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Abstract

Epoxidat ion of 4 , 4 -d imethylcholesta-l, s -dten - j -c n e with

m- ch lorope rbenzoic acid gave a mixture of the e p i me ri c 50.,6 a -

epoxy - and 5 ~, 6 ~-epoxy-4, 4-dimethylcholest -I -en- 3-one.

unexp ec t ed ly , t he major product wa s found to be the 5p,6 p·

epoxide , in con tradiction t o wha t had be en r eport ed by others .

The unambiguous assignment of the struc t ures o f these epox:ides

was based upon ' H NMR exp e riments and X-ray crystallographic

analys is of the 5a, 6a- epox i d e . I n this thesis, t he chemistry

o f the Sp,6 p-epox ide i s de scribed i n the co ntext of a t tempts

a e the synthesis of the co rrespond ing i « , Sa -cyclosteroids .

The s ynthesis of a new l a , 5a - cy c l o s t e r o i d , 4,4-dlmethyl ­

i cc, Sa -cyclochol esta -3 , 7 -dione. by lithium or yt t er b i um in

l i quid ammonia r educ t i on of the bis-a., p- uns a t u r a t ed ketone

4 , 4-dimethylcho l e s t a- l , 5- d i e ne -3 , 7 -dione, is descr ibed . The

ch emist ry of the r eductive cyclization is discussed. The ' H­

NMR spect r a of t h e mono - a nd d i hydroxy derivatives o f the

l a , Sa -cycloste roid r eveal an un us ually high-field s igna l due

t o H-9 . X- r ay dif f raction analysis o f 7 ~ -hYdroKY -4 , 4 -d i me t hy l­

1a, 5a - cyclocholestan-3 -one indicates t ha t ri ng B of the

s t e r o i d nu c l eus pos s e s ses a bo a t co nforma tion, a nd t ha t H-9

part ially eclipses t h e cy clopropy l ring . An an i s o tropic ri ng
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curren t effect is postulated to account for the chemica l

shifts of H-9 i n these cyclosteroids . The ch emistry of these

compounds are described.

various other attempts a t the synthesis of la,5 a­

cyclos t eroids a r e also described .
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I NTRODUCTI ON

There a r e e i ght poss i ble b icyclo (3 .1.0J r ing-A s ter o i ds .

Of t he s e only t he 10..S o.-. 1P .S P-. 2P. 4P-. 30..So.- a nd 3P, SP­

cyclos t e roid s hav e been r e po r ted. The foll owing- i s a bri e f

r eview o f some r epresenta t i ve examp les .

( i l 2j.\,4 j.\- Cyc l osteroids.

Templeton a nd wi e h reported the syn t heses o f 17 j.\-acetoxy ­

2 ~ , 411-cyclo-Sa-androsta n-J j.\- o l ( l a ) a nd 17 ~ -ace toxy-2 p . 411 ­

cy c l o-S a-androsta n -Jo.- ol ( l bl . They empl oy ed a z inc-copp e r

c oup l e t o e ffec t a 1. 3-elimin",t i on of b r omine from t he

co r r es pondi ng 2a . 4a - dibromid es (2a ) a nd (2b) respect i vely . Or r

e t al 1b could effec t t h e same trans f o rmat i on by using l ithium

i n liquid arm'lOnia (Sc heme 1) .

( i i i 30., 50.- a nd 3P, SP-Cyclos t e ro ids .

The 30.. Sa -cyclosteroids and 3J5, Sll- cy c los t e roids a r e the

bes t known of the b i cy clo [3. 1 . 01 ring-A steroids . They are

p r e pa r ed by ei t her s o lvo l y t i c 2 • 1 or ph ot ochemical· routes , The

s olvo l y sis of cholesteryl tosylate (3) gives 30., 50.­

cyclocholesterol 14. ReB) . whe r ea s , irradiation o f cb oreae e­

3. S- d i en e ( 5 ) yieldS 3P. SP- cy c locho l est e rol ( 6, R_B) (Scheme

2).
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(2a): R-OH, R.H

(2b): R. H, RoOH

Scheme 1

(18): R:.OH, A'.H

lIb): R=H, RoOH

(3)

(5 )

d:l
OR

( 6)



(iii) lp , sj3- and lo..5a -Cyclosteroids .

1j3.Sj3-Cyclosteroids ca n be prepared by photochemical

methods via a [a'.xi J cycLcadd i t i on reaction. Scheme 3 shows

two examples .

r .t.
30 days

(8)

niOJlaIle. r .t• . 55 min
250W quartz 1&11)

(9)'
(10 )

Scheme 3

By comparison with the 1j3,S p-cyclosteroids, the l a.5o.­

cyclocholesteroids are relatively ra re . La ing an d Syk e s l.9



reported the synthes is of la. 5o.- cy clocho l es t - 2 -ene ( 11)

directly from the in -s i e u formed p-e ctueneeurpncnaee o f 50.­

cho les t -l -en - 3 ~-ol (1 .2) {Scheme 4 J .

( 12)

pTBCl

Sch eme .

(11 )

To account f or the f ormation o f (11 ) from (l:l. a). Lai ng­

and Sykes p r oposed the mechanism shown i n Sch eme S . The

i ni t i a l step in v o l ves a C- Sa to C-3 a t r a ns a nnu l a r hyd r i de

displacement o f t h e C-3 tosylate in ( 12b ) resulting- in the

format ion o f a bridg-ed non-classical ion. Proton e limi na t i on

followed by e -bc n d rea r rangemen t r esults i n t he f o rmat i on o f

t he l a ,S a -bridqe (Scheme SI .



