submitted to

THE UNIVERSITY OF GLASGOW

in fulfilment of the

requirements for the
.DM-REE : OF DOCTOR OF PHILOSOPHY
by

MICHAEL_A. WcGEE

Chemistry Departiment,
The Royal College of Science and Technology,
Glasgow.

OCTOBER, 1959.



ProQuest Number: 13850684

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13850684

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



= B T R




page

HISTORICAL 1
THEORETICAL cee
Section I eee 16
Section II ee 34
EXPERTMENTAL ........¢cc.... 61
BIBLIOGRAPHY ... - HQ
Errata
Page 26. In line 1, for "its" read *it is¥*
Page 32 and pp.87, 89. Structures (LXXX11l) and (LXXX111)
should be named as gyrazolo-pyrazines
Page 40. In the reaction scheme, for " — > « read *
In the last but one line for"and 280 mu " read

'to 280 mu ’
Page 48. In line 15, for '"carboxyl" read ’carbonyl*

Page 49. In line 6 of text, for "siluble" read »soluble*



INTRODUCTION




3

A compound containing the pyrazole ring systeﬁ (1)
was first synthesized by Enorr (1,2) by the reaction of
ethyl agetoacetate and phenylhydrazine which gave
" 3~-methyl~l-phenyl-5-pyrazolone (11). Since then the

pyrazole group has been very considerably developed and

3& x oﬁ?z c— ¢
N A

CH »
(1) | | (11)
its members are obtained solely by synthesisgy it is not
known with certainty whether this ring system occurs in
natural products. |
Certain keto-derivatives of pyrazoline, the
pyrazolones, have been very extengively studied. The
reason for this wae the important discovery, made by
Knorr (3), that 2,3~dimethyl-l«phenylus-pyrazolone (111),
(éntipyrine, phenazone) possessed interesting pharmacological
properties. The group of compounds was therefore thorough-
ly investigated from this point of view by Knorr and his |
school, as well as ﬁy industry. Antipyrine (IXI) is

PhN e ~ PhN e . PhN e
0=C'\ /{,Zi;e | 0=L\\ /I:i(e \ 0=é \/rm
C E ¢ |
0 NHg

(II1) (IV) | (v)
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prepared by the methylation of (II) (4). Nitrous acid
forms the 4-nitroso-derivative of antipyrine (IV). When
(IV) is reduced using zinc' dust and acetic acid to the
amine (V) followed by methylation, pyramidon (VI)(5) is
formed, which is appreciably more powerful than antipyrine.
(vi) cah also be prepared (6) by treating amino-antipyrine
(V) with chloroacetic acid to form a dicarboxylic acid
(VII) which when heated above its melting point loses
carbon dioxide to give (VI). Another me thod of prepara-
tion (7) is by the diazotisation of (V) with nitroso-
dimethylamine to give (VIII) which on the loss of nitrogen

gives (VI).
Tne Phi Me
-Me 0=L 0= -Me
/ | <

PhR
ok
N(CH,CO5H)g . NeN-NMe +503 Na
{(VII) (VIII) (1IX)
The method (8) used for the commercial production

e PhR

of pyramidon consists in treating (IV) with excess sodium
biéulphite'to give‘4-su1§haminouant1pyrine (1X) ﬁhich is
then methylated with formaldehyde and formic acid to

give (VI). | |
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The two main systemic actions of antipyrine and
pyramidon are analgesic and antipyresis. The pharmacology
of antipyrine and related drugs has been reviewed (9,10,11).
Both antipyrine and pyramidon are no longer in common use
because the latter compound can cause severe and often
fatal agranulocytic angina, and the former has lost favour
as the salicylates have become more prominent.

The pyragzolones and their dewrivatives were also
investigated because, besides their therapeutic wvalue,
they were found to be useful as dyes or in the synthesis
of dyes. The pyrazole dyes include many important
commercial examples, the chief being the bright greenish
yellow dyes for wool. They are very fast to light and
pariticularly valuable as the yellow éomponents in two-
and three- colour mixturesn Tartrazine (XII), the first
known pyrazolone dye and still of considerablenimportance
both as a yellow wool dye and as the most widely used of
all synthetic dyes in the colouring of food, was discovered
by Ziegler (1884) (12). It is now obtained technically by
condensing oxalacetic ester (X) and phenylhydrazine |
sulphonic acid giving sulphophenylpyrazolone carboxylic
acid (XI) and this is coupled with diazotised sulphanilic
acid. | ‘




?oon ~ GOOR
co C=N.NH.CgHg SO5H( P)
] + HyN.NH.CqH;.SOH(P) —> |
?ﬂb - ?Eb
COOR , COOR
(x)
i—-—-—-—l CQE‘.Soaﬁ(g) ll c;n; S30pNa (2_)

c—\ /c-o — NaOaC—C\ C=0
cén.c,n‘sosma (g)

(x1) . (X11)
A more durable, though slightly more expensive, yellow dye
is Xylene Light Yellow (xIII) | ‘

m—-—-. S0sta
e-c\/c
- GH

|
(XII1) R=NeCeﬁ@o803N3 (D_) _
. The synthesis and chemistry of the pyrazoles, the

pyragolines and the pyrazolone dyes have been fully
described in Elderfield’'s “Heteroeyclic Compounds® (13)
and Rodd's "Chemistry of Carbon Compounds” (14).

During the last decade interest, also, in
derivatives of pyrazblidiné has been greatly stimulated
by the introduction_oi'phenylbniazone {4n-butyl-3,5-dioxo-

-l,2~diphenylpyrazolidine) (15), a drug of considerable
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‘value in the treatment of rheumatoid arthritis and allied
conditions (16). Litfle however, hés been written about
the 3,5-dioxopyrazolidines and it was felt that since
these compounds are relevant to the work deacribed Jater,
a review of the chemistry of 3,5-dioxo-l,2-diphenyl-
pyrazolidine (XIV) was expedient. |

| A5,5-Dioxo-l,z-diphenylpyrazoiidine (XIV) was first
prepared by Tsumaki (17) who obtained it from the.reaction
of hydragobenzene and malonyl chloride. Diphenyldioxo-
pyragolidine (XIV) was also prepared (18) by the base
catalysed condensation of diethyl malonate and hydrazoben-
gene. (XIV) can be prepared in 907% yield by budbbling
gaseous carbon suboxide.(Caoz)through‘a'solution of

A
a4

Ha (XIV).

hydragobenzene in ether (19).

(XIV) is readily soluble in alkali and a solution
of (XIV) in ethanol gives a red colour with ferric chloride.
The C, position of (XIV)Abehavea as an active methylene
. group condensing with aldehydes and ketdnes to give
products with the general structure (XV) and (XVI)
respectively. Tsuﬁaki {17,20) prepared a large number




of these condensation products all of which are highly
coloured. The cyclohexylidene (XV1iI), the cyclopentyli-
dene (XVIII) and the benzylidene (XIX) dérivatives have
all been reduced by catalytic hydrogenation to the
colourless dihydro-derivatives (15).

Phy NPh PhT T?h PhN——NPh

\c /;:-o W'zo o=c' =0
) i .

(xV) | (xv1) |
PhN-——-—-llNIPh PhN NPh (XVII)

0=C éso =0

i,
(XVIII) J . (XIX)

345~Dioxo-1,2~diphenylpyrazolidine (XIV) reacts
with nitrous acid to give the red 4~-isonitroso-derivative
(Xxx) (17) which can be catalytically reduced to 4-amino-
~3,5=310%0~1,2-d1phenylpyrazolidine (XX% ReH)(2D. (XIV)
coupled with benzenediazonium chloride, furnishes the
4-phenylazo-derivative (XXII) (22). This can be reduced
catalytically with palladium-charcoal to (XXI; R = H)
(22).
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(Xx) | (xx1) - (XXII)
Reduction of (XX) using zinc in acetic acid-acetic
anhydride gives 4-acetamido-3,5-dioxo-l,2-diphenyl-
pyrazolidine (XXIs R = Ac) (22). |

3y5-Dioxo~1,2-diphenylpyragolidine (XIV) ean be
acetylated using acetic anhydride-pyridine (23), the
alkeli soluble 4-acetyl derivative (XXIII) being obtained.

th-———fPh

0=C C=0
Ho CQCEQ
(XXIII)

(XXIII) can also be prepared by the Priedel-Crafts reaction
(24); (XIV) on treatment with acetyl chloride and using |
aluminium chloride as catalyst, gives (XXIII). This
reaction is qﬁite general for the preparation of 4-acyl
derivatives of (XIV) and potassium carbonate 6r pyridine
can be used as condensing agents in place of aluminium
chloride. '

E,5~Dioxq-l,2—dipheny1pyrazolidine (XIV) also
enters into the Mannich reaction (24) e.g.
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PhN— — NPh  OHJNH, i
+ —_

l
0=¢ 20 om, 0 0= \/
s . | H. CHaNHMe

(Xiv) | (XX1V)
(XIV) also forms a 4-bromo-derivative (21,25) when treated
with bromine in the presence of ultraviolet light, and a
4-chloro~derivative is also known (25). Treatment of
(XIV) with ammonium thiocyanate affords a 4-thiocyanate-
~derivative (XXV). When a boiling chloroform solution

:mi HPh m—-—--— h Pmlw 'xrn
0= q\\\ =0 0= z{/és ozq\\\//pzo
H.SCN CHNO,
(XXV) (XXVI) (XXVII)

of (XIV) is treated with bromine a 4,4-dibromo-derivative
(XXVI) (25) is produced, and (XIV), om reaction with
mixed acids with cooling, yielda a 4-nitro derivative
(XxVII) (25).

When 3,5-dioxo-l,2-diphenylpyrazolidine (XIV) or a
4-gubstituted derivative is hydrogenated with Raney
nickel at temperatures above room temperature, the

pyrazolidine ring is cleaved'(es), g0 that for example

mono-p-hydroxy-phenylbutazone (XXVIII) yielde mono-p-
~hydroxy~-n-butylmalonyldianilide (XXIX).
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CONHPh

.

\CONH. CHq . OHS p)

. . (XXIX)
Pharmacologically, the most important derivative of

3,5-di0x0-1,2-diphenylpyrazolidine (XIV) to be discovered
is phenylbutazone (4gpbuty1-3,S—dioxo-l,2~diph§ny1pyrazoli~
diné) (XxX) (15). Phenylbutazone has been used to a
considerable extent in the treatment of rheumatoid
arthritis and allied conditions (16). Its similarity in
action to cortisone was soon notigedg and being appreclably
less éxpensive, it was répidly accepted as a therapeutie
substitute in certain conditions. However several
indications of toxic effects associated with its use have
been reported (27-32) the most serious being an agranulo-
cytosis which may appear at any time after the administra-
tion of the drug has begun. This has led to the
preparation of a large number of derivativés of 345-
-dioxo~1,2—dipheny1pyraéolidine (XIV), substituted in the
4-position or in the phenyl rings or both, in an attempt
to find less toxic congeners of phenylbutazone,
Phenylbutazone was first prepared by Geigy (33)
who treated (XIV) with n-butyl bromide in the presence of
sodium hydroxide. This method has bgeﬁ replaced, and



PhN———NPh FbN—— NP
i | i |
=0 + gBuBp__ Oﬂvso
Ha H.p Ba
(X1IV) | (XXX) |

the two methods most generally used now are firstly,
the condensation of ethyl n-butylmalonate (XXXI; R = OEt)
with hydrazobengene in the presence of sodium ethoxide
- (15) and éecondly the condensation of n-~-butylmalonyl
chloride (XXXI; R = C1) with hydrazobenzene in the presence
of pyridine (34).
n-BuCH(COR), + (PhNH)}, —> (XXX)
(XXXI) .
In the first method a by-product is formed and it has
recently been identified (35,15) as 4n-butyl-4-hydroxy-
3,5-d10x0~1,2-diphenylpyrazolidine (XXXII). Structure
(XXiII) was proved by alkaline hydrolysis and decardboxyla-
tion to give a-hydroxycaproic acid (XXXV) as shown
(XXXII) = (XXXV).
PhE h PhN——HNPh

oi \/zo OoH - 0=C O00H oH~ 5

gm/\uﬂ | nBa

—

(oXIY) o (XXXI11)
pBf. (COOH )y =C0s 5,  pBu.CH(OH XCOOH
L

(XxXIV) . (XXXv )
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Most. of the other methods used for the preparation
of phenylbutazone are usually modifications of the above
two or methods which involve the alkylation of 3,5-dioxo-
-1,2-diphenylpyrazolidine (XIV) c.g.

PuR NPh | Pb?-———-Twn
0=C C=0 + CHaC=CH.CHsCl  g=0
\\‘cﬁl él S —D
# | .CHz .CH=( .CHj
(XIV (XXXVT ) (xxxviz) ©2
casof = CH.CH,C1 . 1\4
C1  (XXXVI) —3 CH,.C = CH.CH,.CH(CO,Et),
+ .
1
CH,y (COgEt), , - (XXXVIII)

(XIv) is condensed With 1, S-dichloroobutene;z (XXXVI) in
the presence of one equivalent of sodium hydroxide to give
4«(5—chloro-2-butenyl)-3 5-dio0xo-1,2-diphenylpyrazolidine
(XXXVII) (36). (XXXVII) can also be prepared by condensing
diethyl malonate with (XXXVI) to give ethyl 3-chloro-2-
butenylmalonate (XXXVIII) which with hydrazobenzene gives
the pyrasolidine (XXXVII) (36). (XXXVII) is converted to
phenylbutagone (XXX) by hydrogenation using Raney nickel
as catalyst. Phenylbufaébne can also be obtained by
conversion of (XXXVII) into 4=(3-oxobutyl)=3,5-dioxo-1,2=
-diphenylpyrazolidine (XXXIX) using concentrated sulphurie
acid, followed by Huang-Minlon reduction, or by the




reduction of (IXXVII) to 4-(R-butenyl)-3,5-dioxo-1,2~di-
phenylpyragolidine (XL) followed by catalytie ﬁydrogenation
(36). | |

H..CK,-,;CH;COCH; ‘ .
( XXXVII) ~a

(XIEX) ' (XXX)
AN PhN———-fPh } 7
. o
CH.CHaCH=CHCH,
(xL)

(XL) can also be prepared by the condensation of
hydrazobengzene and ethyl 2-butenylmalonate using sodium
ethoxiée as condensing agent (37).

Various other methods for preparing phenylbutazone
(XXX) have also been patented. If n-butylmalonyldianilide
is treated with dehydrogenating agents such as sulphur or
aluminium chloride, cyclisation occurs with the formation
of thé ﬁyrazolidine (XXX) (38). A modification of‘thisv
-method consists in treating gybutylmalbnyldianilide with
a hypochlorite or a chloramine followed by cyclisation of
the resulting H,N’—dichloro-interhediate using Raﬁey nickel
(39). A final method (40) which might be mentioned

involves the condensation of a monosubstituted malonic




dialdehyde (XLI) and hydrazobenzene, and the resulting
secondary alcohol (XLII) oxidised with a hydrogen acceptor

such as acetone or cyclohexanone, in the presence of a

catalyst like alumihium-butoxide or aluminium ]go-propoxide,

to (XXX). Another method of obtaining (XLII) consists

. _CHO Ph h
,_mue( + (PhFE), IP
CHO —>  HOH HOR
(XL1) fono
| (XLI1)
Ph§——¥HPh Frm‘!——mrh T
Ml: CN —> mvn = NH,HCY | gneq,
\{03&1 | CHpBa
(XLIII)  (XLIV)

in treating EC.CHR.COR'(R*‘ = halogen, hydrogen or alkoxy
,radiéal)‘With hydrazobenzene to give (XLIIi). This
product is then:agitated for a few minutes in anhydrous
stannous chloride in ether saturated with gaseous
"~ hydrochloric acidi the product (XLIV) on refluxing with
| water gives phenylbutazone. This method is of little
practical importance since no physiecal constants of the
compounds prepared and only a few experimental details are
given. ’

Two metabolic products of phenylbutagone in man

‘have been isolated (41) both of which are mono<hydroxy



phenylbutazones; metabolite I (XXVIII) has one of the
phenyl rinés hydroxylated in the p_-f)osition and ‘
metabolite II (L) has a hydroxyl group in the ¥ position
of the butyl side chain.Von Pfister and H;.fliger (42,43)
have confirined these two structures by the following
syntheses. Q-Acetoxyhydrazobénzene (XLV) was condensed

with n-butylmalonyl chloride to give the pyrazolidine

PhNH—NH.CgqHg . OAc (p) PhN———N.CgHg -0Ac(p)
(X1Lv) O=(": ¢
S
+ ¥H.pBu
nBu - CH(COC1), (XIVI}
Ph————¥.CoHg. OH(p )
__.._.> =0
-nBu
(XXVIII) (Metabolite I)

(XLVI) which on saponification yielded metabolite I

(XXVIII)>. Metabolite II was synthesigzed in the followlng

manner (44).‘ Ihé condensatidn of Y- (ethylenedioxy)m

butylmalonic ester (XLVII) with hydrazobenzene gaveyY —ethyl-

enedioxy-phenylbutazone (XLVIII) which on treatment with

__p:»toluenesulphoni_c acid in acetone gave the ketone (XLIX)3;

the latter on reduction with sodium borohydride or with




Raney nickel gave Y ~hydroxy-phenylbutazone, metabolite II
(L) '

CHg.C.CHaCH(COgEL )3
o/"\ 0o e S
énr‘éag |
(XIviI)

0/0——-—3&
Acetone
CHy .G .CHaCHaCH ‘ p-toluenesulphonie acid

P! o
CHy~CH,
(XLVIII)
0——3NPh
CHaCOCHgCHLCH NaBlly or
? avma ‘ Raney Nickel
0——¥Fh
(XLIX)

| 0—I;
CHyCH (OH X:H;CH;< rh
| :0—HPh

(L) Metabolite II
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The Synthesis of 3-Imino-5-0xo-1,2-
diphenylpyrazolidine and Derivatives.
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Althoﬁgh a large number of 3,5-dioxopyrazolidines,
substituted either!in the 4-ﬁositibp or in the ﬁhenyl rings
or in both have 5een deseribed as‘analbgues of phenylf
butazone (XXX) (15) [see introduction], no derivatives
have been described in which one of the 0xo groups in the
l,2-diaryl compounds was replaced by an imino group.

Some 1—a1ky1—2—aryl—3(5)-imino~5(3)-oxo-pyrazolidines

PhN——-1-NFh RN !
Py
Ha

m'
A 7 )
0=C o=c\e/csm 0<C ~CO4R
p N
n Ba '
{xXxX) ‘ (LI) (LII)

(LI; R = alkyl or aryl; R's=alkyl) are known (44,45) and
they have an antipyretic effect. These compoundé are
usuaily prepared by the alkylation of 1-ary1;5(5)-imino~
~5(3)—oxo-pyrazolidines (LI; R = aryl; R' = H) e.g;
.méthyiation of 3—1mino—5-oxo-laphsnyipyrazolidine'(LI,-
Ria Ph; R' = H) gives 2;m§thy1~3~1mino-5~oxda1-phenyl-
pyrazolidine (LIQ R = Ph; R' = Me) (46). The 1attef
compoﬁhd can be also prepared from 2-alkyl-l-aryl=5-
.-pyrazolone-sacarboxylic acid (LII3 R = aryl; R' = alkyl;
R" = H) either by the Hofmann or Curtius methods (44,45).

