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In oontinustion of our interest in the total synthesis of 11-oxygenated 

heterooyolio steroid8 we wish to report a general eynthetlc approaoh for 11-keto 

rterolda inoorporating a hetero atom in the 12-position. 

2he moot eonrenienf procedure for introducing a hetero atom in ring C of 

tke stwoid ruoloum ir ria a &arting intermediate that oomprises of preformed 

riw A, B and D and oarriee suitable mabetituents whioh oan be oyolined with in- 

oorparatlan of a hetwo atom. Ready availability of suoh a moleoular system ie a 

pnrequirlta for a faoile ayntheeiB. 

A l mitablo irtermediato for the synthesis of 12-heterosteroide may be re- 

oe&sed in the k&o aoid IV whioh poeeeseee the neoeesary funotional moieties. 

Syntheaim of IV WM achieved by the eequence of reactions ehorn in Scheme I. Addi- 

tion of 1-pyrrolidinooyolopentene to methyl J,&dihydro-1-naphthoate (I), in me- 

thanol, followed by atlrring at room temperature , afforded crystalline enamine 

ester II, m.p. 118 - 120*, in high yield. The etruoture of II followed from ite 
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epeOtr81 d8t8. 

-1 

IR spectrum @Br) dmwed strong banda at 1720 (-COOCH3) and 1630 

011 (f-6-k). HMR epectrum (CDCl,) exhibited a triplet centred at 5.75r for 
I 

LJ 
COOMe 

a3 b O‘ +&c 
I II 

Scheme I 

the vinyl proton, 8tteeting to the fact that the alanine eyeten contains a 'less 

eubrtltuted' double bond. The latter point ir of some intersot In view of recent 

obeervatlono that enamine sdditione to certain vinyl sulfoaea lead to the forms- 

tion of the 'more eubetitufed' l n8mine produote2. 

Aesuming the formation of the conrentiond dlpolsr intermediate A (Scheme 

II), between the eMmine and the eleOtrophlllc olefin (I), refer II may sriee 

either by en lntr8moleOuLsr Wdrogen transfer from the oyolopent8ne ring, as shown 

in Scheme II, or vi8 protonstion-deprotonation equilibria involving intermediate A 

and the oolrent. Thef the reaction in fact follows 8n intwoleoulrr Oouree w81) 

revealed by experimenta carried out in CH OD. 
3 

mere showed that in sOoord8noe with 

the predictlone of the intrsnoleoul8r eoheme there WM e8renti8lly no inoorpo~r- 

tion of deuferium at C, of the en8nime eater (II). 
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A 

Sohew II 

The reohanioflo detail8 of the lntramolooular pro0088 carry definite ir- 

plioationm for the 8toreoahelioal Oourae Of the reaction. Thus, it is apparent 

that, in a oyollo mymta, muoh a8 ia implied in A, both the nerly generated C-C 

and C-E bond8 ~111 develop fror the 8-e side of the plane of the ring. The re- 

rulting etereoohetietry for the C, and C2 protons in produot II rill therefore be 

m in ohazaofer. The AYB rpeotnu (CDC13) of the ester dlmpl~s C,-H a8 a dif- 

fu8ed doublet (oentred at 6.18f) rith a o~upllng oonafant of 3.5 opr. The latter 

rerult im oon8imtent rith a w-ee configuration for the C, md C2 hydrogena. 

Thlm 00nolu8i0n, while lnitialb mowwhat unexpeoted, io remeiooent of the obrer- 

vation that bulky 8ubetituentr looated In a 4Eepa configuration on adjaoent oar- 

bon8 of a mix-urbered ring frequently tend to ammu~ a diuial geowtryj. Further- 

wre, it ham il80 been noted that groups rith large aterio requirewnte at the C6- 

position of a 1-8ub8tltuted oyolohexene syetea, prima134 aoquire an axial oonfi- 

-tiOn? 

