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Sumaary

The ultxavielet irrzdiation of hecogenin acetsats has bsen showa o
&ve twe predusts. Lumihecegenin scetate, 3} -aoetexy-12, 13-=evce-5q
250-spirent-1 j-en-12-ene, which is the indtisl preduct, is cemverted by
exidative oyclisatien imto "i4¢{-hydrexyhecegenin 3f -acetate”,

3,8 ~acotexy-idul ~hydrezy-5 e, 250-spirestan-12-zne.

Erslongsd irrvadiatien ef hecegenin acetote, er of lumihesegenixn
azetate, gives a second isemexis preduct, “phetehecegenin acetate®,

3@ =«a.ée‘&os-3h§-l_2ﬁ o 14& —epaxy-Se&t ,25D-gpireatan. Treatment ef lumihece-
tgenin secotate or photehecsgenin acatate with besrsn txifliuveride-ether
complex gives a mixture of predusts, ene preduct being Bﬂ ~aoetexy-12n =
hydrexy=5¢1{ ,25D-spirest-14-an. The ether predust frexw this reastien
is believed te be & (-heme—exasteresid.

Epexidation of the AuwIZG& =9l gives a l4et 15« -spexide whish en
reductian with lithiuwn aluminivm hydrids afifords the same triel as is
abtained en similar redustien ef 14 ~hydrcxy-hecegenin.

Ultravielet irradiatien of l4dl-hydrexyhecegenin Bﬁ =acotate gives
a compound centaining a aix-membered lactens ying.

Degradatien of the spirextan side-chain in the 14 -hydrexy~cempsunds
by standaxd metheds gives very pasr resultis, Accerdingly attempts were
imade to prepare 14o{-hydrexy-and Au =gtereids in the pregnan eeries.
Although the ultmwiélot irredation ef 3ﬁ s €0 % =Aiscetexy=56{~
prognan-12-ons gave good yielde eof the corresponding A13«=12, 13-ses0-
12-aldohyde and 12e¢{ ;14o{ ~epozide, it waz net found pesaibls to prepare
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146l =hyirery- or AM = proveids from these campsunds,

The uvitravislet ircodiatisn of Als-:a?o Entenss has beer under-
siaen in & veriety ef seivents;, and in mwany cases it has bean feund
whal reductien of the &‘m-- doublie band oulurs. Ultravielet
irradiatisa of 3f -acetexypregun-5,16-dien-20-ens ("pregoadionelens
asetate”) in cortain aslcochemle {mathane), sthanel, $sepropamsl and
sycishexsnel | esugen redugiisn ¢o 3§ -moeterypregs ~S-en-20-ave iu
gbeut 40F yield, and also the zdditiecn of %he alschel scross the
dsuble bond to give a 16q{ -hydrexyaliyl-szereid. The latter is
abtained in sbout 49% yield in the case ef sthanel, imeprepansl
and gyclehexsnel.

The irradistisn of 38 -acetery-15-methylpregns-5,16-dien-E0-ens
in ethanel and iu iseprepansl xives gesd yields of 32 -acotewy-168 -
wethylpregi-S-en=-20-ene, which is the enly srystalline preduct.
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Part of this werk has been published already.

The phetechemistry ef heocgenin acetate is
described in:

Eioden, MoMeokin and Willisms, Prec. Chom. Sse.
1962, 2253 J.0.8., 1963, 5727.

The phetesddition and phetereductien reactiens of
A“mzo ketenes have besn desoribed ins

¥Williams and Bleden, Tetrahedrem letters, 1964, 257.

The pheteaddition reactien forms the basis of British
Patent Application No. 36770/63 ef September 18th, 1963.
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INTRODUCTION

411 chemical changes are assoolaisd with energy changes, and the uss
of radiant energy of s suitable frequency can often provide the energy
receszcary to offect a particular chemical reaction. In zcocordance with
the Stark-Einstein Laul, it is found that the fresquencies which geuse photo-
schoemical changes correspord to the frequenclies at which the substances in
question absorb radistion.

Aldehydes and ketones absorb wsaklyz’ 19, in tbo ultraviolet region
between 290 and 320 mu - depending upon the nature of the compound = with
a8 low extinotion coefficient, usually between 10 and 100 for simple

sgtuxatod aldehydes and ketomes. Such absorption is asaociated3 with
an B o97" transition, that is, the transition of an electron
associated with the oxygen atom of ths cgrbonyl group fyom a non-bonding
to an unti-bonding orbital of higher ecnergy- This absorption, with the
formution of the enorgised state, secms to be responsible for moet of the
vhotochendcal yeactions kmown for simple aldehydes and ketones. The
ensrgy acquired by the moleculo by tho abaoxption of radjation can be
lost by re-smission (with regeneration of the original molocule) or way
resul’ in 2 varisty of photochemical rsactions, intramolecular or inter-
zmolaculard, The courseo of photechemical reactions of aldebydes and
ketener is uenally explained by ths transformation of the imitial activated
species into a diradical, which subsequertly undergoes cne of the reactions
mentiorned above. The nature of the initial activated spscies is,
however, not fully understood.
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The Ultraviolet Irradiation of Cavbonyl Compounds

Some of the eapliest work en the irrediation of carbonyl ecmpounds
was performed by Kiinger and by Ciamician and Silber. Their exporiments
wora carrised out by exposing the reactants to surlight for periods wu':ing
from a fow minutes to several months.

Kisnges® observed that phenantbraquinone (1) an irradiation with
eldehydes, gave adducts repressnted by (IX).

0 OH
R-C-0
(mm) >

(x) (13)

Ee also obsem&s that a solution of phenanthraguinane in ether

daxkens rapidly when exposed to sirong sunlight, the corresponding
hydroquinone being Loimed.

Ciamiocian and Silber, working in Bologna, studied the acticn of
sunlighkt on solutions of quinones in aiSohols, which they ahowd7 te
result in the formation of hydroquinones plus the aldehyde or ketcne
corresponding to the aleohol used as a solvent. Attompts to reverss
the reaction photochemically = by irradiating a mixture of aocetone and

-

hydroquinone "all summer" - were without sucocese . The same authors

showed, tco, that simple aldehydes are reduced by the action of sunlighta



=3
o an alecholic aolution, or, indesd; on a solution in a varisty of

organic ®olvents including formmic =cid, ether, Demseme and even
paraflfin hydrocarbons.

Saturated Car! 2\
In papers published in 1907 and 1909, Ciamician and Silber described

the irradiation of a oyclic ketcne, menthone (III) in aqueocus ethanolg,
giving the unsaturated aldehyde (IV).

(1x1) (xv)
Ciamician and Silber also desoribed’® the photolysis of ayclohexanor
(V) %0 give hex-5-enal (VI), of camphor (VII) to give campholenaldehyde
(VIII), and of cyclohexanone, methyloyolchsxanonss and

0 i,
@ > . 0
(V) (V1)

(v11) (VIII)
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menthans in agueocus -olutimn

%o give oarboxylic acids.  Memthono,
for examplo, after irradiation in aqueous ethanol by sunlight “for the

durstion of the summer and antumn months" gives the soid (IX)

hep GOOH

(I1X) (IX)

Iszediation of csmphor in nom-aquecus solvents has alsc besn studiasd
by Srimivasan who has proposadlz tho structure (X) for an isocmerio ketoms
cbtained in addition to the aldehyde (IV). He concluded thag the
‘formation of this ocompound can be explained on the baris of intxemoiecilay

hydrogon-adstraction by the carbomyl oxygsn, “probably before ring-splitid

ocoura”,

(x)

The formation of the unsaturated aldshydes and of the carboxylic

aocids montioned above can bs rationaliced on the basis of the transformati
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of the initial activated speoice into a diredical. For exmmple, in
tho caso of oyolohexaname (V) the initial sotivated species (XI) can be

1

mlnmd3unm1nauahmmtm0hm(1)m°m

CHART I.

0 0* oc
(J =T = (r
v) (xx) (xx1)
0 0 0
c ® (2
H

Xxv

(Xx1I) (XxII) (xxII)
= |
C O Cf
(xIv) (xv1)
! l (v1)
O i
(xv) with
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The activated species (inadequately represented by (XI) ) gives rise to
the diredical (XII) which is intercouvertible with the diradical (XIII).
The latter, in the vapour phase at least, can lose CO to give the
dirndioal (XIV) which ean cyclise to give cyclopenteme (XV).

Alternatively, intramolecular hydrogen abstraction can ooour, eithsr
to give the ketem (XVI) which can reast with the solvent or other reactan
or else an alternative hydrogen abstraction can ococour to give the
unsaturated aldehyde (VI).

It 16 found? that whensver a photochemical reactiom of a cyslio
ketone gives a seco-product in which a bond is brokem between the ocarbonyl
group and an of ——ocarbon atom, the redical which reacts to give the keten
or aldshyd? is always the more stable one. (That is, when a carbonyl
group is loocated between, say, a methyleno group and a tetrasubstituted
m atom, the radical which rescts is the tertiary radical formed by
cleavage of tho bond between the carbonyl group and the tetrasubstituted
earbon ).

The diradical (XII) above, and similar redicals derived from other
carbonyl compounds, can roaot with a solvent ~ or perhaps intramolecularl)
as suggested by su.nimann-otoghoam:wl group, which may
Yearrange or remain as a hydroxyl, dspending upon whether another
hydrogen atom can be abstracted by the radioal. There is aleo the
posaibility of pinacol formation or some other form of dimerisation.

Srinivasan'? described also the ultraviolet irredistion of

syoclopentanone (XVII), both in the vapour phase and in the liquid phase,



to give pent - 4 - enal (XVIII).

s

(WII) (XVIII)

Fow in the work of Butenandt and his co-workers ? and of Quinkert gt al’
the ultraviolet irradiation of sterdidal csax:lng kotanss has not been
obssrved to give aldehydes of this type.

The irradiation of l7-ketosteroids such aw androstenolons 3p-aootat

(XX) causes spimerisation at C-13, which has been shom” to be a
roversible reaction

0
0
I
R 7™
AcO (xx)
(xIX)



i
Clearly a diradical much as (XIX) is formed when either the ketome
(XX) or its epimer (XXI) is irrediated, the dirsdical being capable of
re-ocombining to glive either of the epimeric ketonsa.

The irradiation of androstenolone gootate in agueocus dioxan has
been shown by Quinkert st a1’ to give the seco-acid (XXII).

12
H
: Ljé:tjm
A0
A

(xx) (XXII)

It would be an atizeotive hypothesis to suggest thai the reason
for non-formation of unsaturated sldehydes in the ocase of the irradiatic
of 17-ketostercids is that there is no hydrogen atom sterically availabl
for abstraction without severe deformation of the bond angles. (This is
supported by a study of Dreiding models). However, the faoct that
cyclopentanone does give an unsaturated aldehyds on 1rud.tationu appeax
%o rule this out, especially since the reaction oocurs in the vapour pha
(where intermolecular abstraction would be unlikely) as well as in the
liquid. Srinivasan suggests that here, as in the case of the
formation of the ketone (X) from camphor, intrsmolecular tranafer of
hydrogsn may occur before thanngia split. Even so, it seems
remarkable that there is such a difference between 17-ketostercids and



e
cyoclopsntanone in this respect. It is posaible that the comparativ
stability of the tertiary radical (XIX) which may be formed in the
former case has some commedtion with the difference, or perhaps scme
more subtle effeot is responsible for it.

An interesting reaction which presumably occurs by intramolecula
hydrogen abstraction without cleavage of a carbon-carbon bond is the
:hotol;a:l.sls of ecyclodecancne (XXIII) ¢o give cis =9- decalol (XXIV)

. OH
O =D
——

(XXI1I) (xxIV)

Unssturatod Carbonyl Compounds

The photolysis of oconjugated carbonyl compounds has been undertal
by soveral groups of workere.  Ketomes which are o ,S— unsatura
ohow a peak in the ultraviolet spectrum’> at 240-250 m: with an exti
1tion coefficient of about 10,000, This isdue toa JW— T
transition;  howsver tho absorption due to the m —o IT™ transiti
at 290-320 mn with an extinction cocefficient of the order of 100, is
us ually responsidble for the ﬁ:otoehedoal reactions of conjugated
kotones. (It should, perhaps, be pointed out that although BY -~

unsaturated carbonyl compounds show a similar - or greater - ultreviol
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abscorption intensity at 290 m o, for all practioal purposos they behsve
as saturated ketones do when irradisted).

®ith 4, -unsaturated ketones, the products of photolysis ave
rarely similar to those which would be expected from a corresponding
saturated kotons, as in most cases the presence of the double bond
provides alternative routes for the reaction of the diradical formed
from the initial activated species.

Iittle work appears to have been done on really simple o, /S -
unsatureted ketonos, and in most cases where work has been done, and
products isclated and identified, on more complex molecules, the
nechanisms whereby the products are formed remain to be conclusively
established.

The ultraviolet irrediation of testosteroms (XXV) in tertiaxy
tutanol has been shown by the Swiws workers, Namm, Gravel, Schorta,
Wehrli, Schaffnor and Jeger ', to give a mixture of products, formulated
as (XXVI) and (XXVII)

oH
oH
o
by ﬁ (xxvx)
+ o

(xxv)

(XxvII)



i

Sixdlar irrsdiation of the 10c{-opimer of tostosterome (XXVIII),

however, has been shown by workexrs from the samno sroupzl {0 omuse

mdgration of the double bond to give a Asmicm (XXIX) as the

anly oxyotalline product.

AP — 5P

Gardner and Hamil®® hava studied the ultraviolet irradiation of

T-katocholentoryl 3'5 -acetate (XXX)

\\

hy
———>
2oBu0H  |AsO

(Xxx)
HCL /B¢,0 (XXX )

H

(XXXLIT) (XXXIT)
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el Gescribed the inclation fice the nesstion mixbixe of the
Ad-doomsr (XXEIII) and the 5-scetaxy-A> -steroid (XXXII).  They .
have suggested the formation of an mtsmd.ia?o (XXX1) from the inmitial
sotivated species, and it is possidle that the formatiom of tho compound
(XXIX) from 10 =testosterone (| XXVIII) may be explained by the initial
formation of a similar intermediate.

Irrodiation of verbemome (XXXIV) giveso> the iscmoric
chrysanthenone (XXXV)

0 0
(FxKTV) (xxxV)

In molocules where steric faoctors ars favourable, scas ather umigaal
ring sysiens may be formed on irradiation of umsaturated ketones. For
exsmplo, irradiation"d of the oompound (XXXVI) (mhkich results firca
addition of cyolopenitadiens to p-bemsoguinone) gives the isemeric
fully saturated dikotane (XXXV1I)

0
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A similar type of nm1m25 occurs on the irradiation of carvone

(XXXVIII), the product being “carvone camphor" (xm:x)_

B,C ¥ N
: 0 )( o
hy
Mo —_— / J
(XxxIX)

(XXXVIII)

Dimerisation of o{f-unsaturated ketomes on irradiation is a well-known
reaotion. 3-Methyl eyclchex ~2-enone> (XL) on irradiation gives
the cyolobutane derivative (XLI).

Q.= CH

(XLI)

and similar reactims have been desoribed in the case of
A% cholestenone®! (XLIX), which gives the dimer (XLIII)

o e S s T

(XLIX) %\J ' (XLIIT)
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&

(XLIV) (XLv)

and testosterane propd.mteza (XLIV) whioh gives a similar
eyalobutane (XLV)

O oty

(XLVI) (XLv1iI)

Bumerous other examples of this type of dimerisation have been demaribe
Presumably the reaction is initiated by an B —e TT™ transition tc
glve an activated species whioch in turn forms a diradical. By redic
stridution of the slectroms in the system, a diradical such as that
reoprosented
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-
!

by (XLVI) could givo riso to an altsrnative diradical, such as (XLVII),
which could dimerise. Dimerisation would appear to ocour most readily
in fairly concentrated solutions, or else where no other facile reaction
is possible.

A recently reported naotian29 is the roarrangement of
S-methylhax-3-en-2-one (XLVIII) to give the ﬂ,r -unsaturated isomer (LI)

0 U
T e e c—
The reaetion is thought to yprooceed as illustrated, via the ois-isomer
(XLIX) which forms the usual diradical, the latter sbstracting a hydrogen
atom to give the enol (L) which ketonises to give the final product (LI).

It is surprising, thorefore, that in the case of 4,5-dimethylhex- }-en-2-cn
(LII) no xoarrangement ooccurs .

(Lxx)
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Carbonyl with Extended ion

The irradiation of homosnzmlar diencnes in agueous solvents hao
been uaodw as a relatively simple way of making certain open—chain
acids which are diffioult to obtain otherwise. The gensral reaction

sochens is as followss-

0
0 ) 0 ) - .
¢<' by <fn‘ 8,0 - 4
R¥ RY T i
(LIIT)

(LIV} (Lv)
Tho initial diencne (LIII) whioh may have (R = R' = Me; K = E)
or (R-RszAc; lu = Me) or one of several other structures
which have been desoribed, is trunsforwed into the ketens (LIV) whioh
is hydrated by water to the acid (LV). It is possible to prepare
emidss by using an amine instead of water in this reaction. (It is
1ikely, howsver, that the prodnot will comsist of a mixture of acids
or amides as ois-irans isomorisation ocan ooour under the oonditions of
the reaction). The presence of additional double bonmds in conjugatio
with a carbonyl group which is being activated photochemically not
unnsturally ocomplicates the picture when we wish to comsider possible
reaction pathways open to an activated species or radicals initially
derived from it.
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Prans "F“’ ionone (LVI) an ultraviolet irrediation has been whowr
to give the pyran (LVII) and, probably, the cyclopropene derivative
(Lv1xx)

o Y - e

(Lv1I)
(an‘bly trans -f- ionone is firet converted into its od.o-a.mr).

Other diencne systems, notably storeidal 4, 6-diem-3-cmes, have been
irradisted, with dimerisation ocourring.  Rubdn, Bipps and Glover—-
have recently described the irradistion of A%*S-androsts gien-3-one-
17F—mpimto (LIX) to give the dimer (LX).

- N

0
(LIx) SJ (1x)

(Similar reactions have, however, besn desoribed before>>).

Cross-conjugnted diencnes
The aystex which has attracted the greatest amcunt of attention

recoently is the cross—=conjugated dienone.
The photochemistry of santomin (LXI) was studied by Camnissarc
and Fapris™ » Who isolated isophotosantonic lactone (IXII) and
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photosantonic acid (LXIIT) although the structures showa have only
recantly been ontablishod35.

OH
h
e
6—4\ ; !
0
w 95 A0 (LXIX)
BtOH
R =
- onec” :
&
)
(LxIV) (LXXI1)

Fhen santonin ia irrediated in agueous acetic acid, isophotosantanic
lactone and photosantonic acid arve obtained,  Several groups of workers'
have repeated the early workers® experiments, and another irradiation
produoct, lumisantonin (ILXIV) has been identified. This compound is
produced when santonin is irradiated in ethanol or dioxan, and when it

is treated with agueous acotic acid, in the absence of light, it gives
isophotosantonic lactone. Irradiation of lumisantonin in aguecus
aocetic aold gives photcsantonic acid.

The comversion of lumisantonin into photosantonic =oid is envisaged
an prosseding via a ketens—carbene j.ntemediato% (LXV).
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0 0\0%

hw k }

; = -
©
(LXIV)
3 0 0
m?\éij& = 32 [, K;
(LXTIT) (LXV)

In the stexrcid series,; the ultraviolet irradiation of
AY*® - 3-xotones has attrasted a good deal of attemtian. Irradiation
of 1,2-dehydrotestosterone acetates (LXVI) and of ite 2,4-dimethyl
derivatiwsa (LXVIX) has been shown %o give products (LXVIII) and

(LXIX) which correspond to the formation of lumisantonin from
santonin.



OAq
0 F S
by
o .
(Lxv1) (LXVIII)
OAo
- 0 : \\
(LXVIX) (LXIX) of. (XXVII)

These reactions are desarided ao prooeeding quite well and in fairly
good yield in dioxan. - However; irradiation of 1,2-dehydrotestosterome
aocetate in other aolvonta‘?‘? gives an amasing variety of produots. This
illustrates the complexity of the problem involved in deducing reaction
mochanisms in this paxrticular type of irradiation - not to mention the
problems besetting anyons who is interested in predicting the nature of
produots. For an outline of the products obtained on irrsdiaticn of
1,2-dehydrotestostercne acetate, and references, see the chapter dy
Erikson and Forbess?C in "Steroid Reactions".