There are 5 number of methods which can be used

for the preparation of*iminonoio-pyrazolidines., Ir
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phenylhydrazine is used as the hydraziné‘derivative, then
the first method is by the condensation of phenylhydrazine
and ethyl cyanoacetate using sodiﬁm alkoxide as the J
condensing agent. Using this method Conrad and Zart (47)
obtained a compound which they assumed to be 5-imino-3-oxo-
~l-phenylpyrazolidine (LIII). This reaction was rein#esti-
gated by Weissberger and Porter (48) who suggested that the

T e

C= 0=C C=RH
N4 N
(LIII) (LIV)

reaction could also lead to tﬁe isomeric 3-imino=5-0x0-l-
-phenyipyrazolidine (LIV). In order to establish whether
the compound from the reaction had structure (LIII) or
(LIV), they synthesized (LIV) in an unambiguous way
starting with 1apheny1-5~carbethoxy_55pyrazolon¢’(LV) (49).
This latter compound can be prepared by ring closure of
the Wéil characterised ethyl oxalacetate phenylhydrazone
(IvI) (49). (LV) was transformed to the hydrazide and then
‘to the azide (LVII) using nitrous acid, and the latter
subjected to a Curtius degradation. The compound obtained |
was identical with that prepared by Conrad and Zart. |

Thus the condensation of ethyl cyanoacetate with phenyl-



is8

Hy Hg
(zv) (V1) (1)

hydraﬁine in the presence of sodium alkoxide results in
the formation of 3-imino-5-oxo~l-phenylpyrazolidine (LIV).
This reaction, however, is not general because ﬁith other
monosubstituted hydrazines, the corresponding 3-iminQ=S=
—oxopyraiolidine is ndt always isolated €.80. 2=-pyridyl-
'hydfdzine and 2-quinolylhydrazine yield the respective
S5-imino-3-oxopyrazolidine (50). These hydrazihea,can
however be converted to the 3-imino»5-oxnpyrazolidines by
" another method (51). In this synthesis the hydrazine
(RWH.NH, ) is condenséd~with ethyl malonate monoimidoester
(LVIII) either directly to the respective 3-imino=5-0xo-

- pyrazolidine (IX) or with isolation of the intermediéte
ethyl 8—(E-R-hydrazine)—B-iminopropionate (iIX). The
latter on treatment with alkali ring closes to the

pyrgzolidine.,

HN=(‘!~=’OEt nm-—_-?n nT———-—m
CH, + RNH.NH, Et65C =NH © C=NH
| —_— .
COgEt Ha He

(LVIII) (LIX) (1x)
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Tb prepare the isbmerié series of compounds, i.e.
5-1mino-3-oxo-l-arylpyrazclidines, a general synthesis is
‘the condensation of cyanoacetyl chloride-or.azi&e (1X1)
with a hydrazine (52) e.g. phenylhydraszine, as 111ustrafed
(IXI - LIII). To prepare derivatives of the latter type
esg. 5-anilino-3-oxo-l-phenylpyrazolidine (LXIV) (53)

c}:ou, B

CHa  * PNH.FH, —> &G Jzzo —> (1)
ct.n \cn/,

(1X1) . (IxII)

phenylhydragine is condensed with the sodium salt of‘
a-carbefhoxyacetothioécetanilide (LX111) (54).

CH3CO.CH.COzEL | PhN———NH

PhN = C * PuNH.NHy —>  PnN=( Lo
elma_ | Ha
(LXITI) (IXIV )

The first objective in this work was the preparation
of 3-imino-5-0xo0~1,2-diphenylpyrazolidine (LXV). In this
compound the 3- and tﬁe 5~ positions are equivaient and no
problem of isomerism will arise. Since N,N'-diaryl-
hydrazines are less basic than the N-monosubstituted

hydragines, it was decided to use the more regctive
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cyanoacetyl chloride in the initi{al synthesis of (IXV).

S

(ILXV) (IX¥I)

A potential intermediate for the synthesis of this comﬁound9
eyanoacetylhydrazobenzene (LXVI) had been previously des-
cribgd,(55) as the product of reaction between hydrazo-
benzepe, cyanoacetic acid and phosphorus oxychloride in the
Qpresehce of pyridine. Lacking experimental details we |
were urable to reproduce it and the reaction of cyanoacetyl
chloride with hydrazobenzene in the pregence of pyridine
was therefore éxamined. Using 1.5 mols. of cyanoacetyl
chloride per mol. of hydrazobenzene, (LXVI) was only |
obtained in ca.15% yield, 30% of the hydrazobenzene being
recovered. If 2-3 mols. of the acid chloride per mol. of
hydrazobenZehe was used then a 30% jield of (IXVI) was
obtained. Cyanoacetylhydrazobenzene (LXVI) could then be
cyclised to Svimin§-5-0x0-1,zcdiphenylpyrazoliding (1xV)

by heating with‘either aqueous ethanolic sodium carbonate
or less effectivély with solutions of sodium methoxide or

ethoxide in the corresponding alcohol. The oxo-imino.

compound was also isolated in 9% yield from the cyanoacetyl-



0

hydrazobenzene mofher liquors of the acid chloride_reaction.
Also isolated from the condensation o: cyanoacetyl chloride
with hydrazébenzene was an aeidic compound whose structure
is discussed on page 45.

The purification of cyanocacetyl chloride by distilla-
tion even under reduced pressure sometimes resuited in
pyrolysis and decomposition. For this reason it was
decided to investigate the reaction of ethyl cyanoacetate
and hydrazobenzene. However when the condensation was
carried out in the presence of sodium ethoxide and in a
nitrogen atmosphere, oﬁly an 8% yield of (1XV) was obtained,
a2 considerable z2mount of hydrazobenzene being recovered
along with some azobengene. Several attemptslto increase
the yield of (LXV).from the above condensation were carried
out. Solutions of ethyl cyanoacetdte and hydrazobengzere
in ethanolic sodium ethoxide, in pyridine and 1n‘K-methyla
mdrpholine were left for two days at room temperature and
in an atmosphere of nitrogen. In all three cases a 95%
recovery of hydrazobenzene was obtainéd;. no reaction |
appeared to have taken place.

_pp'-Dimethylhydrazobenzene was converted inté its
cyanoacetyl derivative (LXVII; R' = Me) as described above
and the latter compound was cyclised using sodium carbonate

te 3-imino-5~-o0xo-1,2-di-p-tolylpyrazolidine (IXVIII; R' = Me}



which was also prepared in poor yield by base catalysed
interaction between ethyl cyanoacetate and pp' -dimethyl-

hydraiobenzene;
2-R'.CoHy N «CeHg.p-R' P-R' .c,n‘ N——NH.CgHep-R '
=NH /3
“ \
(LXVIII) (IXVII)

Because of the low yieid of (IXV) from the base
catalysed ethyl éyanoacetate condensation with hydrago-
benzene another synthesis had to be devised. It was found
that the most convenient method fof the preparation of
3-imino=5-0x0~1,2-diphenylpyrazolidine (IXV) was the
reaction of the known chloroacetylhydrazobenzene (IXIX3
R =H; X =201) (56) with potassium cyanide in aqueous
ethanol when é 57% yield was obtéined, the intermediate
(LX?I) being presumably cyclised as it wase formed under
the alkaline conditions, none being isolated. Similarly
q-bromoPrbpionylhydrazabenzene (I-XIX;R&CH;, +X=Br ), vhich had

Pmlv-——-nnpn PhN——-~NPh
X 04 \{csm
]
R CHy

(LXIX | (LXX)
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been prepared by Bischoff (57) could be éyclieed (58) by
refluxing with aqueous ethanolic potassium cyanide, to
3-imino~4-methyl=5-0x0-1,2-diphenylpyrazolidine (LXX).
Potassium cyanide treatment of a—chloropropionylhydrazo—
benzene (IXIX3 R = CH;, X = C1), the product from the
condensation of a-chloxopropionyl éhloride and hydrazoe
benzene, also gave (LXX). ,

Using the above method of synthesizing imino-oxo
pyrazolidines from the action of potassium cyanide on ¥-
a-haloacyl derivatives of hydrazobenzene it should be
possible to extend it to preparing other 4-alkyl and 4,4-
dialkyl derivatives of (IXV). Due to lack of time this
was unéble to be carried out.

An attempt to prepare N-acetyl-N'-cyanoacetyl-
hydragzobengene by refluxing H—cyanoacetylhydrazobenQene
- (1XVI) with acetic anhydride for 1 hr. was unsuccessful;
cyanoacylation of N-acetylhydrazobenzene also failed.N-Cyano-
a€gtiyhydrazobenzene was insoluble in aqueous minexral
acid and aqueous sodium hydroxide as was 3-imino-5-0xo-
1,2~diphenylpyrazolidine (ILXV). Diazomethane did not
react with either R—cyanoacetylhydraéobenzene or’ 3~-imino-
~5-0x0-1,2-diphenylpyrazolidine; the latter compoumd

gave a red colouration with ferric chloride.
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~ The ultraviOIet absorption of N—cyanoacetyl—
hydrazobenzene (IXVI) showed a bathochromic shift from
238 mu to 256 mx on pass_ing from ngutral to alkaline
solvent while 3~imino-5—oxo-1.2-dipheny1pyrazolidine (1XV)
showed no effective cﬁange in tha position (256 mu) or
PhN-———NPh PhN y

| I

HO-C =N = oJ: m‘v—‘ :j !"f:na
VTN \'d

H
~ : a A b
| (LXV)
::i:————nm Pnf———-xlwu Phlll 1.!?::
C=0 = 0=C c-OH 0=C {c OCH,
A4 N4 A4
(xIv) (XIVa ) (LXXI )

intensity of the longer wavelength-ultraviolgt maximum
when the determination was done in neutral, acid or
alkaline solution, i.e. no increase in conjugation. This
was in contrast to 3,5~diox0-~1l,2-diphenylpyrazolidine
(XIV) the ultraviolet absorpfion spectrum of which was 248
m: in ethanolvand 253 mz in alkaline solution suggesting
an increase in conjugation in keeping with (XIV) going

to (XIVa). (XIVa) was 'substa.nfiat‘ed by the fact that on
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treatment with diazomethane, Somethoxy-s-oxo-l 2-
—diphenylpyrazoline (LXXI) was obtained. 3-Imino-B-
-oxo~1,2—d1phenylpyrazolidine (LXV) cannot be completely
represented by a;single structure but more probably by
& tautomeric equilibrium of structures (ILXV), (1XVa)
and (LXVb), with the equilibrium favouring the latter.
This gquestion of tantomers is further discussed on
page 55. |

A suspension of 3-imino-5-0x0~1,2-diphenyl-
pyragzolidine (ILXV) in aqueous sodium hydroxide was
ghaken for three daya at room temperature in an
unsucéessfuliattemét to convert it to the alkall soluble
Sosudioxoel,zmdiphenylpyrazalidins {XIv). However
heating (LXV) with alkali split the pyrazolidine ring,
hydiazobenzene being obtained.

Hydfolysié of N-cyanoacetylhydrazobenzene (LXVI)
and 3-imino-5-0x0-1,2-diphenylpyrazolidine (LXV) with
aqueous ethanolic hydrochloric acid gave the same
products, a bicarbonate soluble compound A, an alkalil
soluble compound B and a neutral compound C. The alkali
solubie conpound was readily identified as 5,5-dioxou1,2;
dlphenylpyrazolidine (XIV). Compound A, which was én acid,‘

could bdbe thermally decarboxylated to N«acetylhydrazobenzen@a

Compound A was therefore N—(ﬁscarboxyacetyl)whydrazobenzene

|
|
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(LXX1I; R = H), which since its a B-keto acid should

PhN——NHPh
0=C COgR
CHy
(LXXII)

readily decarboxylate. The infrared spectrum of compound
C suggested that it was an esfer and since the hydrolysis
was carried ouf in ethanol, it was reasonable to assume
that compound C was the ethyl ester of the acid (LXXII;

R = H). Treatment of (LXXII; R = H) with diazoethane
yielded Nu(ﬁ-ethoxycarbonylacetyl)«hydrazoﬁenzene (LXXIIg
R = Et) which was idénticai with compound C. The estier
(IXXII; R = Et) could be cyclised by refluxing with
ethanolic sodium ethoxide with the formation of>3,5-dioxoe
1,2-diphenylpyrazolidine (XIV).

In an attempt to prepare acyl derivatives of
hydrazobenzene, Tsumaki (17) prepared 3,5-dioxo-l,2-
~-diphenylpyrazolidine (XIV) by the action of malonyl
chloride onAhydrazobenzeneo He found that (XI?) was fairly
stable and was not decomposed by dilute acid or alkali,
However on heating with concentrated alcoholic potaéh
solution, (XIV) seemed %o be hydrolysed although he could

not detect hydrazobénZene or benzidene in the decomposition

produet. In addition to 3,5-dioxo-l,2-diphenylpyrazoli-
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dine (XIV) another substance C,4H,;,0,N, was obtained as

a by-product, m.p.160-162°, which seemea somewhgt
decomposed.before mglting. This qoﬁpound was éolnble

in sodium cérbonéte and sodium hydroxide solutions and
was reprecipitated unchanged by the addition of acid.

Prom its mode of formation Tsumaki proposed two structures

nemely (IXXIXs R = H) and (IXXIII). Teumaki reasoned

P Ph
0=¢  CHOR
HOH
(LXXIII)

that if (LXXII3 R = H) was correct then on thermal
decomposition azobenzene, acetanilide andearbon dioxide
would have been formed, by analogy with the diatillation
of hydrazobenzené, as had been reported by Melms (59) and
Lermonton (60) and with the distillation of N-acetyl-
hydrazobenzene (61). Since Tsumaki could detect none
of these decomposition prodpcte he therefore chose
structure (LXXIII) for the compound.

Tsumaki (17) also obtained this compound by the
action of dilute hydrochloric acid on a chloroform-ethanol
solution of 3,Sadioxo-l,2—dipheny1pyrazolidine (xXIv).




To account for this’Téumaki‘argued that 3,5-dioxo-l.2-
-diphenylpyrazolidine (XIV) was simply hydrated, the asid
acting as a catalyst.

P NPh p Ph | PhN———HPh
| i f HO | }

Osc\ /:=o —> ow\/c-oa - ox\/cnon
CH, _ cH | CHOH

(XIV) (XIVa) (_Lmu)

Now since (XIV) was not hydrolysed to hydrazo-
benzene as mentioned above, even with éoncentfated
hydrochloric acid, Tsumaki considered that the formation
of (IXXIIgs R = H) from (XIV) by hydrolysis was very
unlikely. 1In view of these facts Tsumaki advanced
structure (IXXIII) namely 4,5-dihydroxy-3=-o0Xxo-1l,2-
~diphenylpyrazolidine.

When 3,5-dioxo-l,2-diphenylpyrazolidine (XIV) was
hydrolysed, using the same conditiona’aS’for N-cyanoacetyl
hydrazobenzene (LXVI) and 3-imino-5-o0xo-l,2-diphenyl-
pyrazolidine (LXV), it was partly converted into a mixture
of R-(B-carboxyacetyl)-hydrazobenzene (LXXII3 R = H) and
its ethyl ester (LXXII; R = Et); When an aqueous dioxan
solution was used in place of ethanol in the'hydrolysis,
only the acid (IXXII; R = H) was obtained. The acid and

its ethyl ester were also obtalned when we repeated
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Tsumaki's hydrolysis conditions. Sinece N~(B-carboxyacetyl)-
-hydrazobengene (ILXXII; R = H) melts at 133-134° (decomp.)
and N-acetylhydrazobenzene has m.p. 160-161°, the author
is of the opinion that Tsumaki's product was probably
(IXXII, R = H) but that his melting point determination
method resulted in slow decomposition to N-acetylhydrazo-
bengene, whose m.p. was thus uwltimately determined.
3-Imino=5-~0x0-1,2~diphenylpyrazolidine (IXV), in
contrast to 3,5-dioxo~l1,2-diphenylpyrazolidine (XIV), does
not condense readily with aldehydes and ketones. Whereas
the latter will form an isopropylidene derivative by simply
refluxing in acetone (17), the former will condense with
only a few carbonyl compounds. On refluxing 3,5-dioxo-
-1,2-diphenylpyrazolidine (XIV) with cyclohexanone a
yellow crystalline compound was obtained which was the
4~cyclohexylidene derivative (XVII) (17). 3=-Imino-5-0xo-
1,2-diphenylpyrazolidine (LXV) on heating with cyclo-
hexanone gave a colourless compound Cy,;H,, ON; which is
regarded as 4-cyclohexenyl~-3-imino-5-o0xo-1,2~diphenyle
pyrazolidine (IXXIV). The lack of conjugation between
the double bond and the heterocyclic system in (LXXIV)
1s also apparent (58) from its ultraviolet spectirum
which has the longer wavelength maximum at 255mu whereas
(XVII) has absorption maxima at 255, 360 and 372 mu.
(LXXIV) on catalytic hydrogenation gave the

2—cyclohexyl derivative (ILXXV). Aqueous ethanolic




PhN——-I'iPh Pmir———--zlvpn Phr‘ammx
o:«:i =KH 0=C. c=ua 0=C =0
f ! ¢H
(LXXIV) (LXXV ) (LXXVI )

acid hydrolysis of (LXXV) afforded 4-cyclohexyl-3,5-
~dioxo-1,2~diphenylpyrazolidine (LXXVI), which was also
obtained by catalytlc hydrogenatlon of 4-~cyclohexylidene-
3, 5-dioxo-l o2-diphenylpyrazolidine (XVII). ({(ILXXIV) was
also prepgred, in low yield, by refluxing ﬁméyanoaéetylo
hydrazobenzene with cyclohexanone, the N-cyanoacetyl-
hy&razobenzéne (LXVI) being presumably cyclised to
3eimino;5-oxo=1,2odipheny1pyrazolidine (LXV) before
condensing. ‘
Both 3,5-dioxo-l,2=diphenylpyrazolidine (XIV} and

-imino-2-methyl-5=-0x0~l-phenylpyrazolidine {(LXXVII}

on treating with nitrous acid gave coloured isonitroso-
=derivatives (XX) (17) and (LXXVIII) (48) respectively.
Under the same conditions S»iminoeSwoxomlg2=diphenylm

pyrazolidine (ILXV) gave 3-imino~4-isonitroso-5~0x0=1,2-
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—diphenylpyrazolidine<(iXXIX), which was converted into
(XX) by aqueous ethanolic acid hydfb}yais. (LXV). coupled
with benéened;azdnium:chloride,-fufniéhed 3~iﬁino~5—oxo—
f4epheny1azo~1,2-dipheny1pyrazolidine (I1XXX). Reduction

pﬁu—-———xlnm Phl'V—---—-l'me | Pmlc—---npn
’ C=RH O= C=NH 0=C, L=NH '
3
i i
NOH NOH
(LXXVII) - (LXXVIII) (LXXIX )

of (IXXIX), using zinc dust-hydrochloric acid at 0°
afforded 3,4-diamino-5-0x0-1l,2-diphenylpyrazoline (LXXXI).

