
-m/85 83.00+ .oo 
6 1985 Pqamon Press Ltd. 

SYNTHESIS OF TRE NATUlWL ENANTIOMERS OF 

ASCOCRLORIN, ASCOFVRANON E AND ASCOWRANOL+ 

KPHJI IIDRI' and SHO7.0 TAKECHI 

Department of AgrlNltural C%a7ustry, llw University of Tokyo, 
Yayoi l-l-l, ED.nk~ku, Wcyo 113, Japan 

(Received in Japan 21 March 1985) 

Abetract--Three fungal metabolites ~11th a OOmmcm structural feature as prenylated &z~~ls 

were synthesized in their naturally occurring and optically active forms: ascochlorin 

l~2’~,4’~,1’~.2”~,6”~~-~-~-5-~1~~2,4~~h~~~~y1-3-~5’-~1”,2”,6”~r~~y1-3”~- 

cycldwxyl)-3’-methyl-2’,4’-pentadienyl lbenzaldehydel, ascofuranone [ (2’56’E,l”5,-(-,-5- 

chloro-2,4dihydroxyd-methyl-3-[7’-~3”,3”~~~yl-4”~~2”~~cl~tyl~-3’,7’d~mthyl- 

2’,6’-heptadienyllbenzaldehydel and ascofuranol [(2’~,6’i&1’~,4”~)-(-)_5-chloro-2,4-d~hydroxy- 

6nethyl-3-~7’-~3”,3”~~methyl-4”-hydroxy-2”Dxacyclopetyl~-3’,7’~~thyl-2’,6’-hepta- 

dienyllbenzaldehydel. (+Hscofuramne ard (+)-ascofuranol were also synthesized. By the 

Fesent synthesis the absolute ronfiguration of the natural C-I-asmfuranol was established as 

(1”~,4”S) _. 

Three interesting metabolltes were Isolated from thr mycella of Ascochyta vlciae Llbert as 

shown in Fig. 1. (-)-Ascochlorln 1 was isolated by Tamura s g. 1" 1968 as a" antlvlral antlblo- 

t1c.l The structure 1 lncludlng (l"R,Z"R,6"R)-absolute stereochemistry was assigned by Nawata g 

&. by a" X-ray analysis of Its 4-e-p-bromobenzenesulfonyl derivative. 2 
Its dual biosynthetic 

orlgl" as a prenylated phenol was proved later by Tanabe's biosynthetic studies. 3 Subsequently 

(-)-ascofuranone 2 was Isolated by Sasakl et al. I" 1972 as a hypollpidemic antlbiotlc. 4.5 As I" -- 

the case of ascochlorin, the structure of (-)-ascofuranone 2 including its (l"g)-absolute configu- 

ration was established by an X-ray analysis of its 4-e-ethyl derivative by Ando s a1,6 Tamura's 

group later discovered Its antltumor protective effect on L-1210 leukemia when It was admlnlstered 

once seven days before tumor challenge. ' Together with ascofuranone 2, a compound named C-J- 

ascofuranol h was Isolated and chemically correlated to ascofuranone 2 by its Collins oxidation.5 

HOWWeK, Its absolute configuration at C-4" remalned unknown. Besides I" Japan, Ellestad et al. -- 

in the U. S. A.8 and Aldrldge s &. L" the U. K.' also Isolated fungal metabolltes related to 

ascochlorln. 

(-)-Ascochlorin ,l_ (-)-Ascofuranone 3 (-)-Ascofuranol 32 

Fig. 1. Structures of the target molecules 

+m- 1c Micr&lal olemistry---X. this piper is cordially dedicated to Prof. Gakuzo Tamura on the occasuan of his 

retirement from Depxtment of Agricultural olemistry, the Uliversity of ltkyo, a7 kch 31, 1935. me expximentdl part of 

this work was taken from the I4. SC. thesis of S. T. Okxrcb, 1985). Part IX, X. Moori and h K. C&pt.a, Tetrahedron, m the 
~eEx3. 
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The compounds l-3a are attractive targets for synthetic chemists with unique structures as 

the combinatron of a fully substituted benzene ring with a sesquiterpenoldal side-chain. 1n 

continuatux of our studies on the synthesis of fungal metabolites with a hexa-substituted benzene 

ring," we recently reported the full details of the synthesis of (t)-ascochlorln 1 and (?I- 

ascofuranone 2.11-13 Later Chen and ..Joulll& also announced their synthesis of (')-ascofuranone 2 

in a prellmlnary communication. 14 Herein we describe the.synthesls of (-)-ascochlorln 1, (-)- and 

(+)-ascofuranone 2 and (-)- and (+)-ascofuranol 3a. The present work unambiguously established 

the absolute configuratlon at C-4" of (-)-ascofuranol 3a as (2,. 

Synthesis of (-)-ascochlorin. The peculiar stereochemlcal feature of the cyclohexane moiety of 

ascochlorln 1 1s the equatorial nature of the alkadienyl side-chain and the two out of three Me 

groups. This means that ascochlorln 1 possesses a stable cyclohexane conformation which is not so 

difficult to generate. The success of a choral synthesis of (-)-ascochlorin 1 is therefore 

heavily dependent on the selection of a suitable chiral starting material of high optical purity. 

As shown I" Fig. 2, we chose CR)-(+)-pulegone 4 as our starting material which was available 1" 

optically pure state (100 % e.e.J.15 This, through several steps, would give CR)-3,4-dlmethyl-2- 

cyclohexen-l-one 8, whose racemate was the starting material in our previous synthesis of (?I- 

ascochlorin 1. One of the key-steps I" our synthesis of (9-l was the con)ugate addition to (-+)-8 

of a mued alkenylcuprate derived from 9. This reaction yielded stable (+)-lo with two eq substi- 

tuents at C-3" and C-4". In the present choral synthesis we expected to obtain the optically 

active 10 without significant racemlzatlon at C-3". Then it would be possible to synthesize C-J- 

ascochlorln 1 of high e.e. by the route employed for the synthesis of (21-l. Our chiral synthesis 

was executed as detalled below. 

(R)-(+)-Pulegone 4 was treated with dil HCl to give CR)-(+)-3-methylcyclohexanone 5. Further 

conversion of CR)-5 to (El-(+I-4-methyl-2-cyclohexen-l-one 6 was carried out by the method of 

Barieux and Gore.16 Our (51-6 was obtalned I" 9.1 % overall yield from (KJ)-4 and showed the 

specific rotation of [al, 20+1230(EtOH) or +117°(CHC13) [llt.16 ~al~0+l12"(EtOH); lit.17 [a1z2 

+1050 (CHC13)1. The higher [al, value of our material suggested its higher optical purity than 

those described by others, 16.17 although It did not necessarily ensure the 100 % e.e. of our CR)- 

6. The next task was the conversion of CR)-6 to (R)-8. Since both (El-6 and CR)-8 can racemlze 

under non-neutral condition due to the acid- or base-catalyzed epimerltation at C-4, we had to 

employ a mild method based on organoselenlum chemistry. 
18 An enolate anlo" generated by the 

addition of Me2CuLl to CR)-6 was trapped with PhSeBr and Ph2Se2 to give 7. Oxidation of 7 with 03 

in CH2C12 at -7B0was followed by thermal elimination of PhSeOH to give CR)-8 in 59% yield from 

@j-6. When the elimination of PhSeOH was carried out by H202 oxidation of 7, the yield of (R)-8 

from CR)-6 dropped to cd. 26 %. we repeated the synthesis of c&)-8 for several times and every 

batch of CR)-8 consistently showed the [al, value of +lllO(CHC13). We therefore assumed that the 

conversion of (R)-6 to @J-8 took place without significant racemization. After the completion of 

our work, another synthesis of (~1-8 from CR)-6 by a different method (60 % overall yreld) was 

reported by Danishefsky et al. 19 -- 

With the key chiral lntermedlate (R)-8 in hand, we proceeded to the next step of the con,"- 

gate addition to (R)-8 of a mued cuprate derived from 9. Hydrostannatlon of 9 with (n-Buj3SnH 1" 

the presence of AIBN was followed by metal exchange with n-BuLi to give a llthicdlene. A mlxed 

cuprate derived from the lithlodlene and n-PrCXCu 2oV21 in the presence of (Me2N)3P22 was reacted 

with (lJ)-8 to give 10 in 66 % yield. After workupa small amount of unreacted (RI-8, ~a1~0+98" 

(CHC13), was recovered. Srnce the specific rotation of the starting CR)-8 was +111"(CHC13), the 

recovered material still retalned I38 % of the rotatory power of the starting material. This 

implies that the racemization caused in the course of the conlugate addition was less than 12 %, 

because further racemlzatlon at C-3' of the product 10 was impossible after its formation . The 

optical purity of 10 was therefore considered to be satisfactory for further synthetic operations. 

The later steps from 10 to c-j-1 followed the route already described for the synthesis Of 

(+l.= After blocking the sterlcally less crowded C-4' CH2 group with a CHO group to give 11, 
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12 R=THP 
9 R=H 
c R=Ac 

+ 

19 X=OH 
15 X=C1 

If! 

Fig. 2. Synthesis of (-1 - arcochlorln. 

the dlanlon of 11 was methylated to afford 12. Hydrolysis of 12 with 2 0 NaOH gave 13a as the 

single Isolable isomer with an eq Me Group at C-2'. This completed the introduction of the all of 

the three chlral centers of t-j-1. Treatment of 13a with aq AcOH-THF gave 13b. whose acetylatlon 

yielded an acetate 13~. The acetate 13~ was treated with MeOCH(OCH2)223 and p-TsOH to furnish 

14a. This was hydrolyzed with K2C03 to give a mixture of 14b and 14b'. It should be added that 

all of the intermediates lo-14a were also obtained as a mixture of two geometrical isomers at C-2. 

As was in the case of the racemate, the desired (2E)-Isomer 14b was separated from the undesired 

(2Z)-1somer 14b'by medium pressure LC to give pure 14bas an 011, [a1~2-1.40(CHC13), and pure 

lib', m.p. 75.5-770, bll;2 -9.7"(CHClj), I" the ratlo of 2:l. The (2E)-rsomer 14b was converted 

to the corresponding chlorrde 15 by the method of Stork et al. 24 -- 

Alkylation of the llthlated 16cf'25 with 15 yielded 17 in 54 % yreld. Use of the chloride 15 

was superior to that of the corresponding bromide, which was too unstable to be handled. Treat- 

ment of 17 with N-chlorosuccinimide (NCS) gave a dichlorodiketone 18. Aromatization of 18 to 19 

was effected by heating 18 with DEW in THF. For the introduction of the CHO group, 19 was treated 

with EtMgBr in ether followed by HC(OEt)) according to Casnatl.26 Finally acid treatment of the 

crude product effected the hydrolysis of -CH(OEtJ2 to -CHO yielding (1"~,2"~,6"lJ)-(-)-ascochlorln 

1 (11 mg), rn.p. 171..172'=, IalE3- 31.S0(MeOH) [a” authentic sample of 1, m-p. 171--172O. [Q1g3 

-30.7O (MeOH) 1. The identlty of our synthetic (-)-ascochlorln with the natural product was proved 
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by the mixed m.p. determlnatlon (m.m.p. 170.5-171.5°) and the comparisons of IR (KBr disc) and 400 

MHz 'H-NMR spectra. The overall yield of (-)-ascochlorin 1 was 0.035 rb I" 22 steps from (El-(+)- 

pulegone 4 or 0.32 0 in 16 steps from @)-(+)-4-methyl-2-cyclohexen-l-one 6. 

