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SUMMARY

The scope and mechanisms of interaction between ortho nitro-groups
and side-chainge on the benzene nucleus were studied. Interactions of this
type can be acid or base-catalysed, and can lead to acyclic or cyclic products,

notably aza~heterocycles, often of novel siructure.

Base-catalysed Interactions A number of N,N-disubstituted o-nitrobenzamides

were synthesised from o-nitrobenzoyl chloride and the appropriate amine.
Treated with base.', li-methyl-, N-benzyl- and (iyo-nitrobenzoyl-li-phenylamino-
acetonitrile underwent intramolecular aldol condensations involving the nitro-
group, to give the corresponding 2,4~dioxo-l-hydroxXy-3-substituted-l,2,3,4~
tetrahydroquinazolines, in good yield. Similar treatment of ethyl «-~(lN-o-
nitrobenzoyl-N-phenyl )aminoacetate, w —(li=o-nitrobenzoyl-N-phenyl )aminoaceto-
phenone, «=(li=o-nitrobenzoyl-l-phenyl) and -(-(N-benayl-n-_g-nitrobenzoyl)amino-
propionitrile gave the corresponding 2-substituted 3-indazolones, again
presumably by base-catalysed aldol condensation involving the nitro-group,
followed by ring cleavage and reclosure. In contrast, reaction of o~(N-o-
nitrobenzoyl-l-phenyl), <=(li-benzyl-N-o-nitrobenzoyl) and e~ (N-methyl-N-o-
nitrobenzoyl Jaminophenylacetonitrile in basic media, afforded mainly the
corresponding 2-substituted 3-cyano-3-phenylphthalimidines, indicating that
the main mode of interaction was intramolecular nucleophilic aromatic displace-

ment of the nitro-group by the carbanion generated in the side-chain,

Acid-catalysed Interactions When trans l-benzoyl-2-{o-nitrophenyl)ethylene

oxide and its l-acetyl analogue were treated with dry hydrogen chloride, the
corresponding 6-chloro-l,4-dihydro-1,3-dihydroxy—4-oxo-2-cubstituted quinolines
were obtained in moderate yield, by a reaction mechanism probably involving

initial transfer of oxygen from the nitro-group, to the side-chain, followed



by external reduction of the resultant niirosophenylkeione to the hydroxyl—
amino compound by insertion of chloride, and cyclisation. The use of hydrogen
bromide, or hydrogen chloride in the presence of quinol, yielded the corres-
ronding unhalogenated l,3-dihydroxy-2-substituted quinolines. 1In contrast
with the trans isomer, cis l-benzoyl-2-(o-nitrophenyl)ethylene oxide, treated
with hydrogen chloride, afforded a quantitative yield of the 6-chloro-1l,3-
dihydroxyquinoline, suggesting the poseibility of a concerted cyclisation
mechanism, where the situation is sterically favourable., 1,l-Diacetyl- and
l-acetyl-l-bgnzoyl-Z-Q—nitrophenylhthylene oxides, ireated similarly, both
gave very high yields of 6-chloro-l,4-dihydro-l,3~dihydroxy-2-methyl=4-oxo-
duinoline, also illustrating the effect of the stereochemistry of the epoxide
on the reaction.

Trans l-benzoyl-2-(o-nitrophenyl)ethylene oxide, treated with stannic
chloride, gave N-(« -hydroxyphenacyl )-2,l-benzisoxazolone, while with boron
trifluoride etherate, it yielded a mixture of the former and N-phenylglyoxyl-—
oylanthranilic acid., N-Desyl-2,l-benzisoxazolone was isolated when the reaction
was repeated in the presence of acetic anhydride, using stannic chloride,
I-Acetyl-z-(_g-nitrophenyl)ethyleno oxide, treated with boron triflucfride ether-
ate, gave a product assigned the structure w -aceiyl-w -hydroxy-o-nitrosoaceto-
phenone, while with added acetic anhydride,w-acetoxy-w-acetyl-o-nitrosoaceto-
phenone was obtained. o-Nitrophenylethylene oxide itself gave only methylene-
bis-2,1-benzisoxazolone, when treated with Lewis acids.