Prednisone acotate (LXX) has been irrediated in a variety of
solvents?’ and among the reactioms reported are the followings-
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- OH oH O

Rv | o

——
0 AocOH

- \ :
mér vad

(LXXI]
f\\ ¢

o’ + \ j Zt\l

(1) Irradiation in aguecus acetio acid gives the A-por-B-homostercid
(LXXT).
(2) Irrediation in ethanol gives three products, (LXXII), (LXXIII),
and (LXXIV).
(3) Trrodiation in dlczan gives two isclsble profucts (LXXV) amd
(LXXVY ).
Bere again it is obserwved that the cgme-oconjugated diencne systies
in this case still further complicated by the presence of an ll-keto-
group which is said to weaken tho C-9-C-10 dond - can give rise to a
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oonsidorable variety of products. Clearly the mumber of factors
which could influence the oourss of a photochemical reaction involving
such a system (such as steric factors, the nature of the solvent,
teaporature, the precise wavelemgth or speotrum of the radiation used,
the type and thickness of the vessel, concentration and nany other
variables) is such that much more detailed work will have to be under-
stakan before the transformations are even fairly woll understood.
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Ultraviolot Irrediation of Stercids

The preceding section describes some of the main types of reactions
associated with the ultraviolet irradiation of carbonyl compounds. Sox
reference has been made to the ultraviolet irradiation of stercidal
ketones, espescially unsatursted Mm'20,21,22,21,28,32 133,37-41 and

17=kotonosls )16

» but it is comsidered worth-while to describe in one
section the ultraviolet irradiation of saturated stercidsl ketomnes where
the keto-group is located in a six-membered ring or at C=20 in a pregnam
side—chain. Some reactions of substances other than ketones which
glve products on irradiation which are similar to thosse obtained from
correaponding ketones; or whioh are formed from radiocels similar to
those obtained on the photolysis of ketones are also oconsidered.

Interest in the ultraviolet irradiation of steroids began with the
work of Windaus and his school on the nature of vitaemin D. (A most
readable account of their work is given by Pleser and Fieser’2, and it
is not proposed to discuss the work on the D-vitamins, nor work om

photo-oxygenation of conjugated aystems, here).

Stercidal Carbonyl Compounds - Cyclobutanol formation
In the field of saturated ketones, the Swiss workers of the E.T.H.,

Zurich, have described the ultraviolet irradiation of 11- and 20-
keto-steroids, which interact with the angubar methyl groups at C-=19
and C-18 respectively.  In the case of li-ketones, they have shown’>
that the formation of a cyclobutanol proceeds best when the configuratio
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18 5 .  Yields are slightly lower whon there is a A’-double bond,
and much lower when there is a 58 ~hydrogen atom.

by { }

(LxxvII) (LXXVIIX)

o (uex) (L)

The formation of a cyolobutamol (e.g. LXXX) is thought to prooeed
from the ll-ketone (e.g. LXXVII) via a diredical (LXXVIII) in which
intramclecular hydrogen-transfer can occur to give a diredical (LXXIX)
in which the formation of a C=11 ~ C =19 bDond gives the cyolobutancl.
The ease with which the reaction ococurs in the case of a 5¢ ~ll-ketone
as canpared with the correspondng 05- usp-u-htmouudm
mwntodforonthoﬁauaofmchauohun. Bramination of
Dreiding models shows that in the case of the 5d -ll-ketone, the angular
methyl group is subject to ropulsion from the axial hydrogen stoms at
c-2, C-4, C-6 and C-8 (figure LXXEI), the net



3

Tosult being that it is foroed closexr to the oxygen atom at C-11 than
is tho case whem a Sﬁ-ll-htm is oonsidored (LXXXIX)

Sl

In this case, the effect dus to the axial hydrogen atoms at C-2 and
C~4 in the 5« ~ll-kotone (LXXXI) has been removed, and the resultant
force is such as to foroce the angular methyl group further away from
the oxygen atom at C-11, than in the case of ths 5o -1ll-ketome.

In the case of the corresponding A 2-11-xstane (LXXXIII) the
effsot of removing the hydrogen atom at C—6 from the reckoning is not
8o great, although it is still appreciable.
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(LXXXIII)

(The deformation of rings A and B produced by the presence of the
A’-double band obviously causes changes in the magmituds of the
repulsive forces between the methyl group and the axial hydrogen atoms
at C=2, C-4 and C-8, also).
It has been found that the presence of a gem-dimethyl group at
C-~4 in ll-ketostercids improves the yield of qyclobutanol formed on
irradiation. This effect is obviously due to methyl-methyl repulsioen,
foroing the methyl group at C-19 closer to the oxygen astom at C-ll.
The Swiss workers have also studied the ultraviolet irradiation
of 20-kotosteroids™, and find that a ayolobutanol derivative may
be formed here, too, by inmteraction of the keto-group with the
18-methyl group.



{LXXXVIX) (LXXXVIII)

Izradiacion of $he 20-ketcne (LXAIXIV) in ethanol at Toum tempergture
gives aa it¢s major praducts the cyclobutanol (LXXXV) and the D-secoeteroid
(LXXXVIII), together with smsll amcunts of the oyclobutanol (LXXXVI)

and the dieme (LXXIVIY), the laiter being derived from the compound
(LXXXVIIX) by loss of acetome. The mode of formation of the cyelo-
butanols is presumably similar to the resaction which occurs in the case
of li-ketostersids, but the way in which the D-sscosteroids conuld be

fomed is a matter for speoulation.

Secosteroid Foxmation
In addition %o their work om the irradiation of 17-kstoastersvide

(briefly described above, P.8 ), Quinkert and his co-workers im
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Brunawick have doaod.bod“

the ultraviolet irradiation of 3,=6~, and
T-katones in agueous and non-aguecus solvents, and also of hecogenin
scetate in aqueocus dicxmn (vide infra, p. “h )s In all these cases,
ssocostoroids are formed.

In the case of 5c|{—cholestan-3-one (LXXXIX) irradiation in agqueocus

acetic acid gives a mixture of the seco-ascids (XC) amd (XCI)

BOOC
JAXXLR | (xe) (xcx)
in approximately equal amountea. It appears in this case thag the
diradicals (XCII) and

15 Y

(xcxx) (XCIII)
(XCIII) which ocould be formed firom the sctivated ketare are equally

stable, both being hydrated to the corresponding acid.
¥hen S5& —cholestan-3i-one is irrsdiated in acetonitrile, three
products are isclated, the unsaturated aldehyde (XCIV) and the
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epimeric sterols (XCV) and (XOVI)

(xo0v)
Tho stercls are foxmed by reductiom of the ketons, a well-kmown photo-
schemical reaction montioned sdove (p-8 ).
The unsatursted aldelydse is fommed by intremolecular abstraction
of hydrogen. It is not clear why the acltermative unsaturated
aldehyde (XCVII) is not formed, as &

Do

study of Dreiding models seems to indicate thay hydrogen abstraction
would be poscible either in the case of the diradical (XCII) -
abstraction ccourring at C-5 - or the diradical (XCIII) with a
hydrogen atom being abstracted fyom C-1.

Irradiation of 6-ketostercids has also been described by Qiinkert.
When 6-ketocholestanyl 3} -acetate (XCVIII) is irrediated in aquecus
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dioxan, the acid (XCIX) is obtained, together with the epimeric stercls
(c) ama (CX)

o R

el 0@

(cx)
The alcohols (C) and (CI) are products of reduction of the G-ketone
(XCVIII), and the acid (XCIX) - the sole mcidic produnct - arises from
the hydration of the diredics) (CII).  In this

gy o

(cxI)
case the diradical (CII) is more stable than the alternstive diradical
(CIII) because one of the ocentres of unpaired electron spin is located

at C-5, and the radica; is secondary, whereas in the dirsdical (CIII)



.-
thexe would be s centre of unpaired electron spin at -7, which would
be a primary radical.

Similarly, the irradistion of 7-ketocholsstanyl 3f -acetate (CIV)
in aguecus dioxan gives the ac4d (CV) as the only acidic yroduct.

o COOX

(cxv) (ov)
In this case the more stable dirediom] is the ome (CVI) in whioch the
bond botween C-7 and C-8 is broken, giving a seocondary

(ov1)
radical at C-8. Pission of the bond between C-6 and C-7 would give
a8 primary radical at C-6, shich would dbe less stable than the secondary
radical at C-8 in stxucture (CVI).
To sum ups Saturated steroidal ketones in which the keto group
is located at c-S, C=6, C~T or C-12 (vide infra) give rise to seco-
storoids, via the more mstable diradicaj, on irradiation;
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11- and 20-ketomes give 1l1-19- and 18-20- oyolosteroids respactively;
C-17 kostones give soco-acids on 4irrediastion in aguecus solvents, but
epdmerise in non-agquecus solvents.

As yet, no irradistions appear to have been performed on 1-, 2-,
4~, 15 or 16~ ketostercids. It would be interesting, too, to carry
out irrediation experiments an A-, B- and C- norsterocid ketones, with
the keto-group situated in the five-mecbered ring, to see whether
unsaturated  aldehydes can be cbtained.

Aldehydes
Very fow stercidal aldshydes have been irradiated. The Owiss

workers at the E.T.H., Zurich, have nportod” the decarbomylation
of the P,Y -unssturated 19-aldehyde (CVII)

AP o 5 -

(oviIx)
to the compound (CVIII). They have shown that the 10f -hydrogen atam
in (CVIII) is that which was originally attached to C-19 in the aldehyde
(CVII) by irrediating the dsuterated aldehyds (19-CDO) and showing that
the photoproduct contains the theoretical amount of deuterium.
The same group have described 4 the irradiation of
1-dehydro-2-formyltestosterone acetate (CIX)



(cxx)

%0 give a complex mixture of products. (In this cade, with two
of § —unsatureted carbonyl groups, it is not eurprising that a variety
of produots is obtained).

Irrediations of Stercids other than Carbomyl Compounds
Apart from ketones and gldebydes, other funotionmal groups exhibit

ultraviclet abeorpticn’' associated with an ‘m—s 70  trensition.
Exegmples are the nitrite mﬂ' (A max = 370 m, £ 50), nitrste
group’’® (A max, w 270 m, € 15), nitross growp®'® ( 2 maxs300 m,
€ 100), nitro grouwp?™ ( A max.w 200 m, £ 20), aside growp*'”
( hm.nia'Im, £ 20) and diaso group?!® (3m.-400m, g 5).
Thiones and other sulphur ocapounds, e.g. xanthates’!® also exhidit
wosk absarption due to B—e TT¥ trensitions.  Rypoohlorites?!®
exhiddt weak absarption et sbout 310 ma, & 30-50.
Some examples of reactions in the stercid series associsted with
B e 77" transitions in such groups are briefly desorided here.



Hitrites
The most interesting and useful photochemical reaction of
steroidal nitrites is the Barton Reaction, in which a nitrite is
oonverted into an oxime.

. o1 |
hv
A0 AcO
O30
(ex) (

*_<
CXI)

Irradiation of the nitrite of 65 -hydroxycholestanyl 3f - acetate (CX),
for mplo‘e, gives the 68 -hydroxy -19-oxime (CXI).

2f -Fitrites on similar treatmemt?’ give 26 -hydraxy-19-oximes,
and zo-mtritoaso give 20-hydroxy-18-cximes. Irradiation of
11f -nitrites” 15 cald to give a mixture of 11/ -hydroxy-18-aximes
and 11f -hydroxy-19-oximes.

The mechanism of this type of reaction would appear to be the
initial formation of an activated species, e.g. (CXII) by an

l-—o‘ﬂ'% transition, this species then giving an alkoxy radical
(CXIII) and a nitroso z-adicalsz



“

(oxxx)
0.1 (m)

7

The alkoxy zsdical (CXIII) is able to apstract a hydrogen atom from
the angular methyl group to give the ®adieal (CXIV) which then reaots
with the nitroeo rudical to give the nitroso compound (CXV). This
is tautomoric with the oxime (CXI).

Whon a 17-keto 11f -nitrite, such as (CXVI) is irradiated”>, an
IB»WD-WC (CXVII) 418 obtained.

omo & 0

(cxvIx)

The suthors suggest that the reaction proceeds via an alkoxy
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radical (CEVIII) (as in the cases already mentiomed) which abstracts a

o ) 58 o

(CxXVI) —» —— g\ﬁb -
AaD —

(CXVIII) (cxxx)
hydrogen atom from the angular methyl group to give the radical (CXIX).
The latter rearranges to give the radical (CXX) which cyclises to give
the tertiary redical (CXXI). The tertiary radical is thought to
lo8¢ a hydrogen atom to a radical species in the solution to give
the produet, (CXVII).

Although other photochemical reactions of nitrites have been

described, the formation of steroids substituted at C-18 and C=19

is the most important, as it makes possible the synthesis of campounds
related to aldosteroms (CXXII)

0 0
e y S w ——c (CXVII) + H
SU \\_‘
L ()
L, 0H CH,0H
=0 0
" )

(oxxrY)
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(For a review of reactions of this type, see the article by Windhols
and Windhols??,  See also Referemce 52).

Byposhlorites
Attack at the angular methyl group has been shomn to ocour when
suitable hypochlorites are photolysed??,  Irraliation of the hype:
tchiorite (CXXIII) followsd by treatment with base, gives the
6, 19-oxide (CXXIV).

(oXxII) (oxx1v)
Bere the initial activated species diasociates to give an alkoexy
radical (identical in this case with (CXIII) ) and a chlorine atom,
the subsequent stepe being similar ¢o those outlined in the case of
the irrediation of nitrites. The photoproduct is presumably the
19-chiaro-eompound (CXXV) which on treatment with

(cxxv)
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alkali gives the 6§, 19-axids (CXXIV).

The irrediation of 20~hypochlorites, followed hy elkali trestment,
gives 18, 20 axides by s similar mechanimm>>,

Sulphux Compounds
Mmmuanmmmmmzummond

s among them the compound (CXXVI) whichk on irrediation

! e e 5-8 8 om

gives tho iscmer (CXXVII). Xanthates absord radiation at about
400 on , and the photo-reaction proceeds when a tungsten lamp is
used, although in this case the yield of the isomexr is only 10%.

Other Nitrogen Compounds

Other stercidal ocompounds which have been photolysed inoclude
diaso compounds, aszides and pyrasclines.

The irradiation of a 16~dimso~1T-ketosterocid in an aguecus solvemt
is reported to give a mixture of epimeric acids’!.  For example, the
campound (CXXVIII) on irrediation in wet ether gives the acids
(CXXIX) apd (CXXX)
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(cxxxx) (cxxx)

Loss of nitrogon from the aotivated species is thought to give a
carbena (CXXXI)

{ -———*{/_f -___':(cn:x)

(Cxxx)

lexxxy}

which rearranges to give the ketens (CXXXII). The ketens can then
be hydrated $o give either of the acids (CXXIX) or (CXXX).

Barton and Morgan’® have described the photolysis of asides,
smong them the aside of cholesterol (CXXXIIX)

\

Q)wy (mnv)
(2) L.A.K,

(axnv\
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Fhotolysis of the aside in cyolohexane, followed by roduction of the
crade product with lithium alwnrinium hydride, gives a mixture of
products from which the amine (CXXXIV) and @holott=4=cn-3f =01 (CXXXV)
san be isclated. The authors comsider that the reaction prooeeds
via an activated nitrems (CXXXVI)

(cxxxVI) (CXXIVII)
which ocan eithor abstract hydrogen atoms from the solvent to give the
amine (CXXXIV) or else rearrange to give the imine (CXXXVII) - the
imine precumably being reduced by lithium aluminium hydride and not
by a photochemical reaction. They account for the fomation of the
alochel (CXXXV) by assuming that a trace of moisture in the solvent
hydrolyees the imine to the corresponding ketone, and that the doubdble
band moves into conjugation to give 4},‘ =gholestenone, which is then
roduced with lithium aluminium hydride in the second stage of ths
preparation to give the alcchol.

In the same paper is desaribed the synthesis of cobessxine

(CXXXIX) by photolysis of the 3, 20-diagzide (CXXXVIII).



g-s '\g.
¥, o,
)

CXXT¥IIT ! { oxXTX
The erude produot of photolymis ic reduced by 1ithiun aluminiuwm hydride
and then H-methylsted with foxmio acid and formaldehyde.  Fregnenolome
(CXL) is also obtained, although its mode of formation is not underetood

(ex)

The irradigtion of pyrasolines = the uvompounds formed by the
addition of diasomethans to olefins -~ has been shomn, in the case of
4, S5f. = and 16, 174 -poresolino-stercids to give the
oarresponding 4ok, 5k ~ and 160l , 176\ - methylens oompounds”>.



(cxnix1)

16el; 17cX ~Pyrasolino-prognenclane 3 -acetate (CXLI), for exsmple,
gives the cyclopropans dsrivative (CXLII) aon photolysis. FPyrolysis
of the same pyrasoline, onthoothorhaud‘o, gives the 16-sethyl-
A 20 - xetone (CXLIII).

Two other interesting reactions which have been reported in the
storoid series are the Hofmarn-Loffler-Freytag Reaction and the reaction
of alochols with legd tetra-acetate and iodine or calcium carbonate.
Both thess reactions may be initiated photoshemiocally, but both have
been reported as taking place without the aid of light. This being
80, they will not be discussed hexe. For references to these

reactions, see the raview by Wolfzﬁ and the chapter by Exikson

and Forbess?® in "Stercid Reactions®.
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The thread running through the whole series of photochemidal
reaciions invelving @ = T\!P’ transitions is thay in all cages the
jinitial astivsted species ~ of unimm nasturs - s transformed into
a diradieni, of which the subsequent reaciions are dstermined primaxiiy
»y the sterxwochemistry of the system. The diradica]l may in fagt be
twe sepaxate radicals - as in the sese of {he phetolyeis of anitrites
or byFpochlerites = or the twyo cantre: of unpuired slactron spin may
be located in ous moleculs; as in the case of the irradiation of
kstonss.

I% is uoually posgible To suggest mechanimme for the frrmetion
o producte in & photechemdoal yaaciicn once Lhe prodweis bave bhean
fdensitiad, Howswar, it is #till a hasardous businems to sttemps
o predict the courms of a photochemicel rwaciion - sspeciaily fow

s relatively complicated system.

Pe ey
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The Photochemietry of Hecogenin Acstate

Hecegenin, 3p ~hydrexy-5., 25D-spirostan-12-cno (CXLIVs; R = H) is
e storoidal sapegenin iselated from a variety of plant scurces (e.g.

Bechtia Texensis, Agave 3isalana). It was first isolated by Marker

62

and his co-workers who deduced ~ the structure shown.

H (cxLIv)
Like most of the related sapogenins, heoogenin ocours naturally as a
saponin, that is a compound of the sapegenin with sugar units attached
te the C-3 oxygen functien. The 3p =hydroxy compeund is liberated
by scid hydrelysmis.

As hecogenin is produced on a large scale for hormone syntheais, it
is a yeadily available and relatively cheap starting material.

The ulira vielet irradiation of hecegenin acetate was first described
by l!clleeb‘ln63, who showed that on irradiation in diexan selutien - either
in vague eor under reflux in an atmesphere of nitrogen ~ hecegenin acetate
is cenverted inte an isemeric unsaturated aldehyde "lumiheoegenin acetate",
which he stated, correctly; te be SF —aoetoxy-12,13-sece-50{ , 25D~
spirest-13-en-12-ene (CXIV). Beductisn of this compound with lithium
aluminium hydride gave "anhydrsheceiyl alsehol" which had been shewn
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ty Rothmen, ¥all and Biay™® to be edther 36 12-dihydroxy-12,13-ecse=
5 ol ,25D-apirost-13(14 }~en, (CXLVI) or 3§ ,12-dihydromy-12,13-s000~
56! o 25D-apireat-13(17 }=en, (CXLVII)

POW DO

1 M)
IS 2 'Lj‘ 2 O _gemaa
Y
A0S~ AN~
(CxLY)
T "‘, L
s S Y
@4 (LT g
W N .

Oxidation of the aldekyde gauve a amall yield of tho expected acid
(CXLVIII) or {CXLIX). The main product was s ketone similar to
hesogenin acetate but having au afditicnal tertisxry hydroxyl group.
This compoand Holieekin thought to e 3% weumuyﬁ ~hydroxy~5 6l ,
25D-aspirostan-12-ane (CL)
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moc o 000 _ |“\g,

(cxLIX)

(c)

on acveunt of the position of the imfra~red abocrption meximm duve te
the kydroxyl group, wiioh imdiceted the presemce of hydrogen-bomding ~
"yreaumably ta the cxygem stom in rimg E°.

Trradiatioa of hecogenim acstate for a lomger period of time, or
irrediation of purified lumibecogenin acetate, sms ahown by Maleokin to
give a sscoed product, “photohecogenin acetate”, The assigrment of a
gtruoture to this compound proved rather troublesams.

On the basis of the dsta availabie sn photchooogenin acetate and ita
sapomification produgt, photchesogeanin, Holleekin temtatively suggested
that tho second irrediation product might censist of a molscule of heoo-
igexin acetate or luwihecogenin acetate to waich had been added 02140.,
This could de erplained By the mddition of haif a moleculs of dicman,

a® of the moileaule of as impurity kvowm to de presewt im i,
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2-methyidiozolane (CLI) to the stercid molecule.

