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Ab3lXt- (+W3vCada~landin I2 kahacyclin), a atable mimic of proeta- 
qlanlin I2 (Fpostacyclin), vas synthwiz& by utilizing the kinetic reaolutim of 
~~~-2~~~~1-7,7~~lanedicnybicyolo~~~o1octan-3ane in the Czume of it8 
yeast xeducticm as the simple ad key mmluticn stap 

Prostaglandin 12 1 (pG+ prostacyclin) is a labile metabolite of arachidonic acid, which 

shows potent antithrombotic and vasodilatory properties.' E&cause of the instability of 

PGI2, a more stable analogue was thought to be a useful therapeutic agent. 6a-Garba- 

prostaglandin X2 2 (carba-PGf2; trivial names -- carbacyclin, carbaprostacyclfn and g(O)- 

me~~ros~~clin) is such an analogue of 1 and has been shown to possess a very similar 

biological properties to PG12.2 Although there reported a number of syntheses of (*1- 

2,3-S only three syntheses of (+)-carba-PGI2 2 have been reported to date by workers at 

Upjohng8" and One." Two out of the three syntheses started from "Corey lactone" or a 

related advanced intermediate in PG synthesis,lO*ll while Morton and Brokaw employed a 

resolved cyclobutanone as their starting material.g 

We became interested in developing a new and simpler synthesis of (+)-carba-PG12 2 

employing a biochemical process. (~)-2-Ethoxycarbonyl-7,7-ethylenedioxybicyclo[3.3.01- 

ottan-3-one 4 or the correspanding Me ester is a popular Intermediate in tbe synthesis of 

(t)-carba-PG12 2.3‘"5r8 No one, however, used this (*I-B-keto ester 4 in a synthesis of 

(+1-Z presumably because of the difficulty encountered in resolving (i1-4. It occurred to 

us that a kinetic resolution of fib-4 in the course of its reduction with baker's yeast 

would provide a new chiral intermediate useful in the synthesis of (4)-i? (Fig. 1). Enan- 

tioselective reduction of B-keto esters is a well-known process,12 and (t)-4 is readily 

available from c&-bicyclo[3.3.01octane-3,7-dione 35 or from 5-norbornen-2-one.8 

As shown in Pig. 2, our synthesis started from 3, which was prepared efficiently from 

dimethyl 3-oxoglutarate and glyoxal according to Pertz et alt4 To prepare monoacetal 6, -2 
the diketone 3 was first converted quantitatively to bisacetal 5 in the usual manner. 

Subsequent partial hydrolysis of 5 with p-T&H in aq acetone furnished 65 in 65 % yield. 

Recovered 3 and 5 were recycled to give an additional amount of 6 raising the total yield 

%li*&m&mrffEmwprt?obthmrir,PNs4r&iMcc#rq& o=Ury,PM4K.Wori.KWooiardT.Sugbi, 
'Wxahkm41,959(19oX IhemxpdmmtilplrtofUlf~vorkv~tabnfrcm~ uathocainJ-AltlUSiSof&T. 
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Fig. 1. Synthetic plan for (+)-carba-~~12 

Pure monoacetal 6 was stable at room temp in the presence of K2C03, 

reported to be unstable due to its tendency to disproportionate. 14 

Ethoxycarbonylation of 6 with NaH and CO(OEt12 afforded the desired B-keto ester (*)-I in 

91 % yield. 

Addition of (*)-I to a briskly fermenting suspension of baker's yeast in tap water 

containing sucrose 15 was found to effect hydrolytic removal of the acetal group. To 

circumvent this deacetalization, (*)-I was stirred at 30' with fermenting baker's yeast in 

0.1 M phosphate buffer (pH 7) containing sucrose for 24 h. The recovered organic material 

was chromatographed over SiO2 to give recovered (+)-I (36 % yield), [ali +15.6' (CHC13), 

and reduced B-hydroxy ester (+)-7 (26 % yield), (ali +3.9' (CHC13). Since both of the 

two products were optically active, the yeast reduction was enantioselective at least to 

some extent. The enantiomeric purity of (+I-7 was estimated to be 98.0 % e.e. by the HPLC 

analysis of its @)-a-methoxy-a-trifluoromethylphenylacetate (MTRA ester).16 The reduced 

product (+I-7 was identical with one of the diastereomers obtained by reduction of (*j-4 

with NaBH4 on the basis of IR, NMR and TLC comparison. 

The next task was the determination of the absolute stereochemistries of the two 

products (+)-I and (+)-7. First, the relative configuration of the OH and UJ2Et groups of 

(*l-7 was assigned as &s, since in its 'H NMR spectrum a IH signal at 6 4.50 due to WH 

exhibited the W1i2 of 10 Hz. Baumann et& reported the Wl/2 of two vicinal protons of a 

cyclopentane derivatives to be 11 Hz in the case of &-protons , while it was 17.5 Hz in 
the case of trans-protons.'? As to the absolute steric course of the yeast reduction, 

ethyl 2-oxocyclopentanecarboxylate is known to give the corresponding (S)-B-hydroxy 

ester-l2 Therefore (+)-7 must be either 8 or 9. Ofthesetwoalternatives, 9 possesses 

the ester group in more crowded concave side, and therefore would epimerize to give a more 

stable isomer 10. Actually when (+)-7 was treated with a trace amount of NaOH in EtOH, it 

was converted to an isomer, (-)-lo, [al:' -25.6“ (CHC131. This was identical with the 

major product of NaBH4 reduction of (*)-I on the basis of IR, NMR and TLC comparison. 

Thus (+)-7 should be represented by the stereoformula 9. 

Our deduction as above was based on the assumption that baker's yeast generally 

produces @)-alcohols. To make our stereochemical assignment more solid, it seemed 

desirable to convert our product(s) into a compound of known absolute configuration. A 
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Fig. 2. Elucidation of the steric course of the yeast reduction of (*I-l. 

a) HOCH2CH2oH, &-TsOH, C&I b) 0.05 eqg-TsOH, acetone-H20 (3:1), r.t. 1.5 h; c) 3 eq NaH, 4 eq 

CXXOW2, C&, A, 4 h; df baker's yeast, sucrose, 0.1 M phosphate buffer fpH 71, 30", 24 b; e) 

