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Abetract: A MU method for stereospzcific cmtNctlcn of the allyl~ alcohol nmiety 
of prc&aqlamlins, based on application of optically active a-hpkcq aldehydes, 
is described. In the pm 
a ldehw , and cartxnyl 

of BE3 -30, lithiated sulphams L preFered fnxn Corey 
~~qivetkcorrerpondingack!mts~inmxkrate 

to excellent yields, uh.Ue in the abeenx of the L.euis acid either no pmducts 
or only their traces wrre fonmd. The &Qtim prub3.a 3, in the farm of bexumtes, 
mssylates or free alcchols, were subjected to rezzXuc&~ eliminatim by mans of 
scdtwnamlqamtoqivetficalkMe!s4.ConC*xuds 4d and If were transformd into 
racmdc and natural FGF-, nwpectiYely, in line Xth the G&m method. 

Intere45t in the synthesis of ~tagla&ins /l/ has q&en rim to a muter of mthc&Aoqical 

-roaches to stersospecific camWw&n of differant fxagmwks of their smxlxre, sang others, 

of an allylic al&o1 unit in an aliphatic chain. The classical Corey strateqy /2/ aimd at 

synthesis of FGFti (i) which with some tactical mdificatim still a~pcars to be met versatile 

aml best suited for technical scale, Involves phoephorus-nadiated alkmylatim rextfcns. Carkn- 

sation of the la&one-alfkhyde fi with am-#kx#mna te fi affords cf,+saturated ketone & 

with E ccnfiquration of the double bar! (ati 1). Cuipleticm of the formtion of the prcetaqlamiin 

0 dain ( C13-Czol requres selective, stereospecific redwticm of the kmm group in intemediati 

fi /3/. An alternative direct preparation of chiral allylic alaAm Vi by c ofxknsaticm of a&h* 

fi with p-axido phosphmim ylick x has been famd to be mrkedly less effective !4/. Since 

the cork-e betdine vii collapses with selective loss of the cocygen atcm oriqie in - 

the aldehycle to give 13,14-erz /5/, the lcw yield of the whole prmess 1358) can be attributed 

to instability d the rmctants. In fact, aldehyde & IR-tetrahydr~an-2-l) 1s not stable 

emxqh to bs isolated. 
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4990 B. ACHMA~WICZ l r al. 

Considering the stability of synthons 2 an3.x one can azncl~& that the revemal of their po- 

larity by placi.rq the om-qmup at Cl, (prcetaglarxlin nmtxximq) aml generathq an anion at C19vmld 

be advantageous. obviously, u-hydroxy aldehydce are readily available stable ampumls. ChtheOthcr 

hand, introduct ion M Cl3 of an anta~-stabflizlnq grq instead of the mo-function smuld allar to 

avoid elimination of the subetituent at ~~1, which notoriously creates difficulties in handlinq al&- 

hyde 11 and the unsaturated ketone Iv. The purpcee of this work wan to develop a methcdolcqy for ste- 

reospecific construction of allylic alcchols, utilizing derivatives ofa-hydrmy aldehydes, am! to 

apply such met4mloloqy to proetaglamlih synthesize / 6/. The accessibility of sulphones viii drew cur 

attention to Julia alkenylatioo /7fi/. It wan tha3qht that ccmbintng of eulphme viii with the dari- 

wtive of hydroxy aldehyde & weld give intermediate 5 which could be transferal to pcT2&)accar- 

ding to the kncsm procedur e /9/ Echme 1; R’, R2 ,R3-protectinqqrcups).iiamrer,&erevasnopre- 

cedent for the reaction of sterically himdemd sulphones with aldehydes, and it uas unclear tither 

under the conditions of alkenvlaticm the confiouration cf the twkmv al&&& &xl#ztw auld be maimd. 
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Rasulte and Discussion 

In practical realizatim of Schmm 1, the follminq protective Qraps we cboeen: RL=SitRMa2, 

R24m&mna2cr~lhl?~d clwprdirqstaetirq~~~ aegiwninclmt2. 

s@Esie of eulptKne 1 

Sulphone 1 was synthesized fran the readily available IlO/ racemic, unsaturated la&one 5, as 

shorn in scheme 2. lhe Schm ha8 to be suwlananted bv the follouim ammnts. 

Scheme 2 
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% Prime react_ion Ill/ was carried out in a sealed wmiel to prevent evaporation of formal- 

dehyde. The product, diacetaw 7, ax%minated with cd 59 of acetal /12/ 8, was isolated by disti- 

llation \ndtr redwed pressure. 

Rsductfonofthelanone 1_1. led to a mi~&ure of @ms.ric lactols 12 at ca 1:1 ratio. 

Mter protectlcm of the lactol w and other transfomtiona indicated in the sdrome, the corres- 

pond_ing epimrs of irltenawli ate t were resolved by chmmtogrmy and faud to be stable during se- 

veral weeks of storage. 

