in CH2Cl2 (900 ml, 

dried over molecular sieves 4A )<as added at once'PCC (119.2 g, 0.553 mol) and the mixture was 
stirred at room temperature for 2 h. The reaction mixture was diluted with ether (900 ml) and 
passed through florisil column (500 g) and the filtrate was concentrated. The residue was dis- 
solved in ether. filtered throuah florisil bed and concentrated. Distillation of the residue aave 
6 Tfilm), (37.0 2960 g, 71.9%): (s), 28:; [$-8!7$ _ {m{'51$g~s) 4504. ng=l 1416 (m)' -6 1390D(m) [a121 48' '1370 (c (m = 1 37 CHC13) 

(m). 1035 (br s), 970 (m),'942 (m), 682 (w), 8j3 (w) cm'l. 6(60 MHz, CC& 
, il3; (br s)' l"o!:" 
0.85 (6H. d: J = 

7 Hz), l.l--2.45 (6H, m), 3.6--4.0 (4H, m), 4.78 (lH, t, J = 5 Hz), 9.73 (1H: t, J = 2 Hz). 

CSS, 3EI-7,7-Ethyknedioq+2-methyZ-5-(l-methytethyt)-1,3-heotudiene 191 
To a stirred susoension of Ma (9.64 a. 0.397 9 atom) and catalytic amount of Ia in dry THF (65 

ml) was added a solution of 2-bro&propeni-(48 g, 0.397 mol) in dry-THF (300 ml) with ice-cooling 
and the mixture was stirred for 1 h at room temperature. 
& (37 g, 0.199 mol) in dry THF (200 ml) below 20 "C. 

To this was added dropwise a solution of 

and quenched with aqueous NHdCl. 
Thqmixture was stirred at ambient temperature 

The precipitate was filtered off and the organic layer was washed 
with brine, dried over FigSOd and concentrated to give a crude 1 as a yellowish oil (45.4 9): vmax 
(film), 3460 (br s), 1660 (w), 1138 (s), 1040 (5). 945 (m), 900 m) cm-l. This was employed for 
the next step without further purification. To a solution of1 7.0 g, 30.7 tmnol) and dry EtsN I 
(8.54 ml, 61.3 mnol) in dry CH,Cl, (70 ml) was added through syringe MsCl (2.8 ml, 36.2 mnol) at 
-10 "C and the mixture was stirred for 5 mfn at -10 'C. The reaction mixture was diluted with 
ether (300 ml), washed with aqueous NaHCOs (x 3), water (x 2) and brine, dried over MgS04 and KzCO3 
and concentrated in vacua below 30 'C. The residual crude 8 was dissolved in i-Pr2NEt (10.7 ml, 
61.4 rrmol) and dry HMPA (21 ,ml) and the solution was quickly heated to 140 Y for 10 min (bath 
temperature --180 "C). The reaction mixture was poured into cold water and extracted with pentane. 
The extract was washed with cold lN-HCl, water, aqueous NaHCOa and brine, dried over MgS04 and 
concentrated. The residue was chromatographed over SiO2 (140 9). Elution with n-hexane-EtOAc (99 / 
1) gave 2 (3.5 g, 54.3%): 
(c = 1.47, CHCls); 

bp 100 'C / 3.0 mnHg bath temperature); n21s2= 1.4760; [alp2 -29.6’ 
umax (film), 3130 (w), 3000 s), 2915 (s), 1652 (WY, 1619 (m). 1470 (sh), I 

1460 (m), 1440 (m), 1415 (m), 1390 (m), 1375 (m), 1318 (w), 1200 (w), 1135 (s), 1070 (sh), 1030 
(br m), 970 (s), 945 (sh), 910 (m), 892 (m), 822 (m) cm-l; 6(60 MHz, CCl4), 0.82 (3H, d, J = 
6 Hz), 0.86 (3H. d, J = 6 Hz), 1.67 (3H, br s), l.l--2.25 (4H, m), 3.55--3.9 (4H. m), 4.61 (1H. t, 
J = 5 Hz), 4.77 (2H, s), 5.35 (lH, dd, J = 8 and 16 Hz), 5.98 (lH, d, J - 16 Hz). m/z, 210 (Me), 
167, 141, 73 (100%). (Found: C, 73.80; H, 10.58. Calcd. for ClsHz403: C, 74.24; H, 10.54%). 

Methyl 2-[ ~lS~-3,3-ethytsnedioey-l-fl-msthyleUIylI]-4-methyl-3-cyclohsxsnecarbo~late (10) 
A mixture of 3 (1.28 g, 6.10 mmol) and freshly distilled methyl acrylate (5.49 ml.a.10 mnol) 

with 1% BHT was heated in sealed tube at 120 Y (bath temperature) for 8.5 h. The cooled reaction 
mixture was washed with aqueous NaHCOa and water, dried over MgSO4 and concentrated. The residue 
was chromatographed over SiO2 (50 9). Elution with n-hexane-EtOAc (99 / 1 and 97 / 3) gave recovered 
9 (trace) and 10 (1.17 g, 64.9%). 10: vmax (film), 3055 (sh), 2990 (s), 2915 (s), 1745 (s), 1470 
Tsh), 1458 (shx 1440 (m), 1385 (shrl375 

I 
m), 1308 (m), 1260 (m). 1235 (m), 1195 (m), 1160 (s), 

1130 (sh), 1035 (m), 968 (m), 945 (m), 895 w), 860 (w), 820 (w) cm-l. m/z, 296 (W), 253. GLC: 
(10% PEG 20M 4 mn9 x 2.0 m) N2 1.1 kg / cmz, column temperature 190 OC. Peak I; Rt 33.43 min 
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(24.5%), Peak II; Rt 35.63 min (29.4%). Peak III; Rt 39.86 min (37.9%). 

