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Abatraot : A stereoaelective synthesis of glnucasterol 1 with vinvlic cyclopropane on 
the side chain, has heen developed using palladium (0) cntalyst and Rave complete 
chirality trnnsfer from C22 of henzoatdg to C24 of glancnsterol A. 

The unique ferture of marine sterols such a8 glaucaeterol 1 is the novel side chnin 

with a vinylic cyclcpropnne moiety.’ Since recent isolation (from the soft coral 

Sarcophyton glaucum2. deep sea gorgonians3) and structural detarminntion 4 , two 
partial syntheseste4 of glaucasterol hnve heen reported.5 This motivnted (1fl to look 
for the elnhoration of the unuaunl side chain of ~laocnsterol in connection wtth our 

work on synthesis of vinylic cyclopropanes of biological interest’ and our recent 

eynthesis of chirnl dictyopterene (A). 7The abundant plant sterol stigmaaterol 1 is an 
attractive stnrting material for the oynthenis of the aldehyde 2. The three steps of 

the sequence 2 42 (i.e. the protection of 36 - hydroxy - A 5 eystemt into the 3~. 
5 (1 cycle-6 B methoxy derivntivee _f) are classical. Accordingly, stigmnsterol wn8 
converted into the tosylnte 1 followed hy methanolysiR in the presence of potnsaium 

acetate8 and ozonolysia of the protected stigmasterol 1.’ We have now used the huildinl! 
block5 for a stereoselective eynthesis of glaucasteroyl ns shown in scheme 2. 
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The key reaction waR hased on the promoted cyclisation of chiral nllylic componndn such 
a8 2. which wa8 effected hy a dauhle inversion according scheme 1. The nrocess allows A 

net SYN. ScN’ nuhati tution of the henzoate hy the C-C bond in the cyclopropflne S. 10 
Vifl 

cntionic n3 ally1 apecien 7. - 
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The desired allylic functionalized derivativea u, 15 were obtained in a four atepe 

sequence. The aldehyde 2 wae treated with the lithio ncetylide 2 ” in TRF at -78’C to 
give a 6 : 4 epimeric mixture of the 22 alcohols (60% yield) eeoarable by flash 

chromatography over ei lica gel : the major less polar isomer (22 R) 1012 : mp = - 
163-104’ (a)R2’ = + 42’ (C=3.05 CHCl3), and the more polar minor isomer (22 SJ 1112, oil - 

(~0~~~=+38.5’ (C=2.95 CHCl3). 

Semi-hydrogenation of the requisite (22 S) derivative 11 with Lindlar catalyst 
afforded the Z - allylic alcohol 12 (97% yield). Subsequent alkylation wl th ethyl 
p.toluene sulfonyl acetate and Pd (dppeJ2 7% ( ‘lWF/ 25’Cllh) gave 13 (76% yield) which - 
was then converted into the correeponding carhonnte u (76% yield) using 
EtCCCClIpvridine (CH2Cl2/2!i*C/lhJ or benxoate= (69% yield) with 2,4-dichlorohenzoyl 

chloride/ pyridine ( CH2Cl2 125’CllhJ. 

0C02Et 

Li-e 
A 

;a ArSOi COzEt 

s R=H 

ti R = CO2Et 

Cl 

s R=CO 0 -b- Cl 

10 - Rt=OR. R2=H 

11 - It1 = Ii , R2=OH 

16 Rl = CO2Bt, Me - 

17 R2 = CO2Et. RI = SO2 0 
-o- 

Me 

18 Rl=CO2tBu. R2=H - 

19 Rl = CH20H. - R2 = H 

20 Rl = CH3 - R2 = H 

Saheme 2 
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Surprisingly palladium catalyst failed to promots cycliaation of carhonste 14.13 In 
eharn contrant. the intrnmolecular ScN’ crtalyzed rerction with 8% Pd (dppe)Fof the 

2-4 dichlorobencoate 16 waa achieved under very mild condi tiona : (lJBU/lO min125.C) 
giving 12 and 17 OOR~ield). with exclusive K stereochemistry of the douhle hond of 
the vinylic sidechain. 
These oompounds were converted into the trana alcohol by treatment with Na (llg)I 

Na2HPO4 in methanol, tBuOK in heneene and finnlly LiAlH4 in THF. giving R single 

product 19.14 

-3 

The transfer of the chirality from C22 to C24 was hichly stereoselective 

via the n ally1 species (scheme 1). There ie apparently no racemisation*’ in the 

step E-14.17. the q3 ally1 epeciefl 1 (A=SO2Ph -- : L=dppe) gave high degree of 

chirality transfer with the 2.4-dichlorohencoate as leaving group. The nllylic 
carbonate 14 did not react in our came. - 