Addition of sulphone 1 to aldehydea 

Treatment of sulphcoe 1 ih a tetrah*ofuran (THF) solution with one equivalent of butylli- 

thlum in hexane, and subsequently with one equivalent of rawmic Z-Wbutyldimethylsilyloxy~heptah- 

al (@in THF (Chart. 21, at -78OC, afforded only mihute amounts of adduct g IGOOf. Under the same 

conditions, benzaldehyde provided the xklition product 4 in an appreciable yield f7581, but hexa- 

~1 did hot enter into the revlctico at all. EXtensive varying of the reaction axxlit.iohs, solvehts, 

mature, use of M excess of the aldshyde, use of lithiundfiscp~l amide for qeneratlon of 

the anion etc., failed to inprove the yields of adduzts g and &, respectively. 

Kozieriski and co-authors /13/ have reported that easily enolysable aldehydcs, such as hexaM1 

gave h.qher yields of adducts with p(gBr derivatives of eulphones as ronpared vith their Li deriva- 

tives. HCWEWI, this m~?thoQlogY did not help in 6OlVi.1~3 our prCbkm. !bre recently it has been diS- 

cxwergi that alkylcuprates 1141, alkynyl- /15/ and alkyllithium 1161 derivatives are coqatible, dt 

lcw tmperatures, with Lewis acids, soch as boron triflwride or aluminum trichloride. The resul- 

ting “ate. cceplexes exhibit /14a,17/ anhamed activity Fn hozleqhilic addition amf nucleophilic 

substituticm /la/. It appaamd of interest to examine the behaviour of lithlated sulphone 1 towards 

cat-bony1 carpourds in the presenoe of Lewts acids, althcugh there is a clear difference in the 

fitructure betmen this ccqmtmd anf the previously invefzigatbd organcxnetallics. Rirsuirq along 

this line, we found that treatmnt of the sulpknre 1 in THF solution, at -7cc, with - successively 

- one equivalent of butyllithium, one equivalent of BF3.fZi+O, and one eqwvalent of aldehyde &l 

afforded the addition 3 fn 909 yield. addition of sulphohe to the 

derivative & Khart was similarly effective; (Za! afforded prcdmzt _3n a 4OU 

yield. Under cortditions Bq-mdiated lithium sulphone forned addwts only with 

but with methyl as exemplified by hepLan-2~ne I&) k, 99% yield, 
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Procedures: A - trduction of purified hydroxy sulpha~ 1; B - mssylation or behzoy~aticm of puri- 
fied hydroxy eulpoone 2 follcvgi by reducticw C - alkylaticm, msylation (beruoylation) and re- 
duct&on inonepot. 
a) isolated yield, b) overall yield 
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Theo~ofaddit~ofthecarbcnylmcpamdarrl~3.~Otr,theiithiatcldsulFhan~nodetec 

table effect an the reaction course, providLm3 that both ccqcnen~areaddedwithFnaehanttme 

(15minl.‘lhead&cts~-.3i_ uareobtainsdlntheformofcceplex mixturw of diastereoiscmxe. No 

attzqt~mdetode~ their rat&s. 

HavLrq on hamd the hydmxy sulphons, ue could a#roxh the secu%A step of sul~bom+md al- 

kenylatiax, Le. rM* eliminetion. Sulphmyl cxu%hols &, &, 3 were esterified with benzoyl 

chloride or mthanesu l#xmyl chloride prior to their reductton. Wductlons were carried out with 69 

sodium amalgam in nutham /7/ or with a mixture of mthaml and TIIF, fn the presence of phosphate 

buffer /19/. Intermsciiates & and & uare t.ransformxl into the correqxmling alkenes & and &, res- 

pectlvely, withcut preliminary est.e.rifioatim. However, generally the reduction of free hydroxy-ben- 

zenesulphonyl derivatives affords alkenes acrmpanied by alcchols fonmd by substitution of the ben- 

zenesulphonyl group by a hydrogeh atan. The yields of alkemes i are compiled in Table 1. 

The steps involved in the alkenylatim sequence were conveniently ccmbined in a or~~-pot prcce- 

dure (see ExpcrFmentrll ubich albd an itmwne in the yields of the final prodtxts (Table 1). 

It is ~11 d ommehted that Julia alkemylation furnishes tram alkenes exclusively ~JZ pm&ml- 

hahtly f7b,20/ fsane exceptions involving relatively high prqotion of the & iaomx have been re- 

ported /21/J. The %I IWR (400 MHz) spectra of skyrem derivative + i.r~Ucated that w carpour& 

lepimers at C6) are present in a ca 1:l ratio, both with e configuration of the double bcod 

(86.4963 anl 6.4366 pin, doublets, J=15.8 Hz; 8 6.0545 ud 5.9737 pin, d&let of doublets, J=15.8 

Hz, 3=1.6 Hz). The ci_g isomers could not be detected. 

In case of the other alkenes f&z,c,d,e,f) the1H MR spectra did not permit assiqruwznt of cow 

f&urations, CMning to carplexity of vmylic protons signals of the m.ixtures of diastereoisamrs. 