1-Benzoyl-2-(o-nitrophenyl Jethylene oxide, refluxed in glacial acetic
acid, afforded 1,4-dihydro-3-hydroxy-4-oxo-2-phenylquinoline, whereas, refluxed

in formic acid, it gave N-phenylglyoxyloylanthranilic acid,
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GENERAL INTRODUCTION

Due to the proximity of aromatic nitro-groups to ortho-side-chains,
there is the possibility of chemical interaction, if there is a suitably
activated centre present in the side-chain. The most common type of inter-
action involies prior reduction of the nitro-group by an external reagent,
followed by cyclisation of the resulting hydroxylamine or amine to give a
nitrogen-containing heterocycle. This is a common method of heterocyclic
synthesis. However a number of reactions are known which appear to involve
direct interaction between the side-~chain and the intact nitro-group. The
scope and mechanism of interactions of this type are summarised in a recent
reviewl.

Two types of interaction are possible involving reaction across space.
The first of these occurs by attack at nitrogen by a nucleophilic centre in
the side-chain, the second, by attack at oxygen by an electrophilic:caantre
in the side-chain, The former process is the simplest to envisage, and may
be considered to take place via a base-catalysed aldol type of mechanism,

ag shown in scheme 1.
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( scheme 1)
There are few recorded examples in the literature of intermolecular

condensations of the aldol type involving the nitro-group. Recently, however,

it has been suggested that the reaction of o-nitrobenzaldehyde with indanone,

to give an indanoquinoline-l-oxide (1), involves such a condensation.?



(scheme 2)

However, it is difficult to accept that as implied by the proposed mechanism
(scheme 2), a nitro-—group can compete successfully with an aldehyde group
in an aldol type condensation,

Intramolecular interactions of this type, howevever, are much more
common, presumably because the nitro-group is held in a sterically favoured
position for reaction to take place, The most clear-cut examples occur in
gystems where the benzylic position is blocked, e.g. in o-nitrobenzoyl
derivatives,

Thus methyl or ethyl o-nitrobenzoylacetate (2; ReOlie or OEt) or
o-nitrobenzoylacetone (2; R=ile) react in the cold with aqueous sodium
bicsrbonato3, giving products later identified? as the orange isatogens (3)

and the purple indogenides (4).
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Presumably the common intermediate can lead to both products, as in
schene 3,

o~Nitroacetophenone derivatives may also interact by this direct
aldol type of process. Thus the chloro-ketone (5) has been shown to yield
anthranil-3-carboxylic acid (6) when heated with aqueous ethanolic potassium

hydroxide, the suggested intermediates being the chloroisatogen and

l-<hydroxyi satins.
0
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B O e e
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o — p 0
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:similarly,5 o-nitrobenzoylacetone (7 x-COCHB) gives isatin (8),
possibly by hydroxide attack on the hydrated form of 2-acetylisatogen,

formed by an initial aldol-type condensation,
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the formation of qum:duo-l-m«f (93 Ra-u or iAc) when the

2-30 or Ac) are treated with

substituted o- nitroacetanilides e.gs (103 R
base, further Mujmlumno interactions in which the side-chain
nucleophile is a carbanion, Other uuplu-"a” dezonstrate the generality
of thie type of cyclisation. N-¥ethylation of the o-nitreacetanilide
appears to enhance both yield and rate of qolinttu’. In theory, the
nitro-group could also interact with the side-chain by an acid-catlalysed

aldol type of reaction (scheme 6).
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(echene 6)
The recently reported ’ acid-catalysed cyclisation of N,ledialiyl-g-
nitroanilines (11) te bemzimidazole N-oxides (12) may take place by thise
type of mechanism,