PN l'wph Pni: xlvPh PhN——NPh

o=c\ {sun 0=C \/ﬂm = o= /c-nna
: . e b
N=NPh . NH; 2 ~ 2 P
(LXXX ) (LXXXY )

Attempts to prepare the 4-amino derivative (ILAXXI) by
catalytic hydrogenation of the 4-phenylago derivative
(LXXX) and the 4-isonitroso derivative (LXXIX) using
both Raney nickel and platinum oxide were unsuccessful.
The a-diamino system in (LXXXI) proved reactive

towards a~dioxo-compounds, as expected. 3,4-Diaming-~5-



-0x0-1,2-diphenylpyrazoline (LXXXIb) condensed with
diacetyl at room temperature giving 5 6—dimethy1-3-oxo-

-1 2—dipheny1pyrazolo-{a.ab]~pyridazine (LIXXII), and on
refluxing an acetic acid solution of the diamine (LXXXI)
with benzil, 3—0:0-1,2.5;G—tetraphenylpyrazolo‘[2;3b]'
pyridagine (LxxxIII) was obtained. Under aimiiar
conditions to the latter, (LXXX1) condensed with phenanthra-
quinone to give (IXXXIV)

e~ =0 Ph— P 2=0
Tk Ik
Ph B

(LXXXIII)

(LXXXIV)

Attempts to cyclise 3,4-diamino-5-oxo~l,2-diphenyl-
pyragoline (LXXXI) to give the iminazolo-[3,4d]-
pyrazoline ring system were undertaken. (IXXXI) was

refluied with acetic anhydride but a compound analysing
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for a monoacetate derivative of the diamine (ILXXXI) was
oﬁféiﬁed; cycligafion failing to take place to give
(ILXXXV). Refluxing the pbnoacetate of (LXXXI) in xylene
also failed to bring about cyclisation. Similarly
prolonged treatment of (ILXXXI) with formic acid was

again unsuccessful, a monoformate derivative being obtained

K 1=0 N : E' =0
He /L'/”\n/i " ku‘/"\m)}' o

(LXXXV ) (LXXXVI)

and not the cyclised compound (LXXXVI). However using
more forceful conditions it should be possible to form
(LXXXVI) and its derivatives e.g. (LXXXV).




Acyl Derivatives of 3-Imino-5-0x0-1,2-
diphenylpyrazolidine. |
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The aoylation of 3,5-dioxo~l,2-diphenylpyrazolidine
(XIV) using acetic anhydride-pyridine kza) or more
prolonged treatment with acetic anhydride alone gives the
alkali soluble 4~acetyle3,5-d10xo-l1,2-diphenylpyrazolidine
(XXIII). Since (XIV) is also alkali soluble and reacts
with diazoethane to give 3-sthoxy~5-oxo~1,2~diphenyl-
Pyrazoline (IXXIVIIs) 1t would be reasonable to expect
_ the O-acetyl derivative (LXXIVIII)to be also formed; this
howvever is not the case.

3=Imino-5=0x0-1,2~diphenylpyrazolidine (IXV)_ on
acetylation could give three‘pOBSible monoacetates namely
the 4-acetyl derivative (LXXXIX) the N-acetyl derivative
(¥CI) and the O-acetyl derivative (XC). '

On heating 3uiminou5eoxo-192mdiphenylpyra2011dine
(LXV) with acetic anhydride a mixture of two isomeric mono-
acetates was obtained which was convenlently separated by
the solubility of one constituent in alkali. The alkali
soluble acetate was called acetate A and the neutral one
was called acetate B. The latter was aleo p:gpgfed
exclusively by treatment of (LXV) with acetyl chloride
in pyfidine at 0°. On refluxing a chloroform solution
of (LXV) with acetyl chloride alome, acetate A was ‘
obfainad in low yield together with more than 50% of the

starting material.



PAN ————NPh PhN—————NPh PhN——=—=Ph

0=C C=0 \ xl:o 0=C /,c-aonE
COCHg
(X1v) (XXTI1) (LXXXVII) R = Et

(LXXXVITII) R = Ac

Ph? NPh Ph?*-——~—?Ph PhE—————NPh
0=C C=NH 0=C C=NH Ac0-C C=RH
N N
a3 ?H ( R
COCHg
{LXV) (LXXXIX) (xc)
TPh PhN Ph Pmir NPh
I— =
NHAc C=NRAc cmﬁAe
i /
\{ N
a b ¢
S A 4
(Xc1)

On heating 3~imino-5~oxo«192-diphénylpyraéolidine
(LXV) with a minimum amount of acetic anhydride at 100°,
until (LXV) had completely dissolved, usually 30-40 min.,
a compound was obiained along with acetate A and acetate

B and which diffgred from acetates A and B. This
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qompound. designated acetate C, analysed for a monoacetate
and gave a red ferric colour. It is noteworthy that in
this reaction, acetate C occurred in 30% yield whereas

the yleld of acetate A was greatly reduced but that of
acetate B was only slightly diminished.

When acetate A was hydrolysed with aqueous
ethanolic sodium carbonate solution, (IXV) was obtained
in very good yield. Acetate B, however, was unaffected
by heating either with aqueous ethanolic solutions of
sodium carbonate or sodium hydroxide. Acetate C was
aleo hydrolysed to (LXV) with ethanolic sodium carbonate
solution. This difference in stability of the three
monoacetates to alkaline hydrolysis made it necessary for
a study of the relative resistance to alkaline hyﬂrolyais
of the G-, N- and O- acetyl groups. -

| 5-Acetoxy-3-phenylpyrazole (XCIII), obtainsd by
Weissberger and Porter (62) from 5-oxo-3-phenylpyrasoline
(XCII) using acetic anhydride-pyridine, was insoluble in
carbonate and was readily hydrolysed to (XCII). They
found that on shaking with a 2% aqueous sodium hydroxide
solution, (XCIII) dissolved'in about 10 min., to give
(XCII) on acidification. This illustrates clearly the
susceptability of an O-acetyl group tc hydrolysis.

The acetylation of 3-imino-2-phenyl-S5-oxopyrascli-



dine (XCIV) gives the C-acetyl derivative (XCV) (63) anad
when excess acetic anhydride is used a triacetate (XGVI)

is produced, (XCV) is soluble in carbonate which excludes

T |

Ph-C .' st Ph~- L-dAc

N ( r\qﬂ/
(xcn') | - (XCIIT)

O-acetylation; (XCV) 1s very stable to alkaline
hydrolysis, 70% being obtained after heating in 10%
sodium hydroxide solution at 100° for 2 hr. ~ This
stability to hydrolysis is characteristic of C-acétyl
compounds.(XCVI) on hydrolysis with hot 10% sodium .

T 5 I L e
NN " '\[

(xcIV) (Xcv) (XcvI)
hydroxide gives (XCIV) i.e. showing the absence of a

AcN

C-acetyl group. It was also found that 4-acetyl=3,5«
-dioxo-1,2-diphenylpyrazolidine (XXIIXI) was stable to

alkaline hydrolysis.
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Also acetylation of (XCVII) (64), isomeric with
(XCIV), using acetyl chloride gives a monoacetate (XCVIII)
and when excess acetic anhydride is used a diacetate
(XCIX) is obtained. When (XCIX) is treated with 2%
sodium h&droxide in the cold, (XCVIII) is obtained,
11lustrating once more the facile hydrblysié of the
O~acetyl group. |
' NPh

Ph N

1 R |
HN= \ {0 ’ » AONI..{ \{Q
(xcnp \ | % (XCVIII)

N————NPh

I
AcNK=Q\\<¢4;9-QAc

CH

(XCIX)

Thus it can be seen that the C,-N- and O~ acetyl
group can be distinguished by the degree of resistance
which each offers to alkaline hydrolysis. The C- acetyl
group is the most stable, being unaffected by hot sodium

hydroxide solution, whereas N- and O- acetyl groups are
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hydrolysed under these conditions. The O- acetyl group
is the least stable being hydrolysed by sodium hydroxide
in the cold, an N- acetyl group belng unattacked under
these conditions°

Since the neutral monoacetate B is stable to
hydrolysis, it must therefore be 4-acety1-3-imino—5-oio~
~1l,2-diphenylpyrazolidine (LXXXIX) and this structure is
in keeping with acetate B giving a red ferric chloridd
colour., The longer wavelength maxima of the ultraviolet
of the latter and (XXIII) are similar being‘tespectively
265 and 264 mu in ethanol and 264 mu in aqueous ethanolic
alkaldi. 4~Acetyl—3;imino-5-oxo¢1,2udiphenylpyrazolidine
(IXXXIX) was heated in ethanolic hydrochloric acid for
24 hr. in an attempt to convert it into the alkall soluble
4-acetyl-3,5~dioxo-1,2~diphenylpyrazolidine (XXIII), but
without success. In the hope of preparing a Qiacetyl
derivative of (LXV), e.g. (C) or (CI), (LXXXIX) was
refluxed with acetyl chloride. However (IXXXIX) wae the

only compound isolated.

me——-TPn :j
=NAc Ac /sm
H \.
OCHs ‘ COCHg

NPh

(c) (cI1)



The alkali soluble monoacetate of (LXV) was next
examinedo Its facile hydrolysia, to which reference has
already been made, auggeeted the presence of an N-~ or O-
acetyl group but the red ferric chloride coiour fhvoﬁred
structure (XCI). Acetate A is therefore 3-acetylimino-
-5-oxo—1,2-dipheny1pyrazolidine-(XCI), The alkali
solubility of (XCI) 1s attributed to the vinylogous
imidevfeatpre which allows the formation of the ion as
indicated:

NPh ‘ PhN——-NPh
H¥

||
V«':-mcocng -_—> @o-c\ fncocn,

!

P

Ph -——-—TPh
OHI;\\éﬁﬁgig;COCHb

Sﬁpport for this proéeés comes from the bathochromic shift
in the longer wafelength ultraviolet maximum from 260 mun
in neutral solution and 280 mu in alkaline solution,

indicating an increaae in conjugation.



The acylation of 3-imino-2-methyl-5-~0xo-l~
phenylpyrazoiidine (CII) (46), a compound closely related
in structure to 3-imino-5-oxo-1,2-diphenylpyrazolidine

(1XV), may also deserve some comment.

\/L’ \/:K :I_m:‘

(CIV) (c11) (CIIY)
The reaction of acetyl chloride on (CII) afforded

the alkali soluble H-acetyl derivative (CIII) and when
acetic anhydride was usedy, the neutral 4-acetyl-3-imino-
-2-methyl~5-o0xo~1l~phenylpyrazolidine (CIV) was obtained.
These results are in agreement with those already
discussed for the acetylation of (I1XV¥). TUnfortunately
no ultraviolet or infrared data were available for (CIII)
and (CIV). |

Besides the above evidence, it was desirable to
suistantiafe structures (XCI) and (IXXXIX) for acetates
A and B respectively. Acetate B is a methyl ketone and
as such it should react with a solution of sodium
hypoiodite to give iodoform. 4-Acetyl-3,5-dioxo-1,2-
-diphenylpjfazolidine (XXI1I) is also a methyl ketone and



it was decided to use it in a trial reaction. On treating
a solution of (XXIII) in dioxan (65) with hypoiodite, only
the characteristic odoui of lodoform was observed, no

80114 iodoform being isolated. Similarly a dioxan éolution
of acetate B yielded no solid iodoform but only the odour
of iodoform. On the other hand when a dioxan solution of
acetate A and a blank dioxan solution were treated with
hypoiodite under the same conditions as for (XXIII), not
even the odour of iodoform was detected. These observations
are in agreement with the structures assigned to acetates

A and B.

The structures of acetate A and acetate B have been
established as (XCI) and (LXXXIX) respectively and therefore
only structure (XC) i.e. the O-acetyl derivative, was
left to accommodate acetate C. Although the facile
hydrolysis of acetate C supported this structure, there
remained an anomalous piece of evidence against it i.e.
acetate C gave a red ferric colour. In an attempt to
eetabiiah if acetate C was acidic, s solution of the
latter in chloroform and ethanol was washed with dilute
aqueous sodium hydroxide. The neutral extract yielded
3-imino-5-0xo-1,2~-diphenylpyrazolidine (1LXV) in 33% yield
and the dbasic extract, on acidification afforded

3-acetylimino-5-oxo-1,2-diphenylpyragolidine (XCI) in 60%
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yield. Acetate C was thus in fact a mixture and not a
homogeneous compound as was first thought. PFrom the
above observations acetate C appeared to be 2 mixture
. of either 3-imino-5-0x0-l1,2-diphenylpyrazolidine (LXV)
and 3~-acetylimino-5-o0x0-~1,2~diphenylpyrazolidine (XCI) or
a mixture of the former and 5-acetoxy~3-imino-l,2- ‘
diphenylpyrazoline (XC), the unacetylated pyrazolidine
(LXV) being obtained as the hydrolysis product of (XC),
8ince O-acetyl derivatives are hydrolysed by cold alkalil.
Either of these mixtures would account for the red ferric
colour given by acetate C. The composition of the
mixture was shown to consist qf Seimino~5noxo-i,2-
diphenylpyrazolidine (LXV) and §~acetylimipo-5-oxo~1,2—
diphenylpyragolidine (XCI) because on crystallising a
mixture of these two compounds écetate C was obtainede.
That acetate ¢ was a mixture and not an addition compound
-of the two components followed from ﬁha isolation of
4-acetyl-3-imino=5-0x0~1,2-diphenylpyrazolidine (LXXXIX)
along with S—acetylimino-s-oxoal,2—&ipheny1pyrazolidine
(XCI), after treatment of acetate C with acetlc anhydride.
;4q&0ety1-5.imino-5~oxc-1,2~diphehy1pyrazolid;ne
(IXXXIX) dia nof react with diazome thane,whereas prélonged
treatment of s_acety1;@1n0;5~oxé-1Dz-diphehylpyrazolid;ne

'(XCI) with diazomethane gave an alkali inscluble methyl



derivative which is formulated as (CV) formed from
tautomer (XCIa); hydrolysis of (CV) with sodium
carbonate afforded 3-methylimino-5-o0xo~l,2-diphenyl-
pyrazolidine (CVi) , different from 3-imino-4-methyl-S-
~0X0-1,2-diphenylpyrazolidine (ILXX) and giving a red
ferric chloride colour indicating that N-methylation had
been achieved. . If O-methylation of (XCI) had taken place

Phr—— Ph
C-N(Me )Ac
4
(cv)
Phi— Phlil-—-;lIIPh Pi NPn
E:Hue = 0=C =MMe = HO =NMe
7 Né. n
. N\ . 7
' (cvI)
Pm'l im: PhN————NFPh
MeO =Mic Me0-C C=RH
Y4 N

(CVII) (CVIII)
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giving (CVII) then hydrolyeis would have afforded 3-imino-
~5-meéthoxy~l,2-diphenylpyrazoline (CVIII) which could not
give a red ferric chloride colour. |

In the reaction between 3-imino-5-o0xo=l,2 ,
-diphenylpyrazolidine (IXV)and butyric anhydride, only one
monoacylated derivative of (LXV) was obtained, which ie
in contrast to acetic anhydride. This monobutyryl
derivative was alkali soluble and by analogy with (XcI)
it must therefore be 3-butyrylimino-5-oxo~1l,2-diphenyl-
pyragolidine (CIX). The ultraviolét absorption spectrunm
éf (CIX) confirmed N~acylétion sinoé 1t showed & batho-
chromic shift in the longer Wavelength maximuﬁ from 261 mu

Ph——NPh
0= NCOCH,CH,CHs
Hg
(CIX)

in neutral to 288 mu in alkaline solution, which is in
agreement with the bathochromic shift observed for (XCI)
to which reference has already been made.

From the condensation of cyanoacetyl chlor;de and
hydrazobenzene in the presence of pyridine, an alkalil
soluble compound was obtained (Section I), which could
also be prepared by treatment of 3-imino-5-oxo-l,2-

-diphenylpyrazolidine (IXV) with cyanoacetyl chloride in.



the presence .of pyridine. When this condensation
prodﬁct'was heatedAin'an"gcidic'msdium rolldwea by
basification, 4-acetyl-3-imino-5-oxo-1,2-diphenyl-
pyrazolidine (LXXXIX) was obteined. From its mode of
formation and its hydrolysis product the compound must
therefore be 4-cyanoacety1-5-1m1n0—5—0x0-1.2-dipheny1-
pyrazolidine (CX). The infrared spectrum confirms the

presence of a cyano group. ol

Z:I NPh ,?go
- BPh
=NH —_— Hy \\1t

\\\EEZ;QCH | '/r "

I e (cx1)
OMe

PhIy Pn |
04 Tnn nn/l ?::
) —> X e
Ph

Wa0-C<CHCH {CXII) (CX11I)

A-Cyanoacetyl-3=imino-5-o0xo0-1,2-diphenylpyrazoli=
dine (CX) on heating with either sodium hydroxide or
better with sodium carbonate, was isomerised to an alkalil
soluble compound which gave a deep red ferric colour and
showed hydrogen bonded hydroxyl absorption butno cyano-
band in the infrared. It is believed that cyclisation };as



taken place with the formation of 6-amino-4-hydroxya3-oxo-
-1 2—dipheny1pyrazolido—[2 ad }-pyridine (cx1).
Methylation of the latter compound with diazomethane
yiélded a methyl ether which must be 6=-amino-4t-methoxy-3-
- =0x0-1,2-diphenylpyrazolido-{2 ,3 b ]J-pyridine (CXIII)
since it was also formed by successive reaction of (cx)
with diazomethane to give 3-imino-4—§a-methoxyaﬁfcyano-
vinyl)=5-0x0~1,2~-diphenylpyrazolidine (CXI1I), followed by
heating to 200°. Thise series of reactions rules out the
possibility of the methylated prodgct being 4-cyanoacetyl-
-5~1mino»5-methoxy—l,2—dipheny1pyrazoline (CXIV) instead
of (CXII), since the former would not give (CXIII) on
cyclisation. Structure (CXII) is also substantiated by

Phl—————HPh

l
H00=Q§§%//c=NH

docmecn
(cxIV)

infrared evidence. Kitson and Griffith (66) have found
that in saturated nitriles the CZN freauency lies between
2260 cm.”" and 2240 cm.™ . WNitriles, in which the C:=N
was conjugated with a double bond, have a strong bdand

: 1
between 2232-cm.°’1 and 2218 cm. . These results have



been supplemented by further work by Felton and Orr (67)
.end by Skinner and Thompson (68). Kitson and‘Grirfith
(66) have also atuﬁied-the intensity of the nitéile
absorption band. They fouﬁd a marked variation in
mtensitj in various types of nitriles so that the band
varies from strong to undetectable. Conjugation appears
to increase the intensitys 2250 cm.~ band of benzo-
nitrile has been reported as being about twice the
intenéity of either of two non-conjugated materials (69)°
On the other hand the introduction of a neighbouring
oxXygenated group intb the molecule results in a
reduction of the CzH absorption intensity'to a remarkable
extent (68). The infrared spectrum of (CX) shows a low
intensity band at 22%3 cm."’il which is in agreement with
it being a saturated nitrile and also the carboxyl group
@ to the CzR accounts for the low intensity of the band.
In structure (CXII) the nitrile is conjugated with a
double bond and therefore the C:N absorption should appear
at a lower frequency and have a greater intensity. This
is in complete agreement with the obmerved results,
(OXII) showing a band at 2217 cm.™ and having twice the
intensity of the CEN band in (CX).