The finnl trrneformetion of the alcohol 19 - into glaucaaterol was performed as 

previously reported 4*16 : treatment of 19 with MeSO2Cl / Et3N in pyridine nnd then - 
LiAlHq in ether (O’C) followed hy acidic hydrolysis of z (p.TsOH, dioxane. H2O) gave 

the Rlaucasterol rm.p. 112-114’C. litt.4*3a 112-113’C and 108-1lO’C. ‘H NMR data (500 

MHz.ClXl3) and mass spectra were identical with those previously reported.2*3 

BXPBRIMBNTAL 

GRNRRAI. 

All reaction8 were carried out under nrgon. “UBUR~ work up” meane pouring the renction 
mixture into water, extracting with ether or Cfl2 Cl2, washing the combined orpanic 

layers with water. drying with solid MgS04 rnd removing the solvent in vacua using R 

rotatory evaporator. Flash column chromatography was carried out on SiO2 (Merck or 

S.JI.S Kieaelgel 230-400 Mesh). T.L.C were carried out on Merck St02 plntee. MeltinE 

points (m.n.1 were determined on a Kofler hot stnge and nre uncorrected.lR. Soectrn 

(max in cm-t 1 were recorded on Perkin-Elmer 297 spectrophotometnr. Proton magnetic 

resonance spectra <lH-NMK) were recorded at 80. 250 and 500 MHz on Trucker WP 80, A.M 
250 nnd 500 spectrometers respectively. Chemical shifts are reported in ppm 
(standard TMS ppm = 0) with the notation giving the numhers of protons. according to 
the neual numhering of ateroSda the multiplicity of the signals and the coupling 
conetants (if npplicahle) ; spin multiplicily ia given by 8 (singlet), d (doublet). t 

(triplet1.q (qunrtet) and m (multinlet). Cnrhon magnetic resonnnce spectra (13C NMR) 
were recorded on A Rrucker AM 250 MHz Chemicals shifts (C) nre quoted in ppm rend are 
referenced to 0X13.1,2-his (diphenylphosphino) ethans. (dppe), was purchased from 

Aldrich Chemical Co.. Pd (dppe)2 was prepared using published procedure17 and handled 

under argon. Optical rotetiona were mensured using a Perkin Elmer 241 automatic 
polarimeter. Microanalyses were performed by the lnborntory of University Pierre and 
Marie Curie. 

(2OS)-8 6 -methoxy-3 a , SB -cyolo-20-pregnene carboxaldehyde 1 : 

Compound 2 wns prepared from stiKmastero1 2 in 79% overall yield, accordinK to the 

procedure of Steele and Moaettig’ in 70% overnll yield from etigmnsterol 2. Rf = 0.39 

eluent AC041 /Hexane 1 : 9. Ill <film) 2960. 28RO. 1740. lH-NMR, 2.75 (m, H-C(6)) : 3.25 
(8. O-CH3) ; 10.3 (H-CO). - 
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Reaction of 2 rf th lithioaoetylide S : 

A THF solution of 9 (from the oorreeponding carbonate 15~. 12 mnol end 1 eq of LDA) was 
cooled et -78’C end 2 was rdded dropwise. After 5 min. the reaction mixture was 
pnrtitioned in water-ether nnd furnished after usual work up the alcohols 10 and 11 
(60%) in a ratio 6:4 which were senerated hy flash chromato~rephy (etherlhexze 4 : G 
11 (oil) ; (a) I)~“=+ 38.5’ (C=2.95. CHC!3) ; IR (film) : 3450, 3060. 2950. 1750. end - 

10 m.p. 103-104.C : (a) n2” = + 42. (C = 3.05. CHCl3). IR : 3450. 3060. 2950, 1750. - 

Syntheaie of 12 : 

A methanol solution (0.5 M) of 11 2.42~ (5 tm101) were stirred over 0.060~ of pd Lindler - 

catalyst’8 under 1 atmosphere of H2. After ahsorption of 1 eq of hydrogen. filtrhtion 

of cntalvst end evaporation of methanol. 12 was obtained ae R yellow oi 1 (a),“= 21.5’ - 

(=3.65 CHC13) IR (film) : 3500. 295”. 1735, 1470, 1260. lFl-NMR (250Milz 1 

(~13~.0.42(m,lf-C(3~~;0.64(t.J=211z.FI2-C-4~~;0.99~d,H3-C~21~~;1.00~s.II3-C~19~~;4~5 

3(dd. J=E.2Hz and J=J.‘IHc, H-C(22)) ; 4.63 (lH, dd.J=12.7 and J=l.lHz =-CH2-0-j ; 4.69 

(1H. dd,J=l2.7 end 7.4 Hz -=-CH2-0-j ; 5.78 (2H. m. -CH=CH). Found : C.74.30 : lI.10.20. 