2-c (X1-3, 3-ethyt~dio~-l-fI-methyZsthytl]-4-methyl-3-cyctoh~~cet4nitrilee (x--141 
To a stirred suspension of LiAIHo (4.5 a. 118 ml) in dry ether (250 ml) was addx dropwise 

a solution of crude a (17.5 g) obtained from 2 (15.6 g, 74.3 mmol) in dry ether at O--l0 "C and 
the mixture was stirred for 1 h at room temperature. Usual workup and evaporation of solvent gave 
a crude mixture of alcohols 1(15 g), wmax (film) 3470 cm-l. 

To a solution of the alcohols (15 g) in dry pyrfdine (80 ml) was added p-TsCl (17 g, 89.2 
nnnol) at 0--5'C and the mixture was stirred overnight at O--5 “C. The reaction mixture was poured 
into water and extracted with ether. The extract was washed with aqueous CuSO, repeatedly, aqueous 
NaHCOa, water and brine, dried over MgS04 and concentrated. A mixture of the resulting crude 
tosylates (18.5 g) and KCN (4.3 g, 66.1 mnol) in DMSO (180 ml) was stirred for 24 h at 60--70 'C. 
The reaction mixture was poured into cold water and extracted with ether. The extract was washed 
with water, aqueous NaHCOa and brine, dried over MgSOl and concentrated. The residue was chromato- 
graphed over SiOz (200 

4 
). Elution with n-hexane-EtOAc (95 / 5) gave a mixture of nitriles (fi-- 

14, 9.5 g, 46.2% from 9 . Separation of the mixture was executed by MPLC with Lobar column gro6e 
C (Merck) employing n-hexane-EtOAc (97 / 3--95 / 5) as solvent system. Repetition of MPLC (18 
times) and recrystallization from pentane gave a nearly complete separation of these isomers. 
l_l.; 1.43 g, Lz; 1.41 u; 2.90 g, 14; 2.60 g and a 1 : 1 mixthre of 11 and 12, 0.90 g. 
1l (1.88 g, 9.1% from s3' m 52--53 'C, [a]q t14.8" (c = 1.01, CHCl3). umax (nujol), 3050 (sh), 
2240 (w), 1655 (w), 14OO'(m~. 1385 (m), 1365 (m), 1345 (w), 1300 w), 1225 (w), 1205 (w), 1130 (s), 
1095 (m), 1080 (sh), 1065 (m), 1035 (m), 1020 (sh), 990 (m), 965 w), 942 (m), 925 (m), 910 (w), 
830 (m), 818 (w) cm-l. 6(60 MHz. CDC13), 0.76 (3H, d, J = 7 Hz), 0.91 (3H, d, J = 7 Hz), 1.64 
(3H, s), l.l--2.8 (12H, m), 3.7--4.0 (4H, m), 4.83 (lH, d-d, J = 7 and 4 Hz), 5.3 (lH, br). 
C-NMR rS(25.4 MHz, CDC13), 134.7, 121.0,120.2, 104.8, 64.8, 41.0, 39.2, 32.2, 31.3, 28.2, 26.5, 

26.3, 23.7, 21.8, 16.6, 15.3. (Found: C, 73.21; H, 9.63; N, 4.99. Calcd. for C17Hz7NOz: 
C, 73.61; H, 9.81; N, 5.05%). l+ (1.86 
temperature), n2o-e 1.4948, [u]~~* t4.5 9 

, 9.0% from2), mp 19 'C, bp 160 'C / 1nnnHg (bath 
c = 0.92, CHCl, . vmax (film) 2970 (s), 2940 (s), 

2890 (s), 1662 lw), 1460 (m), 1850 (sh). 1442 (m), 1405 (m I 1382 (m), 1365 (m), 1255 (m), 1208 
(m), 1135 (s), 1035 (s), 1015 (sh), 990 (sh), 962 (m), 940 {m), 920 (sh), 833 (m) cm-l. 6(60 MHz, 
CDC13). 0.85 (3H, d, J = 6 Hz), 0.87 (3H, d, J = 6 Hz), 1.61 (3H, br s), l.l--2.5 (12H, m), 3.7-- 
4.0 (4H. m), 4.81 (1H. d-d, J = 7 and 5 Hz), 5.18 (lH, br). IF-NMR 6(25.4 MHz, CDC13), 134.2, 
121.5, 120.0, 104.8,64.8, 64.7, 39.6, 38.6, 34.0, 33.2, 29.8, 26.2, 26.1, 23.7, 19.1, 18.7, 15.8. 
(Found: C, 73.92; H, 9.88; N, 5.08. Calcd. for C1,H2,N02: C, 73.61; H, 9.81; N, 5.05%). 