Acyl Derivatives of 4-gubstituted 3-Imino-5-0xo-

-1,2-diphenylpyrazolidines.

The acylation of 3-inino—4-methyl-5-0x0-1,2~



-diphenylpyrazolidine (LXX) has been investigated and
differs from its lower hbmologue. There is the possibility
once more of forming three monoacetgates with structures
(CXV), (CXVI) and (CXVII). Reaction of (LXX) with acetyl

chloride at 0° in the presence of pyridine afforded an

pnllv—-—npn Pn
=Mic /C-NH AeO\ /C=NH
H S
Hg cn, COCH3 CHa
(cxv) (CXVI) (CXVIX)

alkali siluble monoacetate, which gave a red ferric
chloride colour. With these properties the monoacetate
can only be 3—acetylimino—4-methyl-5:qxo-l,2—diphehyl-
pyrazolidine (CXV) since both (CXVI) and (CXVII) would
not give a red ferric colour. Also (CXV) showed similar
ultraviolet properties to (XCI). It is noteworthy that
no C-acetylation, i.e. the formation of (CXVI), was
observed although C-acetylation occurred recadily under
these conditions when the 4-position is unsubstituted.
The monoacetate (CXV) was also obtained in over 70% yield
by the reaction of‘(LXX) with acetic anhydride. Treatment
of the latter compound with acetic anhydride gave a

neutral diacetate, which was also formed by more drastie
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reaction of (LXX) with acetyl chloride and pyridine (58)
and along with (CXV) by the action of acetic anhydride on
(LXX). Since the diacetate was hydrolysed by sodium
cafbdnate to the monoacetate (CXV), the second acetyl
group must be attached to the o;ygen and the diacetate
therefore has structure (CXVIII). ' Hydrolysis of the

Ph!————??b

AcO =RAe

N\

Hy
(CXVIII)

nonoacetate (CXV) with sodium carbonate gave the parent
pyrazolidine (IXX) in over 50% yield, some unchanged
starting matefial'being recovered. When sodium
hydroxide was used (CXV) and (CXVIII) were both completely
hydrolysed to (IXX). It may also dererve some comment
that‘in the 4-methyl series, hydrolysis of an N-acetyl
group requires more drastic conditions than in the series
where the 4-position is unsubstituted.

Methylation of 3-scetylimino-4-methyl-5-oxo-1,2-
~diphenylpyrazolidine (CXV) by prolonged treatment with
diagomethane afforded 3-acetylmethylaminowé-methyle=5-030-
~1.2-diphenylpyrazoline (CXIX) whieh was insoluble in

alkali and gave no colour with ferrie chloride. The
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Ph) Ph PhN NPh
Oal! ~N(Me JAc Oaé NMe
N/ N
. {8
- =
(cXIX) (cxx)

PERCE A NI

"hydrolysis of (CXIX) to ﬁ,ws—me’thyli‘minoa-s-oxo-l,2—dipheny1- l‘

pyrazolidine (CXX) was effected by sodium hydroxide (58). ;
Because of the differénces observed ir_xﬂ the acyla- 1

tion of 3-imino-5-oxo-1,2-dipheny1pyrézolidine (LXV) and

its 4-methyl derivative (IXX) it was decided to investigate

the acylation of anothez.'v 4-gubstituted derivative of

(LXV) namely 4-cyclohexyl-3-imino-5-oxo=-1, 2-dipheny1-

pyrezolidine (LXXV). On heating the latter ﬁi?h acetic

anhydride a neutral monoacetate was obtained which did not

give a red ferric chloride colour. Attempts to hydrolyse

the monoacetate usipg 15% sodium hydroxide proved unsuccess-

ful, which ruled out the possibility of an O-acetyl group.

' N
T e |

H C.COCHa

(Lxxv) (CXXI)
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PhN

rooTTr

AV

- (CxXxII) B (CXXIII)

This leaves (CXXI) and €XXII) as possible structures.

As was mentioned previously the acylation of 3-imino-4-
methyl-5-0x0-1,2~diphenylpyrazolidine (LXX) using acetyl
chloride-pyridine or acetic anhydride failed to produce

a 4-acyl derivative of (LXX) and with the presence of a
cyclohexyl ring in the 4-position, the formation of (CXXI)
would appear even more unlikely to occur and therefore
structure (CXXII) was assigned to the monoacetate of
(LXXV). Support for this structure also comes from a
8imilarity in the ultraviolet absorption spectra of (CXXII)
and (CXV) [see Table I]. A substituent in the 4-position
~of 3,5~di0x0-1,2~-diphenylpyragolidine (XIV) also appears
to block acylation of that positiqn because 4-cyclohexyl-
-3,5-dioxo-1,2-diphenylpyrazolidine was unatfected by
treatment with acetic anhydride-pyridine. Thq presence
of a substituent in the 4-position élso increases the‘

registance of an Nmacetyl group to alkaline hy@rclyais €ogo




the difference in stability to hydrolysis between
a-acetylimino-s-oxool.2-diphenylpyrézolidine (XCI) and
its 4-methyl homologue (XV), which has already been
discussed, and so (CXXIX) should show a similar increase
in resistance to hydrolysis; this is in agreement with
the observed results since (CXXII) is unaffected by
alkaline hydrolysis.

The rate of hydrolysis of an N—acetyl group in
the 1mIn0~oxapyrazolidines must be dependent on (a) the
presence of a substituent in the 4-position and (b) the
size of the subatituent. This means that with a substitu-
ent in the 4-position the 3-acetylimino group must be
sterically hindered and the rate of hydrolysis will thus
decrease és the éize of the substituent in the 4~position

increases

From the attempts to cyclise 3,4~dianino-5-0xo-1,2-

diphenylpyrazoline (LXXXI) to give the iminazolo-[3,4d ]-
-pyrazoline ring system [see Section I page 82], a neutral
monoacetate and a neutfal monoformate of the former were
isolated. - The monoacetyl derivative was also prepargd
by treatiment of the diamine (IXXXI) with acetyl chloride
at room temperature. On refluxing the~monoécetate with
acetyl chloride a neutral diacetyl derivative of (LXXXI)
wae obteined which must be 394-d;acetylamino-5-o;n-1,2«

~diphenylpyragoline (CXXVII)o
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=NH zRAe =
\\\ <
B H
Lﬂle « NHg a A
(CXXIV)

nm?—-—-——z:h Phi——NPh
mc\( NH o.-.é é-.-.‘NAc | =
, N
NHCHO ﬁHAc
“ A
(Cxxv1) (CXXVIT)

The monoacetyl derivative of (LXXXI) can have either
structure (CXXIV) or (CXXV). However from a considera~
tion of the ultraviolet‘ahsorption spectra of 4-substi-
tuted imino-oxopyrazolidines and their monoacetyl
derivatives (Table I), structure (CXXIV) is preferred‘
to (CXXV). The products of acylation of (CXXIV) and other
4-substituted pyrazolidines e.g. (IXX) and (LXXV) show
8imilar longer wavelength absorption maxima both in
neﬁtral and alkaline solution. By\analbgy the monoformyl
derivative of the diamine (LXXXI) must be 4-fbfmy1amino-
'-5~1m1ne—5-ozamlgaédiphenylpywazsliéine (CXXVI).




Ultraviolet absorption of 4-substituted

imino-oxopyrazolidines.
Ph¥———NRPh
l iy
HR
[formila | R ‘R |ABtOR - )“Ngg. -
(LxX) Me H | 206, 264 264
(CxXV) Me Ac| 205, 242, 276] 272
(1LXXV) CgH,y | H | 204, 262 223, 263
(0XXII) | C4H,, | 4e| 206, 251, 278| 277
[(LXXXI) | FH, g | 206, 252 -
[(cxxXIVv) | NHAc H | 206, 257 256
{(cxxviI) | NHAc | ac| 207, 232, 276] =231, 278
[(CXXVI) | RHCHO| H | 206, 259 266

Infrared Absorption of Imino-oxopyragolidines.

[

An examination of the infrared absorption spectra

0f 3-imino-5-0xo-1,2-diphenylpyrazolidine (ILXV) and its
4-subatituted derivatives, was undertaken to determine
whether (LXV) existed as the imino compound (1XVa) or

as the amino compound (LXVb).

en
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(1xv)

Primary amines in dilute solution in a non polar
solvent give two absorption bands in the region 3500-3300
cm,'t. The first of these, which is due to the asymmetric
stretching mode, is usually found near 3500 cmo"z9 and
the sécond, whidh ariseé from the corresponding symmetri-
cal mode, near 3400 cm.'i(VO)o Both of these are subject
to substantial changes in concentrated solutions in which
intermolecular association can occur. On the other hand,
secondary amines and imines show only a single NH stretch-
ing absorpfion in dilute solutions. Colthup (71) quotes
an overall range of 3400-3300 cmc'i for imines (-C:NH),
but 1ittle or no information is available in the literature
generally.

Intermolecular anQ/Gr intramolecular hydrogen
bonding effects are shown by most amines under suitable
conditione. The effect of this is to lower the frequenecy
usually by less than 100 cm.~"  Sutherland (72) has
indicated that, in genersl association with ketonic groups
gives absorption in the range 3320-3240 em.~" and with

, _ 1
other nitrogen atoms within the range 3300-3150 cn. o

i
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3-Imino-5-o0xo-l,2~-diphenylpyrazolidine (LXV) shows

two sharp absorption bands in the range 3300-3100 cm.~ ,

one at 3300cm> and the other at 3115 cm.™ (Table II),
when the determination is carried out in a Nujol mull.
This can only mean that'(LXV) is in the amine form i.e.
(LXVb) which is in agreement with the conclusion already
expressed on page 25. Intermolecular hydrogen bonding
effects would almosf' certainly occur in Fujol mull and
would account for the shift from 35C0 cm,"‘.and 3400 emo™

(bonded NH). However

: 1 < 1
(free HH) to 3300 cm.” and %115 cm.™
the infrared spéctrum of (1LXV) in chloroform shows the iwo

| GHOL =
Formula | R |V g:§°1 cms V paz.? Cme
(Lxv) | H %300(93 3448(w)
‘ 3115(s 3356(m)
(LXX) Me 3279(s; 3420(w)
3100(s 5333(m)
K1xxv) | cgH,, 3356(%‘:; 3448(m)
3267 (w 3333(m)
3100(w) R
rx.xxxn HH, 3236(e) 3390(w)
3086(s) 3333(m)
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bands with mpch lower intensities, at 3448 cm."! and
3366 cm.™ indicating a breaking of the hydrogen bonds.
It could aléo.bg argued that the two absorption bands

at 3300 cm.'t and 3115 cm.'x arise from the NH stretching
absorption of the imino group and the absorption of the
hydroxy group in (LXVb). However this seems unlikely
because 3,5-dioxo-l,2-diphenylpyrazolidine (XIVb), which
is alkali soluble and will react with diagome thane, shows
no absorption in the region 3500 em.™ = 3100 em.~ .

The NH deformation absorption, which is a strong
to medium band in primary amines and is extremely weak in
secondary aliphatic amines, occurs in the range 1650-159(
cmo'z. With 3-imino=5-0x0-1,2-diphenylpyrazolidine (1XV}
the position is confused to some extent by the presence
of the aromatic ring vibration near 1600 cme”i and no
assignment of bands due to the EH deformation mode could
thus be made with any degree of certainty.

The structures of the acyl derivatives of 3-imino-
=5=0X0=1,2-diphenylpyrazolidines were determined chiefly
by chemical methods. The infrared spectra of these
compounds further substantiate these structures and show
‘that in the equilibrium between the secondary and tertiary
amide structure, the equilibrium lies well over to the
right i.e.
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' KH stretching (em.” 1) Amide IX ﬁ
Formula R R! nujol iaGHCl, Band (em.”

: : max {5.uu301
——— maX.
(xc1) i Me | 3100(w) 3333(w) - 1538
(61x) H Et | 3215(w) 3333(w) 1534
3289(w) 3333(w)

(0xv) Me Me | 3077(w) 3226(w) 1526 “
(CXXII) C¢Hyy | Me | 3115(m) 3145(w) 1524

Simple secondary amides in dilute solution show

a single characteristic band, due to NH stretching, im

1
the 3460-3420 cm.

range (73=7€).

With open=chaln

-t
secondary amides the NH absorption occurs near 3270 ecm.

in the solid state (73,75-77) i.e. bonded FH absorption.




Secondary amides also exhibit a strong band (Amide II
band) at lower frequemcies the origin of which is the
subject of much controyersy. It bhas beén variously
assigned as an NH deformation mode, a C-N stretching and
as a mixed vibration involving both types of motion (70).
The frequency range found for this band is 1570-1515 cm.,"x9
for materials examined in the solid state (78). Tertiary
anmides on the other hand cannot exhibit either the EEH
stretching or the amide II bands.

The amides (XCX), (CIX), (CXV) and {CXXII) all
exhlbit the NH stretching band and the amide II band
(Muble III), indicating that the secondary amide structure
predominates in the equilibrium as mentioned above.

In addition to the RE absorption, all amides _
(R.CO.NH~) can be expected to show a carboayl absorption
which will be affected to a small extent by the nature of
the R group adjacent to the carbonyl. This absorption i=
termed the amide I band and is common to all types of
amide, including cyclic forms. The CO frequency for
' neutral gmides 1s found to be within the range 1680-1630
cmo"l. However no_p&ecise correlations of the amide I
band have been developed yet. In the case of the amidss
undex discussion,‘the metter is further complicated by the
presence of the ring carbonyl, and no assignment of the -
anide I band arising from the CO of the acetyl group -and

from the ring carbonyl could be made.
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411 m.ns, are uncorrected. Infrared spectra
were determined in mujol unless otherwise stated.
Identities were confirmed by infrared comparisom
ir nujol. Ultravioclet spectra in alkall were
determined in s mixture of equal parte Zi BaOH
and ethanol and in zacid, equal parts of 2H
hydrochloric acid and ethz=nol.

Cyanoacetyl Chloride (52,79). - 4 solution of
eyamcacetic acid (53 g.) im dry ether (350 c.c.) was
cocled In 2 freezing mixture ané phoesphorus trichloride
{95 g.) wae zdded with stirring. ZIiquié chlorine
{35 ccc.} wae now added portionwise with stirring and
the solutiom stirred for a further 30 min. Removal of
the excess phosphorus trichloride znd ether under reduced
pressure gzve z liquid which wze redistilled to give
eyanoacetyl chloride (30 g.) a8 z colourless ligquid b.p.
42%/0.,2 mm.y Schroeter znd Zink (79) gave b.pe 59ﬂ/b¢2
Bty Slﬁ/o‘l mu. znd 68?/0‘2 me.; Weissberger and Porter
(52} gzve b.p. 58-£9%/ 0.5 mm. Cyancacetyl chloride on
treztment with concentruzted asumonis gave ¢ysnoacetamide
noy. 12G-1Z1% (1iv. 119-120%).

B-Cyancucetylhydrazgbenszene. - To g well siirved
suleiliun ¢ hydrezebensens (13.8 g.) in ehloroeform

(5% coel) wud pyridine (106 c.é.), Gooled to <10%; A




solution of freshly prepared cyanoacetyl chloride (21.5 g.s
3 moles) in chloroform (75 c.c.) ias added over a period
of 1 hr. The reaction mixture was allowed to attain room
temperature during 3 hr., then kept overnight and poured
into water (500 c.c.). The chloroform phase was washed
with water (100 c.c.), hydrochloric acid (3 x 150 Cc.Ccog 2H),
aqueous sodium hydroxide (3 x 150 c.c.3 2H), (Extract A)
and finally water and dried (N2,S0,). Evaporation of

the chloroform and erystallisation of the residue from
ethanol gave H-cyanoacetylhydrazobenzene (5.4 g.3 29%) as
plates, m.p. 172-173® (1it. (55) m.p. 172-173°).

Pounde C,71.53 H,5.1%

C;eHy3 083 requiress C,71.7s H,5.2% ‘
.)\gzgﬂ 208(E= 16,000) and 237 mp (€= 18,006)&}3335; 254 mp
(€& = 23,9003 )\ﬁgiczos‘(e = 36,000) and 236 mp (€ =
24,000)5'0 mex. 3306 (NH), 2245 (CH) and 1667 cng'i {co).

S=Iming=5~0x0~1;2~-diphenylpyragolidine. =
(a) Concentration of the ethanolic mother liquors of the

erystallisation of cyanoacetylhydrazobenzene in the
previous experiment yielded 3-iming-5-0xgQ-l,2~diphenyl-
was sublimed at 0.1 mm. for analysis.
Pounds C,71.453 H,5.2%
G“H"Oﬁ, rGQilireﬂg 3371073 3350%




)\ﬁ:xm 206 (¢ = 17,000) and 254 mp (£ = 25,000)3 )\zix‘m
225 (€ = 61,000) and 255 mn (€ = 22,000); )\ﬂ.aos

(€ = 19,000) and 252 mx (€ = 22,000) V. $333, 3175 (HE),
1675 am.'; (co). An ethanolic solution of the compound
gave a red colour with aqueous ferric chloride.

(») A solution of H- cyanoacetylhydrazobenzene (500 mg.!
in ethanol (18 c.c.) and aqueous sodium carbonate (18 c.c.3
2M) was refluxed for 4 hours. The cooled solution wae
diluted with water (50 c.c.) and extracted with chloroforam
(3 x 50 c.c. )y, the combined extracts washed with water

and dried (Ns,S0,). Evaporation of the chloroform and
crystallisation of the residue from ethanol gave 3-imince
;Smoxoalgz—diphenylpyrazgliﬁine (400 mg.3 80%) mop. and
mixed m.p. with preparation (a) m.p. 220=222° (Founds
C,71.73 H,5.3%), The infrared spectrum was identical
with that of preparétion (a).

