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i.BSTRTTCT

The ef f ect of 3e- (ZB,) afi.d 3p* (27\ hydroxy u 3{_ UJ?,)

and 3f- (l+lt) acetoxyr 3-ethylene acetal (l+1), and 3ú-netrhpxy
(¿t0) derivatives of 5-cholestene on the arldition of the
simnone-s¡nith reagent to the steroidal 5td-double bond has

been investigated. Reaction wae accelerated with gpi-
cholestero} (2s) to yierd ciriefly 5r6p-dihydro--îrH=cyclopïopa
(Srel-5(-cholestan-3{-ol (29're whlctr r.ras oxidized to 5 ,6F-
dfhvdro-3uH-cyctopropa V r6)*sd-chorestan:3-cne (33) by Jones

reagent' Äcíd catalyzecl rÍng-openíng of the kotone (33) tead

to the krorrr 6{-rnethy}-lj.-aholesten-3-one ( 3¿}) . 3d-Btfroxy-

5 r6f-amydro*3rH-eyctoprope, G re)-5(-ehotestane (U.z), 5 t6f*
d Íhydro- 3 | FI- cyot opr opa (5, ø)^ S**cho I e e t an* 3d-y1 ace tat e ( {,3 ),
and bi e ( 5, 6 F*a,ihydro- 3, H-cycr opropa (s, e)-5d* cho t e s ran- 3d:oar )

methane (32) were also id.entified as byprod.ucte" The aeetate
(¿e3) was aleo prepared. þr acetylation of the corresponding
alcohol (?.g') ø

Reduetion of the ketone (3i) ¡síth lithium tri-tertiary-
butoryalur¿iniu¡r hydrlde gave an epinaeric alcohol t 5e6p-aihyd.ro-
3'H-cvilopropa (s re)-5d-cholestan-3p:ol (351, rvtrich w,as fu:t,ther
characterized as its acetate , 5r6p-dihydro:3rl,I*cyclopropa Ure)-
5(-choLestan-3p-rl acetate (3û, 516p-ainyctro-3rH-cycropropa.
(Sre)*SA-choLesta,n-3-cne ethylene acetal (/+6) vas also prepa.red

by ketatizatio¡r of the lcetone (33,, Choleeta-lr5*díene (qr5)



iii

wa,s isolated from more vigorous reaction on cholesteryr
acetate (l¿J+) 

"

Proton magnetic resonarrce and nass epectral d.ata of
thes e 5, 6 l3-d,ryrydro- 3 r ii-cyct opropa (s, s)-5(-cho I e s ta,ne d e ri.va-
tlves are recorded and discussed.o
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I. INTNODT'CTION



1

The study of cyclopropa.ne deriva,tives has been deveroped

in recent yeare because of the discor¡ery of phyeical method.s

of detection 1. The occurrence of cyclopropane derivatives
in nature as well as their importanco in theoretical 2 and

nsfnthetic 'studies had lead to further interest in these

gubstanceg, llany nethod.s have been developed. for the prepara.-

tlon of cyclopropa.ne derivatives, ht most of the method.s

either demand.ed complex starting materials or were not general

tn Ê¡eopeo

In 1958, & novel cyclopropane-forrning reaction ( Seheme

I ) whieh involved. the treatment of olefins with a¡r iodomethyl-

zinc iodide reagent, prepared from diiodonethane and a zinc-
copper corrple, was d.eveloped by Sinunons and. Snith þ, It has

found wide application in organic synthesisn

Scheme I

( sE3cHz ) 20

cÉzlz *

ICHZT,nL

lt
HzC 

- CHz

CH,=CH,

cl;ztz + zn(cu)

Hzo

ZnI, cH3r + Zn(oH)I hrz



2

Simmons and Smitfr4 foun¿ that diiodornethane reacted. with
zinc-copper couple in diethyl ether to gfve a sorution that
contained a stabre orgarrozinc i.ntermediate (1) which reacted

with lodine to regenerate d.Íiotlomethane, was hyrd.rolyzed by

water to methyl iodide, ancl reacted with olefine to give cyclo-
propane (Schene I). The reaction could be carried out in other

o:rygen-containing eolvents, such a,s etbyl acetate, tetrahyd.ro*

furan, ethylene gLycol dir¡ethyl ether, and dioxane"rloreverrdi-

etWl ether has so far proved to be the most effective. ìÍixed

eolvents, such a,s ether and. tetra,hydrofuran offered no advantages"

copper in the zínc-couple was shor*l&.to play no rore in cyclo-
prope-ne for"'ration, but ser'Ì¡es to activate the zinc netal sur-
face for reaction rvith diiod.omethane. Ilowever, Sorln * uL- 

"S

recently found that a 0.5 peroent copper content of the

couple, prepaäed by method of LeGoff6 , 1s optimal in the

formation of 3þ-a,eetory-s t7 ( -eycLo-Sf -cnolestane.
Blanchard and sirnmoneT have shoyrn experimentally that

the iodo,nethylzinc iodide reagent ls best representecl as all

equilibríun between the tryo organozinc species, na,mely, L

a¡rd 2 '

2 TATIZZnI ( rclr, \ zh ' ?,rlrz



3

They furttrer established that a stable intermediate coÌr-

taining the partial structure ( .. n . .TçH)?'r'-) and with the €x-

peoted ohe¡uistry of L and 2, can be incorporated in the follow-

ing gchemeo

Scherng II

ZAHrr., + 27Åi 
----è 

Z(tCnrr^t)

1.

il
(xcn, )zh . Z,Ilr,

cHzI2 111

ZAHr=Çfl,

IQH}CLL}T + hTZ + t2 ICHrCJitlrZnI + hTZ

l1

Zr]J:

C,g^
z /Y + 2'/,1zT^

H^ó bu^ ¿
1- ¿

ffiZ=ffiZ + hIZ CHa=CH, + Znï,



It.

The primary treactions at the metal surface are the formation
of 1 and 2. The success of the rnethyì.ene-add.ition reaction (i)
depends on lt proceeding at a faster rate than ii and iii"

The structure of the organozinc intermecLiate as represent-

ed by l and 2 is conrpllcated by the presence of an (-iodÍne

atom in the alkyl group. In the simplest ternis, the polyrnerlo

structure (3) or the nonomeric structure (tt) might be regarded

as reasonable representations of the cyelopropane-forming

reagento The extent and type of coordination is a function
of solvent anrl probabry of concentrat íon 7. Littre is lrcovri

of the electronic structure and geometry of this coordination.

r.too.I-CH, 2

.oo.I--- CH,¿

'?r]l
" ZnI,

Sfmirons and. Smith & nu,ou found. experimentally that
higher electron density at the carbon-carbon unsaturation en-

hances the rate of the cyclopropane fornration, Later worlc lry

Rickborrr and ohan 8 on the rerative ra,tes determinantion for
a, number of cyclic olefins showed that vinyl allç¡l substituents
dÍninished the rate of reaction with iodoruetlr-vl-zinc iodide 1n

Sone caseg e ê o g. e 1 , 2-dinethyl cycì- ohexene. l'hey have suggested

a balance between snall inductÍve and. steric effects with the



5

latter predominated in these cases. tr\rrthermore, it has been

shown that reaction occurs between the organozlnc reagent and

a d.ouble bond ryith hlgh stereospeeificÍty &, À meciranism w'hich

would account for the experimental observations has been

suggested 4. It involvee a, I one-step methylene-transfer n (5)

in rvhich an electrophilic netlrylene in bÍe(iodomethyl)zinc o

zlnc iodide (2), may primarily attack an olefinic double bond,

followed by simultaneous cyclopropane formation ¡t'ith eli¡aÍna-

tÍon of IÇlIrZnI"

c. -.-rll '.. r

ll ..cH, I

ä1" -''-"Å----.cäzr
/ \ 

i

tur,

)

.å'ddition of nrethylene to olefin involv'ing free netÏ1yL"rr*9

or carbene 10 *." ruled. out, since a fil.tered solution of the

product from the reaction of diiodonetha¡re a¡rd zinc-copper

cou.ple rernained aetÍve in cyclopropane formation after storage

for several hours at oo l+,

Ì{'ittig and Schyarzenbaeh 11 reported. the cyclopropane

formation frol¡r olefins by means of bis-benzoxymethylzinc iodide
(6) whieh is ca.pable of transferring methyLene þy an analogous

one-step iuechanisn ( Sche¡ne III ).
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They have eupported the met\ylene-transfer mechanisln by thelr
evfdence that neÍther / nor I (scheme lY), which may be eN-

peeted frou a four-eenter tvro-etep mêclìanÍ**lz, has been d.etect-

ed lvy g.Iop.cn analysÍsn
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Ån imT¡ortant aspect of this methylenatfon reaction is the

etereochemical control exerted. on the developlng cyclopropane

ring and the rate enhanceÍnent contril¡rted by a properly orÍent-
ed neighbouring substituent earrying a lone pair of electrons,

such as orygen or nitrogen, Simmons and Smith& have pointecl

out that L-(o-nethoxyph-eny1)prolene rvith the reagent gave a

hlgher yield of the corresponding cyclopropane tlran did the

meta- and para- substituted isomers. They have inferred the

coordinatlon of the zinc atom in the reagent with the ether

oxygen thereby stabilizíng tlre tra¡reition state (9) in the

case of the ortho-isoaero

Fr

cH3

In olefÍnic a.lcohoLs, tbe hydroxy funetion influences

not only the rate of cyclopropane forrnation but a,lso the steric
course of the reactio4" Thie n/as first observed. by ïTinstein

ét a,I.13 in the conversion of homoallylic 3-eyclopentenol to

the gt s.-tri cycl o- [3. ]- " 0J -hexan-3-ol u They have proposed a cycl i c

transitlon state (10) as fotlows:

9
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Other homoallylic alcohols, such as 3-cycloheptenollþ and 3-

cyclohex"rroll5, have been found to undergo methylenation with
very hieh cis specificity.

this effect is operative also in allylic alcohols, as

shown ty Dauben and Berezinl6 in the conversion of 2-cycro-
hexenol to the correspotrding cyclopropar-e derivative (Scheme V).

