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PART O N W,

SIUDIFS IN TI'HE PYRAZOLIDING FINLD,




INTRODUCTION.,




The first gynthesis of a compound contnn;bg

the 5-membered ;yrazole ring system by l\’no!'!-1

4n 1883,
involved the condensation of shenylhydrazine and Qt_l#l.
acetoagetate and gave Jemethyl-S5-oxr=1-phenyl muolim
(1) u' the main product. Since then the pyrazole
mlecule and the dihydro-yrazole molecule, »r maéonm
aroup, have been studied intensively, particular emphasil
being given to certain keto- derivatives of maxoli;ne.
the pyrezolones. This particular interest was brd\@t
about by Knorr with his discovery that 2,3-dimethyl-
1-phenyl-5-gyrazolone (antigvrine, ohensszone) (II),
vossessed interesting pharmacological properties. im.

discovery has resulted in a thoroupgh investigation being

mede into the wooerties of the compounds in this group.

Hy€ —C. CH3 . HE = C. CHy
Yok by
0// \N/ O/IC\N/ ¢ 3
! ;
Ph Ph

(1) (1I)

o e



: 2.
Antipyrine (II) is prepared 'by the agtion of mathyl

iodide on 3~mothyl-S=oxo-lephenyloyrazoeline (I) in &s‘cm:mlz
o
at 100",

Its pharmacological action is similar to that of the selicylates

and y=amino-hensl group of drugs, being an malgesié.and

antipyretic., It is toxie, and in certaln cases where.i.i.t

hes been used it has caused fatal sgranulocytosis. As a

result of this toxlcity, it has been virtually ebendonned as

a drug in the U.S.A. and Cenada, and repleced by saiiivlatou.

but it still finds limited use in Furope, excluding 'ﬁritain.
Antigyrine is a colourless orystalline oompo'xﬁzd.

goluble in water and decomposed by distillation af a@aMo

pressurs. Substitution in the molecule can take pléci at

the 4-position, sulphonation giving the 4-sulshonic aéid

and V-bromosuccinl ide giving A-bromoentipyrine.

An méortant improvement on the drug anti pypina
was the compound amino yrine, or 2,3-dimethyl-4-dimethylenino-
S-omo-l-phenylayresoline (III). Wnile this is a better
antigyretic and analgesic than anti yrine, it hes tho.._
disadvantage of being more toxic., It has been mﬂa&mﬂ
under the name gyramidon, being produced from anti g'yrine
by the action of nitrius acid to give 4-nitroso-anti g&r&ne
(IV). Reductisn of this latter compound with zinc gives
beamino-antiyrine (V), which on treatment with mttwf bromide

in msthanol gives the required product (TII).



\C"—"-‘C CHa Ne = ¢. cHy
' ' ' ',4 cH
[ 5 ’ 3
ogc\N,n/ CHsy S
: |
Ph Ph
(III) (Iv)
HnN\C = ¢.CHs
I |
C N.CHg
0¢ \N/
!
Ph
(v)

Methylation in the last stage of the synthesis of
pyramidon has been done in a number of ways. If 4-amino-
antipyrine (V) is treated with chloroacetic acid‘ and the
resulting dicarboxylic acid (VI) is heated above its melting

point, it loses carbon dioxide to give gyramidon (III).

Ph-N — N=-CH, PhN — N.CH3
| l y l l ;
Gt ¢ c.Ct
O‘C\f/, 3 o// \C»p 3
[
N(CHy Cog), N-.-.-.N..M(CH;)R
(vI) (VII)

An alternative methods involving diazotization of
b-aminoantipyrine (V) with nitrosodimethylamine gives the
internsdiate tri-azo commund (VII) which yields pyramidon

(ITI) on loss of nitropsen,



The phermscolegy of antipyrine, pyramidon, and
rolated drugs has been extensively rev:lewede 7' '
Interest in this field has been stimulated furthor
by the discovery of cexrtain wrasole dyes. The important
comnerclal dyes containing the pyrasole ring wstou}ara
yellow-green and are used for wool. They are very fast end
ere avallable as the yellow components in two and three~
coloured mixtures. The first knmm pyrezolons dye, |
tartrazine (X), is widely used in the colouration of
foodstuffa9. It is obteined ocommeroially from ozamlecetic
acS:d (VIII) end phenylhydrazine sulphonic acid, %o g1§o
sul phophenylpyrazolone carboxylic acid {(IX). This ié
thon coupled with diazotised sulphanilic acid, to dve

tertrasine (X).

co c-.v WHLC g, so5a
¢ Hyl.WH.CALSOH —
2 64
c, f»'ﬂz
COOR
(VILII)
N= n.C,H, SGH N = N, €, Hy 50, New
C > . °\ & 3
Hooe” i, | ° hooe” CH

o = .G b, 50 N
(1x) ™



Xylene Light Yellow (XI) is also an important

pyrazolone .Qve\; ‘but it is more expeﬁsive to manufaot\;'te.

i

e C /C~O
C“3 SeH
!
N =NcH, S0z Na

(1)

In recent years there has been a considerable smount
of interest in the pyrazolidine group nf compounds, dne to the
discovery that 1,2-diaryl-3,5-dioxogyrazolidines posaese
pharmacological properties similar to those of antigyrlne.

The most important of this group pharmscologically is
phenylbutazone, or 4-n-butyl-3,5-dioxo-l, Zﬂphawlwnmudine
(XII) which has been introduced into medicine under the name
"butazolidine”. As well as having importent analgesic and
antigyretic properties, it is wvalusble in the treatment of
rheumatoid athritis. It is similar in its action to jeortieone
and wes used in place of the latter sinoce it is oonaiaerably

10 11-16

cheaper . Ceortain toxic effects have apeared the mst

serious being agranulocgytosis.
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The synthesis of phenylbutazone wes first qarri.od
out by Goig,vr, who treated 3,5edioxoel,2-diphenylpyrazolidine

(XIII) with n-butyl bromide in the presence of aodiuﬁ)wdroxido.

P.'\ o NP" NaOH PhN — N Ph

‘ \ + nBuBr — | l

C C = ¢ 7 G -
0% CH; - o” T
, 3 a
m By
(XILI) (XIT)

The two methods moat commonly used for the preparation
now ere the condensation of ethyl n-butylmalonate (XIV) with

hydrazobenzene in the presence of sodium othoxidom and the

condensation of nebutylmalonyl chloride (XV) in pyridine,

with twdrmbmmel9.

Cookt Na OEt PhN — N @h
C‘H-nBu + PhNH NHPR —> | L‘
' ,,C\ =0
nfdu
{(xIv) (x1)
cocel Pyridine. PM“J e n.IPA
‘\\ﬁu\CH + FhNH« Nﬂﬂ\ ""-9 ”c\ /Cko
‘ 0% e
codl \
n Bu

(xv) (xxI1)



Because of its toxicity, numerous attempts l'uwo been
made to develop a less toxic drug from it with the sa:no
pharmacological action. Many compounds have been synt:hooiaod
with different substituents in the A=position’® and with
substituting groups in one or more of the phenyl r‘l.né,;19
in attempts to improve the @rug, but so far any redtbf.iona
in toxicity have resulted in a reduction in oharmeological

action.

The parent compound of phenylbutazone iz 5,5-6.10:9-
1,2-diphenyl pyrazolidine (XIII). This was firat syntheasised
by ‘l.‘sumald.zo by the condensation of hydrazobenzene and sthyl
malonate in the presence of sodium ethoxide. It can élao be
prepared by the action of hydrascbenzens and malorwi ;hlori.de

in the presence of pyridine,

¢ OOEL Ph TH "'\?"”“:ﬂ.‘
i
¢ Ha + — '
) ¢ C .
(XI11)
cocl ph NH Ph N — NPl
v ! \ \
+ ——
fﬂa PhNH oéc\ ¢ o
cotl Cly .

(xvI) (XII1)



'l‘amldzo' ek

has prevared a large numnber of
derivatives of 3,5-dioxo-l,2-diphenylgyrazolidine (XII.I) by
condensing it with different aldehydes and ketones. ‘-rhoeo
condensation products are usually highly onloured arﬂ‘are
formed by substitution in the pyrasolidine ring in fho
4~oosition. Cyclopentanone, oycloheptanone, cvclohexzanone,
benzaldehyde, and butyraldehyde have all been used in this
way to glve the corresponding cyolopentylidene (WII).‘
cycloheptylidene (XVIII), cyclohexylidene (XIX), benzylidene

(xX), and butylidene (XXI) derivatives.

P ol — NP PN — W P PN — NP
=G ct IC C l l
O= \,.7” (3) o% ~ s) c Cs
c | " a/, \cl o

(xvII) (xvITI) (XIX)
t’h'i"‘ 'g”\ Ph r;-b{ Ph
o‘c\c’c.o oéc\ /C §O
" -
CH ]
CH. CgHy 10
(xx) (xx1)

These compounds are all readily reduced by catalytic

hydrogenation to the corresponding dil\vdro-dodvanvesm'n.



A-Bromoe3, 5=dioxo-1,2-31 phenylpyrezolidine (imI) has
been proporodzz'25 by the action of bromine oa 5.5-dioio-
1,2-diphenylpyrazolidine (XIII), and a k-dnoro-deriya_tinz’

is elso known, (XXIII).

\ |
[ 4 .£=0
oﬁc\“{/c“a 0% New
|
Br i
(o) (XXIIT)

3 ,5-diox0-1,2~d1iphenylpyrazolidine (XIII) can be
acylated, using acstic anhydride in the presence of m'r:'uu.n.eaA
when the slkali-goluble beecetyle3,5-dioxo-1,2-di phenylpyrazolidine
(XXIV) is formed. The acetyl derivative (XXIV) can aiso be
prepered by the action of acetyl chloride in the preaence of
aluminium chloride as a catalyntzs. Potaasiun carﬁonato or
pyridine can also be used as catalysts, the product in each

case being the 4-acetyl-3,5-dioxo-1,2-diphenylyrazolidine (XXIV).
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Although a large nutber of derivatives of 5.:55«!10:0-
1,2-31iphenyl pyrazolidine substituted in the benzene ‘rﬂ:ga”
and in the L-posittonm have been prepered, none lmve boen
reported in which one of the keto~ groups in the qy'at;g:cn has
been roplaced by an imino- group. A few 1-nv14.¢§;.
Zeiming=5-oxo-pyrazolidines (XXV) have been dascrlbodzé'ﬂ
and these have been shown to have simllar antipyretic
effoots to butazolidine,

R=N=N=- Ar
I

o=¢€_ ,£=0 R = Alkyl
CHy

Ar = Axyl
(xxv)

These compounds are usually preoared by trhe
elkylation of l-aryl-)-imino-5=-oxogyrazolidines and Z-Mettvl—
3.iminoceS-oxo~l-phenyl pyrazolidine (XXVI) hes been prepared by
methylation of 3-imino-5-oxoel-phenyloyrazolidine > (XXVII).
2-ifethyl=3-imino-5-0ox0o~1~phonylpyrazolidine (XXVI) oan also
be prepared by the Hofmann or Curtius niothoda26' 27 from
2-alkylel-aryl-5~-gyrazolone~j-carboxylic ecid (XXVIII).

Ph-N — N Me PLN —NH ﬂr-?—-—'}‘R
( | | ﬁ

O,C\CH/C=NH o‘c\cHICtNH O,IC\CH"C * CobH
2 2

(xxvI) (xxvII) (XXVIIX)

10.
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Imino-oxo-pyrazolidines can be prepared by a_jmmbor
of mothods. One of the more popular involves the treatment
of phenylhydragine with ethyl cyanocacetate in the prounoo
of sodium alkoxide as a condensing agent. This uthodm
used by Courad and z-n"” to prepars a compound whichthq
essunad o be S-imino-3-oxo-l-phenylpyrazolidine (M).
Welsberger and Porter’ pointed out tha$ this roacu@
might lsad to the isomoric )-Mm-‘j—om-l-plwlma..;ﬂidim
(XXX). In order to establish clearly which compound hed besn
formed, they started from l-pmwl-;-carbothoxy-%gylfémlm
(mu)n which can be formed by ring closure of othyl oxslacetate
phenylhydragone (XXXII)7*,

Ph N — NH PhN — NH
| | | I
c Cx=
HiN 2 o ’C es
: \CH; o” \crl; i
(xXxTX) {(xXx)
S PhNH = N PhN = N
| Il - I ' !
,€ to & -.
0% \ /C‘Caaft IC\ C.Cﬂg&’t o,’ \ ./C \co'la
CH’ CH; Cﬂa

(XXXI) (XXXIT1) (x:qm 1)



Wolsberger and Porter treated 1-phm1-)—carbetlnv-
S5-gyrazolone (XXXI) with nitrous acid to form the lvdnzldo
end then the azide (XXXITI) and subjected the pmdnct to

Curtius degradation. The comprund formed was 1dontioa1 with
that obtained by Conrad end Zart.

A more general gynthesis of S-imino=j-oxo=l-aryl-
yrazolidines is the condensation of cgyanoscetyl chloride
or azide (XXXIV) with a hydrazine doriuttvo_’z such as

phenylhydrazine as illustrated.

‘fONS | Ph i — NH Ph'N"“;“"'
?H’. a 'PhNH»NHQ g NC\ i.o_—) ¢C\ S0
/ N
cN ety cthy
{xXxXX1IV) (XxXIx)

3w Imnow=5-ox0=1,2-di phenyl pyragolidine (XXXV) is
prepared in a similar mnner’ ’ using cyancecetyl chloxride and

hydrazobenzene (X(XVI).

cocl Phl.i - NHPR PA’N -—n‘IPh

]

?Ha + PANH. NHPA  —> e eN — x: = gNH
Ctly cHy

(XTXVT) (XXXVII) {(xooxv)



The intermediste in this synthesis, Neayvanoacetyl-
hydrazobenzene (XXXVII) has been described o4 s the product
of reaction between hydrazobenzene (XXXVI), cyancacetic acid,
and phosphorus oxychloride in the gresence of pyridine. It
is more conveniently prepered by the reaction of cyanoeacetyl
chloride and hydrazobenzene in the presence of gyridino”.
The objective of this work was to examine this gynthesie,
determine whether it was possible to adapt it for the
preparation of 4-substituted derivatives and homologues of
3-imino=-5-0x0-1,2-di phenyl pyrazolidine (X00XV), and if so,
to prepare soms A-substituted derivatives for comparison

with the corresponding derivativeas of 3,5-dioxo~1l,2~diphenyl-

pyrazolidine (XIII).

Using 1.5 mole of cyanoecetyl chloride oer mole
of hydrazobenzene, N-cyanoacetylhydrazobsnzene was only
obtained in 157 yield, and 30% of the hydrazobenzene was -
recovered. When 2.5 mole of the acid chloride was uaed per
mole of hydrazobenzene, the vield of N-c’enoacetylhydrasobensene
wes 308,  N-Cyenoscetylhydrazobenzene was cyclised to 3-imino-

S=oxo=1,2-d1i phenyl yrazolidine (XXXV) by the asction of agueous



ethanolic sodium carbonate, sodium mt;xondo or ethoxide in

the corresponding alcohol, 5-1mino-§'-oxo-1.2-d1 phenyl yyrazolidine
(XXXV) was also isolated from the mtﬁér liquors of the acid
chloride/hydrazobengene reaction in ”Ayiold. In this

synthesis, cyanoacetyl chloride oometimoa decomposed by

pyrolysis when being distilled, even under reduced pressure,

end for this reason the preparation of the homologue, Neg-cyano-
propionyl chloride was not attempted, since it would be

difficult to purify. Consequently it was decided that this
synthesis was not adaotable to the preparaticn of &-substituted

derivatives of 3-imino-$-oxo=-l,2-diphenyl gyrazolidine (XXXV).

An alternative proceedure for the preparation of
3=imino=5=0x0-1,2~di phenylpyrazolidine (XXXV) involved the
oondensation of ethyl cyanoscetate (XT(IVIT.I)55 and hydreso-
benzene in the presence of scdium ethoxide in a nitrogen
atmosphere. Only about 8% of 3-imino-5-oxo-l,2-dishenyl-
grrazolidine (XXXV) was formed and most of the hydrazobenzene

wes recovered,

PhN — NFPh

| |
CN,CH,Co, Et  + Ph NH, NH Ph — ¢ £ oyl
CHy

(XXXVIII) (XXXVI) (xxxv)



15.

Using this synthesis, it was decided to attempt the
vreparation of A-benzylidene-3-imino<S-o0xn=l,2-d1 phanylyrazolidine
(XXXIX) and A-gyclohexylidene-j-imino-5-oxn=l,2<diphenyl~
gyrazolidine (XL) since the starting materiesls, ethyl

benzylidene cyanoacstate (XLI) and ethyl cyclohexylidens

cyenoacetate (XLII) are readily prepered from ethyl cyanoscstate

wiih bensildehyde?” end ayclohessnint’s seepectively,

PhN — NPh PhN — NP
! { i |
Oic\c _C = nH a,}C\cIC&NH
H|
¢ HPh (‘j
( XXXTX) (xL)
PhCHO +  cHa ci=c¢”
| SPRE i N e
CN
(XLI)
COOEt c00EL
Ore + fn = Ot
CHa NN
CN
(XLIT)

Both ethyl benzylidene cyanoacetate (XLI) and

athyl cyclohexylidéne cyencacetate (XLII) were prepared in



16.

good yields, but when treated with hydrazobenzene in the presence
of sodium ethoxide, no condensation tock place, even on
prolongued reflux.

It was found that 4-bengylidene-3-iminc<5-cxo-
1,2-diphenylgyrazolidine (XOXIX) could be prepared direotly
by the action of benzaldshyde on 3-imlnn«5-oxs~l,2-diphsnyl-
pyrazolidine (YXXVI), by refluxing the materials together
using excess bemaldahyde as a solvent.
This preparation is similar to that used by Tm)de),Zl
to prepare 4-benzylidene~3,5-dioxn-1,2-diphenylpyrazolidine (XX}
end the product (XXXIX) is comparable to Tsumaki's in that
it has 3 doubls bonds in conjugation. Unlike the dioxo-
compound (XX), 4-benzylidene~3-imino~5-oxo-1,2-diphenyl-
pyrazolidine (XXXIX) can not be reduced by catalytic
hydrogenation, using either Raney nickel or platinum as
catalyats, even at elevated tempsratures and préssures.

Eondenaation in a simllar manner of coyclohexanone
and 3=imino=5=0xo=1,2~diphenylpyrasolidine (XXXV) did not
yield A-cyclohexylideno—5-ittﬂ.m-5-0:b—i »2~diphenylpyrazolidine
(XL), 03 expected, but gave h=cyclohexenyl-3-imino=5-oxo-
1,2-diphenylpyrezolidine (XLIII), in which the doubla
bond is not in conjugation with the ocarbonyl and imino=-
groups, but ia in the ring. This is demonstrated by the

ultraviolet ebsorption evidence, (ses Tables A and B).

h=Cyclohexenyl-j-iminne5-0x0-1, 2-digheaylpyrasslidine (XLIII)



shows absorption at 205 (§ = 29,770) end 255 mu (€ = 21,750),
whereas Tsumaki's compound (XIX) abgorbs at 360 (¢ = 7,020)
and 372 (€ = 6,970). Catelytic mdrogmtion‘of
b=gyclohexenyl=3-imino=5-oxo=1,2-dipghenylpyrazolidine (XLIII)
in the oresence of platinum, gave &-cyclohexyle3-imino=S-oxo=

1,2~di shenyl yrazolidine (XLIV).