Trans Qomer 13 or 14 (2.90 g, 14.1% from 9). bp 130 'C / 0.05 tig (bath temperature) na" = 
1.4909, [a]o +17.zb(c 7.20,CHClz). vmax (fTlm), 2960 (s), 2935 (s), 2880 (s). 2245 (w), 1665 
(w), 1460 (sh), 1450 (sh), 1430 (m), 1405 (m), 1382 (m), 1365 (sh), 1318 (w), 1255 (w), 1205 (w), 
1130 (s), 1085 (m), 1035 (m), 975 (m), 940 (m), 915 (m), 845 (w), 830 (w), 800 (w) cm-l. 6(60 MHz, 
CDCl3). 0.90 (3H. d, J = 6 Hz), 0.94 (3H, d, J = 6 Hz), 1.62 (3H, br s), l.O--2.5 (12H, m), 3.67-- 
3.99 (4H, m), 4.78 (lH, t, J = 5 Hz), 5.13 (lH, br). 13C-NMR 6(25.4 MHz, CDCl,), 135.8, 121.0, 
119.0, 104.7, 64.8, 64.6, 40.9, 33.7, 33.6, 31.2, 29.2, 28.0, 23.7, 21.8, 21.3, 20.5. (Found: C, 
73.50, H, 9.71; N, 4.96. Calcd. for C17H27N02: C, 73.61; H, 9.81; N, 5.05%). 

Trans isomer 1Qor 14 (2.60 g, 12.6% from 9). vmax (film), 2960 (s), 2930 (s), 2875 (s), 2245 
(w), 1660 (w), 1460 (sh), 1445 (sh), 1435 (m),i420 (sh), 1382 (m), 1365 (m), 1310 (w), 1255 (w), 
1210 (w), 1135 (s), 1100 (sh), 1035 (s) 975 (m), 942 (m), 910 (m), 840 (sh), 825 (w), 800 (w), 
730 (s) cm-l. 6(60 MHz, CDCII), 0.78 (3H, d, J = 6 Hz), 0.88 (3H, d, J = 6 Hz), 1.62 (3H, br s), 

m). 4.81 (1H. t. J = 5 Hz). 5.31 (1H. br s). 13C-NMR 6(25.4 l.l--2.5 (12H, m); 3.65--4.0 (4H, 
MHz, CDCl,), 133.7, 121.4, 119.2, 
23,7, 22.7, 21.5. 17.6. 

(+l-Sclerosporal [ft)-23 

l&5,-64:8,-64:6, 42.8, 4i:5, 32.2, 32.0. 27.8, 27.4, 25:5, 

To a solution of D. (700 mg, 
of DIBAL in hexane (2.16 ml, 3.80 

2.53 mmol) in dry THF (7 ml) was added dropwise a 25% solution 
mnol) at 0 'C under argon atmosphere. The mixture was heated to . 

45 'C with stirring for 40 min. Being cooled with ice-water, the reaction mixture was qUenChed 
carefully with water (7 ml) and to this was added 1N tartaric acid (28 ml). The mixture was 
stirred for 2 h at lo--12 'C and dissolved in ether. The ether solution was washed with water. 
aqueous NaHCOz and brine. dried over MgSUa and concentrated to give 15 (683 mg); vmax (film) 
2715 (m). 1724 (s). 1661 (w), 1135 (s). 1037 (s) cm-l. 
further-purification. . ._ . ._ _ . 

This was empcyed for the next step without _ 

A mixture of anhydrous ZnC12 (35 mg, 0.257 mnol) and dry EtJN( 1.25 ml, 8.97 mnol) was stirred 
for 1 h. To the resulting white suspension was added a solution of fi (683 mg) in dry benzene 
(1.4 ml) and then MesSiCl (1.03 ml, 8.12 aznol). The mixture was stirred overnight at 50--60 'C. 
Pentane was added to the reaction mixture and the resulting suspension was filtered through celite 
bed. The filtrated was washed with sat.NaHC03 (x 3). dried over KzCO, and concentrated to give a 
silylenol ether 16 as a E / Z mixture containing small amount of 15, (875 mg); vmax (film), 2725 
(w). 1725 (w), 1656 (s), 1250 (s), 1140 (s), 1100 (s). 1058 (s),m40 (s), 940 (s), 840 (s), 750 
(m) cm-l. To a solution of Ti(Oi-Pr)r (l.lB ml, 4.29 mnol) in dry CHzC.lz (17.5 ml) was added a 
11.6% (W / V) solution of Tic14 in dry CH2C12 (7.2 ml, 4.40 n~nol) at -78 Y under argon atmosphere. 
The mixture was stirred for 10 min at -78 "C and warmed to -20 'C. This solution was added to a 
solution of the crude 16 (875 mg) in dry CH Cl (70 ml) over 3 min at -78 'C under argon atmosphere 
and the mixture was stirred for 50 min at - 8 j 3 C. The reaction mixture was quenched with aqueous 
NHdCl and diluted with ether. The organic layer was washed with aqueous NaHCO water and brine, 
dried over MgSO4 and concentrated to ive a crude 17 (700 mg); vmax (film), 3340 (m), 2725 (m), 
1725 (s). 1250 (s), 1110 (s), 1050 (s 4 , 890 (s), 870 (s), 838 (s) cm-l. This was employed for the 
next step without further purification. 