NaUi, Et% r.tt f) m4, EXE% -l!iOr g) DHP, PPTS, CH2Cl2' h) IAH, ether; i) NaH, FWX2C1, 'EiF; 

j) AuM-H20-'fW (3:1:1), 45'. 

compound served for this purpose was 14. This was an intermediate in a synthesis of (+)-2 

by 0110 group, and its CD data were described in detail." If our stereochemical deduction 

was correct, the recovered (+)-I should lead to 14. Reduction of (+)-4 with NaBR4 in RtOH 

gave (+)-lo, [crlz3 +16-l' fCHC13), as the major product in 76 % yield. The enantiomeric 

purity of (+)-lo was determined to be 61.8 % e.e. by the HPLC analysis of the correspon- 

ding (@-MTPA ester.16 Conventional protection of the OH group of (+)-lo as a THP ether 

afforded 11, which was reduced with LAH to give 12 in 98 % yield from (+)-lo, Renzylation 

of 12 to 13 was followed by deprotection of the TIiP and acetal protective groups to give 

14 in 66.4 % yield from 12. Thus obtained 14, [alzf +8.9* (CHC13), showed two negative 

extrema at 290 ([0]= -5.331~10~) and 296 ([(II= -5.40~10~) nm in its CD spectrum measured as 

its MeOH soln. These CD data were in agreement with the data reported for authentic 14." 

This concluded the elucidation of the steric course of the yeast reduction of (iI-4. We 

were frustrated to know the low enantiomeric purity of (+)-4 (61.8 % e.e.1 which would 

lead to (+I-2. 
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Table 1. Screening of the various strains of yeast 

for the reductive kinetic resolution of (*)-4.a) 

Yeast Reaction Recovery [al, Optical puritybl 

time (h) (+)-I (%) (CHC13) ($1 

1. baker's yeast 24 36 +15.6' 61.8 

2. Pichia terricola 20 16 - +14.9O 59 

KI 0117 

3. Saccharcnnvces 50 40 +13.2' 52 

cerevisiae NCYC 240 

4. Saccharanyces 68 44 +12.6' 50 

carlsbergensis IF0 0565 

5. Saccharomyces 167 20 +18.3'= 73 

uvarum IF0 1225 

6. Saccharomyces 5 33 +23.7' 94 

bailii KI 0116 

7. Saccharcmtyces 46 28 +17.S0 70 

bailii IF'C 1611 

8. Saccharcmyces 48 31 +16.6O 66 

bailii IF'C 1801 

a) A procedure for reductia-~ with baker's yeast is described in Eqerimental. Reduction of (9~)~4 (0.5 g) 

was carried cut with wet yeast (13-27 g) in 0.1 M phosmte buffer @I 7, 100 ml) cmtaining glucose at 

37' in the cases of 2 and 6 and at M" m other case~.~~~~S 

b) Smce (+)-4 of 618 % ee showed an [al, value of +15.6', the optical pity was calculated as follows: 

optical prity (9) = ([al, obsemed/25.2°)x100. 

To circumvent the difficulty in securing (+I-4 of high e.e., we first lengthened the 

period of yeast reduction so as to achieve more complete kinetic resolution. Cur attempts 

were not so rewarding after all. Reduction of (*)-I with baker's yeast for 3 to 6 days 

enhanced the optical purity of (+)-I to some extent (75-79 % e.e.). The recovery yield of 

(+)-I, however, decreased (17-22 %) owing to hydrolytic deacetalization during the reduc- 

tion. The second and successful attempt was to test various strains of yeast other than 

baker's yeast so that we could find a more useful strain to produce (+)-I of high e.e. 

The result of our screening experiment is shown in Table 1. In every case so far exa- 

mined, (+)-9 was obtained as the reduction product and (+)-4 was recovered. To our 

pleasure, a thermophilic yeast Saccharomyces bailii KI 011615'18 was found to give (+)-I 

in as high optical purity as 94 % in a short reaction time of 5 h. 

The reduction of (*)-I was then executed in a preparative scale. Action of 

Saccharomyces bailii KI 0116 on (*l-4 (5 g) in 0.1 M phosphate buffer (pH 7) containing 

glucose was allowed to continue for 5 h at 37'. The recovered organic material was 

purified to give (+)-I in 40 % yield together with 38 % yield of (+)-9. After reducing 

(+)-I with NaBH4, the resulting (+)-lo was shown to be of 93.6 % e.e. as determined by the 

HPLC analysis of its (El-MTPA ester. The enantiomeric purity of (+)-9 was also determined 

by the HPLC analysis of its (lJ)-MTPA ester, and found to be 99.2 % e.e. The unwanted (+)- 

9 could be recycled: Cr03 oxidation of (+)-9 was followed by saponification and decarboxy- 

lation to give back 6, the precursor of (+)-4. Saccharomyces bailii KI 0116 could be used 

repeatedly. The yeast was collected by centrifugation at the end of the fermentation. In 

one occasion, the yeast was used three times for reduction of (21-4 in 10 g-scale each, 

and the resulting (+)-I was of 92.0 % e.e. in average. 



After finishing the screening of the yeast strain, wethenturned our attention to 

the screening of substrates for this kinetic resolution. Modification of the ester and/or 

acetal moiety of (i)-4 provided three new substrates, (*)-15, (*I-16 and (t)-17. The 

result of our screening of the substrates is shown in Table 2. As can be seen from it, 

(tl-4 was confirmed to be the best choice. 

Table 2. Screening of the substrates for the 

reductive kinetic resolutfon of (*)-4a' 

Substrate Reaction Recovery of Rnantiuneric purity 

X R time (h) the keto ester (%) of the recovered 

keto ester (%e.e.jbl 

1, (if-4 -OCH2CH20- Rt 5 48 93.6 
X 

2. (i1-15 -OCH2CH20- Me 46 

M$ I?@ 
3. (*j-16 -OCH2CC!H20- Et 19 

Meue 

26 

9 

78.0 

41.0 

4. (*.)-17 -OCH;&H20- Me 24 29 52.4 

a) Reduction was -i&c&with SaWy ces bailii KI 0116. _ 

b) lt~e recovered B-k&a ester was reduced with NaBI+ to the oorrespxding 6-hydrawy ester, and its (g)-MTPA 

ester was analyzed by fPIC to estimate the emntiomeric purity. 

With a sufficient amount of (+f-4, we started the synthesis of (+I-carba-PG12 2 and 