- -
Ao

Loaad

() (cLxI)

Nolookin's suggested structure for photchscogenin acetaie was (CLIX)

in which the moiety C,H O bhas boen sdded gocross the stercid moleomle

4
betwvaen C.12 and C-14.

The pressnily described work was ocomcerped with ropesating Molisekin's
work and attenpting to sotadbiish the structures of ths irradistion
products.

Uhen a solution of hecogesin acotate (CXLIVs R = A8 ) in diozem
is irradiated by means of a 500 watt msdiwe-pressare mercary vapour ultra-
sviclet lamp (either in vecuo at room temporsiure, umder refiux im an at-
tiosphere of mitrogen or st soum tempermture under mitrogusm), & decreas:
in the value of the specific rotstiom (imitially - 0°) 1e observed.

The value ddoresnes rapidly st first, apd thon levels ocut to a walue of
sbout =40° . E interzupting the irrsdiatiom oe soom ze this waluwe
15 resched, it is possible tu isolste Lumihecogenin sostate im 80% yield.
The campound propared im this wpy wes idemtical with s smmple prepared
bty NoMeskin.

The pressnce of an aldekyds group is confirmed by tha presence of
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poaks ¢ 2740, 1709 snd 1408 om.”  4u the infra-red spectrusm, and by ths
peak st T 0,50 in the muclemy megnetic remunance spectmm. The compoand
£av0 2 positive tetrvanitzomoibame test and also showed o posk at 204 mu

(¢ 4,800) in the ultraviclet spectrum, indicating the pressncs of a dsuble
bomd However, thore wera mo olefimic protom signels in the nJE.®.
spectrum, and no C = C°° stzetching peaks in the imfre~red, wiich
indicates that the doubdle boad is tetrasadetituted.

I$ bas been establisbed that amhydrohecelyl aslocohol - tho product
obtained em rodustion of lumibecogenmin acetate with lithium aluminium
hydrids = is @ 12,13-meco mymd“o ¥eking the ressomadle assumption -
by anmlogy with similear reactions desaribed above - that the formatiom of
lw aooiate takvs place via the diredieal (CLIIX),

(cL1Ix)

followed by imtremoleomlar abstrastioa of s hydrogen atom dy C-=12, 1t ia
observed oo exsminetion of = Dreiding model the¢ of the tws hydregen atome
wiich 1% might be comeideored poszible to abstrmet (i.0. those st C~14 and
C~17); only thag at C-14 1a sufficiemtly olose to (=12 %o bo tramsferreod.
Thus i3 meeme almest ocerisin that in lumibesogesin acetate, ankydrohesolyl
aleohol and relsted acids, the double bond is located st positiom 13(14).
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Them luadhecogenin acotate is oxidised with 8-¥ chromic acid in
asetens, two products are ohtaimsd.  Ome, the mimor product (20-40%),
i@ the scid ( CXLVIIY) vhich has been described pxwiml:“, though it
structure had not deen definitely settied. The major preduct (60-80%)
is moutrel, snd is idemtical with the compourd desaribed by Nolisekin.
It iafpe-—red epoctrua (in C 014 soluticn) showe pasks at B50 (weekly
Rydrogen-barded -0K), 1739 (0 As), 1706 { > C = 0) and 1250 (0 o) &= °.
The optical rotatory disporsion curye was cimilar to that of hecogenin
acgteto, the sxuplitude of the Cotton-effect curve beimg rather highex
(+260 as ageinst +70). Thic indicates tha, the immediate emvizcumen:
of the cexboryl group - sspecially the sonfigurstion of the angular methyl
group - ie the samp ms 1t i3 in the cane of heocogenin soetate. (fn the
vase of methyl 3 -acetoxy-l4-kydroxy-12-axe-58 , MWu@ (cLzv)
the &ign and empilitude of the Cottan-effect cu¥ve sre also aimdlar to thoes
of hecogenin acetate, the smplitude daing (+130) o That the tertiary
hydrexyl group im the oxidation product i@ in position (14) zsther thsn
(17) ie proved by the dagradaticn of the sapogeninm by atendard -nthod&“
toa 4O 16:20@&&@0 { Am 228.5 my, £ 7320) which showa a pesk a®
3620 @@, " in ite Anfre-rad spoctxum due fo & wee  hydxogen-bomded
hydrasyl group,

Exrzminagion of Dxeiding models shows thay in the oess of
14+ =hydroxyhecogenin 3 -acetate, weak intremolecnlsr hydrogen-booding

ia just poasible botwoen the hydroxyl group at C-14 and the carbomyl group
b C=12.
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However, if the oxidsticn product is 14 -hydwoxyhecogemin-3f -
-geetate, hydrogan-banding is gtill possidle hetween the hydrexyl
grozp and the cxygan atoa im xing B

(cLav)

(cL¥) ((+A79)

Bridence for the l4el-contiguration cf the hydroxyl group im this
series was providod when the keteme (CIVI; R = As) was reduced by

the Buang Minion meth 67 %o 3[@ s 14 -dihydroxy-56(; 25D-spirostas
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(CLVIT: R - ¥) which on scetylation giwes 3 -soetoxy-Lée! ~hydroxy-Sei
25P-gpirostan (CLVII; R = 48). The latter coapound shows a peak a?
3590 o8 * 4n the infrs-ved, indicating an abssnoe of hydrogen-bonding,
which 1s compatible with the prosence of a 14c{-hydroxyl gromp but not a
U -hydrozyl.

Still more evidenos for the 14s! comfiguration will bo mentiomed
Llmter when tho soacticns of pactohecogenin acetate are diseusaed.

omo o

» b
(cwrx)

Ween avhydrobecolyl aicehol ((XLVI) is trested with 8-F ahromic moid
in omgn@&, two products are again obigined. The major prodact is a
dikotene with s tertiary hydroxyl group and the mimor produoct is a keto-
sacid . The major product ie formulated as 14 ~hydroxy=5&l, 25P-
spireatan =3, 12-ddome (CLVIII). This compound mey also be obtained by
chremic anid cxidation of 14 ~hydroxyhecegemin (CLVI; R = X), the produnet
of eaponification of 14e\ ~hyldroxybecogemin 3£ ~scetsts (CLVI; R = As).

Tha fommstion of the 14c <hydroxy compounds from the &13 = 12,

13-2000 compounds is envizaged as proceeding thu" 8=
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(In the case of anhydrohecoiyl sicohol, oxidation at C-3 ococure alse).
Another mechanien consdidersd possible mas the imitial exidatian of

the l2-aldehyde oxr 12-hydroxymetiyl group to the carbdoxylis acdid folleowed
by oyalisetiom of the acylomium iom (CLIX) dsxived frem it. Kowever,

(CLIX)

enhydrobocolic aoid 3R -acetate (CXLYIII) wae rocovered umchsnged when
sabjeoted %o treatment with ocheomic arid in segtme, mo meutzal product
being obiained.

A thirxd possible mechenimn, the oyslisation to givwe & lZ2-hydroxyleced
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intermediate (CLX) subseguently cxidised to a ketomo, was also congidered.
% woold b2 expected, if this mecherdsm oporated, that the treatmeni of
Iumihecogenin acetate with 2-<F sulpbnric acid in acetoms would result im
the rapid diesppearancy of the aldchyds carbonyl bowd in the infyn-red
epeotEim. Eewover, when luvsihooeogenin zcetste wse thus tromted — under
mope Tigareve conditicna gudl feor three ¢times the time uvsmally allowed fox
the axidatize cyclisetion xeactien, the predunet showed wo diminution of ke

aidabyds carbonyl pesk, although the zaterinl rocovorsd mus ROt pure 1=

sheoogerin aetate. Bewetbelesa, this machandien would seem %20 Be
raled oumo

H{&

(cLX)

The & ~oomfiguration of the i4-bydroayl group in the producis from theee
mactions 18 iz scorxd with the welli-ltaoam pz;inaipla of "reg® sttack” iun
tko storald wriossmo

The dogrefation of the spizasian m&d@mc&uﬁn“ to gl 2 A 16=20 kstoms
gave o poer yield im thoy cede of 14 6| -hydrexyhecogenin.

Jeversl variatiomas of the besic methed were tyied, the otly e whick
FEoved at all sacoesaful being the octoie acild-gotoie wmshydride method.

This imvolves the heating of l4c ~Rydraxyhecogemin 33 -acetats
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(EL¥Iz R = Ae) with m-eeteic 20id and p-coteis amhydride to give the
furesten (CLXI; R = Ootanoyl)

oR
(crxx)
0
(cL¥) (cuxaz)

Thich ie sapomified amd scetylsted to glve the furostem (CILXI3 R = A8).
Treatwent of thia compoupd with chromiva tricxids im acetic acid at etomn-
thath temporature elesmves the doubls bosd to give the 20-ketone with aa
ester grouping at C-16 (CILXII). A solution of tbe latter im light
petroloum/bensene left overmight with active alumina gives 39»—3 ~RoetaXy-
14| ~hydrexp-Sol -progn-16-en-12, 20-dicme (CL¥). The cverall yield ia
POOT. Pegradation of 144\ -hydraxytigogenia 3 -ecotste (CLVII; R - As)
Yy the oexe mothod gave mame of the cxpected ,ﬁ;\} 6_20-katame. Dagredation
of hocogerin asetste (CXLIV: R = Ao) ond of tigogemin asetste (CLXIITs

R = Ao) by the sams mothod gave satiafactory resulis, avd it ie assumsd

that the prossnsce of the 14 6 -hydroxyl group :nfluences the resction.
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{Posaibly dehydration coours to eame extent in ths first stage of the
remction to give a &34 r— s the Au doudls bond being cleaved &t
the oxidation stage togetber with the AZ0?2) acuple bemd).

14 ol=Kydroxybecogenin 38 -acetate recembles hecogenin 37 -scotate in
many of its reactione. Its reduction to 14cd ~hydrcxytigogemin (CLVII)
by the Buarg-Minlen mothod"! has glready been deccribed, It forma en
oxime and also a cymnhydrin (CLXIV) which is readily cemverted by thiomyl
chioride in pyridine into a C-nor-D-hamo derivative (CLXV), both hydroxyl

gxoup2 being lcat in the prysocosse.

(crxIIx)

This indicates that the cyanhydrim has the 12[8 ~hydroxy-12¢| ~ayano
configuration’-.  (The Wagner-lssrusia type of reaction lseding £o a
C-nor-D-homo-steroid requircs coplansrity of the 12/8 ~bond, C-13 snd
C-14).
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The ultraviolet irradiation of 146l ~hydraxyheocogenin 3£ -ascetate
(CLVI; R = Ao) in diaxan solution, under reflux in an atmosphere of
purified mitrogen, produced a rapid deocresse in the wvalus of the specific
rotation. After 5 hr. the value remained constant, and from the
solution there was obtained by distilling off the solvent a good yield
of the spirolactons (CLXVI: R = Ac).  Analysis showed this ocmrpound
to be an isomer of 14¢l<hydroxyhecogenin acetate, and ths infxa-red
spectrum indicated the absencs of hydroxyl and ketomic-carbonyl groupe.

-oo

(cxvr)

Sapomifiostion of the compound merely removed the 3ﬁ«-amne group to
givo the 3851 (CLXVI; R = H) which on re-scstylation gave back the
original 3p= acetate. Troatment with lithium aluminium hydride,
followed by treatmsnt of the amorphous product with a solution of
perchloric acid in methanol, afforded anhydrohecolyl alcchol (CXLVI)
identical with an suthsntic ssmple. This establishes that the product
of irradiation of 14e¢! <hydraxyhecogenin 5p-motato is 3P =acotoxy-14ci =
hadmslz,lfuwscxg 25D-gpirostan-12-cic acid 12 —¥ 14 lactons
(@XVI; R = As).

Its formation from 14cl-hydroxyhecogenin 38 -acetate is explained
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thus; on irrsdiation, a diradical (CLXVII) is formed, similar to that
faxmed by hecogenin JP «-goetats

0

i
0 ‘\\ c ,\\
= CESYY ”Ctyﬁ -
CILVI
( Ac0 on AsD on
(cLxvII) (CLXVIII)

In this case, howover;, there is no abstraction of a hydrogen atam by C-12;
rather the radical loocated at 0-15 abetracts a hydrogen atom from C-11 to
give the ketgne (CLXVIII) which reacts intrzmolecularly to give the
lactons (CLXVI).

Raf‘lnetion of 144 =hydroxyhscogenin 3} -apstate with lithium aluminium
hydride in tetrahydrofuran gave z mixture of triols from which only one,
38, 120!, 14ot~trihydraxy-50\, 25D-spirostan (CLXIX; B = E' = H) was
obtained orystailime. It yielded a crystalline 3p==oootato (CLXIXy
B Ao, ¥ = H) and & 38, 12 ~discetato (CLXIX; R = B' = 4o).

Oxidation of the triol with 8-N chromic acid in acetone afforded
14l =hydroxyhscogenons (CLVIII); similar treatment of the *mtato
gsve 140 <hydroxyhecogenin ‘ZPG acotste (CLVI; R = Ac).



(cLxIX) (aLxx)

The existence of hydrogen-bonding in the 12, 14-diol (CLXIX; R « Ao,
B « H) amd in the 3, 12-diacetate (CLXIX; R = B* = Ac) shows that the
configuration of the oxygen function at C-12 is the same as it is at 0-14.

Whon the 12, 14~diol (CLXIX; R = Ac, H = H) was treated with
mothanesulphonyl chloride and the amorpbous product was boiled under reflux
with a solution of potassium t-butoxids in tertiary butancl, no C-mor-D-homo-
ocompound was obtainod. This agrees with the observation of Elks and
eo~workors conoerning epi-rockogemin 38 -acetate-12%imethamesulphonate
(C1Xx), which gives no C-mor-D-homo compound in comtrast to its
125 —opimer which does>.

The assigmment of a structure to photohscogenin acstate caused =
cortain amount of difficulty.  The structure (CLII) assigned by Moleekin
was in accord with all the evidence available to him, doth for the acetate
axd for its hydrolysic produot. Attempts were made to verify this
structure, firetly by trying to show that "C,H,0" - either as ethylens
oxide or as acetaldshydes — was generated during the irradiation of
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hecogenin acetate in diocxan and in 2-methyldioxolans. Although
photohecogonin acetate was obtained, no trace of ethyleme oxide or of
acetaldchyde could be detested sither by wapour-phase chromatography or
by treatment of the recovered solvent with Brady’s reagent.

Hext, lumihecogenin acetate (CXLV) was heated with paraldehyde in an
attempt to prepare photohecoganin acotate by the additiomn of 0113.@ across
the molecule of iumibhecogenin aocetate. This expsriment, too, was without
Su0Cess .

Drastic treatment of rhotohecogomin acetate with lithium aluminium
hydride for periods of up to 60 hr. gave only photchecogenin. Treatwent
of photohocogenin acetate with mineral acids gave no crystalline product.

A re-examination of MolMsekin’s analytical figures was next carried

out. Thoss woret-

I’hotdz:zg::in ! C, 72,13 H, 9.15 c@l“ﬂ% requires C,72.053 H, 9-35%

Photohecogenin I Gy 13:25 H, 95 | Cooly (0, requives C,73.4y T, 9.8%

A new series of analysss wore underiaken on eamplies of photohecogenin and
photohscogenin asetate, both of which were oxystallised five times fxaom

meothanol
“C.]_12:26 4. 74.8L ___ 74.63 ___ 74.81
Photahscogenin |—F-—o-g= ~30 9.85  10.04 3.82
Fhotohecogonin | _C.| 72.75 - 72,41
Acetate H.] 9.04 9,16
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Tt seaned poosible that thees resulis could be syplaimsd on tha basis
ef photchecogonin being an isower of hecogenip, both photahscogenin ard
ite acstate orystullising in solvated forms. If this 45 so, and if boil

mnleculen have 0.5 molecule of methanol «F crystalligation ke figuves
Toquirad anes-

Lmamhoeogom (%Thwoa ] 00503303): G, 74-55 H, 9.9%

Fhotchecogonin Asetate | (GagHy,0s - 0-5CH,0)s] €,72,555 Hy 9.4

-

A pemple of photohssoganin sestate whiech had boen wigorously dried in
vaocuo at 100° for several deys analysed corrsctly for an icamer of
hacogenin asetate.

Having establisksd the possidbility that photobscogendn sight be an
iscmer of hecugeninm, the next problem was to find cutl the fate of the
avygen atom st O=12 in hecogenim and lumihecogeninu when tho acetates are
photelysad, Frow its ultraviolet spectrum (mo seleotive absorption)
avd its infre-red spectrum {acsiate-carbonyl pesk eanly) it wmould appess
that photohovogenin aceiate, unlike lumiheocogenin scotaie zas neithesr
uRsghuration nor any cartwmyl group sgoept the EUQJ -acatate, It givas
m0 ovlcur with tetrani trcmethans.

How Buchi, Toman and I:ipinaky?g hove deseribed the uliraviolet
irradiation of miyraldehyde (CIAXI) in the presence of 2-mathylbut-
?-eme (CLXXIX) which thoy ohow to give the 1,3»@1&6 (CLXXIIX)
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Cy, - OHO - a,--c“ o‘-—-r.cn,
B c--cl'; CH; f ¢ —Cl,
o
(cLxxx) (c1xxix) (cLxx1Ix)

(See also the recent paper by Armold, Hirman and Glick!4),

It seemed reasonable to suppose that, under ultraviolet irradiation,
lumihecogenin acetate (CXLV), which has an ajdehyde group and a doubdle
bond in oclose proximity, might undergo a reaction of this type intra-
molecularly -~ in which case photohecogenin acstate would have the
structure (CLXXIV:s R = Ao)

(cLxxIv)

In oxder to test this hypothesis, photohecogenin acetate was treated
for a fow minutes at roo: temperature with boron trifluorids—ether complex

in dry bensene. The product obtained by pouring into water and extrao:
stion with ether, consisted of a mixture of two compounds which were
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roadily separsted by cirumwmtography on alumina. e less polar
product ("Compound A") was eluted by bemsens.  The structure of
this ocompound will be discussed later. The more polar product
("Compound B") was oluted by ether and its infrared spectrum
ohowed the presence of a hydraxyl group (pesks at 3620, 3560 oa )
amd of a double bond (pesks st 3060, 1645 on™t).

Oxidation of "oompound B" with 8-N chromic scid in socetone
in the usual way gave a ketono, which showed the enhanced
ultraviolet sbeorption intensity associated with 8 ,Y-
unsaturatelkotonos ( A max 294, €252)1°,  Its 0.R.D. ourve
had an amplitude ( 2 + 40).

Treatwent of "ocmpound B" with perbensoic acid, followed by
reduction of the resulting opoxide with 1lithium aluminium hydride,
gave an amorphous solid which on oxidation with 8- chromic acid
in scetons gave 1l4ol ~hydroxy-5e! ,25D-mlroctan--3,, 12-dione
(14 c\-hydroxyheocogenone ), (CLVIII) identical in all respects
with a sample prepared from anhydrohsoolyl aloochol (CXLVI)
by oxidative cyoclisation.



0
(cLxxIv) 1 (CLXXV)
0 / B
. QtSt@
(CLXXVII)

(CLXXVI -

)
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Treatmont of the lithium alumimium hydride reduction product from
the epoxide with acetioc anbyiride in pyridine gives the same diol
moncacetste (CLXIX; B-u,ll-l)u-obtdndmm
trestoent of the reduction product from 1l4ol ~hydroxyhecogenin
3,0-.00“%0 - namely 3#-.“*@-1201, 14 o -d4hydroxy-5 ot ,25D-
spdrostan,

Oxidation of the diol monoacetate gave 146 -hydruxyhecogenin
3f —acetate (CLVI).  Oxidation of the triol gave 14o{-hydroxy-
shooogonone (CLVIII).

It is thus established that the hydroxyl group in "ocompound B
is a 120l =hydroxyl. (It must be either a 12¢{~ or a 14ol- hydroxyl
group, and it is capable of being oxidised to a ketons, which rulos
out the tertiary 14¢l~ hydroxyl).

The ketans derived from “compound B" im P )~ unsaturated.

Binoe the koto group is at 0-12, the possibilities for the position
of the doublo-bomd aves A 8(9), ABQ4) | 5 A UG5

The former is ruled out immediately, as it could haxdly give rise %o
8 14ol-hydrexyl group by epoxidation followed by lithium alumimdum
nyaride reduotion. A AS(4) aaudle vond 1s tetresubstituted, and
would not be expected to show any peaks in the infyared spectrum in
the ( G « Q@ ) stretching region.  Beither would it exhibit
any olefinic proton poaks in its mclear magnetic rescnsnos spectrum.
fiince doth "oompound B and its oxidation produot show ( ¢« 8 )
stretching frequencies in the infrared, and the ketone also shows
olefinio proton peaks in the n.m.r. spectrum, it is evident that
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the pouition of the double buod 1n these ocepounts 1s [\ 14(1%):

~ Tus, compound "B" is 3f —ecetoxy-12¢ -hydroxy-5ol ,25D-spdrost-
l4-en (QLXXV: B = Ao). Its oxidation product is thus 3f-scetoxy-
5ot, 25D-spirost-l4-en-12-one (CLXXVII; R « Ac).