A mixture of u (700 mg), powdered molecular sieves 5A and 13X (small amount) and p-TsOH 
(Catalytic amount) in dry xylene (40 ml) was heated under reflux for 75 min. After cooling, KzCO3 
and pentane were added and the resulting suspension was filtered through celite bed. The filtrate 
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was concentrated. The residue was chromatographed over SiOs (80 
(99.2 / 0.8) gave (+)-2. (174 m , 31.6% from U): nqm3=1.5226; 

). Elution with n-hexane-EtOAc 

umax (film), 3055 (w), 3015 (m , 2960 (s), 2938 (s), 2885 (s), 2830 (m), 2715 (m), 1688 (s), 1645 3 
e o]$?*3 t35.3O (c = 0.09, CHC13). 

(s), 1468 (m), 1452 (m), 1432 (m), 1422 (m). 1385 (m), 1370 (m), 1342 (m), 1312 (m), 1292 (m), 
, 1259 (m), 1228 (m), 1190 (m), 1161 (m), 1139 (m), 1122 (m), 1096 (m), 1045 (m). 1021 (m), 
970 (m), 955 (m), 915 (m). 885 (m), 850 (m 

6(400 MHz, COCla), 0.85 (3H, d, J = 7 Hz 
, 832 (m), 810 (m), 782 (m), 750 (w), 705 
, 0.94 (3H, d, J = 7 Hz), 1.30--1.40 (lH, m), 

1.54--1.62 (lH, m). 1.69 (3H, d, J = 0.4 Hz), 1.83--1.92 (2H, m), 1.97 (lH, dt, J = 10.7 and 4.9 
Hz), 2.00--2.16 (3H, m), 2.29 (lH, dt, J - 20.0 and 4.9 Hz), 2.61 (lH, dm, J q 12.0 Hz), 5.51 (lH, 
m), 6.80 (lH, dd, J = 2.9 and 5.1 Hz), 9.40 (lH, s). m/z, 218(M+), 117, 91. (Found: C, 82.48, 
H, 10.00. Calcd. for QsH220: C, 82.51; H, 10.16%). The lH-NMR datum was identical with that 
of authentic sample. 

(-)-Scteroeporin (-I-l 
To a solution of(+)- 1 (10 mg, 0.046 mnol) and 2-meth 

3 
1-2-butene (0.08 ml) in t-8uOH (0.4 ml) 

was added dropwise a solution of NaHPO., (12.7 mg, 0.11 mmol and NaClO2 (12.7 mg, 0.14 mmol) in 
Water (0.13 ml) at room temperature and the mixture was stirred overnight at room temperature. The 
reaction mixture was concentrated in vacua at low temperature and the residue was dissolved in 
ether. The ether solution was washed with water and brine, dried over M SO4 

9 
and concentrated. The 

residue was chromatographed over SiOs (2 g). Elution with hexane-EtOAc 97 / 3--90 / 10) gave a 
crystalline product. Recrystallization from pentane-ether afforded pure (-)-1, (9.6 mg, 90X), mp 
15%160 ‘C. [a]?j -ll.lO“(c = 0.04,MeOH). vmax (CHClssolution, 2 m / 100 ul), 3460--3000 (br, 
m), 2980 (s), 2945 (m), 2900 (m), 2840 (m). 2700--2200 (br, m), 1685 9 s), 1645 (m), 1465 (m), 1450 
(m), 1420 (m), 1385 (m), 1369 (m), 1315 (m), 1300 (sh), 1272 (m), 1254 (m), 1220 (sh), 1165 (sh), 
1155 (m), 1125 (w), 1110 (w), 1085 (w), 1075 (w 
858 (m). 825 (w) cm-l. lH-NMR 6(400 MHz, COCl, 

w), 1018 (w), 970 (m), 945 (m), 900 (m), 

Hz), 1.40 (lH, m), 1.54 (lH, m), 1.70 (3H, br s 
3H, d, J = 6.9 Hz), 0.92 (3H, d, J = 6.9 

1.85--2.12 (6H. m), 2.16 (lH, d-t, J = 4.9 and 
20.0 HZ), 2.59 (lH, d-m, J = 12.0 Hz), 5.51 (lH, m), 7.15 (lH, d-d, J = 3.0 and 5.0 Hz), 11.3 
(lH, br s). m/z, 234 (M+), 191, 173, 147, 145, 135, 123, 105, 91, 69, 57. 41, 29. High MS. 
Found: 234.1601. Calcd. for ClsHssOs: 234.1620. CO. [elmax (214 nm) +55960 (MeOH). 

(4SJ-6,6-Ethylenedioxy-4-ll-methylethyl)hewnenitrile (191 
TO a solution of 5 (40.3 g, 0.214 mol) and dry pyxdine (34 g, 0.43 mol) in dry CH2C12(200 ml) 

was added portionwise TsCl (49 g, 0.257 mol) with ice-cooling and the mixture was stirred overnight 
at 4 "C. The reaction mixture was diluted with ether (1 l), washed with water, ice-1N HCl (x 2). 
water, aqueous NaHCO and brine, dried over M SO and concentrated to give crude tosylate: vmax 
(film), 1595 (m), 13i5 (s). 1175 (s), 1135 (m , 4096 (m), 1035 (m), 950 (s) cm-l. This was used 3 
for the next step without purification. 