Ph N — NPh Pa N — NFh
{ | i i
o#c\c’:c“'NH og'c\cf“/c =NH
(XLILI) (XLIV)

4b-n-Butylidene-j-imino~-S=0xs-1,2-diphenyl pyrazolidine
(XLV) was prepared by the action of n-butyraldehyde on
3eimind=S-0xo=1,2-di shenylnyrazolidine (XXV). I_t is
gimilar to rmm"s product (XXI) in the dioxo series, in that
the double bond is in conjigation with the carbonyl and imino-
groups, but like 4-benzylidene=-3-imino=5-oxn-1,2-diphenyl-
pyrazolidine (XXXIXY), it is not catalyticelly reduced by Raney

nickel or platinum,



Since the two mnethnds available for the preparation
of 3-imino=Senxoel,2=d1iphenvlpirazolidine (XXXV) were not
readily adapt;ble for the preparation of 4-substituted
derivatives, it wea decided to attemot the preparation of the
compound (XXXV) from N-chloroscetylhydrazobenzene, replacing
the chlora- group with a nitrile group, and cyclising the
product. N-Chloroscetylhydrezobenzene (XLVI) was prepared
by the action of chloroacetyl chloride on hydrazobenszene in
the presence of pyridine. On refluxing N-chloroacetylhydrazo-
benzene (XLVI) with an aquesus ethsnolic solution of potassium
cyanide, 3-imino=Seoxoel,2-d4phenyloyrazolidine (YXXV) wes
formed without the isolation of the intermediate N-cyano-

acetylhydrazobenzene (XXXVII).

PhY — NHPh P NPh
i | l kv . 1|
C1,CL.C0CL + PhVH.VHPh —==3 _C —> ,C C,

0’ e, 0" CH, “Nd

(XLvI) (0xv)

Since this method gave 3-imino-5-0x0=l,2-d{ighenyl-
wyrazolidine (XXXV) in excellent yield, it wes decided to use

it for the preparation of j-imino-demethyl-5-oxo-l,2-diphenyl-

i8

pyrazolidine (XLVIII). N-gl= Chloropropionylhydrazobenzens (XLVII)

wes prepared by the action of o ~chlorooropionyl chloride on
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hydrasobenzene. Treatment of N- o~ chloropropionylhydraso-
benasne (XLVII) with aquecus ethanolic potassium cyanide

gave S-iminoeA=methyle5-0x0=l,2-41phenylpyrazolidine (XLVIII).
In this synthesis, the intermediate N-«- cyanopropionyl-
hydrazobenzene was not formed in a quantity sufficient to be
isolated, but cyclised immediately it was produced in the

presence of potessium cyanide.

Ph N — NHPh Ph N — NHPA Ph N = NPh
\
2 ICl wWCN — C‘ ICN Ic‘ /cgN"
o’z \$H ¥ o’/ \CH —p at \(H
! i
cHy ey s
(XLVII) (xLIX) (XLvIII)

Using N-o- bromopropionylhydrazobenzene (L) in the
same way, also gave 3-iminoefemsthyle5<0x0el,2-41phenyl-
pyrezolidine (XLVIII) in good yleld. The starting material (L)
in this case is prepared by the action of o=-bromopropionyl
bromide end hydrasobenzene’’ in ether, since an attempt to
prepere N-debromopropionylhydrazobenzene (L) using pyridine
end chloroform as solvents, gave bromopropionylanilide (LI)

by splitting the hydraszobenzene group.

Ph N — NHPh Ph NHa
| |
€ ab
0% NcHBr ©% \cHBr
\

(L) (LI)



N
Q

This synthesis gave excellent results with both
B- o~ chloropropionylhydrasobensens (XLVII) and N- ¢~ bromo-
proplonylhydrasobensene (L), but the qyclisation of
N- o= chlorobutyrylhydrasobenzene and N-g- chlorocaproyl=
hydrazobensene with potassium cysmide’° has given poor
yields, if ary reaction ocours at all. This is explained
by the fact that a reductive dehalogenation reaction ocours
in the presence of potassium gysnide and hydrazobenzene
with the formation of N-butyrylhydrazobenzene and
y_-oaproylmrdrazobenmose. In spite of this drawback,
the synthesis has been extended to the preparation of
A-othyl=3-1mno=5=o0xo=1,2-d1 phenylpyrazolidine (LII)”°

but there is a considerasble decrease in the yield.

PhN — NPh
l \

)
CaHs

(LII)

It was decided to attempt the preparation of
4-chloro=3-imno-5«0x0=1,2-diphenyl pyrazolidine (LIII) in
the hope that this would provide & useful intermediate in
the syntheses of otiner Ausubstituted compounds. Initial

reactions were carried ocut using phosphorus oxychloride
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and j-imino~§-oxoe=l,2-diphenylpyrazolidine (XXXV) end
varying the psriod of reflux from 5 to 10 hours, but ia
none of these cases oould any 20lid be isclated from the
resulting gum. A similar reaction with phosphorus
pentachloride gave the seme result.

4=-Chloro=j-imino=5-ox0-1, 2-31 phenylpyrasolidine
(LIII) was finally obtained using phosphorus pentachloride
and 3eimino-5-oxo=l,2-diphenylpyrasolidine (XXXV) and
refluxing in chloroform solution. The product, (LIII),
melted at 190° and showed infrared sbsorption at 3570 (NH),
3278 (OH), and 1640 e~ (CO)s Ultraviolet sbsorption
sccurred at 206 (& = 20,000) and 263 ma (& = 18,000) (see
teble A). A sscond compound, m.p. 185° was also isolated
in this reaction in very small yield. It showed bands in
the infrared spectrum at 3100, 3300, 1700, 1680, and 1590 em ',
It was obtained in poor yleld along with an insoluble,

infusible material, and neither was examined further.

PhN — NFh
{ |
o?c\culc ‘N”

!
ci

(LIII)
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In view of the faot that phosphorus oxychloride
and phosphorus pentachloride were not very successful es
halogenating reegents, it was decided to brominate the
J=imino=5-0x0=1,2-d1 phenylpyrazolidine molecule, using a
solution of bromine in chloroform and carrying out the
reaction at room temperature. With an excess of bromine,
yellow needles were formsd which ocould not be recrystallised
without decomposition. This material analysed for a tetra-
bromide, ‘315‘112“'5"4 (LIV). Its mode of formation and
the fact that it is decomposed alowly on stending, suggest
that it is similar %o a compound prepared by Traubridge
snd mehl” from pyridine and bromine in chloroform solution.
They formulate thelr product as c,).ﬂsN.Br‘ but do mot
postulete a structural formila. A similar compound,
formulated as CEHSN'HBrBr2 has been prepersed by Rocenmund
and l(nhnhorm‘0 but again the mode of attachment of the two
bromine atoms is not known.

The tetrabromide from 3-iminoeS-oxoel,2-diphenyl-
pyrazolidine has one bromine atom attached at the A-position
and the three other bromine atoms loosely attached, since on
reduction with zinoc and hydrochloric acid in ethanol solution,
it gave 4-bromel-imino-5-0x0-1, 2-d1i phenylpyracolidine (LV)

which could not be reduced further.



PN — NPK PhN = NPh
Lo |
=€ C = uH I < C e i
o e C i T
) )
L B * By Br
(Lxv) (v)

Both the tetrsbromlde (LIV), and A<bromoe3-iminoe
S=ox0=l,2-diphenylpyrezolidine (LV) on treatment with ani
equecus ethanclic solution of potassium cyanide, ylelded
Seimino=5uox0-l , 2=4iphenylpyrasolidine (XXXV). This resoction
is simllar to the astion of potassium cgyanide on bromo-
butazolidine (LVI), whioh gives butezolidine as the major

41

product o
PhN — NPh

1 |
'/c\c =0

o
PR
e » Bu

(LvI)

This reaction with potassium gyenido proceeds
threugh the intermediate formation of cyanogen bromide,
lsaving j-imino-5-oxo<-l,2-diphenylpyrazolidine with a
negative charge on the molecule. This in turn is stebiliged
by reascting with a hydrogen ion from the watez present in

the reaction mixture.



n

Treatment of the tetrabromide (LIV) with ethanolic
potassium hydroxide solution gave A-hydroxy-3-imino=S-oxo-
1,241 ghomy iy resolidine (LVED), Along with an alkili-ssluble
material, m.p. 200°, which was shown to be a dimer by

molecular weight determinations, but wes not examined further.

PhN — NPh
| \

€=nH
o Nen”

'
on

(LVII)

A sinilar reaction was carried out using 5-imina-
4-methyl-5-oxo=1,2-diphenylpyrazolidine (XLVIII) and bromine
in chloroform solutison. In this case the product was a
tribromide (LVIII), with the thres bromine atoms locosely
attached to the molecule and no substitution in the 4-position.
This was demonstrated by treatment of the tribro_mide with
a mixture of rinec and hydrochloric acid in ethanol. This gave
3=imino-4-methyle5-0x0~1,2~d1iphenylpyrazolidine (XLVIII) with
no bromine in the A4<position. Treatment of the tribromids
(LVIII) with ethanolic potassium oyanido also gave 3-imino-

Aemathyle5-0x0-1,2=diphenylpyrazolidine (XLVIII).
\ |
s nNH
o‘c‘cn‘c &

6"3 + Bry

T

(LVIII)
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In the bromination of Aemethylej<imino-5-0x0<l, 2«
diphenylgyrazolidine, the methyl group in the 4~position
acts as a blogking group and hinders further substitution
at that part of the molecule. All attempts %o obtain a
compound with two groups in the 4-position have been mooonm];-.'

As a further method of putting substituent groups o
into the pyrasoclidine molecule, it was decided to examine the
products of acetylation, PFrevious attempts to acetylate
Seimlno=5=ox0=1,2-d4 phenylpyrasoliding '2* *? have produced
a series of products of varying complexity, some of which are
very similar in their chemical properties, a2lthough not
identical. Substitution using acetyl chloride or acetic
anhydride can take place at one of three positions. as indicated
in (LIX), (LX), and (LXI). Bimolecular condensations also
take place, consequently the usimnt of structures to the

different products of acetylation is a matter of some difficulty.

farl — HES Shil— 0k PR — NP
: : l Voo
e “ €. C C =z
Ciye00” 2’ SNH O 5% %yt nH.cactly o* e’ N
’
CoCHy

(LIX) (LX) (LX1)
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To simplify the problem of identifying and forﬂulatina

the products, it was decided to attempt the acetylation of S-methyl-
Jeimino=5-0x0<] ,2-d1phenylpyrazolidine (ILVIII). Since the

ring system in this cese is substituted in the .t-poaition.

it was felt that there was not the same possibtuty of 1somorilm

in the products, and hence the assignrment of atmotural tormlu
would be simplified. In theory, there was the poosibnity of

the formation of three mono-acetates (LXII), (I;XIII). snd

(LXIV). There alsc existed the possibility of two diacetates,

(LXV) and (LXVI).

. ; — NPh
- NPh PhN NPK Phix N
2Co , oo nticocH N % S M
: f" P enyeod ¢ I S
ciy ctly CHy COCH3
(LXIr) (LXITI) (LXIX)
enn — NPh PhN — NPh
i { ! !
o Cas < [ -
£ \\C' \N-COCH3 04‘ \cl ‘?‘.CUCH3
CH}COO ' oY
CHy CHy ¢0CH3

(Lxv) (LxvI)

Initial attempts to acetylate j-imino-f~methyle
S=ox0=1,2-diphenyloyrazolidine uasing acetyl chloride in ths

presence of pyridine resulted in the oreduction of an slkali-

soluble material which anelysed for a mono-acetate.
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On acidification of the alkaline soluﬁon. the
acetate was recovered unchanged, showing that no hydrolysis
had teken plece. This acetate was found to give a red
colouration with ferric chloride solution, Muting the
presence of an enolic function in the mlemle.. Of the
three possible mono-acetates, only 3eacetylimino-i-methyl-
5e0x0=l,2-d1 phenylgyrazolidine (LXII) could be expected to

show this property, since it can tautomeriss as shown below :-

Ph N = NPh Pt N~ NPA PhN~- NP\
\ \ ' ! \ \
oD
o fu g Trcoths S pefielmlocty T LS v meany
' , ’

(LXIT)

To confirm that the acetate formed was 3-acetylimino-
hmathyl=5-0%0-1,2-d1i phenylpyrazolidine (LXII), ean attompt
wes made to hydrolyse it. Aqueous socdium carbonate was
found to heve no effect and hydrolysis was only successful
with sodium hydroxide solution on boiling for fivo hours.
The reaction went in 50f yield. Of the threes isomers, only
an N- acetate would hydrolyse with so much dionulty. The
solubility of the compound in alkali is oxplaine;l by the fact
that there are two carbonyl groups in the molecule, combining
to withdrew electrons from the nitrogen atom in the jeposition.
This atom has a low electron density as a result, snd the hydrogen

atom on it is therefore acidic (LXVII).



in PR

ThN
i i
LCE.C - ppc.tthy
o (4 L i}
' [}
C“;
(IXVII)

To confirm this idea the material wes methylated by
allowing it to stand in the presence of diszomethans for ten
days. The product was a mono-methyl mono-acetate, and was
shown to be 3-N-acetylmethylamino~bemethyl=5=0x0=1,2=

diphenylpyrezoline (LXVIII)., An alternative product of this

reaction could be j-acetylimino-f-methyl-5-methoxy-l,2-diphenyl-

pyrazoline (LXIX), but this possibility has been elimineted

since the product can be hydrolysed to give a material (LXX)

producing a red colouration with ferric chloride solution.

PN — NPh PN — NPh PN = N\
! ! A i | |
H e ¢
€ cs /c 3 c c\ % o & NCH‘
0 ~es TN “3e 2 T necoey 0% “en
: N cocHy ciho T 3 ;
CHS C“; CH3
(LXVIII) (LXIX) - {LXX)

A product formed by the hydrolysis of 3-ccetyliminoe
f-methyl=-5-mothoxy-l,2-diphenylpyrazoline (LXIX). would not
give a ferric colouration because of the substitution on the
OH group, so this formala has been rejected in vfavour of

jeN-acetylmethylamino=4=mothyl-5~-0x0~1,2~di phenyl gyrazoline
(LXVIII).



Purther evidence that the material is 3-N-acetylmethylaminoe
A-methyl-5-oxo-1,2-diphenyloyrazoline (LXVIII) is that the

infrared spectrum shows absorption bands corresponding to two
carbonyl groups, at 1681 and 1658 ont

one carbonyl group in j-acetylimino-i-methyl-5-methoxy«l,2-

, whereas there is only

diphenylyrazoline (LXIX).

A second acetats was formed by treating j-iminoe
f-mathyl=5-0x0-l,2-dipheny}gyrazolidine (XLVIII) with an excess
of acetyl chloride and heating on a steam bath for five minmites,
in the presence of pyridine. This material is not formed if
pyridine is sbsent, even on prolongued reflux. This compound
waeg found to be a discetate. It could also be prepared by
treatment of the mono-acetate (LXII) with acetic anhydride.

To determine the position of the second acetats grouping, the
compound was boiled with sodium carbonate sclution. Partial
hydrolysis gave the monoeacetate (ILXIY). The ease with which
hydrolysis took place indicated the presence of an O-acetate
grouping. The compound is therefore 3-acetylimino-5-acetoxy-
4-mathyl-l,2-diphenylgyrazoline (LXV) since the Ce-acctate
(LXVI) would not hydrolyse so readily. The diacetate can be
completely hydrolysed to the parent unsubstituted pyrazolidine
on prolongued boiling with sodium hydroxide solution. It is

insoluble in cold sodium hydroxide sclution, but solubls on

heating duve to partial hydrolyasis.



It does not give a colouration with ferric chloride
solution. None of the other acetates theorstically possible,
were isolated from these resstions.

b=Cyclohexyle3=-imno-F=0x0=-1,2-diphenylpyrazolidine
(XLIV) wes also ecetylated using acetic anhyiride end pyridine.
This gave a mono-acetate which was shomn to be the N-acetate
(LXXI) since it gave a red colouration with ferric chloride
solution and wes difficult to hydrolyse. Neither the C-acetate

(LXXII) or the Q-acetate (LXXIII) would show these properties.

PAN = NPh
| |
ﬁc ,CtNCOCﬂj
o \CH
(LXXI)
PhN = NPh ' Ph N — NPR
\ } ) \
D‘C\cfcr"“ ,t'g\ ,‘ v o

\ CtiyteQ &
g Cociy O

(Lxar) (LXXTII)
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Table A

Ultraviolet absorption of A-substituted imino-omopyrasolidines.

PhN — NPA
B |
g c\“’c i
\
R
Formila R A max in ethamol
(XxE7) H 206, 254.
(XLIIT) ¢l 205, 257
(XLIV) Cgilyq 204, 262,
(XLVIII) ol 206, 264,
{LIII) Cl 206, 263,
(Lv) Br 206, 261.
(LVIII) OH 206, 224, 300.
(xo0erx) PhCH= 206, 288,
(xLv) CyH, Cit= 245, 303, 370.




Teble B.

Ultraviclet absorption of 4-substituted diozopyrasclidines.

PN — NPA
i \
O"C\ CH" =0
!
R
Formula R /\ max in ethanol.
(XI11) H 208, 249,
(X1IX) Cgilg= 360, 372.
(xx) PhCH= 206, 236, 33A.




EXPERIMENTAL,
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Infrared spectra were determined in nujol
unless otherwise stated. Whers twd compounds
are claimed to be identical, the identity was
confirmed by infrared comparison. Ultraviolet
speotra in alkali were determinsd in a mixture
of equal parts of 2N NaOH and ethanol, and in
acid, the spectra were obtained using a mixture
of equal parts of 2N hydrochloric scid and
ethanol.

N-Cyanoecetylhydrosobenzene.  Since nd
experimental details were given in the literature method,’’
the following technique was used. -« A well stirred
solution of hydrezobenzene (13.8 g.) in chloroform (300 sc.so,)
and pyridine (100 c.c.) was treated at -10° with a solution
of freshly prepared cyancacetyl chloride’- (21.5 g.:3 mole)
in chloroform (75 c.c.) added over a period of 1 hr.. The
reaction mixture was allowed to attain room temperature by
standing for 3 hr.; then kept overnight end poured into
wagor (500 @.0:). The chloroform layer was washed with
water (100 c.c.), hydrochloric acdd (3 x 150 0.G.: 2N),
aqueous sodium hydroxide solution (3 x 150 c.c.; 2N), and
finally with water and dried (NAZSO‘). Evaporation of the

chloroform and crystallisation of the residue from ethanol

gave N-oyanocecetylhydrasobenszene, (5.4 g.:29%) e¢s plates,



’bo

2.pe 173° (11t.7* mp. 172-173%) (Pound C,70.5; H,5.1% Cale. for

Cygy 30Ny Co7LeTs H,5.27). )\ mex in ethanol 208 (£= 16,020)
and 237 mp (E= 18,000); )\ max in alkali 254 mp (€= 23,500):
)\ max in acid 205 (€= 36,000) and 236 mp (€= 24,700):

U max 3506 (N), 2245 (CN), & 1667 om - (CO).

3= Imino=5=-0x0~1, 2=-d1 phenylpyrazolidine. -
(a). Concentration of the ethanolic mother liquors from

the gyanoacetylhydrazobenzene preparation yielded j-iminoe
Seox0~l,2-d4 phenylpyrazolidine (1.6 g.:9%) as plates,

m.p. 222%; 1t was sublimed st 200°/0.5 mn. for snalysis.
(Pund C,71.45; H,5.2%; °15"15°"5 requires C,71.7; H,5.27)
Amex in ethanol 206 (&= 17,000) and 254 mp (£= 23,000);
Amax in alkali 225 (£ = 61,700) and 255 ma (€= 22,00);
Amax in acid 206 (€= 19,000) and 252 ma (£ = 22,000);

V mex 3335 (WH), 1675 (CO), and 1639 (NH).

(b). A 20lution of N-cyanoacetylhydrazobenzens (500 mg.)
in ethanol (18 c.c.) end agusous sodium carbonate (18 c.c.)

was refluxed for 4 hr.. The cooled solution on dilution

with water (50c.c.) end extracting with chloroforn (3 x 50 c.c.)