Synthesie of (-)-arrcofuranol and (-)-ascofuranone. In contrast to the synthesis of (-)-asco- 

chlorln 1, there was no readily available chirel starting material for the synthesis of (-)- 

ascofura"o"e 2. We therefore decided to attempt the optical resolution of an appropriate Inter- 

mediate. As shown in Fig. 3, a" obvious candidate for optrcal resolution was a ketone like 2Oa. 

In the early phase of this work, we tried the separation of a dlastereomerlc mixture of 22 

prepared by utxlizlng SAMP [(~)-l-am~no-2-(methoxymethyl)pyrrol~di"e127 as a chiral derivatizing 

agent. Although the dlastereoisomers were separable neither by TLC "or by medium pressure LC, the 

separation was successful by means of reversed phase HPLC. HOWWCX, the convers~o" of the puri- 

fled diastereoisomer of 22 to optically active ascofuranone was unsuccessful after all. We then 

prepared an acetal of (+)-20a employing (2r&3&)-(-)-2,3-butanediol as a chiral derzvatizing agent. 

The dlastereomeric acetals were separable by medium pressure LC. Further transformation of the 

more polar diastereoisomer (+)-23, [a122+1630(CHC1 ) D ' 3 , to ascofuranone 2 by our method used for 

the synthesis of (t)-2 gave (El-(+)-ascofuranone 2, proving the absolute configuration of the more 

polar (+I-23 to be (&) as depicted. The speclflc rotation of (+I-2, however, was rather small, 

[a 1;’ +15.9' (HeOH), while an authentic t-j-2 showed [alAgvalue of -37O(MeOH). This implied 

yy”V_ y&&&Ho 

t-1 - 2 Cl 
Hd 

2 Cl 

HO 
no 

Fig. 3 Eartier studies on the synthKis of (-I- ascofuunonc 

that partial racemizatlon at the choral center took place in the course of the conversion of (+)- 

23 to (+I-2. The chiral center of 2 is located at a" allylic position, which is also a 

position B to the CO group. Therefore ascofuranone 2 could racemlze under a drastic condition. 

The above described negative results as provided by Mr. T. Fujioka in early 1983 made us to 

change our strategy. We envisaged that an alcohol like (?)-21a should be chosen as the candidate 

for optical resolution. There were dual advantages for this choice: (i) Reduction of the CO group 

at C-4' to CHOH would eliminate the possibility of racemlzation at C-l' via a retro-Michael - 

reaction, and (ii) Even if slight racemlzatlon might take place at C-l'(an allylic position) after 

resolving (+)-21a. it would generate a diastereoisomer sharing the same configuration at C-4' with 
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that of the "on-racemized Zla. The unwanted diastereolsomer would be removed by chromatography or 

recrystallization. 

The synthesis of the enantiomers of ascofuranone 2 started from geraniol 24 by the route 

show" in Fig. 4. The aldehyde 25 was prepared in 41 S yield from geraniol 24 as reported by us. 28 

A cross-aldol reaction between 25 and a dianlon derived from 3-hydroxy-3-methyl-2-butanone gave 

c-+)-26 1" 51 0 yield by employing LiN(SlMe3)2 as the base. Cyclization of (f)-26 to the furanone 

(A)-20b was achieved in 49 % yreld by treating (t)-26 with p-TsOH in 2-methoxy-1,3-dloxolane 

[M~ocH(oCH~)~I containing a small amount of MeOH. Reduction of (f)-2Ob with NaBH4 I" MeOH yielded 

a mixture of two alcohols (A)-21a and (?)-21a'. When the reduction was carried out at room temp, 

the product conslsted of a less polar alcohol and a more polar one I" a ratio of 9:l. The 

reduction was more selective at -70' , and the ratlo of the two diastereolsomers was 16:l. The 

assignment of the relative stereochemlstry to these two products was made possible by the NHR 

measurement in the presence of a shrft reagent Eu(fodj3. As can be see" from Table 1, the 1H 

signal due to H1 of the major product suffered less extensive down-field shift than that of the 

minor product upon additlo" of Eu(fcd13, while the 3H signal due to Me3 suffered more extensive 

down-field shrft I" the case of the major product than in the case of the minor product. The 

major product therefore must be (?)-21a with (l'S',4'S*)-relative stereochemistry, while the minor 

one should be (+I-Zla'. The minor isomer (?)-21a'could be oxidized to (t)-ZOb, which could be 

reduced again to give a" addltlonal amount of (z)-21a. 

Wzth a sufflclent amount of (?)-21a I" hand, we moved on the problem of the optical resolu- 

t1on. Plrkle's method of resolution via naphthylethylcarbamate 29 seemed to be particularly appro- 

prlate for our purpose, because the carbamate could be removed selectively with HSiC13 under d 

mild co"ditlon3' keeping the AcO group of 2la intact. This was of importance r" defferentlatlng 

the two oxygen functrons of 2la. Treatment of (+)-21a with the isocyanate (R)-27 at BOOfor 14 h 

yielded a dlastereomeric mixture of (l'S,4'2)-21b and (1'&4'&)-21b. These two were separable by 

Table 1. 60 MHz 'H-NMR data of (+)-21a and (A)-21a' in the presence 

of Eu(fod)3-d27* 

Amounts of &Values of the protons specified below of 

the added (+)-2la (the major product) (t)-21a' (the minor product) 

Eu(fod)3-d27 H1 Me' Me2 Me3 Me4 H1 Me' Me2 Me3 

O-3 

10 
20 

30 

A&(630 mg- 60 mg) 0.94 1.76 0.73 0.71 0.37 1.42 0.69 1.35 0.41 0.33 

4.11 1.11 1.11 1.53 1.66 4.37 1.14 1.14 1.52 

4.41 ---- ---- -___ ---- 4.75 ---- ---- ---_ 

4.70 2.26 1.59 2.00 1.91 5.20 1.58 1.98 1.76 

5.05 2.87 1.84 2.24 2.03 5.79 1.83 2.49 1.93 

1.69 

---_ 

1.88 

2.02 

%a a sol" of 38 m9 of (t)-210 or (i)-Zla' in 0.30 ml of cClq, Eu(fod13-d2, we.8 added. 
~~fcd~3-trie~6,6,7,7,B,B,~~e~fl~2,2dimethyl-3,5actanediaMto)europir. 
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WL. Synthesis of Ihe l nontiomrrs of ascofuronol and wofuronone. 
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medium pressure LC over SiO2. Upon treatment with HSlC13 the less polar carbamate 21b yielded 

(+)-21~1, [U1~'+15.4" (CHC13), and the more polar diastereolsomer gave (-)-21a, [al;l-15.6" 

(CHC13). The efficiency of this resolution was 58.3 0 1" the case of (+)-21a and 54.6 0 III the 

case of (-)-2la. respectively, basing on the amount of the enantiomers contaIned in the starting 

(?I-2la. The absolute configuration of (+)-2la was shown to bs (1'&4'~) by its later cO"VerSi0" 

to (~)-(-)-ascofura"o"e 2. 

The remalninq task is the conversion of the enantiomers of 2la to the enentiomers Of asco- 

furanone 2 and ascofuranol 3a by a route similar to that used in our previous synthesis of (2)-2. 

After protectrng the OH group of (1'&4'S)-(+)-21a with t-BuMe2SuZl. the eesultlng (1'5,4'S)-(+)- 

2lc was treated with K2C03 to give (+I-21d. The corresponding chloride (1'&4'S)-28 WBY prepared 

by the Stork procedure 24 and used for the alkylatlon step to give (1"~,4"~)-(+I-29. Treatment of 

(+I-29 with NCS yielded 30, whose aromatization with DBU furnished (1"&4"~)-(+)-31. To this was 

introduced a CHO group to give (1"&4"~)-3b. whose desllylation with aq HF-MeCN 31 gave (1"5,4"5)- 

(-)-ascofuranol 3a. m.p. 91*92', lUl~1-3.10(MeOH). In the same manner, (l'iJ,4'R)-(-)-21a 

ylelded (l"R,4"R)-(+)-ascofuranol 3a, m.p. 91-92'. [alzl +3.2O(~e0~). The 500 MHz 'H-NW 

spectrum of our synthetic (-)-ascofuranol 3a wss completely identical with that of an authentic 

sample of (-)-3e. The reported physical data [m.p. 75'. [al~1-70(MeOH)15 of the natural (-)-3a. 

however, wet-e not I" good accord with OUTS. Because of the limited avallability (<l mg) of the 

authentic sample of (-l-3& we thought It desirable to rigorously prove the high optical purity of 

our synthetic (-)-3a. For that purpose d small amount of our (-)-3a was treated with Me1 and 

K2C03 to give a dlmethyl derivative (l"S,4"s)-3c. This wds acylated with CR)- or (S)-a-methoxy-a- 

trifluoromethylphenylacetic acid (MTPA)32 to give (l"S,4"S)-3d. The HPLC analysis of 3d proved 

Its high diastereomeric purity (>99 S), which implied the high optical purity (>99 0) of the 

original (-)-3a. 

The concluding step for the completion of our ascofuranone synthesis was the oxldatlon of 3a 

to 2. In the course of their structural studies on (-)-ascofuranol 3s. Sasakiet al. oxldlzed -- 

(-)-3a with Cr03 *C5H5N in CH2C12 to give (-)-ascofuranone 2 I" 20 0 yield.4 We tried other 

methods, too. The Swern oxidation with DMSO-(COC1)233 of (-)-3a gave no useful result. PDC 

(pyridinlum dichromate) oxldation34 was also fruitless. Finally PCC (pyridinlum chlorochromate) 

oxidatlon35 19 of (-)-3a gave (-)-ascofuranone 2, m.p. 83-B4O, [al, -37"(MeOH), in 22 0 yield. 