A mixture of the tosylate (75 g) and NaCN (12.5 g, 0.255 mol) in dry OMSO (300 ml) was stirred 
for 3 days at room temperature. The reaction mixture was poured into ice-water and extracted with 
ether (x 5). The extract was washed with water (x 2), a ueous NaHCO and brine, dried over MgS04 
and concentrated. 
nmWg; na2*? 

The resi e was distilled to give 19. 
= 1.4540; [a]$*’ 

9 39.4 g, 93.5%): bp 108--110 Y / 0.9 
t8.8" (c = 2.92, CHCl,). umax (film); 2970 (s), 2890 (s), 2250 

(m), 1460 (m), 1390 (m), 1370 (m), 1130 (s), 1030 (s), 945 (m) cm-l. 6(60 MHz, CC14); 0.87 (6H, 
d, J = 6 Hz), l.l--2.0 (6H, m), 2.30 (2H, t, J = 6 Hz), 3.6--4.0 (4H, m), 4.79 (lH, t, J = 4 Hz). 
(Found: C, 66.80; H, 9.68; N, 7.08. Calcd. for Cll~eNCb: C, 66.97; H, 9.71; N, 7.10%.) 

I4R,SEl-?-Methyl-4lI-methylethyl)-5, foctudienenitrile (20) 
A solution of 19 (39.6 g, 0.198 mol) in 60 % AcOH (1% ml) was heated to 90 "C for 3 hr with 

stirring. The reaction mixture was poured carefully into a mixture of KaCO3 (70 g), ice-water and 
ether. The ether layer was separated, the aqueous layer was extracted with ether and the combined 
ether layer was washed with water and brine, dried over MgS04 and concentrated. The residue was 
distilled to give an aldehyde (31 g, containing a few percent of 19): bp 98--100 'C / 1.0 mmHg. 
vmax (film); 2720 (m), 2240 (m), 1720 (s), 1420 (m), 1387 (m) cmq. 6(60 MHz, Ccl,); 0.89 (6H, 
d, J = 7 Hz), 1.2--2.5 (4H, m), 2.33 (4H, t, J - 7 Hz), 9.84 (--lH, t, J = 1 Hz). This was used 
for the next step. 

To a stirred suspension of Mg (7.3 g, 0.3 g atom) and $2 (catalytic amount) in dry THF (50 ml) 
was added dropwise a solution of P-bromopropene (36 g, 0.3 mol) in dry THF (150 ml) below 40 'C 
under argon and the mixture was stirred for 1 h at room temperature. The resultin 
Grignard reagent was added slowly to a solution of the aldehyde (31 g) in dry THF 9 

solution of 
200 ml) at 

-30 'C under argon. The mtxture was stirred for 20 min at 0 'C and quenched with aqueous NH&l. 
The precipitate was filtered and washed with THF. The combined filtrate was washed with water and 
brine, dried over MgSO, and concentrated. The residue was roughly chromatographed over SiO (400 
g) to give an ally1 alcohol (30.5 g). umax (film); 3470 (br s), 3090 (m). 2260 (m), 1655 fm), 
1170 (w), 1030 (m), 985 (m), 900 (s) cm-l. 6(60 MHz, CC14); 0.86 (3H, d, J = 7 Hz), 0.88 (3H, d, 
J = 7 Hz), l.l--2.0 (6H, m), 1.70 (3H, s), 2.35 (2H, t, J = 7 Hz), 2.67 (1H. s), 4.00 (lH, m), 
4.84 (2H, d, J = 8 Hz). This was used for the next step without further urification. 

To a solution of the ally1 alcohol (30.5 g) and Et3N (31 g, 0.306mol P* in dry CHzCl2(3GG ml) 
was added dropwise MsCl (22.7 g,O.198 mol) at -10 OC and the mixture was stirred for 20 min. The 
reaction mixture was quenched with water, diluted with ether, washed with water (x 2) and brine, 
dried over MgSO and concentrated in vacua. Excess EtaN was removed with vacuum pump to give a 
crude mesylate q--75 g). A solution of this mesylate and i-Pr,NEt (30 g. 0.233 mol) in dry HMPA 
(300 ml) was placed in a 500 ml three necked flask with thermometer and the flask was immersed to 
an oil bath preheated to 200 'C to maintain the reaction temperature between 140--150 'C for 20 
min. The cooled reaction mixture was poured into water and extracted with ether (x 5). The 
extract was washed with ice-1N HCl, water (x 2), aqueous NaHC03 and brine, dried over MgSO and 
concentrated. The residue was chromatographed over SiOs (400 g). Elution with hexane-Et8Ac (98 / 
2--92 / 8) gave 20 (18.1 g, 52.5% from 19, 53.6% based on the unrecovered ll9) and the recovered 12 - 
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:). 

I “ff,T”’ i * 3Om(w), 20: bp 93--95 2970 (5). "C / 2950 5 mmH (5 4 
1368 (m), 972 (5). 883 (m) cm-l. 