Cuipletion of the prostaql& synthesis 

A mixture of isam-s fi was subjected to acid hydrolysis /9/ aml the product, without Isola- 

tim, WWJ treated with the ylide 15 [Chart 2) pmqxred from (4-carboxybutylltri+e.nylphosphonium 

bmnide. After chramtograI&y, FGF20c and lli-epi FGF2K were c&a&d in a ca 1:i ratio. No other ccm 

lmmzls could be detected in the reaction mixture. Formation of two 1-s only, dlfferirq in the 

oonfiquration of the hydrcxy group at C15 indicated that reductive elimihation *lied to interme- 

drate g proceeds with high trans-selectivity. 

For the synthesis of cptioally active XF2%, qnically active , epfmeric at C6 sulphones 1 

were prepared from optical?y active lactone 5. The mactim of qAAcally active 1. with LSl 2-(t-bu- 

tyldiphenylsilyloxylheptmal /22/ Czl m the presence of BP, -30 afforded the addition product 

which withcut isolation ~2s subjected to msylatim, follcmd by reductive elimination. The elimina- 

tion prcduct r sharing me expect& spemmmzpic propcrttes was hydrolyzed and the resultinq pro- 

duct 2 was treated with ylide E. 15-t-~tyldip~ylsilyl FGR2& was cbtaimd, and after deprotection 

with tetrabutylannmi um fhwrfde in TRF - furnished lGF2ain 528 yield fran 1. Specific rotation of 

the final praluct I [a]: +23O fc=l.4, TRF) was rdentical with that of the anmrcial product 

+.]:*23 o, c=l, TRF). 

Preparation of hatural pcF20, from optically active sulphone 1 and aldehyde r imllcatea that 

Ursr the a&plied conditions of Julia alkenylation there was no racmization of the hydroxy aldehydq 

darivetive 2f. 

H. ps were detemimxl 
folloulng im3tnmlmts: 

on a Kofler hut-stage awatus. The fpectra were recorded using the 
R, Reckmnn 4240 or Unicam SP 200 

ted, cm3 solutionsl; fI 
8 mters fi.nlless othemise ma- 

lutions): mass - LXB 2091 
MI, Varhn M 360, Rruker 270 ard ?%uker 400 speccruneters Iin CIzC13 so- 
II pectramter 

hiqh-resolution mans - 
(at 15 eV Looizatton potential unless otheruiee stat&l; 

Varlm 731 spectraneter. Chemical shifts we reported in 6 units, domfield 
from I*? Si. Calm chrcmutxgraphy was performed cm silica gel, kkrck, and TIC - on silica gel G, 
Merck. &qanx eolvents mre dried over anh. 
re u&rig a rotary evaporator. Mcroanalyaes 

Ma SC UK! eo1vmts yere removed under reduced pressu- 
v=Wrf onmd at our analytical laboratory. 
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4p-H@rcqMyl-5fMydrcuy-3,3+,4,5,6,6~-hexah~2H-cyclqen~~b~furan-2-one (2, 

A sealed aqxoule quipped with a Rotaflo stopcock containing: lactcne 5 (24.8 g, 0.2 tnol), 
AC0 (15frU, 
C42 mLJ was heated at 70-80°C for 20 h or at 60-65 C for 40 h. The reaction was monitored by 

glacial acetic acid (100 mbl, parafopldehyde (17 g), and cont. sulphuric acid 

TLC (acetone-hexane, 1:l). After cooling, the reaction mixture 
and the resulting solution was treated with 10% ag KCH (at 0 to !Ps 

diluted with Adm I400 IlL) 
c) to pH 6. The aqxcus layer 

was separated and extracted with AmXt (2x50 mL). 
$fC& the solvent was evaporated, 

TtE CUitbEd OK-$lIliC SO1Uti8nS WelL--2 dried 
and the residue was distilled at 150-180 C/O.01 nrn Bg. 

dlacetate 1 (41 g, 80%) was obtained in the form of a colcurless or yellculsh liquid. 
This prcdxt was contaminated with ca 5% of acetal 8. 

To a solution of diacetate 1 141 g) rn leech (150 ml.11, 258 aqueous N&X (50 n&I was added 
and the mixture was set aside at roan tenperature for 20 h. lhen it was acidified with ccnc. 
hydrochloric acid to pH 1 (ca 30 mL). The solvent was eqzorated under reduced pressure and 
the organic material was taken up in acetcrkz. The acetme solution was dried (Na2S04 1 and the 
solvent was renoved to give diol 2 as yeller 011 (24 g, 70% yield). This product was used for 
the further step without additional purification. 
l23_$-400 mesh, 2:l) to give acelxl f& 
cm and diol 2, mp 117-11 /1,2,4/ mp 117.5-118. 