Slmllarly (+)-ascofuranol 3a was oxldlzed with PCC to give (+I-ascofuranone 2, m.p. SD-81". [al:' 

+43' (MeOH), in 32 0 yield. An authentic sample of (-)-ascofuranone 2 as recrystallized by our- 

selves showed the following properties: m.p. 80-81'. [al, lg-37"(MeOH) [lit.5 m-p. E14--85°, [al:’ 

-50’=7MeOH) I. Our synthetic (-)-ascofuranone 2 was shown to be rdentlcal with the authentic sample 

by the mixed m.p.determination (m.m.p. 82-84') and the comparisons of IR (KBr disc) and 400 MHz 

1 H-NMR spectra. The overall yield of (-)-ascofuranone 2 was 0.073 0 from geraniol 24 in 17 steps 

or 0.710 from (t)-20b in 12 steps. 

In conclusion, the optically active forms of ascochlorin, ascofuranone and ascofuranol were 

synthesized for the first time. The method described hereln should be useful in preparing vsr1ous 

analogs of these fungal metabolltes of medlclnal Interest. 

alhFeand-wem=Y=- IR spectra refer to films for oils ard KBr discs for solids and were measured on 
d Jasco IRA-102 spectranetar. H-rixRspectrawererecoxded ma Hitachi R-2& (60 MHZ) or a Jeol JNM lx-400 (4ca MHZ) ord 
&-ukerAH-M0(500~) spactrometerswithl74.sesan intenvllstadxd. 13C-NHR Spectra were reoorded on a Jeol Px-100 (25 
nHz)spctraneter. MS were recoxdd cn a Jeol M-xx) (70 eV) spectmmeter. Optical rotatrons were measured on a Jasw 
DIP-140 polacimeter. For chromatcqra#~ic sqx.r&im, Merck )(leselgel 60 urt 7734) was used unless otherwise speafid 
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(R)-(+)-3,4-Dimethyl-2-cycl~en-l-ae 6. A aoln of Ne2clrLi in dry ether was prepared by the droprise addition of l.59 N 

MeLi inether (88 ml. 140 mmol) over 40 min to estirred and moled auspensicm of 011 (13j g, 70 mmol) in ether (260 ml) 
at -4oourxle.r Ar. The 6ol.n wa* stirred for 10 min et -4(p. 'I&II a aoln of 6 &lo g, 46 mmol) in ether (31 ml) was a&led 
in am Wion to the stirred Md axled soln. After stirring for 10 min. a soIn of Ph2Se2 (21.7 g, 69 mmol) and m2 (l.g 
ml, 37 mm011 in dry 'R(p (64 ml) was added with stirring .wxl caling at -40'. Ihe temp was allowed to rise to - temp and 
the reaction was clwz&ed by the additim of aat Nli4Cl ag (250 ml) and n-pantane~ther (l:l, 500 ml). Ihemixturewas 
filtered and the oq layer was aepxated. Ihe q layer was extracted with n-pentane-ether (1:l. 200 ml x 2). me combined 
erg eoln was washed with water (150 ml) ard brine (150 ml), dried (NgS34) ard uncentrated in vacua to give an oil (24.5 

g). 
-- 

This was circmatcgra~ over SiO 
21 

(100 g). Eluticm with EtQAFn-hex.9~ (O:L-1:4) gave lL2 g w.5 w of 7, "mAx 
1710 (a), 1585 (w), 735 (8). 690 (8) cm 
oooling at -70: 

. O3 wan bubbled into a sol" of 7 (11.2 g, 40 mmol) in CH2C12 (60 ml) with 
Nhen the sol" turned blue (excess 41, an additicmal tubbling of O3 was continued for 10 min. lhen N2 

Was tiled to remove excese O3 at -70'. Et2N% (4.79 ml, 46 mmol) was added to the reaction mixture at -70'. In a separate 
VeSSel, CC14 (303 ml) v** heat& rnder reflux. lb this were added Et2Nli (2+&J ml, 23 mmol) followed bq the canized 
reaction mixture. lhe mixture was added in cne px-tuzm while its temp was still -70: l%e heating wa6 sw and the 
mixture was allowed to cool to rcan temp The organic 901" was washed with 10 t Kl (M ml), sat m3 eq (50 ml) ard 

brme, dried 04490,laxl axcentrated in MM to give 23 g of a crude oil_ -- Wis was duomatogr&ed over Si02 (120 g). 
Elutian with ether-n-pentane (1:9-3:7) gave 3.37 g (587 9 from 6) of 8, hp. 102.5-104°/23 Torq &.4S951 tcd~'+lll" 
(c=l.O6, CHC13), vmax 3340 (~1, 3045 (w), 1670 (br.8). 1625 (s), 860 (m) cm-', 6 (60 MHz, CC14b' 1.19 OH, d, J-6 Hz), 

1.93 (M. s), 1.60-260 (5H. ill), 5.69 "'4 
of 10°/minr Carrier gas, N2, 

bra); QC (alumn, 10 0 PEG 2OI4, 2 m x 3 mm at M-MO with grediemt increase 
1.l kg/cm ) Rt 14.0 min 099 8). 

3.75 a). 
(Fcund: C, 77.101 H, 968 Calc for C7H120: C, 77.371 H, 

~2EZ,4E,1'R,6'R~-~-~-5-~1',6'-Dimethyl-3'~xocycl~l~-3-me~yl-2,4-~~i~-l~l lliP ether 10 A catalytic am-t of -- 
AIBN and (II-Ba),SnH (10.5 ml, 40 mmol) were added to 9 (7.5 g, 41 mmol) under AK. and the mixture was heated at loO"for 30 

min. lb exce,‘. (n-IW3SnH was remwed by heating in vamo for 10 min at 1009 
and cculed to -70: 

-- lbe residue was dissolved in lliF (54 ml) 
A sol" of n-B&i in n-h- (168 M, 24 ml, 40 mmol) was added over 12 min to the stirred and -14 

mixture and the stirring was continued for 40 min et -700. m this was added over 10 mln a 901" of n-PrCsCCu (6.2 g, 47 
mmol) in ether (60 ml) and (Me2Nj3P (175. ml, 33 mm011 with stirriq and cooling at -70°. lbe stirring we.* ccntinued for 2 
h at -704 A soln of 8 (278 gr 22 mmol) in ether (30 ml) was .&led over 8 min to the stirred and cwled mixture at -709 
?he stirring was mntinued for 25 h at -753 Ihe reaction was gwnched by the edditicm of 8.3t EM4C1 ag. l7w erg soln was 
separated and the q layer was extract& with ether. lk combined organic aoln was washed with water and brine, dried 

(K2a3 d """p' d concentrated in vacw to give 436 g of an oil. -- 
g). Eluticm with EtS!Arn_~vane (O:l-1:9) gave 4.53 g K&O 0) of 

l%isavas plrifie;bby duomatcgra~y over Si02 (300 
10, nD l.5119, [al, -24.1°k=1.01, alcl,); "max 1715 

(8). 1650 (~1, 1020 (8) cm I 6(60 NH& 0X4) 0.31 (3H. d, J=6 Hz), 0.92 (3H. 81, l.lD-Lo5 WH, m, -Ca3 singlet at 
1.74 (e), 1.82 (cl), 2.05-2.50 (4H. ml, 3.15-4.25 (4H, m), 4.54 (1H. bra), 5.20-5.80 (2H. ml, 5.35 (0.62H. d, J=l6 HZ 

(_E)), 6.32 (0.3SH. d, J-16 HZ (z,,. (Pound: C, 74.198 H, 3.52. Calc for ClgH3003: C, 74.47, H, 9.86 e). 

~2EZ,4E,l'R,2'R,6'R~-~-~-5-~1'.2',6'-Tri~e~yl-3'~cl~l-3-me~yl-2,4-~~i~-l~l ?Hp ether 13a. (i) 50 % N&i in -- 
mineral oil Cl.16 g, 24.2 mmol) was aspax+d in C6H6 (20 ml) under Ar. To this was ajded a soln of 10 (450 g, 14.7 mrol) 

ard H302Rt W32 ml, 225 mmol) in C6H6 (20 ml) wef 3 min wth stxruq and cooling at '/-So. ?he mixture was stirred for 
3 h at lOoand the reacticm wae guenched by the tiltion of cold water 00 ml). llw aq layer was acidified to @i 4 by the 

additlm of N-K1 (cd. 23 ml) a& extracted wth ether. lbe ether win w.38 washed with 
dried WgSJ4) and amcentrated in vdcuo to give 5.X g of cNde 11, 

wet.er,lsat NaK03 q and brine, 

-- "max 1640 (s), 1590 (8) cm . ?his was employed in 

the next step withcut further plrifxatia 

(1.55 M in n-hazne, 
(ii) A eoln of LiNU-Pr)2 (323 mmol) was prepared by ths addition of n-EuLi 

2O.S ml) to a aoln of (l-Pr)2pH (4.52 ml) in lW (30 ml) uxler Ar. 'To this was added .s sol" of the 
crude 11 (5.30 g) in W (17 ml) over 15 min with stirring and coolzng below -153 After stirring for 20 min at -ZOO, a 
foln of NeI (US ml, 222 mmol) in HMPA (4.5 ml) was &ded over 5 min. ?he stirring was continued for 1 h at -20'. ?he 

reaction was quenched by the additxm of sat W,Cl ag (30 ml). l%e mixture was acidified with N-tKl (ca. 53 ml) to p 4 

and the orglayw was separate% Ihe qleyer was extracted with ether. The combined erg sol" was washed with water, sat 

m3 aq and brine, dried (Mgso4) and ccacentxatai in vacua to give 575 g of crude 12, Vmax 1640 (s), 1595 (a) cm-'. -- 
lhls was employed in the next step without further pzificatioh (iii) A soln of the crude 12 (5.75 g) in 2 * NKH ag (120 

ml) was stirred and heated under reflex for 1 h It was acidified with N-HCl (60 ml) urder ice-omling to @i 4 and 
extracted with ether. ?he ether sol" was washed with water, 8at NaHoD3 aq and Brie, dried (Mm41 and carentrated & 

E ?he residue (4.97 g) was chromatcgra@xd - Si02 (120 g). Eluticm with EtCk-n-hexane (5:95) gave 2.CO g (43 8) 

of lk with of 0.1% g of lo. ?he yield of 13a from 10 was 50 \ based cn the 
13a were: "CO‘ (al;O- 

ccmsumrzd 10. lk *ysical data of 

35.9'(c-0.92, CHC13)r Vmax 1715 (9). 1020 (8) cm -Ii 6 (60 HHz, CC14) 0.73 (3H. s), 0.79 

OH, d. Jd Hz), 0J32 (3H. d, J=6 Hz), (19%ZUO (lnt m, -Cll3 signals at 1.78 and LS5). 210-252 (3H, m), 3.l4-4.26 (4H, 

ml, 4.56 (1H. br.s), 5.16-5.73 (ZH, ml, 5.90 and 6.28 (total lH, each d, J-16 Hz). MS: m/z 320.2414 CM+, Calc for _ _ 

C20H3203=320.2351). 