; , 2880(s), njj = 1.4744; 2240 (III), [o]gl 1640 +56.7' (w), 1608 (c = (m), 3.04, 1450 CHCla). (m), 
6(60 MHz, CCl4); 0.86 (3H, d, J = 6 Hz), 0.90 (3H, d, 

WITlaX 

1383 (m), 
J = 6 Hz), 
d,J=16Hz 

1.90%). 
1.80 (JH, s), l.O--2.5 (6H, m), 4.86 (2H, s), 5.24 (lH, d-d, J = 9 and 16 Hz), 6.11 (lH, 
(Found: C, 80.91; H, 10.83; N, 7.75. Calcd. for C,,H,,N: C, 81.30; H, 10.80; N, 7 

(4R,SEI-FMethyt-4-(1-m& 
Y To a solution of 20 ( 

tethylb5,7-oatu&nat (211 
2 g, 67.8 mnol) in dry h'iZane (100 ml) was added dropwise a 25% (w/v) 

solution of DIBAL in h=ane (50 ml, 87.9 mnol) at -lO-- -5 'C under argon and the mixture was 
stirred for 90 min at room temperature. Excess DIBAL was decomposed by careful addition of water 
(50 ml) and then a solution of tartaric acid (20 g) in water (150 ml) was added. The mixture was 
stirred for 2.5 h at room temperature, diluted with water and extracted with ether (x 3). The 
extract was washed with water, aqueous NaHCOz and brine, dried over MgS04 and concentrated. Crude 
11 (13.5 g) was used for the next step without f,yrlher purification. Analytical sample was obtained 
by distillation. 21: 
vmax (film); 

bp 70--72 'C / 4 Wig; no * = 
3100 (m), 3025 (m), 2980 (s), 2950 (s), 

-14.2' (c = 3.01, CHClz). 

(WI, 1612 (m), 1453 (m), 1410 (m), 1387 (m), 1368 (m), 973 
2835 (m), 2730 (m), 1732 (s), 1645 

0.85 (3H, d, J = 6 Hz), 0.89 (3H, d, J 
885 (s) cm-l. 6(60 MHz, Ccl,); 

= 6 Hz), 1.79 (3H, s), l.O--2.1 (4H, m), 2.31 (2H, t, J = 
6 Hz).4.81 (2H, s), 5.27 (lH, d-d, J = 9 and 16 Hz), 6.03 (lH, d, J = 16 Hz). 

ISR, 7EI-9-Methy2-6-~l-methy~ethyZ~-l,7,d-dscatrien-&oZ (221 
To a solution of vinylmagnesium bromide in dry THF (l?O ml), prepared from Mg (3.2 g, 0.13 g 

atom) and vinyl bromide (14.4 g, 134.6 mmol), was added dropwise a solution of 21 (13.5 g) in dry 
THF (100 ml) at 0 'C under araon and the mixture was stirred for 30 min at 0 "CT The reaction 
mixture was.quenched with aqueous NH4C1. The precipitate was filtered and washed with THF. The 
combined organic layer was washed with water and brine, dried over Figs04 and concentrated. The 
residue was chromatographed ove,s $iOz (250 9). 
22 (10.5 g, 74.5% frOma: no' = 1.4864. 

Elution with hexane-EtOAc (97 / 3--90 / 10) gave 
vmax (film); 3350 (br, s) 3100 (m), 3025 (m), 2970 

E), 2890 (s), 1640 (m), 1610 (m), 1452 (m), 1383 (m), 1368 (m), 1312 (m), 992 (s), 970 (s), 920 
(s), 880 (s) cm-'. 6(60 MHz, CCll 
l.O--2.0 (6H, m), 2.25 (lH, s, 

0.80 (3H, d, J = 6 Hz), 0.85 (3H, d, J = 6 Hz), 1.79 (3H, s), 
-OH 

(4H, m). (Found: 
, 3.90 (lH, m), 4.77 (2H, s), 6.00 (lH, d, J = 16 Hz), 4.7--6.1 

C, 80.89; H, 11.46. Calcd. for CI~H~~O: C, 80.71; H, 11.61%). 

(4R, 4aS,8aR)-6-Methyl-4-(l-methylethyl)-l, 2 3,4,4a, 7,8, Ba-octuhydronaphthalen-l-one 1231 
To a solution of 2 (10.5 g, 50.5 mmol) in ether (150 ml) was added dropwise a cgd aqueous 

solution of 2N HzCr04 (50 ml , 100 mnol) over 20 min below 0 "C and the mixture was stirred 
vigorously for 30 min at 0 OC. The reaction mixture was diluted with water and extracted with 
ether (x 5). The extract was washed with water, aqueous NaHCOa and brine, dried over MgS04, 
filtered through folrisil bed and concentrated. The residue was chromatographed over SiOz (250 g). 
Elution with hexane-EtOAc (99 / l--97 / 3) gave 23 as a main component of stereoisomeric mixture 
(7.25 g, 69.7%). 

9 
raphy 

GLC purity of 23 was 91.9%. 
followed by distillation. 