(128) : R=H

( 11)

Sc h eme 5

(12b ) : R=Ts

H~

Th e same autho rs e f eo r e por t ed l O the s ynt he s i s of 3 ~­

aceta xy -!a, Sa ·cyclocholestan-6-one (131 by t r eatment of 3P­

acetQxy-5~-hydroxycholes tan - 6 -one ( 14.) with thiony l chloride

in pyridine (Sche me 6) .



( 14)

Scheme 6

(1 3 )

Since compound (1 31 is functionalized at C-6 it could be

used to study the potential for a cyclopropylcarbinol­

homoallylic rearrangement with concomitant introduction of a

functional g roup at c -f via the reactions in Scheme 7,

tUI

Scheme 7

( LSI

The resulting 1 -substituted cholesterol (15) could be

envisioned as a synthetic precursor fo r l -substituted -(e .g . 1­

hydroxy-) procholecalciferol.s (-provitamins D) - l ,nou Scheme 8

shows the biosynthesis of l(S) • 25 -dihydroxycholecalciferol



(1,2 5 - DHCC o r "ce Lc i t .rLo L'"] (16.. ) from cho leste r ol.

procllolecdc:ituol
(p~ltuLln D3)

l.lm l10bt
OD . ll:l l1.

c:bolecalc:ituoi (V! t a&1l!.D3)

scbeee 8

(lh .) , R.oJr, l , 25-IB:.'C
(1 6b) . R••, r-ace



ner.uca" and Bar t on ec a j . I : r epo r t ed tha t a synthet i c

analog of 1.25-DHCC (16a) . the mono- hydroxyla ted 1 ( S) ­

hydroxycholecalciferol (1- HCC) ( 16b) had biological act ivi ty

co mparable with that o f (16a) i tself. Hence, (Ubi as well as

its potent ial precursor (15 ) are thems e l ves i mpor t a nt

syn t h e t i c targe ts .

Geo rghiou and Ju stH reported obtaining different results

when they used the procedure o f Laing an d Sy ke s 9 to synthesize

(13 ) . I nstead of ob t a in i ng (l3) they obtaine d an isome ric

compound (17) (s e e Scheme 10) . Compound (17) had spectral and

analytical data that were s imilar t o those reported for (13) .

ex c ep t for a doub l e t a t 15 4 . 98 ppm due to H-4 whi ch was no t

not ed by La ing and Sykes .

I n t he i r peper, " Laing and Sykes d id not p r es en t a

mechanism to accoun t for the putative format ion of (13) .

Georghiou1S therefore proposed t he f ollowing mecha nism (Sc heme

9). Treatment of hydroxy -ketone (14 ) wi th t h iony l chlor ide in

pyridi ne at low temperature s hou l d produce the chlo r o s ul ph ite

(18). I n order to form the cy c Los t.e zo Id (13 ) it woul d be

nec c e s s a ry to have p r ot on ab straction of the a-hydrogen at C- 1

occur to form a carbanion at C- 1. An i ntramolecula r

nu cle op hi lic displacement o f t h e ch lorosulphite group (19 ) by

the c a r ba n i on wou l d result i n the formati on o f the 1a..Sa-



br-id ge .

~4! SOC12 • ~¢pyridine

I 0
s

or" ~
( U) ( l B)

Pyl~

~-V ~~
I 0 0

Q\,
( 19) (13)

Scheme 9
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Howev e r , if i nstead, a prot on i s re moved f rom t he much

more acid ic C-7 pos i t ion , an intramolecular displacement of

chloride (40 ) from the chol rosulphite group cou l d occur

resulting in the forma tion of the cyclic eno l -sulphite ( 21 )

(Scheme 101 . I n fact, Georghiou and Just U wer e abl e t o isolate

(21 ) a s the exclus ive product f r om the low t empera ture

r e act i on o f ( 4) wi t h thiony l chlo ride in pyridine . This

compo un d was very labile and decomposed on neut ra l alumina to

a fford among ot he r products . compound ( 17 ) .

Sc h eme 10

The on l y ot her synthesis of a l a,Sct-cyclosteroid is that

of Christe ns e n and aeusch" wh o synthe s i zed I p-hydroxy- l a.5u­

cyclocho l e s t a n-7 -o ne (22) by lithium i n liquid ammonia

redu ction o f chol est -S - en e -l, 7-dione 1231 (Sc he me 111.



(23)

11

Sch eme 11

(22)

The slL6p-epoxide (24.) can he envisioned e s a potentia l

precursor fo r the synthesis o f the cycloste ro i d (25) . a n

an alog of (13) . As depict ed in Scheme 12 . (2 Ss) could i n

principle be formed by a n i nt r amol ecul a r ring ope ning o f t he

epoxy group by the i n t e rmed i a t e d ianion (2 ') . whi ch in turn

mi gh t be generated by metal-liquid a mnon ill. reduc tion .

A cyclopropy lca rbino l -homoa llylic r ea rrangement o f t h e

cyc l os t eroid (25 b) cou ld then tra ns f o rm it i n to . f or example .