Scheme V

OH
I -JI

ô

Dauben and Berezinl6 hu.o" suggested that the first stage in
the reaction of the Siuunons-Smittr reagent lvith an olefinic alcohol,
is the fornation of a zinc-orlfgen conplex(lt). This complex can

then undergo deconpoeition to forn tire alkoxyzinc ioclide (12)
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and methy). iodide or

tion of the methyl-ene

lvhen the geometry is
group onto a double

CH

I

OH
I
I
!
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OH
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I
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,/c
+ cH3I'-f'

þ^,
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The suggestion of the formatfon of a complex. such as 11 in-
volving an unsharer-l electron pair on the orygen of the hydrory

function wa.s further ind.icated by the Ísolation of onry g.is.-

Z-bicyclo- (l+'t '0) -neptylnrethy} ether from the sim,¡ons-smith

reaction y¡ith 2-cyclohexenylmethyl etirer,

concurrently, Blanchard. and simmons 7, noted that nearty
equal a,mounts of methyl iodide avld cyclopropyt derivative was

formed fn the reactlon rvith 3-cycLopeirtenot (scheme vrr). Here,

the Si¡nnons-Smith reagent reacts with the orygen frrnction with
the formation of internediate L3 and rnethyl iodide. rntra-
mo r e cul ar me thyr ene-t rans f err¿oul d then y i e lcl -ç,i_g- 3-bi cycl o-
(3"t.0)-hexanol after hydrolysis of 1,+, The high stereoeelec-
tivity observed in the acldition to this hydrory-containlng

olefin can only be accounted for by prior complex forna-ùion

or reaction of the reagent with the hydroxy group,
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Scheme VII

( rcH, ) zh" z,rLT.z

+

f

OH

e4
7"nIorf, !b("

1þ

I. ./i"'rl
t --' IH-C- /4,! t

#r,
\_i(H

t3 + c-H3r

Data eupporting aLcoholysis have been obtailecl by Ginsig

ancl cros"l7 fto* a, homoalrylf c eystem. They camied out the

sinrmons-snith reaction on estr-5(to)-ene -30(rt7þ-aia (15)

{scheme YIII) at g2o in a sealed tube, the prod.uct (16) obtained.

wa,a extensively contamÍnated. with methoxy- and ethoxy- deriva-
tives of the alcohol,

Scheme YIII

cnzlze TÃl(tu) e Etzo

16
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.4. d.ra,satic irnprovement resulted when the alcohol (15), art excess

of diiod.ometha.ne, and. zinc-copper couple, and etl.rer were re-
moved to ha,lf-volume prior to sealing ln the tube" R.êaction

at 92o then afforded a good yield of L6 and formation of ethereal

byproducts was mininized, These results indica,te that the

reagent lnÍtiatly reacts with alcohole. Thís reaction forms

hyd.rogen iodíde vhieh reacts fnrther rvith the reagent or solvent

to release albl lod.ides. Formation of ethere can then pnoceed

by the following etepe (Scheme IX) in the reaction without
prior dis*illation. In the reaction with distillation the

resulting alkyl lodides were simpLy removed pr aistillation,
theretry a,voiitr.ing steroid ether formationo

Soþeryg_ IX-

R-oH + ICH2ZnI 
-_+ 

R-0unCI{zI + HI
I

J
e

R -OZnI

HI + EtzO Et-I + EtoH

HI + IGi-äII ------------> CH'I + Z,nLI

r88nR-OZnI + Rtr ------> n-0-R + Z,nT.

Rn-CI{3 ; ÇH.,CF,"*

Rt = a.ltrry} group

R = a,lkenyl group
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In the attylic system, Dau'ben and. tserezin 16 foorrd tha.t

mixing equivalent amounts of the organozinc reagent and 2-

cyclopentenol gave cyclopropyl derivative in eighty percent

yield" Rapid. prior alcoholysi.s i.s clearly preclud.ed by thfs
result. trì¡rthermore, both ã-WcLohexenol and 2-cyclohexenyl

methyl ether Ìyere found to react readÍIy with the reagent to
give exclusively the c:þ-cyclopropane d.erívatives in good

yield. This stereochenical resuLt could be obtained if the

alcohol and the methyl ether reacted by different mechanismso

rn competition stud.ies t5, horrever, the a,loohol is rnethylenated

o4ly twice as fast a,s the methyl ether, whereas a larger diffe-
rence nould be expected if a particularly facile reaction route

Tvere avairable to the a.lcohol vi.a alcohorysis" No f,urther

evictence has so far been found to support prior alcohoì.ysÍs

iri the allylic eysten"

stereochemica} studies on the sinruons-smith reaction
shov/ed that the conformation of the hyclroxy fr:nction and/or

the orier'tation of the coordinated reagent Ís the inportant
factor in accou¡rting for the rate enhancement as r¡ell as

stereoselectivity of the reaction. rt has been previously

suggested 16 tnu,-¡ stereospecific urethylenation of allylic
a,lcohols in the cyclohexenyl series lnvolves rea,etion through

the axiar hyd.roxy conforrnatÍon (l7r, ìIore recently, than ancl

Bickborn t5, from rate data, have concluded that the reaction
of allylic cyclohexenols occurs through the quasi-equatorial

hydroxy conformation (18) o
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Iforeover, they Ïrave suggested, from the observed epinrer

rate difference in the reaction of the 3d- and 38,- epimere of

estr-5(10)-ene-L?P-olr that there is a fundarnental difference

ln the mechanisrn of methylenation of allylic and homoallylic

alcohols, namely, reaction through the equatorial ancl axia,l

confornations., respectlvely" fn these conpouncl.s the 3{-hydrory

will be predoninently equatorÍaÌ and ift" 3f-hfdroxy shoulcl

exÍÊt preferentia,lly in the axia,l conformation 18.

À more general rationalization has been glven by Poulter,

Friedrich, and lYinstein 19 orro stuclied. the steric course of

methylene addition to the,cyclic allylic alcohols (Scheme X)

and found that five, six, and seven memìrer alcohols (f9a-c)

pred.omlnated s n addition, a,s reported. previously L4'16'2o 
e

whereas eight and nine member alcohoLs (lge*e) gare antÍ

addition products lZOd-e)" The reactions y/ere highly stereo-

selectlve. This result was expla.ined by. assuning complexation

betrreen the hydroxy group a.:rd the reagent, follorzecl by methylene-

transfer to the nearest face of the double t'ond.
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en=5

Besides hydroxy function, in alLylic systems, eth.er 16tal 
,

ketone 21, and ester 22 groups are effeetive in controtling the

steric course of the neactÍon, The enolic ether oxygen has

been show,n \5 to adcl the rea.gent more rearlily than the analogous

double bond., whereas enolfc esters are less reactlve than the

correspond.lng olefin 23, ftranrines2l+e25 also add methylene with
the reagent. fn homoallylic systems, onl-y tÌte effoct of the

hydroxy group on the reaction has been reported. l3rll+r15. This

effect is initiated by an interaction between the electron-
donating group with the metal, príor to transfer of methylene,

through fonnation of a zÍnc oxygen bond 7 or trrF coord.ination 16"

The application of this reaction to steroidal olefins
has been studled-, ancl it ls for:nd useful in the prepera.tion of
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eyclo- ' and cyclopropano steroide as rvell as the stereo-

speclf ic introcluction of nethyL groups 17 tZV through ring open-

ing. Struc'tural modification of steroids iiave been carrid out in
ord.er to (a) inerease a, ueeful biological activÍtye ioe"e

incroase potency; (b) increase oral activÍtyi (c) alter dura-

tion of action; (d) effect a separation of biologieal actÍvities;
and. (e) obtain botter solubility properties. The structural

modif ication whicir hae been eholm to be most effeettve Ín
enhanclng the useful biological activity of steroids are those

n'hlch protect the nolecule from metabolic oxidation r¡'itlr. a

minlnral structural cleangeu The cyclopropane ring, therefore,

by replaceing a double bond., can. Irroduce a modified etructu.re

which retains an area of high electron density with nininal
change in geonetry of the moleoule, In relation to the meta-

bolically reactive,double bond oÌÌe may expect greater resis-
tance to ¡netabolis¡n"

the objeet of the present study is to determine'the

effect of various oxygen functions in the steroid 3-position
on the addition of the iodonethylzínc iodide reagent to the

5e6-douì:1e bond. The converslon (Schene XI) is yTidely l*o*rl. 28

to occur i.n steroid-forrnÍng tissues as a general metabolic

pathway" Prepara.tion of steroi.cls of the type (22) produces

molecules analogoìra to the natural structure lo¡ith respect to

their oxygen function at C, ancl higlr electron deneity at C5,

but without the possibiLity of 
"5 

to c4 isornerization"
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Scheme XI_

----+

?1

syntheti

22 2a

Fnrthermore, molecules of the type (23) are capable of ring-
opening synthetically to yield 6-rnetÌrytr derivatives (zt+t which

have been "hol* 
29 to protect the l+rJ-d.ouble bond from meta-

bolic red.uction in compou¡rds of the type (2{ü), thereby en-

ha.ncing progestational activity,
.A.Ithough nariy methods 30 u."u available to prepare 6-methyl

steroidsr ño simple and efficient route has been fou:rd for making

6r6-dimethylsteroids 31. From the present s'sËd.y, we ma,y obtain

an effective pathway towards 616-dimethylsteroi.ds" The 6,6:Ai-

2l+
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methylsteroids have similar 1r3-steric interactions to the

4rl+-dimethylsteroids 32 , The 1r 3-díaxial interactions

between Ce-f- and CrO nrethyl groups of 6r6-dimethylsteroid

may distort ring B to a certain extent, thereby affecting
the conformation of ring A.