its (5g)-isomer 25 as shown in Fig. 3. Our synthesis followed the route previously 

developed by others.3‘5p'0 The keto ester (+)-4 (92-94 % e-e.) was converted to 12 in 

three steps[(i) NaBH4 reduction, (ii) protection of the OH group, and (iii) LAH reduction] 

in 74 % yield. Oxidation of 12 with Cr03*C5H5N*HCl (PCC) in the presence of NaOAc in 

CX2C12 gave aldehyde 18. One of the side-chains was then attached to 18 by the Horner- 

Wadsworth-Emmons reaction'g*20 to give $9 in 66 % yield from 12. Reduction of 19 with 

NaBH4 was followed by deprotection under acid condition to give a mixture of epimers at C- 

15 (PG numbering). These two were separable by Si02 chromatography giving the desired and 

more polar isomer 20' in 47 % yield from 19. The less polar isomer 21' was obtained in 34 

% yield from 19. The two OH groups of 20 were protected as THP ethers to give 22" in 93 

% yield. Another side-chain was attached to 22 by the Wittig reaction to give a mixture 

of geometrical isomers at C-5 (FG numbering). The isomers were separated by Si02 chroma- 

tography to give the desired more polar (SE)-isomer 23" (48 % yield) and the less Polar 

(5Z)-isomer 24" (28 % yield). Deprotection of 23 under acid condition furnished (+)- 

carba-PG12 2, m.p. 58.5-60.0', [alg6 +88.8' (MeOH), in 79 % yield. Similarly, deprotec- 

tion of 24, gave (SZ)-(+)-carba-PG12 25, m.p. 105-106", (~$12~ +40.4' (MeOH), in 53 % 

yield. The physical and spectral data of 2 and 25 were in accord with those reported 

earlier.gell 
In conclusion, we synthesized (+I-carba-PG12 2 from the readily available bicyclic 

diketone 3 in 2.0 % overall yield in 14 steps. (SZJ-Carba-PG12 25 was obtained in 0.8 % 

overall yield in 14 steps from 3. Other recorded syntheses of (+)-2 required over 20 

steps to rsach the goaLg*" The use of a biochemical reaction enabled us to complete an 

efficient synthesis of (+)-2 by decreasing the number of the necessary synthetic steps. 
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Fig. 3. Synthesis of carba-PGI2 2 and its (5Z)-isaner 25. 

a) PCC. NaOAc, CH2Cl2t b) (M~O)2P(OEH2CCX5Hll, N~H, THPl b) (i) N~BH~, MeOH, (ii) AcOH-H20-THF 

(3:l:l). 450, (iii) Si02 dmmmw~ d) LXiP, PPTS, CH2C12; e) (i) Ft1~pcHKli2)~aya, c+m, 45'. 22 

h, (ii) Si02 dmm&og.; f) ksX-H2W (3:1:1), 45'. 
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Reduction of (t)-4 with baker'8 yeast --- ~1S,5R~-2-Etho~carbonYl-7,7sthvlenedicaybiclo~~l-3-one (+)-4 d 

~lS.~~7s)~s-3,3~1~7~~~~~~locLane (*)- 9. 
Yanmtca. Ltd..#) WasdimpBnxdtoal n@m&Mte blffee (#I 7,lOOml)oa;;aining 

Dry baker's yeast (7.0 9, oriental 

eucIc.m (15 q) at W. Rr,flaekwaa 

ah&em at 300 far 30 min.&m txisk fermmta timtcd~place. ~mdsimof (i)-4(505mg, 2.Ommol) inUaMt.mX- 

100 aoln (15 ml) was aMed to the fermmtaticn dxb.ue and the shaking dture wea ooltirpled at W. Bucnae (10 g) was 

~tothemixhveafterEhdthefennentatimwasamti.md for further 16h.m totalfermcmtaticmperiodwas24h 

Ihe fennentatiar lxoth was mixed with a .9mall amatntof ether ard calit.8. ard filtaedthruqhcelite. Iha filtrate wan 

saturatedvithNacl~extracted with- (1oOml x 3). lhecanbinadEtxxcsoln was washed with brine, dried (Na2S34), 

ad-t.Rltedin- lbereslduewaadrcaa~@ezloarsiO2 (Sg). Ihe fractim earlier eluted with n-hexarxr -- 
ether (4~1) qave 183 mq (36 8) of (+)-4, [=I~ +15.6' (c&W), "max 1765 (8). 1735 (8). 1665 (81, 1625 (ml, 1335 em,, 1285 

(s), 1240 (8). 1180 (81, 1115 (8). 1050 (8). 1025 (a), 955 Cm) cm-l, 6 L26 (3H, t. J-7 Hz), L5-3.6 (9fl. III), 3.87 (4H. 81, 

416 US, q, J-7 Hzz)r lT.C (II-B 1:4): Rf 466 Ihe fr.xtim latar elutd with naexana_ether (4:l) gave 134 mg 

(26 t) of (+)-9. [ali +3.7' (cL4S)# vrax 3550 (w), 1720 Cd, 1335 (8). 1250 Cm). 1190 (8). 1120 (8). 1040 (m). 1030 (a), 
985 (ml cm-1, 6 1.27 (3H. t, 517 Sal, 1.70-3.10 (9H. m), 3.69 (iii, br.s), 3.90 (4H, a), 4.20 (2H. q, J-7 He), 4.50 (1H. m, 

W1/2=lO Hz)? Rc @- hexam-e~l:l): Rf 0.45. A amall amount of (*j-9 was mnrerted to the oorreBpcndin9 (SplelFA ester 

intbe -tiud manner,wbichwaBacalyzedbywLc HPxeol~ NIcLBaBU%M,25cmx4.6mm,Solv&, w 

1w C&l), 1.25 ml/mini D&acted at 254 mu) Rt 278 rd.n (93.0 W, 33.2 min (LO 8). Thereforetheoptie..lpvityof9wa.9 

98.0 e ea. 

~lS,5R,6S,7S~-C-EthoxycarbonYl-3,3-ethvlenedioxY-7-h~~~~PLOloctane u-10. 'Ib a aoln of (+)-9 (265 mq, LO 
moo18 w from W-4 withbaker's yeat) i.ndryEtDA (3 ml) wan addedNaM (8 mg). Ihe mixture was stirred far 2h at 
xcantamp ?herthemixhneva.bilutedwiM~~,neutralizedwithNfE1, &extra&d withlsuxc TlaeEtcW scanwas 

washed with brine, dried CNa2KJ4). ad cmc%ntr&edinva.x% lberesi&C%waedlmnlI~ -- 
with rhenn~&~ (4~1..1:l) qave 183 mg (72 8) of (-1-10, I.183 - 

CNee Si02 (6 g). Eluticn 

25.6O (cd.S9); vmax 3500 (m), 17#) (e), 1330 (m), 1260 

(m), 1180 (61, 1135 (m), 1105 (81, 1030 (8). 950 (III) cm-', 6 1.24 (3H. t, J-7 Hz), 1.4-2.8 (9H. m), 2.98 (lH, bra), 3.84 

Ml+ a), 4.23 tat Q J-7 Hz), -4.55 (lb mh Rc @bwmreeW1:4): Rf 0.33. 

~uL~,~nU*~l-3,fathylenedioxy-7~~10~~~- *la A aoln of (+)-I (0.79 g, 3.1 mm018 

pepred from W-4 with taker's yeast) in RMXi (10 ml) waa stirred at -15O. ltl this wa8 added N&Ii4 (80 mg, w mmol) 

pxtimvise-3Ominatthattemp ?hemixturewas stirred forlhatW&temp lhenEMHwasremovedin~cu,frora -- 
the react&n mixture, ad the residue was dilutrd with water. Ihe mixhre ~a.3 extractdtwioe with EtaA 'Ihe Rtrx~ soln 
was washed with brine, drid (Na2sO4), ard cmcemtratd III vaaxa. -- ?he red&e was chnxna_W ow siO2 (20 g). 
Rluticm with c- haane-ether (4:1-1:l) qavo 0.61 g (76 %I of (+)-lo, 1.1~ +1&l' (0290)# TLC @aane-e~l:l): Rf 