4&(proluenesul~~thyll-~-hycLraxy-3,kp,4,5,6,6ap-hucahydro-2~blf~~-2-o~ (lo) 

To a stirred solution of dihydrczq lactone 2 (2 03 g, 11.8 nmroles) in pyridine (8 
tosyl chloride (2.25 g, 11.8 mles) was added at -2&C. The mixture was set aside at 
for tw days, mereupon it was diluted with CHCI (50 mL) and washed with 3% hydrochloric acid, 
water, saturated aqueous NATO 
pressure and the residue was & hranatoqraphed on a SiO colu(m I30 g, 230-400 mesh, CM3 
1:l) to give nrmxosylate g 

and brine. After dryirq, the solvent was evaporated &$zg 

tallized from (NC1 
(2.4 g, 638& in the form of ~olcurle~3s crystals. A sample y ecrYs 

-A&Et, np 122-123 C; Y (nujol) 1760 (C+), 1180 IS0 0) cm i 
7.8 Id, 2H, J=8.5 %z) and 7.4 (d, 2H, J=E.+%, aran.H), 4.85 Qn, lH, C -&I, 4.0 4 

(ppn) 
(m, H, 

Calcd. for C15H18h6: C, 55.21; H, 5.56 ). 
C -H and CH2-OS0 1, 2.4 (s, 3H, (&,3ti4 1. Mass spec. m/e 326 (H 1. (Fan& C, 55.11: H, 5.54. 

4~-(?hi~~thyl)-54-hydraxy-3,3a~,4,5,6,6~-hexahydro-2H~cyclopenta~b~furan-2-one (11) 

To a solution of thiaphenol (amq, 7.5 rmole) in IXKI (6 II&), stirred under argon at 
roan temperature, t-BUJK (gOOmg, 6.2 imole) was added, follcwed by a solution of tceylate 10 
(2 gr 6.2 mnole) in MS0 (6 mL). The reaction mixture was stirred for 30 min., whereupon X 
was diluted with cH31 

4. 
(60 mL) and washed with water. 'lhe usual work-up and chranatography of 

the crude product on 10 colurm (25 g, 230-400 mesh, eluticm: h exane+Xl -m, 1:l:l) gave 
the sulphide 11 (1.58 g, &%I in crystallxre form. A sample was _$cCrystalliZ &f-E 0-hexane, 
np 62-63oC; 7 (CRC1 1 3420 00, 
HI, 5.05 (m, fi -H),34.2 (m, lH, C 

1750 00~,1200 lC+-c!) cm i 
4 

‘i; (Pam) 7.4 Im, 5 , ammat. 
3.3-1.9 (m, 8H) (Four& , 

Talcd. for C 
63.52; Hl+95:& 12.4. 

-35.2 (c=2.8 
CHC13). 

14H16%3S: C, 63.61: H, %.;!);'S, 12.139). Optically active 11, [&I,, 

To a solution of lactone 11 (258 ng, 
-7E°C, a 2.2 M solution of diistitylal&um hydride 1 
dr~ise. Stirring at -78’C was continued for 30 min, and new (5 I&) was carefully added. 
fol lc*Rd by SiO 2 (3 g) . The mnture was evaporated tier reduced pressure. The residue was Uansfi?- 

rred to a SiO calm (45 g, 230-400 mesh). Elution with a mixture of 
gave lactol 12 $400 nq, 75\) as a color_yss oil. A sample was rechronn 

CHcl -AcOEt-bbzCH 50:50:1 
tog&led and dried under 

high vacuum; 3 VCXI~I 3360 (OHI cm 
C14H1803S: C, 6???3; H, 6.81; S, 12.04%). 

; (Found: C, 62.95: H, 6.67; S, 12.21. Calcd. for 

4p-lm~ophenoxymethyl)-5a~y~oxy-2~ -methoxy-3,3a~,4,5,6,6a~-hexahydro-2H-cyclqxnta~b~furan 11 

To a stirred solution of lactol 12 (538 ng, 2 -1) in MeCtl (16 ml-) 
was added at -2&C. After 2 hrs the react?&W quenched by addition of a few dr 
ne. The work-up and filtration of the crude product through a SiO colurm (2 g, 230-400 mesh. 
CKl I gave mthyl-la-1 1, (570 IIKJ, 921) as a thick 011. 
driJ in high vacuum: V 

A sanp e 2l was rechronratcgraphed and 
3370 04) cm : (Found: C, 64.39: H, 7.10; S, 11.55. Calcd. for 

C15HZ003S: C, 64.25; H, ??9; S, 11.4491. 

4~(~iophenorymethyl)-50(-~t-butyldimethyls~lyloxy)-2)-mthaxy-3,3afj,4,5,6,6~hexahydr~2H~c~~ 
pentalblfuran (14) 

To a stirred solution of alccbol 11 (570 ng, 2 rmpl) in IBw (1.6 mL)r imidazole (340 nq, 
5 oke~l) and t-butylchlorcdi.rwthylsilane (370 IIG, 3 mnol) were addad. The mixture was kept at 
40 C for 10 min. The work-up and chraw&og’raphy of the crude product on Siq (5 g, 
CtCl 

;! 
) gave the derivative fi I710 mg, 88%); V - no characteristic absorption; 