The epoxido derived from "oompound "PF' is 3f ~ecotoxy-l2dl -
hydroxy-14ol , 15« —epoxy-5otl, 25D-spirostan (CLXXVI). Its foxmstion
frem “ocompound B" is in accordance with the work of Bofer, linds and
Mayer'S.  On reduction it would be expootod to give a 14¢!-hydroxy
compound, and the fact that the compound thus obtained is identica)
with a oompound to which a 149 =hydroxy configuration had deen
assigned for other reasons is additional evidence for the correctnsss
of this configuration.

Fhotohecogenin must therefore have a 12, l4-axide linkage, which
10 split by treatment with B,77 . fince one product of this resction
bas a 120t ~hydroxyl group, and a doudle bond at C-14, it sust De that
in photchecogenin there is a 121 , 14 -oxide linkage- Henoe photo-
wmuuspw-nd, U ~epoxy ~ Scl, 25D-
spirostan (CIXXIVy; R = Ao).

The ketome (CLXXVIX; R = Ac) on saponification gives
14-dehydrohecogenin (CIXXVII; R = H) shiob an oxidation with 8-F
chromic acid in acetons gives the diketoms (CLXXVIII).

Oxidation of the epaoxide (CLXXVI) with 8-N chramic acid gives
the 240!, 150f-epoxy- 12 = ketane (CLXXVIeg).

Saponification of “eompound B gives 3#. 120l ~dihydroxy-

5o, 25D-spirost ~14-en (CIXXVy R = H).
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The satuwse of "Compound A" was socmething of s mystery. 1@
infrared aboorpiion speotrum shows that there is no hydroxyl group
present and no cavbonyl group oxcept the 3;@ =apetato. The compount

is unsaturated (positive tetranitromethane ¢est, pezk at 1650 @21

in
the infraxed and olefinic proton peak in the n.m.x¥., T 4.6, equivaient
40 one proton).

Fhe cempound containsg no boren or Liuorins and enalysie indicates
that it ie an isomexr of hecogenin acetate. The infrared spectrum
ghowa that the spirostan side chain is in%w%Tao Sapomification of
the compound gave a product which was difficult ¢o obtain shaxp-
wmelting, btut which on re-acetylation gave back "compound A". The
miolear meu}“&&ﬁ of “oompound A" has a pesk at T 4.6, as
montioned above, which hzs an area squivalent to one proton. Hense
the double bond is trisubetituted. There is also a broad band at

T 6.5 which has an area equivalemt to four protoms. As the spiroetan
cide-chain is intact, two of these protons should be acoounted for by
the hydrogen atoms attached to C-26. (The band is in ¢the regiom
associated with the resonance of protons bonded to s carbon stom
Joined by a single bond to an cxygen ztom). In "ccmpound A", then,
there ars two more hydrogen atoms attached to a sarbon atom (or atems)
tonded to an cxygem atem (or atoms), besides the two already ascounted
for and the hydrogen atoms at G=é and C-16 which are accounted for by
8 droad band at T 5.25.

Taking all these facts into oconsideration, we arrive at the

eonclueion tha¢ there is only one oxygen atom with which the two
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hydrogen atons can be associated, namaly the one derived (ultimstely)
foom the i2-oxo group in becogemin. I8 thus appoars tha: there musk
o s =€Eﬁ~ = geeup in the molecule cof "sempound A%, It is @ifficult
%0 oonceive of a simeture which would satisfy all these observeations

other then the structure {CLXXIX) ox psrhaps a C-13 epimer, without

,?,‘Q\'-

oo

Hee

postulating cops deap-ssated change slsevhere in the molecule.

{cLxxex)

Therefoxe "ocmpound A” ig fommlated, albeit tentatively, as
3{& -acetory-129 ~oxe ~@-homo=5¢ ,25D-spirost-14-en (CLXXIX).

in one experiment in which photshscogenin 3£’$ﬂace-tate~ {CLXXIVg
R = A¢) was treated with 33‘3 = gther compiex, a smzll amount of
lumihooogenin acetaie (CXLV) wee dsolated among the produets.
This observetion proopted ancther seriee of expeorimemts involving
the treatment of lvmiheoogenin aocetglte @ith EPB -other ccmplex uwader
the saxs comditions. It was found that umisr theze sonditions
lumiheoogenin scetats gave the same produots as photohesogenin

acetate, and in approximstely the sams proportions. The

AM

=12 =¢l sgn be cbtainsd puro by this method, but the



12a -oxs =0= homo steroid is always sontaminated by heocogesnin acetate
from which it is diffisult to separate it. (Hecogenin acetate is
presont in all but the most sarefully purified sampies of lumihecogemin
acetata ).

The formation of ths A -12- o1 from lumihecogenin acetate end
from phoiohecogenin acetate zan reedily be sxplained by the follewing
machanisme

'\x 13)3 ,.\(\) )
(\j 1 — Q B

3

—— -,
o W

Tho mechaniem of tho formation of “ecmpound A¥, if indeed it is

3B -nootoxy-12g -oxa ~C-homo-50{,25D = spircst-i4-en , poses eertain
difficulties. It is possible,; in view of the formation of lumi-
shooogenin ascetate from photchescogenin scetate deacribed above
during one experiment, that an equilibrium is set up when either
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photchecogenin acetate or lumihscogonin aceiate ie treated with

}Sﬁ"s atharate,

It is temtatively suggested that “ecmpound 2" is formed fxom
lumikecogesin acetste by the fallowing meckaniem:

Thio machanisgm i3, of sourse, open to objecticm, imvolvimg as it
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does the attack of boronm triflucride at what would normally be
expected to be an sleotropositive centre.

Fhotolysis of i4-dehydrohecogemin 3f- acetato (CLIXVIij R = As)
gave no axystalline product other than recovered starting material.
The apecifisc rotation changed during the ocurse of the irradiation,
and it might be expected, (by anaiogy with the photolysis of

15: 16 where, as 15 the case with & A *4-12-ketene

17-katostercids
»nd hydrogen atom is sterically available for abstiraction by the

vadical at C=12) that epimerisation at C~13 migh%t ocoour. However,

wo such product was isolatsd. Irradiation of the A uul?mhtm
in aguscus dioxan for a prolengod period gave omly a trmoe of asidies
material,

Attempte to hydrogenate the Aums'tomids wore unsuccessfisi.

The methods desoribed above for the introduction of 14el ~hydroxyl
groupe and [\ - double bonds into steroid molecules are potemtially
valuable in hormons synthemis. (148 -Hydroxyl groups eould be
introdusted, too, by treatmemt of A ‘4-stercids with N-tromossotemsde
in m‘éw?s). Since side-ohain degradation of 140\~ hydroxyspiro~
stan;; gave suck poor results; it was deocided to vepsat the
expsriments using stercids in which the spirostan wside=chain is
BOT prosent.

Irrediation in dioxan of 33 -asstoxy-5i- preguman- 12, 20 - dians
(GLXXX) gaws mo



eryetallins product. Presumably the rxeaction is eomplicated in
this case by roactions of both the 12- and 20-ketc-groups simul:

stansously. (0.f. Wehrli et. al.!?). A suitable compound was
fourd in 3ﬁ , 20% -diacetoxy-Sel -pregnan-12-one (CLXXXI) which is

prepared from the diketome (CLXXX) by the method of Petrow et g.ao

oo

(CLXxXT)

(CLXXXIII)
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Irradiation of the keteme (CLXXXI) in dicxan caused a drop in the
value of the mpecifioc rotation frea + 94.2° to + 7.9° in 9.5 br.
Chromatography of the produet afforded 3@ »20 £ ~dimcetoxy-5c ~
prognan-i2¢l , 145 ~epaxids (CLXXKII) and 383, 20 -diasetoxy=12,
13=mo:5c@=pro@:a13~—ﬂn=12mom (CLXXXIII). So far, attempte
$0 Prepare ,&Mm and 14¢ = hydroxy-stercids from these compounds
have been unsuccessful. Oxidation of the aldsehyde (CLXXXIII) with
8-N chromic acid in scetone gives no neutral produet, and treatment
of the 12&!, 14c/=oxide (CLXXXII) with boron trifluoride - eiher
somplex gives no crystalline material on chromatography of the
reaction predizet.

dince this work was performed, Quinkert, Wegemund, Homburg
and Cimbollek'® kave desoribed the ultraviolet izrediation of many
pon~gonjugated ketones in solutions containing water. (See alsec
Introduction, p. 7 ). Thoy describe the irradiation of hecogenin
avetato (CXLIV: R = As) in agueous dioxan, t® give the acid
(CLXXXIV).
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which ie in accord with the mechanism propoeed above for the forma:
stion of lumihecogenin acstate (CXLV) from hscogenin asetats om
photolysis. in the case of irradlation of hscogenin acetate in
aguecus dioxan, the divadical (CLITIX) sescts with water to give the

asid (CLXXXIV).

(@urrx)
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Suoleophilioc Additsen to A 26.20-retanes

In wviosw of the discussion to follow on the photoaddition of
alcohols o A,16=20==kotonea, it is interesting to consider scme
addition reactions whioch have already been described for such ketomos

Some examples of addition to Alﬁeaz&ket@nns are showm in the
Chart (2) below.

Coary (2)

malomio ester
(Ref. 86)

=0

{“\.f/[\&,_ -G (coms),
Lu
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The bass-catalyesed addition of methanol to & A 16 20 rotcne was first
reported by Enrhxsl = who thought, however, thay the product was a
17-hydroxystercid.

This was correctsd by Fukushims and Gallgghoxae, who demscribe the
addition of methanol to pregnadiencicme and @gap@ogeetem (CLXXXV).
In the latter case sddition ocours ouly aorosse the ﬁls—d@u‘blo bond,
the of ;8 -unsaturated ketoue in ring 4 being unaffected.

{CLIXXV )

Fukushima and Gallagher suggest that the addition occurs via an
intermediato (CLXXXVI)

OH

S

{CLXXXVY)
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formed s a result of the addition of a methoxide ion
at C-16.

It is ressonadble ¢o suppose thet in the octher cases
mentioned the mechanism of the addition is similar to that
operating in the case of methanol and KOH. In ths case of
the addition of methanol yields are poor, due to the fast
that the resction is an equilibrium and that the methznol
will be only slightly dissociated. Howewer, in. the case
of, say, the sodium salt of malonic ester esg-the»dinsocia
-ation is more nearlg complete and yields in the addition
reaction are higher .

The configuration of the product, 16, 17}5?-0.’0@&31 be
explained by invoking the principle of rear attack on the
stercid nucleus- to give a 16g-substituted system, in which
case the ketonisation of the .erol, e.g. (CLXXXVI) proceeds
ec ag to give the 178~ rather thanthe 17{-pregnan derivat..
-ive.

The photoaddition reactione of slcohols aoam-»eo»
ketones to be desoribed belox give different proaucts

from the mcid- er base- catalysed additiona mentioned

ébove, and the redical mechanisms postulated account gor

this difference.
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The Ultraviclet Irrediation of 416 -20-ketones

In view of the results obtained by Buchachacher, Cereghetti,

Fohxrli, Sohaffner and Jogox“ on irradiation of 3,9 =poetorypregn-5-
on-20-oma (CLXXXVII), which they showed to give the 18,20 cyclostoreid
(CLXXXVIII)

= =
ek ;IXS:EE

(GLXXXVII) (CLEXXXVIXT )

i¢ pesmsd of interest to axswine the reaction of a ‘_@1640 ketone on
irradiation under similar oconditions.

¥hsn 3p -aostoxypregna-5, 16-dien-20-one (CLXXXIX)
("pregnadiencione acetate"; “dshydropregnenclone soetate”) was
irradiated in dioxan solution by ultraviolet light, either in wacue
at room temperature or under reflux in a stream of mitrogen, a
decrease in the intensity of the ultraviolet absorption maximum
in the 240 m: region was obsexrved. In four hours the intenmity
of the absorption decreassed from ¢ 10,000 aimost to sero. Tha
reastion mixture, on chrowatography, affoxrded twe orystalline producsts.
Ono, cbtained in adout 404 yield, was shown %o be
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( CLXXXIX) (cxc) == (QLXXXVII)

Bg-wﬁw=ﬁ=en——ﬂm (cxe) ("pregmoncions acetate™), whiah
must arice fxem reduction of the A‘lsﬂmble bord of pregnadiemolons
aocotata.

The seccnd orystallime produet, obtained im about 20¥ yield, is
a dimer (molecular weight = 688). Prom the cvidence afforded by
its infrared spectxum it has no hydroxyl group; it has, apparemtly,
two aocetate groups and cne saturated ketone group in the bi~stercid
molecule. (The scetate peak at 1730 em © i twice as intense as
the peak at 1708 mal)o Thers i also & pesk at 1660 am - wiioh
suggests a decuble bond. (This may or may not be due to the
[\’ ~dcuble bonds which do not shew sbscrption in this region is,
for example, pregnenolome acetate).

The n.M.*. Sspestrum of the compound shows that the angular
methyl groups are all intact, and the pesk at T 7.95 indicates the
presence of the two acetate groups {six protams). The peak at

T 7.90, however, (assigned to ng = €0O) has an aréa corresponding
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%9 only three protons. It would appear, then, that in the
bi-eteroid molecule (assuming no really drastic changes have oocurred)
we have two molegcules of pregnudiencione scetate joined together in
such a way that the ca3.co = gide chain is intest in ome of tham bt
wot in the other. The bxoad psak in the n.m.¥. at T 5.5 1a
nasigned to the orotone st C=3 in the steroid molesules, the pesk gt
T 4.6 to the protons at C-6. 1% is difficult to assign the peak
&t T 6,35, which has an sves ocorresponding to four protons and which
wauld bs sxpested 30 bhe due to protams on sarben stams &ingly bondad
to oxygen.

Blooe coe of thes 1l7-useiyl groups has chenged im some Way
(®inos its methyl group Goes nov show up sharply in the R.W.X.) sod
it i3 probable that tho “kstoms-czygen" ie no longer doubly bonded
%o cme carbon in this ¢ass (the intensity of the caxbonyl freguensy
peak in the infraved at 1708 angl corresponding to anly cne )G = 0]
it would seem possible that the linksage tetweein the two steroid mole:
soules is via an oxygen atom.

Ona poseibility would be the structure (CXCI) belew, though

this does not aocount for all the n.m.r. evidences mentiomed above.

(cxex)
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in oxdezr to0 gutkher more information about the mechanicm of the
resotion «~ and to try to idemtify, if possible, the dimer, it wams
deoided to carry out irradietions of pregnadionolone acsetate in
hydroxylic solvents which would; it wacs thought, be likely to add
an to the radicals formed from the steroidal ketoms om irradietiocm.

¥hon pregnadicnolone acetate (CLXXXIX) wss irrmdiated in
sthanolic solution; either under reflux in a stream of nitrogen or
in vacuo at xoom temperature, a rapid reaction occurred, the extinctie
eoefficient of the uliraviolet absorption maxiuum at about 240 m
decreasing from £ 10,000 to zero in 1,5 hy. Chromatography of the
gmads reaction product gawe two oarystalline compounds, the firet bedng
progrencions acotate, (CXC), sin Ay 40% yield, as in the case of
irradiatiorn in dioxan. The second crysialline ccmpourd, alsc
obtained in v 40% yleld, is fcamulated as 35 ~acetoxy=-16 ole
(17 -~hydroxyethyl }-pregn-5-en-20-ane (CXCII: R = Ac) for the
following reasonsg

: : \. Fo
B £\J;Sj§ ‘g:—““" / H:Ij“r

o 4L

( ) (CXCIII)
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I% shows peaks in the infrared spectrum at ;‘p-ﬁ)}”ﬂ:”.

indiosting the presencs of a hydroxyl group, and on oxidstian with
8-F ohramic acid in scetone gives a diketome, formulated as (CXCIII),
which has a peak at ‘T 7.86 in its n.m.r. spectrum, oquivalent in
area to six protons (2 x cg':,'m) in sddition to the peak at

T 7.99 (equivalent in area to thres protaons) assigned to the

3/} —acetate group. The produc: of saponification of the phots-
taddition product, ¢the diocl (CXCIIs R = H), on oxidation with 8-F
chramioc acid in aceione gave the txiketone (CXCIV) which was not
isolated but was isomerised by dilute sulphuric acid in methanol

to the known compound, 16! -ssetylprogesterome (CXCV). The
substance was identical in svery respeot with an azthentis eanplaea
kindly provided by Dr. Plerre {axabbé of Syntex S.A., Mexiso.

|

{cxCav) {cxcy)

This establishes ¢tha¢ in the irradiastion reaction, the compound
(CXCII; R = Ac) is formed by the addition of the elements of
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athanol to the molescule of preguadienoions agetate. The photo-
saddust is presumably a mixture of two Compounds which ave
stereoiscmeric at position 1Y .  Thin layer chromatography of
the subotapce showed a very slight “"waist" in the single spot due,
presumably, to the presence of these ¢two eilereciscmers.

Next, pregnadienolone acetate was irrsdiated in solution in
isoproparol, and again pregnencicme acetate was obiained in about
408 yield. An sddition product was also formed, im about 330%
yield, Thio is 3@ ~acetoxy-16d </ -hydroxyisopropyl) - prego-
5-en-20-cne (CXCVI; R = Ac)

A {e

(cxcvr)

(cXcvIII)

(CXCIX)

which showa a pesk in its infraved spectrum at 3450 em * (hydrexyl
group) and which has in its n.m.r, spectrum a peak at T 8.88, with

an area corresponding to six protons, assigned to the gem-dimethyl
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group at position 1’ .  The 3'6 ~alachol, (CXCVI; R = H) obtained
ty caponification of the photo—addust, gives on oxidetion with 8-N
chramio acid a product whiok is principally the diketcme (CXCVII),
tut which must also sontain some of the corresponding progesterons
(CXCIX) = and which ajso contains some of the triketoms (CXCVIII).
Treatment of the crude oxidation produet with dilute suiphuric acid
in methanol gave a mixture from which 16e{ = (1’ <hydroxyisopropyl) =
progesterone (CXCIX) and also 16« - {1/ <hydroxyisopropyl) —pregn -
4=on»5, 6, 20-twione (CXCVIII) were cbiainsd pure on chromatography.

The remotion was eitonded to a variety of alcohois - gyclchexsnoi,
foxr example, gives a photo-adduet (CC) and ajso pregnencicne acetate
in about 45% yield.

It was found that photochemical xeactions of this type proceed
equally well in quartez or in pyrex flaske, which seems ¢o indicate
that the n-wbﬁﬁ trancition of a non-bonding electron is
respansible for the reaction, since light below 290 m: is effectively
filtered out by pyrex. The photoaddition of ethamol to
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prognadienclons acetate takes place when the solvent is a mixture
of equal volumss of ethanol and oyclchexane, although the yield of
tho adduct (CXCII; R = Ac) is rather lower in this case.
Pregnenolene acetate (CXC) is again formed in about 40% yield.
In all these nactions, in addition to the photo-addition product
and the reducticn product, there is obtained a quantity of intraoct:
table gum, a mixture of several compounds, which becaomes dark grean
or blue when kept in contact with methanol or shlorofoszm. It is
suggested that these may consist of a mixture of dimers and paoduots
of irradiation of pregnenclone acetate and of the photoc—addition
producte. It is quite possiblo, of course, that altornative
photo-reactions of pregnadienocione acetate may ooour also.

then pregnadierolone acetate (CLXXXIX) is irradiated in sclution
in methanol, the reaction is slightly slower (i.e. the ultraviolet
absorption maximum at 240 mu takes slightly longer to disappsar than
in the reactions already mentioned, where the digappearance may be
complete in 1 -~ 1.5 hr.) and a oxystallire precipitate is formed.
The nature of this substance, which is a single ocompound, is still
being investigated. It oontains & hydroxyl group and a saturated
keto-group, and may possibly be a dimer. It is difficult ¢o
characterise fully due to its imsolubility in many solvents. It
was not poesidle to run an n.m.r. spectrum, even in dmtcroehlmfm
or deutexopyxidine, and the compound was recryctallised from & large
volume of hot chloroform by the addition of methanol.

The other products of the photo-reaction were ahromatographed
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as usual and include pregmenclone acetate in about 40% yield.