0.33. It8 IR ad NHR qzectra ware identical with those of (-j-10. A small amant of (+)-lo a.9 .=awwkd to the cones- 
Rnding cq-MlPA eater in the w mannar. which was analyzed b IiEUZ WLC (Column, NJCLdWL%5,25m.x4.6 
mm8 Solvmt, +zunelW (1O:l). LO5 ml/minr Detected at 254 run) Rt 17.2 min (19-l a), 19.0 min (SO.9 \I. l%refore the 
qtical pnity of (+)-lo was 6t8 a e.e. 

~~56.6R,7R)*~Yl-3,3~~l~7~~~l~i~l~~~loctane 1L A a0l.n of (+)-lo (530 mq, 

2.1 mm01). dihydrcgyran (268 mg. 3.2 mmd). PPIS (52 IN, 0.2 mraol) indn, Q(.,C!l~ (6 ml) was stirred far 3 h at rmm temo _. 
lhen the me wan vashed vith aatNanY3j Bolh Ihe aq 1a.F YaB ez&&d- withai2U2. Wecabined cHzQ2aolnwaa 
washed with brina. dried Wq834). ad ocnantrated in va- to give a74 g of cnde 11, vmax 1735 (81, 1265 (m). 1205 (m), 

1130 (a), 1040 (8). 980 (ml, 875 (m) cm-? RLiSW~BmployBdhthaIM?Xtt3tEpWith&frpther pxificatim. 

(~59,~,7R)-3,3-El~~l-7~~~~~10~~1~ 12. lb a stirred aId iokoooled 
suspensicn of UR (118 mg, U mmol) in dry ether (10 ml) was added drcpiee over I h a eoln of au% 11 (0.74 g) in dxy 
ether (3 ml). nmmixtNew.%3.9tirrdfor3Ominatrmmtemp lhen exoeasuHwasdestroyedbythe suocasaiveadditim 
of water (0.l ml), 10 S NdH aq aoln Ci ml) ad watar Ql ml) to the stirred ard i e-add mixture. ?he stirring was 

contirnred forlh. lha mixhw was filtered thraqhCdit.a ard the filtrate was dried (Na2SO4). ad ocncentr.%te3inMNa -- 
ltM~idue_dlKSMWgG@Id over Siq (10 g). Rlutial with r harrarrrEtcae (3:l) gave 607 mg (98 * from (+)-lo) of 12, 

vmax 3470 (m). 1325 (ml, 1260 (8). UCO (ml. 1120 (B), lC95 (8). 1085 (8). 1025 (6) cm-l! 6 Ll-2.7 UC& ml, 3.2-4.2 WI, 
d, 3.90 (4H. e), 4.65 (1H. m). 

~lR.5S,68,~~-6-Bena~loxyseehyl-3,3_ethylanadioxy7~~1~~1o[~,~ 33. ltleBuspensiaIofu8R 
WJOaJ. 60 %diaprsad ina mineral oil. 25 mud indryW(2 ml) wasaddeddrquFseasolnof12 (479 mg, L6 omol) in 
dry lWP (2 ml) at rmm tem~ and tha mixhne "at3 atb-rd mdhmtedllnderrafluxfor1hudsrAr. Rmadnofbaayl 
chloride (275 w W mud) indry Iw (lml) wan aMaddrcpdm to the 8tFrred mdhmteQmixtureatrelf1uxtemp 'Ihe 
QixhPaxasstlrred~~tad~raflu.foeShafterthsddillanofbQayl~~ ~ftaecoolinp.themixturew.,s 

panedintowat=datmctedwithEbORc ~Ruacaolnwaswashdwithwateraxltd.n& drid (Na2m4).%dcmxl- 
tratedinvanra -- l%e residue "aa C&romatagra~ over siO2 (10 g). XlutiCm with _m C&l) gsve 493 ag (SO W 
of 1% wwc 1350 Cm), 1320 (rd. 1255 Cm). 1200 (ml, 1120 (8). 1075 Cm), 1020 (s), 980 (ml, 735 (m), 695 (m) cm-18 6 u)_t7 
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(15H. mJ, 3.2-4.2 (5H. m). 3.90 (4H, 8J, 4.53 (2H. BJ, 4.70 (18, mJ, 7.38 (SH, 8). 

~~5s,66.mJ-~~l-7~~~o~~loctan-3ans I& 13 (499 mg. w mmolJ w dietivu3 in &sR-nwP 
TAP (3:l:l. 6 ml), and the soln "am stirred for 5 h at 45'. After oooling, the mixture "a. diluted with uat.r aad 
sxtractadtwios with Sumc. llm gtDRc win - Washsd~itb w&a, &NalEq K&l ard luin& dried (NQSo4J em au+- 
tntsa*- mereBidumvaedIrcemtcgr~wer6iq(10g). eluticmwith~ (2:lJ gavs 277 mg (63 l J 
of 14. [olFS.9' M.6SJr (I) (~-3.04x10-~, M&W t81 (nmJ 0 (2455). -5.33x102 72%). -5.4ti102 (2%J, -3.6%102 M, 
307). -1.12~10~ (ah, 318). 0 (330) [lit.lO CD (~-7.07x10-~ , MaOHJ [81 (nmJ 0 (245J, -6.40~10~ (289, 297). -4.34~10~ (sh, 
307). aesr102 W4 319J, 0 (33OJl. Its IR a& NlIR spectra yere identical with these of 14 reported pwiamly.l" 

redvzticm of w-4 in a p-e$am --- tivesca.leerPlGyinq 

aicwbiWclor~lz3lm (+)-I GGii5&6& 
uS.5RJ-2-wnqxbmy B bai1i.i KI oll6. I-7,7-ethylslp 

t+)-Q nm y&e. v.xsIre-allt fair 
7SJ-6-etho~carbmyl-3,3-ethylenedioxy-7-h~roxybicyclo~3.3.OJo.&,,,e 

Sa@udliflaakaccntaining100mleachoftbacultummediumocntainingmalt 
e (2 9). pptm¶ (al gJ and gl- (2 gJ for 2 &p at 370. Thin pB-cultiva~wpansiaY oftheyexat G7lO ml) 
vMaddedtoLS1oftheMmemediumina5l-fl&r. Tbm5l-fla&¶vMsh&¶at37~ma gylwdaqatrakaDfor2d¶~ 
~the~lsrerecollectedbyoantrifupticn(#Xr)rpn,lOmmin). ?hecell~weraaddedtotwo5l-fl&mant&- 
ninJ21aschoftkmmlturemediaontainingmalt&mct 
fLadra - e&km at 370 m B 

(20 gJ, peFta¶a (2 9). glucoee (20 gJ Qld M4Iq (10 gJ. Ihe 
gyromeary sh&er. Aftalday. IBolt extnct. (20 gJ "aa added to&of the flada me 

flasks - Bhdcen at 379 for mnther day. Rlanthayeast-oells-ool1ectedbyantrifugatian.adddtoanevmdLium 
srrd &w&ken fa anothar Qy. lhis~wcurapeatadsirtimestopiveaalOBgofthewetal~~cb 
w m 0116. Rlis iwas diapred to al n #lo@x¶ti hlffar (#I 7, 11) mRainirrg g1- Guo gJ at 37.. After tha 
flank wan dMkmat37° for4omin# MemuMmof (fJ-4 &oog# 2ommolJ ino.2 ~TritmX-loo noln (lx) al) WM ad&l to 
tbBfermmtatirnm&&lm ardthemixturewasshakanat37°for5h 'Ihmtbeymst-cellererereasrndbymmtrifqti~ 
~m&enmtMtwss ntur.ealwithMCl~extnct& with Et5w wx ml x3b Ihs ur&inad EMAC mln Y_ ruhd with 
brine, dried MQSo4,. and Dti inMara -- Ihe residw was chrw~~tngrn@ed cwer SiO2 (75 gJ. The frwtim wliu 
aluted with ~hexme&w (4:l) gave 2.ol g (40 %J of (+J-c I# l.4927; M@ +23.9O (c2.55). Ita IS and loIR qetra 
yeee identical with those of earlier described NJ-C (Famd: C, 6L23r H, 750. talc for C13H 

P 

: C, 6l.4O1 S, 7.l4 N. 
ltm fractim later eluted with _@Enme&E (4:lJ wve l.90 4 (38 *J of eb9. I# l.48wr [al +4.1° (F187J. Ita IS 
an¶ HM spectra were identical with those of earlier described 

60.92; & 787 8). 
(*J-9. wanx¶E C# 60.571 & 7.94 Qllc for c&t2&: C# 

A small nmamt of this (+J-9 was acnreeted to the ~pading@J-II?wIssterintbe~ 
m which van mn.lyze3 lq HPE rnder the anme rmditicn = described far (+J-9-@J-UIPA %ster: Rt 27.4 min V&4 l , 
241 min (99.6 8). lherefore the cptical prey of tbia (+J-9 w8a 99.2 u es. 