II. RESULTS AND DISCUSSION
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It ¡sould be expected that addition of the i.odomethyl-

zl:nc iodlde reagent (?) from the d-face of the steroid.at 516-

double T:ond, eould be accelerated and stereochernically con-

trolled by the presence of a 3-axia,l orygen function capable

of coordination or rea,ction with the reagent,

f-face

"5
d-face

Alterna.tively, the rigid steroid molecule would hold a. 3-

equatoriar orygen (2S) in such a position that aïry zlnc o¡rygen

interactlon would leave the reagent spaciaLly retnoved. from the

douþle bond, and sterically hindered by the lp-nethyl group

from approaching the d.oubre bond fro¡a tho p-face" .ê.lttrough

ring A ín 25 is free to assrl.lïe the boat confor¡ration Q6\ Ín
which the 3þ-oxygen fu¡rc-öion becomes quasi-axfal , the insta-
bility a,ssocia-ted with the boat form of cyerohexane itsetf
would be augnented by a etrong interaction 'betr¿een ruethy} and

hydroryl groups at c, and cLg. rn the absence of very special
structural featuresr ring À Ís assir.ned to be in the chair forn,
as in 25.' .a¡r axial conforaation r¡hich has been postulated. 1"5

aF the reaeti:eg confomration for homoellylic alcohols 1s ttrus

26
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not possible in the rigid steroiC molecule containing a 3-

equatorial orygen substituent"

This expectation was oonfirned when cholesterol (27) rÍas

treated. ¡rith the Si'rnmons-Smith reagent in refl.uxing ether,

since only starting material rras recovered, Ílowever, when

ggi-eholesterol (28\ carrying a¡r. axiaL lGhydrory group Ì?as

slmilarly treated., the product eontained no starting material

by thin layer chrornatography ( t,l"c, ) ana after chromato-

graphic separation several procluets were obtainedu The majon

product was a cyclopropane containing alcohol in sixty percent

yield, whose spectral properties a,re conÊistent with those of

the expected 5, 6þ-dihydro-3' H-cycl opropa [ 5 u 6)-Sq-cho1 esta,n -l.-
oI (29\ " She proton magiretic resonarlce spectnrm ( p"mnru No.1

no longer showed the vinylic proton of gg!-cholesterol but

had typical high-field cycLopropane ring hyclrogen resonance

( , , 0,22 ppm) 33. The infrarecl spectnrm ( i"ro No,L ) shoryed

a weak absorption band characteristic of cyclopropyl C-H

stretclrÍng ( - 3050 "*-1 ) 34, By anal ogy L7 &7 wít.'- other

homoallytic steroidal alcohoLs methylenation is conclucled to
have occurred cis to the trydroxy group (30 --o 31)"
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The 5{-r6ú-structure for 3t was srlpported by the p"!l.To spectrurn

showlng that tire 3p-hydrogen in 3f has a band width at half
height (7 Hz) characteristic of a 3-equatoria.l hydrogen 35.

Dreiding rnodels show that for such a 3p-hfarogen to adopt an

equatorial conformation, ring !. in 31 ehould exist in a, nornnal

chair form and trans-fused Tvith ring B, i.eo, Ç5 in d-configu-
ration. Conversel-y, in the 5þ,6p-structure (32¡ , ring À inter-
convertsto a chair for¡n in which the 3p-hfdrogen adopts an

axial conformation ciraracterized by a la.rger band rridth at half
height ( t5-3o uz\ ln the porlor. 35. Eviclence from the p,noro

spectrum and dreidi.ng rnodels therefore suggests that 3l has

the 5"Lt6cC conf iguration.

tr\¡rther proof of the stereochemistry of the J{r6{.-cyclo-
propane ring system lvas ob-üained bU¡ oxida'cÍon of the alaohol (Zg)

sith chronríc u,cia 36 to the satura.ted. ketone (33) r¿hiclr still
contained the cyclopropa.ne ring ( p,m,ro I{o.2; i.rn No.Z ).
Treatment of thls ketone with perchloric acid in glaeial acetic

3z
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acid gave the knornr 6d-nethyl-þ-choleeten-3-cne ß4) 37 (i,r,

No.9i üovo No"l ), Reduction of the ketone (33) with lithiuru

tri-tertiary-butoryaluminium hydride 38 ga.ve an epÍ.nerfc

alcohol (351 ( p,n.r. No.3; í,ru No,3 ) further characterized.

as its acetate ß6) ( p.m,r, so.l+; i.ur" No,& ).
The epecifio rotatloas of the atrove compouude were deter-

mined. It has been ehorm that the specÍfic rotation differenceer

for correeponding steroi.datr epoxi.des and. cyclopropane deriva-

tiyes were simiLar 39 . T]ne 5&r6d-conf iguration for these conr-

pounds is consi.stent with the rotatÍons of the correspond.ing

epoxides &0 (ratte L)" The 5d,r6o("-eyclopropane derivatåves are

levorotatory as a.re the corresponding Jd,o6lr-.epo*iduu 
&0; where-

as tle Jf ,6f-enoxíd*= 
&O are more cextrorotatory relative to

the J{r6(-derivatives ( ta¡te, L ),
. From the Bame reaction a dialkoxymethane ß7) analogous

to thoee reported &1 as a byprod.uct of, the SÍm¡irons-Sr¡rith reac-

ion rvith several low molecular weight allylic alcohoLe has

also been ieola,ted. This eubstance, a relatively high melting

solfd, hd spectral propertles ín agreement with the strueture,

bi e ( 5, 6 
P -d i hyd r o- 3 * ä* oy c L op ropa lS, 6) - S<-cho 3 e s t e¿r= 3d-oxy ) ne thane

ß7) ( pom,ro ìio"5; 1.r. No,J ), The inass epoctrurn of 37

( m"s" I{o"5 ) nae a very weak eígnat corresponcÌing to the

moleeular ion as doee nis(cyclohexoxy)nethane &2. This ls ln
contrast to sinple alicyclie dialkorymetha.ne derivatives r,'hieh

d.o not show a molecular ion peak 4trl+2, signal corresponding
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to R+, R0*, a"nd ROCHa+ ions are indicative of a structure of

this type ryhere cleavage of the ether bonds would be ¡nore

favored than partia,l fragruentation of the hydrocarbon structure
( see page 3l+ ). The formation of thÍs substanee fron a

honoallylic alcohol might suggest a simiLar intermediate to

that leading to the fornration of bis(alkoxy)rnetlrane deriva,tive

found with allylic alcohols, l'he equivalent unsymmetfical

formal inter¡necLiate (3S) euggested by I'lajerski and SchI"""" &1

for the allylÍc clialkox¡rnethane is unlikely because of the

unreactivity of the 3d-nethyl ether (þO) and 3-ethylene aeetal

(þ1) derivatives of 5-cholestene under the sane reaction

conditions o

The presence of ethory derivative has previously been

noted 17 with the suggestion that they arlse through formation

of hydrogen iodide followed by cleavage of the diethyl ether

solvent to form ethyl iodide, tlris reaction being supressed if
the diethyl ether were first removed by distillation ( see

page L1 )" From tlre reaction of ggi-cliolesteroL (28) sma,lI

qnantities of 3d-ethpxy-5 s6É-dihydro-3uH-cyctorpopa[5 r6)- S4-

cholestane (LeZ) ( p"motru No.6; i,r" i\*o"6 ) have been isolated.

although the rea.etion mÍxture vas dÍstilled during addition of

the ethereal solution of the steroidal alcohoL, ?here was no

evidence of methyl ether forilation probaTrl'y because of the nore

efficient removal of methyl ioclide ( b.p " I+2o ) røith respect

to etlryl ioc,.icle ( b.p, ?2o ),
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Ä,lthough the zinc-copper couple Ì?a,s earefully washed

wlth dry ether to remove acetic acid, it was possible to iso-
late 5 ?6|-di$d ro-3 r H-cycl opropa [¡, gJ -5d-chol estan-3x-yl
acetate (þ3) ( p,moro No.7; i.r" No,7 ), This substa¡rce Ìras

also prepared by acetylation of the alcohol {29) and was

identical in all respects wi.th that prod.uct,

ðo"* etr e.L.5 state that reactioït occurs between the

Sirmnone-Smith reagent aad C, orygen substituiled tr-unsaturated

B-norsteroids at 1000. The Jd- and 3p- acetates give rauch

higher yields of methylene acìclition produots than could be

obtained from the corresporxding aLeohols, Complete stereo-

chemical control of addition rras lost and principally addition
from the d.-face occured irrespective of the stereochemistry

at C3" Stereochenical control in the 3p-derívativee is un-

doubted.ly d.ue to normal addition to the d -face, approach of
the reagent from tine p face was sterically hinderecl by the

CrO methfl group and. not through interaction between the

reagent and oxygen substituent, whereas for the Jd-derivatives
both factors may operatea

Chrolesteryl acetate ({r¿¿.), TÍas recovered in trigh yields

from reactions under normal Sirunons-Snith conditions as well as

nea.ction at 75o for L8 hours. In cor:.trast, under the eonrì.itions

deseribed by ðo* et a1,5 (tooo for 5 hours), the rnajor pro-

d.uct,,isolated fro¡n the reaction was cholesta-3r5-diene &3

{l+Sl, rvtrose Ìr."ve speetrum rvas Ídentical u¡ith the reported
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data ( u.v. No,2 ), a weak vi-nyl C-H stretching band at 3OZO

ca-L which does not shorq in the i,r, spectra. of other 5-

cholestene delivatives was visible in the spectrum of 45

( i.r, No,lO ), This product gave the expeeted molecular ion

deternlne€l b'y mass spectrun for cholesta-]rJ-diene. Another

prod,uct recovered froro this reaction were cholesterol (ZZ\

and a small amounts of starti.ng materia,l (¿t¿t). fn thie reac-

tion, the addition of metTrylene to tbe 5r6-double bond. was

again not successful, since the elimination of the hydrory

gronp apparently proceed.s faster than the addition reaction,
The greater reactivity of the B-norsteroids is consie-

tent with tlre enhanced rate of, methylene addítion to tri-
substituted cyclopentene compared to the eorresponding cyclo-
hexene as shoïrn by the ra,te nea,surements of Chan and Rickborrrl5"

Because of the relative difficulty of preparing Y-
hyclrory-5e6-unsatura,ted steroide 4&, it was hoped. to take

a.d.vantage of the establishecl ketalízatÍon of the steroidal
ll-en-3-one system to plaee an oxygen atom in the 3-axial posi-
tion of a steroidal 5-ene, Treat¡rent of 3-ethylene acetal of

5-cholesten-3-one (þ1) with the Simmons-Sinith reagent in re-
fluxing ether garre no cyclopxopane containing products as

d.etermined by pelÌl.ro spectrornetry a.ncì. only starting materi.al

wa,s recovered. Prolongation of the reaction peroid (6 cÌaye)

d.id not improve the additi.on of r*ethyrene, b-trt deetroyed the

3-ethylene acetal function as shorrn by the p"B,r" spectrrrm of



29

tho crude reaction product with comparison to that of 5r6F-

dlhydro- 3rH-eycLopropa (S,A) -Jd-chol estan-3-one ethyl ene acetal

(l+6) ( p.m.ro No,B; i"rn NonB ) preparecl from the ketone (33)

by lceta, Lizati on &5.