On, H, aromat.tj), 5.1 (m, lH, C2-H), 4.5 (m, lH, C6a-H), 4.0 lm, H, Cg-H), 3.3 (2s, 3H, 
CCH3) I 0.9 Is, 9H, CH3CSi). (Found: C, 63.80: H, 8.80; S, 8.31. Calcd. for C2)H34cGSi: C, 63.911 
H, 8.68; S, 8.128). 
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4~~BenzenerrulphonylmeVlyl,-5~-~t~tyldimethylsilyhxy~2~lnethaxy-3f4,5,6,6~-hexahydro-2~ 
pentajblfuran (LI 

To a stirred ao~utiar of sul)zhide e (1.1 q, 2.7 mnol) QI Cl I50 II&) rn-zhlorqxrbenzoic 

a id (808, 1.4 g, 6.5 mrol) In CH Cl 
0% naLntaFnad at M 

%le2 (30 mt) was added at -78 C. mtxture was allowed to wann~ 

during3oldn, lxqxrature for 2 hrs,wheraqxx~ It was dilutedwithCX1 
(50 M.J andbashed with a saturated salium thioaulphate solution, a saturated NaKO3 solution a& 

brine. Convent&cnal isolation gave sulphones 1 (1.12-9, 97%). A wle IJZLS crystallized fra 
xane, np 69-70 Cr3nux (CKl I 1315, 1150 and 840 cm ;s 8.05 and 7.75 (m, SH, aranat. HI, 
lH, C -H), 4.55 (m, H, C -d), 3.87 lm, lH, C -H), 3.34 ?2s, 3H, 

7 5.1 Im, 

IFod: C, 59.24; H, 7.05%, 7.80. Cal&. for5C21H34C$SSl: C, 

1, 0.9 Is, 9H, SiCQ$l; 
, 8.03; S, 7.52n). 

A qeneral procedure for addition of sulphone 1 to a carbonyl conpaud 2 in the presence of BF3.30 

?ro a solution of sulphone 1 (427 rq, 1 mnol) in THF (5 I&), stirred tier aryon at -7@C,n-kw 
tyllithium (1.4 M in hexane, 0.7-mL,, 1 nnol) was added, follcwed after 10 min by addition of BF 

IO.12 k, 1 mnol) and, after further 5 rnln, of a carbony carpound 2. The mixture was allcwdto &Ez 

to -18 C during 1.5 h and this temperature was nkGntained for 16 h. Saturated M4Cl (0.5 mL) was 
added, the mixtureuas diluted with vater (20 I&) and the product was extracted with CH2C12.'IYeau- 
de product was purified on a St02 wlm. 

a. Carbonyl ccqxxxl: rdc. 2-~t-butyldimthylsilyloxy~heptanal (g) 

b. Carkonyl conpayd: hexana l I&) 

c. Carbony aqzouxl: benzaldehyde (&) 

Crude product: 650 ny; 

d. Wnyl carpound: O,O'-lsopr~lidene Dqlyceraldehyde (&) 

Crude product: 565 nq; chromatography: SiO , 230-400 mesh, 5 g, hexane-AcOEt, 3:l. product: 
4~[~~l-~~~-~enesu1phonyl-2~~-hydroxy-~,4(-i&ro lide&ioxy)]-5a(-(t-butyldin&hylsilyloxy)- 
-2~-methaxy_3,he,4,5,6,6ap_hexahy~2H~~~~Ib furan (3cl, (484 nq, 878 yleld);v 
3500 Iai,, 1350, 1150 (93 ,, 1100 (C-@C) cm 

9 - (CHcLj) 
;6 (ppn, 400 MIz) 8.1-7.85 (m, 2HI ti 7%-7.40 

Im, 3H, aranat. H), 5.30-3.95 (m, LH, C -HI, 4.85i3.45 (m, 7H, C -, C 
3.30 (so 3H, O-CH ), 

-, c -, C3-, c -H and OH), 

Is, 9H, SiocH3t, 8 .O 
2.95-1.45 lm, 7H, ?,-, C3a-, C4-. C6- and Cza-HI! 1.23 (6, 6~, ~(cH,),), 0.9 
Is, 6H. SiCH3). 

e. Carbonyl conpaud: cctan-2-one I&) 

Crude product: 520 q: chranatoqra hy: 
nesulphonyl)-2'~hydr~-2'kethyl-l'-aztyl -~-(t-&yldimthylsilyloxy)-2~-&.hoxy-3,3a@,4,5,6,6~ P 

SiO , 0.06-0.08 nm, 6 g, CHCl . h-oduti: 4fi-[f-((ben~e- 

-hexahydro_2H~clqalaIblfuqn (&), (170 IIKJ, 30% yield); y DE1 , 3500 KM, 1300 and 1125 
(92 J, 1100, 1050 (CKK) cm 
4.43 (m, IH, C 

'6, IF, 400 Mz) 8.00-7.31 w 5H, a&W. H), 5.10 (m, lH, C -H), 

1.63 125, 3H, &H 1, 0.74 (s, 
-HI, 4.11 (m, l.H, C4-H), 3.32 and 3.30 (29, 3H, 0-CH3), 2.85 IT, LH, Cl-HI, l.& and 