~~~,~7RJ*~~l-EUlaxycarbcnyl-3,3-ethyle~~Joctane (+)-la In tba enme marnreras~ibs3far 
(*J-4 (bakeie vearrt origin), (+)-I (a bai1i.i KI 0116 origin) was -- crnwxdx t+J-10, 44 Lo8331 [.I# +2&lo (cl.%). 

Its IR Md NMR spectra - idmtical with those of (-J-lo. (Faud: C, 60.51; Et, 786. C&z for Cl3H&: c. 6&92# S, 
787 *J. A small mt of (+)-lo "as ODmrarted to the B (RJ-N'IFA est#z in the convanticnal PYIIII, which va# 

analyzed bu HpLc lnder the uMB cuxliticm m deacribed for (+J-10&k&a ye+sst c&gin)-W-MIPA eatar: St 2l.9 min (96.S 
w, au min (3.2 w. ?herafore the optical prity of (+)-lo we8 93.6 l &e. 

wductim of w-4 & a m Kale em- --- !zEeEEE-__ bxilii KJ. 0116 Ihs yeast w8 cultivated uiq fax 5 l-f- 
intbe.samemannsr.¶EdMxibed abwa Q 160 g of tlm wet cells wwx used for the fir& reductian tw-4 @.OO g), 
gl- (240 gJ, Q1 M #xa@aba ixffar (@I 7, l.6 lJ, at 37'. 6 hl. After the +swtian.tbBybwt-.Rllaverewllectedby 
centrifugaticn. ?hereeovered wet cells @lo9 gJ were added to fax 51-flaskp ~21ea&ofthnalltumlDadiw 
Containing malt extract (20 gJ, peptone (2 gJ, glucose (20 gJ and NH4NO3 (10 gJ. The flaska were shaken at 37. on (I 