Of the C, oxygen substituted 5-cholegtene derivatives
(ZZt 28, l*Oo&t, l+l+ r47) studied only the Jd-hydroxy function
(2S) has been capable of effectÍng the addition of the iodo-

methylzinc ioclide reagent to the 5r6-double bond.i It has been

suggested 7 tnut honoallylic alcohols, unlike aIIyIic alcohols

reaet ¡vith the iodomethylzinc iodide reagent pr-ior to methyle*

nation. If it v¡ere the corlect ¡nechanism by which methylena-

tion took place with ggi-eholesterol (28), then accelera,tion

by other C3 oxrgen eubstituents ( 27, l+0r l+1r 44, Ll7 ) would.

be ruled out. Thls proposal is consistent vyith tite r¡nreacti-
vity of 27, l+ar bl-r 44, anct ll7 to tire iodomethylzinc iodide

reagent 
"
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ïfaes spectrometri c fraqrnentat ion of 5'6þ-dihydro-3?Ëi-cyc1 opropa
(l 

" 
6 l-5{¡-cholestane dqrivat ives

The mass spectrometric fragmentaticn of steroids has

become of primary importance in the structure determination

of lanown and rrnlm.own compouncls. The mass epectra of eight

5 ? 6 p="diyd ro-3 I ä- cyel opr olra (¡, e ) -5(- cho I est ane cler ivat ivee (29 ¡

33r 35n 361 42r 43, and ¿¿6 ) were recorded, their major

fragments a,re listed in Table 2. In most caseÊr the basic

fragmentations were simila,r, including the [** - oIi3J, [tto - IIOR'J

[u* - nJ, hro - R - HoR,J, [u* - (n + u"')), [on* - HoR'

(R + I+2')), ltno - (ring.a. + rins B)J t*/" 2t+7), and [u* -
\

C6Hf oORt ) M/e 301) ions as ehorflr in the follorring structure
(tra ¡ .

R=

The formation or [,t* - ciIjJ, luo - r{on, ], [u* - n], and.

[tto - (R + ¡+2)J ions a,re well larown in steroidal derivatioen&6,

The presence of m/e 3of (Scireue XII) and m/e 2I+7 (Schene XIII)
ions may arise mecJranistically as foLlorvss

eHz



S
eh

em
e 

X
II

-o

^/
u 

3o
L

ls
)

¡\
)



33

Scheme XIII

R30

-e Þ

.rr'q;
ç-

Besid.es the general fragnentation processes ilentioneC.

above, a fev corrtpounds show charac.teristic fragrnentatious" The

spectrua of 37 ( m.s. No.J ) shov¡ed a rveak niolecular ion pea.k

which Ís characteristic of compouncls of this typ* &2" Strong

and. n,oderately strong signals at mfe 3B3e 399g &oo, 4t3o and

429 vexe observed.o these ions are formed fron the followång

routes sl¡ei.lar to tho¡ie for bis(eyclohexory)mettrane &2 (Scherne

XIY).

d\
m/ e ?b7



*

- HCFio

Hec=9
n/ e 383

0

-c[z

I(t.
r.

tr{o
J.
tx.

-HCHO

iv

I

n/e 4t3

n/e I+29

^/u 399 m/e l+oo
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The

ing

m/e 329 signal

f rag:lentation

may arÍse fron the rn/e 383

of the hydrocarbon structure

ion by the follory-
(Sche¡ne Xv).

Scheme XV

Y
.dry

m/e 383 m/ e 329

The ethyl ether (l+") ( n.s. No.6 ) has n/e 329 Íon

which also arieethrough forruation of the same m/e 383 ion
(schene XYI),

The presence of wfe 3?.g ion in the spec'trwn of 35 ( mos"

No,3 ) can not be rationalízed. by this processese eÍnce there

is no posslbili.ty of formÍng a, mf e 383 Íon in st¡ucture 35

as is possible ryíth struc'ûures 37¡exrd, 42"
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Schene XVï

ø

-CH.,

H30rr2cg ''

- HCHÛ

m/e 329 m/ø 383

," For the ketone (331 ( m.e. No.Z ), formation of nfe 3Zz

ion may be derived from a modífication of the fragmentatj.on

of sonie saturated 5d-3-keto steroid.s þ7 (Scheme XVII). In
both the spectra of the 34- (Zg) ( m"s. $oot ) and 3p- ßS)
( mos, No,3 ) alcohols, the nrrle 327 ioir may arise by a sini.lar
route to the ke'¡;one (33)o

'n
^r-()Ö YrÅ,

É
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Scheme XVII

,d -e d
I

,d
v'

Á

al ø 327

Fragmentatfon of 46 ( m,e" No,B ) was sinrilar to that of
the saturated. steroidal 3-ethyrene acetal * 4?, They ehowed a

moderately strong molecular ion peaks and an extremely strong
eignal at m/e 99 corresponded to l$),r,2 which hae been

uho** &7 in saturated steroidal acetale to aríse from the
following proceases (Scheme XVIII). This ion ís also coÌnillon in
the spectra of some Cr-unsaturated steroiclal 3*eth;,Lene acetal"&8,
The m/e 125 and m/e ï.12 ions reported &7 ,o" saturated. steroidal
3-ethyrene acetars ç¡ene not observed in the specÈrun of b6,
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Scheme XVI I_I

¿
OJ(//
VO

.n/ e 99

I,fetastable ione ( tabte Z ) with rnoderately strong
inteneities lvere observed in the spectra of zp and of Ll3, These

coryesponded to the elir¡Ínation of rzater from the alcohol (zgt
( *t = l+0or þ = 3Bz, ** = 365"5 ), and. of acetÍc ecld fron the
acetate (¿+3) ( *, = \h2, ^z = 3Bz, *o = 33a"3 )" À very veaïc

setastable íon was also seen ín the spectrun of the ethyr
ether (l+2) r corresponding to the loss of etha¡rol fro¡n b2

( tt = 4zB, ^? = 3EZ, ** = 344.5 ).
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cyc I opr opa h, 6 J -5cG c.lr o I e s tgng Èe r iva, t i ve s

Proton magnetic resonance has beeir employed in differen-
tiation of isomers in steroidsl'g. Chemieal sl:rift d.ifferences

between epimers are generally not great and ín nany cases both

isomers are recluired for conclusive assignments to be made,

The fact that diaxial vi.cinal coupling oonstants are mueh

grea,ter than diequatorial or axial-equatorial couplirrg5o ,

also can he used to a,ssign configurations to steroirfal epiiners.

In general, when an electronega,tive substituent Ís attached to
the steroid fra,mework, the gernina.l proton is found dovmfield

free fron the satrrrated. C-H region of the spectrum, However,

such a proton will usually be adjacent to severar otirers and

will give rise to a broad band in which the number of crosely
spaced lines due to spin-spin coupling are not read.iry dis@r-
nible. The width of such a band, nea,sured. at one-half its
height ( tratf-wicÌth o" w1/2 ) 35 rvitl refl-ect the magnitude of
the vicinal coupring constants, Thusr &n axiar proton, sprit
r'y adjacent axial ( J4 Hz ) and equatorial protons ( J*z Hz ),
should give rise to a rauch wicler band than aÍÌ equatorial proton

sprit by adjacent axial ( J-2 ilz ) and equatoriar protons
( J-2 Hz ). The utility of half-¡sidtÌr in assignnent of stereo-
chemistrf in steroids has been denonstrated. 35. The half-rvidth
of the band.s due to equatorial proton coupring is 5 - L0 i-Iz,

while that for å,xial proton coupling is 15 = 3o \rz, These cor-
relations riere applied to the spectra of 5r6p*atnyciro-3tI{-cyclo*



.|+O

propa (Sre)-Sl.-cholestane derivativee ( see page 23 ) " The

reeults further refleeted that the eonfiguration of the cyclo-
propane ring at Cr-C6 was d in all compoirnds"

The presence of a cyelopropa.ne ring was also established.

by p.m.r, spectro aetry based on its characteristic high field
protons resonance 33. The spectra of the 5r6þarnycro*-?eH-cycro-
propa(Srü-Sn-cholestane derivatives ( p,moro No"l -B ) showed

that two protons appeared in the region of î= o.0o - 0.50 ppñ,

since the cyclopropa,ne ring should give rise an .å.BC eystem (l+g')

in these derivatiyes, there was an additional cyclopropane ring
proton rrhÍch was obecured þ the methyì.ene-envelop and further
identif ication was preyenÍed,

t+g

Ðxai:rina'øion of the patterns of peaks caused. by the cyclo-
propa¡re ring protone in the epimeric pair of alcohols (29 and

3Ð and acetates (36 ana 4¿3) showed that the ehemical shifte
of these protone were etrongly dependent on the conformation

as well as type of su'bstftuents 5t at ca ( Table 3 ).