~2EZ,4E,1'R,2'R,6'R~-(-~-5-(1',2',6'-Trimethyl-3'-oxocyclo~l~-3-me~yl-2,4-~n~i~-l~l 13b A soln of 13a (X20 g, 

10.0 mmol) in AaXi-lWF-water (2:2:1, 100 ml) was stirred and heated at 4oOfor 1 dav. It was then diluted with cold water 

CO3 ml) and extracted with et&. T%e ether sol" was washed with water, sat m3 ag and brine, dried (MqS04) and 

cccmcmtrati in va- Ihe residue was duana~aphed over 90, (M gL Elution with ether-n-hexane -- 
g (64 0) of 13b. n;' 1.5255) k+ 

(1:4-1:l) gave y 

-SZ.O"(c-1.01, CHC13)r "max 3420 (bra), 1715 (81, 1640 (~1, 1010 (bra) cm I 
6 (60 "Hz, CC14) 0.71 (3H, s), 0.77 (3H. d, J-6 Hz), 0.79 (3H. d, J=6 Hz), 0.93-1.12 (2H, III), 1.50-1.97 (4H. m), 

2.1&2.51 (4H. m), 4.13 (2H. d, J=6 Hz), 5.11*5.86 (2H. m), 5.88 and 6.21 (total 1H. each d, J=16 Hz). NS: m/z 236.1835 

04+, 
-- 

Calc for C15H2402: 23W776). 

~2EZ,4E,l'R,2'R,6'R~-~-~-5-~1',2',6'-Trimethyl-3'-oxocyclohexyl~-3-me~yl-2,4-~~~yl e 13~. A mixture of 13b 

(I.40 g, 5.32 mmol) and &z20 (0.70 ml) in C5H5N (12 ml) was stirr& for 30 h at mom temp l&m it was acidified with ice- 

cooling by the ajdition of 2 N-K1 cc& 90 ml) to @i 2, axl extracted with ether. lhe ether sol" was washed with water, 
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sat w3 ag and brim, dried (HgSJ4) and anoentrati m MM Ihe residue was chromatqra@ed ow Sio2 (15 g). 

Elution with FBXrn-hexane 
- - 21 

(3:97-1:9) gave L49 g (90 %) of 13c. "D 15119r 

1715 (s), 1650 (w), 1235 (8) cm-', 6(60 MHz, CC14) 0.73 (3H, s), O.S2 (6H. d, J-6 Hz), 182 (3H. s), 1.98 (3H. s), 

1.66-2.10 (3~. m), 2.10-2.60 (3H. m), 4.56 (ZH, d, J-7 Hz), 5.2&5.90 (2H. m), 5.88 and 6.27 (total 1H. each d, J-16 Hz). 

(Found: C, 73.77; H, 9.80. Calc for C17H2603: C, 73.551 Ii, 9.37 a). 

(~,4+1~2~6~~-(-)-5-(3',3'-Ethylenedi~l',2',6'-trimethylcyclohexyl~-3-methyl-2,4-pentadienyl acetate 14r. A soln 

of p-TsOH in C6H6 (3.5 \, 2 ml) and Ne0H (0.1 ml) were added to a soln of 13~ (1.46 g, 5.23 mmol) in 2-methoxy-1,3- 
dioxolane (7 ml). The mixture was stirred for 4 days at roan temp LUrmg that period. Ne(H ((11 ml x 3) ard p-?aX in 

C6H6 (2 ml x 3) were added to the soln. It was then mixed with sat NaIUJ3 zq (M ml) ard extracted with ether. l7z-e ether 
sol" was washed with water and brine, dried (M493, and K2c03L and concentrated in vacw. d===m.+@d 
over SiO 

t 
(14 4). 

‘Ibe r-e&due wa8 

CHC13)r 

Elutim with EtRXrn-y (3:97) gave L69 g (guntitative) of l&i, nO 15074~ 
max 1740 (81, 1235 (s), 1070 (s) cm J 6(60 MHz, Ccl41 0.50-1.05 (9H. m. signals at 0.64, 0.75, 0.86, 0.90). 

1.80 (3H. 51, 1.96 (3H. E), 1.2012.10 (6H. m), 3.634.06 (4H. ml, 4.57 (2H. d, J-7 Hz), S-10-5.69 (2H. m), 5.87 and 6.21 
(total 1H. each d, J- 16 Hz). (Faud: C, 71D41 H, 93O. Calc for ClgH3004: C, 70.77; H, 938 a). 

(2E,4E,1'R,2'R,6'R)-(-)-5-(3',3'-Ethylen~i"xy-l',2',6'-tri~ethylcy~lohexyl~-3-~ethyl-2,4-pentadien-l-ol 14b and its -- 
(22,4E,l~2‘R,6'R)-(-)-isomer l&b'. 'm a stirred soln of K2c03 (3.6 g, 26 mmol) in MeQI (6.6 ml) and water (9.O ml) was 

added 14a (1.60 g, 4.96 mmol). ?he mxture was stirred overnight at rcom temp and then heated at 40'for 4 h. It was 

diluted with sat Nam3D3 ag (50 ml) and extracted with ether. ?he ether sol" was washed with water and brine, dried (MgS3, 

and K20D3' 4 mnce"trated in vacuQ -- '0~ residue was chromatogra@ed over Si02 (12 g). Elutxm with &ha-n-hzxane 

(1:9-1:l) gave 1.19 g (65 *) of .a mixture of 14b and le. ?he mixture (IJO g) was duomatcqra#d wer a Uerck L&x 

column (LiOrqxep?3i60, 40-63~111, &se Cl. Elutim with ether-n-h- (3:7) effected the separation of the two 

isomers. The more polar isomer (0.65 g, 59 $1 was shown to be the (2E)-isomer 14b. "0 221.5225$ ((1122-1.4 Sc-0.98, 

Cm313)r umax 3425 (br.s), 1645 (WI, 1625 (w), 1100 (ml, 1070 (8). 1015 (m), loo0 (m), 970 (m) cm-'8 6(60 k, CC14) 0.69 

(3H. d, J-6 Hz), 0.80 (3H. d, J-6 Hz), O.S5 (3H. 61, 1.72 (3H. 81, 1.15-1.95 (6H. m), 2.40 (1H. s), 3.47-3.95 (4+H, m). 4.10 

(ZH, d, J- 7 HZ), 5.27 (1H. d, J-16 Hz), 5.55 (lH, t, J=7 Hz), 5.87 (1H. d, J-16 Hz). HS: m/z 280.2037 (M , Calc for -- 
c17H2S03: 2BO.2037). Ihe less polar isomer (0.32 g, 29 $1 was shown to be the (2z_)-ipmar IUP, ID+ 69-74'. An anelyti- 

cdl sample of lib' was reaystallized from n-tie, m.p 75.5-77Yrhomtm)r ((1122-9P(c=1~2, c?Kl 1. Vmax ("Ujc.1) . 
3520 (8). 1640 (m), 1060 (s), 1010 (8) cm-'i 6(60 MHz, Ccl41 0.69 (3H, d, J=6 Hz): 0.80 (3H. d, 556 I?,',, 0.87 (3H, s), 

1.79 (3H, s), 1.15-1.95 (7H, m), 3.47-3.95 (4H, m), 4.09 (2H. d, J=7 Hz), 5.31 (lH, d, J-16 Hz), 5.32 (1H. t, J=7 Hz). 6.12 

(1H. d, J=16 HZ). (Found: C, 72.631 H, 10.06. Calc for C17H2S03: C, 72.82; H, 10.06 a). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

6-methyl-1,4-cycl~ene 17. (i) A sol" of n-Ix&i in n-h- (154 N, Ll ml, 169 mmol) was added droprise to a 

stIrred and ice-cooled sol" of 14b (470 mg. 1.68 mmol) in ether (1.5 ml) under Ar. HNPA (0.80 ml) was added to the 
mixture lhen a aoln of p-T&l (384 mg, 2Q2 mmol) in ether (LO ml) was added droprise to the stirred mixture at 09 

After stirring for 3O ml" at 09 a solo of LX1 (213 rug, 503 mmol) in HNPA (2.O ml) was added droprise and the stirring 

was untrued for 30 min. me reaction wa8 guerch+xI by the akktion of sat NwoD3 aq (10 ml). 'Ihe workup was carried out 
in a cold rcan (44 to prevent the deuxnpxiticn of 15. 'Ihe mixture was extracted with ether (SO ml). ?he ether sol" was 

washed thoroughly with Ice-water (x 4) ad brine, dried (f4gED4) ad axcentrated in vacu3 at Ooto give 0.58 g of uuk 15. -- 
This material was .ea unstable that it w&v used immediately in the next step (ii) A aoln of 16 (X0 mg, 3.24 mmol) in 1w 

(1 ml) was added dropwlse to a stirred and cooled sol" of t-BuLi m .s n-hexane (la M, L5 ml, 2.70 mmol) in 'IliF (25 ml) 

at -7o"wder AK. After stirrup for 20 ml" at -70°, HMPA (L2 ml) was added to the mixture. 'IBe stirring was catinued 

for 20 ml" at -700. A win of the cnrle 15 (OSS g) in DIP (l5 ml) was e&l& dropwise to the stirred mxture at -700. 

After stirring for 3O min at -70°, the temp was allowed tn rise to -15'over 15 min. Ihe reaction was pwnched at -1Pby 

the edjition of sat NH4C1 aq (5 ml). Ihe mixture was dilutej. with brine (10 ml) and extracted with ether. lk ether soln 

was washed with water dbrmne, dried (Mm4 MaK203,). and mncentrat.allnvaaxl The resicbre was chromat4raFhedoW -- 
Si02 (Hallinckrodt CC-7, 2O g). Elutian with EtoAc-n-baane (1:99"15:9&5) gave 378 mq (540 \ frail 14bb) of 17, vmax 

1690 (s), 1655 (m), 1600 (w), 1205 (81, 1175 (81, 1145 (81, 1070 (8) cm -'I 6(60 NHz, Ccl41 0.45-1.10 (12H. ml, 1.60 (3H, 

s), 1.15-1.90 (6H. m), 2.32-3.08 (4H. ml, 3.48 (6H. s), 3.65-4.10 (4H, m), 4.48 (2H, m), 4.85-5.38 (2H. m), S.SO (1H. d, 

J-16 Hz). lhis material was employed I" the next *tep witkut further ptrlfxation. 

methyl-2,4_cyclchexanedione 18. lb a aoln of 17 (370 mg, OJ33 mmol) in DMF (4.3 ml) ard water (0.4O ml), CXU3 (328 mg. 