497 H -t-Bu, 411 d -t-BK6H13. 
9H, SICCH~J, 0.0 (6, 6H, SiCH3); e.i.m.s.: 554 M (C.29~o06SSi), 
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Mdltion of sulphonc 1 to benzaldehyde in the absence of 0F3.EX20 

TO a solution of sulphone 1 ,427 nkg, 1 fmol) in T?fF (2.5 r&l, stirred under argon at -7@C 
n-butyllithium (1.4 n in hexane, 0.7 mb, 1-l) and, after 15 min, benzaldshyde ,106 nq, 1 mnrol)~- 
re added. The mixture was stirred at - 7S°C for 3 h and left aside at razn tenxxrature for 12 h. 
The ark-up with a saturated NH Cl solution and CH Cl gave the crude pr&t -,650 nq) which was 
purified on a SiO2 colurm. Con&xl & ,399 mg, 751 yxeld) was cbtained, identical with a sample de- 
IxribsdaboW t cf. viment with the use of $ .Et201. 

To a solution of hydrwcy sulphcne j+ ,671 nq, 1 mnol) in pyrfdine (15 nU.A, st 
mthanesulohony) chloride (0.3 mL, 4 nrm~ll was added and the mixture was left aside 

at -lBC, 
C for 16 h, 

wherv it w& evaporated. The residue was diluted with toluene (10 mb), washed with 38 hydrochlo- 
ric acid, brine, saturated NaHXl , and evaporated. The cnda nnterial ,700 rq) was filtered thra&Jh 
a SiO colurm ,0.06-0.08 mn, tol&ne-m, 98:2) to give IIU? 

+o a mixture of a latter conpound, pou%red tiydrous 
thanesul@~onati 4i ,600 rq, 80%). 

under argon at -;O°C, scdiun amslqam (68, 2.2 qJ was added in 
,660 lly) alrl Mxxf 17 mL),sti.uEd 

ons during 30 lnin.Themfxturers 
allamd to warm to roam tenperature and a saturated PM Cl solution was a&led. The product uas isola- 
ted with tol- and purified cm a SiO 
alkene 4d ,344 sq, 67# yield fran 2);s 

colurm (10 q, 8.04-0.06 mnr to1 osne-A&St, 98:2) to qiq 
(~~13) 1655, 1250, 1120, 1100, 1050, 835 arxl 720 cm ; 

6 ppn-400 Wr) 5.55 ,m 2H vinyl H),m!?.lS (m, lH, C -H), 4.8-3.5 ,m, 3H, O-CH), 3.38 and 3.35 
,2d 3H: O-CX 1, 2.8-1.8 ;m, :H, C&;,&H);;.;-;5 ~+,CHt, :3), 0.9 ,S, 18H, t-5-I)) 

O!O (s, 12H, SiCH3); . 2564’ *: , 65.56; H, 11.01, faxrl: C,65.72 
H, 11.28tl. 

4~~l’-Hepten-l’yl~-#-,t~utyldimethylsilylaxy~-2~ 
talblfuran ,%I 

~rcthoxy-3kp 4,5,6, ba+rxahydro-tH-cyclopen- 

Hydroxy sulphones 3a ,540 nq) were dissolved in !4Gi (5 ml.) and treated with sodium amalgam 
,6\, 3 q) durinq 3 h at ?&XII temperature. The solution was decanted fram the remaining amalgam, 

Weupon it was diluted with water and the product was isolated with benzene. The crude material 
was filtered thrm a SiO colu!m (10 q, CK13) to give the _qkene fi ,270 rq, 70%). A sample was 
distilled at 160%/0.1 mn &;$I 

!% 
,clK13) 1100 (C-o, Si+3) cm ;& ,ppn, 60 Miz) 5.5 ,m, W, 3- 

and C -HI, 5.2 ,m, lH, C -HI, ,br.s, 3H, 0-CH3), 2.8-1.8 ,m, fH,.CT$, CWr 1.6-0.5 ,m, 9H, 
T&$d ;7;;; ~~~6~‘~,:.,P10~~~~~i~~ high reso!ution e.1.m.s.: n , ~;@~I requi- 

0 SI requves 279.1780; found 2 
!4’- CH3&-tEuMe2SiM, C;4L1210 requir s 205.159?!$ &u&d 205.1591. 

A solutlon of hydroxy sulphones ,533 nq, 1 nnol) in THF (3 mL), contalninq l,lO-@enantro- 
line (1 ngJ, stirred urxler arqon at -7 was treated with n-butyllithium until persistence of 
dark-red colour (1.5 M in hexane, cd 0.7 II&). After 15 min benzoyl chloride (0.13 mL, 1.1 rmpl) was 
ackkd, the mixture was allaed to warm to roan temperature, and stirring was continued for 3 h. 
Then 3-diJnethyl amino-1-prw/lunine (0.1 mL) was added, the mixture was diluted with water, the pro- 