(e) K;Oyanoaéetylhydrazobenzene (225 mg.) was dissolved
in ethanolic sodium ethoxide from sodium (20 mg.) and
ethanol (15 c.c.) and the solution refluxed for 3 hr.,
éooled, and diluted with water and the product isolated
using chloroform. Crystallisation from méthylene chloride
<§fhexahe £ave 3-imino=5-0x0~1,2-diphenylpyrasolidine

(75 méa) as prisms, m.p. 220-222° alone or mixed with
preparation (a) (Pounds C,71.7; Hy,5.2%). The infrared

spectra of the épecimens were identical. A similar yield




of the product was obtained using methamolic sodium
methoxide.

(d) A solution of sodium ethoxide in ethanol from
sodium (4.5 g.) and dry ethanol (90 c.c.) was treated
successively with ethyl cyanoacetate (10.6 g.) and
hydrazobenzene (18 g.) and the mixture refluxed for

17 hr. in a nitrogen atmosphere (bath temperature,
115.125°3 1internal temperature 86-88°). Then ethanol
(60 coc.) was distilled off at atmospheric pressure, the
internal temperature rising to 126°. The reaction mixture
was cooled, treated with ether (250 c.c.) and water
(250 c.c.) with stirring and shaking and the insoluble
material (1.0 g.) separated giving an aqueous phase (B)
and ethereal phase (C). The pale yellow solid, whick
had the properties of a sodium salt, was treated with
hydrochloric acid (d,1.15) and the agueous suspension
extracted with chloroform. The chloroform extract was
washed with water, dried (Na,S0,) and evaporated. The
residue crystallised from ethanol to give 3-imino=5-0x0-
-l,2-~diphenylpyrazolidine (550 mg.) as plates, m.p.
220-222° alone or mixed with an authentic specimen.
Phase C was dried (NaySO;) and evaporated and the reddish
8o0lid crystallised from chloroform-methancl to give
hydragzobenzene (9.37 g.) as plates, m.p. 126-128° after
washing with light petroleum (b.p. 60-80°) to remove the




vorange colour. Evaporation of the light petroleum
washings yielded azobenzene (2.5 g.) m.p. 67°. The
aqueous alkaline phase B on keeping, deposited solid

(1.0 g.) map. 222°. Evaporation of the mother ligquor

to one third bulk under reduced pressure, and keeping

gave a further crop (0.3 g.) m.p. 220° and from the

mother liquor through chloroform extraction a further

0.3 go mepo 210-220° was isolated. Combination of these
crops and crystallisation from ethanol yielded 3-imino-
«5=0X0~]1, 2«diphenylpyragolidine m.p. 220-222°¢ alone or
mixed with an authentic specimen. An infrared comparison
between bofh sanples prepared by this method and authentis
material confirmed their identity. Acidification of the
aquecus alkaline liquor with 2N hydrochloric acid precipi-
tated a brown s0lid (2.2 go) m.po 300° which could not

be orystallised and which was not further examined.

(o) A solution of chloroacetylhydrszobengene (1.5 g.)
in ethanol (25 c.c.) was refluxed with a solution of
potassium cyanide (2.5 g.) in water (15 G.Co) for 7 hr.

The solution was diluted with water (50 c.c.) and extracted
with chloroform (3 x 50 c.¢.). The combined chldrotorm
extracts were washed with water (2 x 25 c.c.), dried
(Bay,S0,) and evaporated. Orystallisation from éhloroform&
ethanol gave 3-imino-5-0xo-l,2-diphenylpyragolidine (0.8 g.

57#), Msp. 221-222° alone or mixed with an authentie




specimeny an infrared comparison confirmed the identity

of the preparations.

R-Cyanocacetyl-pp'-dimethylhydrazobenzene. - To &
well stirred solution of_ggf-dimethylhydrazobenzene
(9.2 g.) in chloroform (150 c.c.) and pyridine (50 c.c.),
cooled in an ice bath, a solution of cyanoacetyl chloride
(15.6 g.) in chloroform (40 c.c.) was added dropwise over
1 hr. The cooling bath was then removed and the stirring
continued for a further 2 hr. The reaction solution was
then treated with water and the chloroform iayer washed
successively with 3N hydrochloric acid, water, 3N sodium
hydroxide, water and dried (Fa,S0,). The chloroform
solution was evaporated under reduced pressure and the
residue crystallised from chloroformpmethénol giving
Pp'-dimethylhydragobenzene (1.0 g.), m.p. and mixed m.p.
132-134° as the fraction of lesser soludbility. Concentra-
tion of the mother liquor gave a crystalline solid which
was digested with cold benzene and the residue separated.
Recrystallisation from acetone-methanol gave N-cyanoacetyl-
=pp'~-dimethylhydrazobenzene (2.8 g.) as needles, m.p.
144-145°.

Founds C, 73.43 H,6.0%
01731703’3 mquiress Cp 7301‘ H,Gol%.

t
Aw 209 (§ = 20,000) and 238 m (€ = 21,000); A Fadl

225 (€ = 66,000) end 254 mu (€ = 30,000)3 )\gg,lhzov
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(€ = 23,000) and 238 m (€ = 20,000); <7max.3333 (BE),
2273 (CN) and 1692 om.~ (CO).

3-Imino-5-0x0-1,2-di-p-tolylpyrazolidine. ~
(a) Using the same conditions as described for the
cyclisation of N-cyanoacetylhydrazobenzene using sodium
carbonate, N—cyancacetylfgg:-dimethylhydrazobenzene (1.0 g.)
gave 3.;g;ggf5-g;g,1,2-g;:g}tolzlgxgazolidine (800 mg.)
which separated from acetone-pn-hexane as stout needles,
m.p. 212-213°.

Found: C,72.95 H,5.9%
CyyHy9 OBy requires: C,73.1; H,6.1%

)\gzg? 207 (& = 25,000) and 254 mu (g = 29,500);)\?g§§'
254 m (& = 52,000)3 )\ggiezog (€ = 28,000) and 250 m
(€= 30,000);‘§?max°3390, 3185 (NH), 1675 (CO) and 1647 om=
An ethanolic solution of the compound gave a red colour
with aQueous ferriec chloride.
(b) Ethyl cyanoacetate (10,6 g.) and pp'-dimethylhydrazo-
bengene (21 g.) in ethanolic sodium ethoxide from sodium
(4.8 g.) and dry ethanol (150 c.c.) were refluxed for 17 hr.
in an afmosphere of nitrogen. The reaction was worked up
as desceribed for the similar preparation of 3=-imino-5-0xo~
-1,2-diphenylpyrazolidine into an ethereal phase, an

interfacial sblid and an aqueous alkaline phase. The

dried (Na,S0,) ethereél phase Was‘evaporated giving a bright

orange solid residue which was triturated with several
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portions of light petroleum (b.p. 40-60°) and the residue
érystallisgd from chloroform-light petroleum (b.p.40-60°)
to give‘ggj-dimethylhydrazobenzene (10.6 g.) as plates,
m.p. and mixed m.p. 128°. The combined light petroleum
washings on concentration yielded pp'-dimethylazobenzene
(6.1 g,) as orange blades m.p. and mixed m.p. 142°.

The interfacial solid was combined with further
solid which separated from the aqueous alkaline phase on
standing and crystallised from chloroform-light petroleum
(b.p. 40-60°) to give 3=-imino-5-0x0<1,2-di-p-tolylpyrazo=~
lidine (1.2 g.) as stout needles, m.p. 2130 undepressed
on mixing with preparation (a) which had an identical
infrared spectrum.

The aqueous phase was continuously extracted with
chloroform for 5 hr. Removal of the chloroform.gaye |
uncrystallisable material. The aqueous alkaline solution ;
onﬁacidification with hydrochloric acid (4,1.15) gave a T
~ brown solid (1.8 g.), m.p. ga. 320° which could not be
crystallised. |

d-Chloropropionylhydrazobenzene. - A solution
of a-chloropropionylchloride (40 g.) in chloroform (30 c.c.}

was added dropwise to an ice cooled solution of hydrazo-

benzene (25 g.) in chloroform (300 c.c.) and pyridine

(100 c.c.) with stirring over 1 hr. The ice bath was

then removed and stirring continued for a further 2 hr.
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The reaction solution was washed with hydrochloric acid
(500 c.c.; 2N), water (300 c.c.) and dried (NazS0,).
Concentration and cooling and crystallisation of the
8011d which separated, from ethanol gave a-chloropropionyl-
hydrasobenzene (40 g.) as prisms, m.p. 149°
Found: C,65.22; H,5.9%
CygHyg ON;C1 requires: C,65.5; H,5.5%

>\E;2§ 206 (£ = 28,000) and 238 m (£ = 20,000); V maz.
, . .

3250 (NH) and 1642 cm.” (CO).
S=Imino~4-methyl-5~0x0~1,2-diphenylpyragolidine. -

(2) A solution of a-chloropropionylhydrazobenzene (2.5 g.)
and potassium cyanide (3.0 g.) in ethanol (25 c.c.) .and
water (8 c.c.) was refluxed for § hr. The cooled solution
was diluted with water and the product isolated using
chloroform. 3=Ininow4-methyle5~0x0-~1,2-diphenylpyrazoli-
t_!ix}_g (1.0 g.) s‘éparattzed from chloroform as plates, me.p.
180°. |
Pounds C,72.13 H,5.45%
Cs¢Hy s ON; Trequires: C,72.4; H,5.7% ‘
}\f;gn 206 (€ = 22,000) and 264 m (& = 25000);
Nﬁ 263 m (€ = 19,500)3V max. 3874 (NH), 3278 (OH)
and 1640 cm.™ (C0).

The compound gave a red colour in ethanol with aqueous

ferric chloride.




Attempted Condensation of Ethyl Cyanoacetate and

Hydrazobenzene using an Acidic Condensing Agzent. -
A solution of hydrazobenzene (9.2 g.) in ether (500 c.c.)

was cooled to 0°C, ethyl cyanoacetate (5.7 g.) was added
and the solution stirred. Hydrochloric acid gas was
bubbled through the solution for 2 hr. A white solid
separated out after 15 min. The freezing mixture was
removed and the stirring continued for a further 3 hr. and
the solution left overnight at room temperature. The white
precipitate was filtered off, washed with ether and dried
under vacuum. The solid (5 g.) was dissolved in water
(200 c.c.) and basified with 2N sodium hydroxide when a
white flocculent precipitate was obtained. The solution
was extracted with ether, washed with water and dried
(Kay80;). Evaporation of the ether and crystallisatiom of
the residue from methylene chloride-n-hexane gave benzi-
dine as needles, m.p. and mixed m.p. 126-128° (1lit. 128°).
The ethereal filtrate was washed with water, sodium
hydroxide (3 x 50 c.c.j} 2N), water and dried (Na,S0;).
Bvaporation of the ether gave a red residue which on
crystallisation from aqueous ethanol gave azobenzene,

m.p. 67-68° (1lit. 66°). The alkaline washings were
acidified with concentrated hydrochloric acid (d4,1.15),
extracted with ether. The ethereal extract wae washed
with water and the dried (Na,SO,) solution evaporated to

dryness giving only a trace of material which was not
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investigated.

Attempted Condensation of Ethyl Cyanocacetate and
Hydragzobengene with Basic Condensing Agents.
(a) Hydrazobenzene (2 g.) was dissolvéed in pyridine

(15 c.c.), ethyl cyanoacetate (1.4 g.) was added and the
solution left standing for 2 days at room temperature in
an atmosphere of nitrbgeno The solution was poured into
water, extracted with ether, and the ether extract washed
successively with hydrochloric acid (3 x 50 c.c.; 4N),
when a white crystalline solid separated out and was
separated off, sodium hydroxide (3 x 50 c.c.} 3N), water
and dried (Na,SQO;). Evaporation of the ether and

ecrystallisation of the residue from aqueous ethanol gave

azobenzene, m.p. 66-68°. The crystalline solid (m.p. 300°}

was dissolved in water (100 c.c.) and basified with dilute
sodium hydroxide. Ether extraction in the usual way gave
bengidine, m.p. and mixed m.p. 126-127%. The alkaline
washings were acidified with dilute hydrochloric aecid,
extracted with ether and evaporation of the dried (Na;SO,)
ether extract gave a residue which on crystallisation from
methylene chloride-pn-hexane gave a brown crystalline
material, m.p. 141-145°, Lack of material prevented
further investigation of the compound.

(b) To a solution of ethanol (120 c.c.) and sodium (460

mg.) was added hydrazobensene (3.7 g£.) and ethyl cyano-

|

i
|
|




acetate (2.3 g.). The solution'ﬁis left for 2 days at
room temperature under a nitrogehAatmoaphete. The solution
was worked up into neutral and acidic fractions as deécribeé
in the previous experiment. The neutral fraction gave
hydrazobenzéne (3.3 g.), mep. and mixed m.p. 126~-128°.

The acidic fraction gave only a small quantity of a gum
from which no solid material could be obtained.

(¢) A solution of hydrazobenzene (3.7 g.) in ethyl
cyanoacetate (2.3 g.) in R-methylmbrpholine (10 c.c.)

was left overnight at room temperature in a nitrogen
atmosphere. The aolution was worked up as described

above and only hydrazobenzene (3.4 g.), m.p. and mixed

m.pe 125-126° was obtained.

Attempted Preparation of N-Acetyl-N'-cyangacetyl-
hydragobengene. - (a) A solution of N-cyanoacetylhydrazo-

benzene (200 mg.) in pyridine (4 c.c.) and acetie anhydrides
(4 c.c.) was heated on the steam bath for 1 hr. The solu-
tion was poured into water and extracted with ether. The
ethereal extract was washed with hydrochloric acid (3 x

30 c.Co3 33,, water and dried (Na,SQ.); The ether was
evaporated giving a gum from which no solid material could
be obtained. |
(b) R;cyahoacetylhydrazobenzene (100 mg.) was heated on

the steam bath with scetic anhydride (10 c.c.) for 1 hr.




Water was added and the solution evaporated to dryness.
The residue ﬁas crystallised from ethanol to give unchanged
starting material, m.p. and mixed m.p. 172-173°.

(¢) N-Cyanoacetylhydrazobenzene (100 mg.) was refluxed
with acetic anhydride (15 c.c.) for 1 hr. The reaction
was worked up as described in (b) to give unchanged
starting material, m.p. and mixed m.p. 172-173°.

(d) To a solution of N-acetylhydrazobenzene (209\30) in
chloroform (80 c.c.) and pyridine (30 c.c.), cooled in a
freezing mixture, a solution of cyanoacetyl chloride

(1.8 g.) in chloroform (25 c.c.) was added with stirring
over a period of 15 min. The freezing mixture was
removed and worked up into neutral and acidic fractions.
Crystallisation of the product, obtained from the neutral
fraction, from ethanol gave unchanged N-acetylhydrazo-
benzene (2.5 2.), mop. and mixed m.p. 164-165° (1it.159°).
No solid material could be obtained from the acidie

fraction.

N-Carboxyacetylhydrazobenzene. ~ (a) A solution of
N-cyanoacetylhydrazobenzene (500 mg.) in ethanol (18 c.c.),
water (18 c.c.) and hydrochloric acid (1 c.c.3 4,1.15) was
refluxed for 1 hr. The reaction solution was separated

into an ethereal neutral fraction (C) and an alkali

soluble fraction. Acidification of the alkeline solution




and isolation using ether followed by crystallisation
from methylene chloride-p-~hexane gave N-carboxyacetyl-
hydrazobenzene (300 mg.) as needles, m.p. 133-134° (decomp.
Pounds C,66.32; H,5.39% |
CigHy,0;N; requires: C,66.65; H,5.22%
)\Fgggozoe (€ = 17,000) and 238 mu (& = 14,500);
3390~3175 (RH and OH), 1724 cm.“(co)

Viax.
(b) A solution of 3-imino~5-o0xc-l,2-diphenylpyrazolidine

(220 mg.) in ethanol (9 c.c.), water (9 c.c.) and hydro-
chloric acid (0.5 Cc.C.j dy1.15) was refiuxed for 1 hr.
The reaction solution was separated using ether into s
neutral fraction D and an acidic fraction which crystalli@a&'f
from methylene chloride-n-hexane to give K-carboxyacetyl- |
hydrazobenzene (100 mg.) as needles, m.p. and mixed m.p.
133-134° (decomp. ).

(e¢) A solutiocn of 3,5-dioxo-l,2-diphenylpyrazolidine
(1.0 g.) in dioxan (20 c.c.) and hydrochloric acid (0.5
C.C.; 2N) was kept at room temperature for 6 days with
occasional shaking. Water was added and the solution
was extracted with chloroform and the combined chloroform
extracts washed with aqueous sodiunm hjdrogen carbonate;
aqueous sodium hydroxide, water and dried (Na,S0;). Prom
the sodium hydrogen carbonate solution by acidification

and isolation using ether N-carboxyacetylhydrazobenzene

(260 mg.), m.p. and mixed m.p. 130-132° was obtained
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erystallising from methylene chloride-n-hexane as needles.
The sodium hydroxide extract on acidification ylelded
345-dioxo~1,2-diphenylpyrazolidine (450 mg.) m.p. and
mixed m.p. 175-178°. No crystalline material was

1éolated from the neutral fraction.

R-Acetylhydrazobenzene. - HN-Carboxyacetyl-
hydrazobengene (150 mg.) was heated for 15 min. at 140°.
The cooled mass was dissolved in ether and the ethereal
solution washed with aqueous sodium hydroxide (2N), watex
and dried (Na,SO,). The ethereal solution was evaporated
and the residue crystallised from chloroform-ethanol to
give N-acetylhydrazobengene (60 mg.) as needies, m.p-
161-162° alone or mixed with an authentic sample (llio
. BePe 159°). The infrared speetra of the two samples were
identical.

N-Ethoxycarbonylacetylhydragzobenzene. -
(a) BE-Carboxyacetylhydrazobenzene (30 mg.) was added to

an excess of ethereal diazoethane and the solution left
standing overnight at room temperature. The solution wae
evaporated to dryness and the residue crystallised from
methylene chloride-p-~hexane to give N-ethoxycarbonylacetyl-

hydragzobenzene (20 mg.) as needles, m.p. 98-100°.
Found: C,68.43 H,5.7%
CygHy g0, N; requires: C,68.4; H,6.1%




NEE 208 (¢ = 26,400) and 236 m (€ = 18,000); V

3
3333 (FH) and 1739 cm.~ (ester carbonyl).
(b) Removal of ether from neutral fraction C of the

naX.

hydrolysis of N-cyandacetylhydrazobenzene and crystallisa-
tion of the reéidue from methylene chloride-n-hexane gave
N-ethoxycarbonylacetylhydrazobenzene (150 mg.) as needlea9
m.p. and mixed m.p. 99-100°,

(c) Neutral fraction D from the action of aqueous
ethanolic hydrocﬁloric acld on 3-imino-5-0x0-1,2-
~diphenylpyrazolidine was evaporated to dryness and the
residue crystallised from methylene éhlorideqnfhexane

to give H-ethoxycarbonylacetylhydrazobenzene as needles,
m.p. 97-98°, alone or mixed with an authentic specimen.
(d) A solution of 3,5-dioxo-1,2-diphenylpyrazolidine

{500 mg.) in ethanol (18 c.c.), water (18 c.c.) and hydro-
chloriec acid (lc.c.3 d,1.15) was refluxed for 1 hr. The
cooled solution was separated in the usual way into neutral
and alkali soluble fractions. The neutral fraction
crystallised from methylene chloride-n-hexane to give
N-ethoxycarbonylacetylhydrazobenzene (80 mg.) as needles,
m.p. and mixed m.p. 97-99°. N-Carboxyacetylhydrazobenzens,
m.p. and mixed m.p. 130-132° (decomp.) was obtained from
the acidic fraction along with starting material, m.p.

end mixed m.p. 175-178°.
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Comparison of the inrrared spectra of preparatlons
(a), (b), (e) and (a) canfirmed their identity.