I Il- hy d r oxy - 4 , 4-dimethylcho l es t - S-en- 3-one (2.7) . Compou nd ( 27 )

o f c ou r s e co uld be a precur sor of a vi tamin oJ analog .
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oW~ ~3~ 041·n

~ o~ Vl t ..u. DJ-,-
(25b) , R-T t

acneae 12

The result s o f ou r e f forts to f orm i c.ec -eyereeee eetus

using 5/3,6j3- epox ide (2~ ) and o t he r pot en t ia l precursors are

th e s ub jec t of this thesis .
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CHAPTBll 0llB

srN'l'lUSIS 0' S p. ~-.PO.IY-". 4-DIJIrtHYLCHOUS'1'- 1 · l!N - J-OJm AND

OMfQUIVOCAL ASSI GNJaN'l' or I T S ST RtrC'2'OR4'

Choles t.ero l ( 28) was chosen 45 the sta r ting compoun d for

the synt hesis of s p . 6 ~ -epoxide (24) . Oppenauer ox i dat i onll o f

( 28 ) (S che me 13) yie l de d cholese-4-en - 3 -one (29) in 7S \ yield .

Treatment o f (291 with potassium e- bu ec xtde" i n e-bucencj, an d

i n aj ru trappin; o f t he anion formed a t C-4 with i odome thane

ga ve 4 . 4- d i me t hy l c ho l es t - 5- e n - ) - one ( 30) in 80\ yield.

Benzene selenen i c a nhydr i de U ox i da t ion of 4, 4 - d i me t hy l cho l e s t­

s-en-a-cne (30) affo rded t h e 4 ,4-d i me e hy l cho les ea - l.5-d i e n· )­

o ne e3l) in goo d y ield. Rea c tion of (3 1 ) wi t h m­

ch l or ope r oxy be n zoi c acid (rrCPBA) in r e f luxing dichlor omethane

solution f or f ou r hour s gave a mix t u r e o f the Sp.6P- and

Sa , 6a-e poxides . (2f, . And (32 ) re spect.ively . A small amount.

112\) of the epoxy -lactone (33) was also formed .

Surprisingly . t he maj or produc t. wa s t.h e Sp.6p-epoxide

(24.) , which c omprised 71 % of t he mix t.u r e . The Sa .6a -epoxi de

(32) compri s ed only 9%. The assignment o f st.ructures to the

ep imeric epoxides initially based Cro ss'

c beerve e I c ne -"-" o f the H- 6 chemi cal s hift value s of o the r

511 .61'- and Sa , 6a-ep oxi des . The maj or product (2f, ) ha d t he
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lowe r fie l d ch e mica l s hift fo r t he H- 6 sign al 18 3 . 32 ppm) .

which was a b r oa d s inglet. The mi nor p roduct (3 2 ) had t he

hi 9h e r field chemical s hift. fo r the H-6 signa l (Ii 3 .10 pp ml

whi ch was a sh arp double t (J= 3 .6 Hz ).

o 0
I I:-.::.-:.

oW . o~ . .~

Scheme 13

Nuclear Overhauser e f f ect difference (NOED) experiment s

bot.h epoxides suggest ed that these assignments wer e
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co r r ect . Separate . selective saturat.ion o f the signals due to

the a - an d P- C-4 methyl groups of the Sa .6a -epoxide ( 3:11 at IS

0. 9 3 a nd 1 .36 respective ly, e a ch e nha nc ed the H-6 signal at Ii

3.1 0 (16 ' a nd ) \ respectively) . By ccne r aee , only when t he

signal f or t he a-C - 4 methyl group of the Sp ,6J}-epoxide (2 4.) a t

Ii 0 . 94 , wa s satu rated was t h e r e any enhanceme nt o f the H-6

signa l at Ii 3 .3 2 (20 t l . No corre s po ndin g enhan c ement was

obs erved wh en the s igna l for t he ll- c-4 me t hyl group at S 1. 33

( 24 ) was i r radia t ed.

Bry n j o lf f s sen et 41.:: reported obtaining a 60\ yield o f

132 ) when they tre ated ( 3 1) wi t h rnCPBA in r eflwc i n go

d i c h l o r omet hane . The me lting poin t a nd IH_NMR da ta o f what

t hey pr es umed to be the sa .6 a -epoxide (32 ) were identical with

our data for ( 2 4) . Since our NeED experiments we re not

nec essa rily unequivocal, di rect p roo f by

crystallographic analysis wa s obtained . Al though both (2") and

(3 2 ) were crystall ine . onl y crystals of t h e l at t er c ompound

we r e su i table f o r x-ray c rys t a llogrllophy. The s t ruct ure

ob t a i ned (see Figur e 1 ) con fi rmed our originllol assignment thllot

( 32 ) was i nde ed the s a , 6a -epox ide an d t h a t the assignment o f

Bry n j olf fss en ec e.l , wa s i nc o r r ect . Using t hei r c ondit i o ns, we

ob t a i ned ( 32 1 on l y as a miner pr oduc t . Th e mlI. jor p roduct wa s

di f f e r ent f r om the ex pected . ( 2 "1 . Elemental a na lysis, spectra l

an d mass sp ec t r o me tr i c dat a of t h i s co mpou nd we s co ns i s tent
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with i t being t he epoxy-lactone (J31 . This product was most

like ly formed by a Baeyer -Villager oxidation o f (24 ) since t he

rnCPBA was used i n excess .

Pigure 1 . X-Ray crys ta l s t ructure of (32) .
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From t he X-ray structure of Sa, 6a -epoxide (3 2 ) depic ted

in Figu re 1 , H-6 is situated equ i d i s t a n t l y f rom bo th the n ­

a nd t he ~ -C -4 methyl group _ As a r e s ul t each Jr.ethyl showed d

positive NOE when the signal due fo r H-6 was saturated . The

t o rs ion angle o f H6-C6 -C7-H7a is - 35°, whil e that of H6- C6- C7 ­

H7 j3 i s 82 °. These r e su l t s are in ac c or danc e with t h e

p r e diction s from t he Karplus cur v e for the observed co upling

co nst an t s and s p l i tt ing pa ttern f or H-6 .