230-400 mesh, hexane- 

5s-~t-Butyldimthylsilyloxy~-4~~3’,4’-~s~ropl~denedl~t-l’~ne~-2~-methoxy-3,3a~A,5,6,6a~~ 
xahydro-2H-cyclopent 1 bl furan ,&) 

The preparation was carried cut accorw to the above described procedure start- fran 
hydroxy sulphones 3c ,557 mg, 1 -11. The crude product of benzoylation (1 q) was puifiej by 
chranatography usi= hexane- Aat, 3:l. for elution to give the derivative ,i. The crude Product 
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To a solutlan of hydroxy sulphones & I81 ng, 0.15 maA) in MeUl (1 nC), stirred under argan at 
rocm teqnxaturc, ecdiun armlgam (6%, 200 ng) was added. The mixture WUI stirred for 8h, then sodium 
amalgam(200~)~addedorxrrp~rcsndstirringuascontinusdfor6h.?hcsolutioncssdecanted 
frun the ram.Mng amalgam, diluted with hexane (30 mL) and washed with a saturatsd Nf,Cl solution 
ax! brine. ‘Ihs product (42 rq) isolated in the usual way was chrunstograpt~~I on a Si02 colon (0.06- 
-0.08 rml, 1 g, tol_, 4:l) to give alkene &z (36 nq, 628 yield) 7 V 
1260, 1170, 1150, 1060 (C+, Si-0) cm-l; 8, 
4.41 (m, lH, C -H), 3.69 (m, lH, C5-H) , 3.33 af$d 3.29 (26, 
(s, 9H, SiCCH3p 0.0 (6, 6H, SiC%$ e.i.m.s.: k! 

Preparation of alkents from sulphona 1 and al-es; cne-pot procedure 

a. caqxxlnd & 

The operaticma m perfonmd acwrding to the 
?Per 

al prccadure until the ackiition of banzal- 
d&y&. The reaction mixture was stirred for 3 h at -7 C, ueateg with a solution of nWhanesulpho- 
nyl chloride (115 nq, 1 nm~l) in TXF (0.5 mL), and set aside at 0 C for 12 h. Subsequently addition 
was made of: THF (3 II&), scdip amalgam (6%, 
coolingof thembctureto-2oc- 
Wereupon the pr* was isolated in the usual way and purified by chronutogra@y. Carpound * 
(314 nq, 841 yield), identical with the specimen described above was cbtatned. 

lbs use of O,O’-isoproWli&n D-glyceralQhydc (&) in the above described procedure afforded 
carpound & (299 nq, 75% yield) identical with the opecimen described dxrve. 

‘ho a solution of sulrhones M (427 nq. 1 mnol) in TWF (2 II&). stirred under arucn at -78C. 
n-butyllfthium Il.5 H in h&be, K67 I&, i-rmol) m a&ad, followed (after 10 min)-by BF 
(0.12 I&, 1 mrol) and (after further 5 min)_W rat. 2-(t-butyldimthylsilylcay)heptanal (A) 
ng, 1 ml). The mixture uas stirred at -780Cfot 2 h, all& to warm tc--l(f%, ~ueatal zth metha- 
nesul)zhonyl chloride (0.1 nL, 1.3 ~1) in ‘I’lfF (0.5 I&) arxl set aside at IfC for 12 h. subscquurtly 
addition was made of: = (2 mL), sodium ~algarn (69, 1.0 g), anhydrcus Na2HH) (0.5 g) and neoH 
(2 I&I. The resultitq mixture %aa stirred at rxxro tarpcrature for 2 h. The vurlf--up with a saturated 
Mi 
(3 6 

1 solution and benzene, and chromatographic p.uKication of the crude product gave alkene d 
EKJ, 76% yleldl identical with the spsciman described above. 

Rat. FGF__ and rat LS-epi FGF2= 

A solution of protected acetal d (197 kg, 0.4 nsol) m a mixturs of CH CH - water i2:1, 20 
I&), contatning hydrochloric acid (0.6 mnol), was etirrsd at roan taqxrature3for 16 h, whereupon 
the prcdux was isolated with toluene. The crude material (62 rag) was purified on a Si02 column 
(0.06-0.08 nm, 3 g, ~~~WIXPCIE 1 
3 

-WX, 1O:S:l) to give dihydroxy acetal 2 (35 mg, 908 yield); 
3350 IM), 1650 (C-C) arrl 1~00-1000 

C2#? 4.42 (m, lH, C 
(C-O) can-‘; 6, (ppm) 5.55 (m, W, vinylic H), 5.28 (m, lH, 

-H), 3.95 (m, 2H, 0-W. 
To a solution o&4 wutyl) tri&enyl@xx@c&wn bromide (443 ny, 1 wrol) in IXSO (1 I&) 

dimsyl sodium in DlSC (1.7 H, 1.2 I&, 2 mnol) was added. After the occurerxx of a dark-red cola.~. 
aceta) 1 (97 q, 0.36 mnol) in KWO (1 IIL) was added. The mixture was stirred at ram tqaarature 
for 1 h and at S@‘C for 1 h. Mter (5 mL1 was add& tha mixture was acidified with 3% hvdrochloric 
acid, and the product was isolated with A&Et. The crude material (0.5 a) was chramtourhohed on 
a SiO2colu1rm -(0.06-0.08 01, to1 ueneXXl3+aC& 7:5:2) to give ncnpolk fractions which uz.re rx% 
identified, then 15-epi FGF’2a (30 ng, 24% yield) and FGFzo( 
(TLC, WR, e.i.m.s.) With authentic JanpIes. 