3,5—&.2_};2—1,2—dipgenzlgxgazglidgg- - (a) N~Ethoxy~
carbonylacetylhydrazobenzene (50 mg.) was added to =z
solution of sodium ethoxide from sodium (40 mg.) and
ethanol (15 c.c.) and refluxed for 2 hr. on the steam bath.
The solution was evaporated to dryness under reduced
pressure, the residue dissolved in wafer and the solution
acidified with hydrothoric acid (d,1.15) and extracted
with ether (3 x 30 c.c.). The combined ethereal extracts
were washed with water, dried (Hay50,) and the ether
evaporated. Crystallisation of the residue from ethanol
gave 3,5-dioxo-l,2~-diphenylpyragolidine (30 mg.) as plates,
MoPel78-179°, alone or mixed with an authentic specimen.
The infrared spectrum was also identical with that of
the authentic sPecimen.
(b) Concentration of the methylene chloride-n-hexane
mother liquor from the erystallisation of N-carboxyacetyl-
hydrazobenzene obtained from N-cyanoacetylhydrazobenzene
gave 3,5-d10x0-1,2~diphenylpyrazolidine (20 mg.) which
qeparated-from ethanol aé plates, m.pe. and'mixed MoPo
175-178°.
(c) A solution of 3=imino~5-0x0-1,2-diphenylpyrazolidine
(1.2 g.) in ethanol (20 c.c.), water (20 c.c.) and
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hydrochloric acid (2 c.c.3 d4,1.15) was refluxed for 1 hr.
The reaction solution was diluted with water (50 c.c.) and
extracted with chloroform. The chloroform extract was
washed with aqueous sodium hydrogen carbonate, aqueous
sodium hydroxide, water and dried (Nay50,). From the
sodium hydroxide solution by acidification, with hydro-
chloric acid (d,1.15), and isolation using chloroform,
3,5~-d10x0~1,2~diphenylpyrazolidine (100 mg.)m.p. and

mixed m.p. 177-178° was obtained crystallising from
chloroform-ethanol as plates. N-Carboxyacetylhydrazo-
benzene (480 mg.) separated out as needles from the sodium
hydrogen carbonate solution on acidification with dilute
hydrochloric acid and standing. Evapqration of the
neutral fraction yielded N-ethoxycarbonylacetylhydrazo-

benzene (80 mg.) m.p. and mixed m.p. 96-98°.

Action of Alkali on 3-Imino-5-0xo-1,2-diphenyl-
pyrazolidine. - (a) 3-Imino-5-0xo-l,2-diphenylpyrazolidine
{300 mg.) was suspended in a 1% aqueous sodium hydroxide
solution and shaken for § days at room temperature. The
golution was filtered and unchanged stérting material
{300 mg.) was recovered m.p. and mixed m.p. 220-222°.

(b) 3~Imino=5-0x0-l,2-~diphenylpyrazolidine (500 mg.) was
refluxed with ethanolic sodium hydroxide (25 c.c.; N) for

1l nr. The solution was cooled .and a solid separated out




which was filtered off and dried. Crystallisation of

tﬁe solid from ethanol gave hydrazobengzene (83 mg.) m.p.
125° alone or when mixed with ah autﬁentié sample. Dilﬁtiaﬁ
of the filtrate with water caused the precipitation of

more solid which on crystallisation from ethanol gave
unchanged starting material (160 mg.) m.p. and mixed m.p.
220-222°.,

Action of Diagzomethane on 3-Imino-5-0xo-1,2-
diphenylpyrazolidine. - A solution of 3-imino«5-0x0-1,2-
diphenylpyrazolidine {30 mg.) in methanol (20 c¢.c.) was
treated with a large excess of an ethereal solution of
diazomethane and left overnight at room teméeratureo The
reaction soiution was treated with acetic acid to destroy
excess diazomethane and evaporated to dryness under
reduced pressure. Crystallisation of the residue from
chloroform~ethanol gave unchanged starting material, m.p-

and nixed m.p. 222-223°.

| 3-Methoxy-5-0x0~-1,2-diphenylpyragoline. - A
solution of 3,5-dioxo-l,2-diphenylpyrazolidine (1 g.) in
chloroform (50 c.c.) was treated with an excess of an
ethereal diazémethane solution and left at room temperaturs
for 24 hr. The chloroform solution was washed with
dilute sodium hydroxide solution (3 x 20 c.c.), with

water and dried (NaygS0,). Evaporation of the echloroform
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solution to dryness under ieduced pressure and crystalliaa-
-tlon of the residue fronm chloroform-petroleum ether gave
S-hethog-ﬁc-g_lgg_-l,Zdighenglpxifazoligg (650 mg.) as colour-
less needles, m.p. 171-173°.
Pound: C 72¢15; H,5.4%
0135140332 requlree: C,72.163 H,5.3%

Etg? 204 (£ = 27,000) and 250 mu (& = 17,000)3 )\gaggxo

248 mu (€ = 16,000);‘\)1!;&.1:@ 1701 cmo"’ (CO)o
3-Ethoxy=5-0X0-~1,2=-diphenylpyrazoline. - A solution

of 3,5-dioxo0~1,2-diphenylpyrazolidine {500 mg.) in
chloroform (30 c.c.) was treated with an excess of an
ethereal diazoefhane solution and left at room temperature
for 24 hr. Working up as above, the product was
crystallised from methylene chloride-n-hexane to give

3-ethoxx~5-oxo—1 2-diphenylpyrazoline (240 mgo) as

colourless needles, me.p. 155=156°,
Founé: Co72.5¢ H,5.5%
é,,H,,Osz requiress 0,72.84§ H,5.23%
Vmex. 1689 em.™ (00).

4-¢ycloHexenyleS=i@ino-5-0x0~1,2~diphenylpyrazoli-
dine. - (a) 3-Imino=-5-o0x0-1,2-diphenylpyrazolidine (1.0 g.)

was refluxed with cyclohexanone (10 c.c.) for 1 hr. The

solution was evaporated to dryness under reduced pressure

and the residue crystellised from ethanol-light petroleum
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(b.p. 60-80°) to give 4-cyclohexenyl-3-imino-5-0xg~1l,2=
diphenylpyrazolidine (1.0 g.)‘aé prims, Mm.p. 188-189°
Found: C,75.84; H,6.03%

Cp4Hy s ONg Tequires: C,76.1; H,6.4%

. 205 (€= 29000) and 255 mu (€ = 22000) s\ net 208
(& = 6000) and 254 mu (€ = 24000); \) max. 3356 (NH) and
1664 cm."1 (CO). An ethanolic solution of the compound
gave a reddish brown colour with aqueous ferric chloride.
(b) Cyanoacetylhydrazobenzene (500 mg.) was refluxed for
6 hr. with cyclohexanone (10 c.c.). Isolation as in the
preceding experiment and erystallisation from chloroform-
methanol gave 4-cyclohexenyl-3=imino=5-~0x0-1,2-diphenyl-
pyrazolidine (30 mg.) as prisms, m.p. and mixed m.pe.
- 185-186°.

4-cycloHexyl-3-imino-5-0x0-1y2-diphenvlpyrazolidine.«
A solution of 4-cyclohexenyl~3-imino=5«0x0-~1;2«~diphenyle

pyrazolidine (1.0 g.) in ethyi acetate (250 c.c.) was
shaken at room temperature and atmospheric pressure in
the presence of platinum from Adams catalyst (500 mg.).
When absorption was complete (ca. 2 hr.) the filtered
solution was evaporated to dryness under reduced pressure
and the residue crystallised from methylene chloride-n-

-hexane to give 4-cyclohexyl-3-iming=5-0x0-1,2-diphenyl-

pyrazolidine (1.0 g.) as needles, m.p. 223-225°.




Pound: C,75.2; H,6.8; §,12.9%
Cg1Hg3 ON, Tequires: C,75.63 H,6.95; N,12.6%
)\Engn 204 (€ = 24,000) and 262 mu (€ = 25,000);)\";22 223
(€ = 45,000) and 263 mu (& = 19,000); \’max. 3226, 3106
" and 1618 cm.” (CO).
An ethanolie solution of the compound gave a -

reddish-brown colour with aqueous ferric chloride.

4-czploHexxlidene-3,5—dioxo—1,z-diphenxlpx;azolidine
(17). - 3,5-Dioxo-1,2-diphenylpyrazolidine (1.0 g.) was

refluxed with cyclohexanone (10 c¢.¢.). The solution was
evaporated to dryness under reduced pressure and the

residue crystallised from ethanol to give 4-cyclohexylidene-
=3,5=di0X0~1,2=diphenylpyrazolidine (900 mge)'gs yellow
needles, m.p. 172-173°. An ethanolie solution of the

compound gave no colour with aqueous ferric chloride.

4-cycloHexyl-3,5-dioxo-1,2-diphenylpyrazolidine. -
(a) A solution of 4-cyclohexylidene-3,5-dioxo«1l,2-diphenyl-

pyragolidine (400 mg.) in ethyl acetate (40 c.c.) was
shaken at room temperature and atmospheric pressure with
platinum from Adams catalyst (140 mg.) until absorption
was complete (ca. 1 hi.). The filtered solution was
evaporated under reduced pressure and thg rebidue crystall-
“ised from chloroform-methanol to gave 4—cy§10hexyla5,5-

~d10%X0-1,2-diphenylpyrazolidine (350 mg.) as needles,




cation of the combined alkaline washings with 2N hydro-

m.p. 176-178° (lit.(15)m.p. 177°). '

)\E""H 207 (€& = 19,000) and 268 mu (€ = 22 ooo), RaOH

270 mu (& = 23,000); Vmax. 1754 and 1730 cm.™ (‘ooth co).
An ethanolic solution of the compound gave no colour

with aqueous ferric chloride.

(b) A solution of 4~-cyclohexyl-3-imino-5-0x0-1,2-diphenyl-

pyrazolidine (740 mg.) in ethanol (20 c.c.) water (20 c.c.)

and hydrochloric acid (2 c.c.; 4,1.15) was refluxed for

1 hr. The cooled solution was extracted with chlorofomm

(3 x 40 c.c.) and the combined exiracts washed with

agqueous sodium hydroxide (2 x 50 CoCo 2N), water and

dried (NayS0,). Removal of the chloroform and crystallisz-

tion of the residue from chloroform-methanol gave unchanged

material (300 mgo) -mopo and mixed mop°220°222°¢ Aoidifi‘-

ehloric acid {(Congo red) and isolation of the preduct
using chloroform gave 4-cyclohexyl-3,5-diox0-1l,2-diphenyl-
pyrhzolidine (100 mg.) m.p. and mixed m.p. 174-176°.

The infrared spectrum of the compound wag identiecal

with that of an authentic specimen.

3-Imino-4-igsonitroso-~5~-0x0-1,2-diphenylpyrazolidine.- {
To a solution of 3-imino=5-0x0-1,2-diphenylpyrazolidine |
(3.0 g.) 1in ethanol (50 c.c.) was added crushed ice (50 gm.}

and hydrochloric acid (100 c.c.3 2N). An ice-cold aqueocus




solution of sodium nitrite (100 c.c.; 2N) was now added
slowly with stirring. The solution turned yellow and
after half of the nitrite solution had been added a pink
precipitate separated out. When the addition of the
nitrite solution had been completed the solution was
placed in the refrigerafor for 2 hr. The pink precipitate
was fiitered off, washed with water and sucked dry at the
vater pump. OCrystallisation of the solid from aqueous'
ethanol gave 3-imino-4-igonitroso-5-0xo~1,2-diphenyl-
pyrazolidine (3.0 g.) as red prismatic needles, mop,247~248°
(decomp.). | |
Founds C,64.043 H,4.23%

CisHy 30,8, requiress C,64.27; H,4,32¢
NEE® 508 (¢ = 19,0000, 518 m (¢ = 16,000) and >§nf1ex.
228 m (¢ = 18,000); N2% 250 (¢ = 15,000) and 308 m
(& = 13,000); V max. 3226 (KH), 1712 and 1667 cm.™ (C=0)

]

3=Imino~5-0x0~4-phenylazo-1,2-diphenylpyrazolidine

Aniline (3 c.c.) was added to hydrochloric acid (20 c.co
6N) and was diazotised at 0°C by the gradual addition of
aqueous sodium nitrite solution (18 c.c.3 2§). PFive
minutes after the addition was conplete, excess nitrous
aéid was destroyed by the addition of urea. The ice-cold
diago solution was now poured into a stirred solution of
Z-imino-5-0x0~1,2-diphenylpyrazolidine (1 g.) in ethanol

(20 c.c.), cooled in an ice bath. The pH of the resulting
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solution was brought to ca.4 by the addition of
concentrated aqueous. sodium acetate solution. The
solution was stirred for 1 hr. and left overnight in the
refrigerator. The solution was filtered and the yellhw
precipitate washed with water and sucked dry at the water
pump. Crystallisation of the solid from aqueous ethanol
or better from methylene chloridean—hexane gave ngg;ggy
~5-0xg-4-phenylazo-1,2-diphenylpyragolidine (1.1 g.) as
yellow needles m.p. 218-219°. | '
Found: C 70.89; H,5.14%
requires. 0970096, H,4.82%
ELOH 205 (& = 25,000), 245 (€ = 19,000) and 360 mu

(&= 22,000), Nnfiex 260 m (& = 16,0005 V___ 3333
(FH) and 1667 cm.™ (C=0).

S,Sgggggér4misonitroso-l,z-diphenxlgxgézolidine (17}
(a) 3,5-Dioxo-1,2-diphenylpyrazolidine was treated with
nitrous acid as described above to give 3;5-diox9~4-
isdnit:oso-l,2—diphenyipyrazolidine as red ﬁeedles
(hydrated). The'anhydrous'compound, which is dark red
in colour has m.p. 160-162°.
(b) A suspension of 3-imino-4-isonitroso-5-o0xo-1,2~ |
~diphenylpyrazolidine (50 mg.) in sulphuric‘acid (25 c.c..
2N) was heated on the steam bath for 45 min. when the
solid went into solution. On cooling 3,5~-410x0-4-




~isonitroso-1,2-diphenylpyrazolidine (20 mg.)} separated
out as red needles. On drying it had m.p. 160-~161°,
undepressed when mixed with the specimen prepared in
(a).

S94-Diamino~5-~0x0~1,2-diphenylpyrazoline. -
(a) 3=Imino=-4-isonitroso~5-0x0-1,2-diphenylpyrazolidine
(800 mg.) was added portionwise over 20 min. to a
vigorously stirred solution of hydrochloric acid
(10 c.c.; d,1.15), crushed ice (50 gn.) and zinc dust
(3.0 gm.), cooled in an ice bath. The solution wasv
stirred for a further 90 min., filtered to remove the
ginc and poured into ammonium hydroxide (15 c.C.:
4,0.88). A white solid separated out as needles
which on standing gradually turned yellow. The
solid was filtered off, washed with water and sucked
dry. Crystallisetion of the solid from methylene
chloride-n-hexane gave 3,4-diamino-5-0x0~1,2-
~3iphenylpyrazoline (600 mg.) as ycllow needles, m.p.
163-164° (decomp.).

Founds C,67.46; H,5,23%
CygHy, ON, requires: C,67.65; H,5.3%

)\E:gg 206 (& = 19,000) and 252 mu (€ = 18,000);

.- 1
V max. 3236, 3086 (both NH) and 1688 cm.~ (CO);
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V CHCLs 3390, 3333 (both NH) and 1695 (shoulder) and
1647 em.™ (CO).

5,6~-Dimgthyl-1,2-diphenyl~3~oxopyrazolof2,3b]-
pyridazine. - A solution of 3,4—diamino;690xo-1,2-
diphenylpyrazoline (50 mg.) in diacetyl (5 c.c.) was

- 1left standing overnight at room temperature. Water

(3 c.c.) was added and on further standing needle
like crystals appeared, which were filtered off and
dried. Crystallisation from methylene chloride-ne-
-hexane gave 5,6-diméthzl=1,2~diphenzl-5—oxogxrazolo-

~[2,3b]-pyridazine (40 mg.) as needles, m.p. 203-205°.

Founds C,71.89; H,5.09%
' C;oH,; O, requires: C,72.13; H,5.01%

EtCH , _
>\'max° 206 (& = 24,000), 274 mu (& = 18,000}, )§~E]ex

206 mu (€ = 14,000);)\F:g§° 231 (€ = 20,000), 270 mu

' . HC1
(€= 1;3,000), )}nﬂex 298 mu (€ = 14,000)3 >\max.~

207 (€ = 24,000), 270 mu (€ = 18,000) and >}hflex.
’ Y
294 mu (€ = 13,000);\)max. 1709 cm. (C = 0).

3-0x0-1,2,5,6-tetraphenylpyrazolo-[2,3b]-
pyridazine. — A solution of 3,4-diamino-5-0xo-1,2-
diphenylpyrazoline (130 mg.) and benzil (150 mg.) in




glacial acetic acid (50 c.c.) was refluxed for
20 hr. The cooled solution was poured into
water (200 c.c.) and extracted with chloroform.
The chiorofom extraét was washed with sodium
bicarbonate solution, water and dried (Fa;S0,)-
Evaporation of the chloroform to dryness under
reduced pressure gave a red gum which on crystall-
isation from methylene chloride-cthanol gave 3-
-0X0~1,2,5,6-tetraphenylpyrazolo-{2,3b ]-pyridazine
{70 mg.) as yellow needles, m.p. 255-256° |
Pound: C,79.38; H,4.51%
CgoHso OB, requiress C,79.07; H,4.58%

7\23;2? 209 (¢ = 36,000) and 294 mu (€ = 22,000),
Naf1ex. 220 (&= 29,000) and 340 m (€ = 15,000);

1
V max. 1695 cm.”~ (C = 0).

Phenanthraquinone Derivative of 3,4-Diaming-

-5-0%x0-1,2-diphenylpyrazoline. - A solution of

344-diamino=5-0x0-1,2-diphenylpyrazoline (200 mg.)
and phenanthraquinone (180 mg.) in glacial acetic
acid was refluxed for 2 hr. The solution

rapidly turned very dark red in colour. The
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cocled solution was poured into water (100 c.cC.)
and extracted with chloroform. The chloroform
extract ﬁhs washed with sodium bicarbonate solution,
water and the drted (a3 80, ) extract evaporated to
dryness uﬁder reduced pressure. A rgd»b:own
solid was obtained which on repeated crystallisa-
tion from chloroform-methanol gave the phenanthra-
quinone derivative of ;,4..d1amix;6;5~_g;_c>_-1,2.