In t h e ca s e of the s /3,6 11-epoxide (24). since only t he a ­

C- 4 methyl ha d a positive NOE with H-6 , it implied that t he A­

ring of 5/3. 6p- ep oxi d e (24 ) could adop t a chair conformation

wh i l e t he B- ri ng was still a boat . The ab sence of an NQE

be t we en the P- C- 4 methyl and H-6 does no t necessarily mean

t ha t they are not i n close proximity. Molecula r mode ls

i ndica t e t hat both the H6-C6-C7 - H7a and the H6-C6-C7-H7 ~

torsion angle are app roximately SO" . The signal for H-6 is a

broa d sing l et as would be expected from the Karp l us cu rve,

indicat ing a sma ller coup ling constant for H-6 than for t he

co r r e sp ond i ng proton in the Sa , 6a- epox i de (32 ) .
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CHAP'l'BR TWO

APPROACHJ!S 2'0 rc , Sn-CTCLOSTBROIDS ' ROll

513, 6!5-BPOxr· 4 , 4 - DINBTHYLCHOLBST-l-BN- 3 - Ola

Epoxide ( 2 ~) we e treated with li t hi um i n liqui d a mmoni a

unde r several d i ff e r e nt conditions . For exampl e , higher

temp e ratures (- 35°C) . and the use of he xamethy lphosph orous

tri ami de (HMPA) were t r i ed . The products whi ch were obtained

were mixtures which were s epa r a ted by fl a s h ch ro matography to

a f f o r d Sp . 6p-epoxy - 4 , 4 -dime thylcholestan - )-one (3 ') . a nd a

mixtu r e o f the co rre s pon d ing ep i meric ) [1 - (3 5a) a nd 313 -

a l c o h o ls ( 3 5b) (Scheme 14 ) .

Scheme 14

The mi xture o f (35a) and (35b ) was ox i d i z ed dire c t l y t o

(34) wi t h py ridini wn ch lor och ro mate (pee) . The s t ructure o f

epo xy -ketone (34 1 wa s co n fi rme d by co mpar i s on wi t h t he prod uc t

obt a i n ed by ca t alyt i c hyd r oge na t i on o f (24 ) . React ion o f (2 4 )
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with yt t e r b i um in liqui d ammaniaH ga ve t he same r esul t as wi t h

lithium in liqu i d ammonia . Thus , although the a, ~-unsat ura t ed

cerbony I sys t em cou ld be r educed , presumably via the

d ica r ba n i on ( 26 ) (s e e Scheme 1 2 ) , cy clization t o (25) by

i n tramo l e cul ar epox i de open i ng did not occur .

predhen" has reviewed t he ste r eo ch emis t ry and mechanism

o f reduc t ion o f cy c l ic sa tu r a t ed and a , ~-unsaturated ketones

wi t h alkali metal s i n protic sol v en ts i nc lud i ng liqui d

a mmonia. Among the ex a mples reviewed by Pr adhan i s the study

s ho wn i n Sch eme 15 .

f""h-""",-f""h
oA.;J-.I o~

"

Sc heme 15

The results were i nterpreted by consideration of the

i n t e r ac t i ons involving t he singly occupied molecular orbi t a l

(SOMO) in i t ially formed when the electron was added to t he n"
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orbital of the a. ~-unsaturated ket.one . The direction of

pyramidali za t ion of the radical (and the ensuing carbanionl

orbital was influenced by interact ions with the a - f r amewo r k of

the molecule. When the angular subs tituent is hydrogen, the

carbanion which is fo rmed will be mainly pyramidalized in the

a-face resulting in the formation of trans product. With a

methyl group at the angular position, the interaction of the

radical orbital with the It"-orbital p xedomi ne t e.... since it is

almost para llel to it. The resulting carbanion becomes

pyramidalized in the ~- face resulting in the formation of the

cis product .

IlS .l o.od( ] Sbl

115'"

Scheme 16
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It is pos sible t ha t t he desired transannular cyclization

(Sc h eme 12) from the 51}, 6t!-epoxide (2 4 ' d i d no t oc cur because

t he intermediate ca r ba nion {261 wa s not pyramidalized

favourably. That i s , if it were preferent ially pyramidalized

at c-t in the 13 -face (26s ) a s oppo sed to in the a -face (:aSb)

i t would not pos sess t h e co r r ec t stereochemistry for

an tiperiplanar at tack on the epox.ide , This would be the case

as a r e s ult of t he i nteractions with the a - f r a mewo r k ,

especia lly with t he C- 19 methyl group . Proton ab st r a c t i on from

ammonia must the refore have occured faster than i nt r amo l ecu l a r

cyclizat i on .