-.-¿BC systen
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l+z

The 3d-( axial )- substituents exerted a stronger cieshielding

effects on the cyclopropane ring protons than dicL the 3pt equa-

torial )- substituents. This effect applled to e¿rch cyclopro-
pene ring proton to a different extent and ga,.rre rise
to a einglet in most cases of the 3d-substituted. compound.s and

a complex multiplet in the 3p-eubstituted. seriee, The 3-keto
and. 3-ethylene acetal groups showed an intermediate effect
Detween the 3{- and 3þ- series on the cyclopropane ring protons
( rafte 3 ),

This deehieldfng effect is very untikeÌ.y to be clue to
inductive effects which ugtrally give a difference of several
ppm in magnitua" &9. rn aLl compou:rds the cyclopropa.ne rlng
protons a,re separated by five 6 bonds frorn the Cr-substituent"
rnductive effects are negrigible through five 6 bonds, The

moet obvious factors that ¡aoulcl eause paipamagnetie ehifts of
cyclopropane ring protons in the 3d:substituted d.eri.vatives

were steríc dietortion and. the long range magnetic anisotropy
effect. The magnitude of these effecte ls dependent on üre

angles a,nd distances involved. Thie r¡ay account for the diffe-
rence in che¡nical shifts and. patterns of the cyclopropa.ne ring
protons ln both seriesn
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L!3

Ilnless otherwise stated the follovring instru¡ients and

procedures have been used

ìlelting points were earrÍed out on a, Thonas-Hoover capi.-

Ilary apparatus and are uncorrected" Optical rote,tions rvere

measured in choloforn solution on a Bellíngham and. Stanley

( tfodel A ) polarimeter ( concentration raltge o.I+ - l,S % )

in a, L dm tube. fnfrared spectra Trere d.etermined on a Eeck-

ma"nn lfod.e1 I Spectrophotonreter usíng 2.5 /o soluti.on in carbon

tetfaehloride. Áll infrared spectra ryere calibrated at 1603

"r-1. 
Proton magnetic resonance spectra were taken on a

Taria¡r L56/6on' instrument usi.ng deuterochloroform as solvent,

with a¡rd without tetranethyleilane as an interna} standard,,

Illtraviplet spectra rrere deternined on. a BecIffiarm DU }lode1

2l+OO Spectrophotometer using 1 cn silica cells. Lf;ass spectra

were recorded on a A.E.I. IJS 12 instrument by the Ghemistry

Department, U'niversity of .ALberta, Edmonton.. Elemental

analyses TÍere performed lry Pascher a.nd _Pasehel, Ilícroanalytica}
Laboratory, Bonn, llest Germany, Petroleum ether refers to the

fraction boiling within the range of 600 to B0o, Thin layer
chronatography rvas carried out on silica, gel coated glass ptrates,

developed. with L0 - 25 f, v/v e'thg!. acetate in-pe-lroì.eu¡r ether,
vÍsulized hy spraying with ¿t f" o/n concentrated sulfuric acid

in ethanol foltowed bry heating at approxi.nately 3.00t). Si1ver

nitrate treated plates were prepared þ spraying the above plates

rvith 0,1 N silver nitra.te ancÌ drying at Lo0o for 3o minutes

before üsgo



Ltu

Simmons-Smi th react i on

Zinc-copper couple:

A 1.85/, w/w zinc-copper couple was freshly prepared

essentialry by method. of LeGoff6 as forloTi,s: zinc dust (15

nunoles) was acì.ded to a hot (¡atfr ternperature 13Oo ) stirred.
solution of copper acetate monohydrate (0.28 mmoles) in gla-
cial acetic acid (Z rnl). The rea,ction container ï¡as quickly
removed from the heat and excess acetic aeid renoved by

pipette. The residue was washed rvith acetic acid (2 ml) rorlory-
ed by dry ether (3 x 20 mI) to remove excess acetic acid.

Iodomethylzinc iodide reagent ;

To the freshly prepared couple in dry ether (ZO mt ) was

added dry diiodomethane (10 mnoles), rlcpo 5-60, d.ried. or¡er

molecular sieves 4L, in dry efirer (lO mt), Refluxing usually
occurred. spontaneously and the reaction was refh:xed for 3o-

60 minutes,

Reaction with the unsaturated steroid:
The dry steroid (r nmore) dissol-ved in dry ether (to,-25

nl) r/as ad.ded to the reaction mixture and refluxedo In reaction
carried out ¡rith a steroid containing a hydroxyl group, the
steroid ivas adCed dropwise over 20-30 minutes ryhile e-ther was

distilled at a rate srightì.y greater than the addition, Dry

ether rvas added if required to maintain the Ìrolume,



t+S

Reaction rvork-up:

The reaction mixture was poured into excess saturaterl
aqueous sodium bicarbonate a¡rd the resulting slurry extracted
with ether, The ether sorution was washed with ¡vater, brine,
dried over a,nhyclrous sodium surfate, filtered and evaporated

a,t reduced pressure to give the crude reaction product.

epi-Cholestorol (28)

epi-cholesterol (10 mmoles) Fas treated. as d.escribed

a,bove and small aliquots removed and rvorked up at intervals.
T.loc. on sí02/AgN03 prates inr:lica,ted no starting material
after 6 hours" Reactions run up to r"B hours gare anarogous

resurts. ctrromatography of the crucle reaction product on

arumÍna ga,ve on elution with petroreun etrrer a fraction (806

ng) which on crystalli zation from ether yielded bis(5r6p-dihy=
dro-3 rH-cycl opropa[5, 6)-5<-.horesta'-3{-oxy)methane (32) .

RecrystaLlization gave ZB/ mg: m.p, ZzL-Zottd]33 -þoo ,

i.r.Ì{o.5 V***: 3060 (cyclopropyl C-H stretcÌring), .|OZZ 
",n-1

(c-o stretcjring) ; puln. rn lüo, 5 5 z I+ "6\ (za, singlet, f orinal

protons), 3,ga (zt-1, unresolvecl nultiplet, w!/2 = /,o Hz, Ç3

equatorial proton) e 1.0¿t (singlet, cl9 metiiyl protons), o.60
(singlet, CrU methïI protons), 0"4r5 pp¡n (ZA, single-b, cyclo-
propyl protons) ; m.Ê. No. J m/e z BLZ ( li+ ),
Änat. Catcd. f or C57H96OZ i C, Bl+.td i H, LL"89.

3 C, 8l+,Lz í H, Lz"1_0,FouncL



t+6

Residue fron the nother liquor was recrystallizecì. from

methanrol to yield 3{-ethory-5,6\-d.iiryclro -3'rl-cyclopropa I S, e J-
5d-chotestane u+z)(66ms) : m.p. :-Lz.5o i [ "]33 -Lúo ; i.r.No.6
Tr* : 3060 rro-1 (cyclopropyl C-ä stretcì:ing); p"nor. No. 6

[ ; 3,76 (1H, unresolyecl tripletroverlying quartet due to the
methylene protons, wL/Z = ? "5 Hz, c3 equatorial proton), 3.60
(2n, quartet , J = 7'.0 Hz, ethoxy methylene protons)r 1.13
( singlet, Cry rrretirrl protons ) , 0,66 ( singlet, Cr, methrl protons ) ,

ò,&5 pp,o (?H, broad. singlet, cyclopropyl protons); m.s. IVo, 6

m/e z I+28 ( ÞI+ ).
Ånal. Calcd. for CrOHrr0

Found

Bb "zl+ t

8l+"05 t

12,01 .

12.21 
"

t{t

H,

!Cn

' ul

Elution of ttre colt;¡ur with 5f, v/v benzene-petroleum ether
garre 5, 6 þ -citryd ro- 3 | H- cyct opropa (5, e)-5(- cho I es t an- 3d-yr ace tat e
(lÐ) (¿l2o mg) recrystallized froiir nethanol : nop. 131-20 ; mixed

nerting point was not depressed. and the i.ro spectrum (rBr) was

identical with the acetate of 29 (see page 50).

Erution of the coLumn rvith benzene ga,ve 516p-eiirycl.ro-3!lI-
cycl opropa (S rA)-Jd-choleste&-3d-*o1 t}g) (Z,4 g¡ , recrystat I ized
frorn a,cetone: rn.p. 1zo-1o t [dJ33 -650 ; i,r, No.l vn-* : j60o

( free 0-Il stretching ) , 3060 ",n-1 
( cyct opropyl C-lI stretc"¡ing ) ;

p.tlr,r. No. 1 á : þ,00 (1H, rurresolved rnyltiplet, w1/2= 7.5 fr2,

c, eeuatoriaL proton), 1,05 (singretr- c* methrl protons), 0.61
(singlet, cruraeihtsl protons), 0,50 ppn (zH, broad singretn
cyclopropyl protons); n.s. No, ! mf e ; llOO ( ¡,i+ )"



4Z

Ana,l . Cal cd. " f or C'UH4U0 : C ,83 ,93 i H, LZ .07 ,

Found. : CrB3.Z)+ í H, Lz,oZ.

In some experiments the aleohol (Zg) could be crystalLized
from aeetone directry from the crude reaction product in 5o/"

yield.

Cholesterol (27)

Cholesterol (7"2 g) was subjected, to the Sinmons-Snith

reaction under the sa,me condÍtions described for 28. Chroma-

tography on alunrina, gave on erution with 3 : 1 vfv ]oenzene-

etheroa fraction (772 ng¡ which r¡as recrystatlized from nethanol

3 m.p. 1&Bo ; mixed. melting point rvith starting material wa,s

not depressed ; i.r. spectrun ryas identical rvith cholesterol.

Cholesteryl acetate (l".ltI

Cholesteryl acetate (1"28 g)runcler Sirunons-Smith condi-
tions as for ?Srgave a crude reaction producti'¡.hícþ sh.owed a,

major spot corresponding to the starting material on t.l,c.
RecrystaLLization from nethanor yielded &lt (9z6 l¡.g) ! Fr.p.

L12-3o; nixed. meLting point with starting materiar ryas not
depressed. and both shorveá idejntical i,r. spectra.

The reaction r¡as also earried out at 75o for 18 hours

on 4tl¿ (1"7 g). The crucle prod.uct again shovred a major spot on

t " I " c" Chromatography over alumina on elution vi th 5-30/, v/v
benzene-petroleun ethergave material (f g) ivjrich after crys_

tallization frorn methanol sho','ied no clepression on mixed rlelting
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point lvith l+l+. T?re i.ru spectrum of the cor,rpound. recovered rvas

identical with þl+.