8ave a solid on evaporation of the solvent. Crystallisation
of this residue from ethanol gave 3-imino-5-o0xo=l,2-dichenyl-
@razolidine (400 mg.: 80%), identical with the materiasl

produced in preparation (), m.p. 222° (Found C,71.7; H.5.3%).
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(¢) A solution of Negyenoacetylhydrascbenzens (500 mg.)

in ethamol (18 c.c.) was refluxed with sodium ethoxide

(from 20 mg. Na) for 3 hr., ccoled, diluted with water end

the product isolated using chloroform. Crystallisation from
methylene chloride / hexane gave 3-imino-Seoxoel,2-diphenyle
wrazolidine (75 mg.) as prisms, m.p. 222°, (Foumd C,71.7;
H,5.2%), identical with the matebiel produced in preparation (a).
A simllar yleld of the product was obteined using methanolie
sodium methoxide.

(d). A solution of chloroacetylhydrasobenzene 5 (1.5 g.)

in ethanol (25 ¢.c.) was refluxed with a solution of potaassium
gyanide (2.5 g.) in water (15 c.0.) for 7 hr.. The sclution
was diluted with water (50 c.c.) and extracted with chloroform
(3 x 50 c.c.). The combined chloroform extracts were washed
with water (2 x 25 c.c.), dried (Nagso,‘) and evaporated.
Crystallisation of the residue from chloroform / methanol

gave 3-imino-5-cxo~1,2-diphenylpyrazolidine (0.8 g.: 57%).

M. Do 222° alone or mixed with en suthentic specimen,

Attempted preparation of &4-benzylidene~j-iminoe
S-oxo-l,2-diphenylgyrasolidine, - Sodium (2.0 g.) was

diseolved in dry ethanol (50 c.¢.) and ethyl benszylidene
ayencscetate’’ (2.0 g.) was edded with hydrazobenzane (3.0 g.).
The mixture was refluxed for 48 hr. on a water bath, filtored

to free from suspsnded solid matter (m.p. above 360°) and the



ethanol was evaporated off. The residual materisl was
dissolved in chloroform and the solution was washed with
water (3 x 50 c.c.). The chloroform solution was evacorated
to dryness and extracted with petrol until all azobenzene,
m. 0. 69°, was removed. A pumny material resulted from which

no solid could be isolated,

A-Benzylidene~j~imino-5-0xs~1, 2-d1 phenyl gyrazolidine.

3=Imino=5-0x0=1,2-diphenylpyrazslidine (1.0 g.) wes
refluxed for 1 hr. with freshly distilled benzaldehyde (5.0 g.).
The snlution wes diluted with ether, washed twice with
seturated sodiun bisulphite solution, once with weter and

dried (Nazsf) An interfacial solid separated on washing

A)’
end was removed by filtration before drying the ether. The
ether was removed under vacuum, lesving a dark-red gum.

Recrystallisation of the interfacial solid from chloroform /

petrol gave yellow needles of 4-benzylidene-3-imino-$-oxo-

1,2-d1 lgyrazolidine, m.p. 343°, (Pound: C,77.34: H,5.17:
Cpofly ON; requires C,77. 6: H,5.3%). Amax in ethanol 206
(€ = 31,900) and 288 mp (& = 32,020); ) max 1710 (CO),

1600 (NH), 1560 (£h) and 1380 cm‘l.



Attempted reduction of h-benzylidene-3-imino-

5-ox0-1,2-diphenylpyrezolidine. =~ (a). A4-Benzylidene-
34 mno=5=-0x0=1,2-d1phenylpyrazolidine (2.5 g.) wez dissolved

in redistilled ethyl acetatc and shaken with hydrogen st
ronm temperature and atmospheric pressure with platinum .

black (0.3 g.) as catalyst. Filtration of the solution after

2.

5 hr. and evaporation of the solvent resulted in the production

of yellow crystals _(m. Pe 5&)03 0.5 g.), 1d_o-nt;oq1 to the
starting material.

(b). A-Benzylidene-3-imino-5-oxo-l,2-diphenylpyrazolidine
(0.5 g.) ;ras dissolved in ethanol (400 ec.c.). Raney nickel
catalyst (1.0 g.) was added and the mixture wes shaken in an
autoclave with hydrogen at 50 atmospheres and 1550 for 7 hr..
Filtration and evaporation of the solvent resulted in the
production of yellow needles, m.p. 5#50. 0.5 g., identical

to the starting material.

Attempted preperation of 4-gyclohexylidene-3-imino-

S=0x0~-1,2-diphenylpyrazolidine. - Ethyl cyclohexylidene

m'tmowet;m:e’6 (2.0 g.) and hydrazobenzene (3.0 g.) were
refluxed for 48 hr in the presence of sodium ethoxide (from
2.0 g. sodium and 50 c.c¢. ethanol) on a water bath. Ths
solution was evaporated to drymess, extracted with petrol
to remve azobenzene (m.p. 68%), dissolved in chloroform,

and washed with water. The ohloro{fom solution was dried
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(Nazsf)‘) and the solvent svaporated off, bsaving an olly

dark-red product from which no solid could be isoleted.

4-Crolohexeny]-3-imino-5-oxn~1, 2-d1 phonyl-
grazolidine. =  }-Imino-5-oxo-1,2-diphenylpyrazolidine
(1.0 g.) was refluxed with gyclohexanone (10 c.c.) for 1 hr..
The solution was allowed to cool and petrol was added to
precipitate the product as an oil. The material wes vashed
with petrol and recrystallised from ethanol / petrol to give
prisme of A-gyclohexenylejeiminoc-5-oxo-1,2-diphenylpyrasolidine,
m.p. 189°, (Found C,75.83; H,6.1%; Cyy iy ON; Tequires
C,76.1; H,6,4%). )\ max in ethanol 205 (& = 27,000) and
257 mp (€

254 mn (&

23,100); A max in alkali 228 (€ = 62,600) and

23,700): Y max 3400 (OH or ¥H), 1650 (C0),

1600 (NH), and 1570 on™t.

4~Cyclohexylej-imino~5=-0x0-1,2=d1 phenylpyrazolidine.

A-Qrclohexervl-s-imno-‘i-om-l.2-diphew1mrazoud1m
(1.0 g.) was dis-olved in redistilled ethyl acetats (250 s.c.)
and platinum oxide was added (0.9 g.) es a oatalyst. The
mixture was shaken with hydrogen for several hours until no
more gas was ebsorbed, filtered, and the ;olvent removed
under vacuum, to give white prisme of A-cyclohexylej-imino-
5e0x0-1,2=d1 1 lidine, m.p. 230°; 1.0 g. (Found

Co75.28; H,6.773 N,12.94%: c:zl_ug}cm5 requires C,75.64;



H,6.95; N,12.6). Amax in ethanol 204 (€ = 24,400) and
262 ma (¢ = 24,500); A mex in alkall 228 (€ = 13,200) and
263 mp (€ = 20,700); V max 3400 (OH or MH) 1660 (C0), 15%0
end 1255 cm .

4-n~Butylideno-3-imino-5-omo-1,2+d1 ghenyl gyrazolidine.

3 Imino=5-0x0=1,2~diphenylyrazolidine (1.0 g.) wes refluxed
with n-butyraldehyde (5.0 c.c.) for 2 hr., cooled, diluted
with ether, and the solution was washed with a saturated solution
of sodium bisulphite (3 x 50 c.c.), water and dried (Nazm‘).
Tho ether was evaporated off and the residue was recrystallised
from ethanol to give needles of 4-n-butylidense=j-imino-5-oxo-
1,2-d4phenylpyrazolidine, m p. 196° (Found C,74.63: H,6.31;
01911190:;3 requires C,74.73; 1,6.274). A mex in ethanol

245 (& = 11,000), 303 (& = 25,500) and 370 ma (& = 7,250);

Amax in slkali 260 (£ = 11,200), 251 (€ = 11,200),
300 (& = 17,000) and 370 mp (& = 6,900)s O max 5789 (NH),

1661 (C0), end 1572 cm .

Attempted reducticn of 4-butylidens-j=-imino-5eozo-

1,2-diphenylpgyrazolidine. - (a). &4-n-Butylidenc=3-imino~

§=0xo-1,2=-diphenylpyrazolidine (500 mg.) was dizsolved in
ethyl acetate, and treated with hydrogen in the presence of

platinum as catalyst, for 4 hrs.. Whea no more gas wes



abgorbed, the solution was filtered and concentrated. On
standing, yellow needles were formed (m.p. 196°), which were
found to be idontical to the starting material,

(v). 4-neButylidene-3-imino-5«0x0+-1,2=34 phenyl pyrazolidine
(500 mg.) was dissolved in ethemnol (400 c.c.). Raney nickel
(1.0 g.) ‘;as added and the mixturs wes shaken in en sutoclave
with hydrogen at 50 stmospheres and 100° for 6 hr.. Piltration
and evaporation of the solwvent resulted in the production of |

yellow crystals (m.p. 196°), identical to the sterting materiel.

ol ~-Chloropropionylhydrazobenzens. - A solution of
ol = chloropropionyl chloride (40 g.) in chloroform (30 c.c.)

wes added dropwise to an ice-cooled solution of hydrezobenzene

(25 g.) in chloroform (300 c.c.) and pyridine (107 e.c.)

with stirring over 1 hr.. The ice bath wes then removed and
stirring continued for a further 2 hr.. The reaction solution

was washed with hydrochloric asid (500 c.c.; 2 W), water (300 c.o.)
and dried over anhhydrous sodium sulphate. Concentration snd
cooling and crystallisation of the solid which separated, fronm
ethenol gave o -~chloropropionylhydresobenzene (40 g.) as prisns,
m.p. 149° (Found C,65.22; H,5.9; Cygfy SON,CL requires

C.65.5; H,5.5%). A max in ethanol 206 (& = 28,000) and 238 m

(€ = 20,000); ¥ max 3250 (M), and 1642 cm > (CO).
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3~Imino-4-methyl=5-oxo-1, 2~diphenyl pyrazolidine.
(a). A solution of L=chlorogropionylhydrazobenzene (2.5 g.)

and potassium gyanide (3.0 g.) in ethanol (25 c.c.) and

water (8 o.c.) was refluxed for 5 hr.. The cooled solution

was diluted with water and the product isclated using chloroform.
3~Imino-4-nethyl-5-oxmp-1,2-3i phenyl pyrasolidine (1.0 g.)
separated as plates, m.p. 180°, (Found C,72.1; H.3.A5%:
°16“15°"5 requires C,72.4; H,5.7%). A max in ethanol 206

(€ = 22,000) and 264 (¥ = 25,000); A max in alkali 263 mpm

(€ = 19,500); Jmax 3874 (NH), 3278 (OH), and 1640 cm™ ~(CO).
The compound gave a red colouration with aqueous ferric chloride.
(). o = Bromgmpionylmdruobenzem,? (12 g.) when

treated with potassium cyanide in the same way, also gave
3=imino-4-methyl-5-ox0-1,2-diphenylpyrazolidine (5.0 g.),

m. P. and mixed M. Pe 18000

Attempted chlorination of 3-imino-5-oxo-l,2-diphenyl-

pyrazolidine. (a). }Jtll.no-‘j-om—lﬂ-diphervlmliﬂno
(0.5 g.) was refluxed for 1 hr. with phosphorus oxychloride

(10 c.c.). The solution was allowed to cool, diluted with
chloroform and washed thoroughly with water to remove acidic
products. The ochloroform solution was dried and the solvent

was evaporated off, leaving a gummy residue, from which no
solid could be isolated.
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(v). The exgeriment described sbove wes repeated using
3-iminoe5-0x0-1,2«di phenylpyrazolidine (0.5 g.) end phosphorus
pentachloride (1.5 g.) and refluxing for 1 hr.. Again no
so0lid product could be isclated from the gumny residue.

4-_Chloroej~imino=5-0xoe1,2-31iphenylpyrazolidine.
3=Imno=5-0xo~1,2-d4phenylpyrazolidine (0.5 g.) wes

refluxed ¥ith phosphorus pentachloride (1.5 g.) in chloroform
(20 c.0.) for 2 hr.. The solution was cooled, washed with
water (3 x 40 c.c.), dried (Nazm‘) and the solvent removed.
On treatment with msthanol and ethanol, the gumy residue
yielded initielly a trace of a compound m.p. 1850 after
recrystallisation from ethanol, and the mother liquors on

concentration gave prisms of 4~chlorg=3-iming-5=oxowl,2«

diphenylpyrazolidine , m.p. 190°. (Found C,63.45; H.8.72; N,14.13;

C) 5y 20N, CL Tequires C,63.2; H,4.21; N,14.60%). XA mex in
ethanol 206 (€ = 20,000) and 263 ma (¢ = 18,000). V max 3340
(NH), 3278 (OH), and 1640 cm “(CO). A trace of a third
compound m.p. above 360° was aleo isolated on further

ooncentration of the mother liquors.

Brominaticn of 3-imino-5-oxo-1,2-diphenyl-

myrazolidine, = 3-Imino=5-0xo-1,2-dighenylpyrazolidine (1.0 g.)

was dissolved in dry chloroform (30 c.c.) and a solution of

bromine (2.0 c.c.) in chloroform (20 s.c.) was added, slowly



and with stirring. The solution was allowed to stend for 1 hr.
when it deposited yellow needles of A-~bromo~j~imins=5-0xg=

1,2-diphenyloyrasolidine tribromide, m.p. 130%, (0.7 &.).
(Found C,28.9; H,2.2; N,5.9: Br,53.17%; °15"12°“ 4 Tequires

6.52-13 H,2.1; “3705‘ Br.ﬁ‘j-ﬂﬁ). » max in ethanol 205
(€ = 23,400), 240 (& = 22,100), and 321 mp (€ = 1,700);

Ymax 3340 (NH), 3100 (OH), 1650 (CO) and 1580 cm .

Reduction of tetrebromide from 3-iminoe5-oxo-
1,2-diphenylpyrazolidins. = A solution of A<~bromo-j-imino-
S5=0x0<=l,2-diphenylpyrazolidine tribromide (1.0 g.) in
ethanol (10 c.0.) was reduced with zinc powlder (0.5 g.) and
hydrochloric acid (0.5 c.c.) on a steam bath for 15 mimutes.
The solution was filtered, diluted with water, and extracted
with chloroform. The aoluti;)u was concentrated and allowed
to crystallise, when prisms of A~bromde3eimino-5e~oxo=l,2«
diphenylpyragzolidine (0.5 g.) were formed, m.p. 201°.

(Pound C,53.8; H,3.95; N,12.0; Br,23.67%; °15"12°"5°"
requires C,54.5; H,3.63; N,12,7; Br,28.2%). X\ max in
ethanol 206 (€ = 4,900), end 261 my (¢ = 4,600);  mex 3140

(0H or NH), 1670 (CO), 1610 (M), and 1580 cm Y,



Action of potassium cysnide on 4=brom=5j-imins=

S-0xo-l,2-0iphenylgyrazolidine tribromide. « &4-Bromo-

Jeinino~§-ox0-l , 241 shenylpyrazolidine tribromide (1.0 g.)

was Gissolved in ethanol (10 c.c.) and refluxed with an

aqueous solation of potessium cyanide (2.0 g. in 6 c.c. water)

for 3 hr.. The solution was allowed to cool, diluted with

water, an@ extracted with chloroform. The chloroform solution

wes washed with weter, dried and evaporated to smell bulk,

élﬂ"u

giving plates of j-imino-S-oxo-l,”-diphenylpyrazolidine, (0.5 g.)

M. P 2227 alone or mixed with an authentic sample.

Action of potassium cvanide on 4-bromo-3-imino-

5-0x0-l.2=-diphenylpyrazolidine. =« A solution of A-bromo-
3eiminoe5-oxo~l,2=-d1ighenylogyrazolidine (1.0 g.) in ethanol
(10 c.c.) was refluxed with a solution of potassium cyenide
(2.0 g.) in water (8.0 c.c.) for 5 hr.. The solution was
cocled, diluted with wrter and extracted with chloroform. On
reducing the volume of the chloroform solution, plates of
3eimi nO=5=0x0~1,2=di chenyl pyrazolidine, (0.7 g.), m.p. 222°
were formed.

b-fiydroxy=5=-imino-5-0x0~-1,2~31 phenylpyrazolidine.
A solution of A-bromo=-j-imino-S-oxn-1,2-dichenyl-

gyrazolidine tribromids (1.0 g.) in ethanol (10 ec.c.)



was refluxed with an aqueous solution of prtassium hydroxide
(5%: 5.0 c.c.) for 1 hr.. The solution was cooled, diluted
with water, and extracted with chloroform. The extract |
was evaioreted down and allowed to crvstallise, to give plates
of A=hydroxy-3-imino-5~oxo-1,2-d1phenylpyrazolidine (0.2 g.)
m.p. 2557 (Found C,68.4; H,4.9; Cygfty 0, Toquires
C,67.5s 1,4.87%)s ) mex in ethanol 206 (¢ = 33,100),

224 (& = 25,200) and 300 ma (€ = 20,500). ) max 3330

(OH or WH), 3170 (OH or NH), 1640 (CO), 1610 (NH), emd 1460 om

The alkaline solution was acidified (HCl) ard
extracted with chloroform. Evaporation of the ohloroform
solution yielded small prisms, m.p. 200°. (Found C,71.52;
H,5.37; N,11.8%). A max in ethanol 206 (B .= 12,000),

226 (Em-- 10,000) end 305 (Em= 5,700). Vmax 1740
(CO), 1390, end 1235 em >, Molecular waight of the compound

was found to be 400.

Bromination of 4-methyl-S-oxo-j-imingel,2-
diphenylgyrazolidine.  3eIminoeAemothyleSeoxnel, 2
diphenylpyrazolidine (0.7 g.) wes dissolved in chloroform
(10 c.0.) and treated with a solution of bromine (3.0 c.c.)
in chloroform (10 ¢.c.) over a period of 30 minutes. The
solution was allowed to stend overnight in a refr:l.gez"ator

to crystallise , when yellow needlles of jeimino-d-methyl=

H=0x0-1,2-diphenylpyrazolidine tribromide were formed,

B g
» B
u'}.

1.



m. p. 140°. (Found C,37.1; H,2.23; N,7.0; Br,43.0%
cléﬂlscli’Br’ requires C,38,1; H,2.58; N,8.34; Br,47.6%).
amax in ethanol 207 (¢ = 18,000), 284 (€ = 15.7(”) and
321 ma (¢= 1,700); V max 3340 (NH), 3200 (OH), 1640 (CO)

and 1580 cm .

Action of potassium gyenide on j-iminoci-methyl-
5-ox0-1,2~diphenylpyrazolidine tribromide. = j~Imino-

femothyl-5-oxo-1,2-diphenylpyrazolidine tribromide (0.3 g.)

in ethanol (10 c.c.) was refluxed for 5 hr. with a solution
of potassium c¢yanide (1.0 g.) in water (5 c.c.). The solution
was allowed to cool, diluted with water, and extracted with
chloroform. The solvent was svaporated off and the solution
was allowed to crystallise, giving plates of 3-iminoed-methyl-
S=0m0-1,2-diphenylpyrazolidine, m.p. 1800. (0.1 2.),

identical with an authentic specimen.

Redéction of j=-imino-i-methyl-5-oxo-l,2-diphenyl-

grrazolidine tribromide. - A solution of 3-imino-

A-methyl-5-ox0-1,2-diphenylpyrazolidine tribromide (0,25 g.)

in ethanol (5 c.c.) was reduced for 15 minutes with zinec (0.1 g.)

and hydrochloric acid (2.0 e.c.). The solutinn was diluted
with water, filtered, extraoted with chloroform and the solvent
removed. The gumry residue gave prisms on treatment with

ether / chloroform. Recoryatallisation of the material from

46.
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chloroform gave plates of 3-imino=bemethyl-5-~ox0-l,2-diphenyl-

gyrazolidine, m. 0. 1800. identical to an authentic specimen.