433 mm011 was added under AK. lYu3 vessel was slightly evaaated to remove 0, drsmlved in the solxaks. Ncs (261 mg, 

L95 mrral, 22 eq) was added to the stirred and cooled mixture at 0". ?he t.empL was allowed to rise to room temp and the 

stirring wd9 continued for 12 h. Water (M ml) was added to the mixture and the stirring wa8 further ccntinwd for M min. 

me mixture was acidified with N-HCl e0 pH 5 ard extracted with ether (40 ml x 4). 'Ihe ether aoln was washed With watar 

and brine, druxl (Mg904) and amcentrated 1" v.s- ?he resxlue was chromatcqra@xxd over S102 (Nallinckmdt CC-7, 12 g). -- 
Elut1al With Ex0Ac-"-hexa"e (1:9--3:7) gave 179 mg (44.1 0) of 18, Vmdx 3350 (br.m), 1720 (m), 1620 (bra& 1375 (81, 1065 

(6) cm-l. llns was employed in the next step witit further plrlficatiab 

(2'E,4'E,1"R,2'R,6"R~-4~1o~2-(5'-(3",3'sthy1~~1-,2-,6-~~y1~c1~1~-3'~1-2',4'-~ eny i llcrci"ol 

19. D6U (210 Ill, 1.40 mm011 was added to a suln of 18 (125 mg, 037 mmol) in lXP (O.&J ml). 7lkz mixture wae stirred and 

heated under reflux for 25 h urx?erAr. It was diluti with water (4 ml), acidified with N-t?Zl to @I 5 and extracted with 

ether. lk ether sol" was WaBhed With waterardh1ne, &led (NgQ4, and cacentrated invacuo. The residue was prrifiej -- 
by prep TIC (MEI& Kieselgel MIF, Art 5717; Oeveloped with EUXc-n-heranec5:4~ Elutiol with ether) to give 72 mg (626 8) 

of 19, Vmax 3540 (~1, 3350 km), 1610 (ml, 1585 (ml, 1065 (a) cm-'8 6(60 MI+& CC14) 0.40-lD3 (9H, ml, LlO-L92 (6H. 

m), 1.83 (3H. s), 2.20 (3H. 81, 3.38 (ZH, d, J-7 Hz), 3.60-4.05 (4H. ml, 4.90-6.40 (6H. ml. 
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~2'E,4'E,1'R,2"R16"R~-~-~-5-olloTcr2,4_dy1-2',4'- 

pan~enyllbenzaldeh* I(-)-ascochlorinl 1. A aoln of 19 (50 rq, (212 mmol) in ether @.50 ml) was a&&d qradually to a 
sol" of BtMgBr (0.30 mmol) in ether (OZO ml) with stirring lnder Ar at - tap After the additian. the stirring was 

ccmtinued for Xl mih 'hen HCGfX)3 (1M) Ul, 6.0 mmol) was added and ether was distilled off from the mixture by raising 

the bath temp to 1000. llm mixture was heated at 1Wfor 10 min After cooling, the reactian was qkexhed by the 
addition of 0.5 N-HCl(4 ml). lk mixture was extracted with ether. 'I& ether soln was washed with water and briaz,&ied 

o@J4) ard -t.rated in vacua. 'Ihe residue was purified by prep TIC (Mer& Kieselgel 6OQ. Art 5717; Developed with 

Etcmc-n-h exane-5:2; Eluticm with ether) to give the acetal of 1 (56 rrq). lhis ~a.8 disaolwd in ether (1 ml). To this was 

added 35 * K104 aq (0.4 ml) with stirring and cooling at 0". After stirring for 10 min. the mixture was neutralized by 
the addition of 10 t K2CC13 q (2 ml) and water (5 ml). It was then extracted with ether. Ihe ether sol" was waked with 
water anJ brine, dried (HgSOq) and ccncentrated in vacua lbe residue was chrcmatqre@~ed over SiO, GYJ g). Elutioo -- 
with --hexan (17:83) gave 21 mg (43.7 9) of (-1-l. C3t.z recrystallization from acetcne-n-hexane gave 11 mg (22.9 0) 
of C-j-1, IL&L X7-169'. Qurthex reaystallizaticm from acetcme-n-hexane qave (-1-l as pie yellow needlea, mp 171-172', 
am.& 170.5-171.5°(authentic sample m_p 171--172'11 [&l~3-31.5"(c=0.16, MeOH); Umax (KBr disc) 3410 (bran), 2990 cm), 

2950 (ml, 2890 (m), 1710 (8). 1635 (~8). 1465 (m), 1455 (ml, 1425 (81, 1395 (ml 1380 (m), 1330 (m), 1290 (8). 1250 (~81, 
-f 1 1170 cm), 1110 (m), loe0 (~1, 1015 (~1, 975 (m). 910 (w), 7% (ml, 715 (w) cm 8 H-NM? (400 MHz, CWl,,6 0.69 (3% s), 

0.81 (3H. d, J=6.6 Hz), 0.83 (3H. d, J-6.6 Hz), 1.60 (IH, m), 1.92 (3H. s), 1.94 (2H. m), 2.39 (3H. m), 2.60 (3H. s), 3.54 

(2H, d, J=7.3 Hz) 5.38 (1H. d, 5x16.0 Hz), 5.52 (IH, t, J=7.3 Hz), 5.90 (1H. d, J=16.0 Hz), 6.40 (1H. 81, 10.14 (1H. 81, 

12.71 (lH, 8)~ %IMR (25 MHz, CDcl ) 9.0, 10.4, 12.7, 14.5, 16.4, 22.3, 31.2, 40.9, 41.6, 48.5, 53.7, 113.2, 113.7, 
113.9, 127.6, 1333, 134.2, 1317, 1378, '156.2, 16W. 193.3, 2127. these spectral data were identical with thoee of an 
authentic sample. Wax-d: C, 68231 H, 7.X Calc for C23H3g04C1: C, 6822; H, 7.22 0). 

~~)-(6E,1OB)-12-Acetoxy2,5dihydroxy-2,6,lO-trimethyld,l0~en-3-one 26. R soln of 3-hydnxy-3-methyl-2-butacme 

(19.4 g, Q19 mol) in lWQ (160 ml) was added dropwise to d stirred and cooled soIn of LiN(SiMe312 (prepd from 250 ml of 

152 M n-E&i in n-hexane and 80 ml of HN(Si14e3)2r 0.38 mol) at -4O-381xxkr Ar. After the addition, the stirring was 

ccmtinued for 2 h at -MO. lhe mixture was then cooled to -6U'and a soln of 25 (20 g, 0.095 ~1) in lliQ (200 ml) was 

added dropuisa over 30 min with stirring at 600. After stirring for 15 min at 6oD. the reaction was quenched by the 

additicn of sat Ni4Cl ag (50 ml). Ihe oooled reactim mixture was pxred into a mixture of oonc Xl (60 ml), sat brine 

(400 ml) and water (200 ml). ?he organic layer was separated and the aqleyer was extracted with ether. Ihe combined erg 
soln was washed with brine, dried 04q934) u-d concentrated in vacua 'Ibe residue was dxomatqra@d over SiO, (400 9). 

Eluticm with l?tCk-n-hexane (3:7) gave 14.5 g (50.7 0) f16r$21.4S2B, "max 3450 (a), 1740 (s), 1710 (81, 1230 

(8). 1020 (8) cm-'8 6(60 Wiz, Ccl41 1.28 (6H. s), 1.61 (3H, 6). 1.70 (3H. s), 2.01 (3H. 81, 2.00-2.30 (4H, m), 2.49 (1H. 
dd, J-4, 16 Hz), 2.91 (1H. dd, J-9, 16 Hz), 3.47 (1H. bra, OH), 4.03 (IH, bra, OH), 4.32 (IH, br.s), 4.52 (2H. d, J=7 

Hz), 5.1W5.60, (2H. m). (Pound: C, 65.381 H, 8.77. Calc for C17H2B05: C, 65.361 H, 9.03 $1. 

~~)-(~6E)-7-(3',3'-Dimethyl-4'axrr2'-awa~cl~tyl~-3,7dimethyl-2,6-heptadimyl acetate 20b. p-TsOH'H20 (100 mg) and 

WX+l (l.El ml) - added to a 6ul.n of t-j-26 (14.0 g, 47 mmol) in 2-methoxy-1.3-diaxoL (80 ml). Ttm 8oln was stirred 
for 1 h 20 min at rcan tamp It wa# then omled to O'and the reaction was quenched by the addition of cold water (ICC ml) 

and N-W1 (50 ml). After stirrinq for 5 min. the mixture was extracted with ether (x 5). l%e ether soln was washed with 

water, satNWo3 aq and brine, dried U4gS04) and amoentrated in VBM The re;;due was CtlromatcgraFhea over Si02 (180 

g). Elutron with EtOAc-n-hexene (5:95-1:9) gave 6.46 g (49.1 t) of (t)-2Ob. nD 1.4754, ymax 1755 (81, 1735 (a), 1665 
(w), 1230 (8) a~,-~, &60 MHz, Ccl41 1.17 (3H, s), 1.24 (3H, a), 1.63 (3H, 81, 1.72 (3H. 81, 1.99 (3H. s), 1.87-2.54 (6H. 

ml, 4.47 (lH, t, J=7 Hz), 4.52 (2H, d, J-7 Hz), 5.16-5.80 (2% m). This was employed in the next step without further 

plrification. 

(2E,6E,l'S',4'S*)-7-(4'-Hydroxy-3',3'-di~ethyl-2'-oxacyclo~ntyl)-3,7-di~ethyl-2,6-~ eny i 1 acetate W-21.~ arrl it8 -- 
(1%',4W)-isomer W-21a'. M4 (Kx) rrq, 5.3 mmol) was added to a stirred and aooled soln of (d-zob (282 9, 9.6 mm011 

in M&i (30 ml) at -70'. After stirring for 1 h at -70'. the reacticm was guexhed by the additionof kKSl(O.6 ml). Ihe 

temp was allow& to rise to room temp ard MeC4i wa8 remcNed in vacua l%e residue was &ssolved in ether (#M ml). The 

ether mln was washed with water and satNaHCD3 ag and brine, dried M3SJ4) and oxcentrated in vacua lbe resldw was -- 
chromatcgra~ed uver Si02 (45 g). Eltiica with ether-n-hexane (3:7--1:l) gave 2.47 g of a mixture of 2la ard 2La'. These 

two were separeted by medium pressure W cm a Ear& kbar column &ichroprep%i60, 63-125 pm). Eluticm with ether-;; 

hexane (1:l) gave the two isomers m pup state. ?he less polar isomer (2.27 g, 80 9) was shown to be (l'S',4'fj')-21a. nI, 

1.48301 Vmax 3450 (ml, 1740 (81, 1665 (~1, 1230 (81, 1020 (8) cm-11 6 (60 MHz, CC14) 1.11 (6H. 81, 1.4s1.80 (1H. ml. 

1.53 (3H, s), 1.66 (3H. s), 1.90-2.46 (SH, m), 1.92 (3H. 81, 2.33 (IH, 8, OH), 3.77 (1H. t, J=6 Hz), 4.11 (lH, t. J=7 Hz). 