gyrmotary*= 'Ihere-mltivaticmpaemne (cpllectimof yenst-mll8bycentrifugation, additimtoanew wdium, 
Md sb&ing at 370 al B gyrorotary ShskerJ was repeated five times togiVem2O7gof vet cell.8. mis vasuwl fortha 

d mductkm [W-I ClO.CO 8). gl- WJO gJ, O.l M @ce&atc hffer (#4 7, 2 1). at 37'. 5 hl. After the m 
theyawt-wlla - wllect&tycmtrifug¶t.im, Iherecovered wetce.lls(~lS9gJ~&kdanewmedtum, ltmxw- 
cultiv&im pxedure aa described above wan rq=edtwice to give 08 253 g of wet cell.9. nlia ww usd for the third 

rab3ei.n t(t)-4 (lo.43 gJ, gl- (320 gJ, (u N #m#b!~te hrffar (&W 7, 2 1). at 37', 6 hl. 'lbe each atpnratorefAfter 
removingtheysast-cellsvaawoxkedupintbeeame raarmerasdescriked far the preparativg6calexu?wtiab m¶caabixd 

residue was dromatcwa@ed oyer SiO2 tD give 1LSl g (42 W of (+)-I ItaJ# l 235O (cW5Jl ard ll.S7 g (4l 8) of (+I-9 
[Ia@ +4.00 (cL78Jl. In the Bame wmerasdeecribea lreviculy, (+J-4 waa ,zuwwud to (+)-lo I[alg +24.Se (cLS9Jl. 
A small m of (+)-lo wan onvert& to the oMespoding(R)-meetarinthe-timalmanwu, uhi&"~mn.lyzad 

by~~~-cmditimasde%aibed&revi0uely: Rt2o5min (96BW. 23aminM.o*). nlereforethmc&cnl 
prity of this WJ-10 wan 92.0 . &e, 

~~L5s.~.7RJ-3,3-Eu1ylsnedicnvd_hydrcavm~3;u)loctans 12 In the mamc mmxnrasdar 

cribed wevimsly, (*J-lo "(UI oxwar&d to 12, 42 L4945, ra1g -15.9' (01162). Its IS ard NHR spxtnl rcre idmttcal 
with tbcede8uibed~icuslyin thispapr. Wand: c. 64.69; H. 878 talc f=c16S*: c. 6e~o1 H. a78 l . 