3-Acetimino-4-methyle=5-0xo-1,2-d4i chenylpvrezolidine.
3-Imino-b-methyle5=0xn=1,2-d1 shenylpyrazolidine (1.0 g.)

was dissolved in dioxsn (25 c.c.) and pyridine (5 c.c.). A.
solution of hydrochloric scid-free acetyl chloride (5 c.c. )- |
in ether (20 c.c.) was added over a psriod of 30 minutes |
with cooling and stirring. The mixture was allowed %o
atand for 2' hr., diluted with chloroform, and washed with
hydrochloric acid to remove oyridine. The chloroform solution
was washed with water and extracted with sodium hydroxide
solution (3 x 30 e.c.; 5%). The weshed chleoraform solution
was evaporated to produce orystals of the starting materiel,
3-1mino=4-methyl-5-oxo=1,2-di phenyl gyrazolidine, m. p. 180°,(0.5 g.)
The alkali solution was acidified with dilute |
hydrochloric acid 4nd extracted with chloraform (3 x 50 e. 6.).
The chlorofo'rrn solution was we‘shed‘ with water (2 x 50 o.c.):.t
dried. and evaporated down to give plates of 5-aceti'n1no- |

h-methyl-5-0my~1,2-diohenyl Jyrazolidine,m. 2. 189°. (Fsund

C,70.1; H,5.76; Cyqfly 70,5 reauires C,70.34: 1,5.58%).

Amax in ethanol 205 (¢ = 23,000), 242 (€= 19.€m)‘ and 276 ma
(e= 13,520). Amax in elkali 272 ma (¢= 24,400). ¥ max 3195
(NH), 33 (91), 1685 (C0), 1681 (C9), 1658, 1637 (M) end

12%9 cm-l.,



Hydrolyvsis of 3-acetimino-i-methyl-5-oxo-l,2-

diphenylpyrazolidine. = (a). 3-Acetimino-4-methyl-
5=-0%0-1, 2«14 ghenylpyrazolidine (0.25 g.) was refluxed for

2 hr. with an aqueous solution of sodium carbonate (1.0 g.)."
The solution was acidified with hydrochloric acid and cxtraéted
with chloroform. Evaperation of the solvent yielded platog

of the starting material, j-acetimino-i-methyl-5-oxo=l,2-
diphenylpyrezolidine, m.g. 189° (0.25 g.).

(b) 3« Acetimlno-s-methyl-5=ox0-1, ?2-diphenylpyrazolidine
(0:.25 g.) was refluxed for 5 hr. with an aqueous solution E

of scdium hydroxide (5%; 5.0 c.c.). The solution wes

allowed to cool and extracted with chloroform. Eveporation

of the chloroform solution ylelded white plates of 3-imino=
bemethyl-5-ox0-1,2-d1 phenylrazolidine, m.p. 180", (0.15 g.)
identical to an muthentic sample. Acidificastion of the alkal'ine
solution yielded the unhydrolysed material, 3-acetiminc- |

h-methyl-5-0x0+1,2-d1phenylpyrazolidine, m.p. 189°, 0.1 g.

Action of diazomethane on '§-aoet1nAm=4-matm1- B
S-oxo-l,2-diphenylpyrazolidine. - 5-Acet1nﬂ.m-h-mtl'w1;
5-0x0-1,2«diphenylpyrazolidine (0.5 g.) was treated with an
excess of diezomethane in ether solution and allowed to |
stand for 10 days in a refrigerator. The solution was

treated with acetic acid to destroy excess of diazomethans,



49.

and extracted with socdium hydroxide solution (5%). to

remove unreacted sterting material. The ether was evaporated
off and the resulting gum wes treated with acetone and patrol
to glve a solid, m.p. 117°. which was recrystallised fro-. ‘
acetone/petrol, to give prisms of j-N-methylacetylamino-
b-methyl-5-oz0-1,2-dphenyl rrasoling, (0.4 g.), m.p. 125°%
(Found C,71.43; H,6.21; N,11.75; G, g 0N, requires

C,71.01; H,5.96; N,15.08%). Y max 1667 (c0), 1650 (cO),

and 1610 cm-l {NH) .

j-lethylimino=4-nethyl =5-0m0=1, 2=d1 chenylpyrazolidine.

3-N-Methylacetylamino=temnothyl=5=0x0=1, 2~d4 phenylyrazoline
(150 mg.) was refiuxed with an ethanolic solution of
potassium hydroxide with % o.c. of water, on a steam bath
for 5 hr.. The solution was cooled, acidified with
hydrochloric acid (2N.) end extracted with chloroform (5 = 15 0.8.).
The solvent was evaporated off and the residue crystallised
from mothenol to give prisms of j~methylimino-4«nethyl-
SegXo-1,2-di phenyl pyrazolidine, (100 mg.) m.p. 208°.
(Found C,73.36; H,6.22; °17"17°") requires C,73.51; H,5.8%).

Vmax 3210 (M), %000 (OH)., 1660 (CO), 1650 and 1600 om~> (NH).



3~Acetimino-i-methyl-5-acetoxy=1,2~diphenyle
wragoline. - (8) 3-Iminoebemethyle5-0x0wl,2~
diphenyloyrazolidine (1.0 g.) was dissolved in chloroform
(25 c.c.) and pyridine (5.c.c.) and a solution of acetyl
chloride (6 e.c.) in chloroform (25 c.c.) was sdded. The
solution boiled because of the heat generated in the roactibn.
The solution wes heated on a steam bath for a further 5 |
minutes. The solution wes washed with hydrochloric acid,
water and extracted with sodium hydroxide (3 x 20 c.c.3 3 N.).
The alkaline soclutiosn weas acidified with hydrochloric acid
(3 ¥) end extracted with chloroform. FWvaporation of the
chloroform soluticn gave no residue. The original chlomfém
solution was svaporated to dryness to give prisms of |
3eacetimno-4-mothyl-F-aoetoxy~1,2-diphenyl syrazoline, (0';7' g.)
M. Do 167°.. (Found C,68.19s H,5.18; N,11.53; Cpfly o051 |
requires C,68.795; H,5.48; N,12.0%%). )Mmax in etharol 209
(€= 17,800), 260 (6 = 11,800) snd 286 ma (€ =12,100). )msx
in alkald 228 (€= 49,000) and 278 ma (€= 17,000). Amex in
acid 203 (€ =14,000) 210 (& =11,000) and 257 m: (e =15,000).
Y max 1725, 1710, and 1667 om > (C0).
(v) 3=Acetyliming-s~methyl-G=oxo-1, 2~diphenyloyraz-olidine
(0.2 g.) wes heated with acetic anhydride (5 o.c.) for 1 hr.
on a steam bath. The solution was diluted with water and.

extracted with chloroform. The chloroform solution was

evagorated to dryness to give a gum which »n treatment with

50,



mathanol/water gave white prisms of 3-acetimino=4-methyle
Sencetoxy-L,2-di phenylpyrazoline (0.15 g.). m.p. 167°%,

Hydrolysis of 3-sgotimino-i-methyl-5-aostoxy-
1,2-diphenylyrazoline. = (s)  3-Acetimino-iemethyle
S~acetoxy=~1,2-d1phenylg/razoline (250 mg.) was dissolved 1u
sthanol (10 c.c.) and refluxed with equeocus sodium carbonate
for 1 hr.. The solutioh was extracted with chloroform,
after acidification with dilute hydrochloric acid, and the
solvent was evaporated off, to give prisms of the partielly
hydrolysed material, 3-acetiminoeb-methyl5-0x0- .Zdiphuvi-
pyrasolididine (200 mg.), m.p. 189°.

(b) 5—Aoet1m.no-6~metm-5-aoetoxy-l.Z-Mptxwlwnsoun;

(250 mg.) was dissolved in ethanol (10 c.c.) and refluxed with
aqueocus soddum hydroxide (5{; 5 6.0.) for 5 hr.. The

solution was acidified and extracted with chloroform. Evaporation
of the chloroform solution yielded plates of 5-1xd.m-b-mtt§'..l-

5=-om0el,2-diphenylpyrasolidine, (150 mg.), m.p. IBQ°.

3eAcetiming=4-gyolohexyle5-oxo-1, 2~d1 phenyle
prrasolidine. = jelmino-4=qyclohexyleS-oxoel , 2-d4 phenyl-
prrazolidine (250 mg.) was heated on a steem bath for 1 hr.

with acetic anhydride (B e.c.). The solutinn was allowed

to cool and water was added to destroy excess of acetic enhydride,

The material was allowed to crystallise from the equecus
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acetic acid solution. Initially white crystals of j-acetiminoe
b-gyclohexyl-S-gzo-1,2-dicheny) pyrazolidine (200 mg.)

M. De 5OB°. were formed. (PoundC,72.8; H,6.5; 025'{2502"5 :
requires C,73.5; H,6.7%). )\max in ethenol 206 (€ =21,000)

251 (£ =13,000) add 278 m (¢ =13,000). A max in alkall
277 m (€ =19,000). Amex in acld 206 (¢ =18,000),
250 (§=11,000) and 280 ma (€ =11,000). ¥ max 3125 (NH),

1

and 1704 om = (CO). Further concentraticn of the mother

liquors ylelded orystals of the unchanged starting material.

Hydrolysis of J-ncetimino-i-gyolohexyl-5-gxo-
1,2-diphenylpyrazolidine. « (a) 3-Acotimino~teqyclohexyl-
J=oxo-l,2-34 phenyl gyrasolidine (50 mg.) was dissolved in
sthanol (5 c.c.) and sofium carbonste solution {5 ec.c.; N)
was added. Themlxtur.wgs refluxed for 2 hr. on a steam |
bath, diluted end allowed to crystallise. The solid formsd
was recrystallised from ethanol aud was shown to be identical
to the starting materisl, B-mtim.m‘-hqyolohenl-ﬁcom-l.é»
ai.pherylyrazolidine (50 mg.) m.p. 308°.

(b) The experimsnt was repsated using a sclution of
potassium hydroxide (5 c.e.: N) in place of the sedium
carbonate solution. After refluxing for 2 hr. and working up
the solution by extracting with chloroform, the predust was
again shown to be identical to the atarting material,

3-acotimino=i=cyclohexyl-S5=0xo~1,2-diphenyl pyrasolidine,
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DIMERISATION OF STEROIDS.



Fhotodimerigation of Steroids.

It has been known sinoce 1867 thet many compsunds
containing unsaturatei systems undergo dimerisation when
exposed to sunlipght or ultraviolet light. The first photodimer
of this typs was obtelned by Fritsche', who irradieted a
solution of anthracene with sunlight and obteined an
inscluble compound which was leter shown to be dianthracsne

(D) by ®1bs?, end by Orndorff snd Cemeron.

(1)
The phwtodimerisation of o ~F ungsaturated ketones

hag been studied extensively. 'With this type of compound
the dsuble bond is activated by the light energy %0 give a
diradiocsl ani dimerisation ccours to give a cyclobutans
derivative. In this way, 'l‘riebs“ cbtained a dimer (IXX)

by irradiating a solution of 3-methyloyolohexenons (II).

(1) (xrx)
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Similar photodimers (IV), (V), (VI) end (VII),

have been preared from twmqtﬂ.ms. mmr!.n‘.

cl-naphthumimm?. and l-uitmmma respectively.

0-29
(o) (o]
0
(o}
()
(V)
(o) (o) NO, NO,
r = <
ﬁ E y
U4
0 o ®fn m°
(v1) (vir)
Irrediation of a solution of choles ~ONG

(VIII) in hexana gives two prod.\m"m’n one of which
{a the expected gyelobutans derivative (IX), and the othsr
is a pinacol (n.

e

(vVIII)
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OH

(1x) (x)

The pinacol (X) is a by-product formed by
reduction of the free radical intermediate at the expense
of the szolvent, and 4is not formed by & typical photodimer-

isation reaction. Testosterone propionate (XI) has been
10

found™ to pgive a dimer (XII) in a similsr manner, along
chzﬂs
with a trece of the pinacol (XIII),
0.@0,}'15 0
oc?ﬁ o
O .

(x1)




9%
Cvalobutane derivatives are also obtained from

other unsaturated systems whers doudble bonds are activabed.
Stilbene d:lmorlaealz on exposure to sunlight to give
1,2,3%, bptetraphenylaovclobutans (XIV), end acenaphthylene

also gives a d:lmcr15 (xv).

(X1V) (xv)

Two significant points remsin unanswered with
rogard to ths structures of these cvelobutane dsrivatives.
It hes not been esteblished whether the carbonyl gvoups
are syn or anti shout the cyclobutane ring in ceses whers
this distlotion can arise. Secondly, i% is not known
whether substituents lie on the sams side or opposite sides
of the plane of the cyclobutene ring. One case where thias
latter question has been solved is in the irradietion of
olnnanic acid'®. Here 1t hes been found that the physical
state of the material is important. Slowly reorystallised
trans cinnamic acid on irradiation gives @aetruxillie
acid (XVI) but the meta stsble form of the trans acid gives
/® ~truxinic seld (XVII). Cis cinnamic acld gives
/% truxintc acid (XVII)



(xvx) (xvII)

vith the exception of the preoparstion of cholest-
begn~3=-one pinacel (X), nond of the ummatipm alresdy
discussed involve oxldation or redustion. Occasicnslly,
however, photodimerisation is ascompenied by sn oxidation-
reduction reaction,

A oxidative dimerisation by sunlight, of a
A&7 stereid in alooholic solutien in the prosense of
edsin, resulis in the production of a bis steredd. This
bis stervid has been used as an intermediate in the peeparation
of a steroid with en erematic ring B. The reeotion was
can"lod m.xt by Nosettig and Soheerls who showed that the
intermediate dimer (XVIII) had a strucsture in which the two
atervid groups were linked betwesn the 7 and 7° positions,
with displasement of the double bonds ¢to the 8 and 8°

&

(XvIix)

positions.
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6
Using these conditions, Vindaus and l‘.angorl'

prepared "22,23-dihydroergo pinscol” (XIX) from 22,25-
dihydroergosterol. Similarly, ergosterol, ergosteryl acctate,
and 7-dehydrocholesterol gave the oorresponding “pinacole”.
These compounds are not true pinacols, but were unfortunately

wrongly named when first prepared.

In 1940, 4o Pazi end Banchetti'! claimed to
have prepared a dimer by the ultraviolet irradiation of
cholesterol in benzene solution in the rresence of benso-
phenone as en oxidising agent. The dimer was believed to
be 7:7°~bi(3/ ~hydroxycholest-Seenyl) (XX). Irradiation of
chvlesteryl acatate under aimilar conditions was said %o
give the diacetate of the dimer (XX), but more recent work
by Bladon'® using the conditions desoribed gave no product.
There is thus soms doubt as to the @tm of de Faszi's
product, but it socems unlikely to be the compound which

he cleimed.



(xx)

Irradisation of cholesta=-2,4-dicne gives different
products, dspending on the conditions. Jacobsen and
N’uu'm:ld19 reported the formation of 3,3'-bi(cholesta~
1l,4=dionyl) (XXI), when the irrediation was done in
sthanol solution in the oresence of rose bengal and absence
of sir. Later, Ushakov and Kosheleva o found that if the

irredistion wes done in the presence of fluorescein with

sunlight, the product was the issmeric 4,4'-bi(cholesta~

2,5=dienyl) (XXII)

{XX11)
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The Irrediation Product from Cholertard,E-dfen=3=one.

In 1944, Ushekov and Kesheleva s reported the
formetion of a dimer when a solutiom of cholesta=d,b-
dien-3«0ne (XXIII) in n-hexane was irradiated with
ultreviolet light. The compound had m.p. 175 = 176",
end {al 477.13°. The solvent for the optical rotation
was not given and the work was done before ultraviolet
ani infrared spsctrometers were availeble genorally, so
no absorption speotra wers given. The molecular weight of
the cempound was not quoted.

The umuisuel structure (XXIV) for the dimsr was
suggerted by the Russien chemists ¢o0 acsount for the formation
on hydrogenation using pallediume~charccal catalyst, of a
ocompound containing one less oxygen atoem. They postulated
that the selective reduction of the carbonyl groups,
followed by elimination of water from the intermediats,
gave the tetrshydrofuran derivative (XV). The structure
(XXIV) 4s open to question, and the problem merited
further study.




{XxIV) (xxv)

It ie undcrstoocd that the photodimerisation
resction hes beea studied in Switzerlend>> but with
inconclusive rosults, and ns published work hae appearei
sinee 'thnt of Uehaltow ond Kosheleva.

The irrediation wezs repsated using the conditionn
desuribed and a compsund was isolatod which had m.p. 180°,
f41; +38.4° (in chiorofazm). Using isopentens es a solvent
insteed of nehexons, the seme pwoduct was obtoined, only wmach
more reedily, end with ethensl an solwsat, the yleld wes
further improved. In the sbsence of a dlrect conparisen
of the material with that obtained by Ushakov and Kosheleva,
the question of thelr identity can not be sottled definitely,
tat it ic ressonsble to sgsume that they ere identiesl and
that the difference in rotation is dus % the use of a
aifferant solvent or to sn arfthmetical erwor on the

part of the Russien workers.
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The molecular weight of the compound has been
d1fficult to determine, owing to the fact that the material
is only slishtly soluble in most solvents. Cryoscopdo
methods of determining the mlecular weight failed because
the compound came out of solution before the sclvent
orystallised. Using camphor as a solvent for a cryosocopic
determination was unrelieble since there is evidence that
the material deosmposes at elevated temperatures. This
decomposition also explains the failure of ebullioscopic
methods of determinestion,

A value for the molecular weight was finally
obtained by the light costtering method-’. This gave a
figure of the order of 1100, and since thie is nearer the
moleocular weight of a trimsr .(11#6) than of a dimer (764),
it was believed for a time that the compound might be of the
former type. Howover, experimental evidence, which will
be quotad in deteil later, completely excludes the gossidility
of the material being a trimer, or any polymer with an odd
number of units. Since the formation of a photo-tetreamer
is unlikely, the more usual reaction being dimerisetion,
it was felt that the irradiation product from cholesta=h,b-
diene-3-one was orobably a dimer, and the discussion which

follows is based on this assumption.
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The ultraviolet sbsorotion of the dimer is
at 206 (£ = 9,500) and 256 mu ( € = 10,400). These
bands are asoribed to an isolated double bond and to an
®=f unsaturated ketone group respsctively, This shows
that the structure (XXIV) suggested hy Ushekov and Kosheleva
is mng. sinoe a compound with such a structure would be
expected to show absorption at 278 - 285 1 due to the
extended conjugation. In addition the formula which they
postulated has no isolated double bonds. The infrared
speotrum shows bands at 1670 and 1690 em -, which are
asoribed to the o =£ unsaturated ketone group and to a
saturated ketone group respeotively.

Similar irradiation experiments wers carried out
with ethsaolic solutions of ergoste=$§,6,22-trien-3-one
(XXVI) and A"6 dehydrotigogenone (XXVII), both of

which gave dimers.

(xxvI) (XXVII)
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The photodimer from argosta-h.é.zz-trlon-)-qm had
mege 173% [®]), =9.6° and showed absorption in the ultre
violet region at 206 (& = 11,700), and 256 mx (€ = 11,000).
The dimer from AA'G denydrotigogenone had m.p. 190°,

[_a.]D -70°. end gave ultraviolet absorption bands at

204 (£ = 10,000), and 254 ™ ( £ = 10,500). Both dimers
gave two bands in the infrared carbonyl absorption region,
similar to the bands given by the irradiaetion product of
gholeste=s, 6~dien=3-one.