Examples of electrophilic attack by the side-chain on oxygen of
the nitro-group are rarer, and not so clearly defined as the aldol type.
Hovever, the transformation of g-nitrobenzoyldiasomethame (13) imto
lehydroxy~isatin’® (14) by mized formic and acetic scide illustrates thie



type of mechaniem (scheme 7).
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The treatment of acetylene derivatives (153 R=CO,H or cozr.t) with
concentrated sulphuric acid leads to cyclisation giving isatogens, or
productes obtainable from them by further reactionj i.e. the ester (153
ReC0,Et) gives ethyl isatogenate (165 R=COEt), while the acid (155R=COOH)
gives the isatin (8), probably through the initial formation and further
reaction of the unstable isatogenic acid (163 R---CQ()H).]‘E3 Hydration of the
acetylene does not appear to be a significant step in forming the
isatogenic ester, since ethyl-o -nitrobenzoylacetate is hydrolysed rather
than cyclised in concentrated sulphuric acid, 13 It follows that the

nitro-group must interact directly with the triple bond,

Co,Et H_ CO,Et

o —COzEt l'l0
NO,

/03

) H
50_3’.', \cozgt - /)—CO,Et (scheme 8)
N=0 |



An electrophilic type of interaction may also be involved in some
photochemical processes, e.g. in the conversion of o-nitrobengzylidene-
aniline (17)14 into 2-nitroscbenzanilide (18) and the tolane (153 T=Ph)15
into the isatogen (163 n=Fh) in the presence of light, in pyridine,

Demonstration of these direct types of interaction beiween the
side-chain and the nitro-group across space, is often complicated by the
poesible modification of the nitro—group prior to interaction, by initial

conversion into the aci-nitro tautomer, as shown,

R
—
<«
\ OH
0- 0-
Thig is also possible in substituted g—nitroanilines,
N
\‘R N\\R
—
—
rfzo v;Lon
0- 0-

or even in the case of nitrobiphenyl derivatives.

QL= &P
TR L=

There are a number of reactions known in which this type of

interaction appears to be involved, e.g. when 2,4{-dinitrophenylacetone

(19; 5-16)16 or 2,/-dinitrophenylacetic acid (19; n:OH)l7 is heated with

concentrated sulphuric acid, the product obtained is é-nitroanthranil (20),

H H COCHg
COCH,
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9 0, (20)

while o-nitrotolusne is converted by base into anthranilic ac:i.cl18

COpH
—

SCH, @ @N (=cheme 10)
\N

and o-nitrobenzaldehyde into o-nitrosobenzoic acid, probably through the

cyanohydrin, in the presence of a mixture of ammonium cyanide and hydroxide.

H OH
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—
@ i @[ (scheme 11)
NO
O—H

As can be seen from the examples cited, this type of interaction can be

acid or base-catalysed.
However, even interactions involving the aci-nitro tautomer may at
least in the base-catalysed examples proceed by initial hydrogen abstract-

ion from the side-chain by the nitro group(cf. scheme 10),

ﬂE/” %hz CH
G = G = O
ﬁ/&)— Vo _0
| Gb .
The present research was undertaken in an aittempt to gain further

information on the scope and mechanism of certain of these types of
interaction, As the examples discussed above demonstrate, reactions

involving nitro-group side-chain interaction are boih mechanistically



interesting and synthetically important, often providing novel routes to
otherwise inaccessible products.