Analytical sample ~~fo~t;i;;~,by carpful chromfto- 

c = 2.25, CHC13). 
23: bp 110--115'C/ 0.3 mlllHg, no 

GLC purity 97.0% Rt 8.71 min (5% PEG 20M, 
; [a]:.4 -58.0 

temp 150 "C). wmax (film); 
4 mm@ x i.5 m, Nz 1.0 kg / cm*, 

2960 (s), 2940 (s), 2880 (s), 1710 (s), 1446 (m), 1428 (m), 1382 (m), 
1365 (m), 1318 (m), 1279 (w), 1250 (m), 1221 (m), 1202 (m), 1145 (m), 1126 (m), 1091 (m), 1062 (m), 
1043 (m), 996 (w), 950 (w), 936 (w), 893 (w), 872 (w), 858 (w),.843 (w), 827 (w), 804 (w) cm-l. 
6(60 MHz, CDC13); 0.90 (3H, d, J = 5.5 Hz), 1.00 (3H, d, J = 5.5 Hz). 1.63 (3H, br s), l.l--2.8 
(12H. m), 5.31 (lH, m). m/z; 206 (M+, lOO%), 145, 136, 121. (Found: C, 81.31; H, 10.80. 
Calcd. for C14HzzO: C. 81.50; H, 10.75%). 

(4R, 4aS, 8&I-Spiro[G-methyl-4- (I-methylethyl)-1,2,3,4,4a, 7,8, Ba-ootuhydronaphthalene-1.2 ‘-oxiimne] 
1%) 

To a sus ension of NaH (60% in mineral oil dispersion, 1 g, 25 mnol, washed with dry pentane 
several times P in dry DMSO (20 ml) was added portionwise Me3S(0)I (6.0 g. 27.3 mmol) and the mixture 
was stirred for 1 h at room temperature. To this was added dropwise a solution of a(3.5 g, 17 
mn01) in dry DMSO (10 ml) over 1 h and the mixture was stirred overnight at room temperature. The 
reaction mixture was poured into ice-water and extracted with ether (x 3). The extract was washed 
with water (x 2) and brine, dried over MgS04 and concentrated. 
over Si02. 

The residue was chromatographed 
Elution with hexane-EtOAc (99 / l--97 / 3) gave 24 (3.31 g, 88.5%) which was shown to 

be a mixture of ORtepoxide & and (lS)-epoxide 24b (a/ m= 88 : 12) 
min. 
[al D 

24b; Rt 15.22 min (5% PEG 20M, 4 nza$ x 2.0 m, N 1.0 kg / a~?, tern 
21'v2.7" (c = 2.40, CHC13). umax (film); 3050 (mf, 3025 (m) 2980 (s 

2850 (m), 1670 (w). 1455 (m), 1440 (m), 1390 (m), 1370 (m), 1260 (m), 1183 
917 (m), 888 (m), 880 (m), 853 (m), 810 (m), 790 (m) cm-l. 6(400 MHz, CDCl3); 0.84 (--3H, d, J = 
7.0 Hz), 0.92 (--3H, d, J = 7.0 Hz), 1.65 (3H, br s), l.l--2.1 (11H. m), 2.20 (lH,m), 2.48 (--0.1 
H, d, J = 5.0 Hz, one of epoxide methylene protons in 24b), 2.60 (--O.gH, d, J = 5.0 Hz), 2.62 
(--0.gH. d, J = 5.0 Hz), 2.98 (--O.lH, d. J = 5.0 Hz, theother epoxide methylene proton of E), 
5.55 (lH, m). (Found: C, 81.81; H, 10.99. Calcd. for C15Hz40: C, 81.76; H, 10.98.) 

Reaction of 23 with dimethyleufonitrm methylide 
TO a suspension of NaH (60% mineral oil dispersion, 54 mg, 135 mmol; mineral oil was removed 

by washing with dry pentane) in dry DMSO (1 ml) and dry THF (2 ml) was added slowly a solution of 
Me&I- (314 mo. 1.54 mmol) in drv DMSO (2 ml1 at 0 OC and the mixture was stirred for an additional 
1 min. To this-was added a solution of 23 (75 mg, 0.36 ~1) in dry THF (1 ml) at 0 'C and the 
mixture was stirred for 90 min at room temperature. The reaction mixture was quenched with cold 
water and extracted with ether. The extract was washed with water and brine, dried over NgSO and 
concentrated. The residue was chromatographed over SiO (15 ). 
--97 / 3) gave the epoxide (63 mg, 78.7%): n f*' = 1.4391; pa];'. 

qution with hexane-EtOAc ($9 / 1 
-22.8' (c = 1.95,CHC13). 
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GLC (5% PEG 20M. 4 nm@ x 1.5 m, Ns 1.0 kg / cm*, temp. 150 "C).; a; Rt 7.46 min (3.9X), &; Rt 
8.49 min (27.8%), 24b; Rt 9.86 mln (68.3% 
(s), 2900 (s), 1672(w), 1494 (w), 1438 (s 

. _& / 24b = 29 / 71. umax (film); 3070 (m), 2970 
1392 (mm373 (m), 1340 (m), 1250 (w), 1220 (w), 1188 