Nore polar fractions, where, by analogy with the reactions mentioned
above, the adduot would be expected to be found, consisted of a
mixture of several compounds. Repesated re~chromatography of thess
frectians gave no clear ssparation. However,; acetylation of the
material with acetic anhydride in pyridine, followed hy chromsto—
igraphy, gave a slightly impure compound which on saponifieation and
recrystallisation of the product afforded 3 ﬁ =hydroxy-16 ¢ =hydroxymet-
thylpregn-5-en-20-one (CCI) identical in every respect with am
authentic mplo” (kindly provided by Dx. S. Bermeiein, Lederld

Laboratories, Fearl River, H.Y.).

This estabiishes that the sxpeocted photo-addition does in faot
goocur; aithough the yield is very poox.

Rumerous other solvents were used in experiments with pregna-
sdienolone acetate, with mixed success. Trifluoroethanol, benzyl
alecai®l, 2-methoxysthanol, ethylens giycol monocacetate, propargyl

alcohel, thicacetic ecid and N, F-dimethyl-2-aminoethanol gave no
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reduction product and no 1§olable qd.d:l.tion products. In soms cases
S0 reaction apparently takes plaoe, as chromatography of the orude
roaction mixture gives a series of dark gums, in addition to unchanged
pregnadienclone acetate. In the case of bensyl aleohol, starting
material is recoverod unchanged (quantitatively) afier irradiation
for three hours.

Irradiation of pregnadienoiane scetate in allyl alechol caused a
diminmution of the ultraviolet absorption maximum at 240 ms in 3 hr. to
104 of its original intensity. Chromatography of the reaction
product gave a mixture of unchanged starting material and pregnenolone
acetate. Elution with more pflar solvents gave some gum followed
bty a gusmy crystaliine material eluted by 99 : 1 ether : methanol.

The latter was shown by thin layer chromatography to be a mixture, and
re-chromatography, followed by re—erystallisation did not give a sharp-
melting product. (This experiment was repsated several times and it
was not found possible to isolate a pure compound from this fraction.
However, on one occasion another crystalline compound was isolated;, in
very poor yield fram an earlier fraction, which apparently had no keto-
tgroup and no hydroxyl group. It melted sharply (195 — 199°) and had
(), =46.7°.  Unfortunately the yield was small and the compound
aculd not be iesolated in other irradiation experiments. The identity
of this compound is, therefore, ob@m). The polar material gave,
B oxidatiqn, s oarboxylic aoid of which the structure is not known.

Irradiation of pregnadienolone acetate in ethyl acetats for 4 hr.
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caused almost ocomplete disappearance of the ultrgvioclet absorption
maxizum at 240 mp, and chromatography of the product gave pregnsnolone
acetats as the anly orystalline product, in about 20f yield. Irrvedia:
ttion in tertiary butanol likewise caused a relatively slow change in
the ultraviolet ahsorpuon maximum, the intensity of the peak falling
%o 30 of Siw cxlpiad valus fw 5.5 e 'Mho: mily aysielitin yrodhind
was a mixture of startins material with pregnenclons soetate. Irredias
ttion in oyoclohexane gave, after 7 hr., a 28% yield of pregnenclone
acetate asthe only orystalline produot.

Irradiation in acetic acid for 4 hr. causes little change in the
ultraviolet speotrum. From the reaction mixiure the starting matexial
can be recoversd in more than 70% yield, together with a gum which
congists of at least eight campounds.

Irradiation of pregnadienoclone acetate in a mixture of cyclo-
spentanol and cyolohexane gives pregnenoclons acetate, and gives a small
yield of what is probsbly the adduct (CCII)

Ny

(cexx)
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although there was insufficient material to characterise it fully.
Irradiation of 3B -acetory-16-methylpregn-5, 16-dien-20-ome
("16-methylprognadienclone acetate") (CCIII) in othanel or in

(cexxx) (ccIv)

isopropancl, under cinilar conditions to those deesribed above for
pregnadienoclones acetate, c&:aed & similar rapid decrease in the
intensity of the ultravioclet absorption maximum at 252 ma. Afterx
1.5 ar,, the value of the extinotion coefficient had decreased from
about 10,000 almost to sea0.

Evaporation of the solvent gave; in both cases, a crystalline
product which was shown by thin layer chromatography to be almost
homogensaous. Recryetallisation from methanol gave, in both cames,
pure 3B ~acetaxy-16f —methylyrogn-5-en-20-me (CCIV) ("16f - methyl-
spregnenolone acetate”), identical with an authentic sample (kindly
provided by Dr. C. L. Hewett of Organon laborstories L$d.). This
was the only crystanino product.

Irradiation of lé-methylpregnadiemolone acetate in methamsl gave
& rather more ecamplex reaction. After 8 hr., the

ultraviolet absorption maximum at 250 my had disappeared, and
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chrematography of the orude reaction mixture on alumina gave

16 -mothylpregnenclone acetate, identical with an suthertic sample,
in about 40 yleld. More polar fractions gave a exystalline solid
(in about 35% yieid) which melted at 197 - 202° tut which was shown
by thin layer chromatography to consiet of two compounds. Repeated
ghromatography of themixture did not effect any clear separation, and
regrystallisation did not improve matters.

However, oxidation of the mixture with 8-N chromic acid in acetone
gave a nsutrasl component and an acidic component. The neutral pro-
sduct was shown by thin layer chromatography %o be a mixture of two
ocmpounds, and the muclear magnetic resonsnce spectrum indicates that
it is a mixture of two aldehydes (peaks st T 0.09 and T 0,21 corres-

sponding to CHO) . It is euggegted that ths two aldehydes may be
(ccv) amd (CEVI)

(ccv) (covx)
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The acidic fraction from the cxidation reaction seems to be a
pure compound, namely 38 <hydroxy-16f -methylpregn-5-en-20-one-160( -
-carboxylic acid (CCVII). (The acetate group has been removed

-

{CovII)

By the alkail used to extract the earbaxylic acid).

The asid itself is not sufficiently soluble for t¢the xurming of
an R.m.¥. spectrum, but  the methyl ester was preparsd on a small scale
by treating the n.m.». sample of the acid with an excess of diazo-
smethane, followsd by evaporation of the excess of the reagent under
reduced pressure. The n.m.r. gpectrum of the methyl ester showe
peaks at © 6.25 (methyl ester), 7.87 (17-asetyl group), 8.61
(168 =cg3), 8.97 (19@3) and 9.03 (1&@3) o The pesk at
T 8,61 1z sharp, indiezting that there is el 16-hydrogen stam.

It is velieved, on the basis of the evidence mentioned above,
that in the irrediastion of l6-methylpreognsdienolons acetate in
mothanol, addition ofCH,0B oocurs at positione =16 and =17 in the
steroid micleus.  FPossibly similar addition at C <1¥ oecurs in

the case of the irradiation of pregnadisnoione acetate in methanol,
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which would ascount for the difficulty enocountered in obtaining a
pare sample of the adduoct.

The nst result in most of ths irradiation reactions descxribed
in this seotion is reduction of the /A'® -double bond in the sterold
molecule, together with addition of the elements of an alcohol, in
many cases, across the double bond, the reactions being steresspecifie.
How the addition of aicohols to double bonds by photochemical mezns is
rare, but Urry, Stacey, Huyser and Juveland”° have reported the
addition of ethanol ¢o hex~ 1 -ene and of isopropanol to cet - 1 —ene
to give octan =2- ol and 2-methyldecan -2- ¢l respectively. These
reactions proceed siowly and in poor yield, whereas the photochemieal
additions and reductions desoribed here proceed rapidly and in fairly
good yield. Since the reactions proceed as well in pyrex as in
quartz, it seems likely that the n —e WG tranaition associated
with the keto-group is responsible for the formation of the initial
activated species, and of the diradicals which react to give the
products.

Fhotoreduction of saturated carbonyl compounds by alcchols bhas,

of course, been descridbed in the literature many timeagl

o and 1% is
thought that in this type of reaction the diradical represented by

(CCVIII) abstracts a hydrogen atom from the solvent
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(ccxx)
(coviix)
Heo
>cn.=-oa
(ccx)

to give the radical (CCIX) which can then abstract o further hydrogon
atom %o give the alechol (CCX). (It ies possible, of couree, that
the radical produced by the abstraction of a hydrogsn atom froam the
solvent may enter into the resotion).

It is worthshile to consider scme of the possible mechbanisms
which sould occur whon & A16=20=1mtone ie irradiated in an alecholio
aclvent. (Sse Chezt (3) ).
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Initially the ketone absorbs redistion and is trensformed imto an
activated speciss, inadequately reprosented by (CCXI). This can
&ive the diralical (CCXII) which ocan rearrangs by pathway (B) to giwe
s diredical (OCXIII) in which the cemtres of unpaired slectronm-spin
are further soparated than in (CCXII) and which would be expected to
be corresponlingly more stuble.  The diradical (CCXIII) can be
envisaged a8 reasting in three possidble ways, vis:

(1) Abstraction of a hydrogen atom from the solvent to give (CCXIV),
snd the radical *CR,0H (pathway (C) ). [Ketonisation of the emol
(CCXIV) (pethway () ) gives the Tedical (CCXV) which can either
react with the redical °CR,OH (pathway J) or else by further
abstraction of a hydrogen atom from a solvent molecule to give
the reduction produot (CCXVI) (pathway K).

(2) Abstraction of a hydrogen atom by the alternative pathway (B)
oould give the radical (CCXVII) which can either abstract another
hydrogen atom by pathway (P) to givethe emol (CCXVIII) which
ketonises to give the reduction product (CCXVI), or olse (CCXVII)
can rearrange by pattway (¥) to give the radical (CCXIX) which
emld abstract a hydrogen stom from the solvent (pathway (P) )
to give the reduction product (CCXVI), or, less probabdly oould
react with tho redical *CR,OF to give tho 17-sddition product
(CCXX) by pathway (Qi-

(3) The diredical (CCXIII) oould reect with a °CR,OH radical by
pathway (D) to give the radical (CCXXI) which could react by
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pathway (L) to give the emcl (CCXXII) by hydrogen absiractiom, ox

by pathway (M) to give the ~adical (CCXXIII). Both these lattex
radicale oould give rise ¢o the addition product (CCXXIV) by pathways
(S) and (F) = namsly ketonisation in the case of (CCXXII) and hydroge:
abetraction in the case of (CCXXIII). It is remoteliy poseible that
the radical (CCXXIII) could xeact with a °CR,OH radical (pathwey (U)
%o give the 16, 17 di-addition product. (CCXXV).

I¢ will be obmerved that the addition product (CCXXIV) eould be foxwe
Yy four of the sequences outlin'ed sbove, and the rednmon proeduct (CCXVI )
by three. The prinsipsl reaction products isolated in the reactions
described in this section can be considered as bVeing foxmed by the
sequences (C, H, J) amd (C, H, K). Where (Rl = Mo}, that ia in
16-methylpregnadienclone acetate, (CCIII), it is comsidered that stexrie
faotors prevent the addition of °CR,0H, (K) exeept where (R = E) in the
cass of the radical derived from methanol.

The sequence (B, ¥, G) mey ocour, as may (E, ¥, P), in all casea.
The sequence (E, ¥, Q) could account for substitution at C =1;7 suoh a®
18 believed to occur in the cass of irradiatian of the A °-20-ketomes in
methancl, but is oonsidexed to ve difficult on acoount of sterioc factoers.
Similarly, the pathway (D) will be less likely to be followed whexe
(Bfl = ¥e) in the case of IG%%wlmMomlm acetate, even when the
eolvent is methavol, and pathway (U) even lems 1ikely, though it may be
possible for s nproduct such as (CCXXV) to be formed.

The scheme of reactions outlined here is mot intended to be an

exhaustive account of all the reactione and rearrapgements
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possible when a A16-=20=htwo is irrediated. It is quite possible for
dimerisation to occur at many of the stages postulated above, and other
side-reactions may slso coocur. Howsver, the sequences ocutlined here
osem to account satiafactorily for the products isolated from the
irradiations of AL6-20-xetanes.

Other o f—unsatursted ketones were also irrsdisted - 38, LIl -
discetoxy=5 Sl-progn-16-en-20-one (CCXXVI) em irrediation in isopropancl,
for exampls, gava the reduction preduct (CCXXVII) and the photo~additicn
product (COXXVIII) expested by anslogy with the irradiation of
pregnadionolons acetate in the same solvent.

0
AsO -
A0
(CCXXVIX)
— <
460 0
- i -<—<m
{ccxXvI) 4e0
{CCXXVIII)

7% was fournd, oo, that when 9(i1) -dehydrohecogenin 3@ -agotate (CCXXIX)

wae irradisted under reflux either in diaxan or in ethamol, a rapid
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reaction oovurred and the kuown ecwpound heooganin acotate (CXLIV; R = Ae)

was ieolaisd as the only crysialline product.

(cexxax) (CXLIV)

(Reocogenin is komen to have a 9¢) ~hydrogen, and the yreduction of the
Agml)-ﬁli’wkstme to heoogenin coetate is concistent with "rear-attask”
by & solvent moloculo am a rudical at C <9 (ec.f. Chaxt I ehove). Ne
addition of molvent hae baen detscted, and an absence of such addition
in the case of irradiation in othanol could bs expiained by stexrie
hindsanoe.

Ultraviolet irradiation of S5¢f —endroet-l-en-3,20-dicne (CCXXX) ip
methanol, othancl or isopropanol for pexiods of 1.5 = 2 hr. caused no
apyméiablo change either in the ultraviclet specizum or ¢the thin-laye:r
chromatogran of the reactiom solution,
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Similarly, 3 -acetoxyergosta - 8(9), 22-dien-ll-one (CCXXXI) waa
recovered unchanged after irradiation for 3 hr. in ethanol.

{GCXXXI ) (CoxXXXIX )
A solution of ! —acotylnaphthalene (CCXXXIT) in ethanol! was unchanged
en irvadiation, also, the starting materigl heing recovered.

Xt is interssiing to note that the Alsce()mk@tonoa axe oapable of
removing hydrogen stoms from such a grest variety of sclventa = oven
oyclohexane -- when subjected to ultraviolet irradistion. (Suek
roaotivity hms been remarked by Clamician and Silbo:f‘e #n the case of
qQuinones).

It seemed of interest to examine the products of irradiation of
pregnadiencions acetate (CLXXXIX) in a solution eontgining = phenol,
to see if any additlion of the phenolic molecule to the doudble bond in
the A 20-ketone could be detected.  When such an irradiation was
carried cut (& solution of the stercid and para cresol in cyslcohaxane
boing used), chromatography of the residusl gum cbisined from the remotion
mizxture after removal of the remaining orescl and solvent gave,on ons
occasion,a small yield (about 3%) of a substance which, from its infrared
speotrum, sould be the compound (CCXXXIII).
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(cCXXXIIX)

The compound was neutral, and showed a strang peak in the infrared

spectrum at 817 ot

which could be due to a 1, 4-dimubstituted bemsens
Fing. The spectrum showed the presence of a saturated ketons (poak
at 1715 mﬁl) and the absence of a hydroxyl group. Unforiunately, ithis
result could not be repeated, and there was insufficient material for
fyvsrther studies.

In view of the known addition of negatively charged spocics (e.g-
ayenide ions) at C -16 in A16=20=~btones (vide supra, p. 74 ) an
attempt was made to synthesise compound (CCXXXIII) by treatment of
preognadienoclone acetate with the potassium sslt of para oresol. This,
%00, was unsuccessful.

In view of the addition reactions described here, it is interesting
to note the reaction recently reported by Shawnon, Silberman and
Sternbe11%% involving the sddition of a Cy-fragment to a Schiff’s base
(CCXXXIV) em irradiation in ot%ol to give the fully aramatic system
(coxxxv).
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(coxxzIV) (ccxxxv)
The nature of this reastion is not immediately apparent, although it

may bear some relstianship to the photoaddition reactions describded
adove.

In the photoaddition and redunotion reacstions desoribed above, no
produots have yet been cbtained which correspond to simple oxidation
or dimerisation of the solvent. Since the concentration of the
steroid is usually of tho order of 1 -~ 2%, and sinoe the solvent does
not iteelf absord rediation in most cases, the concentration of any
such products imn the reaction solution would be low, and they would
be difficult to detect.
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EXFERTMENTAL

Unlesa otherwiss stated, optical rotations were determined
for chloroform solntioms, ultraviclet speciza were obtained with
ethanolio soiutions and infrared spectra with potassium chloride
discs on a Grubd Parsoms § 4 instrument fitted with sodium
chloride optics. M.pa. wore datemxined on a Kofler diook.

The alumina used for chromatography was neutreliised amd
deactivated with 10ff aquecus acetic moid (5 mi. per 100 g.).

Exiracts wero dried over snbydrous sodium sulphate before
svaporation unless sisted otherwise.

Fuolear magnstic resonance spectra woere, unless otherwise
stated, chtained or éarbon tetrachloride solutions using a Fexkin
Elmer instrument opereting at 40 He./s. Tetrsmethyl silano
wao uged as an internal standard and pesak positions are recorded
 the T ecale’>.
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Ultraviolet Irradiation of Hecogemin Acstate

In preliminary experimemtis on a small soale, solutions of hecogomin
acotate in dry dioxan (5 g. per 100 ml.) were irradiated in quarts
flasks by means of a 500 w. Hanovia medium pressure mercury lamp
(Pype U.V.3.500). Absence of air was found to be essential and
waa ensured by one of two procedures; (a) either the reaction mixture
wvas allowed to reflux by placing the flask over the lamp, and passing
a slow stream of purified oxygen-freo mitrogen over the surface of
the liquid, or (b) ths reaction was conduoted in a closed flask, from
which the air had been removed by several evacuations ard refillings
with purified nitrogens 4in this case the flask was placed alongside
the lamp and was cooled by a stream of ocold watex.

On a large scale (procsdure (c) ) a Hanovis photo-chemioal reaction
apparatus was used. In this, the 500 w. medium pressure mercury lemp
was placed in a double walled quarts thimble which fits inside the
roaction flask and thryough which cold woter circulates. The roaction
mixture was stirred, and purified oxygen-free mitrogen was slowly
bubbled through it. When hecogenin acetate (250 g.) in diaxan (9 1.)
was treated thus, the solution showed a change in (i) frem L 0° ¢
=39.4° during 8 hr., thereafter remaining constant.  After 9.25 hr.
irradiation the dioxan solution was evaporated, and the sclid produot
crystallised from methanol coutaining a little pyridine to give 36 -
-Mm&ﬂ,l%ﬂwse&, 2sn-mmt-1$-n (lumihocogenin acetate)
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(CXLV), in three crops, m.p. 140-144°.  Total yield 201 g. (80%).
A gample recrystallised from methanol had m.p. 145-147" - (c()p - 46°
(0. 2.0) A, 204m (€,4800), V . 2040 (cB), 1739
(0ao), 1709 (CHD), 1412 (CHO), 1240 em.”™> (Oa0) T 0.50 (GED),
5045 ($q=g + 1604 ~ H), 6.40 and 6.75 (26 - K,), 8.00 (’3.00 +

18 - cg".,), 9.18 (19 = @'3). It wvas idemtical with a sample
prepared by Mc¥eokin.

In a similar expsriment using hscogenin acetate (100 g.) and
dioxan (7 1.) the same chango of specifioc rotation was noted in the
first 8 hr. irradiation. Thereafter the cource of the reaction was
followed by removing & portion of the solution, evaporating it and
observing the infrgred spectrum of the residue in carbon tetrashloride.
Tho peak at 1709 em.™  decreased in imtemsity and dicappeared oom
spletely in 36 hr, The dioxan sclution was passed through a eolumm
of alamina (not deactivated) to remove traces of peroxides, and
evaporated. Crystajlisation of the residue from methanol gave
3P -acetaxy-12°h, 14 —opaxy -5, 25D-spirostan , (photohecogenin
aocotate) (CLXXIV, R = Ao) (30 g.)s A sample yecrystallised from
mothanol had m.p. 205-206", (&L)p - 38.7° (0.2.61) (Founds G, 73T
Hy 9:4.  CpgH, 05 roquires C, 73.T3 K, 9-3). vV . 1719,
1242 om.”t B.D. (in MeOH) negative plain curve.  Identical
matorial was obtained by irradiation of lumihscogenin acetate in
dioxan by method (a) for 39 hr. or by method (b) for 20 h».
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Oxidaiion of luwibeoogenin icoists. Lumibecogenin soetate
(10,5 g-) in acotane (700 ml.) was tremted with 8¥-chromium tricxide
in aquecus sulpiaric acid (15 ml.) at yoom tempersture for 5 min.
Aquecus sodium hydrogen siphite-snd dilute hydrochloric acid were
added, and the solution extracted three times with ether (100 ml.
portians). The extrests were washed with water, dilute aqueous
potassium hydroxide (three times), water, and dried. Bvaporation
of the extracts gavo 14ol ~hydroxyheoogenin acetate (CLVI; R = Ac), as
rods from acetoms, m.p- 225»22§° or as needles from methancl, m.p-
231-235° , ()= 6° (o) 0.74).  (Founds ©C, 70.05 E, 9:3.