Cnlc. fOrC2gH4605 ; C.73.70 ; H.9.7. 

Bthyl<4E)(6R~-6-hydroxy-6-(2OS-66-methoxy-3,~5a-cyclopre~nan~l~-2-paretoluene 

eulfonyl-4-hexenoate l_S : 

A mixture of G (4.74~ 10 nmol) in dry ‘IYIP (4Oml) (5.13g.14 mnol) of ethvl paratoluene 
sulfonyl acetate. 0.630~ (7%) of Pd (dpDe)2 was stirred et 25-C. After lhr usual Work 

up. the chromatoRraphv (etherlhexene 55:45) funished 13 (4.76~ 76%) m.o 65-68.C. - 
IR (film) 3500. 295”. 1730, 1600. lH-NM? 5OOMHz (ClK!13) : 0.43(m.H-C(3)) : 
0.65(t.J=2Jlz. 142-C(4)) ; 0.72(8.H3-C(18)) ; l.OO(s H3-C(19)) ; 1.17(t=7.7Hz. CH2Q13) : 

2.69 end 2.79fm. CH2-Ct25)) : 2.77(br.s.-C(6)) ; 3.j2(s,CH30-) : 3.97(m. 11-C (26) : 

4.1O(a.J=7-21(z. CH2-CH3) ; 5.54(m,-CH=CH-) ; 7.35(d,J=l.SHz) ; 7.75 (d,J=l.511z). 

Found : C.69.96 ; H.8.66 ; ~5.5.0. CalC. for C37ll54066 : C.70.89 ; tI.8.68 : s.5.12. 

(4R) (BR)-6-(dichloro 2.4-phenylcarbonyloxy)-B-(20 S-6-paretolueneaulfonyl-4- 

hexenoete u : 
To a solution of (3.76~. 6 mnol) of swere added 2 eq of pyridlne end 1.2 aq of 2-4 
dichloroheneoylchloride. The mixture was stirred lhr. then trented with IGl 5% and 
washed with water. After unual work-up and chromatoRrephy separation (etherlhexane 

55 :45) 4.27~ (89%) of 15 was obtained (a) ~2’ = 42.1’ CC=3 CIEl3).lR (film) 2960, 

2870. 1730. 1585. 1450 lt~-~lR (0~13) 50” MHZ. 0.43 (m, H-C(3)) : 0.64(t.J=2.5Hz 

H2-C(4)) : 0.72(s.H3-C(18)) ; l.OO(s. HgC(19)) ; 2.77chr.s. H-C(6) ; 3.32(H30-) : 2.69 
end 2.RO (m 112-C(25)) ; 3.96(m, 11X(26)) ; 5.46(m.C(24)=CH-) ; 5.65(m.-HC=C(23). Found 

: C.66.80 : 11,6.44 ; S.4.72. Calo. for C44H5607C12 ; C.66.07 ; H.7.06 ; s.4.01 i 
Cl.8.R6. 

Synthesis of s and 17 : 

A solution of 15 (4~,5 mnol) in dry THF (20ml), 0.315~ (7%) of Pd (dppe)2 nnd 1.4 eq 

(7.6~) of T).R.IJ was stirred et room temperature. Work UP end chromatoE?aphy 

(etherlhexnne 45 : 55) gave 2.68~ (88%) of fi end 1 (a)fl20 = + 25.9’ (C = 3.15 CHC13). 

IR (film) : 2940, 2870, 1730. 1600. 1450. 1376. 1il-NMJ7 250 Mlr (CnC13). 9.44 (m, 

H-C(3)) : 0.65 (hr.n. H-C(4)) : 0.65 
(s,H3C(lR)) ; 9.97 (d.J=7Hz. CH~-C(Pl)) 1.00 (s, 113 C(19)) : 1.12 ft,J=7.5fjs. 

CH2-OH3 1 ; 3.32 (Cllg-0) ; 5.08 (dd.Jz7.5 and 1511~ (C23)) ; 5.63 (dd.HC=C(22)=CR,*J=7.5 

end 15112) ; 7.38 (211) and 7.R (211). Fnund : C.72.05 : 11.8.4 : S.5.3. Calc. for 

C37H5205R; C.71.89 ; 11.8.04 ; S.5.4. 
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