It was congluded from tho_ absorption evidence
thet the three products of irradiation had simllar
structures, & conclusion later confirmed by chemical
evidence. The reactions discussed here on the dimer from
cholesta~d,b-dien-3=0ne can be taken to apply to the

ather two irradiastion products unless otherwise stated.

Pyrolysis of ths dimer in vacuo resulted in the
formation of the monomer, a reaction which confirmed the
findings of Ushakov and Koahelmn that the materisl is
unstable to hsat. Of the three dimers, that from
AA'G dehydrotigogenone is the most unstasble, decomposing
at {ts melting point (1900) to give the monomer, which

crystallises and remeolts at 205°.



The dimer also dscompoged on treatmsnt with
perchloric acid, to give cholesta-4,b-dien-3-cne, but

was unaffected by alkali. This mcid decomposition reasction
oocurred with all mineral acids and even chloroform was
sufficiently acidic to cause decomposition if allawed to
remain in contact with the material for a sufficlent
length of time. In spite of this it was still possible

to use chloroform as a solvent for cptioal rotations,

since the reaction under thesa conditions wss extremely
slow.

Treatmsnt of the photodimer with lithium
borehydride reduced the carbonyl groups to hydroxyl groups.
Reduction of the double bonds did not ocour, since the
originel photodimer was formed on oxidation of the reduced
material. The ultravié:lot abgorption of the hydroxy
compound was at 206 mu (&€ = 9,100), proving that the double
bonds in the molecule were not in conjugation. The compound
oould be di-acetylated and dibenzoylated.

Pyrolysis of the hydroxy oompound resulted in ths
production of cholesta-d,6b-dlen-38 -ol, and with slightly

different conditions, pave cholesta<2,4,6-triene.
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A similer pyrolysis of the acetate grve ‘

3 3 ~nacetoxycholesta~h,b=diene. The hydroxycompound could
not he reduced further by either Raney nickel or
platinum catalysed hydrogoﬁatim.

Iwarogenation of the original photodimer with
palladium black as e catalyst, in en attempt to reproduce
the Russian chemista’ resultta grve a diketone with
no double bonds in conjugation with the carbonyl groups.
The compound, m.p. 280°, [d]D +68.5%, had sbsorption in
the ultraviolet spectrum at 207 mu (& = 8,600), and in
the infrared region at 1720 and 1690 om L, These results
indicated that ths double bond in conjugation with the
carbonyl gxoup hed beén rodnced.v but that the isolated
@ouble bond had‘ been unaffected. No compound resemdling
the furen derivative (XXV) oclaimed b;ar the Russiannzl
was isolated.

Catalytio hydrogenation of the original
irrediation product using Raney nickel gave a hydroxy-
ketone, m.p. 2eo°.(cqn 493.7°. The hydroxyketone absorbed
-at 210 mu (£ = 10,500) in the ultraviolet and gave a
hydroxyl band and one at 1689 en" > in the infrared region
" of the spectrum. The compound was unaffected by heat and
on oxidation with chromic acid it geve a diketone, identical
with that obtained by hydrogenation of the dimer with

palladium bleck as a catelyst. The hydroxyketone is thus
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formed by reduction of the double bond in conjugation with
| the ketone, and by refluction of one of the ketone groups,
more - probably the origlnaily W= unsaturated ketons group.

The hydroxyketone formed an ecetats on treatmsnt
with acetic anhydride and pyridine. This analysed for
a mono-acetate of a dimer, but the analysis figures did not
distinpuish between this and a mono« or diacetate of a trimer.
Consequently, the hydroxyketone was treated with p-iodobenzoyl-
chloride in pyridine to give the p-iocdcbenzoate. The
anelysis figures and the cslculated walues of the three

possible p~iocdobsnzoates are given in Table IX.

Teble X.

Compound Moleculer Formula { C | H | I
Mono-p=iodobenzoate
of a trimer. Caa™133504" 76.5 | 9. 64{9.27
Di-p-lodobenzoate
of a trimer, 095"1400512 70.6 | 8.7 §15.7
Mono-~p-lodobenzoate
of a diner. Ceaflg1 5T 73.2 | 9.13{12.7

Found 73.2 [ 9.13{11.7

73.2 | 9.23



Clearly the ester is the moncep-iodobenzoafe
of a dimer, justifying the earlier assumnytion that the
irradintion product of cholesta-4,bé-dien=3-cne was a
photodimer. The p-iodobenzoate had m. 0. 275°.C°OD «17. 8,
and showed sbsorption at 206 (€ = 10,800) and 259 ma
(e - 10,200) in the ultravioclet region of the spectrunm,
and at 1718, 1700, and 1580 em © 1n the infrared.

The twdmxyketone was reduced with lithium
borchydride to give a dihydroxy compound with one double
bond, m.p. 2000. [d]D ¢h2.0°.

The complete series of resctions carried

out on the photodimsr from cholestaed,b-dien~3-cne

is outlined in the follewing teble.

71,
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The muclear magnetic resonéuce spsotvum of the
dimer from cholesta«d,bedien~3e-cme ie shown in Figure I,
along with the integrated curve of the spsctrum. The two
peeks at 4.3 and t.ﬁ‘i‘l;'a are assigned to two olefinie
protons. The doublet at 6.227 is assigned to a methine
proton at O=4 which is subject to the influence of both
the C-3 carbonyl group and the A" double bond (of.?%).
The band at 9.05T is due to C-18 hydrogen atoms, and
the two bends at 9.15 and 9.257 are due to C-19 protous.

The chamical evidence shows that the dimer hes
an unsymmstzrical strueture. This is unususl since photo-
umnoml]yoﬁ.stinaavmtﬂc;ltom. The compound
containe a A‘ -}-hatoné system with a 4-alkyl group, es
shomm by the ultrsvioclet absorption evidanoo26. The
absence of a proton on thia doudle bond :lt; confizrmed by
e.ha rmcléar mgr;etic resonencse spsctzum, since a proton
on a double bond, adjacent to a keteono, would ghow a
bend at 3.8 7 2. The ovidense showe that the photodimer
has the structure (MXVIII) bBut 4t is possible that
subsequent information might favour an sltermative
poasibility. The stercochemistyry of the compound is not

shown in the fermula (XXVIII), but will bo discusscd later.
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(XXVIII)

Any structure postulated for the dimer must
have sither cne. linkage between the two parts of the
molecule and three double bonds, or two linkages and
two double bonda, Since it is extremsly Aifficult
to acoomodate thres double bonds in the molecule and
keep then out of oon:);xgatim. it was concluded that there
were two bond.s Joining the two halves of the molecule,
making another ring, and two double bonds, isolated from
each other.

Since one of the double bonds in conjugation
with the ketone group in the monomsr hes diseppeered in
the dimer, it is reasonsble to conclude that the new ring
is formed on the 4 and © position of one of the stereid
groups. On the other half of the molecule, contalning the
o=/ unsaturated ketons system, one of the bonds must
Join at the 4' position, as indicated by the ultraviolet

and the nuclear magnaetic resonance spectra. The other



linkage on this half of the molecule is believed to be on
the €' position, since a 7"-linkage would give a bridge
structure (XXIX) containing a double bond adjacent to

a bridge head and violating Bredt's Rulezs.

\\

L

{(xx1IX)

The alternative S-membered ring structure (XXX)
is unsuitable since it does not explain the doublet at

6.227 in the nuclear magnetic resonance spectrum.

{(xxx)
The reactions described previously ocan now
be formilated on the basis of formula (XXVIII) as

follows.

75+
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{mep. 2800.@\] p*93 7°) / (m. p.180°, (a] D¢57.b°.)
&Q.p 280 o [ +68, 5 )
‘“20 . 40,0
IJ.BH‘
lbno Mono acetate '\‘\ Diacetate
lh..e
(m. p.200°%, ] j+42°.) 8- cholesta~
A, ene.



In the sams way, it was concluded that the
dimer from ergosta=4,b,22-trien=3-0ns could be represented
by structure (XXXI), and thst the dimer from A"‘dormho-

tigogenone could be represented by structure (XXXII).

o
<

(Xxx1) (XXXII)

With Dreiding wire models, it was found that

only one possible stereoisomer (XAXIII) of strusture

(XXVIII) could be formed without strain. .
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Structure (XXXIII) shows that the linkage
in the Aeposition is & orientated to the plane of the
ring containing the saturated ketone group. This
point is confirmed by the rotatory dispersion ocurve
(Pigure V) of tha hydroxy ketone, which is similar %o
the rotatory dispersion ocurve of 4 A -mattwloholoatanom”.
The dispersion curve of the dimer is also shown but no

oonoclusions can be drawn from it.

-3
A [@]v. {2
I"\\\
4 .‘—Z/-\“ﬂ-'-q
P4 e -
0 frormmeg ol .. —m A
300 400 500 N { wm)
=10’
E——— -

= ==e - Hydroxyketons.

Figure V.
Optical Rotatory Dispersion Curves of Photodimer end

Hydroxyketone from Cholestaeh,b=diens3=one.



A pogssible mechanism of formestion of the dimer

during the irradiation process is outlined below.

(i)

(311)

(iv)

In order to obtain a bond between the 5 and
6" positions it is necessary to have some kind of cyclo—
propans intermsdiete.

A possible mechamism for the decomposition
of the dimer Yy perchloric acid inwvolves initial attack
at the unsaturated cerbonyl group by a hydrogen ion,

followed by rearrangement, ag shown.



W)ty

(11)

(iis)

(iv)

(v)

Steges (41i).(iv), end (v) of the above
mechanism can be considered as a converted rearrengemnsnt

rather thaen a stepwvise movemsnt of slectrons as shown.
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A similar irradiation expsriment was ocarried
out with a solution of cholesta~3,5-dien-7-one (XIXIV)
in ethanol. After several hours irradiation with
ultraviolet light, an insoluble product separated, but
mach more slowly than with cholestaeh,bedlen~3-one.

o

(xxxIv)

This dimer haed m.p. 256°. [_es]D -71.00, and
showed a band in the ultraviolet speotrum at 250 ma
(& =19,000). Infraved sbsorption oocurred at 1650 cu -
indicating the presencs of an cA=f# unseturated carbonyl
group in the molecule. The high ultraviclet absorption
at 250 i indicated that both carbonyl groups in ths
molecule were unsaturated, and this was confirmed by the
abgence of a barnd in the infrared spectrum corresponding
to a saturated ketons group. The photodimer from choleste-
3,5«dien=7=~0ne was almost completely insoluble in most
orgenic solvents, consequently it was impossible to obtain

a value for the moleoular weight.



The ddmer gave back cholestae),5~dien«J=one
on heating under vecuum or on treatment with perchloric
acid, but was more steble than ths dimer from choleste=
4,6~dion3ecns.

RM!«\ of the photodimer from cholesta~
3,5=dienm7=0ne with lithium borohydride gave a compound
mape 200 [a] ) +24.5°, showing ultreviolet sbsorption
at 208 m2 (& = 9,700) and giving a band at 5&00@'1
in the infrared region of the spectrum. This is an
indication thet the double bonds in the compound are
isolated from each other. The dihydroxy compound thus
formad gave a diacetate on treatment with acetic
anhydride end pyridine, and gave cholest-F«zn=j-cne
on pyrolysis.

Reduction of the photodimsr with hydrogen in
the presenge of Rensy nickel as a catalyst gave a
‘hydroxyketone showing ne a'sorption in the ultreviolet

1 4n the infraved

and giving bands at 3300 and 1700 cm
soectrum, Thiz compound is thus formed by reduction of
both double bands and one carbonyl group.

The photodimsr from cholestas?,5-dien=7=one
is best represented by structure (XXXV), which oan

be made in Dreiding wire medels without eny strain.
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Structures joined by 7 or 8 membered

rings violate Bredt's Rule"" by having a double bond

adjacent to a bridge head in a smell ring system.

The ocompound was too insoluble to have the structure

oconfirmed bW niclear megnetic reronance soectra.

(x0oav)
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Reductive Dimerisation of Steroids.

Hany dimerisation reactions of steroids are
Inown which involve reduction and dimerisation simultansously.
These roaqt.tom are rerely photo-dimeriastions, the only
known exception being the ressction reported by Butenandt

e nm.u

for t:he preparation of cholestenone pinacol (X)
and testosterone prooionate pinacol (XIIY) mentioned
previcusly. |

The earliest reported reduction demeriseation wes
in 1906, when ¥indaus’  veduced cholest~d=en-3-cne by
zine and ethanol or by sodium amalgam. He obtained
3,3 =bi (38 ~hydroxycholestet~enyl) (X), alreedy mentioned.
By treatment of the pinacol with minerel acid, Vindsus
obteined the dehydrated product, & hydrocarbon with he
showed to be 3,3'~bi(cholests~3,5=dienyl) (XXXVI).

(x0oxXvI)



Tolou, Chopin and Raoul’> slso obtained
5s3'=bi(cholesta~3,5«dienyl) (XXWI) along with the
isomeric 3,3'-bi(cholesta=2,4=dienyl) (YCOXVII), by

the asction of congentrated sulphuric acid on cholesterol.

(X0VIX)

The reductive dimerisation of choleatenone hes
been further studied by &m:lro’z using sodium amalgasm,
end an imgroved method of preparation by Bladon, Cornforth
and Jaeger” involved eleoctrolyticelly reduoang cholestenone
ln' a aleoholic solution of socdium ecetate using a
m cathode at 20°C. A similar reduction at 2 hi gher
temperature in aceigic acid soluti-n gave the dehydrated
compound, 3,3°«bi(cholesta~3,5=-ddenyl) (XTXVI) directly.
Using the same conditions, 7-oxocholesteryl ecetate

yielded a pinacol’’? (XXXVIIT).



86,

OH
AcO

(OXVITI)

The mathod of electrolytic reduction employed
by Bladon et al?’ had been used extensively in polaro~
grephic studles’*>? but although a lerge mumber of steroids
have been reduced, few products have been isolated.

36

Kabasakaliasn and MoGlotten’ reduced coriiscne and

hydrocortisone ly this methed to obtain the tetraenes

(OEX) and (XL).

C“zOH CMOH
o i o = ._
cO cO
s OH HO e O
(XXXIX) (xL)

36

A similer reduction’ of prednisone and

orednisolone is also reported to have given the corresponding
products, absorbing et 316 mu in the ultraviolet, but

"»

no formulae have been proposed for these.
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The reduction of a A‘-)-knom sterold
to a pinecol gives rise to two agymmetrio carbon atoms,
end thers is thus the possibility of formation of three
compounds, one with both hydroxyl groups in the
¢ ~configuration, one with both in the B-configuration,
end one with one in the o and the other in the -
c'onﬁguration. The isélation of two pinaccls fvom the one
ketone was olaimed by Lund’! in 1957. He obtsined, in
e series of reactions, cholestensne pinacol (X),
testosterone pinecel (XLI), progesterone pinacel (XLII),
androstendione pinacol (YLITI), and two isemeric plnacols,

{XLIV) from 17/ -hydroxyaniraste-l,i-dieneJ-onc.

= cH
r o 3 -
O éo
L. o ~i9 . OH -2
(xL1) (XLII)
O (a]; ]
- - p-
on I

-
Lty A (xIv) 2



Lund's explenation for the formation of the two
pinacols, involves a radical mechanisms-

In acid solution:

B % ol e A
0 -g* HO " HD.

In alkaline solution:

ol — Nt Well,
o % &

These redicals are assumed to dimerise by a
slow reaction to glve the two isomeric pinscols. This
mechanism has been crlrioized” because it assumes
that the radicals will retain their configuration
during the slow dimerisation process, and it has been
pointed out that this is not necesasrily the case.

The configurations of the other pinacols have not been
suggested. Lund’? did not report the dehydration
reaction of the pinacols.

In 1957, Burn, Kirk, and Petrow’ reported the
formation of a hydrocarbon, 0271'!“_.‘6. M. Do 196°.
and showing ultraviolet ebsorption et 342, 360, end
578 mu, by debromination of 1,2-dibromocholest-i-en-3-one,

using zino. No structural formula was proposed for the
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hydrocarbon, but Petrow and his co-workers assumed

that it was & monomer. However it is probable that

this hydrocarbon is the product of dehydration of choleste-
1.4-dien-3-one pinacol (XLV), which is a likely

intermediate.
P o
— OH L) -

(xLv)

It was to clarify this point and to investigate
the dehydration reaction of pinacols in general that the
following investigations were carried out.

Earlier wﬂ:”"s had shown thet when a
| A‘-)—kot.om system is reduced to a pinsocol, and the
product dehydrated, the reaction goes smoothly to give
a conjugated &7°7 double bond system, as in the
preperation of 3,3'-bi(cholesta~3,5-denyl) (XVI)? 7,
end in the preparation of the tetraenes (XXXIX) end (XL)
from cortisone and !vdrooortim’e. To confirm this
work, it was decided to prepare the pinacol from diosgenone,

or 25Despirost-A-en~3-one. An electrolytic reduction



using the mothod of Bladon et al.’’ gave the pinacol,

3,3 «bi (2503 A ~hydroxyspirostedeenyl) (XLVI), m.p. 280°,
Ll -56.1°.

]
o (XLvI) . 2

Dehydration of 3,3'«bi(25D=3/3 ~hydroxyspirost-
b-enyl) (XLVI), using hydrochloric acid, gave the expected
product, 3,3°«bi(25D-spirosta~5,5-dienyl) (XLVII), m.p.
ebove 360°, (41, ~27.5°. The compound absorbed in the
ultraviolet region of the spectrum at 300 ( € = 31,900),

310 (£ = 45,700), and 324 u,; (£ = 42,600). The sbeorption
is similer to that of 3,3'-bi(cholesta~3,5-dtenyl) (JOXVI)??
which shows bands at 298 (£ = 32,000), 311 (£ = 41,540)
and 326 m ( & = 30,000). The wavelength of maximal

26

absorption calculated from Woodward’s Rules”  4is 316 .

(XLVII)
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In the same way, it was found that the
pinacol from ergosta-i,7,22-trien-3-one, 3,3'-bi(3f-
hydroxyergoste-4, 7,22-trienyl) (XLVIII), m.p. 240°,
(41, ~11.2%, undérwent dehydration, the isolated
A" 2ouble bond being replaced by a A’*? double bond
system, going into conjugation with the A7 double bond
already thers to give the unsaturated hydrocarbon,
3,3'~bi(ergostac3,5,7, 2-tetreenyl) (XLIX), m.p. 234°,
(43, +449°. The ultraviolet sbsorption of the hexaene
system in 3,3'-bi(ergosta-3,5,7,22-tetraenyl) (XLIX)
occurred at 351 (£ = 19,500), 366 ( £ = 26,300),

386 ( £ = 24,800), 422 (£ = 11,200) and 446 m ( £ = 9,400).

(XTVIII) i (XLIX)

There are no earlier reports describing the

dehydration of pinacols conteining a conjugated A b6

diene system, so it was decided to prepare the pinacols
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from choleste=4,b-dlen-3=0ns, ergosta=d,b,22-trien=3-one,
end A"‘(’ dehydrotigogenone. The three pinacols (L),
(LI), and (LII) were prepared by electrolytic reduction
end showed absorption in the ultraviolet at 206, end

234 w, es expected.

S5
OH 2 2
oH
(L) (LI)
,"’ o
o
=~ OH .

(LIY)

Dehydration of the pinacols (L), (LI), end (LII)
yielded yellow crystals, showing ultraviolet absorption
at 360, 374, and 390 m. The caloulated shissroton
for a conjugated hexaene is of the order of 472 m1 for
a symmetrical Qtructuro (LIV), and although Woodward's

Rules are known to be inacourate for highly conjugated systems,
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it was felt that the discrepancy was too great for the

dehydration products to have this structure (LIV).