G ¢- 0-5 CH,0H roquires C,70.25 H,9.1%). vV . (arted
samplo) (in CC1,) 3540 (bonded OH), 1739 (OAc), 1706 (227¢C = 0)

and 1250 en.”. (Qdo). T 5.65b (3%-E + 16%H), 8.04 (cB4-00),
9.0 and 9.18 (19 - CH, and 18 - cn;,). R.D. (in MeOH);

1072 M3o.5 * 62° (peak); 1072 (oo = 96° (trough); = +158° .

Acidifioation of the alkaline washings and extraction with ether
afforded a syrup, which was boiled with methancl (100 ml.) oontaining
potassiun hydroxide (2 g.) and water (10 ml.) for 1 hx. Diution
with water, acidification, and extraction with ether gave a syrup
(960 mg. ). Crystallisation from aquecus acetons gave anhydro-
sheoolic acid (CXLVIII), m.p. and mixed m.p. with an authentio
saxple 223-226° , having an infrared spectrum identical with that
of an suthentic sample.
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3f . 140l ~Dikwiraxy-5e(, 25D-spirostan-12-one (CLVI; R = H)
prepared by saponification of 14¢l-hydroxyhecogenin acetate formed
prisms from acetons-isopentans, m.p. 270-272° , (), + 16.4°
(o 0-94). V 3520 (cE) 1708 @.”' (12> € - 0).

The infrared spectrun was identical with that of a sample prepared
by Moleekin.

Rednction of lumihecogenin Acstate with ldthium Aluminium Hydride.
Lumibhecogenin acetate (280 mg.) was refluxed with lithiwm aluminium
hydride (220 mg.) in dry ether for 5 min. Excess of reagent was
destroyed by addition of wot ether. Maition of dilute acid amd
extraction of the product in the usual way, gave a clear syrup,; which
on trituration with acetono—-isopontane gave anhydrohecolyl alcchol
(CXLVI), m.p. 180-182°, undepressed by admixture of sn suthentic sample,
(2)p = 53° (o, 0.83) having an infrared spectrum identical with that
of an suthentic specimen. Rothman, Wall, and my“ TOPOrt MeP-
174-176° .

14 -Brdroxy-5el ,_25D-apirostan- one (CLVIIX). -

(a) Anbydrohooolyl aloohol (CXLVI) (130 mg.) in scotcne (10 ml.) was
oxidised with 8N chromium trioxide in aqueocus sulpmric acid (2 ml.)
as described above. The diketone, arystallised from scstane
isopentane, had m.p. 259-261°, (d)n + 31.5° (e, 1.08). The
infraved speotrum was identical with that of a sample prepared by
MolMeekin.

(b) 14 ~Eydraxyhecogenin (CIVI; R = E) (240 mg.) in acetone (50 ml.)
treated with 8N chromic acid resgent (0.5 ml.) for 5 min. gave the
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diketene (221 mg.), m.p. 256-259°, identical in all rospects with
materizl prepared by method (a), and showing no m.p. deprecsion on
admixture.

14¢~Bvdroxyhesogenin Acotato Oxime. - 14« ~Hydroxyhecogenin acetate
(1.0 g.) and hydroxylamine hydrochloride (1.0 g.) in pyridine (16 ml.)
wore warmed on a steam bath for 3 hr, Addition of water and extrnstic
with ethor afforded the oxime, arystals from chloroform-methancl, m.p.
287-291° (ohango of arystalline fom at 20°) (o), 2 0° (o,0.49)
(Pomds C,69.55 E,9.055 Ny 3.2.  CpoH, B0c requires C,69.2
B, 9.0; X¥,2.8§). V  gax. 3400 (0H), 1724 (0Ac), 1638 ( >C = NOH)
and 1240 en.™> (GMc).  Sapomification afforded the oxime  of
14 o ~hydraxy-hecogenin, crystals from methanol, m.p. 232-236°,
(ct)y = 0.8° (o, 0:50) (Poumds C,69.55 H,9.65 X, 3.3.
Coqlly W05 O0-5CH,OR requizes C,69.25 H, 9.55 Ny 2:98). V) oo
3425 (0H), 1638 an.”t (Dc = oH).

38 . 140l =Dihviroxy-5of , 25D-spiroctan (CLXIYI: R = H) =
14 ol -Bydroxyhecogenin acetate (5«75 &) in ethylone glycol (100 ml.)
oontaining hydrasine hydrate (100f; 5 ml.) was boiled for 45 min.
After tho mixture had been cooled, potassium hydroxide (20 g.) in water
(20 ml.) was sdded and the mixture boiled under reflux for 20 min.
The water and sxcess of hydrasine were distilled off and the residue
was refluxed for 4 hr. After the mixture had oooled, water was
added, and the RPR—_— made acid with dilute hydrochloric acid.
The product isolated by chloroform extraction in the usual way was
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a solid (5.13 g.). Crystallisation from acotone gave the diol
(AXITI; R« E) m.po 21-212°, (o)) - 58.8° (o, 0.47). (Founds
C, 75-23 H, 10.13 c.‘,'n“o‘ requires C, 75.0; H, 10.29%) .
\’..;. 3440 (0H).  Acetylation in the normal way gave the
* -apetate (CLXIII3 R = Ao), orystallising from methanol, m.p-
187-189° , (o) = 508 (o, 0.56) (Pownd: ©, 73.45 E, 9.4.
Coglyls Toquizes C,73-45 Hy9.7F).  y .. (dn CQL,) 3590 (o),
1754 (0a0) 1242 am.”l (Qao).

The 3'8 ~bansoate (CLXIII; R = Bs) oryatalund from chloroform
acetons, m.p. 219-224° , (o4)p - 59.5° (o, 0.49) (Founds G, 76.0;
Hy 9:1.  CyH,g0; Toquizes C, 76.1; H, 9:2%). V) .. 1710, 1600,

=1

1579, 1277 aa. .
3& —Aocetaxy-14 o{ ~hydroxy-5ci -pregn-16-en =12,20-d4cne (CLV) -

14 o/-Hydroxyhecogenin acetate (2.1 g.) was refluxed with osteis

scid (4 ml.) and ooteis  anhydride (2.2 ml.) for 2 hr. ¥ster

was added, and the mixture extracted with ether.  The extraots
wore wasbed with aquecus alkali, dried and evaporated. The product
(2,62 g.) was refluxed with 10¥ methanclic potassium hydroxide (100 ml.
for 2 by,  The produst (1.65 g.) isolated by ether extraction was
acetylated by trestment with scetic anhydride (4 ml.) and pyridine

(25 m1.) st room temperature overmight. The aostylated material
(1,66 g.) isolated in the usual way was dissolved in acetio acid

(16 ml.) and treated with a solution of chromium tricxide (436 ng.)
and sodiun acetate (1 g.) in 90F ag. soetic acid (28 mi.). The
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mifture was kept at room temperaturs for 2 hx. Excess of exidant
was removed by adding dilute minersl acid and agueocus scdium hydrogen
sulphite, Icolation by ether extraction affordod a brown syrup
(1.5 g.)c ‘This was dissolved in 1 s 1-light petroleum-bensens
(40 ml1.) and treated with sctive aluzina (10 g.) at room temperature
overnight. The alumina was filtered off and washed with other.
The filtrates wore evaporated to give a yellow ayrup (1.30 g-)-

This was dissolved in bensene and chrumatographed on alumina (60 g.).
Elution with benseno gave unchanged 14¢{-kydroxybecogenin scetate
(187 mg.) followed by oily material (812 mg.).  Ether eluted
5ﬁwuu=m =50 ~pregn-16-en -12,20-diane (CLV),

(181 mg.) which arystallised from methanol as rods, m.p. 255-256°
(change of crystalline form at 210° to meedlos), (ol), + 50.8°

(o, 0.58) (Found: C,71.73 H,8.33 cnxp% roquires C,71.1s

H, 8.3%). A ez, 228:5m (g, 7320), ) 5620 (0H),

1740 (OAc) 1693 (12> C = 0), 1670 (20 > C = 0), 1609 (C = C),
1235 om.”? (QAo).

3'ﬂ =Apet oxy-140{ = 12.13-esc0-5cl. 25 12-0ic
2oid 12 —o 14-1lmctame (CLXVI; R = 4c). - 14cl-Eydroxyheoogemin
acotate (CLVI; R = Ao) (2.0 g.) was dissolved in dioxan (100 ml.)
and irradisted in a gquarts flask at reflux temperature using a S00W.
morcury lamp (method (a) above). The specifio rotation changed
from §° to —20° during 5 hr. and thereafter remained conctant.
After 7 hr. the dioxan was removed in vacuo and the residue
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crystalliced from methancl-gcetons to yield the svirolactons.
(CLIVI; R = Ac), m.p. 247-252°, (o), - 22,3° (o, 1.26), -22.0°
(0, 033 in dicxan) (Pounmds C,71.3; H, 9.3. 029!“06
Cy To3s H, 9:28). ¥V . (in CG,) 1738, 1239 ea.” %

Ssponification in the usual way in refluxing methanol gave
3p y 149 ~dhydroxy-12,13-s800-50,25D-spd rostan-12-plc scid
12 —+ 14 lactone (CLXVI; R = H) munung.m chloroform
acotons, mp. 195-200°, (%), = 19.3° (o, 0.59) (Founds C, T1.43
Hy 9-5.  CpqB,,05. CjHO roquires C, T1.4; Hy, 9-68). Y
3390 (CH), 1724 cm. - (6-membored ring lactans).

Conversiocn of the lactone into oolyl alochol. =
The spirolactons acetate (CLXVIj; R = Ac) (1.55 g.) in totrahydrofuren
(100 ml.) was treated with lithium alumimium hydride (700 mg.) and
tho solution refluxed for 3.5 hr. After destroying the excess of
roagent with wet totrshydrofuran, the product was isolated with ether
in the usual way- It formed an amorphous mass (1.36 g. ). A
portion of this (99u ng. ) was dissolved in methanol (50 ml.) and
70% aqusous perchloric acid (1 ml.) was added, and the solution was
allowsd to stand overnight. The product (650 mg.), isolated in
the usual way by addition of water and extraction with ether,
erystallised from acetone to give apyhydrohecolyl alechol (CXLVI)
m.p. 173-177° , undeprécsed on admixture with suthentic material
and having an infrared spectrum identical with that of authentio
material.



POxy : hydrin (OIXIV) ~ To a
solution of l4cl-hydrozyhecogenin acetate (CLVI; R = Ac) (6.0 g.)
in chloroform (45 ml.) and glacial acetic acdd (17 ml.) ocoled to
0° was addod a suspension of potassiva cyamids (20 g.) in methenel
(72 ml.) and tho mixture was stirred for 2,5 hkr. Water was added
and the chlorofora (which otill oomtained scme acetic acid) gave
3B -soetaay-12f3, 140! -Qihydroxy-22¢ ~gyano-sot ,25D-spirostan
(CLXIV), a8 crystals from methanol (4.6 g.), M.p. 245-267° deo.
(change of eryntelline fora at 238°), (), - 11.5° (o, 0.Q)
(Pounds C,69.53 B, 9.13 X, 2.7%. Oyl Toquires C, 69,9
B, 8.8; X, 27F). V. 3575 and 3370 (GH), 2250 (C=X),

1710 (Odo), 1242 am.”> (Olo).

Action of Thionyl Chloride in Fyridine on 14¢{ -Evdroxvhecogemin
Aootste Cysmobydwin. - Tho ayanchydrin (CIXIV) (1.2 g ) in dry
Roridine (20 ml.) was cooled to 0° and treated with pure thiomyl
chloride (0.8 ml.). The mixture wes allowed to stand overnight
&t roon tempermiurxe, and was poured on 4o ocrushed ioe. The
precipitated solid was filtered arr, and dimsolved in chlorcform.
The ehloxoform solution was washed with dilute hydrochlorio acid,
water, and aqueous potasgium hydrogen carbommte, and finally water.
It was dried snd evaporwted. The residue orystalliced from
chloroform-methanol gave 3f -acetoxy-138 —gyapo-17a -methvlens-C-
nox-D-hemo-50f , 25D-sxirost-l4-en (CLXV) (0.564 g.) as oxystals
from chloroform-oethancl, m.p. 244-248° (change of crystalline form
st 230-236°), (X)p + 2.9° (o, 0.56) (Poumds 0©,75.05 H, 8.0
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¥, 2:7.  Cyofi,, W0, Tequires Cy 75.1) B, 8.6; K. 2.9§).
Y gex. 3% (> € = CH), 2240 (C== ¥), 1739 (OAo) 1665
and 1620 ( C=C ) and 1240 om.” (OAc).
Reduction of 14¢{-Rydraxyhecogenin Acetato with Idthium
Aluminium Hydride. -~ 147, -Hydraxyhecogenin acetate (CLVI; R = As)
(5 g-) and 1ithivm aluminium hydxide (2.5 g.) in dry tetrahydrofursn
(150 ml.) were refluxed for 3 hr. The excess of the hydride was
destroyed by addition of wot totrshydrofuran, and the product (4.53 g-)
was isolated from the acidified solution by etherx extiaction. The
amorphous solid was diesolved in pyridine (35 ml.) and treated with
acetio anhydride (8 ml.). The solution was kept at roem temporature
for 6 hr. and was then poured intc water. The amorphous product
(4.7 g-) isolsted in the usual way was disgolved in bensens and abeorbed
en to a coluxn of alumina (25C g.). Elution with bensenc gave
tigogenin sostate (191 mg.), m.p. 208-212°, (&)D = 72° (o, 0.64), &
known impurity in the hecogenin acetate used as otarting material.
Elution with bensene ether mixture gave material which failed to
orystallise (2.93 g.) and which was not investigated further. Elution
with ether gave 35 -scetoxy-12¢{, 140l,~dihydroxy-5e!,25D-spirostan
(CIXIX) (R = Ac, B’ o H), as cryotals from methanol (1.35 g ) m.Po
219-222.5° (change of arystalline fom at 199°), (ot), =~ 17.4°
(o, 0:98) (Founds C, 70.73 H, 9035 CpgB,Oc Tequires C, 71.0
B, 9.45%) V .. (inccl,) 3620, 3510 (OH), 1735 (Oko) anmd 1239
. (0as).
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Aocotylation of tho above monosocotgte ((IXIX; R = Ao, R’ « H)
(1°o§ 8.) with pyridine (10 ml.) and acetic anhydride (3 ml.) at
stean bath tomperature for 3 hr. gave 38, 12« -discstoxy-14ct-
~hydroxy-5l , 25D-gpirootan , (CLXIX; R = R’ = Ac) (2.1 g.), mop-
223-225.5° (from methanol), (@l)p = 12,2° (o, 0.49) (Pound: C,70.05
H, 9.0. °31‘48°7 requires C, 69.95 H, 9.0f). v — (in ocx‘)
3545 (OH), 1729 (Qdo) and 1238 ea.™  (OMo). A Mixture of the
mono-and discetates melted at 193-222°.

Saponification of the above monoacstate (CIXIX; R = Ac, R’ = H)
gave 5%¢,250-spirostan-35 , 1264, 140l~txiol (CIXIX; R = R’ = H),
m.p. 180-184° (from mothanol), (of), -~ 48.0° (o, 0.635)  (Poumds
C, 72:65 E,1004. GCpH, 0, vequivos 0, 7235 E, 9.98) ¥V .
3420 em.”> (o).

Oxtdstion of 3 -acetoxy-120K14¢t-4ikyiroxy-Sel, 25D-apirostan -
The dicl (CLXIX; R = Ao, R « H) (49,5 mg.) in acetone (2 ml.) was
treated with 8§ chramium trioxide in agueous sulphuric acid. After
5 min, etanding at room temperature, the excess of reagent was removed
bty addition of sodium hydrogen sulphite and hydrochloric scid. The
product isclated by other extraction when orystallisod from methanol
gave 14« —hydraxyheoogenin acotate (CXLVI; R = Ac) (36 mg.) m.p.
231-235° , unlepressed on admixture with sutbentioc material and having
an infrared spectmm identica] with that of authomtic material.

128¢, 140(~Epaxp-50(, 25D-spiroetan-18-01, - Photohecogenin
2estate was caponified in the umal way to yield 12« , 14cl-epoxy -
5%, 25D-spivostan-38-ol (CLXKIV; R = H) as diamond shaped crystals



<113~

from mothanol, m.p. 166-170°, (), ~ A° (o, 1.4) (Founds C, 74.6
H, 10.0. Conyp04-0-5 CH,OH requires C, 74.5 B.9.9%) V) e
3410, on.™>

Beduction of photohooogenin acotate with lithium aluminium hydride
in ether gave yphotohecogermin idemtical with material prepared by
saponification.

Acstylation of photochecogenin gave photohecogonin acotate,

2.9, 203-206°,

Action of Boronm Trifluoride-Ether Complex on Photohecogenin
Aootate. = A solution of photohecogonin acetate (CLXXIVs R = Ac)
(5.0 go) in dry bensene (60 ml,) was treated with boron triflucrids
ethor ccmplox (0.4 ml., freshly redistilled) apd kept at room tempera:
sture for 5 min. Wator was added and the bensene layer diluted with
othor was washed with agueocus potassivm bhydrogen carbonate, dried and
evaporated. The amorphous residue (5.0 g.) was dissolved in
bensene and absorbed on & column of alumina (200 g. ). Elution with
bencens gave, first oily material (0°793 8.) and then 123 —exa~C-hemo-
~Sel, 25D-gpirost-14-en-38 -yl scotate. (Compound A) (CLXKIX)

(1.97 &) erystallizing from mothancl, m.p. 313-314° , (ot), + 33.2°
(.a, 0?71) (Pounds C, 7;?.@73 B, 9.2. (:29HMO}5L requires C, 73.73s

By 9:3%) V) pg (48 C8) 1734 (OMo), 1650 ( C=C ), amd
1240 am.” (0ac). T 4.60 (15-H), 5.25 (complex; 16&E + 3&-E) ,
6950 (broad, 12-E, + 26 -~ K,), 8.00 (CH 3.co) 8.98 and 9.23

(19 - cg3 and 18 = 05_3)9 Elution with 19:1 bensene-ether gave
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unchanged phetochecogenin acstste (0,533 g8.). On one ococasion
lumihecogenin acetate was isolated here.

Elution with ether gave 3P -scetoxy-120{-hvdroxy-St , 25D-
spirost-14-en (CLXXVs; R = Ac) (2.574 g.) recrystallising fram
metbanol, m.p. 235° (change of crystalline form st 230-233°),

(), + 47 6° (o, 0.63) (Pounds ©, 72.8; H, 9.3. CagHy,O+0-5CH,0H
requires C.72.55 H, 9.4%) V) __. (in C8,)) 3545 (OH), 3060
( CaCB-), 1735 (o), 2645 ( C=C ) snd 1240 em. ™ (0Ac).

Saponification of the acetste (307 mg.) in meshanol in the usual
way gave a crystalline diol (273 mg.) 3, 12 ~dihvdroxw-5ol, 25D-
spirost-14-ens (CLXXV; R = H) mop. 133-137° . A sample roerystals
tlised from methanol had m.p. 133137, (&) + 66.5° (€ 0.53)

V . 3400 (0H) and 2645 ( C=¢ ) em.™"
Hy 9.8, CpH,,0, roquires C, 75.3s H, 9.8%).

Saponification of 128 -axa~C-homo~5%|, 25D-epirost-14-en-38-71
acotato gavo material, m.p. 270-290° which oould not e recrystalliced.
Resostylation gave back pure 3p-=mtato howover.

Action of Boron Triflucride-Ether qu on_Iumihecogenin
Acotste. - Lumihecogenin Acetate (CXLV) (4.93 g.) in anhydrous
bensens (60 ml.) wms treated with boran trifluoride ether complex

(Pounds C, 75.0%

(0.4 ml. freoshly redistilled) at room temperaturs for 5 min. Ry
isolation of the product followed by chromatography as described in
the preceding experiment, thore were isolated: (a) 128 —oxa~C-hamo-
5 &, 25D-spi rost~14~en-3 <yl scotate (CLXMIX) (1.61 g.) m.p. 280-282°
(different crystalline form from that previcusly dowsribeds  The
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infrared opectra were identical however), (b) becogenin acotate

(0-72 g.) (a known imgurity in the lumihecogenin acetate used),

and (o) 3 -soetoxy-12e-hydroxy-5ci, 25D-spirost-14-en (CLXXV;
R« Ao) (2,63 go) idontical with that previocusly desaribded .