-diﬁhegxlgzgazoline (80 mg.) as yellow needles,
m.p. 312-313°.
FPound: 09770985 Hoy4.43%

CaoHygONgy + 0.5CH3OH requires: C,77.96; H,4.4%

%B;;.JHK' 205 (E = 30,000)‘ 253 (t = 539000)9 306 (ea
20,000), 317 (€ = 15,000) and 377 mu (€= 12,000)}

-
V max. 1709 em> {C = 0).

4-Acetyle3-imino=5~0x0-1,2~diphenylpyragoli.-
Q}_gg_. - (a) Bfimino-{)-oxo-l,z-diphenylpyrazolidine
(2.0 g.) was héated on the steam bath with acetic
anhydride (25 c.c.) for 2 hr. The warm solution
was treated with water (20 c.c.) and evaporated

to dryness under reduced pressure,
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The so0lid residue was dissolved in chloroform (50 C.c.)
and the solution washed with aqueous sodium hydroxide

(3 x 30 c.c.3 2F) [Extract B], water (30 c.c.) and dried
(Nay80,). Removal of the chloroform and crystallisation
of the residue from methylene chloride-p-hexane gave 4Q

~acetyl-3-imino-5-0x0-1,2~diphenylpyragolidine (500 mg.)
38 Stont needles. mopo 207-208°.

Pound: €,69.85 H,5.2%

CyyHyg 0, H; Tequiress C,69.63 H,5.2%
/}\E;g 208 (¢ = 20000), 233 (¢ = 22,500) and 265 mu
(€ = 20,000)5 AJPH 235 (€ = 17,000) and 264 m (€ =
15,000). Vmax. 3333, 3175 (NH) and 1695 em.™ (C = 0);
VOl 3495, 3268 (WH) and 1692 cm.”™ (C0).
An ethanolic solution of the compound gave a red colour
with aqueous ferric chloride.
(b) A well stirred solution o0f 3-imino=5-0x0-l,2~
diphenylpyrazolidine (1.0 g.) in pyridine (50 c.c.) and
dioxan (25 c.c.) cooled in an ice bath, was treated
dropwise with a solution of pure acetyl chloride (3.0 g.)
in dry ether (25 c.c.) over 30 min. The reaction mixture
was kept overnight, water added, and extracted with
chloroform. The chloroform extract was washed with 2N

sodium hydroxide, water, dried (NayzSO;) and evaporated

to dryness under reduced pressure. The residual solid

was crystallised from methylene chloride-n-hexane to give
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4-acetyl-3-imino-5-0x0-1,2~diphenylpyrazolidine (800 mg.)
as stout needles, m.p. and mixed m.p. 206-208°., No
identifiable material was obtained from examination of
the alkaline washings. |

4-Acety1—3—imino—5—oxo—1.2-diphenylpyrazolidine
was recovered unchanged, m.p. and mixed m.p. 207-209°
after 4 hr. reflux with 50% aqueous ethanolic sodium
carbonate (M) solution and after 1 hr with 80% aqueous
ethanolic sodium hydroxide solution (3R).

3-Acetylimino-5-0x0~1,2-diphenylpyrazoliding. -
(a) Alkaline extract B from the reaction between 3-imino-

-5~oxo;1,2-dipheny1pyrazolidine and acetic anhydride was f
acidified (Congo red) with 2N hydrochloric acid. Isolatiom |
of the product using chloroform followed by crystallisatiom
from methylene chloride-n-hexane gave 3-acetylimino-5-oxo-

~1,2-diphenylpyragolidine (300 mg.) as needles, m.p.
204.205°.

FPound: C,69.63 H,5.1% g
01’31’ 0333 req)uires: 0’69065 H,so%

)&?;gg 204 (€ = 20,000) and 260 mu (& = 18,000); )\gig?

1
280 mu (€ = 23,000); V__. 3100 and 1718 cm.” (G = 0);

1
VOE0ls 5333, 1733 (C = 0) and 1681 om.™ (C = 0).

An ethanolic solution of the compound gave a red colour

with aqueous ferric chloride.
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(b) 3-Inino-5-0x0-1,2-diphenylpyrazolidine (1.0 g.) in
dioxan (10 c.c.) was treated with acetyl chloride
(20 c.c.) and the solution heated on the steam bath for
2 hr. The cooled solution was diluted with wéter {50
c.c.) and extracted with chloroform (3 x 50 c.c.). The
chloroform extract was washed with aqueous sodium
hydroxide (3 x 30 coc.p 2N) then with water and dried
(NayS0,). The combined alkaline washings were acidified
(Congo red) with 2§ hydrochloric acid and the product
isolated using chlorofornm. Crystallisation from
methylene chloride-n-hexane gave 3-acetylimino-5-0xo-
=1l,2-diphenylpyrazolidine (50 mg.) as needles, m.p. and
nixed m.p. 202-204°, Evaporation of the chloroform
solution of the neutral material under reduced pressure
and crystallisation of the residue from methylene
chloride-n-hexane gave back 3-imino-5-0x0-1,2-d1phenyl-
pyrazolidine (600 mg.) m.p., and mixed m.p. 221-223°.
Alkaline der&lxeis of 3-Acetylimino-5-0xo-1,2~
~diphenylpyragolidine to 3-Imino-5-o0xo-l,2-diphenyl-
pyrazolidine. - 3~Acetylimiho-5-oxoo1,2-diphenylpyrazo-
lidine (100 mg.) in ethanol (7 c.c.) and aqueous sodium
carbonate (7 c.c.j 2M) was refluxed for 2 hr. The cooled
solution was extracted with chloroform, the chloroform
extract evaporated under réduced pressure, and the‘

residue crystallised from scetonelight petroleum (b.p.




60-80°) to give 3-imino-5-oxo-1,2-diphenylpyrazolidine
(80 mg.) as plates, m.p. and mixed m.p. 221-223°.

Acetate C. - (8) A solution of 3-imino-5-0x0=1,2-
diphenylpyrazolidine (2 g.) in acetic anhydride (10 c.c.)
was heated on the steam bath for 1 hr. Water wes added
and the solution evaporated to dryness under reduced
pressure. The residue was digested with hot chloroform
and the insoluble sclid filtered off. OCrystallisation of
the so0lid from a mixture of chloroform, ethanol-petroleunm
ether gave acetate C (500 mg.), m.p. 237-239°

Pound: C,69.443 H,5.09; ¥,15.31%
C,69.28; H,5.02%

)\5:25.206 (€ = 25,000) and 257 mu (& = 2,600} )\gzg%

264 mu (£ = 19,000); Vmex. 3260, 5096 (BE), snd 1709 cum.™
(co).

The chioroform filtrate after washing with sodium
hydroxide afforded 4-~acetyle=3-iminc-5-=0x0-l;2-3iphenyl-
pyragolidine (320 mg.) ze necdles m.p. and mixed m.p.
207-208°*. Acidification of the zikaline washings
followed by chloroform extraction yielded 3-acetyliminoe
~5-0X0-1,2-diphenylpyrazolidine (70 mg.) ae needles m.p.
and mixed m.p. 205=-206°.

(b} A mizture 0f 3-imino-5-0xo-l,2-diphenylpyrazolidine
(50 mg.) and 3-acetylimino=5-0xc-l , 2-0iphenylpyrazcliidine




(50 mg.) was erystalliseéd from a mixture of chlorbform,
ethanol-peiroleum ether to give acetate C (60 mg.) m.p.
237-238°, There was no depression when mixed with the
sample prepared in (d). The iﬁtrared spectra were also
ldentical. |

A solution of acetate C'in ethanol gave a red

colouration with aqueous ferric chloride.

Alkaline Hydrolysis of Acetaie C 1o 3-Imino-5-oxo-

1,2-diphenylpyrazoiidine. -~ A solution of acetate C

(80 mg.) in ethanol (9 c.c.) and aqueous sodium carbonate
(9 c.c.3 2M) ﬁas refluxed for 4 hr. The cooied solutiom
was diluted wifh water and extracted with chiloroZorm.

The chloroform solution was washed wi%h,wéter and the
dried (Nay,S0,) extract evaporated to dryness under reduced
pressure. éryetallisation of the residue from ethanol~
petroleﬁm ether gave 3-imino=5-0x0=1,2-diphenylpyrazoli-

dine (50 mg.) m.p. and mixed m.p. 220-222°,

Action of Cold Alkali on Acetate C. - A cold
solution of acetete C (260 mg.) in chloroform (25 c.c.)
and_ethénol (5 coc.) was washed with aqueous sodium
hydroxide (3 x 30 c.c.$ 2N}, The chloroform solution
was'waahed with water and the dried (NagSO;) chloroform
extract was evaporsted under reduced pressure. Crystallis- |

ation of the residue from ethanol-petroleum ether gave

3=-imino«5-0x0=-1,2-diphenylpyrazolidine (84 mg.) m.p. and




mixed m.p. 223-224°. Acidification of the alkaline
washings with dilute hydrochloric aclid followed by
chloroform extraction afforded 3-aéety11mino—5—o:o~l.2—
-diphenylpyrazolidine (104 mg.) as needles, m.p. and
mixed m.p. 205-206°. |

Action of Acetic Anhydride on Acetate C. - A
solution of acetate C (220 mg.) in acetic anhydride (25

6.c.) was heated on the steam bath for 1 hr. VWafer was
added and the solution was evaporated to dryness. The
residue was dissolved in chloréform and washed with sodium
hydroxide, water and dried (Na,SO,). Evaporation of the
chloroform and crystallisation of the residue from
methylene chloride-n<-hexane gave 4-acetyle3-imino-5-0x0-
~l,2=diphenylpyragolidine (38 mg.) as needles m.p. and
mixed m.p. 208-209°. Acidification of the alkﬁline
washings with dilute hydrochloric acid followed by chloro-
Torm extracetion gave B-acetyliminoaﬁ-oxo;l92~dipheny1a
pyrazolidine (120 mg.) as needles m.p. and mixed m.po

. 206-207°,

3-Acetylmethylamino-5-0x0-1,2-diphenylpyrazoling. -
A solution of 3-acetylimino-5-0x0-1,2~diphenylpyrazolidine

(830 mg.) in methylene chloride (50 c.c.) was treated with
& large excess of ethereal diazomethane and kept at 0°C

for 10 days. After removal of excess diazomethane by
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treatment with_glaciéi acetic acid the ethereal solution
was washed with 2N aqueous sodium hydroxide to remove
unchanged starting material, thenm with water and'dried
(¥a,S0,). The éther was removed and the residue -
crystallised from ethanol-n-hexane to give S=acetyl-
methylamino=-5-0x0=1,2-diphenylpyrazoline (55 mg.) as
 priems, m.p. 227-228°, )\Ezgﬁ 205 (& = 14,000), 244

Xo

(2 = 8000) and 261 mu (¢ = 7000); AF2% 204 (¢ . 5000)

and 260 mu (€ =14000) \)max.lssl cm."z (C = 0).

3~Methgiiminoa5-010-1,2—dighenxlgxgazolidine. -
A solution of 3~acetylmethymaminowsooxowl,2-diphehy1-

pyrazoline (23 mg.) in ethanol (5 c.c.) and aqueous
sodium carbonate (5 c.c.3 2M) was refluxed for 2 hr.

The cooled solution was diluted with water (20 c.c.)

and extractgd with ehloroform (2 x 20 c.c.). The dried
(NagS0,) chloroform extract was evaporated under reduced

pressure and the residue crystallised from methylene

chloride-n~hexane .to give 3-methylimino-5-0xo-l,2-
diphenylpyrazolidine (15.3 ng.) as needles, m.p. 178=179°.
Pound: C,72.09;3 H,5.56%

G:sﬁw ONS r@quiress 0972043; 39507%

)\E;g§°210 (€ = 13,000) and 256 mu (é = 22,000);

NoOH _ HC1 | '
N ey, 256 mu (€ = 27,000);>\max.zoa (2 = 18,000) and




9%

1
256 mu (€ = 18,000)5 V) ®EC1s 3425 (KE) and 1667 om.
(C = 0). An ethanolic solution of the compound gave a

red colour with aqueous ferrie chloride.

3-Butyrvlimino-5-0x0~1,2~diphenylpyrazolidine. ~
A solution of 3=imino=5-0x0-l;2-diphenylpyrazolidine

(890 mg.) in butyric anhydride (15 c.c.) was heated for
4 hr. on the steam bath. Water was added to the cooled
solution and extracted with chloroform. The chloroform
solution was washed with sodium hydroxide, water and
the dried (Na2,S0,) solution, on evaporation to dryness
gave a negligible quantity of gum. Acidification of the
sodium hydroxide washings with dilute hydrochloric acid,
followed by chloroform extraction gave a solid.
Crystallisation of the solid from methylene chloridew
~n-hexane gave 3-butyryliminc«5-0x0~1,2-diphenylpyrazoli-
dine (450 mg.) as colourless needles, m.p. 184-185°,
Found: C,70.84; H,5.71%
Ci9Hy90aHy requires: C,71.013 H:5.96%

EtOH _ NaQOH
)\max.zo'? (& = 20,000) and 261 mu (&€ = 18,000)3 A nax.

)
288 mu (& = 22,000), V max. 3215 (NH) and 1718 cm.
(C = 0)0

4-Cyanoacetyle3~imino-5-0x0=1,2-diphenylpyrazoli-

dine. - (a) The aqueous sodium hydroxide extract A from




the} preparation of N—qyanoacetylhydrazoﬁenzene (see
page 62 ) was acidified (Congo red) with 2N hydrochloric
acid and the product isolated using‘ether; Grystallisa-A'
tion from methylene chloride-n-hexane gave 4-cyanoacetyl-
~3-iming-5-0x0~1,2-diphenylpyrazolidine (340 mg.) as |
plates, m.ps 210-211°, |
| Founds C,67.7; H,4g5%

CigHy ¢ 038y requires: C,67.93 H,4.4%
)\E;?‘gvzoe; (& = 34,000), 231 (& = 25,000) and 270 mu
(€ = 21,000)sVmax. 3534, 3257 (NH), 2288 (C2N),
1695 (CO) and 1653 cmo’g (co)
(b) To a well stirred solution of 3-imino-5-0xo-1l,2-
diphenylpyrézolidine (600 mg.) in dioxan (20 c.c.) and
pyridine (5 c.c.), cooled in an ice bath, a solution of
cyanoacetyl chloride (1.5 g.) inchloroferm(10 c.c.) was
added dropwise. After keeping overnight at room tempera~
ture the reaction mixture was treated with water (50 c.c.)
énd extracted with chloroform {3 x 50 ¢c.c.). The |
combined chlorofornm extracts were washed successively
with hydfochloric acid (3 x 30 c.c.3 2N), water (30 c.c.)
and dried (Ray;S0,). Removal of the chloroform gave a
negiibible quantitj of gum. fThe combined alkaline
washings were acidified (Congo red) with 2F hydrochlorie

acid and the product isolated using chloroform.




Crystallisation from acetong:-~-hexane gave 4-cyanoacetyl=3-
~imino-5~0x0-1,2~-diphenylpyrazolidine (350 mg.) as plates,
m.p. and mixed m.p. 208-210° (Found: C,67.9; H,4.6%).

An ethanolic solution of the compound gave a pale brown
colour with aqueous ferric chloride.

Hydrolysis of 4—nggoacéExlosf;g;ggysegggyl,2~
~diphenylpyrazolidine to 4~Acetyl-3-imino-5=-0xo~1,2=
diphenylpyrazolidine. - A solution of 4-cyanocacetyle3-
-imino=5-0x0-1,2~diphenylpyrazolidine {500 mg.) in
ethanol (18 c.c.), water (18 ¢.c.) and hydrochloric acid
(9 coco 4,1.15) was heated on the steam bath for 3 hr.
The solution was evaporated to drynese under reduced
pressure and the solid residue treated with aqueous
sodium hydrogen carbonate (30 c.c.y 10%) and extracted
with ether (3 x 30 c.c.). The ethereal extract was
washed with water, dried (Ha2yS0,) and evaporated to
dryness under reduced pressure. Crystallisation of the
residue from acetone-n-hexane gave 4-aceiyl-3-imino-5S-
«0X0-1,2~diphenylpyrazolidine (30 mg.) as needles, m-p-
and mixed m.p. 206-208°.

 3-Imino-4-(a-methoxy-B-cyanovinyl)=5-0x0-1,2=
diphenylpyrazolidine. -~ A solution of 4-cyanoacetyl-—3-

imino=5-0%0-1,2~-diphenylpyrazolidine (730 mg.) in methyl-

ene chloride (30 c.c.) was treated with excess ethereal
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diazomethane solution and kept overnight. The solution
was washed with aqueous aodium-hydroxide‘(z x 50'c°c°g
2N), water and dried (Na;SO;). Evaporation of the ether
under reduced pressure and crystallisation of the residue
from acetone-p-hexane gave 3,;g;gg,4—(a—métgogx-ﬂquggg?
vinyl)-5-0x0-1,2-diphenylpyrazolidine (300 mg.) as.
needles, m.p. 183-185°, resolidifying and remelting at
265-270°, |
Pounds: C,68.53 H,5.0%
C;9H,4 0,8, Tequires: C,68.7; H,4,85%

BtoH
)\maxo 207 (& = 24,000), 297 ma (& = 33,000), g\nﬂexo
260 mu (€ = 23,000); V max. 3333 (¥E), 2222 (C ¥) and

ot
1656 cm. (c 0).
Using diazocothane 3-imino~4-(a-ethoxy-f-cyano-

vinyl)=-5~0%0-1,2-diphenylpyrazolidine, m.p. 162-163°

was obtained.
gmd! 0969024; E95o59%
c’onie 0334 requiresg 0969035; 595024%

. 6-Amino-4=§gg£ggxpsqg§gpl,2~dighenxigxg§zolido«
[2,3b]-pyridine. - (a) 4-Cyancacetyl-3-imino=5-0xo-l,2-

~diphenylpyragolidine (1.02 g.) was heated on the steam
bath with aqueous sodium carbonate (30 c.c.3 M) for 2 hr.
The cooled solution was extracted with chloroform and

the extract rejlected. The aqueous phase was acidified




(congd red) with 2§ hydrochloric acid and extracted with
chloroform. An interfacial solid which separated was
collected. The chloroform extract was washed with water,
dried (Nay;S0,) and evaporated to dryness under reduced
pressure. The residue was combined with the interfaeial
8olid and crystallised from tetrahydrofuran-n-hexane
to give 6-aming=4-hydroxy-3-0xo-1, 2-diphenylpyrazolido~
[E,Sb]agxgidine (550 mg.) as prisms, m.p. 289-290°
Found: C, 6% 53 Ho4.7%
cigﬁiaohﬂg requires: C,67.9; H 404%

)\g:gn 208 (& = 23,000), 230 (€= 18,000) and 284 mu

(& = 28,000); )\332& 233 (& = 24,600), 238 (€ = 24,600)
and 272 mu (€ = 28,600), /N\pyoy. 295 m (€ = 16,000);

V max. 3425, 3155 (OH group) and 1667 cm.~ (C=0).
An'éthanolic solution of the compound gave a deep red
colour with aqueous farric chloride.