etirredfar3hatroolateq lhentheCli~;layarwaa Qoanted, ~tbe-rasidus wasva.&Mdwithetbu..IhsoDlnhind 
cqmiclayerwas~~ashort~lumnofFlorisil,md cuxsltmtedin-tpgive267gof~1&- -- 
2730 (w), 1730 (a), 1330 (mJ, 1260 (mJ, 1205 car), 1130 (a), lOS0 (8J, 1030 (m), 9% (9) cm-l. 'IMs wu l mployed in the 
nartetapwwhoutfurtbex plrifilatim. 
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~l~5S,6R,7R,1'S~-3,3-EthYl~edioryd-~3'--l'-octenYl~-7-tetrahydmprc~yl~~o[~)octsne 19. n, a .tirred 

W.lWPlUianOfRsHGSOW#600 dispslaadina mineral oil. 9.5 mrma indrY= (50 ml) was addddmarise over10 rain * 
eOGOfdisathyl2-OX&&l #ux@cnaW (220 g, 9.9 ~1) in dry THF (6 ml) at moo tsmp unkr Ar. Ihe mixture wan 

ei.rredfor3Opinatmom~tbmtotlx3mixture aaolnof~l8(267g)indryIW(6lal)w~addedazoprisa TM 
mixturewasntirredfor3OainatroDlatanp aamixhveraspaaeed~apadofSiq,~thefiltratevasarrerr 