Cholesteryl acetate (t.5 g) was subjected to Simmons-

smith reaction at 1000 as described. by Sorm et al.5. The crude

reaetion product shoived three major spots on tnl.c. Chrornato-

graphy on arurnina gave an elution with petroreum ether a frac-
tion (586 me) lvhich on recrystaLlization from acetone yielded

cholesta-3rJ-diene (&Sl : m.p , ZB-go ; [*]fr3 -560 ; i or.
No" 10 y-^-, z 3020 "*-1 

(vinyl C-H stretching); u..yn l{o,2- max
\ hexaneAmax . ZULv (e 11,0&o), 237 (€ 18,700),2?9n'¡¡,(e 1J,BB0);

n.s. m/e t 368 ( l,i+ ).
Etution with benzene gave a fraction (93 ng) lvirich vas

identical rvith cholesteryl acetate (&¿r) by t o I. co ârd i,T.
spectrum.

Elution lvith lj : I+ : 1 vfv benzene -ether-nrethanor gave

cholesterol (27) (3f5 ¡1'¡ rvhích rvas recrystaLlizecì. fron rnetlianol

3 m.p. 1l+Bo ; no depression on mixed. nrelting point rvith choles-
terol was observed ; i . r. speetruln was iclent i cal with chol esterol .

epi-CholesterL! acetate (l+7)

ep:i-Cholesteryl acetate (992 r;.g) \yas subjectecl to Sirunons-

Smith reaction uncler the conditions clescrÍ'l¡ecl for 28 but lvith-
ou-b distillation. The starting material rrras recoverecl (672 :r¡.S) i

mopo a4-5o ; inixed melting point ryas not d.epressed ; i.rn
spectrun of the ntother liquor indicatecl the abseirce of met¡y-
I ene-add.iti on proiluct .
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3d-Ilethoxy-5-ch oI estene (lpO )

3(-tiethory-5-cholestene (3a9 r¡*¡ subjected to Siru,rons-

Smith reaction as for 28 lyas recovered (333 ng) : m"p, l¿t+_6o;

mixed melting point rvas not d.epressed.; ioro spectra lv.ere

identical o

(-Cholesten-3-one etÌrylene acetal (¿+f )

5-0horesten-3-one ethylene acetal (1.29 g) was subjected
to Sirnl',rons-Snrith reaction as for 28, the crud.e starting uaterial
recovered (955 rnl) on recrystaLlizatÍon gave 6JZ ng I !nop,

t3t-zo,
The sa,ïe reaction ivas carried out for 6 days. The start-

ing material TÍas recovered. (311+ rng) : m,p. 131-Zoi porì.rcro

spectrurn of the mother liquor sholvecl iro signar at 3.26 pp¡n

corresponrling to the 3-eilrylene acetal protonso
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-D ro-l t cl onro 6J -5d-efrolegtan-3d-yl acetate (l+

5, 6 F -Díttyd ro-3 c H-cyc 1 oprop¿r, lJ, 6)-5 d-cho I e stan- 3d- oL (29 )

(1&z mg) wag acetylated in pyrÍdine acetic anhydride ( z z L ),
'.ô.fter standing a,t rooa temperature overnight the rea,ctÍon rÍas

Boured. into ice and lzater and extractecl with ether to give a
crude reaction prod.uct which shorzed. a singLe spot running
faster tha,n the startíng material on tolnco anatrysís. Recrys-

tallization from methanol afforded il-re acetate (Lr3) (fZ5 me) ¡

m.,p, l33ot [*J33 J+4o ; i,r" Nou Z V*.* : 3060 (cyctopropyl

C-H stretching), 1730 ( acetate carbonyl stretching ), lZgO-

1180 "*-1 
(acetate C-0 stretching); p,mor, No . Z 6 t J,OU

(ZU, unresolved triplet, \ïl/2 = 7 "O Hz, Ç3 eq¿atoríal proton),
2,00 (3A, singtet, acetate rnethyl protons ) , 1 

" 
06 ( singlet,

cry raethyl protons)r o"62 (singlet, cl3 ¡aethyl protons), o.40-
0.1+.6 p¡:in (2H, multiplet , cyclopropyl piotons); ûloso No.Z

n/e ¿ Þt+z ( rt+ ).
.Anal. Ca,Icd. for C3OH 

5OOZ

Found

81,02 ;

Bl ,13 i

lL "79 .

71"52"

FIt

H,

iC'
!C,

5' 6 P-Dih;¡cl r o- 3 r H- cvc I opropa (5, 6) - J (* cho r e s tan- 3ù¿- o I (zg )
(z;35 g) rras clissolvecl in acetone (250 nl) ancl oxidized with
Jones reagent 36, The cruce procluct showecl one faster spot orr

t.1.c' Recrystarrigation forr¡ methanor afforded, z,z g z

mop, llJl+o ; (d)ß3 -1oo ; i,ru Ho,Z v** : 3060 (cycto-

d*choles
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propyl C-H stretching), L715 "r-1 
(carbony} stretching) ;

prtnero No.Z 6 : 3,0t+ (tR, pair of cLoublet, J = 1 ancl L6 Hz,

C4 methflene proton), L.28 (singlet, ,rg netiryl protons ) ,

O.65 (singlet, Clg methyl protons), 0"33, O,1g ppm (ZH, unre-
solved multiplet, cycloprop¡rl protons); rr,so No.2 m/e :

398 ( ¡t+ )"
Anal. Calcd. for C'UH450 í i{t

iHr

3 C,

3C,
BI+.35

8l+ "46

1'1,,63.

L1-,91+ 
"

6{-ue ttry!-&-ciio t es t en- 3-one_ ( 3I* )

The ketone (33) (e6O mg) rva,s treated with glacial acetÍc
acid (30 nr) containing 6o/' w/v percholrio acid (3 mr) ror
15 mÍnutes on a.n oil bath (temperature L00o). The reaction
vaË cooled, pourecl into water ancl extracted with ettrer" The

crud.e prod.uct rras recrystallized frorn nethanol to give g!
(11+o mg) 3 nrrp , 125-60 t [n] 33 (dioxane) + 610 ; i,rn Noo

9 Vro** , 1675, L63o "*-1 
(conjugated. carbonyl stretching) i

rroyn trlo,l \ l:Ë"tu z z3t run ( ( t1sroo).

5. 6ê-Ði4v.1".o--3jll-cv_qlj,pærr- [5- 6J,- 5(-p]rol e=t^n:-3;oge_ethyt erre

acetal (¿t6 )

Found

The ketcne (33) (300'mg

benzene (50 mf ) and eth.yl_ene

mixture for 4rO minutes with
sulf onic a.cid monohydrate (Z

) rsas ad.decl to a mixture of
glycol (f rnf )" A.fter ref lux of the

a Dean-Stark a,pparatus r p-toluene-

ng) was aclclecl, a.nd. refluxing
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continuecl for a further 3 hours. The resulting nixture lyas

wa,sÌred rvitÌr excess saturated sodium biearbonate solution and

r'rater" The benzene solution üas filtered through anhydrous

eodium sulfate ancl evaporated, The crucle reaction product

(328 mg) shov¡ed a sirrgle spot on t.I "c, Recrystallization

fron methanol gave lt6 (300 mg) : m.p, 1IZ-B}; [dJ îU -too i
i,To Noo I Vr* z 3O7O (cyclopropyl C-H stretctring), 1090 

"r-1
(C-O stretching); p.ri.r, Non I 6 z 3r?6 (llH, singlet, ethylene

acetal protons) , l.O9 (singlet, Ç...g methyl protons), O.62

(sing1et, CrU methyl protons), 0.4.5-0,36 ppm ( ZH, multiplet,
cyclopropyl protons); il1.s. No. B n/e ¿ 4l+Z ( ,li+ ).
.Anal" Calcd" for C3OI{5002 C, 81 "l+5 ;

c, 8L,69 i

5-éÉ -!-ilrydrp- 3ll- qrç- oiry op¿- (5, 6 I - 5 (- clro I e s t an ^36 - or ( 3 5 )

The ketone (33) (800 mg) amd Iithiun tri-t-butoryalu:ai-
niu¡r hydride (560 ¡re) in ci.ry ether (BO mI) vere stirrecl at
room temperature for 20 hours. the reaction r¡rixture wes poured

into saturated anrnonÍum chloride and extracted rvith etlrer.
The crude resid.ue sLlowed tÌ:ree spots on t,r"e. vhich after
colurmr c}ìromatogra.phy on a.Iu¡nina 'rere separatecl" Elution of
the colurur with 20-40 f" o/o benzene-petroleu,r ether gave

sta,rting material (33) (f95 me) s mixed nelting point l¿lko í

id.entical i.r. spectrum with 33.

Elution wittr 5O-1OO f" v/v lrenz-eire-petrcleun etirer ga,ve

5, 6|-clthydro -j'H-cycl opropa (5, e)-5{-choIesran-3d-ot (Zg )

Found.

H, 11 ,31.

H, 11 ,2L "
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{88 ng) : mixed ¡celting point 120-Lo i i.r. spectrurn ïyas

id.enticaL to the previous compound (Z9l 
"

Elution with 2-t5 d" u/o etÌ:yl acetate-benzenre gaTe 5r6P-

dihydro-3rH-cyclopropa (S re)-Jd-ctlolestan-3p-ol (3il (500 lug) "

Reerystallization froti petroleum ether yielded_ ueedles (1¿Sg

ng) i ru.p. L55-6o t (.¿) 33 -5zo ; i,r. Ifo. 3 v*** : 36oo

(free 0-Tl stretching), 3060 "*-1 
( cyclopropyl C-II stretching);

p.ril.ro Ï[o, 3 $ t 3.?o (1H, nrultiplet, wï/z = Zl ïLz, c, axial
proton) , 1.16 ( singlet , Ct9 metÌ1vl protons ) , 0.60 ( singlet,
CrU rnethrl protons), 0,,|+l+-0"00 ppn (ZH, nrultiplet , cyc\opropyl
protons,); rr.s. l{o"3 nr/e ¡ lpOo ( },f+ )"
.AnaI. Calcd. for CagH¿oA0

tr'ound.