(b) A solution of 4-cyanoacetyl-3~imino=5-0x0~1 ;2=
~diphenylpyrazolidine 450 mg.) in aqueous sodium
hydroxide (25 €oC.3 N) was heated on the steam bath for
1 hr. Acidification of the cooled solution, isolation
using ether and crystallisation from chloroform-ethanol
gave 6=amino-4<-hydroxy=3-0x0-l,2«diphenylpyrazolido- |
~[2,3b]-pyridine (40 mg.) as plates, m.p. and mixed m.p.

288-290°,
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sqgg;ggr4-metgogx-a-gggpl,2~d;gg§gxlpirazglggo—
[2,3b)-pyridine. - (a) A solution of G;amin004;hydroxy-3»
o0xo-1,2-diphenylpyrazolido-[2,3b]-pyridine (200 mg.) in
acetone (30 c.c.) was treated ﬁith an excess of ethereal
diazomethane and kept overnight. The solution was washed
with aqueous sodium hydroxide (2 x 50 c.c.; 2N), water
and dried (Na,S0;). Removal of the ether under reduced
pressure and crystallisation of the residue from
chloroform-methanol gave 6-gmino-4emethoxy-3-0x0-1,2
dighenxlpxggzolidoa[zeSblnﬁgridin o (120 mg.) as needles,
mepo 272=273°.

Pounds C,68.9; H,4.8%

Ci9H140, 8, requiress €,68.7; H,4.8%

AEO 206 (& = 28,000), 230 (¢ = 18,000) and 288 mm
(€ = 28,000)5 V max. 3247, 3145 (both NH) and 1681 eme™
(C=0)3 \]cggz’g 3333 (¥E) and 31.6921’::(1«""1 {(C=0).

(p) 3-Imino-4-(a-methoxy-B-cyanovinyl)=5-0x0-1,2=
~diphenylpyrazolidine (50 mg.) was heated at 200° for
30 min. After cooling, the solidified melt was
crystallised from chloroform-methanol to give 6-~-aminc-
<4-me thoxy-3-0%x0=1,2-diphenylpyrazolido«[2,3b]-pyridine
(20 mg.) as needleas, m.p. and mixed m.p. 271-273°.

3-Acetyliminow4-methyl-5=0x0-1,2~diphenylpyrazol=
idine. (a) A stirred solution of 3-imino-4wmethyle5-
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—oxo-1,2-diphenylpyrgzolidine (1.0 g.) in dioxan (85 c.c. )
and pyridine (6 c.c.), cooled in an ice-bath, was treated
over 30 min. with & soluiivr of pure ucetyl chloride
{Bcec.) in ether (20 c.c.;. After keeping 2 hy. the
Treaction mixture was Giiuted with chiorpform, washed wit
2N hydrochloric acid, water and 2 aqueous sodium
hydroxide, the lavier wasuings, on acidification and
isolatior uwusing caoiovxofuri, gave on erystallisation frow
methanol S-aceiyiiminc—t—ueiayliet-gxo-1,2-iphenyl-
pyrazolidine {250 mg., ae plrates, w.p. i8Y°

o B

C“i

Fount: € %C.ip &b

,
%,

ciaﬁgq %Rm I'quzla.i*ﬁwb‘ {ufi'(‘tuﬁ 6{1 gﬁ}ob

oy !
L

%E;gi 205 (& = 22,000, ., 244 (¥ = 20,000) and 276 we

(&= 14,000)5 N‘:gfmna wi. (& = 24,000)5 V max. 3353,
3106 (NH}, 1681 ow.™ (C=0 ). 4Ar ethanolic solutiom

of the compound gave & vef colour with aqueous ferric
chloride. Bvaporat.or of the cphlorovicyy soiuvtion of the
neutral fraction wiGer reGueed pressure gave back S-imioes
whalie thy LebwoX0=1 p Lutiiphenyspyrasoiitnue (500 Bge) Mo,
and mixed map. 1BUS.

o

(B} Seimintetenetuf ~lavive., -tipuonyipyragoliaine (2.3
Eo. WaE Leavel VL tny sBuval webth fox O Lr. with acevis
anhydride (20 Got.o . due vuoled soiution was iweated

Wit waver (20 coto, alll wyapuraivel YuGoyucus dader
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reduced pressure. The solid residue was taken up in
chloroform (50 c.c.) and the solution washed with
aqueous sodium hydroxide (3 x 30 c.c%; 2N), water and
dried (NagS0,). Acidification of the combined alkaline
phase and isolation using chloroform gave a-aéetylimino-
=4emethyle5~0X0-1,2~diphenylpyrazolidine (850 mg.)
seﬁaréting from tetrahydrofuran-n-hexane as prisms,

m.p. and mixed m.p. 188-189°, 3-Acetylimino-t-methyl-
=5=0x0=1,2-diphenylpyrazolidine dissolved in aqueous
sodium carbonate but was recovered unchanged upon
acidification aftexr 2 hr. réflux° When a solution of the
compound (250 mg.) in aqueous sodium hydroxide (30 c.c.3
5%) was refluxed for 5 hr. the neutral fraction yielded
3-imino«4e-methyl=5-0x0=-1,2-diphenylpyrazolidine (150 mgo}
m.p. and mixed m.p. 180° and the acid fraction unchanged

acetyl compound (80 mg.) m.p. and mixed m.p. 189°.

S~Acetoxy~-3~acetylimino-4-methyl~l,2=diphenyl-
gzgazoline. - (a) The chloroformic neutral fraction
from the action of acetic anhydride on 3-iminow-t-methyle
~5-oxo-1,2—dipheny1pyrazolidiné was evaporated to drymess
and the residue crystallised from tetrahydrofuran-pe
-~hexane to give 5~im1no»4«methyl~5-oxo~1,2—dipheny1~
pyragolidine (400 mg.) m.p. and mixed mep. 179-180° as
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the component of lesser solubility. Concentration of

the mother liquors gave S-acetoxy-3-acetylimino~4-methyle-
1,2-diphenylpyrazoline (40 mg.) which separated from

chloroform as prisms, m.p. 166;167°.
Pound: 0368028 3,50%
CpoH;¢0,N; requires G,68.75; H,5.5%

)\E:ggo 209 (& = 18,000) 246 (& = 12,000) and 286 mu
(€ = 12,000)3 Nﬁgg., 228 (& = 49,000) and 278 mu (€ =
17,0005 A%l 203 (& = 18,000), 210 (€ = 11,000) and
257 mu (€ = 15,600); V max. 1725, 1710 and 1767 em.™

(CO groups).

S-Acetylimino=4-cyclohexyle5--0x0=1,2-diphenyl-
Bx;pzolidine; -~ A solution of 4«cyclohexyla3—imino~5m
;oxonl,2—dipheny1pyraé011dine (220 mg.) in acetic
anhydride (16 c.Cc.) was heated on the steam bath for
4 hr. Water was added to the hot solution which om
cooling afforded Soacetglimino—éacxc1ohe§xl—5uoxo=1 2¢
ndiphenz_gz:azolidine (150 mg.) as needles, mopo 296-300° .

On recrystalliisation from tetrahydrofuran-petroleum
ether the acetate crjstallised as prisms, map,302¢304°,
Founds C,73.473 H,6.98%
CssHeg Og¥; requiress 0C,73.573 H,6.7%

)\ﬁ:gﬂ 206 (£ = 21,000), 251 (£ = 13,000) and 278 mu

(€=13 000); )\ggi 206 (€ = 18,000) 250 (€ = 11,000)
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and 280 ma (& = 11,000)3 N'“on. 277 m (€ = 19,000)
)\”i:g’{ex 230 m (€ = 10.000).: -
- 1
Vpay. 3125 (NH) and 1704 cm. (co)sV o3 3145
(NH) and 1709 (CO).

4qgeetxlamino-5~imingy5qg§gp1,z-dighenxléxggzo;im _
dine. - (a) A solution of 3,4—diaﬁino-5-oxo-1,z-diphenylw
pyrazoline (350 mg.) in acetic anhydride (20 c.c.) was
heated on the steam bath for 1 hr. Water was added and
the solution evaporated to dryness under reduced pressurs.
The residue was dissolved in chloroform and the chloroform
solution washed with aqueous sodium hydroxide solution
(2 x 50 coc.3 2N), water and dried (Na;SO,). Evaporaticn
of tﬁe chloroform solution and erystallisation of the
residue from chloroform—ethanol gave 4-acetylamino<3-
~imino=5-0x%0-1,2-diphenylpyrazolidine (260 mg.) as
colourless ncedles, m.p. 261-262°,
Pounds C,66.153 H,5.38%
Cy9H;¢ 0., Tequires:s C,66.22; H,5.23%

)\EWH 206 (& = 24700) and 257 mu (& = 24,000); )\”a"ﬁ

256 mu (& = 22,000)3 )\H"l 206 (& = 26,000) and 254 m
(& = 23,000).

\) max. 3335, 3226 (both NH), 1689 (C=0) snd 1669 cm.~
(co).

An ethanolic solution of the compound gave a brown colour




with aqueous ferric chloride. . The monoacetate was
recovered after 5 hr. reflux in xylene.

(v) A'solution'ot 354~diamino=5-0x0-1,2~-diphenyl-
pyrazolihe_(zso mg.) in acetic anhydride (10 c.c.) was
refluxed for 1 hr. HMethanol was added and the solution
evaporated to dryness under reduced pressure. Working

up as in (a),4—ace%ylaminq—S~imino-5-oxo~192—diphenyl—
pyrazolidine (150 mg.) m.p. and mixed m.p. 261-262° was
obtained.

(¢) To a stirred solution of 3,4-diamino=5-0x0-1,2-
diphenylpyrazoline (260 mg.) in chloroform (25 c.c.)

at room temperature a solution of acetyl chloride (5 co.c.}
in chloroform (15 c.c.) was added dropwise over 30 min.
The sclution was a%iired for a further hour and the
chloroform solution washed with agucsous sadium hydroxide
(3 x 30 coce3 2N), water and the dried (HayS(O,) solution
evéporated to dryness under veduced pressure. Crystallisa-
tion of the residue from chloroform-methanol gave
4-gcetylamino-3-imino=5~0x0-1,2-diphenylpyrazolidine

(100 mg.) m.p. and mixed m.p. 260-261°.

4-Formylamino=3-imino-5-0x0-1,2-diphenylpyrazoii-
dine. -~ A solution of 3,4-dismino=5-0x0-1,2-diphenyl-
pyrazoline (330 mg.) in formic acid (3 e.c.) was heated

on the steam bath for 2 hr. The cooled solution was



ﬁade Just alkaline by the addition of dilute aqueous
sodium hydroxide and the solution was extracted with
chloroform. The chloroform extract was washed with
water and the dried (Na,;S0,) solution evaporated to
dryness under reduced pressure. Crystallisation of the

residue from ethanol-petroleum ether gave 4-formylamino=

~3=imino-5-0x0~1,2-diphenylpyrazclidine (210 mg.) as

colourlese necedles, m.p. 182-183%.
Pounds C,64.435 H,5,24%
CieHy, 0,8y + 0.5 CHy;CHyOH requires: C,64.34; H,5.36%

Ne hex. 206 (& = 20,000) and 259 mu (t= 20,500) ; N;;’Eo

256 mu (E= 18,000;.
N CHC1,

\?mgxo 3534, 3175 {both WH) and 1672 cm.  {0=0) ;g mex.
3333, 3175 (both ¥3I) and 1681 eme™" (G = 0).

4=Fornylaninte3«-inirc=b-0x0<1 ;2-diphenylpyrazoli-

dine (120 mg.) m.p. and mixed m.p. 180-181° was

recovered unchanged after being refluxed for 7 hr. with
excess formic acid.

Sod4-Diacetyviamino-5=0x0-1,2-4iphenylpyragzoliine. -
£ solution 0f 4-acetylamino-3-imino-5-0x0-=1,2-diphenyl-

pyrazolidine (100 mg.} in chloroform (10 c.c.} aad
redietilled zcetyl chloride was refluxed for 4 hr. Water

was added cautiousiy to the cooled solution and then
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extracted with chloroform. The chloroform extract was
then washed with aqueous sodium bicarbonate solution,
water and the dried (Na,SO;) extract evaporated to dryness
under reduced pressure. Crystallisation of the solid
resldue from ethanol-petroleum ether gave 3,4-diacetyl-
M-S—g}_g_—l,z—dighenxlgmzolmé (70 mg.) as needles,

m.p. 222-223°.
Pound: C,64.513 H,5.66%.

0964045§ H95955%
C,oH1g0;H, + 0.5 CHyCH,OH requiress C,64.34; H,5.63%

>\E;g§° 207 (& = 22,000) and 276 m (& = 15,000); N;g‘;
251 (& = 14,000) and 278 mu (& = 21,000).

-t
Vmax. 3390, 3155 (both NH), 1709 (C=0) and 1631 om.”

-t
\}GHOZE, 3390’ 3226 (both NH)’ 1709 (030) and 1642 cn. °
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Section I.

A et e s s v ao

Cyclisation of cyanoacetylhydrazobenzene (LXVI) or the
reactlion of ethyl cyanoacetate with hydrazobenzene gave
3-imino-5-ox0-1,2-divhenylpyrazolidine (LXV) and its pp'-
dimethyl derivative (LXVIII). (LXV) and its 4-methyl
derivative (LXX) were best prepared by the action of potassium
cyanide on the appropriate a-haloacylhydrazpbenzene. Rirg
opening studies have been made on 3-imino=-E-oxo-1,2-diphenyl-
pyrazolidine (LXV), which has also been converted into
3,5-dioxo- 1l,2-diphenylpyrazolidine (XIV). Ethanolic hycro-
chloric acid hydrolysis of (LXV) and (XIV) opened the pyrazoli-
dine ring giving the same products, namely N-(B-carboxyacetyl)-
hydrazobenzene (LXXII§ R = H) and its ethyl ester (LXiIIj R = B&t);
the latter compound was cyclised to (XIV) using alkali. 3-Inino-
~5=0x0~1,2-diphenylpyrazolidine (LXV) condensed with cyclo-
hexanone giving 4-cyclohexenyl-3-imino-5-oxo=-1l,2-diphenylyyrazoli-
dine (LXXIV) which on catalytic hydrogenation yielded 4-cyclohexyl
~3-imino-5-0x0=-1,2-diphenylpyrazolidine (LXXV). Acid treatment
of the latter converted it into the corresponding 3,5-dioxo-
compound. The 4-isonitroso derivative (LXXIX) and the 4-phenyl-
azo derivative (LXXX) of 3-imino-5-ox0-1,2-diphenylpyrazolidine
(LXV) were also prepared. Reduction of the former gave 3,4-
~diamino-5-oxo0~1,2-diphenylpyrazoline (LXXXIb) which on condensa-
tion with diacetyl and benzil gave 5,6-dimethyl-3-oxo-1,2-
diphenylpyrazolo-[2,3b]=pyridazine and 3-oxo-1,2,5,6-tetraphenyl-




pyrazolo-[2,3b]-pyridazine respectively.

Section II.
Acetylation of 3-imino-5-oxo0-1,2-diphenylpyrazolidine

(LXV) using acetic anhydride gave 3-acetylimino-5-oxo-1,2-
-diphenylpyrazolidine (XCI) and 4-acetyl-3-imino-5-oxo-1l,2-diphenyl
-pyrazolidine (LXXXIX). The latter could also be prepared
exclusively using acetyl chloride-pyridine. (LXV) was also
converted into its N-butyryl derivative. The N-acetyl derivative

- (XCI) was readily hydrolysed to (LXV) using alkali but the 4-acetyl
derivative (LXXXIX) was stable to alkaline hydrolysis. Acetie
anhydride on 3-imino-5-oxo-1l,2-diphenylpyrazolidine (LXV) also
gave a mixed crystal of (LXV) and (XCI). The N-monoacetyl
compound (XCI) was acidic and on treatment with diazomethane
N-methylation took place ylelding 3-acetylmethylamino-S-oxo-1l,2-
diphenylpyrazoline (CV); the latter on alkaline hydrolysis gave
é-methylimino-s-oxo-l,2-dipheny1pyrazolid1ne (CVI). 4-Cyano-
acetyl-3-imino-5-0zx0-1,2-d1ihenylpyrazolidine (CX) was zlso
prepared and acid hydrolysis converted it into 4-mecetyl-3-imino-
~5=-0x0~1,2-d1phenylpyrazolidine (LXXXIX). On treatment with
alkali 4-cyanoacetyl-3-imino-5-oxo-1l,2-diphenylpyrazolidine was
cyclised to the i1someriec 6-amino-4-hydroxy-3-oxo-~l,2-diphenyl-
pyrazolido-[2,3b]-pyridine (CXI). The latter on treatment with

dlazomethane afforded 6-amino-4-methoxy-3-oxo-1,2-diphenylpyrazo-




lido-[2,3b]-pyridine (CXIII) which was also formed by successive
reaction of (CX) with diazomethane to give 3-imino~-4=~(a-ne:hoxy-
B-cyanovinyl )-5-oxo-1,2-diphenylpyrazolidine (CXII), followed

by heating to 200°. 3-Imino-4-methyl-5-oxo-1,2-diphenyl-
pyrazolidine (LXX) on acetylation gave an N-acetyl derivative
(CXV) and S5-acetoxy-3-acetylimino-4-methyl-1l,2-diphenylpyrazoline
(CXVIII). Both (CXV) and (CXVIII) on alkaline hydrolysis yielded
the parent pyrazolidine (LXX). 3-Acetylimino-4-cyclohexyl-5-
-0ox0-1,2-diphenylpyrazolidine (CXXII) was also prejared. Treat-
ment of 3,4-diamino-5-oxo-1,2-diphenylpyrazoline (LXXXIb) with
acetic anhydride gave 4-acetylamino-3-imino-5-oxo-1,2-diphenyl-
pyrazolidine (CXXIV), which could also be prepared by the reaction
of the diamino~compound (LXXXIb) with acetyl chloride at room
temperature. On refluxing (CXXIV) with acetyl chloride, 3,4~
-diacetylamino-5-oxo-1,2-diphenylpyrazoline (CXXVII) was produced.
4-Formylamino-3-imino~5-oxo-1,2-diphenylpyrazolidine was obtained
from the action of formiec acid on (LXXIb)e

N.B. (Roman numerals) refer to the corresponding

compounds in Ph.D. Thesis 1959.

Michael A. McGee.
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