(LIV)

The dehydration products have been formulated
es the unsymmetrical structures (LV),(LVI), and (LVII).
These have a celculated ultraviolet absorption of 204 ma

which corvesgonds reesonably well to the found values.

It 1s interesting to note that the dehydration product
(LVI) from 3,3'«bi(3p ~hydroxyergosta=i,b,22-trienyl)

could not be converted into 3,3'-bi(ergosta<3,5,7,22-
tetraenyl) (XLIX), or vice versa. The high optical

rotation of 3,3'=bi(ergosta=3,5,7,22-tetraenyl) (XLIX)

of +449° is not shown by the unsymmetrical dehydration product
(LVI) from 3,3'<bi(3R ~hydroxyergostas=s, 6, 22«-trienyl)

which hes [« 3%
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(L)

(LVII)

The mdlecules probably exist in the trans form
about the double bond joining the two halves, since this

would inwvolve less strain, but this is not certain.
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A study of the compounds conteining a
A atene system was oarried out by preparing the
pinacols from cholesta-l,A-dien-3-one, and from
25D-spirosta~l,A-dien-3-one, by electrolytic reduction.
3,3'-B1 (3 ~hydroxycholesta~1,A-dienyl) (XLV) had
m.p. 130° with decomposition, and 3y, +68.1°.
3,3 =B1(25D=3/ ~hydroxyspirostasl,i-dienyl) (LVIII)

hed mp. 250°, and [#l; -49.7°.

(LVIII)

Dehydration of 3,3'-bi(3/S«~hydroxycholesta~
1,4=dienyl) (XLV) gave a yellow arystalline material,
m. P. 1960 o (21 +14.5°, showing absorption in the
ultraviolet at 342 (£ = 9,000), 360 ( £ = 12,600),
end 378 my (£ = 12,500), identicel with that obtained

by Petrow and his eo-workers’e.
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Dehydration of 3,3'~bi(25D=3/ ~hydroxyspirosta-
1,4-d4enyl) (LVIII) gave a similer product, m.p. above
360°, [, =-47.2°, and showing ultraviolet sbsorption st
340 (& = 15,500), 360 (£ = 21,400), and 376 mu ( £ = 32,800).
It is apparent that some rearrangement of the molecule
takes place on dehydration, since the expected dehydration
product (LIX) would show sbsorption at sbout 316 .
It 1s postulated that the dehydration products cen best

be represented by structures (LX) eand (LXI).

|57 ],

(LIX)

(1x)

(Lx1)
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The calculated value (354 mu) for maximel
absorption of these structures (LX) and (LXI) is
reasonably close to the found value. It is not easy to
explain the migration of the double bond from the 1 to the
6 position, but it most probebly occurs by an attack at
the 1 position hy a hydrogen ion during the dehydration .
reaction. It is interesting to note that in the dehydration
and dimerisation which ocours on treatment of santonin (LXII)
with zinc and acetic acid, the rings A are amtiod”"o
with a migration of the angular methyl groups to the 1-
positions, to give a biphenyl derivative (LXIII). In
this instance the intermediate pinacol has not been isolated.
It is clear however that no aromatisation occurs in the

steroid 1,4-dien-j=one system which has just been

considered.
IC"S
o) cH
O~-Cco
(LXII)
cH
oC-0 o—Eo

(LXIII)
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Part Two.
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Gholesta-b,6-dian-3-gns. -2+ 4

Cholesterol (20g.) and p-bensoquinone (120 g.) were
dissolved in dry toluene (1200 o.0.) and boiled. 200 o.o.
of toluene were distilled off and aluminium isopropoxide
(20 g.) was added. The mixture was refluxed for 45 min.
and allowed to cool. Sulphur dioxide was passed in for
1 hr. to reduce the excess of p-benzoquinone, ani the
solution was filtered. The residue of quinhydrone was
washed with dilute sulphuric acid (2N) end ether. The
filtrate and washings were mixed and washed with dilute
sulphuric acid (6 x 2V), and then with water. The ether
layer was washed with potassium hydroxide solution, care
being taken to prevent the formation of an emuleion, and
finally with water and dried (llaeso‘). The ether was
evaporated off, the residue was dissolved in benzene

and the solution was chromatographed on alumina (500 g.),
washing through with benzene, bensene-ether (1:1), and
finally with ether. The combined fractions, after
removel of solvent yielded a yellow gum from which cholesta~
4,6-dien-3~one was isolated by treatment with acetone.
The product was reorystallised from methylated spirit to
give the pure material, m.p. 82°, ], +35%, A nax 17
ethenol, 285 m (£ = 27,0000, V ___ 2890, 1666, 1622,
1460 and 1370 om' T,



Irradiation of Cholosta~h,é~dlene3-ons.”

(a) Choleste~k,bedien-3-omne (1.0 g.) was dissolved in
isopentane (10 c.c.) and irradiated for 3 hr. in a
quartz flask with a mercury lamp (Hanovia UVS 500,
Model XII). The material which cams out of solution was
filtered off at intervals, washed with isopentane, and
recrystallised from chloroformeacetone to give the dimer,
(05 g.)s mp. 180° [y +38.4%. (Pound;s C, 85.1; H, 11.48.
CgyHg, 0, Tequires C, 84.8; H, 11.1%.) A . in ethanol
206 (€ = 9.500) and 256 m ( £ = 10,400). ¥ ___ 2900,
1690, 1670, 1600, 1462, and 1380 cm .
(b) A solution of cholests-d,b-dien-3-omne (1.0 g.)
in ethanol (30 c.c.) was irradiated for a period of 2 hr.
by a Hanovia VS 500 mercury lemp. The solution was cooled
and filtered off at 30 min. intervals. The combined
s0lid was recrystallised from ethanol to give platez of
the dimer (0.7 g.)» m.pe 180°, (W], +36.4°% A in ethanol
206 (& = 9,600) and 256 mp (£= 10,500). V) . 2500,
1690, 1670, 1600, 1462, and 1380 cm >,

Eyrolysis of Dimer from Cholesta~4,6-3ien-3-one.
The dimer (30 mg.) was heated in vacuo at 200, on a
heating block for 30 min.. The product of pyrolysis
sublimed and was collected on the cold part of the

tube. The material was found to be identical with



chwlesta~A,b~dien-3=-0ne, m.p. and mized m.ps 82°.
A gax 10 othanol 285 wp (&= 26,0000, V ... 2500, 1666,
1622, 15982, 1462, 1370 au Y,

fotion of Forchloric scid on Dimer from
Cholesta~4,b=dien~3=one.  The dimer (200 mg.) was
dissolved in ethamol (10 c.c.) and perchloric acid
(2 ¢.0.3 N.) was added. The solution was allowed to stend
for 4 hr., diluted with water and extracted with chloroform.
The extract was washed with water to remove excess of acid,
dried (NaySO,), and the solvent was removed. The residue
was recrystsllised from methylated spirits to give
prisws of cholesta-A,6-dien-3-one, (125 mg.), m.p. 82°,
[y, +35% A, in ethenol 285 my ( & = 26,000),
V peg 2890, 1666, 1622, 1460, 1370 cm™

on of potessium de on from

Cholesta~h,6-3ien-3~one. The dimer (200 mg.) was
dissolved in ethanol (10 c.c.) and a solution of potassium
hydroxide (200 mg.) in ethanol (3 ¢.c.) was sdded. The
solution was refluxed for 3 hr. end diluted with water.
The solution was extracted with chloroform, the extract was
washed with water to remove alkali, and the solvent
wes removed after drying (mzso‘). The product crystallised
to give the starting msterisl (200 mg.), m.p. 180°,
1y +38% A in ethanol 206 (£ = 9,000), and 256 ma
(€ = 10,0000, V___ 2900, 1690, 1670, 1600, 1460, and 1360 om™>.
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Reduction of Dimer from Cholesta=i,b-dien~3-ons

using Lithium Borohydride. The dimer (1.0 g.)
was dissolved in dioxan (15 e.c.) and an excess of lithium

 borohydride (1.0 g.) was edded. The mixture was refluxed
for 5 hr. and allowed to stand overnight. The solution was
diluted with water and the precipitated organic materieal
was filtered off, dissolved in chloroform and washed with
water to remove traces of inorganic materisl. The
chloroform solution wes dried (Na,SO,) and evaporated to
dryness. The product was recrystallised from acetone-methancl
to give the pure dlhydvoxy compound (0.75 g.) m.p. 180°,
Gy 437.4°. (Found: C, 83.75: W, 11.7. CgyHgg0, Tequives
C,84.33 H, 11.54.) A in ethanol 208 mp ( £ = 11,000).
V nax 3333:2850, 1470, 1380, 1030, and 750 omi" .
dpetylation of Dihydroxy Compound. The dihydroxy
ocompound (1.0 g.) prepared in the previous experiment, was
dissolved in pyridine (5.0 c.c.) and acetic enhydride
(5.0 0.0.) was edded. The mixture was allowed to stand
at room temperature for 3 hr., diluted with water end
extraocted with chloroform. The chloroform extract was
washed with dilute hydrochloric acid to remove pyridine,
washed with water, dried over anhydrous sodium sulphate,
and evaporated to dryness. The residue was recrystallised

from ecetone to give plates of the diecetate (0.8 g.).
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mepe 204°, [}y <19.4° (Found C, 61.93 H, 11.1.
c”n%o‘ requires C, 81.7; H, 10.8%,) A max 18 elhenol
206 mp (&= 13,000). V) 2860, 1730, 1470, 1370, 1250,

and 1030 P
Benzoylation of the Dihydroxy Compound. The

dihydroxy compound (0.5 g.) was dissolved in pyridine

(5.0 c.c.) and benzayl chloride (1.5 c.c.) was edded. The

solution was allowed to stand overnight, diluted with

water, and extracted several times with chloroform. The

chloroform solution was washed with hydrochloric acid

(3 x 10 0.0.; 2N), water, and evaporated to dryness after

drying over anhydrous sodium sulphate. The residue was

digsolved in benzene (5.0 c.c.) and chromatographed on

alugina (40 g.). The combined eluates were evaporated

to dryness and the residue was orystallised from acetone-

chloroform to give plates of the dibensoate, (0.4 g.)

mepe 215% (Founds C, 83.0; H, 9.7. Cggflgs0, Tequires

C, 83.6; H, 9.8%.) A mex 10 ethanol 206 ( £ = 26,300)

230 (€ = 28,100) end 270 mp (£= 2,500). V) 2860,

1710, 1370, and 1260 om .
Oxidation of Dihydroxy Compound. The dihydroxy

compound (0.5 g.) was dissolved in pyridine (5.0 e.c.)

and a solution of chromic acid (0.3 g.) in pyridine (5.0 c.c.)

wes edded. The mixture was allowed to &end overnight,

diluted with hydrochloric acid and sulphur dioxide was

passed in to destroy the chromic acid present in excess.
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The solution was extracted with chloroform and the extract
was washed with dilute hydrochloric acid and water, dried
over anhydrous sodium sulphate andi evaporated to dryness.
The residue was recrystallised from acetone-msthanol to
give a material (0.4 g.) m.p. 180°, [a] 5 +38,0°, 1dentiocal
with the original photodimer. A ___ in ethanol 204
(€ = 9,200), and 257 mp (€= 9,800). V) __ 2900, 1650,
1670, 1600, 1462, and 1380 om™ L.
Eyrolysis of Dihydroxy Compound. (a) The dihydroxy
compound (40 mg.) was heated at 200° under a vacuum of 0.1 mm.
on & heating block for 30 min.. The produot of gyrolysis
sublimed at this temperature and collected on the cold part
of the tube. Recrystallisation from chloroform-acetone
gave oholeste~2,4,6-triens, (30 mg.) m.p. 72°.|}»<1D -&°.
A pax in ethanol 296 (£ = 11,000), and 306 m (€ = 12,300).
V pey 2890, 1460 and 1570 ou ™,
(b) A second sample of the dihydroxy compound (0.2 g.)
wes heated at 200° under a vacuum of 0.1 mu. for 15 min..
The product of pyrolysis sublimed and was collected on the
cold part of the tube. The material obtained was dissolved
in benzene and chromatographed on alumine (10 g.). Two
materials were eluted from the colum, the first being
cholestbeen-3-one (55 mg.) m.p. 82°, L«0 +89°. A nex 10
ethanol 241 mx (& = 18,000), V __ 2900, 1670, 1570 end

1380 on'l. The second material from the colum was
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3 /2 ~hydraxycholeste-s, b~diene (60 mg.) m.p. 127°,

(40 5 =38% A in ethanol 234 (£ = 17,000), 239 ( € = 18,600),
e 3300, 2300, 1470, and 1380 cu .
Attempted Catalytioc Hydrogenation of Dihydroxy
Comoound.. (a) The aihydroxy compound (0.25 g.) was
dlssolved in ethyl acetate (20 c.0.), mixed with a pre-

and 248 ma ( € = 11,800). V

reduced sample of palladium charcoel (20% Rd, 0.2 g.),

and stirred in the presence of hydrogen until no more

gas was taken up. The solution was filtered, and the solvent
evaporated off. The residue was rearystallised from
methylated spirit to give the pure product (0.2 g.),

m.p. 180°, [l +33.4°, 1dentical with the starting msterial.
(v) The dihydroxy compound (0.25 g.) was dissolved in
ethanol and stirred with Reney nickel (0.2 g.) and hydrogen.
When no more ges was taken up, the solution was filtered

end evaporated to dryness. The residue was reorystallised
from methylated spirit to give prisms, m.p. 180°, [«] , +34°,
identical with the starting material.

t i on of the from
Choleste~4,6-dien-3-one. () The dimer from cholentae
4,6-dien~3~one (0.5 g.) was dissolved in ethyl acetate
(30 c.0.) and mixed with a prereduced sample of palladium
charcoal catalyst (204 Pd; 0.5 g.). The solution was
megnetically stirred under hydrogen until no more gas wes
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taken up. The solution was filtered and the othyl acetate
solution was allowed to orystallise, giving needles,

m.p. 191°, The compound was recrystallised from acetone~
chloroform, to give the pure reduced diketons, (0.3 g.),
mp. 280°, [4]) +68.5°. (Found: C, 84.3, 84.3; H, 11.5, 10.8.
GgyHp(0p Teautres C, 84.5; H, 11.2%) ) . 4n ethanol

207 m (€ = 8,600), V __ 2910, 2860, 1720, 1630, 1460,
1385, and 107 em">. The mother liquors, on standing,

gave orystals of the starting material (0.2 g.) m.p. 180°
(b) The dimer from choleste~i,b-dlen-5-one (0.5 g.)

was dissolved in et hanol (30 c.c.) and mixed with a pre-
reduced sample of Ransy nickel (0.3 g.). The solution was
megnetically stirred in the presence of hydrogen until

no more of the gas was taken up. The solution was filtered
end evaporated to dryness. The product was crystallised
from ethyl acetate to glve needles (0.4 g.) of the hydroxy
ketons , m.p. 280°, [wly 493.7°, (Found: C, 84.0; H, 11.57.
Cy4figgQp Tequires C, 84.3; H, 11.53%.). A max 10 ethanol
20 ma (& =10,500). V - 3500, 2925, 2860, 1689, 1465,

1385, 1049, 1300, 1020, and 970 o,

Oxidation of Hydroxy Ketone. The hydroxy
ketone (150 mg.) prepared in the previous experiment, was
dissolved in pyridine (5 o.c.) and chromic acdd (150 mg.)
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was edded., The solution was allowad to stand overnight,
diluted with water and extracted with chloroform. The
chloroform solution was washed thoroughly with dilute
hydrochloric acid to remove yridine, with water and finally
dried over enhydrous sodium sulphate. The chloroform was
evaporated off, the residue was dissolved in benzene and
chromatographed on an alumina colum (10 g.), the eluates
being conbined and evaporated to dryness to give the diketone
(100 mg.), m.p. 280°, <y, +68. 5°, fdentical with the sample
prepared by the hydrogenation of the dimer with pelladium

as catalyst, already described. (Found: C, 84.5; H, 11.5.
Calo for GyyH 0, C, 84.5; H, 11.2%.). A 4n ethenol

206 ma (€ = 7,000). V ___ 2940, 2860, 1725, 1695, 1460,

1585. and 10#7 Olll.lo

Acetylation of Hydroxy Ketone. The hydroxy
ketone (150 mg.) was dissolved in gyridine (5 c.c.) and
a solution of acetic anhydride (2 c.0.) in pyridine
(1 c.0.) was added. The solution was allowed to stand
overnight, diluted with water and extracted with chloroform.,
The chloroform extract was washed with dilute hydrochloric
acid to remove excess of pyridine, washed with water and
dried over anhydrous sodium sulphate. The chloroform was
evaporated down and the solution was chromatographed on

alumina (10g.) in bengene (5 c.¢.). Evaporation of the
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solvent after chromatography yielded the acetate (150 mg.)
O o

m.p. 178 .[ot]D +68°. (Found: C, 8%.2; H, 1l.4. (3565%’05

requires C, 83.0; H, 11.1%.) )‘m in ethanol 210 m

(€ =10,500), V 2940, 2860, 1742, 1710, 1470, 1390,

1248, and 1030 om .
p-Iodobenzoylation of Hydroxy Ketone. The

hydroxy ketone (0.75 g.) was dissolved in pyridine (25 c.c.)
and p-iodobenzoyl chioride (1.0 g.) was added. The solution
was allowed to stand overnight, then heated for 1 hr. on a
steam bath, and allowed to cool. The p-iodobenszoic
anhydride which crystallised out at this stage was filtered
off. Water was added and the solution was allowed to stand
for 2 hr.. The solution was then poured into water (50 c.c.)
and the precipitated organic material was filtered off. The
solid was dissolved in chloroform, and the solution was
washed with dilute hydrochloric acid to remove pyridine.

The solution was evaporated to dryness end the solid was
recrystallised from chloroformeacetcone to give needles

of the p-iodobenzoate (0.75 g.), m.p. 267°, (el “37.4%
(Founds C, 73.19, 73.26; H, 9.13, 9.23, I, 11.68;

Cgyflgy 105 requives C, 73.2; H, 9.123 L, 12.7%.) A ia
ethanol 206 (£ = 10,800), and 259 R (£ = 10,200).

V ey 2940, 1718, 1700, 1580, 1470, 1370, 1270, 1175,

1120, 1010, 860, and 755 cm'.
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Reduction of the Hydroxy Ketone., The hydroxy

ketone (0.2 g.) was dissolved in dioxan (10 c.0.) and
heated for 3 hr. with 1ithium borohydride (1.0 g.) on
a steam bath., The solution was diluted with water and
the precipitated organic material was filtered off and
dissolved in chloroform. Thc chlorofora solution was
washed with water and evaporated to dryness to give the
dihydroxy compound, (0.18 g.), m.p. 200°, (1 +42°,
(Found; C, 84.6; H, 11.8. Cs4flgs0, requires C, 84.2;
H, 11.7%.) A ___ in ethenol 208 mp (& = 2,000).

V mex 2400, 2940, 2860, 1460, 1385, and 1040 om T,

Preparation of ergoata-4,7,22-trien-3-ons.
(a) Gyclohexanone (296 c,0.3;280 g.; 0.285 mol.) and

+45,46,47

toluene (1.7 1.) were refluxed in a 5 litre flesk and
dried by the Dsan and Stark method for 1 hr.. Ergosterol
(100 g.) was added and the solution was sgain boiled until
dry. Aluminium isopropoxide (27.2 g.: 0.133 mol.) was
edded rapidly to ths boiling solution with stirring, and
refluxing wes continued for a further 15 min.. The
solution was cooled to 15°, and poured into hydrochloric
acid (1 litre, 2N) et 5°. The two leyers were separated,
and the acid layer was washed twice with ether (500 c.c.).