4.43 (ZH, d, J-7 Hz), 5.02-5.58 (2H, ml. (Pound: C, 68.498 Hq9.42. Calc for C17H2B04: C, 68.89; H, 9.52 6). The more 

polar ieaner ((215 g, 5 0) was sbavn to be (l'S*.4~*)-2laS 'b US331 vmax 3450 (m), 1740 (81, 1665 (~1, 1230 (s), 1020 

(8) cm-l, 6(60 MHZ, Ccl41 1.14 (6~. s), 1.52 (3H, 81, 1.69 (3H, 81, 1.62-2.47 (6H, m), 1.98 (3H. 81, 2.87 (1H. bra. OH), 

3.80 (1H. t, J-5 Hz), 4.37 (1H. t, J-7 Hz), 4.46 (2H. d, J-7 Hz), 5.1015.50 (2H. ml. (Found: C, 68.68; H, 9.24. Calc for 

C17H2B04: C, 68.898 H, 9.52 $1. 

KC oxidation of (l'S*,4‘W-2la'. --- A soln of 2la (150 mg, 0.53 mm011 in CH2C12 (1 ml) was added to a suspension of FUT 

(#x) mg. 139 mmol) in ol,Cl, (2 ml) at rocm temp 'Ibe mixture was stirred for 3 h at - temp. and filtered through 

Qlorisil (1 g). 'Ihe Qlorisil column was washed withether. Ihe ox&in& oq sol" was mncentrated in vacua, 'lb residue -- 
was chmmatcgr@xl over SiO, (2 g). Elticn with EtOAc-n-hexane (1:9) gave 140 mg (940 W of (iP2Ob 

Separation of the car&mate diastereoigvners (1?,4%_)-2lb and (1'&4~)-2la A mixture of (f)-2la (&lo g, 27.3 mmol) and 

27 (7.30 g,%i<mFeq) wb8 stirred and heated at BOofor 14 h After cooling, the miaure was diluted vith C6H6 

(30 ml) and chromatographed over Si02 (600 g). Eluticn with EMAc-C6H6 (O:l-1:9) gave 11.21 g (83.2 %) of a ruxture of 

(l'g,45_)-2l.b and (1'&4?)-2la llmse two isomers were separated by medium pressure I1: over SiO, (Mer& Kieselgel 60, Art 
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9385, 230~400 mesh, 1.0 kg). ElUtiCm with -6H6 (1:4dlgave ths tg diastereoiscmers in pure forms. 'lhe less polar 

isomer (5.l4 g) W88 shown to be (1'~,4~)-71b, nD I.54621 IUID -7D"(c=lD2, aiC13)8 Vmax 3350 (ml. 1740 (ah), 

1715 (81, 1595 (w), 1235 (8) cm -'i 6(60 IWZ, CDC13) 1.18 (3H. s), 1.21 (3H, s), 1.64 (3H. d, J-7 Hz), 1.68 (6H. s), 2.02 

(3H, 81, 1.8552.75 (6~. m), 4.30 (lH, t. J-B HZ), 4.56 (ZH, d, J=7 Hz), 4.99 (lH, dd, J-5, 7 Hz), 5.1015.90 (4H. m), 

7.30-840 rnf, "18 HFIC Kolu"n, ~1~l-il%O-5,25 m x 4.6 mm, Solvent, n-bee2O:l; Plow rate, 1.25 "l/"in; 

Detected at 254 n") Rt 25.3 min (97.3 9). (1%,4'iJ)-2lb was not detectable (-0 8). (Found: C, 72.968 H, '3.031 N. 2.77. 

Cd:" for C&i 0 N' C, 7299, H, 7.961 N, 284 $1. 
1.5439; 39 Fai21 

Tk more polar isomer (4.97 g) was shown to kl (l‘I&4T~)-2lb, 

"D 
-4.5'(~-1.00, CHC13)j vmax 3350 (WI, 1740 (ah), 1715 (8). 1595 (w). 1230 (8) cm ; 6(60 MHz, 

CDc13) 1.20 (6H. b:.s), 1.51 (3H. d, J=7 Hz). 1.63 (3H, s), 2.00 (3H. s), l.BW2.80 (6H. m), 4.28 (lH, t, J=B Hz). 4.54 

@H, d, J-7 Hz), 4.95 (1% da. J-5, 7 Hz), 51@'%95 (4H. m), 7.lOa7 (M, m)r HpLc [under the same cadition as used for 

the analysis of (l'S,4'S)-21bl Rt 28.0 min (99.0 %). A small amount of (1'&4'?)-21b (1.0 %) was detected. (Found: C. 

72.841 H, 7.78; N, 2.74. Calc for C30H3g05N: C, 72.99; H, 7.968 N. 2.84 %). 

(2E,6E,l'S,4'S~-(+)-7-(4'-Hydroxy-3',3'-dimethyl-2'-ox~cyclo~ntyl)-3,7-dime~yl-2,6~~i~yl e (+I-21a. lb a 

sol" of (1'2,4'5)-2lb (3_91 g, 7.92 mmol) and !X3N (LW ml, 20.9 mmol, 26 eq) in C6H6 (25 ml) was added a aoln of HsiC13 

(225 g, 187 mmol, L4 eq) in C6H6 (10 ml) with stirring at - temp ux%r Ar. lhe stirring was ontinued for 4 days at 

- temp l?m reaction was guenched bq the addition of sat Nip aq (30 ml), water (50 ml) and ether (50 ml). After 

stirring for 3 "in, the mixture was filtered thrcugh a glass filter. nle erg layer was separated and the aq layer was 

extracted with ether. lk combinedorg sol" was washed with satNW4Cl .q dried (MgS14), ard Uxlcentrated in va_ ?he -- 
residue was chromatcqra 

2p" 
over Si02 (150 g). Eluticn with ether-n-hexane 0:Fl:l) gave l.79 g (763 S or 583 t from 

(+)-21a) of (+)-2la, "0 IA%31 lal~+15.4°W37, cx13L ?he IR and NMR spectra of (+)-21.9 were identical with those 

described for (+I-21a. (Found: C, 6899; H, 9.47. Calc for c17Hze04: C, 68891 H, 9.52 0). 

(~6E,l~4~)-(-)-7-(4'-~~3',3'~ime~yl-2~~~~l~tyl)-3,7-di~ethyl-2,6-heptadienyl acetate (-)-21a. In the 

same manner as described above for (+)-21& (l'R.4W-2lb (3.15 g, 6313 mmol) was treated with HsiC13 (154 g, 128 "mol. 

ml) for 6 days at room temp to give 1.40 g (74.0 % or 54.6 0 from 

W13). Ihe IR and NMR spectra of (-)-21a were identical with those 

of ($-21& (Fd: C, -2~ H, 9.33. Calc for C17H2S04: C. 68,39, H, 9.52 $1. me dmstereomerlc prities of (+)- and 

(-)-2la were estimated by the HFLC analysis of the correspxdirq 3,5-%nltrcbenzcates 21e: HFLC (Column, Nucreosil@SO-5. 

25 cm x 4.6 ""3 Solvent, n-hexane-THF=lO:ll Flow rate, 1.2 ml/mlnr Detected at 254 nm) Rt 12.1 min for the 3,5- 
dinitrobenzoate of (1'2*,4'S')-tla, and 16.1 min for that of (1'5*,4'!*1-Zla. Both (+)- and (-)-2le were of 99.42 0 

diastereaneric plrity. 

(2E,6E,1'S,4'S)-(+)-7-(4'-t-B~tyldi~ethylsilylory-3',3'-di~ethyl-2'axacyclopentyl~-3,7~ime~yl-2,6-~P~ienyl a 

(+)-210 t-kkMe2SiC1 (1.71 g, ll.3 mmol) was &ded to a stirred soln of (+)-21a (1.00 9, 5.67 mmol) and imidawle (1.54 g. 
22.7 ""ol) in DUF (15 ml) under AK at room temp me stirring wbs continued for 6 h at room temp Ihe mixture was diluted 

with water (103 ml) and extracted with ether. The ether sol" was washd with brine, dried (MJS~,) and cxcentrated & 

vacuc. me residue was chromatcqra@xl CM?= Si02 (K) g). Elutica with ether-n-hexane (O:l-1:9) gave 233 g (quantitative) 

of(+)-21c, n&4641, (01," +14.9°(c-1.04, CHC13); vmex 1745 (s), 1670 (w), 1235 (s), 1130 (s), 1025 (ml, 880 (ml. 840 

(8). 775 (m) cm J 6(60 MHz, CC14) 0.04 (6H. s), 0.88 (9H. s), 1.07 (3H. 61, 1.12 (3H. 81, 1.55 (3H. S), 1.70 (3H. s), 
1.75~2.45 (6H. m), 1.97 (3H. s), 3.90 (lH, t, J-7 Hz), 4.14 (lH, dd, J-7, 10 Hz), 4.48 (2H. d, J=7 Hz), 5.Os5.54 (2H. m). 

(Found: C, 66.97, H, 10.23. C&c for C23H4204Si: C, 67.271 H, 10.31 9). 

(2E,6E,l~,4~)-(-)-7-(4'-t-~tyldimethylsilyl~-3',3'~i~ethyl-2'-~~acyclo~ntyl~-3,7-di~ethyl-2,6-heptadienyl acetate 

(-)-21~. In the same manner as described abve for (+)-21~. (1?,4?)-2la (1.29 g, 435 mmol), t-$Me2SiC1 (l.31214' a7: 

mmol) and lmidatole (1.19 g, 17.4 mmol) in DMF (15 ml) furnished 1.79 g (98.5 8) of (-)-21~. nD 1.4630; (aID -14.2 

(c-3.01, CHC13). The IR and NHR spectra of (-1-21~ were identical with those of (+)-210 (Found: C, 67.37~ H, 10.33. 

Calc for C23H4204Si: C, 67.27; H, 10.31 0). 

(2E,6E,1'S,4'S~-~+~-7-(4'-t-Butyldi~ethylsilyloxy-3',3'-di~ethyl-2'-oxacyclopentyl~-3,7~me~yl-2,6-~~i~-l~l (+)- 

2ld. ~203~ (3.0 g, 2L7 ""01) and (+I-2lc (1.40 g, 341 mmol) were added to HeOH (8 ml) and water (8 ml) and the mixture 

was stirred for 2 days at rco" temp It was thsn pxred into water (SO ml) and extracted with ether. mIhe ether soln was 
wash& with brine, dried (M@J4) and mcentrated I” vS_ ‘Ihe ;ydw was drcmatogra@ed ever Si02 (25 9). ElUtiCm 

with ether-n-hexane (1:4-3:7) gave 1.16 9 (92.9 0) of (+)-Zld, n 14745; ralil 
D _i 

+25.4'(c=1.06, CHC13)t Vmax 3440 (ml, 
1670 (w). 1130 (61, 1025 (m), 1010 cm), 875 (m), 835 (8). 775 (s) cm ; 6 WI MHz, CC14) OA34 (6H. s), 069 (9H. s), 1.09 

(3H, 81, 1.14 (3H. a), 1.56 (3H. s), 1.62 (3H, s), 1.85-2.52 (6H. "1, 2.95 (1H. bra, OH), 3.97 (2H, d, J=8 Hz), 3.81-4.31 

(2H. m), 5.1055.60 (ZH, m). (Found: C, 68.111 H, 10.86. Calc for C21H4003Si: C, 68.42; H, 10.94 8). 