QWo4mi8 of II in tro 8fepe tie III led to the forntfon of IV am a oO- 

lourlemr, o~rtalline product, in rearonable yielda. The 41;Lpp l oai#nwnt for the 

protons at poritiona l- and 2- in IV re8tm OII, (a) the deduoed rtereoohemimtry of 

the starting e8t8r II, (b) fhs oondition8 of formation of the aoid; alkaline hy- 

drO48i8 being expeoted to fonr thr thexmodynaaioally favourable m produot5 

and (0) m mp8otw (CDC13) of IV, rhioh 8hored a n8at doublet for the benqrlio 
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proton (oentred at 5.95r) with 8 J,,* due of 8 ova* The latter coupling oon- 

stant io indioafive of a m diaxial H,,H2 configuration and strongly IrugSerta 

that a reduotion in the bulk of the aubstituents, M would be aohieved by hydrol- 

ytio removal of the pyrrolidine and the alkory (OCR3 -_) OH) moieties, leada to a 

ow In conformation of the oyolohexene ring. 

!huneformationa of IV involving cyolisation to eeveral heteroeteroide are 

deeoribed in Soheme III. Treatment with ammonia or benqpl amine Save the oorrea- 

pondin~ 12-asaeteroid oyatemr VI (R - H, R - -CIi2ph). En01 laotono V repreeentiw 

Jgo,=7cps R .H. $8~CHZ- 

J8.Q.' 7~~s 

Je.p,= 10.5 CPS 

S&one III 

the 12-oxasteroid skeleton was obtained upon treatment of the kefo aoid with aoe- 

tio anhydride and perohloric aoid. Reduotion of IV with sodium borohydride reeul- 

ted in a mixture of laotone VII and hydrow aoid VIII. When a solution of VIII in 

xylene was 

ed in high 

and IX are 

where. 

refluxed a second laotone (IX) whiah we8 lsomerio with VII, was obtain- 

yields. Comments on the stereoohemistry at 0,3 and C,4 in ayotems VII 

deferred to a more detailed dieousrion whioh shall be presented elee- 
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!Fh. M l torooohairtry of the B/C rilyl junotion in heterosteroidr V, 

VI, VII and IK ir dorivod from their NMR oprotra. The C9-If in eaoh oaae appeur 

a6 a doublet with JS,9 raryimg from 7 to Kl.5 opps. There values are consimtent 

with a m diaxial ooupling, although in tha oaoe of oompounda V and VI they 

represent the lower and of the aoale of n&tude for auoh spin-epin interebotion. 

Two fsotoro UJ ountrlbute to th.0 deviation from more oonventional values. 

Plretly, the preaenoe of aa eleotronegative eubotltuent (O-C-O-), (whioh rnw be 

expected to diminieh the ooupllng oonrtantt8 from value8 predioted by the Kar- 

plus rquafion) and aeoondly, the lnfluenoe arising from the eleotronio and eterio 

effeotr of the C,3-C,4 double bond. The contribution from the latter aouroe w 

be rppreoirted by a aompari~on of the JS 9 ralue for V with those of VII and IX. 
, 

We ohould like to oomment upon the importanoe of enamine erter II aa a 

weful iatwmediate in the oynthesie of ring C heteroateroids. Am en enamine eym- 

tm, II im capable of undergoing further rrubrtitution on the ayolopenfane ring at 

a pomltiom rhioh, titer oyolisrfion, beoomea C 
17 

of the oteroid nuoleus. Several 

l loetrephilio addition8 of appropriate rubrtituentr to II hate been euooeasfully 

whined in our laboratory and the synthesir of oorremponding 17-rubetituted 

heterorteroids is in progress. 

Am - The teohnioal rroietanoe of Mr H.Y.P.l'ambaoh ie grateful- 

ly roknowledged. 

l SatiafaotorJr analytlorl data have been obtained for all oompoundm deeoribed in 

thi8 oommwlio8tion. 
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