I t i s known that reductions employ i ng s od i um o r li thium

i n ethy!amine can y ield dif f e r ent r e s u l t s t han when t hey a r e

employed i n liquid ammonia . 15.26 Hallsworth and Henbest;" found

that t he cou rse of reductive r ing open i n g o f 513,613­

epoxycholestane could be a ltered when lithium was used with

ethylamine . They proposed t hat a C-5 carbanion was formed

direct ly by the reductive ring- opening o f the epoxide under

these conditions . Epoxide (24) was therefore treated with

lithium in ethylamine a t O°C with the hope that a carban ion

formed at c -s i n i nt erm ediate (3 6 ) would undergo an

intramolecular Michael addition to f orm a 1a.5a -cyclosteroid

(37) (Sch eme 17) .
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(31 ) C31J

(30)(11'11) U Sl 150liro l

Scheme 17

(UI I1:l'1

A more complex mixture was obtained than those from the

corresponding lithium-liquid ammonia reduc tions . The mixtures

we r e s impli fied cons iderably by oxidation with PCC to afford

only t hr e e compounds , none however be ing the desired

cyclosteroid. The compounds were t he C-5 ep i me r i c 4 , 4 -
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d imethylcholes t a - ] , 6- di one s ( 38, 3 9) and 4 , 4 -dimethyl - cholest ­

s -en-a -on e ( 30) . The Sa-diane (38 ) was the major p roduct

(50%) . Th e SJ}-d ione ( 39) , which was obta ined in 32%yield. was

e pim e ri z e d to (3 8) by t reatment wi th sodium me t hox i de . Thu s,

bo th the u . ~-unsatura t ed carb onyl system and t h e ep oxide were

reduced unde r these co ndit ions .

The ini tia l complex mix t u re which was formed r e s ul t ed

from the fact that three asynmet ric ce n tres were produced

duri ng t he reduction . se c ox idation removed the t wo a symme t r i c

c ent res at C- 3 a nd C-6 by conve r ting the epimeric diels into

t he corresponding ke t ones .

Tha t compo und ( 30) obtained ind i ca t e d tha t

elimi nat ion o f t he epoxy oxygen had also occurred du ring the

r eact ion wit h lithium i n ethylamine . Hall swor t h a nd a enbeet."

r eport e d an a nalogous finding when t hey ob ta ined ap p roximately

11% o f chole s t erol when 5 ~ , 6 ~ -epoxychol e s t erol wa s trea ted

with li t h ium-e t hylami ne under similar conditions . Th e

r emai nder o f the ir reaction product un r ea c t ed

epoxychol e st e r ol . They explained their r e su l t by suggest ing

t ha t carba nion f orma tion at c-s was i nh i bited by the p roximity

to C-S o f the oxy a nion a t C-3 o f t h e intermediate ((0) . Th u s ,

the on l y r ea c t i on they observed wa s the formation of "" sma ll

amoun t o f deo xygena tion prod uct (c holes t e r ol ) .
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eLi

(40)
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2~
eLi

(41)

In our case, reduct ion of the ep ox i de ring was found .

Carbanioo formation at C-S would not be inhibited as was

presumed to have been the case with 51l. 6 ~-epoxycholesterol

because the enolate oxyanion a t C-3 o f the i n t e rme d i a t e (4 1)

is su fficiently distant f rom C-S du e to t h e presence o f the

rigid double bo nd and the hindrance of the two methyls at

C- 4 .

The absence o f any cyclized pr od uct can be rationalized

by t he fo llowing a r gume n t. Form at ion of both (3 8 1 an d 139 1

suggests that the carbanion at c-s was pyramidalized i n

approx imately equal amounts in the a- a nd ll- faces . The

c a r ban i oo that i s pyramidalized i n t he ll- fa ce is not suitably

oriented fo r transannular Michael addition an d it undergoes
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pre f erent.ial pr o t on abstraction from t he e t hy lamine. When the

angula r subst ituent i s hyd rogen . the carbani on formed i n the

i ntermediate wi ll mai nly py ramidalize in the a - fa ce , resultin~

in t he f ormat i on of trans produc t s . With a methyl group at. t he

angular po s i t ion the situation c ha nges . The C-C a - o r bita l

domina t es be ca use the methyl is almost pa r a lle l to the

conc e r ne d orbital so that t he carbanion is now pyramidalized

i n the ~-d i rec t i on result ing in t he production o f the ci s

p ro duc t s .

On t he other han d. i f the C-S c arba n i on was f onned a nd

pyramidalized in the a- fa c e while t he a , p,- unsat urated ke tone

wa s still present . the t ransannu la r C-S to C- l cy cl iza t i on

would ha v e been a S- endo- t r i g t yp e cyclization . According to

Baldwin 's rules . it is a dis favoured process . In ou r case ,

there fore , p ro t.on abstraction f rom ethylamine would be a much

mor e favourable process than t he cy c li za t i on .

Triphe nyit i n hydride ITPTHI and t ributyl tin hydride

(TBTH) reduce u , j3,· uns aturate d ketones by r ad i c a l

me c ha n i s m. l l
. :lt I t was the r efor e o f i nt e rest to determine

wh e t h e r a radical ~ induced i ntramolecular cyclization10 co uld

be effected with ou r sys t em with a tin enola t e radical su ch as

(&2) (Sch eme I S) .
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Whe n a dilute s o lution of (2:4) was treated with TPTH and

azobis-isobutyronitrile {Al BN! , a mixture of four co mpounds

was obtained. The major product wa s the enol-epoxide ( 431

(76%1 . t he keto - epox i de (3 4' ( 1 4 %) and small amounts () % and

4% respectively) of the correspond ing epoxide ring-opened

products, diol (UI and hydroxy-ketone (.51 .

.W
Sc heme 18

The f ac t that ( 441 an d (015) were obta ined albeit in s mall

amoun ts. indica t ed t hat t he epoxi de ring could be opened by
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TPTH/AIBN . Previous examples o f epoxide ring ope ni ng whi c h

ha ve been r e ported i nclude a , !3-epoxyketone l 1 an d

t hionod midezo l Ldes " prepa r ed f rom ex, !3-epoxyalcohol s . The

s t ruct u re of t he hy droxy- ke tone ( 4 5 ) was co n f i rmed by i ts

conve r s ion to ( 38 ) by Pee oxida t i on (Sche me 17 ) . The en c t­

epoxide ( 4 3) was ide n t if i e d by compar i son with t.he p rodu c t

ob ta ine d by NaBHj-reduction o f (2 4.) , a nd by pee ox i da t i on o f

( 43) back to (2 ") .