~2E,6E,1'R,4'R)-~-~-7-~4'-t-Butyldi~ethylsilyloxy-3',3'~i~ethyl-2'-o~~cl~tyl)-3,7~ime~yl-2,~he~i~-l~l (-)- 

21d. In the same manner as described above for (+)-2ld, (-1-21~ (1.64 9, X99 mmol) and K2(n3 (u) 91 in M&Xl (8 ml) and 

water (8 ml) yielded 1.38 g (938 8) of (-)-Zld, $1.4732, [al~-245°k=0.83, (3iC13Lme IR and NMR spectra of (-I-21d 
were xkntical with those of (+)-21d. (Ford: C, 68.32~ H, 10.96. Calc for C21H4003Si: C, 6&42r H, 10.94 a). 

~2E,6E,1'S,4'S~-7-~4'-t-Butyldi~ethylsilyloxy-3',3'-~~yl-~~l~yl~-3,7~im~~l-2,6~~i~yl drlOride 28. 
Tb a ~01n of,(+)-2ld (Ll5 g, 312 mmol) and Fhp (trace amcunt) in ether (4 ml) and HMPA (2 ml) was added with stirring 
anl iceTooling lnder Ar a soln of n-R&i in n-hsxane (L5 H, ck 21 ml) until the soln turn& red. lb this was added 

over 2 min a sol" of m (654 mg, 3.43 mmol) in ether (u) ml). After stirriq for 20 min. LiCl (397 mg, 9.36 mmol) 
dissolved in HHPA (4 ml) was added & the mixture was stirred for 25 min at 0% It was then parred into ether (153 ml) 
and eat NaH(a3 (50 ml). l%e ether soln was separated, washed with satNabRX13 (x 3). dried (HgS14) an3 czzrzent.rat& g 
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E at lqto give 1.26 g of crude Cl'S,4'S)-Za ?his was used in the next step withmt furthsr plrlficat,iaL 

~2E,~l~4~~-7-~4'-t-8utyldimethyls~lyl~3',3'~~me~yl-2'~~clo~ntyl~-3,7-di~ethyl-2,6-heptedienyl chloride 28. 

In ths same manner as described alxxe for (l'~,4'~)-28. I-)-Zld (130 g, X53 mmol), n-EuLi in n-hexu~ (15 M, 2.4 ml, 
3.60 mmol), p-TsCl (740 mg, 3.88 mmol) and LiCl (450 mg, 10.6 mmol) yielded 1.51 g of crude (I'R,Q'R)-28. This was 

employed in the next step withcut further pxificatlan 

~2'E,6'E,1"514~S~-l+~-3-~7'-~4"-t-~ty1dimethy1si1y1~3~,3"~~~y1-2~~~c1o~ty1~-3',7'~unsthy1-2',6'-hspea- 
dianylI-2,4dimetbxy-6-methyhyl-1,4-cycl&aradiens (+)-29. A soln of 16 CO.% q, 6.24 mmol) in 1w (2 ml) was added to a 

stirred and oooled sol" of t-B&l in n-he-e (1.25 M, 4.5 ml, 5.62 mmol) in ?w (7.0 ml) tinder Ar at -70'. lbe stirring 
was ccmtinued for 30 mln at -70'. HHPA (u) ml) was then added and the stirring was further mntinued for 1 h at -70: Ib 
this was added a sol" of the crude (1*&4'S)-2E (156 g) in ?HF (3 ml) over 3 min. ?he mixture was stirred for 45 min at 
-700. 'l%e reaction was qwn&ed by the aaditim of sat NH4Cl eq (10 ml) and brine (20 ml). Ihe temp was allowed to rise 
to room tsmp and the mixture was extracted with ether. 'lhs ether soln was washed with water and brine, dried W2a3 and 

MgSO,, and oxcentrated u vacu% l?xs residue was dromatographed over SiO, (Mallinckrcdt CC-7f 70 g). Elutim with 
StKk-n-hsxa"s (O:l-1:99) gave LO4 g 166.2 a from (t)-21dl of (+I-29, ~1.4859; 

(8). 1660 cm), 1600 (w), 1230 (~1, 1210 (8). 1155 (vs), 840 (8) cm-', 
kl1~1+2L3%0.9& ether); "max 1700 

&60 Miz, CC14) 0.03 (6% s), 0.89 (9H. 81, 1.02 
(3H. d, J-6 HZ), 1.07 (3% s), 1.12 (3H. 61, 1.54 (6H. br.s), 1.68-2.52 (Ski, ml, 2.62-3.00 (2% ml. 3.49 (6H. s), 3.91 (1H. 
t, J=7 Hz), 4.14 (lH, dd, 5=6, 8 Hz), 4.40-4.60 (2H. m), 4.80=,5.51 (ZH, ml. (Found: C, 71.40) H, 10.07. ca1c for 

C30H5204Si: C, 71.3S; H, 10.38 W. 

~2'E,6'E,1"R,4"R)-(-)-3-~7'-~4"-t-Butyl~~ylsilyl~3",3~~~Yl-2"~~l~tYl~-3',7'dimethYl-2'~6'-hapta- 

dienyl1-2,4~methoxy-6-methyl-1,4-c@chsxadiene (-1-29. Inthssame mMner as described above for (+I-29. (1%4?)-28 
(1.51 q), 16 (92s mg, 6.a~ mmol) and t-a (5.25 m01) yielded L25 g [7a2 a frcrm (-)-2ldl of t-)-29. 611.4S7@ [al?' _. 
-19.40 c-97, ether). ?he IR a& NM spectra of t-1-29 ;sre idsnti~~ with those of (+)-29. Walnd: c, %.09osi H. la%% 

Calc for C&l,,O,Si: C, 7L3Sr H, 10.38 9). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1,5dzchlorod-methyl-2,4-cyclm&ms 383. A stirred mixture of (+)-29 (LO2 g. 2.02 mmol) and CaCD3 (75 mg. 0.75 

mmol) in LMF Ml.0 ml) and water (0.93 ml) was evacuated to re- diEsOlved O2 and t&n Ar was intmctuced. ti this was 
added KS (594 mg, 4.45 mn'ol, 2.2 eq) in me pxtion at room temp l%e mixture was stirred for 12 h at rcom temp. diluted 

with water (So ml) and further stirred for 40 min. ?hen ths mixture was acidified with N-K1 to @I 4 and extracted with 

ether. lhs ether soln was washed with brine, dried (Hqsoq) and omcentrated in va- l%s residue was chrcunat0gra*ed -- 
over Si02 (Mallinckrcdt m-71 40 g). Elutim with EUXc-n-hexa"e (3:97-1:4) gave 553 mg (50.2 8) of cl_s,+'~s,-3o, "max 

-3150 (br.m), 1670 (m), 1645 (8). 1620 (8). 1370 (s), 1130 k), 870 (s), 835 (s), 775 (8) cm-l. mis was employed in the 

next step withmt further prrificatun. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1,5-dichloro-6-methyl-2,4-cyclchexanedime 30. I" t_bs same mamsr as described atxve for (l"~,J'S_)-3% (-1-r) cl.25 9, 

US mmol), C&J3 (124 mg, 1.24 mmol) end Ncs (728 mg, 5d6 mmol) in Dplp W.0 ml) and water (LlO ml) gave 667 mg (49.3 t) 

of (l"R4a_)-3o. Its IR spectrum was identical with that of (l"s,4"~s)-#1 ?his was employ& m the next step without 

further lxxificatia 

~2'E,6'E,l"S,4"S~-~+~-4~l~2-~7'-~4"-t-~tyldimetylsilyl~ 3",3"-dinwthyl-2"a 1 cyc opentylj-3',7'dis&hyl-2',6'- 

hsptadienyllorciml (t)-31. OBU (a75 ml, 5.0 mm011 was added to a sol" of (1'94"5)-30 (550 mg, LO1 mrol) in ?HF (3.0 

ml) urder Ar at rmm temp ?he mixture was stirred ard heated urxkr reflux for 6 h. After coolinq, ths mixture was 

diluted wrth water (6 ml) and acidified with N-HCl to pH 3-4. It was then extracted with ether. 'l?~e ether sol" was washed 

with water and brine, dried (ngS34) ard concentratfd 111 vamo. l%e2;esidue was pt.cqa*ed over Si02 (x) g). Slutim -- 
with StWuz-n-h- (3:97-5:95) gave 293 mg (570 9) of (+I-31, nO L5135r [alO +47.0°(c=1.62, W,); "m&x 3570 (w), 

3320 cm), 1615 (ml, 1595 (ml, 1460 (8). 1415 (8). 1255 (a), 1130 W, 870 (s), 835 (81, 775 (8) cm-l, l5WJ pw, 

Ccl41 0.05 (6% 81, 0.90 (9H. 61, 1.19 (3H, s), 1.23 (3% s), 1.56 (3H. s), 1.69 (3H. s), 1.76-2.48 (6H. ml. 2.24 (3H. s), 
3.27 (ZH, d, 5'7 Hz), 3.97 (lH, t, 5~7 Hz), 4.26 (lH, dd, J-7, 10 Hz), 4.85-5.48 (2H, m), 5.62 (IH, s), 6.20 (1H. s), 6.37 

(1H. br.s). (Found: C, 66.021 H, 6.67. Calc for C2SH4504C1Si: C, 66.041 H, 8.91 0). 