tratsdin-mBragimawM~~ _- - siq (70 gk Eluticm with _-Eta (9:l) gava 2.62 g (66 * 
fm la of 19, I# L4833a [aIF +l?& (cL5118 vpllx 3695 (ml, 1670 cm), 1630 (ml, u60 (rd. 1200 Cd. 11.15 (s), 1080 
(la), 1025 (0). 985 (1) cm-li 6 (288 (3H. deformed t, J-5 82). LO-2.9 (23H, m), 3.44.2 OH, m), 3.89 (4H. a), 4.62 (1A. 
I), 6.17 US, dd, J-15 and 3 HZ), 6.5-7.2 (18, I). Wound: C, 69.918 H, 9.10. Calf fox C23H2605: c, 70.371 H, 9.24 e). 

~~~~~~l~3%~-7~~3'-hydrc~33X)loctan-3-one 20 and its (l'E,3W-isomer 21. A .wln -- 
of 19 (3.34 g, 6.5 mmol) in neM WJ ml) was stirred aml ccoled at -150. NaFfi4 (O.l6g, 4.2 mmol) was~particnwiseto 
the etirred mixhue at -150. llmmirtllrewaastkreafc63Ominattbattemp lhmthemixturewas-tntedin- -- 
toremovenecnIheresiduewaadilutadwithixine.cudt.hemixture wan extrxedtwioe WithEuaG Ihe Etac m.ln wan 
-trat6dti -'IheresidlmwMd.ismlvedin~a~ (3:l:L 50 ml), and the uoln was at&red fez 3 h at 
459. After moling,tha mixture wan diluted with lxine ard extracted with EMko Ihe Sink SoIn was wanbed with water, 

MtNnHa+aolnandbri.n&driedW#lO4)and moantratedinvan 'Iheresi&awasduc~eqra~ovarSi02W0rdcArt 
93& 230-W mesh, 180 g). Ihe fnctim firet eluted with ~2Cl2-aoetaxe (4~1) gave 466 g of ZL [aIs -233O (cL5S). 

TIC (CtI2Cl2-a cetme-7:3): Rf 0.44. Itr, IR Md NNR apctm w- identical with thoaa of 21 napxted Irevioualy.g Furthar 

elutialwftha+l2-awtale (4:l) g&W a mixare Of 20 arrl 21 Kc0 g). 
(4:l) gave 0.71 g of 20, t.183 -We (FL53h Rc Kn2Cl2-acakaF 

Ihe finally e&ted fracticm with cII2Cl2-acetme 
7:3): Rf 0.37. Ita IR and NMR spectra - identical 

with ttnse of 20 reported pravio3slyP Rxthar plrificsticn of the mixture of 20 ard 11 by Sic32 0Dlunm CtvomatograFhy gave 

0.35gof zoan3o.llgof2L ltlemmbined yield of 20 was 47 @ ard tFat of 21 wan 34 a, respectivaly. 

~lR,5S,bB,7R,l'E,3'S~-7,3'-Bis~tetrahydropyranylo.y)-6-~l'-octenyl~bicrcl o[~loctan-3-(ne 22. A eoln of 20 (698 mg, 

262 mmol), e (611 mg, 787 mmol), Pprs (132 uq, 053 mual) in dq a2Cl2 (15 ml) was stirred for 3 h at - 

tamp 'Ihen the mixture wan washed with aat Naq win and kine,dried (NQSo4) & -txatedinvaan Rteresidue -- 
we.9 chromatcqqhed - SiO2 (18 g). Eluticn with _$lenne-StIx4c (9:l-d:l) gave 1059 mg (93 Q) of 22 [a134 -29.7' 

(cL6SX Its IR ard NMR spectra were identical with tbom of 22 reprt&zpevicusly.lI 

(5S)-Carba-IGI, bMteBl&her 23 9 W+carba-FGI, bis(tetr~lktha 24, A soln of ~aaie, 
(28.5 mmol) ~a8 prepared from NaH (1.14 g, 60 8 dispersed in a mineral oil, 28.5 mmol) and drv DHSO (14.8 ml). TO a 

stirredmlnof(4 -earboxytutyl)trW=vl @xcqhmiumbranide (6.30 g, 14.2 mmol) in dryDMs0 (15 ml) was added the soln of 

~~jderpcribedaboveat~aratetomaitaintheeolnat25Ollndar~ Ihe mixture was stirred for 30 minat- 
tampto yield the red solnof the ylide. ti this ylide soln was added a e3ln of 22 (617 uq, L42 mm011 indxy DMSJ (L5 

ml), ard the muture was etirred for 22 h at 45' uxler AK. Aftercculing.thnmixhlrew.?a~tytbeadditicalof 
watcv.neutnlizedwithhoCH~atractedthreetimes withetimr. Iheextmctwas washai with water (~5) ardbrine. dried 

@W304) d -tmted in MCUO ltle raaidue was dunBat.ograghed ow siq (30 g). !xlutial with _~EtfP.c (3:l) 
gave 730 mgof amixtureof 23 d 24, ?his mixture wan further chmmatcqn~oveeSi02(krdrArt.9385.2ZO-4COmesh, 

45 9). Ihe fraction first eluted with _W-EtMc (17:3) gave 155 mg of 24, vmax 1740 (ml, 1715 W, 1265 (ml, 1205 
cm), 1130 (ml, 1080 (ml, 1040 (a), 1025 (IO), 980 (0) cm-l8 6 0.7-2.8 (3SH. ml, 3.2-4.2 (6H. m), 4.70 (ZH, m), 5.0-5.7 OH, 

m), 875 (I.& br.s)r Rc (r WEta.F2:12:l): Rf 0.40. Further eluticm with "_hexana-Etnxc (17:3) gan a mixture of 23 
Md 24 (214 mg). llx finally elti fraction with n-hexane- SK& (17:3) gave 280 nq of 23, vmax 1745 cm), 1715 (8). 1265 
cm), 1205 cm), 1130 (81, 1080 (8). 1040 (8). 1025-(s), 980 (8) cm-18 6 0.6-2.7 (3SH. ml, 3.2-4.2 (6H. ml. 4.70 (2H, ml, 

5.0-5.7 (3& ml, 875 (I& bra)r TLC (_ WhexaneEtakF2:l): Rf 0.33. Further prifiaatian of the mixture of 23 ard 24 by 
Si% column ciromatcqra~ gave 73 mg of 23 ard 51 mg of 24. The combined yield of 23 was 48 e and tit of 24 was 28 8, 

mapectively. 

(5E)-Carba%I2 2 23 (409 mg. 479lansol) WasdiseOlved inAcCH-water-lW (3:l:L 16 ml), and the aoln wae stirred for 3 h 
at 450. Aftarcco~ themLmnswasdilutedwithbr~andext.ractedwithEtCRc 'IheEtaca0lnwaswashedwithbrina. 

dried W3So4) and ocncrntratedin- -- Iha residue was diluted with bonsene. alxlthesolnwas ooncentraeedinMcu)tn -- 
== Lvly remaining acetic acid. ma ranti we8 circih¶Wll~ - sio2 (15 g). Elutiln with "- heamgStCac (1:l) 
gave 2l9 mg (79 b) of 2 as 81 OiL which solidified al standiq Reayaalliz¶tim from ~-heWsgareplre2asa 

~~powder,mg. 5856OD'; [alg t68.S" (-5, M&HI [lit' r&.p 62463.3'; [aID +90° (&lo, N&l)8 litlo IO.@ 
645665'1 [alp +92T (@X&5, Me(H); lit11 m.p 61-625'1 [all, +91° k-0.964, m)lr vmax 3500 (m), 3370 (III), 3150 

(m), 2750 (~1, 2640 (w), 2550 (~1, 1725 (~1, 1675 (s), 1455 (m), 1430 (la), 1380 (w), 1345 (ml, 1300 (m), 1265 (ml, 1250 
(ml, 1170 (ml, 1130 (m), loe0 (m), 995 (m), 975 (81, 905 (w), 875 (w) an-'8 6 UW KHZ) 0.90 Ui, t, J-5 Hz), LO-27 (23x, 

m), 3.70 (1H. q ), 4.06 (1H. m), 4.43 (3H. bra), 5.22 (lH, ml, 5.50 (2H, m). 
those of 2 repxtal previcaly.+-11 

Its IR and NNR spectra were identical with 
Tu: @-hare-WIaP25:25:l, &Gale develop?ent): Rf 0.45. Wunxl: C. 72.05; H, 

9.66. -lC for C2lH3404: C, 71.96; 8, 9.78 %I. 

eFMxrbn-w;I2 25. In tlm eame manner am &acrila for 23, 24 (117 mg. 033 mwl) was comrertad e0 42 mg (53 W of 25. 
Iexymallkaticn fmmaartparrhexamsgma~ 25-a white mi cKuxy@alina material. m&b 105-106Q) [alp +4a40 
(-25, MaXI [lit' a~ 1073-10&S"i 101~ 439' teW66, II&M), lit" mg. l13-l14°1 [a@ +4al" kFa535. N&WI? 
vmax 3500 (ml, 3400 (ml, 2640 (w), 1720 (W, 16¶5 (a), 1455 (n), 1395 (ml, 1350 (m), 1320 (m), 1290 (a), 1240 (w), 1200 
(ml, 1175 (ml, 1130 (~1, 1090 (m), 1070 (m), 1015 (ml, 995 (a), 975 860 (a), (ml cm-18 6 W30 NHz) 0.90 (3H,t, J-7 Hz), 
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LO-2.7 (2% m), 3.63 (18, ml, 4.02 UH, m), 4.46 (38. bra), 5.21 (la, ml, 5.50 (ZA, m). Ita IR and NMR spectra wezm 

identical with tkae of 25 repDlted &cuely.9~10. l¶C (z-hexane-RtCkAc-Ac4Xf-25:25:1, double development): Rf O.!!l. 

wound: c, 71.971 A, 9.86. ca1c for C21R3404: c, 71.961 Ii, 9.78 a). 
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