(w), 1160 (w), 1095 (w), 1072 (w), 1040 (w), 995 (w), 947 (m), 917 (m), 878 (m), 855 (w), 833 (m), 
822 (m), 743 (w), 723 (m) an-l. 6(400 MHZ, CDCls); 0.81 (3H, d, J = 7.0 Hz), 0.94 (3H. d, J = 
7.0 HZ). 1.66 (3H, br s), l.l--2.1 (llH, m), 2.22 (lH, m), 2.48 (lH, d, J = 5.0 Hz), 2.98 (lH, d, 
",;,:;O Hz), 5.55 (lH, m). It showed several signals with cit. 30% intensities due to the presence 

-: chemical shifts are given above. 

l4R,405,8oR~-6-~Ulyl-4-(l-methy~thyl)-3,4,4a,?,8,Ba-h~hy~~phthalens-l-methano1 (25) 
A solution of 24 (2.0 g, 9.09 mnol) obtained via Mess(O)1 route and Al(Oi-Pr)s in Ty 

diethylaniline (20 5) was heated to 160 OC (bath temperature) for 10 min with stirring. The 
reaction mixture was cooled rapidly with ice-water, poured into ice-1N HCl and extracted with ether 
(X 3). The extract was washed with 1N HCl, aqueous NaHCOs and brine, dried over MgS04 and concen- 
trated. The residue was chromatographed over Si02 (70 ). Elution with hexane-EtOAc (97 / 3--90 / 
10) gave a mixture of ally1 alcohols 25, 26 andothers 9 1.89 

& Rt 15.55 min. 717.0% of a mixture 4 
, 94.5%). GLC: 25, Rt 13.34 min 

(70.0% of a mixture); . (5% PEG 20 M, 4 tmno x 2.0 m, 
N, 1.4 kg / cm*. temp. 220 "C). vmax (film); 3360 (br s), 2990 (s), 2960 (s), 2900(s), 1675 (w), 
1470 (m), 1455 (m). 1440 (m). 1390 (m), 1373(m), 1185 (m), 1157 (m), 1126 (m), 1100 (m), 1050 (m). 
1013 (m), 972 (m), 887 (m), 853 (m), 832 (m), 817 (m) cm-l. 6(60 MHz, CCC1 ); 0.84 (3H, d, J = 
6 Hz), 0.90 (3H. d, J = 6 Hz), 1.68 (3H, s), l.O--2.5 (llH, m), 4.08 (2H, mj, 5.2--5.85 (2H. m). 
This was used for the next step without further purification. 

I-l-Scleroeporal; (4R,4aS,8aR)-d-methyl-4-lI-methylethyll-3,4,4a, 7,8,8a-hexahydronaphthlene-l- 
carboxa Mehyde [ (- / -2J 

To a solution of 25 (GLC purity 70%. 1.89 g, 8.59 tmnol) in ether (15 ml) was added dropwise 
aqueous 2N H2Cr0, (8.6 ml, 17.2 tmnol) over 15 mfn with ice-cooling and the mixture was stirred 
vigorously for 10 min at 0 "C. The reaction mixture was diluted with water and extracted with 

washed with water, aaueous NaHCQ and brine, dried over MgSOo, ether (x 4). The extract was 
filtered through florisil bed 
chromatographed over Si02 (70 
mg, 51%): GLC; Rt 10.89 min 
NMR were identical with those 

;;d concentrated to give an of1 71.32 ). The crude product-was 
Elution with hexane-EtOAc (99 / 1 gave (-)-2 (85% pure, 786 

(5% PEG 2OM, 
3 

4 mm@ x 2.0 m, N21.0 kg / cm*, temp. 22O'C). IR and 
of (+)-2. This was used for the next step without further purificat- 

ion. 

(W, 9R, 10s) - I+) -SC lerosporin; J4R, SaS, 8aR)-6-Methyl-4-(I-methyZethyZI-3,4, Ca, 7,8, Ba-hexahydro- . -7 
naphthaZen+l-carboxylic acid L~+,-LJ 

(-)-2 (85% pure, 786 mg, 3.61mmol) was oxidized in the same manner as (+)-2. Crude products 
were chroTiiatographed over SiO, (35 g) four times (hexane / EtOAc = 97/3--90 I 10). First fraction 
was recrystallized from n-pentane-ether to give pure (+)- 1 (490 mg, 23.0% from 
"C; [a];* t10.6' (c = 0.31, MeOH). IR and NMR were identical wfth those of 
(214 nm) -59300 (MeOH). (Found: C. 76.88; H, 9.19. Calcd. for C1sHs202: C, 76.88; H, 9.46X.) 

Treatment of (+)-I with CH2N2 gave the methyl ester 27, whose GLC showed single peak. Thus, 
1 was proved to be 100% pure material. 
kg / cm*, temp. 220 "C). 

II: GLC; Rtq.12 min (5% PEG 20 11, 4 mm$ x 2.0 m, N, 

Second fraction was also crystalline product. 

1210 (br, m), 1175 (br, m), 

12.5 Hz);.5.60 (iH,-brj; 6,99 (1H; t;.J = 3 Hz). CD; [elmax (196_nml) +36200 (b 4eOH). 
in GLC: Rt 14.13 min (5% PEG 20M, 4 nwk$ x 2.0 m, N2 Its methyl ester 29 showed single peak 

1.0 kg / cm*, temp 22pC). 
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