(2'E,6'E,1"R,4"R)-(-)-4~lorcr2-[7'-(4~-t-krtyl~~ylsilyl~-3",3~~~yl-2"~~l~tyl)-3',7'~imethyl-2',6'- 

hep&@isnyllorcinol t-j-31. I" the same mannsr as described ahzve for (+I-31, Cl"&+a_)-30 (665 q g, 132 mmol) arxi OIU 

(0.90 ml, 6.03 mmol) gave c-1-31 (420 mg, 67.7 %I, ";11.51451 kll~1-47.10(c-2.00, CHC13). The IR and NMR spectra Of 
c-j-31 were identical with these of (+)-3L (Fmnd: C, 6559; H, S.77. Calc for C&14504C1Sx: C, 66B4r H, S.91 a). This 

was employed in the msxt step withxt further pificatioh 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

3',7'~imethyl-2'16'-he@.adis"yllbenzaldehyde 3b Tb a stirred soln of EtMgSr in ether (1.7 n, Ll ml, L9 mmol) under Ar 

was added gradually a sol" of (+)-31 (280 mg, 0.55 mmol) in ether (15 ml) at r0c.n tsmp After ths additim. ths sol" was 
stxred for 1 h 10 mm at rccm temp To tbs sol" was added M3(OSt)3 (0.41 ml, 2-5 mmol). 'Ihe mixtus was then heated witi 

stirring to remoze ether over 10 ml" until the temp reached 1W. Ihe mixture was kept at 100°for 10 min, then omled. 

acidifid with 0.5 N-K1 to pH 4 and extracted with ether. 'Rle ether soln was washed with water and brine, dried CnssO,) 

and concentrated in vacua Ihe resxlue was &rcnnatcqraFhed over Si02 (40 4). Eluticm with EtORc-n-hsxarrs (5:95) yielded -- 
165 mg (55.9 9) of (lng,4'g)-3b, vmax 3550 (w), 3300 cm), 1635 (s), 1285 cm), 1250 (~1, 1130 (s), 875 (s), 840 (8). 775 
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(*I cm-l. mis was emplcyzd in the next step without further plrifxaticn. 

(2'B,6'E,1~,4~)-5l~2,4~~~yl-3-~?'-~4~-t-~tyld~~yl~ilYl~-3",3"~~~yl-2"~~Clo~Yl~- 

3~,Pdimethyl-2~,6'~~heptadienyllbenzaldehyde 3h In the same manner as described above for (l"&42_)-36, c-j-31 (360 mg, 

Cm mmol), EtNgSr (25 mntol) ard HcWt)3 @.5S ml, 3.55 mmol) gave 177 m&6.6 8) of (lT&4~,-3b, whose IR spxtrum WB8 
identical with that of Cl%_,4"sS,-3a This was emplcyed in the next step withcut further v>ficaticm. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tyl)-3',7'-dilrethyl- 
Z',L'-her&& 'enyllbenzaldeh~ I(-ksmfuranoll (-j-k. W a soln of Cl"~,4~S,-3b (165 mg, 0.31 mmol) in NeUi GUI ml) 
wd8 &kd 46 a HF aq @.lo ml). 'IBe mixture was stnred for 1 h at r-can temp It was then poured into s&N&XXI3 aq (5 
ml) and extracted with ether. ?he ether saln was washed with brine, dried (!QS~~) and ccmcentrati in vacuc. 'Ihe reside -- 
was dromatcqra~ over Si02 (10 q). Elution with EtsXz-n-kxane (0:1*1:4) gave 116 nq of crude (-)-&I. mis solidified 
"pm storage in a dee~freezer (-40% Reaystallizatiol of the solid from acetone-n-hexane gave 91 mq (71D 0) of (-)-3a. 
Further rexystallizaticm from acetcrte-nixxane 

rai: 
yielded an analytic.31 sample of (-J-k, w 91"92°1&e yellow needles); 

-3.1'2 0.2°(c-0.37, &OH); Vmax (KBr disc) 3360 (ml, 3000 (~1, 2920 (w), 1615 (s), 1460 cm), 1420 cm), 1370 (w), 

1335 (w), 1280 (ml, 1250 (s), 1240 (9). 1210 (m), 1160 (ml, 1115 (ml, 1100 (ml, 1010 (~1, 910 (~1, 845 (w), 785 (~1, 765 

(w), 715 (w) cm-', 'ii-NNR (500 MHz, CoCl,,61.20 (3H, s), 1.27 (3H, 81, 1.58 (3H. s), 1.75 (3H. 9). 1.76 (lH, ddd, J=4.0, 

6.2, 13.8 Hz), 2.01-2.21 (QH, m), 2.39 (iii, ddd, J-6.2, 8.1, 13.8 Hz), 2.59 (3H. 9). 3.36 (1H. dd, J=6.3, 148 HZ), 3.38 

(lH, dd, J~6.3, 14.8 Hz), 3.92 (1H. dd, J=4.0, 8.1 Hz), 4.29 (1H. t, J=6.2 Hz), 5.15 (1H. deformed t, J=6.3 Hz), 5.49 (1H. 

deformed t, J=6.3 Hz), 7.02 (1H. bra), 10.13 (lli, 61, 12.68 (lH, 8) (NO signal due to OH at C-4" could be observed 

clearly); 13C-NMR (25 MHz, CDc13) 6 12.4, 14.5, 16.1, 22.0, 22.5, 25.7, 26.1, 39.1, 39.2, 78.5, 79.9, 83.0, 113.5, 113.6, 

114.4, 121.6, 124.8, 136.2, 136.3, 137.8, 156.9, 162.1, 193.2. (Found: C, 65.43, H, 7.46. Calc for C23H3105C1: C, 65.311 

H. 7.39 0). 'he MO NNz lH-NNR spectrum of (-j-k coincided with that of an authentic sample. 

(+)-Ascofuraml (Z'E,6'E,1"&4"R)-(+)-3& In the same mdllw 68 descrk.xl for (-1-k. U"Q4'R_)-3b (165 mg, 0.31 mmol) 

yielded 87 mg (740 0) of (+)-3a 68 crystals. Further 
Tl 

stallization of (+)-3a from acetcme-n-hexane gave an analytxal 

sample of (+)-h, m.p 91-92°(pale yellar needles), Ial, +3.2O+ 0.2°k=054, Mea. me IR and NE(R ~-a 0f (+)-k 

were identical with thcsa of (-)-3&a. (Faux& C, 65.52; H, 7.46. Calc for C23H3105C1: C, 6531; H, 7.39 0). 

C&ermin&icm of the opeical plrity of (-Pasmfuranol 3a & the Hpu: analysis or (15,4'S)-2,4~imethylasoofuranol-4"- -- -- 
kIlTA ester 36 % the stirred eoln of (-1-k (8 mg. 19 Umol) in .%&me -- (0.3 ml) were added K2W3 (230 mg, 1.7 mmol) and 
HeI (25 "1, 0.40 mmol). ?he ntiure was stirred and heated unda- reflex for 20 min. After cooling, the mixture was 
diluted with ether, filtered through Calite ard cmcentrated in MCU~ ?he residue was purified by prep 'IV (Merck 

Kieselqel 6OF. Art 5717; OevelOpea two times with EtCArn-hexanr::l) to qlve 7 mq (82 8) of U_S,4%)-3c, Umax 3460 cm), 

1695 (8). 1380 (ml, 1305 (mb2 1225 (ml, 1095 (s), 1080 (sh) cm . 

~~par~inthEWU?llllWUXZ 

So&h (R)- and (g\-NTPA ester 3d of 3c (7 mg) were 

ard analyzed by Hpu: (Column, tileceil 50-5, 25 an x &6 mmr Solvent, n-hexane~20:l; 

now rate, 135 ml/mini Detected at 254 run) Rt 30.5 min I(lS_,I'g)-@)-WI'PA esterlr 33-7 min I(15.4"s_)-(~)-HTPA ester]. 

Optical prity of (-1-k wag '99 a ea. 

~2'E,6'E,1"S~-~-~-5~o~2,4~ih~~~yl-3-~7'-~3',3'dimethyl-4"~2"~~l~yl~-3',7'~imthyl-2',6'- 

he~enyllbenaldeh~ [(-)-ascofuranxe1 2. A win of (-)-3a (60 mg, 414 mnwl) in oC,Cl, (LO ml) was added dropwxse 

toastirnxl -iOn of Rx3 (9L7 rq, 0.43 mm& 3 eq) in o12C12 (LO ml). Ihe mixture was stirred for 3 h at roan 

temp Curingthatperiod. dnedditicaala~ of pot (30 mg, air mrnol) was added to the mixture. me mixture was then 
filtered thraxqh Florisil (0.5 q) arr3 the Florisil column was washed with ether (10 ml). lW combined filtrate and 

washings were concentrated in vacua 7% residue was chrcmat.ogra@d over SiO, (2 9). Elutim with Et&Xc-n-hexace 

(5:9E1:4) gave 17.5 mg of crude 2 as an oiL mis was dissolwd in n-hexane (3 ml) and set aside to deposit 1x3 mq (222 

\) of crystalline (-1-Z. Recrystallitaticn of it fran n-hexane gave an analytical sample of c-j-2, w S31s4°~colorless 

fine needles)8 m.m.p. S2*S4°kuthentic sample: m-p. 79.5-S0.5°)1 pales- 37.0°f1Do(~3, HeCXi)~ Vmax (KEz disc) 3370 

(ml, 3000 (ml, 2950 (m), 1745 (s), 1635 (61, 1465 (ml, 1425 cm), 1375 (m), 1360 (w), 1350 (w), 1330 (w), 1305 cm), 1285 

(8). 1250 (v-6). 1200 (~1, 1170 (III), 1115 (81, 10% (~1, 1010 (ml, 905 (w), 825 (m), 810 cm), 710 (w) cm-'; kNNR (400 NH& 

CDC13) d 1.22 (3H. s), 1.28 (3H. 8). 1.63 l3H. a), 1.79 (3H, s), 2.01~2.10 (2H. ml, 2.1142.20 (2H. ml, 2.36 (1H. dd, 

J-10.0, 18.3 Hz), 2.41 (1H. dd, J=6.5, 18.3 Hz), 2.61 (3H. 81, 3.39 (ZH, d, J=7.0 Hz), 4.52 (1H. dd, J-6$, 10.0 Hz), 5.21 

(lH, deformed t, J=7.0 Hz), 5.51 (1H. deformed t, J=7.0 Hz), 6.45 (1H. s), 10.14 (1H. s), 12.69 (1H. a); C-NNR (25 MHz, 

CDC13) 6 11.3, 14.6, 16.2, 22.1 (x 2), 24.3, 26.1, 39.1, 40.1, 77.9, 80.8, 113.3, 113.7, 114.4, 121.4, 128.6. 133.1, 
136.1, 137.8, 156.4, 162.2, 193.4, 218.0. (Found: C, 65.51; H, 6.82. Calc for C23H2g05C1: C, 65.63; H, 6.94 0). 

(+I-Ascofuraxme 2 In the same manner as described atr.~ for c-j-2, (+I-3a (40 mg, 0.095 mmol) and F'X (132 mg, CU3 mmol) 

gave 12.S mg (322 W of crystalline (+)-2. Recrystallizatum frm n-bexane qave an analytical sample of (+)-2, rr8.h 
ao_Sl" kolorlesB fine needlefJ)t [al~9+42_S"+l~oe=a.14, Ueal). me IR and NElR spectra of (+)-2 were identical with 

those of t-j-2 (Faud: C, 65.59; H, 684 Calc for C23H2y05C1: C, 65.63; H, 694 %I. 
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