These r es u l ts can ag ain be ra tionalized by cons i d er i ng

tha t t he radical formed at c -f i n intermediate ( 42) was mainly

py r amidalized i n t he j}-face . This o f course , would not be

s uitab l e fo r t h e de s ired transannular cy clizat ion (Sch eme IS ) .

A.lternatively , whatever i t s direct i on o f pyramidalization, the

C- l radical could, onc e fanned, abs tract hy droge n from TPTH

f a s t e r than it could undergo cyclization.

since we were unable to e f f e c t transannular cyclizat ion

using r eductive methods on the c , p-unsaturated keton e-epoxide

(2"), we explored the po t e nt i a l f or a more typical radical

cy c li za t i on route. Thus , a s de picted in Sch eme 19, if a

bromide were present at C- S (U) , TPTH cou l d remove the halide

a nd t he resul ting c -s r ad i ca l in the i ntermediate (0) migh t

u nde r go transannular cycli"zation 12 to the double bond at Cl -C 2

t o yield the corresp onding l a., Sa - cy clos t e roid ( 50 ) .
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React- i on of ( ~f,1 with HBr i n aceti c add gave the

bromohy dri n (U). its corresponding acetate (7 ) and the 60­

b romo - S!i-hydroxy b rornohydrin (48 ) . The bromohydrins could not

be purified by ch rotl\altography . and during attempted separat ion

both reverted back to starting material ( :aU . Only In ) cou ld

be i s ol ated and characte rized . Therefore . the crude

Scheme 19
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bromohydrin mixture waa treated wi t h TBTH/AIBN in refluxing

benzene. The resulting product mixtu re consisted of three

compounds wi t h spectral properties consistent wi th the

structures ( 4 5 ), ( 51 ) and (52) and an unstable fourth

comp ound , which we were unable to characterise .

The major product ( 48%) was identical with ( 45 ). which

was obtained previously as in Scheme 18 . This indicated that

t he b romine atom of the bromohydrin could indeed be removed by

TPTH t o form intermediate (4 9 ) with a radical a t C-S. but that

resulting radica l did not undergo transannular addition to the

a , p- uns a t ur a t ed ketone to form the desired la,sa -cyciosteroid

(SO ) •

It is possible, of course , tha t the a, p- uns atur a t ed

ketone was reduced first so that no t ransannular Michael

addition would occur . However, as (51) and ( 52 ) were also

isolated. this result could imply that radical formation

occurred a t C- 5 from bromohydrin (46) and at C-6 f rom

brcrochydr i n (U ) , while the a , p- uns a t u r a t ed ke tone was s t i ll

present . Since compound (51) had a trans AlB ring junction ,

t his result suggests that the radical fonned a t C-5 (49) was

pyramidalized in the a - f a c e which is requ ired for the

cyc lization to occur, but th~t cyclization did not occur unde r

these conditions . Here again the transannular C-5 to C-l



cycl i zation is a disfavour ed 5-endo-trig type cy cl izat i on

ac co rding to Baldwin 's rules. Thus , hydrogen abs traction from

TP'I'H by the C-5 radical was likely to ha ve be e n faster than

the cy cliz"'t i on .

Compound (52) wa s found to be inert to PeC oxidation .

con fi rming t he p r e s enc e o f a t ert i ary hyd roxy g r oup .

It i s inte rest ing to note t hat when the Sp,6p-epoxide

gr o up was present as i n (24), the majo r product o f TPTH

re duct i on WdS that i n wh i ch t h e C-3 c",rbony l group wa s re duced

( 3) (Scheme 18) . Wit hou t the epn x.i de group present , h oweve r ,

no rma l r educt i on o f the c a r bon- c arbon double bo nd WlJlS

pr e f e r r ed (5 ) (Schem e 19) .

In 1988, Nugent and RajanBlJlBu u repor ted that

bis (cyclopentadienyl) ti tani urn(I II) chloride promotes r ed uct i ve

cle av age of t he C-O bon d o f an epoxide r i ng t o generate a

ra d ical, wh ich af te r cycl iza t i o n co u ld be efficiently

scavenged by a second equ i val ent o f t i t an i umlIII l to yield a

cy c l i zed product . Sch eme 20 ll shows an example of this type o f

epoxyolefin cy clization . Bis jcyclope ntad i eny ll titan ium (III)

chloride is prepared by zinc red uction of commer c i ally

ava i l abl e bis (r:yc l opentadienyl ) titanium( IV) dichloride .
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l:P2 lC11'l'10-cr _ ~{Cl l'!'10~'

Scheme 20

It was t hen of interes t to us if t hi s process could occur

with our system. As dep icted i n Scheme 21 , i t wa s hoped t ha t,

a f t er reductive cleav ag e of the t ertiary c -o bon d . the radi ca l

formed a t C-5 i n i nt e rme dia t e (5 3) would be sufficie ntly 10n9­

lived to undergo a dis favoured 5 - endo-trig t y pe cy cli zation to

g i ve I n , sa-cyc::l os t e r o i d ( 2Sa l .