Two types of ortho-substituted nitrobenzene derivative were chosen
for study, The first (type 1) contains a substituted amide side-—chain and
the second (type 2), a substituted epoxide side-chain,

H R'
R! ) \ 2
2 (type 1) (type 2)
0, N NO,

As it turned out, interaction occurring with the type 1 nitro-compounds
was of the base—oatalyeeﬁ nucleophilic type, whereas that obeerved in the
type 2 nitro-compounds was of the acid catalysed electrophilic type, On
the basis of this differentiation the subject material of the thesis i=s

divided into two main sections,
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Base Catalysed Interactions

Introduction

(a) o-liitrobiphenyl Derivatives. Base catalysed cyclisations of the

biphenyls [21(a~c)] were observed by MuthZ ?2'

to give phenanthridine~N-
oxides [22(a~c)] as the simple aldol-type dehydration products. An aldol-
type of mechanism for these reactions is supported by the obeservations
that the rate of cyclisation increases with increasing electron withdrawal
in the substituent (R) in (21) and that cyclisation fails when R=CO H, H,
OH, and Br, Similar treatment of (21(d-e)] gave products [22(d~e)]
obtained as a result of hydrolysis of the initially formed oxides (22; R=
COPh or S0,Ph). 2-Amino-2 -nitrodiphenyl (21; N, for CH,R) gave the
benzocinnoline—4~oxide (23), This type of reactivity is also demonstrated
in the quinoxalinee (24) which are cyclised by base to the guinoxaline-l-
oxides (25)22.

On the other hand the o-nitrobiphenyl (26 )23 can be converted by
treatment with base, or irradiation, into the phenanthridine (27), the

mechanism probably being one involving an aci-nitro tautomer,

(s
C—=N—Ph

N=0

(scheme 12)



Me XN COEt
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BQ
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l— (44) "02 (45)
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a Cone
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2 b CONH
NO, 2
c CN
d COPh
& SOzPh

R Xy
A_ (25)
COzEt
A OH
ozN Ph

(22) R

a COZMe
0
b C NM2
c CN
d H 4 PhCOH
e OH +Ph$03H

N
2 (24)

Xz

COzEt

% a0
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{b) o-Nitrobenzyl Derivatives. o-Nitrophenylacetone and the 2,4-dinitro-

phenylacetoacetic acid ester (283 R=H) are not cyclised by base, presumably
because the doubly activated proton on the sterically hindered «-carbon

is removed instead of the relatively unactivated methyl proton, However,

a very similar compound (28; R=Ph)24 is cyclised to the quinoline derivat~
ive (29)%.

When there are < and g carbone carrying protons capable of ionisat-
ion, as in the ester (303 R=COle, H for 01)26, then the product obtained
is the indole (31; H for CN). An aldol type of condensation provides a
convenient explanation for this interaction (scheme 13), although the

poseibility of aci-nitro intermediates cannot be ruled out,

/COZEt H
COZEt }
CO,Et
COMe OMe 2/ COLEY = 2
7
H%\ !)- (l)H

(scheme 13)

The ability of this type of compound to undergo base catalysed cyclisation
to indoles seems to be quite general. Thus o-nitrobenzylmalonic acid
affords the indole (31j CO,H for COEt, H for CN)°!, while the nitrile
(303 n-cozmt) and amide (303 R=CO,E%, CONH, for CN) are respectively

converted to the indoles (31) and (313 CONH

, for CN) by the action of
28
-

sodium carbonate
However, when the diester (30j R-cant) ie treated with hot ethan-—
olic potassium hydroxide, reduction by the reaction medium results in the

formation of the quinoline derivative (32) as shown in scheme 14,



co £t CozEt
C—H CO,Et
E:If?koa an %a
CN
CO,Et 0,E¢
[',"T’ 0,Et L (echeme 14)
NHOH

H (32)
The quinoline (32) may also be obtained directly by reacting diethyl
o-nitrobenzylidenemalonate with potassium cyanide, in ethanol, Also, as

shown in the reactions below29’3o (schemes 15, 16),

N N CN
Ph Ph Ph
N
m or Lo MMy @Ph ik - (scheme 15)
Noz E‘tOH v NHz

N
K OH 5
N N
COPh \ NS
KCN
m EtoH coph i o (scheme 16)
Noz 6 |
H o-

where the initial adducts (cf. 30) are not isolated, the reactions are
found to yield mixtures of the indoles and gquinolines, as shown, thereby
demonstrating the simultaneous operation of the two mechanismse,