: C, 83"93i

: C, B3"B5i

H, L2.O7 
"

iI, LL,96.

a cetate

The a,lcohoL ß5) (Z5O :rr.g) äas acetyla,ted in dr;' pyricLine

acetic anhycl-ride by the sa,ìne metl:lod as cc,npound l¡.3. The crud.e

reaction produet shorzed a single spot on t.I.c. Recrystallisa-
tion fron metl:ra.trol yielded tlre acetate (36) (450 ms) 3 Ëtnpn

117-Bo þq33 -53o; i'r.i'io. Lt'Yror* r3o6o (c¡.croprop¡'r

C-H stretciring), 773O (acetate carbon¡'f stretcl^,ing) , i*Z3O 
",o-1

(acetate C-O stretehing) ; ponuro il-o"& ó : ll"Bll (1H, broac-l

¡rultiplet, lVl/Z = ?3 Hzt C, axial proton), 2.00 (31t, singlet,
acetate nethyl protons) , L.12 (singì.et, cry rnethrl protons),
O,62 (singlet, Cr, nethrl protons), 0.36-0,20 ppn (Zü, rnulti-
plet, eyclopropyì- protons); m.so No. Lp rt/e t t+t+Z ( li+¡.
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Ánal . Ca.lcd u ror C36IO5OOZ

Fou¡rd

81,02 i

81 "09 g

H,

H,

c,

c,

71.79 '
11 .81 ,



IVO SPECTRA



r0
0

,:0 80 to ó0 50 ¡0 30
.

?0 l0 0

: 90 €o 70 óo 50 .o 30 20 t0 0

w
^v

¡N
U

M
iÊ

t 
c{

r

Jó
7¿

9t
o

w
^v

tlt
N

cI
H

 
rñ

 a
¡(

¡o
ñ!

ïn
f,r

ar
ed

. 
sp

ec
tr

um
 n

un
bo

r 
L.

I tæ w to d s lo æ to o

\J
(

\¡
r



ræ 90 ô0 ,o ô0 50 ¡0 l0 70 t0 0

,Ë :,t I

,r
-

""
1_ ,.L ."
l-

.o
L I

?o
 l-

-

I .t
' 

5 
ó 

7 
I 

9 
tO

w
^v

É
ltñ

G
It 

¡N
 M

tc
¡o

N
s

ïn
fr

ar
ed

 s
pe

ot
ru

m
 m

rm
bs

r 
2"

\J
( o\



ro
0 90 r0 70 æ 50 .Ô 3¡ 20 ¡0 o

w
aw

xu
ril

l 
cå

'

t 
ê 

t 
r 

I 
lo

w
av

ttl
ñÙ

ln
 r

n 
¿

rc
ro

Ñ
:

ïn
fn

ar
ed

. 
ep

eo
tr

un
r 

nu
m

be
r 
j.

tæ 0ù s rc @ I & s rc to 0

t.¡
r

\l



tæ 90 80 70 ó0 50 ¿
0

30 20 t0 0

w
av

tN
U

A
tt¡

 c
s

67
u9

to
w

^Y
ftt

N
cT

n 
rñ

 H
tc

to
N

r

In
fr

ar
ed

 s
pe

ct
ru

m
 n

um
be

r 
l+

u

i:_ l- 1,
" l* t:

\J
I

c0



,a
 I

tr
I

,a
l

/0
 I I

,"
I ;:i :l ic

l-r '*
r :t -f ,,F ,a
I :t 1¿
t¿

9t
o w
^v

tu
r¡

el
n 

[{
 

st
(k

or
i:

In
f 
ra

re
d 

sp
ec

tr
ur

n 
nu

nb
er

 5
.

Lr
r

\o



tæ w !0 to æ 's û æ
.

æ
.

r0 o

o\ C
)

rf
,*

F

-L
**F ;:I .I :F -l- :,t I

O
F

In
fr

ar
ed

 s
pe

ct
ru

m
 ¡

ru
m

be
r 

6.

67
w

^v
ttt

ñc
tH

 r
N

 M
¡c

to
N

3

;i L
co

L

,.1
-

I -[ :F ;I .t



,,J
Ë ""
f

,r
l- ^f 'o

 l- ::f

rq
,

90 60 ó? ,o a0 Ð tu l0 o

ttr
!9

to
t^

¡t
il.

È
tñ

 
na

 ¡
{¡

-d
¡.

¡

In
f,r

a¡
re

d 
ep

ec
tr

um
 n

um
be

r 
7.

r0
0

t0 a0 .C l0 to 'o 0

o\ t-
,E



,*
F -r -f ..I ::I ,r
l-

,r
l- :I

r0
0 90 80 70 óo 50 ¡0 30 ?0 t0 0

w
^w

N
u¡

¡r
l 

cå
l

t6
ra

gt
o

w
av

ftl
N

of
x 

tñ
 r

¡c
to

N
s

ïn
fn

ar
ed

 o
pe

ct
ru

n 
nu

m
be

r 
I,

9ù a0 @ tc lo t! r0 o

o\ Iu



t

Ê
I

E
J

I
E.

{t>l
fÈzlÌt

Ì_

o õ ä B è t I ; s sl ã

Þ-l
Þ
þ{¡
þt
ortut
B, ã";
@¡t¡J ioä
f) ã!
r+
r.J

6
F'

\o
o-

e9



,*
F ":
I

,a
!

óo
 l- I ..t ,.1
-

"l- .I 'i'

-e
rr

É
.@

(¡
¡,

F
.!u

w
aw

N
ua

ltt
 c

rl

t0
0

90 t0 70 ó0 s ¡0 30 20 t0 0

ïn
fr

ar
ed

 s
pe

ct
ru

m
 n

um
be

r 
1,

0.

67
w

A
vf

É
N

G
tH

 t
X

 i
lC

tO
N

s

o\



'v(6 o P
r o ¿
Q do Ê
q ç{ o

Lõ U
\

3o
r 3o

z

vt
/o

M
as

s 
sp

ec
tr

ul
l n

um
be

r 
1.

50

o\ .\^



/, of Base Peak

<- \4
o

Þ
@
@

m

'F{o
o
e+¡"JÉ
Ë\Ëo
u
bt

cto
t,

¡u
o

99



d

50 o\ \¡4
w

/e
ïif

as
s 

sp
oe

tr
um

 n
um

be
r 

3.

22
? 

2t
+

5,
?'

07

id d O F
{ o (0 d .ñ q-

,1 o
hO Ë

\



0 ll
H

3C
-C

-

M
ae

s 
sp

ec
tr

um
 n

um
be

r 
llu

30
0

m
/e



0 
-c

H
z-

 O
 .,

37

lv
la

ss
 s

pe
bt

ru
rn

 n
um

be
r 

5 
(c

on
tr

d)
,

o.
\

\o



I+
d

w
/0 e

m
/e

U
ae

s 
sp

ec
tr

un
 n

um
be

r 
5"

81
2(

xl
00

,)

85
0 \I o



H
5C

20
'.

n/
ø

lv
fa

ss
 s

pe
ct

ru
m

 n
um

be
r 

6.
\J H



H
3C

-C
-0

.'
0 ll

3o
o

^/
e

M
as

e 
ep

ec
tlu

nn
 n

um
be

r 
Z

.

3o
z 3o

r

t+
S

0 \,t tu



F
V cd 0) Ê
i o tþ Æ

o
tt-

t o e

d

30
9

w
/e

sp
ec

tr
um

 n
um

be
r 

8n
M

as
s



l0
0c I I

?t
o I t{
dt I

45
6

P
ro

to
n 

nr
ag

ne
tf 

c 
re

so
na

.n
ce

il[

7B

ep
ec

tr
um

 n
r¡

¡n
be

r 
1.

\¡



4

F
ro

to
n

56

m
eg

ne
ti.

c 
re

so
na

ùr
ce

sp
ec

tfa
rm

 n
um

be
r 

2,
\T \J

I



45

P
ro

to
n 

m
ag

ne
tfc

6

re
go

na
Ã

ce

7g

ep
ec

tr
r.

am
 n

um
be

r 
3.

-A
'U

U

\l o\



>
{}

o/
 <

ö

\¡ \¡

F 36

I 4.
tr

eÊ
on

an
ce

 g
pe

ct
ru

m
 n

u4
be

r

*/
A

'Ç
-

0 ll
H

3C
-C

-0

| 
00

0 I
5æ

I ?s I to
o I .,o

45

P
no

to
n 

m
ag

ne
tlo



,^
.*

Å
*^

-

4

P
ro

to
i:

5

m
e"

gn
ee

tlc
 r

es

6

Q
na

À
t

7

oe
 e

pe
et

ru
ur

 n
um

be
r

I ).
\l co



H
5C

2O
 "

Ll
.z

45
0

P
no

to
n 

m
eg

ne
tic

 r
es

on
an

ce
sp

ec
tr

um
 n

um
be

r 
6,

7Á

\ \o



0 ll
H

3C
-C

-0
.',

45
6

P
ro

to
n 

m
ag

ne
tf.

c 
xe

so
na

nc
e

//-

>
-f

lÞ
o 

ct
t

ep
oc

tn
un

o 
m

lm
be

r 
7,

cÐ o



c0

4s
o7

 
--

--
e

P
ro

to
n 

m
ag

no
tfc

 tr
es

on
an

ce
 s

pe
ct

ru
m

 n
um

be
r 

B
"

.,t Õ
ñ F
fl>

z"
o 

G
a

c0 É



LJ
r

X F
.¡ O \¡

p ¿
1 o ts o ûç c+

Ifo
la

r 
A

bs
or

pt
iv

ity
 ( 

€.
 )

o X É o U
J

l-¡ \,t X F o U
J

tlt
ra

vf
ol

et
 

sp
ec

tr
um

 n
um

bs
r 

1.