The toluens and ether solutions were combined and washed
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with sodium bicarbonete solution and water. The solution
was then steem-distilled to remove all solvent and the
residual water was decanted off from the impure product.
The materiel was dissolved in benszene »~nd chromatographed
on alumina (250 g.), eluting with benzens, and finally
with ether-benzene (1:9). The residual material from these
fractions, after removal of solvent, was dissolved in
acetone, evaporated to 150 c.0. and allowed to crystallise
overnight at -5°. Needles of ergosta-h,],22-trien-3-one
(30 g.), m.p. 129°, (), ~10° separated out. A, in

ethanol 206 (£ = 8,900) and 238 mu ( £ = 15,900), W i
2940, 1680, 1610, 1450, 1260, 1220, 1180, 965, 870, 847,
830, and 770 om .

(v) Ergosterol (100 g.) was dissolved in benzene

(2.4 1.) and acetone (1070 e.c.) and boiled. 400 c.0. of
solvent was distilled off and sluminium isopropoxide

(120 g.) was added. The solution was refluxed for 9 hr.,
cooled, and washed with dilute hydrochloric acid (3 x 500 c.c.3N)
The acld was washed with ether (2 x 500 c.c.) and the
ocombined orgenic layer was washed with potassium bicerbonate
solution (500 c.c.) and then with water and dried. The
ether and benzene were distilled off and the residual solid
was chromatographed on alumina (1000 g.) eluting with
benzene. The material from the colum was reorystallised
from scetone to glve ergosta=4,7,22-trien-3-one (56 g.),

m.p. 129°, (), ~10%
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44,48

Preperation of Ergosta-t,6,22-trien-3-one.

Ergoste=i,7,22-trien~j-one (20 g.) was stirred under reflux

with methanol (1 litre) in a 2-litre 3-necked flask until
all solid had dissolved. 1 ¢.0., concentrated hydrochloric
acid was added and a precipitate of 3-methoxy-3,5,7,22=
ergostatetraene was formed. An additional €0 o.c. of
concentrated hydrochloric acid was edded dropwise over a
period of 15 min. and the solution was boiled for a further
1.5 hr.. The solution was cooled and sodium bicarbonate
(60 g.) was added. The precipitated sodium chloride was
filtered off, and the solution was concentrated to a thick
slurry, poured into water (750 o.c. and extrasted with petrol
(b.p. 40-60). The petrol solution wes washed with water
end dried (Ne,S0,), anl concentrated to 60 ¢.c.. The
solution was allowed to crystallise at -5° for 12 hr., to
give ergoste-,6,22-trien-3-one (15 g.), m.p. 107°,

[, ~26° N pay 10 @thanol 206 (& = 27,700), end

284 mp ( € = 29,000). V) 2940, 1670, 1610, 1585, 1450,

1370, 1260, 1220, 1180, 1020, 965, 875, 775 and 757 cm .

Irradiation of Ergosta=-4,6,22-trien~3-one.
Ergosta=4,6, 22-trien~-3-one (1.0 g.) was dissolved in
ethanol (15 c.0.) end irradiated by ultraviolet light in
the manner already described for a period of 12 hr.,

filtering at intervals of 2 hr.., Needles were formed
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end were recrystallissd from methanol to give plates of

the dimer (0.7 @), mep. 1737, (81y =9.6°. (Pound; C,85.6;
H, 10.5. CygHy,0, requires C, 85.4; H, 10.5%.).

N ey in ethanol 206 (£ = 11,700), and 256 ma (& = 11,000)
) max 2920, 2850, 1685, 1660, 1585, 1450, 1370, 1360,

1260, 1220, 1020, 980, 885, and 775 om *.
Eyrolysis of Dimer from Ergoste-d,6,22-trien-3-one.

The dimer from ergosta~4,6,22-trien-3=one (0.5 g.) was

heated at 250° under a vacuum of O.1 mn. on a heating

block for 30 min.. The sublimate which formed on the cold
part of the tube was crystallised from ocetrol to give
ergosta~b,6,22-trien~3=one (0.4 g.), m.p. 107°, (3, =26°.
)\m in ethenol 206 ( € = 21,700), and 284 mu ( £ = 29,000).
V pax 2940, 1670, 1610, 1585, 1450, 1370, 1260, 1220,

1160, 1020, 965, 875, 775, and 757 cu .

Action of Lithium Borohydride on Dimer from
Ergosta-4,6,22-trien~3-one.  The dimer from ergosta-~
4,6,22=trien=5=0ne (0,5 g.) was duaolven in tetrahydrofuran
(25 o.0.) and refluxed with lithium berohydride (0.5 g.)
for 5 hr.. The solution was diluted with water and the
precipitated orgenic solid was filtered off, dissoclved in
chloroform (50 c.0.) and the chloroform solution was washed
with water (3 x 50 c.c.), dried, and the solvent removed.

The residual solid was recrystallised from chloroformescetons
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to give prisms of the dihydroxy compound (0.4 g.).
m.p. 165°, (4] =11.4% (Pound: C, 84.9; H, 1l.4.
CogilggOp Tequires C, 84.8; H, 11.1f.) A o 10 othenol
206 m (£ = 12,400), Om 3400, 2960, 1460, 1380, 1020,
and 970 om L.
on of nickel and on Dimer
from Ergosta~h,b,22-trien=3-gne. The dimer from ergoste~
4,6,22-trien-3-cne (0.5 g.) was dissolved in ethanol (100 c.e.)
end a pre-reduced sample of Raney nickel (0.5 g./ was added.
The solution was magnetically stirred in the presence of
hydrogen for 6 hr., filtered end the solvent evaporated down
to 20 c.c. and sllowed to orystallise. Prisms of the hydroxy
ketone (0.4 g.) m.p. 160°.ND 4-)6.&°. were formed.
(Found: C, 84.7; H, 11.2. Cggy 0, requires C, 84.8; H, 11.1%).
A oy N othanol 204 my ( € = 3,800), ¥ 3300, 2960,
1690, 1465, 1380, 1055 cm .
[S 41,49

Preperation of A"*® gehydrotigogenone.
Diosgenin (20 g.) and p-benszoquinone (120 g.) were dissolved
in toluens (1200 ¢.c.) and the solution was boiled, 200 ¢.a.

of the tolusne being distilled off. Aluminiunm isopropoxide
(20 g.) was added, the mixture was refluxed for 15 min.
allowsd to cool, and sulphur dioxide was passed in for 1 hr.

to reduce the excess of quinone. The solution was filtered



113.

and the residue of quinhydrone was weshed with sulphuric
aold (200 o.¢.;N) and ether (250 o.c.). The filtrate
and washings were combined and washed with dilute sulphuric
ecid (6 x 400 c.0.3;N) with water, (4 x 400 c.c.) and
dried (NaySO,). The solvent was evaporated off end the
residue was dissolved in bensene snd chromatographed on
alumina (700 g.). The combined ether and ether-methanol
fractions, after evaporation of the solvent, gave crystals
of Abe6 dehydrotigogenens (15 g.), m.p. 205°, mn.a. , 3"
A pay 10 ethanol 204 (& =12,850) end 284 mp (& = 28,000).
V pax 2900, 2850, 1670, 1615, 1590, 1460, 1380, 1050,
990, 905, 895, 800, and 760 om .

Irradietion of AY*6 dehydrotigogencne.
-6 dehydrotigogenone (5.0 g.) in ethanol

(100 c.¢.) was irradiated by ultraviolet light for a

A solution of A‘

period of 9 hr., filtering at intervals of 2 hr.. The

80lid formed wes recrystellised from chloroformmmethanol

to give fine needles of the dfmer (4,0 g.), m.p. 190°,
decomposing end remelting at 203°, f«] ; <70°. (Pouna:

Co 78.73 Hy 9.2. CgyH O requires C, 7905 H, 9.3%.).

A pay 1 ethanol 204 (£ = 10,400), and 254 mp (€ = 10,500).
V mex 2990, 1700, 1670, 1610, 1460, 1380, 1250, 1180,

1060, 990, 905, 800, end 740 cm ™',
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Preparation of Cholesteryl Acetate. Cholesterol
(300 g.) and acetic anhydride (800 c.c.) were refluxed

together for 1.5 hr. and the solution was allowed to cool
and crystallise. The solid was filtered off from the excess
of acetic anhydride, washed with ethanol and allowed to

dry. The compound was recrystallised from ethanol to give

cholesteryl acetate (40 g.) m.p. 116°, l'.o\]n -&7°.

Preparation of 7-ketocholesteryl acet:te. 2

Chromic acid (15 g.) was added as a solid to a stirred
solution of cholesteryl acetate (21.4 g.) in glacial

acetic acid (230 c.c.) maintained at 50-55 over a period
of 2 hr.. Stirring was continued for a further hour at

the same temperature, and 70 c.c. of the acetic acid was
removed by wvacuum distillation. Water (10 c.c.) and
ethanol (5 c¢.c.) were added and the solution was allowed

tc stand overnight. The crystals were filtered off and
washed with 854 aq. acetic acid before drying in vacuo

over potassium hydroxide. The material was dissolved in
ether and washed with dilute hkydrochloric scid, water,
aqueous potassium bicarbonate and again with water, and
dried. The ether was evaporated to dryness end the residue
was dissolved in hot acetons, vovaporated till crystals formed
and methanol was added,to give orystals of 7<ketocholesteryl

acetate (5.2 g.), m.p. 161°, [od -35°.
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Preparation of Cholesta-3, Sod:lon-?-&?l‘sz

(o) 7-Ketocholesteryl acetate (5 g.) was mixed with a
saturated solution of hydrogen bromide in glacial acetic
acld (50 c.c.) and the mixture was allowed to stand for

36 hr. at room temgerature. The solution was diluted

with water and extracted with ether. The etherial solution
was washed with water, aqueous sodium bicarbonate, and
water again, then dried. The ether was evaporated off and
the residue was dissolved in bensene (25 c.c.), and
chromatographed on alumina (100 g.). Combination of the
fractions from the column after eveporation of the solvent
gave a yellow gum, from which cholesta-3,5-dien-7-one (3.5 g.)
m.p. 114°%, (4 -210°, was obtained on treatment with, and
recrystallisation from acetone. A max 1N ethanol 278 ma

(€ = 23,0000, V___ 2870, 1640, 1450, amd 1370 cm .

{b) 7-Ketocholesteryl acetate (361 mg.) was treated
with a solution of hydrogen bromide in glacial acetic

acid (5.0 o0.0.) and heated on a steam bath for 10 min.

at 100°, befors being sllowed to stand for 4 hr.. The
solution was diluted with water and extracted with
chloroform. The chloroform solution was washed with water,
aqueous sodium bicarbonate and again with water before
being dried over anhydrous sodium sulphate. The chloroform

was evaporated off, and the residue was dissolved in



116.

benzene and chromatographed on slumina (15 g.). The

product, after evaporation of the benzene was recrystallised
twice from acetone-methanol to give prisms of cholesta~
3,5=dien~7=-0ne (200 mg.), m.p. 114°, [-tJD -210°. )‘m in
ethenol 278 ma ( £ = 23,000), V . 2870, 1640, 1450,

and 1570 on' .

Ultraviolet Irradistion of Cholesta-3,5-dien-7-one.

(a) Cholesta~3,5-dien=7=-one (0.5 g.) was dissoclived in
the minimum volume of cyclohexane and irradisted with
ultraviolet light from a mercury lamp (Hanowvia UVS 500,
Model XII) in a quarts flask fitted with a reflux condenser
for a totel of 13 hr.. The solid product formed during the
irradiation was filtered off at intervals of 2 hr.. The
compound was recrystallised from chloroform-isopentane o
give the pure dtmer (0.25 g.) m.p. 258%, (aly, =71°.

(Found: C, 84.7; H,11.2, C54Hgy0, Tequires C, 84.7; H, 11.1%)
A nax in chloroform 250 ma (£ = 19,200), VU __ 2870, 1650,
1600, 1450, and 1370 om L,

(b)  The experiment was repeated as above using isopeatane
as solvent in place of cyclohexane. The dimer was formed
much more readily under these conditions. The material
was filtered off, washed with isopsntane and recrystallised
from chloroform to give the pure materisl (0.3 g.) m.p. 258°,

[‘] D "7100
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(e) A solution of cholesta«3,5-dien=7-0ne (0.5 g.)
in ethanol (20 o.c.) was irrsdiated for 2 hr. in the manner
desoribed sbove. Recrystallisation of the product from
ethanol gave plates of the dimer, (0.35 g.) m.p. 258°,
[y =72.0° X in ethanol 250 m (&= 19,000),
V oy 2870, 1650, 1600, 1450, amd 1370 on .

Byrolysis of Dimer from Cholesta-3,5-dien~7-one.
The dimer from cholestae3,5-dien-7-one (0.2 g.) was heated
under a vacuum of 0.1 mm. for 30 min. at 250°. The product
of pyrolysis sublimed and was collected on the cold part of
the tube. The material was found to be cholesta=3,5-dien=
7-one (0.18 2.), m.p. and mixed m.p. 114°, () -210°,
A pex 0 ethanol 278 mu (& = 23,0M0), \)m 2870, 1640,
1450, and 1370 cm .

Reduction of Dimer from Cholesta=3,5-dien-7-one

by Lithium Borohydride. The dimer from cholesta-3},5-dien-

7-one (0.5 g.) was dissolved in tetrehydrofuran and refluxed
with lithium borohydride (0.5g.) for 3 hr., then allowed to
stand overnight. The solution was diluted with water end
the precipitated solid was filtered off and dissolved in
chloroform. The chloroform solution was waaﬁod with water
to remove inorgenic materiel and dried over anhydrous

sodium sulphate. The solvent was evaporated off and the

residue was recrystellised from chloroformaecetone,to give
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needles of the dihydroxy compound (0.4 g.), m.p. 200°,

(sd, -24,5°, (Found: C, 83.8; H, 11.3. Cs4Hga%2
requires C, 84.3; H, 11.5%). A __ in ethanol 208 ma

(€ = 9,700), Om 3400, 1450, 1370 snd 1310 ant.

Acetylation of the Dihydroxy Compound.
The dihydroxy compound(0.5 g.) was dissolved in pyridine (2 c.c.)
and acetioc anhydride (1.0 c.c¢.) was added. The solution was
allowed to stand overnight, diluted with water (10 c.c.)
and extracted with chloroform. The extract was washed
with water, dilute hydrochloric acid (3 x 25 c.c.; 3N.)
and egaein with water. The solution was evaporated to
dryness and the residue wass crystallised from chloroform-
acetons to give plates of the discetate (0.3 g.)., m.p. 205°,
0, +2.2°, (Pound: ¢, 81.0; H, 10.8. CygHge0y Tequires
C, 81.6; H, 10.8%.) A in ethenol 210 mu (& = 47,000),

v ___ 2860, 1720, 1460,,1365, 1240, and 1020 om .

max
Eyrolysis of Dihydroxy Compound. The dihydroxy
compound (50 mg.) was heated under a vacuum of 0.1 mm.

on a heating block for 45 min. at 250°. The product which
sublimed and collected on the cold part of the tube was
recrystallised from acetoneechloroform to give cholest-
S-en-7-one (40 mg.) m.p. 130°, X\ mex 1 €thanol 250 m
(€ =15,000). v ___ 2900, 1685, 1460, end 1370 om .
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Hydrogenation of Photodimer from Cholesta=},5-
dien-7=-one. The dimer from cholesta~3,5-dien-7-one (0.2 g.)

was dissolved in ethanol (50 o.c.) and a sample of pre-

reduced Raney nickel (0.3 g.) was added as a catelyst. The

mixture was stirred in the presence of hydrogen until no

more gas was teken up., The solution was filtered, and

evaporated down to 7 c.0.. then left to crystallise. Needles

of the reduced compound were formed (0,18 g.), m.p. 284°,

[y +7.8°. (Pound: C, 84.0; H, 11.9. C4Hgq0p Fequires

C, 84.2; H, 11.7%). A\ max 1N ethanol 208 mu ( € = 1,000),

V ., 3300, 2900, 1700, 1460, 1380, 1040, 1005 cm -
Preperation of A-dehydrotigogenone.’’  Dicsgenin

(50 g.) was dissolved in benzene (1200 c.c.) and acetons

(500 c.c.) and boiled. 200 e¢.c. of the solvent were
distilled off and aluminium isopropoxide (60 g.) was added.
The solution was refluxed for 9 hr., cooled and washed

with dilute hydrochloric acid (2 x 500 c.c.t N.). The acid
was washed with ether ( 2 x 500 c.c.) and the combined
organic lgyer was washed with saturated potassium bicarbonate
solution (500 c.c.), water, and dried. The ether and benzene
were distilled off, and the residuel solid was recrystellised
from acetone-methylene chloride to give A-dehydrotigogenone
(40 g.), m.p. 186°.£dJD -20°, )\m in ethahol 204 mp

(€ =16,100), V___ 2950, 1680, 1610, 1460, 1380, 1180,
1060, 990, 909, and 870,cm™},
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Hlectrolytiec reduetion of 4-Dehydrotigogencne.

4-Dehydrotigogenone (6.0 g.) wes dissolved in ethenol (750 c.q.)
along with hydrated sodium ascetate (12 g.). The solution was
placed in a cell consisting of a 1 litre beeker and a current
of 3 amps. D.C. (200 V.) was pessed through for 3 hr.,

using a mercury cathode and 4 carbon rods as an ancde.

The solution was kept at 20° throughout the experiment

by surrcunding the ecell with a bath containing acetons

and solid carbon dioxide. The ethanol solution was pouraed

into water (3 litres.) end the organio material was

filtered off, dissolved in benzene and dried (Nazsok).

The solution was chromatographed on alumine (250 g.).

The initial fractions eluted from the column with benzens
consisted of 4-dehydrotigogenone, m.p. 186°, [;(]D -20°,

Further elution of the column with ether-methanol and
recrystellisation from benzene-acetone gave 3,3°=bi(25D-3/3 ~
hydroxyspirostes-enyl) (1.5 g.), m.p. 280°, LU ~56.1°.

(Found: C, 78.1; H, 9.98. CgyHy 0 requires C, 78.3; H, 9.967).
N pay 10 ethanol 206 mu ( & = 10,400). V ___ 3400, 2980,

1460, 1380, 1215, 1180, 1065, 1010, 990, 980, 920, and 900 cm .

Dohydration of 3,3°-bi(25D-3f -hydroxyspirost-b-enyl).
The pinacol (0.5 g.) prepared in the previcus reaction was
dissolved in chloroform (50 c.c.) and methanol (5 c.c.)

end concentrated hydrochloric scid (1.0 c.c.) wes added.
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The mixture was shaken and allowed to stand at room
temperature for 24 hr., with occasiocnal shaking. The
chloroform solution was washed with sodium bicarbonate
solution (20 c.c.) and water (3 x 30 c.c.) and dried
(Nggso‘) + The solvent was evaporated off end the residue
was recrystallised from chlorcforme-methanol ¢o give yellow
prisms of 3,3°-bi(25D-gpirosta~3,5-dienyl) (0.3 g.),
m.p. above 560".[4]1) «27.5°. (Found: C, 82.0, H, 9.6.
c%ﬂ.’ao,‘ requires C, 82.1; H, 9.8%). )‘mx in chloroform
300 (£ = 31,900), 310 ( € = 45,700), end 324 mu ( £ = 42,600),
V oy 2980, 1460, 1380, 1240, 1180, 1070, 1055, 980, $00,
=l

and 865 cm .

Electrolytic Eeduction of Ergosta=4,7,22~irien-3-ons.

A solution of ergosta-s,7,22-trien=3-one (1.0 g.) in
ethanol (750 e¢.c.) with sodium acetate (12 g.) was reduced
electrolytically in the manner desoribed, at 15°. The
ethanol solution was poured into water and the organic
material filtered off, dissolved in benzene, and dried
(Nazso,‘) » The solvent was removed. The residue would
not crystallise from benzens-acetone, but was found to
orystallise readily frem acetone-water, to give prisms

of %,3'-bi(3/3-hydroxyergosta=4,7,22-trienyl) (0.8 g.),

M. Po 250° l’.d] <11,2°%,, as a dihydrate. (Found: C, 81.9;
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H, 10.7. Cggfy0,.21,0 requires C, 8l.4; H, 10.9%).