Oxidation of 2 =Apetoxy-1206 ~hydroxw-50l. 25D-spirost-14-en - -
3P ~Aootoxy-126{ ~hydroxy-5M ,25D-spdroot-14-en (CLXXV; R = Ac)

(2,0 g.) in acetans (80 ml.) was treated with 8K ohromic acid in
agueous sulphurio acid (2 ml.) and the mixture was kept at roam
tomporature for 5 min. Addition of water, aguecus sodium hydrogen
culphite, and dilute hydrochloric acid, followed by ether extraction
in tho usual way gave 3f -acotoxy-12-gxo-50!,25D-apirost-14-sn
(CLXXVII; R = Ac) (1.82 go) m.p. 213-215° (from ohlorcform-methemel ),
()p ¢ 65:4° (o, 0:69) (Pounds C, T4c3s Hy 9:0. CpoH,,0s requires
C, 74:05 Hy, 9.08)y A .. 294wp (8,252) 9 . 3030 (C = CE),
1735 (OAs), 1708 (PC = 0), 1635 ( C = C) and 1238 en.” (OAc)

4.55 (15-E), 5-25 (oomplex-16LE + 3% ) 8.00 (CH,.C0) B.D.
(in MeOH): 1072 (¢) 205+ 63° (poak) 102 (Ppgp + 23°
(trough); a + 40°.

This compound in dioxa, solution was irradiated by ultraviolet
1ight in the usual way. Although (i), changed frem +68.5° o
+7.7° 4n 5 hr. isolation of the product snd chromatography gsve cnly
amorphous msterial having (d)n - 17.5°.

Saponification of the foregoing acotate (1.001 g.) in mothanol
in the usual way geve 3f -hydroxy-12-gxo-5, 25D-spirost-l4-sn
(CIXXV: R = H) (930 mg.) m.p. 221-222° with poior scftening.



-116-

A pure sample (recrystallised from methanol) had m.p. 221-223°
(change of crystallime form above 210°) (e8)p + 76.2° (¢ 0.82).
A peg 294 W (€,200) V. 3430, 3310 (0B) 1700 (€ = 0)

and 1645 ( C=C )om.”> . (Fourds C, 75.2; H, 9.5.

CpqByc0 Toquires Cy, 75.73 H, 9.4%)

3; 12-Dioxe-56{,25D~spirost-14~en , (CLXXVIIX) . The foregoing
alcohol (506 mg.) in acetone (100 ml.) was treated with 8§ Chr»omioc

acid (1 ml,) and the mixture was kept at room temperature for 5 min.
Addition of water, sodium hydrogen sulphite and dilute hydrochloric
acid, followed by ether extramotion in the usual way, afforded
3, 12-d80x0-5¢,25D-spirost-14-en (CLAXVIII) (441 mg.) m.p. 208-212° .
A pure sample (recrystgllised from acetono) had m.p. 210-214°,

(), + 97:2° (¢ 0.5) A cax. 294 ® (€, 2%9).

Vg 172 (>C=0) and2645( C=C )om ™ (Pounds
Cy 75:25 Hy 9025. CpyH,g0, Tequires C, 76,05 H, 9.0%).

Action of Perbensoic Acid on i =Acetoxy-120! ~hydroxy-

5¢{y25D-spirost-14-en . = The steroid (313 mg.) was dissolved in
bonsens (8 ml.) and treated with a solution of perbensoic acid in
bensene (6 ml. 0.508K). After 24 hr. at room temperature the
solution was diluted with ether and washed with aquecus potassium
hydroxide, then water, and dried. Evaporation afforded
3P ~sostoxy-120( ~hydrems-140! , 1564 ~apony-56¢, 25D-epirostan
(CLXXVI§ R = Ac) m.p. 270-274° (change of crystallins form at
255°) (from methanol), (el)p = 35:6° (o, 0.52) (Pounds C, 70,93
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By 9ole Gpoll, O¢ Tequizes G, Tlo3s B, 9:18). V) . M50 (0), 1725
(QAo) amd 1242 em.”? (ko).

Boduction of 3B ~Acotoxy-12¢, ~hydroxy-14 od. 15c ~epoxy-Set,
25D-spirostan with Idthium Aluminium Bvdrido. - The foregeing

epoxide (1.69 g.) and lithive aluminiun kydride (1.61 g.) in tetra-
shydrofuran were refluxed for 2.25 hr. Isclation by the usual pro-
toedure afforded the crude 3f , 12, 14t ~triol (1.59 g.). 4 pertiom
of this (50 mg.) in acetons (5 ml.) oxidised by 8N ohromic acid in aq.
sulpturic acdd (0.5 ml.) gave 148 ~hydroxy-3, 12-d4030-50t , 25D-spize-
igtsn  (CLYITY) (26 mg.) mep. and mixed m.p. 252-257°, having an infrered
spectrun identical witk that of authentio matexrial.
The remaining crude triol was dissolved in pyridine (20 ml.) amd
scetic anhydride (2 ml.) added,
The solution was kept overmight at room temperature. Iselation
of the product gave ﬁp_mm-lzo&, 14 ~dihydraxy-50., 25D-spircctan
(CIXIX; R = A0, B = H), m.p. 225-229° (from methanol). This matorial
was a different cryotallins form from that already recorded above. The
mixture showed no m.p. depression however and the infrared spectra were
identical.
=Aost ol ) of .« =

A solution of 3B —scetoxy-120{-hydroxy-140i, 15¢t-epoxy-5ct, 25D-spirostaz
(CIXEVI) (375 mg.) in scetome (50 ml.) was treated with 8Y chromic acid
(1.0 ml.) and the mixture was kept at room tempsrature for 5 mim.
Addition of water, sodium hydrogen sulphite and dilute hydrochloric acid,
followed by oxtraction with ether in the usual way, affcaded 3@ -aocotoxy-

12-gxo-140% , 15cl-gpaxy-50(, 25D-spirostan (CLXXVI - a) (325 mg.)
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Bop. 246-249°. A oample recrystallised from methanol for snalysis
hed m.p. 247-249.5° () +20.4° (g OBIS). V __ 1730 (Oke),
1702 (>C = 0) and 1239 (0Ac) cm.™ . (Founmd)s C, 72,35 H, 8.95;
02984206 requires C, 71.6; H, 8.7%).

spirost-l4-en . =~ Sudbjection of the olefine to hydrogonstion
using platimm oxide catalyst in ethyl acstate solution, or Ransy
nickel in dioxan solution resulted in mo uptaks of hydrogen and quantis
stative recovery of starting material. ¥ith platimm oxide in acetio
acid selution only part of the starting material was recoversd and scme
polar product, eluted from an alumine ocolumn dy 9931 ether-methanol,
was obtained as an amorphous solid.

Ultraviolet Irredistion of 38 . 20%-Discotoxy-5e. —pregnan-12-one. -

mmummwmmmmmmmmm-

svorsion of 3F-.oot¢v-5d-m—12. 20-dione (CLXXX) mto..Jp, 20%-
disoetoxy-5+{-pregnan-12-ono (OLXXXI). It bad m.p. 136-139° (%),

+ 94.2° (ddexan). A solution of the discotate (1.766 g.) in dicxan
(180 ml.) was irrediated by method (®)s During 9.5 hr., (“)n changed
from () + 94.2° to +7.9° .  Bemoval of the solvent left a cleee
&am. This was dissolved in benseno and chromatographed on aluming
(200 g. ). Elution with bensens gave firet, jﬁ, 20} -d1acetaxy-C-
8000-50%, ~progn-13~en-12-al (CLXXXIII), (511 mg.), @.p. 124-126.5°

(from di-1sopropyl ether) (&), + 5.65° (o, 0.64) (Pound: C, 71.8)

Hy 9.4. °25'$B°5 requires C, 71.73 H, 9.15%). V g, 2120 (CHO),
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1725 (>0 = 0), 112 (C0), and 1239 am.™ (aao) T 0.5 (cB), 5:20
(complex 3oi-F + 20f) 8.05 (CHy:00 + 13 - G,), 915 (10 - CB,).

Subsequent bonsens fraotioms eluted 34, 20% -digoetoxy-12et.
140 ~9poxy-5 % ~gregnan-- (CLXXKII) (727 ng.), m.p. 162-167.5° (fran
d1-sopropy) sther), (h)y = 1.8° (o, 0.54) (Founds C, T1.8
Hy 905. 0253305 requires C, T1.73 H, 9.158). V m-’ﬂ? (OAc)
and 1240 em.”? (Oao).

Ultraviolet 4 ation =g0etoxXy 5. 16-dion-20-an®.
(CLXXXIX) ("Pregnadienclone acetate") in diocxan. -~ A selution of
pregnadienclone acetate (5.0 g.) in dicxan) 200 ml.) was irrediated
in a quarts flask by method (b) demcribed above for hecogenin acetate.
In 4 hr. the intenoity of the peak at 240 mp in the ultravielot
spectrum had decreased from € 10,000 almost to sexro.  Irrediatiem
was stopped and the solvent was distilled off, Chromategraphy of
the rosidual gum on deactivated alumina (200 g.) gave the following
fractions:

(a) 6:4 Potrols bensene eluted material (2.20 g.) which on orystal:
1lisation fron mothanol gave 3§ -Aocetoxypregn-S-en-20-ono
("pregnenoclene acetate”) (CXC )m.p. and mized m.p. 148-152°, (el )D
+14° (¢ 1.0).  The infrered spectrum was idontical with that

of an suthentio sample.

(b) 416 Petrolibensene cluted a orystalline solid (1.10 g.) which on
recrystallisation from di-isopropyl ether bad m.p. 237-240°, (R)p

- 65.6° (o 0.58). Y (o@,) 1730 (oke), 1708 (> = o),
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21660 ( C=C ) and 1238 (OAc) am.”™ . (Poumds C, 72.45 72.9%

H, 1003 9.3). Holeoular woights 688. T 4.6 (06 - B)

5.3 ( 3« - H) 6.35 (m 4 protons), 7.90 (Cjy.C0j == 3 pretams),
7.95 (CH,.0003 = 6 protons).

(e¢) Elution with more polar solvents gave a sucosssion of gims (total
weight 1.50 go)'v!nch defied repeated attempts at orystallisatiom.

Ultraviolet irradistion of pregnadienclone scetate in ethanol -~
A eolution of pregnadienclane acetats (10.2 g.) in ethanol (800 ml.)

was irradiated under reflux for 1.5 hr. by method (a) desorided sbove.
(Two batches, 400 ml. each). The extinoction cecsfficient of the
ultraviolet abaorpticn peak at 240 mu had decreased during this time
frem € 10,000 to sero. The solvent was distilled off and tho
residual gun was dissolved in bensens and chromstographed on a column
of deactivated alumina (400 g.). Elution with bensene gave preg-
snenolone acotate (4,133 g.) whichk had m.p. 143-148° (frem methanal),
infrared spoctrum identical with that of an authentic sample. Further
elution with bensene gave a total of 950 mg, arystalline material which
was shown to be a mixture of pregnenclone acetate and unchanged
pregnadienclone acetate.

111 Benszenss Ether oluted a gum (1.48 g.) which did not
ountalliae.' On standing with methanol for some days, it turned green

9911 Ether: Mothanol eluted 3f -sostoxy-16ei~(1' hydraxy ethyl )-

\pregn -5-an-20-one (CXOII) (4.139 g.).  Roorystallised from mothanol

1% had m.p. 199-203% () - 59° (&, 05TV . (CCL,) 3630 amd
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1595 (OR), 1734 (OAc), 1705 (€ = 0) and 1240 (GAo) om.” .

T 7.82 (cocg,), 7.98 (0.000K,) 5  8.80 (side-obain OF,),
8,99 (19 C§,) =nd 9,34 (18 CH,) (Bum sn ODCL, )
(Pound: C, 74.T3 H, 9.5. 025B3804 roquires C, 74.6; H, 9.5%).
cation o ~Aoetaxy-16ed ~(¥- 1

5-on-20-cne. =  Tho steroid (347 mg.) was heated under reflux
with KB (350 mg.), methanol (25 ml.) and water (3 ml.) for 2 hr.
The product was a gun which could not bo crystalliced.

Acetylation of 3B 166{~()'= hydroxyethyl -

S-en-20-one (CXCII). =~ A solution of the stercid (205 mg.) in
poridine (5 ml.) and acetioc anhydride (2 ml.) was warmed on the
steam bath for 3 hr. It was poured into water, extracted with
ether and worked up in the usual way to give a gum (161 mg.) widech
crystallised from di-isopropyl other.  The melting-point of the
cubstance (141-150°) was improved by reorystallisation from mothanol
(143-145°) tut further recrystallisstion did not give a aharp-melting
cubstance.  The substance had (#t)) - 5.9° (o 0.68) .

3. £ -2oetoxy-16ci -acetyl .ms-é-amu (CXCIII) -~ A selution
of 5? ~acetoxry-16% ~ (1= hydroxyethyl }-preg-5~en-20-one (CXCIT)
(252 ng.) in acetens (20 ml.) was treated with 8N chromic acid
(0.25 ml.) and kept at room temperature for 5 min.  After the
addition of sodium bisulphite and diluvte hydrochloric acid, the
mixture was extracted with other and worked up in the usual way.
Bvaporation of the ethor extract gave jp ~aoetoxy-160¢ -aoetyl presn-
S5-en-20-gpe (CXCIII) (210 mg.) m.p. 178-181°. A pure sample
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(rocxystallised from methanol) had m.p. 1815 -184°, (ot), + 7.2°
(0 055) 'V . 1734 (0ko), 1702 (>C = 0) and 125 (0ko) om.
T 1.86 ( 2(c0cg,) ), 8.00 (0.COCH,), 9.00 (19.CH,) and 9.35
(18.1:13) (Run in ms). (Foumds C, 74.73 H, 9.2.
Coglly0, Toquires C, 75.0; B, 9.1%) .

16¢ ~scotylrrososterane (CXOV). = A solution of 3f ~soetaxy-
16el= (1~ hydroxyethyl )-pregn-5-on-20-ono (CXCIX) (520 mg.) in mothane
(40 ml.) and water (2 ml.) was hsated under yeflux with KOEH (500 mg.

|

for 1.% hr. The solution was poured into water and extracted with
ether in the usual way. mmmaolmm(jsjngo).
This gum was dissolved in acetans (100 ml.), was treated with 8N
chromio acid (0.75 m1.) and kept ot room tempersture for 5 min.
Mothanol was then added, followed by water, and the product was
isolated by extraction with ether in the usual way. It was a clear
gum (303 mg.), which was dissolved in methanol (100 ml.) and warmod
on the steem bath with 2-N H,80, (3 ml.) for 10 min.  Isolation of
the produot with ether afforded a olear gum (301 mg.), which was
dissolved in bensenoe and chromatographed on deactivated alumina

(30 g-)- Elution with ether-bensene (1:199) afforded 16¢{-socetyl-
sprogestorone (CXOV) (172 mg.) m.p. 171-175° (&%), + 158.2° (g 0.61)
after reorystallisation from acetane.

A mixed melting point (m.p. 172-176°) and comparison of the
infrered spectra confirmed its identity with an authentic lmhsa.
m.nt:lop of the oolumn with more polar solvents gave only a

suoosssion of gums, none of which orystallised.
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Uliraviolet ation of pr acetate
isopxepanol. - A solution of pregnadienclons acetate (5.0 g.) inm
isopropancl (350 ml.) was irrsdiated under reflux by method (a)
described above. After 1.5 hr. the extinction coefficient of
the sbsorption maximum at 240 mp had decreased from € 10,000 almost
to sero. Irradistion was suspended and the solvent was distilled
off. The residual gux was dissolved in bensens and chramatographed
on deactivated alumina (200 g.). Elution with densene gave
pregnenclene acetats (2.48 g.) m.p. 142-146° (infrured spootrum
identiocal with that of an authentic sample).

Elution with bensens-othexr (9931 to 111) gave gums, totalling
652 mg., which did not orystallise.

Elution with bensene-ether (151) gave 38 -sostaxy-160(-
(1~ hydroxyisopropyl )-pregn-5-en-20-ge (CACVI; R = Ao) (1.70 g.)
m.p. 165-188°. A pure sample, recrystallised from methanol, had
m.p. 186-189° (R)p + 7.25° (g 1.2), V . 3540 (0H), 1730 (Oko)
1705 (>¢ « 0) and 1242 (0ko) ™ . T 7.83 (COCH,) 5 7-97
(0coCH,) , 8.88 (0.(CH,),), 898 (19.CH,) amd 9.35 (18.CH,) (Bam
in CDCL,)  (Poumds C, T5.0; H, 9.9. Cp¢H,0, requires C, 75:03
He 9.7T8).

3P ~Bydroxy-160 - (x" —Nydroxyisopropyl }-promn-5-en-20-ene
(CXCVI; R = Ac). =~ A solutiem of Sp-mtmulw-(fvmxw
sisopropyl )-pregn-5-en-20-cne (CXCVI; R = As) (1.0l g.) in methancl
(30 ml.) and water (2 ml.) was heated under reflux with IDH (1 g.)
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for 1.5 hx. Isolation of the product with othexr in the usual way
gave 3f ~Bydroxy-16ct~(1'~ hydroxylcopropyl )-pregn-5-en-20-gne
(CXCVI; R = Ac)(843 mg.) mop. 227-230°. A pure sanplo had m.p.
229-231.5° (change of crystalline form between 220° and 228°)

(k) + 28.9° (g, 0.88) . Y ___ 3560 (0B), 1705 (>C = 0) an.” .
(Pounds C, 77.3) B, 10:45. 0C,.H,q0, roquires O, 77.0 H,10.2%).

16 - (1'—Hydroxyisopronyl )-progestarons (CXCIX). - A solutian
of 3 ~sootoxy-169{~(1'~ hydraxyicopropyl }-progn-5-en-20-ane (CXCVI;
R « As) (4.1 g.) in methanol (120 ml,) and water (5 ml.) was
saponified as related above by refluxing with KOH (4.0 g.) for
1.5 hr.  The yiold of the diol (CXCVI; R = H) was 3.54 go The
dicl was disesslved in acetons (800 ml.) and treated with 8-N chromio
acid (2.8 ml.) at room tempersture for 5 min. Nethanol and water
wero added and the product (principally the diketonms (CXCVII) ) was
isolated by extraction with ether in the usual way. The yield was
305 8. (cruds). A small sample of the product, recrystallived from
petrol-benseno bod m.p. 187-190° (treces up to 202°) (@), + 40.5°.

V gy 3510 (CH), 1710 and 1700 (HC = 0) ea.™ .  (This substance

camnot bo pure 16&4-(1' -hydraxyisopropyl }~pregn-5-en-3,20-diene,
due to its mode of preparation which will inevitably result in the
formation of the progestercne by doudble-bond migration).

The crunde produet (3.4 g.) in methanol (joou.)mmam
the otouh-bath with 2-N B, 80 (28 m1.) for 10 mdn. The product was
isolated with ether in the usnal way. It was a clear gum which



mu’n

oryotallised from acotone giving s yield of 2.98 g., m.p. 157-220°.
Of this matorial. 1.2 g. was dissolved in bdensene and chrommtegraphed
on desctivated alumina (100 g.).

Elution with bonsene-ether (431) gave 16e{-(1/-hwiroxvisopropyl)-
Jrogosterons (OXCIX) (989 mg.), m.p. 161-164°. A pure ssmple,
reorystallised frem mootons, had m.p. 168-172° (o), + 123.5° (o, 0.64

A pny, 22m (€ 13,000) YV __ 350 (0B) 1705 (sstureted
DC « 0), 1670 (unsaturated HC v 0) axd 1612 ( C=C ) em. .
T8 (OOQ,,) s 8,88 (C. (313)2). 8,98 (19-32.3) and 9,32 (18.053)
(Run in cnc13). (Pounds C, 77-0s H,; 9.7. 023I3‘03 requires
C, T7-4s H, 9-T#).

Elution with ether gave 16¢{ -(1'- Hydroxviserronyl )-progn—4~
en-3, 6, 20-trione. (CXCVIII) (200 mg.) m.p. 198.5 - 200" .

A pure ssmple, Tecrystallised from sostone, had m.p. 199-200°,
(R)p + 19.8° (g5 1.015)y A .. 252 m,(g 9.8%.)

V nex, 495 (0H), 1710 (ssturated > C = 0), 1680 (unsaturated
DCu0)and160( C=C )amt. T 3B U-F, 1.8
(COCE,), 8.82, 885 (19-GH, + C (GE,);) end 9,30 (16-cgy) -
(Pound: €, 75.03 H:B8:9. CpqHay0y ToqUires C, 74.63 H, 8.9%).

Ultraviolet irrsdiation of presnadiemelons acetats in methanel. -

A solutien of pregnadienclone acotate (5.0 g.) in methanol (350 ml.)
was irrsdisted under reflux by method (a) described above for hecogemi:
acetate. After 1.5 hr. the absorption maximm at 239 = in the
ultraviolet spectrum had disappeared, and irrediation was stopped.
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The crystalline procipitate (see below) was filtored off (375 mg.),
and the solvent was distilled off. The rosidual gum was dissolved
in bensens and chromatographed cn desotivated alumina (200 g. ).

Elution with bensens gave pregnenolone acetate (1.76 g-) me2.
144-148°%, infrared spectrum idemtical with that ef an suthentie
sample.