Wh en ep ox i d e ( 2 4. ) t r e a t e d with

bis(cyclopenead i enyll t i t anium !III) chloride , t he only product

that wa s s epa ra t ed besides unreacted epoxide (24. ) was dienone

( 31 1 . Elimin at ion o f t h e ep oxy oxygen obviou sly d id occur , bu t



cyclization did no t .

scheme 21

The reactions shown in Scheme 22 can account for the

observed product . In this scheme c -o bond cleavage indeed

occurred with radica l f o rma t i on at C-5 (53 ) . Instead o f

cyclization, however, the radical was scevenced by a second

equivalent of the titanium (III } reagent to form intermediate

(5.) . Af ter syn elimination from ( 5 .) dienone (U) was formed

as t h e fina l product .

Pyramidalization of the intermediate radical can again be

invoked to rat ionalize the observation . The radical formed at

C-5 would have been mainly ~yramidalized in the ~ - face (5341 .
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which woul d not be suitably o r i en t e d for the cyclization to

o cc u r . Alternatively, even i f a-py r a mi da l iza t i on (S3b) d i d

occur, t he 5-endo-trig type cycLi za t.Lon from c -s to c -f could

be co ns id e r ed as too unf avoured and as a resu l t t he C-5

radical wou ld r e ac t with a s econd equivalent o f titaniurn (III)

reagent to form ( 5 4.) •

..w~ ;;;0

!"'T'"

~~,
~

~"'"

(5) ) In a)

scbeee 22

15S b)
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CHAPTER'l'HRBB

OTHER S YNT HETI C APPROACHBS TOWARDS l a , 5a~CYCLOS'l'ERDZDS

Since e ffor t s us ing 513, 6 ~-epoxide (2 4 ) as a syn thetic

precursor for l a , s a - cy cl o s t e r oi d s were unsuccessful, we

evaluated Sa,6a -e poxide (32 ) a s an alternat i ve starting

compound.

Epoxide ( 3:2) reacted with lithium in liqu i d ammonia a t

- 7 80(: to yie ld Sa,6a.- e po xy - 4 , 4-d i met hy l cho l es t a n - 3 - one ( 55 1 as

t he major pr oduct. Thus , although the a , p- unsa t ur a t ed carbonyl

system could be reduced, presumably via t he dicarbanion (56) ,

cycli zation v i a tra n s an nular attack of the epcxi.de did not

occur (Scheme 23) .

He r e again t h e ca r banion form ed at C-l wi ll

p refe rentially pyrarnidali ze i n the p~face (S6a ) as opposed to

the a -fa ce (S6b) by the sa me a rgumen t used previously . However

i n thi s case t he geom e t ry was su i t a ble for cycl ization, and

cycliz a t io n f r om c - f t o C- S was a 3 (or 5 ) - exe - ee e type bot h

favoured acco r ding to Baldwin' s ru l es . However . cyc.tt ae t Ion

s til l d i d not occur . It seems t o us t ha t t he mai n r eason fo r

t h e failure of cyc li zation .we s tha t t he ca rb anion at c-f was

sufficient l y l onq- lived to und er go the desired cycli za t ion
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before being protonated by the anunonia .

Scheme 23

The reactions of (32 ) with TPTH and TBTH were a lso

inves tigated (see Scheme 24 ) .

Sche me 24
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Again, as i n the corresponding react ion wi th (2 .. ) (see

Scheme 18) . t he radical f o rmed at c- a was not s ufficiently

long-lived to e ffect cy cli zation and instead abstracted

hydrogen f r om the TPTH or TBTH more rapidly .

A like l y product f r om t he TPTH r e duc t i on of Sex,6 a-epoxide

( 3.2) would be ( 57 ). An att empt t o synthesize ( 57 ) by direct

NaBHt r e du c t i on of (32) gave at least. four products by c Ic .

Insufficient quantities wer e obt.ained to characterize fully

the s e p roducts . The epox ide (57) was labile and decomposed

either during the react ion or upon work-up .

(57)

In order to ascertain whethe r radical -induced cyclization

would b e e ffected with a diff e rent substrate, compo und (31)

was rea c ted with TPTH (or TBTH). As depicted in Scheme 25.

4 , 4 - d ime t hyl ch o l e s t-5- en-3-one (30) and 4 , 4- d i methy l cho l e s t a ­

l ,5-d i en-3p-ol (58) were obtained in 71 \ a nd 12 \ yields,
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respect ively . The st ructure of (58) was confirmed by

comparison with the product obtained from NaBH. reduction of

( 31). Thus , as seen previous ly , the a ,jl -unsaturated ke tone

c ou l d be reduced without any cyc l i za tion occurring .

Scheme 25

4 , 4-Dimethylcholesta-l , s-erene-a, 7- diane (59 ) was also

r eacted with TPTH an d TBTH (Scheme 26 ) . The on ly product

obtained besides unreacted s t a r t i ng material was 4 ,4-

d i me t hy l cho l e s t - S- ene - 3 , 7 -diane t60 I . This suggested that the

t in enolate (61 ) could have been formed but as seen in the

previous examp les, hydrogen ab s t r a c t i on could have occurred

faster than any Michael -type i ntramolecular a ddi t i on to the C­

5 - C·7 a , j!- uns a t u ra t e d ke to ne . Thi s would be especially
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likely if the radica l at c-L were preferent ially pyramidalized

in t he ~- face (&la) , and thus could no t undergo the

intramolecular cyc Ldaat.Lon , Our results e Leo imply that the

reduction of the A-ring a, ~-unsaturated ketone i s fa s ter t han

that of the B- ring (X, p- unsa t ur at ed ketone .