N pay 10 thancl 209 m (€ = 14,400), VY nax 390 2950,
1460, 1380, 1310, 1150, 1030, 1010, 970, 850, end 807 cm .

Dehydration of 3,3'=bi(3/ -hydroxyergosta~

4,7,22-trienyl). A solution of 3,3'-bi(3 f-hydroxy-
ergosta~4,7,22-trienyl) (207 mg.) in chloroform (10 o.c.)
and methenol (5 c.c.) was boiled for 15 min. with a few
drops of concentrated hydrochloric acid. The solution was
allowed to cool, washed with a saturated solution of

sodium bicarbonate (3 x 30 c.c.) and water (2 x 30 c.c.)

and dried (Na,S0,). The solvent was removed, and the
residue was dissolved in benzene and chromatographed on
alumina (10 g.). The fractions eluted with benzene were
combined and recrystallised from light petroleum (b.p.40-60)
to give yellow orystals of the dehydration product, 3,3'-
bi(ergoste-3,5,7, 2-tetraenyl) (150 mg.), m.p. 234° ;) +449°,
(Found: C, 89.5; H, 10.9. Cogilgy requires C, 89.2; H, 10.8%).
A poy 1 chloroform 351 (£ = 19,500), 366 (£ = 26,300),
386 (& = 24,800), 422 (£ = 11,200) and 446 mu ( £ = 9,400).
V max 2980, 2930, 1455, 1370, 1160, 1020, 965, 872,

805, and 775 ca .

Electrolytic Reduction of Cholesta-k,6-dien~3-one.

Cholesta~4,6-dlen-3-one (2.0 g.) was dissolved in ethanol

(750 c.e.) and reduced electrolytically in the manner
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already desoribed,at 15° for 3 hr.. The solution was
diluted with water and extracted with benzene. The

extract was dried (mzso‘). congentrated to small bulk

and chromatographed on alumina (80 g.). The first three
fractions from the column gave unchanged starting material
(0e7 g.). The remaining fractions, on evaporation to
dryness, gave a gum which would not orystallise from
acetone-benzene, but which orystallised readily with acetone-
water, to give 3,3'=bi(3f -Mcholeata—t.é—d!ﬂl)
dihydrete (1.0 g.), mp. 152°, [«]D +36.6°. (Found:

C, 80.8; H, 10.8. c5,‘H8602.2520 requires C, 80.8; H, 11.2%).
A gy in ethanol 208 (& = 8,600), and 236 m ( & = 9,100).
v max 3490. 2940, 2860, 1470, 1380, 1260, 1170, 1060,

1015, 870, 770, and 755 cm L.

Dehydration of 3.3'=bi(5F -hydroxycholesta-
4,6-3ienyl). The pinacol (0.5 g.) prepared in the previous
experiment was dissolved in acetone (10 c.c.) and
chloroform(5.0 c¢.c.) and concentrated hydrochloric acid
(1.0 c.c.) was added. The solution was heated on a steam
bath for 5 min., diluted with water and extracted with
benzene. The extract was washed with water, dried over
anhydrous sodium sulphate and evagorated to small bulk.
| The residual solution was chromatographed on alumina
(17 g.)., the fraction eluted with benzene being collected

end evaporated. Crystallisation of the residue gave
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yellow prisms of 3,3'(choleste=~4',6'-dienylidene) cholesta-

4,6,8=triene, (0.4 g.) m.p, 214°, [«]D +7°. (Pound;

C, 88.5; H, 11l.4. 05‘1!82 requires C, 88.7; H, 11.3%.)

A max 11 chloroform 360 ( £ = 39,000), 374 (& = 55,600),
and 392 m ( & = 53,600), V 2965, 2900, 1470, 1385,
1308, 1260, 1110, 946, 977, 870, 755, and 740 om .

Electrolytic Reduction of FErgosta-4,6,22-trien-3-one.

A solution of ergosta-4,6,22-trien-3-one (1.0 g.) and

sodium acetate (12 g.) in ethanol (750 c.c.) was reduced
electrolytically for 3 hr. at 15°. The solution was poured
into water and extracted with benzene. The extract was
washed with water, dried (Naasok) » concentrated and chromato-
graphed on elumina (25 g.) to give 3,3'=bi(3/ ~hydroxy-
ergosta-4,6,22-trienyl) (0.7 g.) on recrystallisation

from benzene~acetone. The ocompound hed mp. 1800. [.d]D 12,17

(Found: ¢, 85.3%; H, 1l.3. 6H8602 requires C, 85.2; H, 11.0%).

¢
A max 1 ethenol 206 (& = ]5.0.000), and 234 (€ = 10,900).
V ey 7450, 2900, 1470, 1380, 1260, 1170, 1060, 870,

770, end 755 cu” .

Dehydration of 3,3'~bi(3/4 -hydroxyergosta-
4,6,22-trienyl). 3,3'«Bi(3/3 ~hydroxyergosta=4,6, 22-trienyl)
(0.3 g.) was dissolved in chloroform (10 ¢.0.) and methanol
(5.0 c.c.); and treated with a drop of concentrated
hydrochlorioc acid. The solution was boiled and ellowed %o

cool, washed with saturated sodium bicerbonate solution
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(3 x 20 c.c.), water (2 x 20 ¢.¢.), #nd dried over anhydrous
sodium sulphate. The solvent was evaporated off end the
residual solid was recrystallised from light petroleum

(b,p. 40-60°), to give yellow prisms of 3,3'(ergoste~

4 ,6',22" ~trienylidene) ergosta-4,6,8,22-tetraene (0.2 g.)

m. p.245°, [y +3°. (Found: C, 89.3; H, 11.0. Co¢figo

requires C, 89.2; H, 10.8%.). Am in chloroform

360 (€& = 41,500), 374 (£ = 52,400), end 389 mp ( £ = 47,600).
V . 2900, 1450, 1370, 1160, 1020, 965, 805, end 775 on™L.

Electrolytic Reduction of Ak’é

4,6

dehsdrotigogenone.

A solution of O dehydrotigogenone (1.0 g.) in ethanol
(750 o.c.) contelning sodium acetate (12 g.) was elaciro-
lytically reduced st 15° for 3 hr.. The ethenol solution
was poured into water (3 litres) and centrifuged. The
supernatant liquid was decanted off and the solid was
dissolved in benzene, dried (Nazso‘) and the solution
concentrated. Some acetone was added and the solution
was allowed to crystesllise to give prisms of 3,3'~bi-
(ZSD-BP-Mr_ogsg;rosta-#.G-di_ﬂ}) (0.5 g.)s m.pe 5000.
[, -215°. (Found: C, 78.8; H, 9.5. Cy4Hig0g Tequires
Co 78.75 H, 9.8%). A ey 17 ©thanol 208 ( £ = 9,000)

end 235 ma ( € = 10,000), V. 3390, 2940, 1450, 1370,
1335, 1235, 1170, 1050, 1000, 975, 955, 895, snd 865 cu

-
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Dehydration of 3,3°=Bi(25D-3/ -hydroxyspirost~
4,6edtenyl), A solution of the pinacol (250 mg.) in

chloroform (5 c.c.) and ethanol (2 c.c.) was treated with
a drop of concentrated hydrochloric acid and heated on a
steam bath for 30 min.. The solution was washed with
sodium bicarbonate (2 x 10 c.c.), water ( 2 x 10 c.6.),
and dried over anhydrous sodium sulphate. The chloroform
was removed and the residue was recrystallised from
pstrolaum ether (b.p. 50-60"), to give yellow prisms of

303 =(25D~-spirosta~-4° ,6° ~dienylidene)-25D-spiroste=4,6,8~triene,

(250 mg.) m.p. 2767, (41 ~40.5". (Found: C, 82.2; H, 9.4.
05&117&0& requires C, 82.4; H, 9.4%). )\mx in chloroform
360 (& = 45,200), 374 (& 60,600), and 392 mp (€ = 55,400).
N max 2240s 1370, 1335, 1170, 1100, 970, 917, 900,

917, 900, and 85 cm .

Electrolytic Reduction of Cholesta-l,b-dien-3-cne.

Choleste-l,4-dien-3~0ne (0.8 g.) was dissolved in ethanol

(750 e.c.) and sodium acetate (12 g.) was sdded. The solution
was electrolytically reduced at 20° in the manner elready
described for 3 hr.. The ethanol solution was poured into
water (3 litres) end the precipitated orgenic materisl

was flltered off, dlissolved in benzene, dried (NQZSO‘) .

and crystallised hy the eddition of acsetone to give prisms
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of 3,3'~bi(3 /2 -hydrow cholesta-1,4-dienyl) (0.65 g.)
mep. 130° with decomposition, («J, +68.1°. (Found: C, 84.2;
H, 11.4. Cg H. 0, requires C, B4.5; H, 11.24.) A nax 11
ethanol 206 my (& = 17,400), V . 3450, 2940, 1460,
1360, 1205, 1135, 1105, 1010, 917, 860, 800, 765, and 675 om .

| Dehydration of 3,3'-Bi(3/ -hydroxycholesta=-1,4-dienyl).
3,3'=Bi( 34 ~hydroxycholesta=1,4-dienyl) (0.3 g.) was
dissolved in chloroform (10 c.c.) and methanol (10 c.c.)
and concentrated hydrochloric acid (1.0 c.c.) was added.
The solution was boiled for 5 minutes, washed with asaturated
potassium bicarbonate solution (3 x 20 c.0.), water
(3 x 20 c.c.), and dried (Nazso#). The solvent was
removed and the product was recrystallised from petroleum
ether (b.p. 40-60%), to give yellow prisms of the hydrocarbon,
3,3 (cholesta-4', 6" ~dienylidens)-choleste-1, 4, é-triens (0.25 g.),
m.p. 196% (41 414.5°. (Found: C, 88.43 H, 1l.b. Gy,Hg,
requires C, 88.7; H, 11.3%). Amax in chloroform 342
(€ = 9,000), 360 (£ =12,700), and 578 ma ( & = 12,500).
v max 2040 1460, 1380, 1170, 1n10, 966, 860, 830, 800,
750, end 735 cu .

Electrolytic Reduction of Al"‘ dehydrotigogenone.

A solution of A Leb dehydrotigogenone (1.0 g.) in ethanol
(750 e.c.) conteining sodium acetate (12 g.) was electrolytically

reduced in the manner previously described, for 3 hr. at 15°.
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The product was isolated by pouring into water (3 litres)
extracting with benzene,drying the extract (Na,S0,),
concentrating and chromatograhing on alumina (30 g.).
Recrvstallisation from benzene-acetone gave prisms of

3,3 =bi (25D-3 4 -hydroxyspirosta-1,4=dienyl) (0.7 g.)

m.p. 250°, (41, ~49.7°. (Found: C, 79.4: H, 9.4. Cs4Prg0%
requires C, 78.8; H, 9.5%). A oy 1N ethanol 206 mu

( € =15,700). V___ 3390, 2940, 1475, 1360, 1240, 1170,

1100, 1055, 980, 960, 917, and 895 .

Dehydration of 5.5'-3_:!._(%2&5;6 ~hydroxyspirosta-
l,4=dienyl). A solution of the ‘pxnaool (0.3 g.) in
chloroform (10 c.c.) and methanol (5 ‘c.c;.) was dehydrated
by boiling for 5 min. with a drop of concentrated hydrochloric
acid. The product was islolated by washing the solution with
a saturated sodium bicarbonste solution (2 x 10 c.c.), water
(2 x 10 c.c.) and drying. Removal of the solvent and
recrystallisation of the product from chloroform-methanocl
geve yellow prisms of 3,3°(25D-gpiroste~4',6-dienylidens)-
spirosta-1,4,6-triene, (250 mg.), m.p. ebove 360°, (a1 -47.2°.
(Found C, 82.1; H, 9.43. 05‘!-17‘0# requires C, 82.4; H, 9.41%).
A max A0 chloroform 340 (& = 15,600, 360 ( &€ = 21,400),
and 376 mx (& = 22,800), \)m 2980, 1460, 1380, 1245,

1175, 1100, $70, 917, 900, 865, and 750 o,
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SUMMARY OF Ph,D. THESIS

An Experimental Investigation of the Photoproduction of Y
lilesons from Hﬁirogen near TEFesEoIE
by
Erwin Gabathuler

An experimental investigation of the energy
dependence of the differential cross-section near threshold
for the reaction ¥ + p — T 4+ n was undertaken by the
author because of the disagreement which existed in current
literature between the theoretical predictions given by single
dispersion relations and the experimental data. Moreover,
the extrapolation of the experimental data to threshold was
inconsistent with the related information from pion scattering
experiments, and therefore a comprehensive investigation of
the if | photoproduction cross-section was of considerable
interest,

The experiment was performed by irradiating a thin-
walled liquid hydrogen target with the 250 MeV bremsstrahlung
beam of the Glasgow electron synchrotron, and detecting the
pions which emerged at an angle of 58° to the incident beam
direction. The design of the proton target incorporated a
pressure compensating device to provide a thin slice of liquid
hydrogen of uniform thickness. The low energy pion detector
consisted of a scintillation counter telescope, and utilised
the characteristic rapid decay of the ¥ | s meson to identify
the /



-2-

the pions, which were produced together with electrons,
protons and gamma rays, In addition, pulse height selection
methods were employed for unambiguous detection of the pions
down to the lowest erergy, which was 6 leV,

The experimental information was analysed and
the results provided conclusive evidence that the energy
dependence of the pion photoproduc tion cross-section in
the threshold region was in agreement with the theoretical
predictions, in contradiction to the previous experimental
data, Further, the threshold value of the TM* cross-section
obtained by extrapolating the results to zero pion energy
was in accord with the most recent information ob tained from
pion scattering measurements.,

Low energy T* mesons were also detected using a
time of flight technique to separate the pions from electrons
and protons, Additional information was provided by
displaying the M ' _s u* decay, and the results showed that
it was possible to separate the pions by this method,
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THE THERMAL DECOMPOSITION OF ESTERS,

POLYESTERS, AND RELATED SUBSTANCES.

A summary of a thesis submitted to the
University of Glasgow in accordance with
the regulations governing the award of

the degree of Doctor of Philosophy.

by

William M, M\lir’ B.Sc,

Department of Chemical Technology,
Royal College of Science and Technology,
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November, 1960,
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In the first section of the thesis, a study was made

of the vapour-phase decomposition of the ester cyclohexyl
benzoate. The ester was pyrolysed in a flow reactor system
at temperatures between 300° and 500°, Thermal breakdown
of the ester was also studied in a static system by an
empirical method in which the breakdown rate was followed
by measuring pressure changes in a2 system containing the
vapourised ester with a gquantity of liquid reflux. From

the study using the flow reactor system it was found that
the ester decomposed by an exclusive alkyl-oxygen scission
to give benzoic acid and cyclohexene only, over the range
of temperatures employed., In the presence of small amounts
of metal catalysts, breakdown of the ester was more complex
and several competitive scissions were detected, From the
static reactor system it was found that the exclusive
alkyl-oxygen scission of the ester was & homogeneous
reaction.

In the second part of the thesis, the thermal decomposition
routes of three esters were studied using a flow system

at 500.. The first ester, vinyl benzoate, was investigated

as/
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as part of a study of the decomposition of the

polyester 'Texrylene', The main pyrolyeis route was

re-examined in greater detail and a new minor competitive

scission established, by which the ester p:oducdd keten
and benzaldehyle.

Two other related enol carboxylates, isopropenyl benszocate,
and acetophenone enol bensoate, were pyrolysed and the
products examined. Decomposition of each ester took place
by several competitive scissions including thermal
rearrangement to a ls-duotom, previously reported to
be the exclusive breakdown product for this group of

esters,
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SIUDIES IN THE PYRAZOLIDINE PIELD AND

DDSRISATION OF STEROIDS,

Summery of Fh.D. Thesis, October 1961,



BART ONE.

"Studies in the Pyrasolidine Field" desoribes the
syntheses of early pyrasolidine derivatives and the discovery that
2, 3=dimethylelephenyl-S-pyrazolone, or eantipyrine, possessed
pharmacologicel properties. Other important drugs followed, such
as Pyremidon end Phenylbutasone, and the syntheses of these are
desoribed briefly. The discovery of certain dyestuffs containing
the pyrasoline ring aystem, such as Tartrazine and Xylene Light
Yellow, maintained interest in this field., More recent work has
been carried out on derivatives of Phenylbutazone, or d-n=butyle
% S=dioxoe=l, 2«41 phenyl pyrazsolidine, in san attempt to reduce the
toxicity of this drug, but this aim has not been echieved.

Of the many derivatives of Phenylbutazone described in the
1literature, none has been reported in which one of the ketone groupe
in the system has been replaced by en imino group, although some
imino-oxnepyrazolidines are known, 3«Iminoe=5=o0mel,2«diphenyle
prrezolidine was prepered by the condensation of ayenoacetyl chloride
with hydrasobenzene, but attempts to substitute e d-alkyl group
in the mlecule were unsuccessful. An alternative synthesis, using
ethyl cyanocecetate and hydrasobensene proved diseppointing, but a
more successful synthesis was cerried out by treating chloroscetyl
hydrazobenzene with potassium gqyvanide. This was also sdapted to give



the 4d=methyl pyrasolidine by using chloroproplonyl hydraszobenzene,
but was not successful with higher homlogues. S=Inino=5-oxo=
1,2«diphenylpyrazolidine end its A-methyl derivative reacted readily
with avclohexanone, benzaldehyde, butyraldehyde, phosphorus pentee-
chloride, bromine, and ecetic enhydride, to give various derivatives
which are fully descoribed,

PART TWO,

"Dimerisation of Steroids" describes several of the reactions
which ocour when unsaturated compounds are exposed to sunlight or
ultreviolet light. Dimers are formed from anthracene, 3emethyle
qvelohexenone, thymoquinone, coumarin, cinnemmic ecid and other
unsatureted compounds, giving generally a ayclobutane derivative.
Cholest-deeneieone and testosterone propionate dimerise similarly,
but other steroid dimerisations are known which involve oxidation
and photodimerisation similtaneously. Frgosterol, ergosteryl aocetate,
22,23=dihydroergosterol, and 7=-dehydrocholesterol undergo this
oxidative dimerisation to give the corresponiing "pineacols",

The irradiation of cholestasi,b-dien<3-one by ultraviolet
1ight gives a compound shovm to be a dimer, but formilated wrongly
in 1944 by two Russian Chemists, Ushakov and Kosheleva. Frgoste~
4,6,22=trien~3=0ne, and A4,6-dehydrotigogenone dimerise similerly,
Ultraviolet end infrared absorption evidence, and a variety of
reductions of the dimer using lithium borohydride and Reney nickel,



finally esteblished e structural formila for the compound in which
the two halves of the molecule are joined by a Semembered ring aystem.
Nuclear magnetic resonance spectra end opticael rotatory dispersion
curves confirm the structure.

NMany nonephotolytic reductive dimerisations of steroids
are known in which the reducing agent is sodium smalgam or zinc and
ethanol. These give pinacols which undergo dehydration on treatment
with ecid, A study of this reaction was cerried out by electrolyticel)
reducing cholestaed,l=dien-3=one, cholesta=l,i=dien-3=one, ergoste=
4,7,22=trien=3=0ne, ergostaei,b,22-trien-3=one, A-dehydrotigogenone,
4,6=dehydrotigogenone and 1,4-dehydrotigogenone, Dehydration of the
pinacols wes done with hydrochloric ecid and the products were
exanined by ultraviolet and infrared spectroscopy.