On the other hand, the succinate (33) cyclises smoothly in 207
aqueous potassium hydroxide, to give 3-carboxyquinoline-~N-oxide (34), o
presumably by an aldol type of condensation initially, giving the diester
(35), followed by hydrolysis to the diacid (2353 CO H for CC2Et) and
decarboxylation of the 2-carboxyl-group,

o-Nitrobenzylamine does not cyclise, presumably because the side-
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chain is not sufficiently activated., However, many of its derivatives do

so readily, providing valuable routes to indazole derivatives, Thus, the
o-nitrobenzylamine derivative (36) is converted by warming with ethanolic

sodium carbonate into the indazole-l-oxide (37)32. Behr>

has shown that
indazole-l-oxides are formed directly by heating a mixture of the amine
and o-nitrobenzaldehyde with potassium cyanide in the presence of acetic
acide An aldol type of condensation provides an explanation for these
interactions, although again the possibility of aci-niiro intermediates
cannot be ruled out. However, the products formed in the cyclisation of
2-nitrobenzylideneanilines could in fact be the corresponding 2-nitroso-

benzanilidesl, rather than the indazole N-oxides ae formulated34.

(¢) o-Nitroaniline Derivatives, o-Nitrophenylhydrazine was found by

Nietzki and Braunschweig35 not to give hydrazine, when treated with alkali,
but instead, to give l-hydroxybenzotriazole (scheme 17). This reaction
constitutes a general method for the synthesis of l-hydroxybenzo-
triazoles§6’37’38 The aldol mechanism offers an attractively simple
explanation for the formation of these products, but again aci-nitro

intermediates could be involved,

_ H
@En\""z Gy G@ b
! g >&-H — Y
+
NO, o '
(scheme 17)
The reducing properties of hydrazines are also in evidence in cyclisations
of this type, Thus 2,4-dinitrophenylhydrazine yields>> 3,3'-dinitro-
azoxybenzene, m-dinitrobenzene and l-hydroxy-6-nitrobenzotriazole in

proportions which vary with the pH of the medium, and are minimal for the

heterocycle at low concentrations of basic condensing agent.
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Hydrazidic halides (393 Ar=PFh or 2—0}130634) treated with a weak
base, such as triethylamine, are smoothly dehydrohalogenated and cyclised
to the corresponding benzotriazoles (38; Ar=Fh or R-CHC.E, )4,  The mechan~-

ism proposed involves oxygen transfer, as shown.

HlB
3 2
N=CAr \$t)
\’CL ~— Dear = v \:‘\)
v & N {3 L CAr  —
1 (A) ool
(39) o A
N
o s e . \/4 (scheme 18)
Br NO
Br é_ B T
(38) OCOAr
41

A similar result has been reported by Huisgen and Weberndorfer ~, who have
also obtained evidence for intermediates of type A (scheme 18), in the form
of a 1:1 adduct with methyl acrylate.

When methyled=(2,4~dinitrophenylamino )acrylate (40) is treated with
sodium methoxide, or ammonia, in methanol, the products obtained are the
bensinidazoles (41; XeNO,, R°=COjie or CONH,)*2, Lixewise®®, «~(2,4~dinttro-
phenylanino )- «punsaturated acyl derivatives, e.g. (42; X-NOZ, Rl-n, Me
or Ph, R-z-e?(e) are cyclised by a variety of bases, e.g. diethylamine,
sodium carbonate, sodium methoxide or sodium hydroxide, in protonic or
aprotic solvents, to yield the 6-nitrobenzimidazole-l-oxide (41j X=0,y
nz-cozmo). The mechanism proposod43 is one involving oxygen transfer., A
gimpler and equally plausible course for these reactions involves hydrolytic
fission of the double bond, followed by an aldol type of condensation, as

shown in scheme 19,



7\
/

OR

2

(53)