N o X F
¿ o u)



N o X F o u)

ts Ln X o \,)

M
ol

ar
 A

bs
or

pt
iv

ity
 (

e)

o X F () u,

@ l..
¡,

LÌ
\

H H o u)

U
ltr

av
lo

le
t 

sp
ec

tr
un

 n
un

be
r 

2"

t\) t\) ()

p 1l
r H O
N

lJ
 u

)
tq

o
d-

N +
-

<
) N L¡
r o



TN BIBLIOGR{PET



d¿

Ln J' R. Dyern applicatione of Äbsorption spectroscopy of
0rganic compoundsu Prentice-Halr, rnc., Engrewood cliffe,
N, J" (tg65).

2n E. In. Tomareva, v. P. Koresov, ou.:ìf. i{efedov, ancl }f. slru-
ratove Chem. ,â,bs., 79, 5L3572 (tg6g)"
.å.o I[. Yereshchagin, and S. G. vultfsone Chem. Abs., ß-,
L51g3j :969) .

3, E. ÌT/enkert, Rn ao ltueller, E. Jo Reardon, Jr.n, s. so sa,the,
Do J. Scharf, and Go Tosi, Jo.Àmo Chem. Soco, %-T ZUZS
( L97o\ .

,+" H. En Sim¡rons, and R. Do Smithe J. A¡lo Chemo Soc,, g0,

5323 (1958).
Ho En Simmons, and R, Du Smiflr, Jo funo Chem, Soc., 81,
toz56 (L959r'

5. Jo Joska, J" FajkoË, and Fo So"ro, Goltection czeehoslov"
Ghero. Ç6nrn¡¡1., 33, zo4g (1968),

6" Eo Lecoff , J" Oig" clrem., 4_, 20&.8 (r96le) 
"

7. E. P. Blanchard, and II. E. Si_mnons, Jn .{rn. Cheno Soc,,
86, 1337 (196þ) .
H. E" Simmongn E. Po Blarrchard, and R. D. Suith, J. .Antn

Clrem. Soco , &, 19+7 (196¿l),

8, Bo Riclibor:r, and J. H.-II" Cl:.an, J" Org. Cheur. r j?.r 3575
(t967\,

9. Il. von E, Doering, R. G" Buttery, Ro G, Laughlin, and.

No Chaudhuri, J. .An. Chemo Soc.¡ ß_, TZZI+ (tg56)"

10" P. S. Skel1, ancl R. t" iiooclworilr, J. Âo" Chell, Soc", &.,
trtrge (1956) 

"

1.1. Go irittig, and K. schivarzenbacir, Ángervo ch.orao , 7r, 652
(Le59\,

L2, H, Hoberg, ,Ann . , å, 656 s and_ 695 (t9661 
"



85

L3" S. iYinstein, J, Sorurenberg, and L. Vries, J" An. Chem"
Soc,, 81, 6523 (1g5g) ,

l¿t, Ao C. Cope, S. fitoon, ancl C. H" park, f,. Âtrto CÌrem, Soc,,
&, t+843 (tg6z) ,

15. Jo H.-H. Chanr and Bo Rickborn, J" .{ril, Ohern. Soc., 90,
6t+o6 (r96a),

16" 17. Go Dauben, a¡id G" H. BerezÍn, J, AJn, chernn soco, ü_,
L+68 (t963).

77. Ro Ginsig, and a. D. crogs, J, .am. che¡n, soco, ü^r 46zg
(t965) .

18. s. G. Levine, N. H. Euclyu ancl iÌ. c, Farthing, Tetrahedron
Lett., 15tZ ftg631 .
S. G. Levine, D, ìf. Feigl, and N. H. Eudy, Tetrahedron
Lett. , t+615 ßg67) ,

19. c. D. Poulter, E. c' Friectrich, and so flinstein, J. Aüo
Cher¡o Soco, Z!-, 6892 (tg6g),

20, E. Jo Corey, and R. L. Da,wsoLt, Jo.Am. Chen, Socoe %-,
1782 (1963)o

2t" Jo ¡f. conia, et J, c. Limasset, Tetnahedron lett,, ltrl]-
(t965) 

"

22. S; Sanvada, K. Takehana, and y. Inouye , J. Org. Chent,,

ü., 1767 ( 1968 ) .

23, C. Hn Defìry, Gn [f. Dappen, f.,.L. Eilers, and. R,.A.o Klein,
J,. 0rg, Chern., ?9, ZBt3 (196Lr).

2l+' Eo Po Blancilard, Il. E, sinunons, a,nd. J" so Tayror, J.0rg,
Chern. , å9, 432l (I96il .

25' Ì1" Perraudr €t P. Àrnaucl, Bull" soo" chir¡. Irra¡rce, r5l+o
(L968), No 4t ø

26, ï1. Go Ðauben, P". Lang, and Go H" Berezin, J. 0rg. Chem",
jJ, 3869 ft966) "
R" Rees, D. Po strike, and i'I, sinith, J" lt{ed.. cheu., å0_,
783 (t967),



86

27" P' Turnbull, K' syhora, and Ju Hn Friedo J, .å:^n, chem. soc,r
9.9, I+76t+ (t966\,
Jn J. Sin, J. 0rg. Chenr" , 3?o l/ts (t962).
H. Ìyu llhltrock, Jro, and L. E. ùøennan, J. org, chem,, 34,
1962 (tg6g),

28. l,f. Florkin, and Eo Ho stotz, comprehensíve Biochemistry,
YoI. 2O, Etsevíer Publishing CompanyrN. y. (f968),

29' H. Jn Ringold, lst. Intern. Congress on Hormonal Steroid.s,
1' 3o5 (L96t+) 

"

30' Do Burnr Bo Ellis, Y. Petrow, ro str¡art-ilebb, and Dn ì[o
Williamson, Jo Ghem, Socn , 4o9Z (L957),
Go cooley, Ë. Elris, Do No Kírko and v" petrorr, Jo chem"
Soc n , l+ttZ (tg57l .
An t. Nussbaum, To L. Popper¡ E, P" Oriveto, s. Friectnlan,
and. I. tíendler, J. Â¡no ChemuSoo., E-!, LZZ? (t959).
S. Liisberg, iY" O. Godtfredaen, and So yanged.a,l, Tetra-
hed.ron, l, 149 (1960).
Do Burn, G. Coo1ey, l,f. T, Davies, Jo Wu D¿reker, Bo Ellis,
P. Feather, a. K. Hiscock, D. H. KÍrk, Ao po Leftwicî<,
T. Petrorv, and I), l{. l{iltiamson, Tetrahedron, H", Sg7 O96I+)"

3L " 1o D. J. D s silva, and I'I. J o Ringold, Tetrahedron Lett. ,
4I+87 ß965) .

32, No L. Ällinger, and Ll. Àu DaRooge, J. ,årl, Chemo Soc.,
'9þ, 456t (1s62) 

"

33. L. H, Jaclcnan, I{uclear }lagnetic Resonance spectroscopy,
Pergamon Press, N. Y. (tg!g).

3l¿'" s. -a.u Liebnran, a.nd B. J. Gud.zinowiczu .anal, che¡u", 3jc
93t (196r ).

35. .å" Hassner, and C. Heathcock, Jo 0rg. Chen,, Zg, t35O
(196t+).

36, K. Bolvden, Io !f. I{ej.Iborn, Eu R. II. Jonee, and Bo Co L,
T{eedonu J. Cltemu Soc., 39 ßgt+6),



87

l¿1, Zn llaJerski, and P. yon R. Schteyer, Jo 0rg, Chem,, Y+,

37" Rn B, Turner, J. -ómo Chen, Soe., fu., 5362 (1952)"

38" Eo C. Brown, and C, J, Shoaf, J, Åm. Chemo Socor 9É,
Lo?9 ( 1961') o

39, R, C. Cookson, D. P" G. Hamon, and J, Hudec, J. Che¡-no

Soco , 5782 (1963) 
"

t+O. Lo Fn Fieser, and ì[, Fieser, Steroids, Reinhold Publishing
torporation, No T. (t959) 

"

3215 (L969\ 
"

l+2. P, Brown, Co Djerassi, G, Schroll, Ho Jn Jakobsen, a,nd

S, 0o Lansesson, J o Am" Chem" Soc, , _7_, bSSg (t965\.
l+3" II" Eo Stavely, and. W" Bergrnarur, Jn Orgo Cheno, Z, 569

(1e37\ 
"

I+l+, Jn tfeiniuan, anC S, il'oinrnan, Steroids, 6e 683 ß965).
I+5, 1ï, S, ,ïohnson g! aL., J" Äm. Ctrenr" soc", 7l., 63oo

(7956),

l+6, R. Jvi. Elliott:¡: 8d,,, Advances in }iass Spectror:retry, yol" Z,
The ìfacmillan Cornpanyu Nu Yo (1963) 

"
Jo H. Eeynon, I{ass Spectrometr:y and lts Äpptications to
0rganic Clremie'try, Else¡rier Publishing Conlpanyo (f 960).

b7, Mo Spiteller-Friedmann, und G, Spiteller, Fortechritte
der Chemischen Forschung, Band 1?, Heft 3, ¿l4O (f969),

&8" P, Toft, and Ä, Jo Liston, Steroicls, &, \.L*Z (f964),
l+9" N, Sn Bhacca, and. Du H. lyitliams, Applications of NlfR

Spectroscopy in Organic Chemi.s-try, f llustrations fronr
the steroicl Fíerct, Horclen-Day, rnc., san Francisco , (Lg6l+).

50" Rn I]. Le¡iieux, R. K. Kullínge Ho Jn Bernstein, and iï" G"

Scìtreicler, Jo .Åm" GTrem" Soc", ZZ, 1005 $g5Z)t gq, 6098
(1958),



88

51. J, D" Gtaham, aqd ìf, To Rogers, J, "A.ûru Chemu Soco, 84,
zzt+g ftg6z),
Lf, .4., Battiste, a¡rd M" E" Breruran, Tetrahed.ron Lett,,
5857 ('t"966) 

"