Scheme 26
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CHAPTBR POOR

SYN'l'HB SrS AND CHB1lIS'l'RY OF

4 , 4 -DINZ'l'HYL-1.a ,5a-CrCLOCHOLIIS'l'A-3, 7-DI ONB ( 62)

I n 198 9 Wenkert and MoellerJC reported an intramolecula r

reductive coupling of the bis-a, p-u nsaturated ketone ( 63) t o

g ive (64 ) i n 97% yield (Sch eme 27 ) .

(63 )

Li I NB3

Scheme 27

( 64)

It was described earlier (Sch eme 26) t ha t the bis-a, /3-

unsaturated ketone ( 59) was used to ev aluate the potential for

a radical - induced cyc!ization with TPTH (or TBTH). It was of

i n t e r e s t to determi n e whether (59) by analogy with Wenke rt a nd

Moeller's system, could undergo a simi l ar intramolecular

reduc tive coupling to give (62) (Sc heme 28) .



4 0

(59 )

Scheme 28

(62)

Dienedione ( 59) was pre~a red by photo-oxidationl~ o f the

d ieno ne (3 1 ) i n dioxane wi th N-bromo5u c cinimide (NBS). A

s imila r allylic ox ida tion oc curred when 4 , 4-dlmet hy lcho lest-S -

en-a-one ( 30 ) was t r eat ed unde r the s ame con di t i on s t o y i e l d

4 , 4- dimethylcholest -S - e ne - 3 . 7-d i one ( 60) (Sc heme 29) .
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o4i:
<311

( 3 0 )

d.1~• • H:zO.l1ll1l1t

Scheme 29

(6 0) (10%)

The mechanism of the reaction is believed to involve a

bromina t ion followed by hyd rolys is . as depicted in pathway I

or II i n Scheme 30 .
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$~I I) ---!!!!...-
Li ght. ::

(31) I',e

c¢ . - .~.
(5 1)

(II) ~ ---.!!!!.- ~
O~ Light. ~k

(31) I',.

~.~~..
Uti

Scheme 30



43

When (59) wa s reacted wi t h li thium i n liquid arrmonia, a

mix tur e of several products was obtained . The mixture was

s i mpli f i ed considerably by oxidation using Pee to afford a

single product i n 72\ yield.

(fa l17 2'l11

Scheme ]l

Th i s prod uct showe d two carbonyl a b s o r pt i on s i n i ts I R

spec t rum, a t 1,142 em-I and 1 , 7 13 em"I, wh i c h are co ns i s tent
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with a cyc lopentanone and a cyclohexanone , respectively . These

data, and the mass sp ectrum are i n agreemeut. wi th the 1a,5a­

cyc!os tero id structure CUI. However , there was no cyclopropyl

C-H i nfrared absorpt i on discernable in the 3 . 040 em-' region .

Furthermore, the 'H -NMR spectrum was not unambiguous . An

ant i cipat ed high fiel d signa l corresponding t o the cy c.l op r opyl,

protonl 6 cn C-l (H- 1) was not ev ident (Fi gu r e 2) .

PPM

Figure 2 . 300 MHz ' H-NMR spectrum of (62 ) .
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Although ( 62) was crystalline and a data set was

collected by X-ray diffraction, there were i ns u f fi c i ent data

points to solve a structure since two crystal lographically

distinct steroid molecules were found to be present in the

unit cell. Therefore in o rder to obtain more suitable crystals

for X-ray diffraction, derivatives of ( 62) were prepared.

Selective reduction of (62 1 using NaEK. reduced the sterica lly

less h indered C-7 ketone to g ive the 7p-hydroxy compound ( 65a)

as the major product, and the 7(X-epimer (65b ) as the minor

product.

l U I u s..)(1"1 (UbIC ""'l

1'5_ )

Scheme 33

("cl(10',
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The IR sp ec t rum of ( 65. ) showed only a sing l e carbony l

absorpt ion at 1,739 ca-' and a sharp abs o rpt i on e e J . 620 em-I

corresponding t o the hydroxyl group . The IH_NMR spectrum

IFi gu e 3 ) revee .ied an unexpected double triplet c entred at a
0 . 52 ppm , with t h e C-18 methyl signal be inQ a t 6 0 . 7 1 ppm .

COSY indicated that t h is s igna l un expectedly be longed to H·9

and confirmed tha t i t was no t due to the cy c l opropyl proton H·

1. In fact. H-1 was loca ted as a dou b l e t at a 0.93 pp m.

Pigure 3 . 300 MHz lH- NMR sp ectrum o f (6S a) .
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HE'I'COR, APT an d NOED experiments (Figure 4 , also

Table I in Appendix for de tail) were in agreement with the

assigrunents given to t he IH_NMR spectrum of (65a ) . For

example, saturation of the s ignals due t o H-2a a t a 2 . 74 ppm,

and a lso of t he H-9 signa ls enhanced the H-1 dou blet . The

double tr iple t d ue to H-9 is not as clearly ev ident in the IH_

NMR s pe c t r um of (iSb ) but i s shifted downfield i nto the

envelope r egion. and could not be clearly discerned in the 300

MHz spectrum. Saturation o f t he signal due t o H-1 enhanced the

H-2 a and H- 9 s ignals .

Figure ( . Se lected NOE correlations fo r ( 65e ) .
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The X-ray dif f ra.ction a naly sis o f ( 5 Sa) c on f i rmed t he

re. Sa-cyclos t ero idal st r ucture (Fi gu r e 5) . Ri ng B is in a

clearly defined boat conformation , which is cons isten t wi th

t he NOED data .

Pigure 5. X-Ray c rysta l structure of ( 658) .
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