Elution with ether-bensone (1:4) gave a gum (1.1 g.) which did
not orystallise, and which turmed green on standing with mothanol.

Elution with ether gave a orystalline preduct (0.85 g.) whoee
infrared spectrum was identiocal with that of the material ocrystal:
tlicing during the oocurse of the reaction. It had m.p. 162-171°.
A sample recxrystallised from hot chloroform-methanol had m.p.
226-2%0°, (&), = 60.3° (g, 0:575) V) . 3540 (0H), 1734 (0ko),
1705 (>€=0),1660 ( CaC ) and 1242 (OAc) oz.™ .
(Pound: C, 73.06; H, 9.01¥).

Elution with ether-methanol (99:1) gave a crystalline product
(550 mg.) which had m.p. 197-199.5°. A samplo recrystallised frem
mothanol had m.p. 197-201.5° (ek)p ~ 44° (g, 0.58) . Thin layer
chromatography, however, showed that the substanoce consisted of at
least three different compounds. The experiment was repeated and
a total of 4.05 g. of the mixture eluted by ether-methanel (99:1)
was acetylatod by treatment with acetio anhydride in pyridine on
the steap bath. The product (4.0 g.) was isolated in the usual
way; by extraction with ether, and was chromatograplied on deactivated
alumina (160 g.).
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Densone oluted 694 mg. gum.

Benveno-other (99:1) elutsd a cxystalline oolid (525 mg.).

Nove polar solvents merely eluted a series of dark gums
(Total 2,09 g.).

The orystalline solid was recrystallised twios from methanol,
and although it melted over a rangs of only four degrecs (165-165°)
it was shown by thin layer chromatography to oonsist of three compound
at least. This material (143 mg.) was dissolved in methanel (10 m)
and water (0.2 ml.) and refluxed with KOH (200 mg.) for 2 hr.
Iselation of the product by extracting with other in tho usual way
gave a crystalline solid (94 mg.) whioh had m.p. 205-225°. A
sample recrystallised fyom methanol had m.p. 225—221° (change of
orystallino form at 205°), (k) +19.9° (g, 0.5). This was
identiocal with an authentic samplo of 16 -hydroxymethylpregnenclene
(cc1) . (The infrared spectra were idemtical and the mixed melting-
spoint showed 'no depression). Heller, Stolar and umtme’ give
mep. 226-228° (ol); + 17° (MecH).

Ultraviolet irredistion of presmadienclons moetate in
oyolshexsnol. -~ A colution of pregnadienclone acotate (5.0 g.) in

oyolehsxanol (500 ml.) was irrediated under reflux by method (a)
described abdbove. After 1 hr. the absorption maximum at 240 mp
in the ultraviolst spectrum had disappeared, and irradiation was
stopped. The solvent was distilled off in vacuo and the residual
gum was dissolved in benzene and chroamatographed en dsactivated
«umina (200 g.).
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Elution with benszeno gave pregnenclcne acetate (3.04 g.)
m.p. 148-152°, with an infrared spectrum identical with that of
an authentic specimen.

Elution with ether-benseno (1399) gave a gum (1.02 g.) which
aid not orystallise.

Elution with ether-bensene (1:19) gave a crystalline preduct,
3p ~acetoxy-160( ~ ()~ hydroxycyolohexyl )-pregn-5-on-20-ene (CC)
(1023 8:) mopo 200 = 204° ., A pure sample had m.p. 206 = 209.5°
(recrystallised from methamol) (oi) + 0.8° (e, 0.62) .

V pyg, 3480 (0H), 1735 (0a0), 1705 (> C = 0) and 1245 (0As) em. ™.
T 7,90 (COGEy), 8,03 (0.COCH,), 9-00 (19-CH;) and 9.38 (18-CH,)
(Run in cnc13). (Founds C, 76.43 H, 9.6. 32954404 roquires
C, 76.33 H; 9.7%).

Ultraviclet ation of enolone acetate in
tert-butancl. =~ A solution of pregaadienclene acetate (5.0 g-)
in tertiaxy butanol (250 ml.) was irradiated under reflux according
to mothod (a) desoribed above. After 5.5 hr. the intensity of
the abserption maximm 4in the ultreviolet spectrum had fallen te
# of its original value, and did not decrease appreciably there:
safter, Irradiation was stepped and the solvent was distilled
off under reduced pressure. Chrematography of the residual gum
on deactivated alumina (200 g.) gave only ome orystalline preduct,
a mixture of pregnenolcne acetate and unchanged starting material
(2,22 g. in all) eluted by bensene. Elution with more polar
solvents gave only a dayk, intractable gum (tetal weight 2,70 g.).
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(1.2 g.) in cyolohexane (50 ml.) + ethancl (50 ml.) was irredisted
undor refinx as desoribed above.  After 1.5 hr. the absorption
maximm in the ultraviolet spoctrum st 240 mp had disappeared.
Irrediation was stopped and ths solvent was distilled off. The
rosidual gum was chromatographed on deactivated alumina (S0 g.).
Elution with bemsene gave pregnanclone acetate (666 mg.) m.p.
242-146° with infraved spectrum identical with that ef an suthemtic
sample.

Elution with other-bensens (1:19) gave a gum (451 mg.) which
did not orystallise.

Elution with ether afforded 3§ -mcetexy-16¢( - (¥ -hydrexyothyl )-
progn-5-en-20-ane (232 mg. ) whick on recrystallisation from methanol
had m.p. 191-195°.  The infrared spectrum was idemtical with that
of a sample propared previously.

Ul clet stion of enolens acetate in
Syclehexane. -~ A solution of prognadiemclens acetate (1.004 g.)
in cyclehexane (100 ml.) was irrediated under reflux acoording te
mothod (a) adeve. After 7 hr. irradiation was stopped and the
selvent was distilled off. The residual gum was disselved in
petrol and chromatographed on dsactivated alumina (S0 g.).

Petrol eluted a olear gum (413 mg.) which did not orystallise.

Petrol-bensene (1:1) oluted pregnenclons acetate (281 mg.)
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m.p. 144-148° (crystallised from ether) having an infrared spectrum
identical with that of an authentic specimen.
Benzene olutod a gum (270 mg.) which did not oxrystallice.

Ultraviolet irradiation of pregnadienolone sostate in
othyl acetate. - A solution of pregnadiemolone acetate (1.05 g.)

in ethyl acetate (100 ml.) wge irradiated under reflux according te
method (a) above.  After 4.5 hr. the absorption maximm at 240 mp
in the ultraviolet specotrum had virtually disappeared. The selvant
was distilled off and ths residual gum was disselved in bonsene—
potrel (416) and chrumatographed on deactivated alumina (40 g. ).
Banzene~petrol (4316) eluted pregnenclene acetate (208 mg.)
m.po 142-146° (orystallised from methanel). The infrared spsctrum
was identical with that of an suthentic sample.
More polar solvents eluted a series of gums, which did not
crystallise (Total weight 985 mg.).

Ultraviolet irradiation of 3f -acetoxy-16-=methyl presgna-5,
16-dien-20-ane ("16-Methylpresmadienclons acetate")
In ethanel = A solution of i6-methylpregnadienclens acetate

(CCIIX) (994 mg.) in ethansl (50 ml.) was irradiated under reflux
by method (a) above. After 1.5 hr. the ultraviolet abserpiiem
maxizun &t 252 ma had disappeared, and the solvent was distilled
off to give a orystalline product. The product was dissolved
in benzene and chrematographed on deactivated alumina (40 g.)-
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Benszens eluted 38 ~soetoxy-168 -methylpregn-5-en-20~one (CCIV)

(701 mg.) m.p. 136-142.5°. A sample recrystallised from methanel

hed m.p. 147-148°, () - 22.5° (e, 0.6) o identiocal with an

authentic sample (kindly provided by Dr. C. L. Howett, Organcn

laboratories). The infrared spectra were superimposable.
Bunsene~other (19:1) eluted unchanged starting material (89 mg.).

In isepropanel.
A solution of 16-methylpregnadionolene acetete (1.058 g.) in

isopropanocl (50 ml,) was irradiated under reflux by method (a) above.
After 1.5 hr. the ultraviolet absorpticn maximum at 252 w2 bad diss
1appeared, and the solvent was distilled off to give a orystalline
product. Reorystallisation from methanol gave 3} anootmdsp -
methylpregn-5-on-20-one (661 mg.) m.p. 147-148° bhaving an infrared
spectrum identical with that of an authentio sample.

In methanol.

A solution of 16-methylpregnadienclone acetate (5.0 g.) in
mothanol (200 ml.) was irradiated under reflux by method (a) above.
After 8 hr. the uliraviolet absorption maximm at 250 ma had almost
disappeared and the solvent was distilled off to give a gum. The
gum was dissolved in benzene and chromatographed on deactivated
alumina (200 g.).

Bensene eluted 3F -acetov-lGF -mothyl progn-5—en-20-one (2,128 g.)
which after reorystallisation from methanol had m.p. 146-148°.  The

infyrared spsctrum was identical with that of an authentic sample.
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Mixtures of bensene and sther eluted only gum whioch d4id not

arystalliso (total weight 1.7 g.). Bther eluted a oryotalline
material (1.789 g.) which, after recemstallisation from metbenol, had
m.p. 297-202°%. V) . 3470 (0B), 1730 (0Ae), 1700 (> C = 0) amd

1245 (OAo) .1, (This substance was shown by thin-layer chrome-

stography to consist dtwommdnuthvmuuamﬂ,,umoum
a variety of oluants).

Chromic acid oxidation of the ether elusts. - The material eluted
by ether in the Mwwmamnmmmm
onoe sgain. (Yiold 720 mg., m.p. 197-202°).  The product was dis:

ssolved in acetone (80 ml.) and treated with 8-8 chromic acid (2 ml.)
at room temperature for 5 min. Sodium bisulphiteo was added, fellowed
by dilute HCl. and the mixture was extracted with ether.

The ethor extrect was washed with KDH solution, then with water
mdmdriu'lqwrh?4. Bvuponﬁmofthoothormn
erystalline selid (268 mg.) which on recrystsjlisation frem methansl
had m,p. 152~158° (traces melting up to 167°).  Thin layer chromste~
1graphy shows that this :I.nnmxtuooftnommmn’nlm
are very similar for all eluants tried.

V g, 1728 (Oko), 1695 ()C = 0) and 1240 (ko) an.”t,

T 0,09 and 0.21 (CEO).

The alkali washings were rendered acid by the addition of dilute
hydrochloric acid and then extracted with ether. Evaporation of the

ethor oxtract gave a olear gum (260 mg.) which was orystalliced from
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acotane to give 3f -~hydroxy-168 -methylpregn-5-on-20~ene-16! -
carbaxylic acid (COVII) m.p. 222-244. A oample reoryoctallised
for snalysis (from acetone) had m.p. 254-258° (change of orystalline
form from 228°), (et); = 44° (g, 0.50). V _ . 3390 (0H), 1712
(shoulder) and 1690 (>C = 0 + ~CO,H) .}, (Pourds C, 73-43
H, 9.0. (:231:”04 roquires C, 73.03 H, 9.15%).

The ocompound was insufficiently soluble in deutorochlereform fox

the purpose of running an n.m.r. speotmm. However, its methyl ester
was prepared by the addition of an excess of diasomethans to the
sample, the exoess of diasemethane being evaporated in vacue.

T 6.21 (000CH,), 7-89 (COCH,) , 8.64 (16p ~CH,), 8.99 (19-CH,)

and 9.04 (18 -Q3). (Run in cncla).

m olet stian of 1)el ~diacetexy-5H o~ 16—en—
20-one (CCXXVI) in isopropansl.

A solution of the steroid (5.0 g.) in icopropancl (200 ml.) was
irradiated under reflux according to method (a) sbove.

After 1.5 hr. the ultraviolet absorption maximm at 240 mn had
disappeared, and irradiation was stopped. Tho solution was oen-
toentrated and cooled, and tho orystalline precipitate was filtered
off (total yield 1.083 go).  This material had m.p. 214-217°,
() = 39.6° (g, 0.91) after reorystallisation, but thin layer
chromatography indicated that it consisted of two majer components
and several minor compononts.

The rescidue obtained from concentration of the mother liquor
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(totalling 4.16 g.) was dissolved in bensene and chrumatographed on
deactivated alumina. Borsens sluted 38 ,11c! ~diacetoxy-5¢i -
prognan-20-ens (CCXXVII) (1.70 g.) mop. 168-172°. A sample
recrystallised from methanol had m.p. 171-173° (of), + 27.2° (g, 0.75).
(Djerassi, Batres, Romo and Rosenkrams™ give m.p. 17T1-171%, (at),
+ 44°).

Ether-bensene (111) eluted a gum (1.24 g.). Ono fraction of
this gum crystallised from ether to give a substance identical with
the materisl which crystallised directly frem the reaction mixture.
The remaindexr of the gum, however, did not crystallise.

Ether oluted 3? y 1lel ~diacetoxy-16¢{-(1'= hydroxyisopropyl) -
5¢ ~pregnan-20-ane (CCXXVIII) (1.225 g.) m.p. 174=178°. A sample
recrystallised from ether for analysis had m.p. 180-184° (¢)) ¢
24.3° (g, 0.70) . V) . 3470 (0H), 1728 (0OAc), 1700 (> C = 0)
and 1243 (OAc)om.”™. T 17.88 (cocH,), 8.00 (2 x (0.C0CH,) ),
8,90 (C(CH,),), 9:09 (19-CH,) and 9.33 (18-CE,). (Bumn in CDC1,).
(Pound: C, 70.553 H, S-6. Cogly,0¢ requires C, 70.55; H, 9.38).
(The %wo pure compounds desoribed here did not form part of the
mixture which crystallised directly from the reaction solution).

Irradiation of Preognadienelens Acetate in allyl aleohol.
A solution of pregnadienoleme acstate (5.0 g.) in allyl alcehol

(270 m1.) was irradiated under reflux by method (b) descaxibed adove.
After 3 hr. the ultraviolet adbsorptiom maxioum at 239 mi had decreassd
to approximately 10f of its original intensity. Irradiation was
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stepped and the solvent was distilled off. The rosidue was
dissclved in bensene and chromatographed on deactivated alumina

(200 g.). Bensens oluted a crystslline selid (2.395 g.) which was
mainly unchanged starting material. (From the infrared spectrum it
appeared to oontain some pregnsnolans acetate).

Bensens/Ether (4:11) eluted a gum (240 mg.) from which a emall
quantity of orystalline material was obtained. This had (after
reorystallisation from methanel) m.p. 195-199°; (o), - 46.7°
(0, 0.65) V ___ 1724, 1242 am.”" (GMo). Tt bad mo hydrexyl or
ketonic absorption bands.

(The identity of this compound could not be established. It
was not obtained in subsequent irradiations of pregnadiensliene
acetate in allyl alcohel).

Eluticn with Ether/Methanol (99:1) gave a gum (3.18 g.) which
was crystallised from di-isopropyl ether. The crystals ebtained
(1,02 g.) were contaminated with gum. Re-chromatography of this
latter material on alumina gave crystals m.p. 140-150° (traces
melting up to 170°). V' 3330 (OH) 1740, 1720, 1690 (carbenyl),
1640 ( € = C ) and 1243 (OAc) am.”l.

This substanoce was olearly not a pure compound, and thin layer
chromatography revealed that it consisted of one major and two minor
cempenents which had similar R, values. (Several selvent systems

were tried, but none was found which would have made preparative~

1scale thin layer chromatography a really practical propositien).
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Repeated recrystallisation did not improve the melting-point.

Oxidation of the substance with 8-N chromio acid in acetono gave
s carbaxylic acid, m.p. 186-190° (o) = 44.7° (o, 0.47). V __ 3440
(0H), 1726 (04c), 1700 ( DC = 0) and 1240 (OAc) em.”l.  %he structure

of the acid - apparently a pure campound - is not knewm.

Ultraviolet M' ation of Pregnadienclone Acotate in
gyclepventanol .

A solution of prognadicnolone acetate (1.0l g.) in cyclohexane (25
ml.) and cyclopentanol (25 ml.) was irredisted under reflux by method
(o) &secribed above.  After 1.5 hr. the ultraviolet absorption meximm
at 240 m2 bad disappeared and the solvent was distilled off. The
residue was chromatographed on deactivated alumina (40 g.). Bemsene
eluted a gum (762 mg.) which was orystallised from methanol to give
JTegnenolone acetate, mop. 140-144°, with an infrared spectrum identioal
with that of an suthentic sample.

Bensono/Bther (99:1) eluted an intractable gum (158 =g.).

Bensene /Ether (1911) oluted a gum (69 mg.) frem which was ebtained,
by crystallisation from mothanol, a cubstsnce baving m.p. 168-187°,
V o 3510 (GH), 1730 (04o), 1700 (>C = 0) and 1239 (Oko) em.” .

More polar eluants gave only a gm (58 mg.)

Ultraviolet irradiation of 9(11)-dehydrchecegonin 3f -acotate (CCXXD
{a) In ethanol.

A solution of 9(11)-dehydrechocogenin 38 -acetate (CCXXIX) (683 ng- )
in ethanol (34 ml.) was irradiated undor reflux according to methed (b)
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described abeve. After 1.5 hr. the ultraviolet absorption maximum
at238qahn:ldiaamomd. The roaction was stopped and the solvent
was distilled off. The product was a gun, which, en trituration
with methanol, gave a orystalline solid, m.p. 237-242° (148 mg.) which
bad an infrared spectrum identical with that of an authentic sample of
hecogonin 3p —ecetate (CXLIVs R = Ac). The melting-point was
undeprossed on admixture with the amuthentic sample.

(b) In dioxan.
Irradiation of a solution of 9(11)-d.hydrobooosoun-3ﬁ -acetate

(1.01 g-) in ddoxan (50 ml.) gave results similar to those observed
in othanol. The peak at 238 mp in the ultraviolet spectrum
disappeared in 1.5 hr. and evaperation of the solvent, followed by
trituration of the residusl gum with methanol gave cxrystalline
heoogenin 3 -aostate (137 mg.) identical with an authentic sample.
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AFFEEDIX I

Since this thosis was written, the Cheaistry Department of the
University of Stratholyde has acquired a Perkin-Elmer 237 Orating Infre-
tred Bpsctrophotometer. This has made pessible semo more acourate
studies on the hydroxyl stretching frequencies in the cempounds
desoridbed in the thesis.

The figures given below, with one or two exceptions, are in fairly
goed agreement with figures cbtained in studies using ths Grubd Parsons
8 2 instrunent. Howover, the figures odtained with the Perkin-Elmer
instrument for 3f,120( ~diacetoxy-14dl ~hydrexy-5& ,25D-apirostan and fer
3P —-acetaxy-12« ~hydroxy-14« ,150l ~opexy-5 ol ,25D-spirostan indicate an
absenoe of intramelecular hydrogen bemding, although such hydrogen-
tbonding ocoure in 3B -acetoxy-120t ,14el ~dihydroxy-Sel ,25D-spirostan.

The results given belew were all obtained from speotra run in
carbon tetrauchloride sclutien, the concentration being 5 mg. of the

steroid in 3.0 ml. 0014.

| Stereid Ve, (=)

P-aoet axy-14s-hydrexy-5u, 25D-spirestan (CLVII; R = Ac) 3560
hydrexy=-5¢, 25D-spi rostan—12-ene

A (CLVI; R = Ao) 3525

9 rost
ap.m-«mmrwrww-susm( “,n.n‘. W .

1o, 14d-dd 25D-spirost 3640
Pt | B8

t 12d-hydroxy=-14A, 150 -epoxy-"5d, 25D-spd rostan
o (cTXvI) 3640
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3f-acotoxy-160-(1'~ hydroxyethyl }-pre 3630
e (GXCIT; R = Ao) 395
w 1604 | =hydrexyisepromyl 3620,
s . (CXCVI; R = Ac) 3590
3$,1)0-d1acetoxy-160k-(1' ~hydrexyisopropyl )-5ek- 3620,
Jrognan-20-ene (CCXXVIII) 3590

f-acetoxy-1 1! ~nmydrexycycl 1)-progn-5-en- 3620,
e 20~-ame (CC b §29°

The spootra of three other compounds related to the 16u-hydroxyalkyl
stercids mentiened above were run for comparisen, the concentrations dein

the samo a® in the spootru mentionod above. These cempounds weres-

(1) 16Gt-Hydroxymethylpregecteren (kindly provided by Abbott Leboratorios
Nerth Chicago, Ill.) which had peaks at 3650, 3620 om. s

(2) 38 20%-Dinydrexy-160{-acetylpregn-5-en which had a peek

1

at 3620 om. j and

(3) 38 -Acotexy-168 -(1'= hydrexyisepropyl }=17¢ ~pregn-5-en-20-ene

dﬁchhadapukat}&Ou..l

(beth kindly yrevidsd by Dr. R.T. Logan, Organon Laboratories).
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