(28 mg, 228 yield), both b&q identical 

Cpt. active FGF2& 

To a sodution of optically active rulphon 1 (98 rq, 0.23 rmpl) in ‘ITiF (0.5 rnL), stirred under 
argon at - 78 C, addition was m&de of n-butyllithium (1.4 I4 in hexan, 0.175 I& 0.25 
5 min - of BP. 370 (0.031 II&, 0.25 m~ol) and after further 10 r&n - of aldehyde 2f ([OLj?g!b:6?ter 
c=2.8, benzene) 85 ng, 0.23 MA) In ‘ItiF (1 mL). The mixture was allwd to &to -3&Z and this 
teaperature was maintained for 2 h; subsequently ‘EiF (5 II&), few drops of a saturated NH Cl solution 
and triethylamins (0.2 mt) were added. The solv%znt was -rated under reduced pressure! To the re- 
sldue toluene (2 IIL) was added, evacoraticn was rcpIltld Md the residue was drred for 6 h (0.1 nm Hg) 

‘Ihe residue (200 mg) was dissolved in pyrldine (0.5 NJ, the solution was cooled to -28C and 
methancsulphonyl chloride (0.031 ml.,, 0.4 mnol) WUI added. The mixture was allowed to warm to room 
tqxrature a&! set aside for 15 h, Mereupon it was diluted with MC1 (10 nt) and washed with a 
saturated Nal+XI 3 solution, 38 hydrochloric acid ax! water. TWe solvent3was evaporated and the resi- 
due was dried u&ar vacu.rn to give crude meaylate & (200 mg). 

‘RI a solution of the latter conpayd (116 mg) in 77iF4MX (3:1, 1.6 mL.1, stirred under argon 
at -20X, medium armlgam (6t, 370 mq) was addsd. The mixture was all& to warm to roan temperature 
and stirring was continued for 3 h. The solution was decanted fran the residue and the latter was 
uashed with TNF. The c&M solutions -e evaporated, and the residue (90 nql was filtered 
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through a SiO2colum (2 g, toluene) to qive unsatur.a~ product rf (75 nq, 88% yield from 3 3 
(ClXl 1 1650, 1260, 1130, 1100, 1055, 840 and 780 an ; 6 (ppn) 8.1-7.4 (m, IOH, anxnat. H), 5.v 
(m, 2& vinyl HJ, 5.1 (m, lH, C -H) 4.8-3.4 (m, JH, -3, 3.25 (28, 
CR, CH and CH 1, 0.9 (s, 18 H,'t-&, 

3H, 0-CI13J, 2.7-1.0 (m, 17H, 

'&I a sol&ion of ths above &ibed product (75 nq) in M (7 mL) 0.3 N hydrochloric acid 
(1nL) wa a&&l. The mixture was stirred for 2 h, pcu%red K 03 (0.5 g) was added ami stirr~ was 
continued for 20 min. The solutionwas decanted fruntheprec &date which uns sashed with kaEt. 

and evaporated. ?he residw (75 ng) was chrcsntogra- 
ta give hydraxy lactol 2 (46 ng, 77% yield). 

branI& (159 rq, 0.36 nmol) in TTW (1.5 
mLl, stirred urx3e.r argon at roan mature, tBU3K (81 rq, 0.72 rmpl) in TliF (1.5 I&) &.a ad&d. 
To the resultlnq oranqe-red mixture, a solution of hvdroxv lactol 5b (46 m, 0.09 mnoll in lliF (0.5 
mLl was added. The m,&uewas stirred for 30 min,b&r~d Sd~dtd Rl?Cl SolUtiOnwaS added 
(0.5 mL), follwed by 80% acetic acid (0.5 II&) and lllF (20 nL). The solutid was dried ~~.~~ the 
solvent was evanorated and the residue was filtered thrcush a SiO_ colunn (0.04-0.06 nm. 1 q! tolue- 
ne-AcOEX, 4:ll to give crude 15-(t-butyldiphenylsilyl) ti (60 rfql. 

_- 

A mixture of the crude silyl deriVdtiW? (60 ny), d&&&us tetrabutylammniun fluoride (54 ng, 
0.2 naoll ard 'IXF (0.5 n&t was stirred under argon for 2 &ys, whereupzm ice (ca 1 g) ard 38 hydra- 
ChlOriC acidwere dckied. 'l%e prcductuas 
nratogrdFhed on d sio 2colulm (0.04-0.0 

( paQ1, IR, e.i.m.s., 
The corrmercial pxcdwt Khinoin), 
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