R
Ny

o2

OH (55)

v

N
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N N y
Nc = “\cH,r? H
_ W\ OH_, /I::::[:. 2 B iilllll!}‘
x@"% CHR‘ X NO Rz

2

(42) o H@ 0-
RcHo
— R L N
m e m"z (scheme 19)
oy S Gn

o-Nitrophenylguanidine (433 i=H) is cyclised to 3~aminobenzo-
triazine l-oxide (443 Ri=H) when warmed with dilute alkali, and the anal-
ogous urea derivative (45) to the corresponding 3-hydroxybenzotriazine
l-oxide (46) by 10{ aqueous potassium hydroxide.44 Lxtensions of this
type of reaction include cyclisations of the guanidine (43; R=Fh), the
o-nitrophenylthiourea (455 S for o),45 and various aryl-substituted
guanidines46 (as 433 n=H). Kany other variations have been recorded, such
as the cyolisation of o-nitrophenylbenzamidines’' (47). ® 3-arylbenszo-
triazine l-oxides (48). The already discussed cyclisations of o-nitro-
acetanilides (105 R2=Bz or Ac) to the quinoxalime-l-oxides® (9j RmR =R w

H, ﬂz-Bs or Ac), illustrate the extension of these cyclisations to cases

where the side-chain provides the nucleophile in the form of carbanion.

(d) o-Nitrobenzoyl Derivatives, Several examples of this type of inter-

action involving o-nitrobenzoyl derivatives have already been discussed
in the general introduction (see previously ).

vhen g-nitrobenzamidoacetonitrile49 (493 E=CN) was warmed with



15

alcoholic solutions of sodium alkoxides, products identified as l-hydroxy-
quinazolines (50; R=lle or Et) were obtained, as well as the dioxo-compound
(51) and benzoic acid. The ketone w -(g-nitrobenzamido)acetophenone (49;
=Bz ) warmed in aqueous alkali, afforded 2-benzoyl-3,4-dihydro=i-
oxoquinazoline (523 R=Bz), and refluxed in ethanolic sodium ethoxide, gave
the N-hydroxy-compound, l,4-dihydro-l-hydroxy-—4-oxocquinazoline (50; H for
OR)s The mechaniem operative here must be the aldol type, precumably
involving cyclisation to the nitrile (503 CN for OR), followed by die-
placement of the cyano-group by alkoxide, or hydroxide ion, to give the

observed products (scheme 20).

o} 0
; H H
— Sssl
C CN ~ A—-OR
H o + 7 CN N

/ CN
HO) = é- fl-”,—H
0

2 — i i (scheme 20)
N Pon

OR OH
) % ﬁ
0- OH 0- OH

The formation of benzoic acid from the nitrile (49; R=CN) is unexpected
and is explicable only if the NH group in the side-chain competes with
the adjacent 032 for attack on the nitro-group. In the case of the
ketone (493 R=Bz), the formation of (52; R=Bz) suggests that the M=
hydroxy-2-bengoyl derivative (50; Bz for OR) is probably an intermediate
which can either yield the quinazoline (503 H for OR), by loss of the

benzoyl group, or the ketone (52; E=Bz) by reduction in the alkaline
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Iledim.
Ae an extension of these reactions, it was decided to examine the
scope and mechanism of base catalysed interactions in the o-nitrobenzamide

derivatives of general formula

o
ALK

o, %"
where i'sH, alkyl or aryl; R°sil, alkyl or aryl and R°=CH, Bs or CO,Et.
These molecules are of interest because (a) variation of R and B will
affect the acidity of tho_ proton, thereby increasing or decreasing the
nucleophilic character of the reactive centre in the side-chain, (b)
replacement of the proton on the nitrogen by gt (alkyl or aryl) will have
the effect of reducing the influence of a competing nucleophilic centre
in the side-chain, (¢) if these amides cyclise in a manner amalogous to
the compound (49; R=CN or Bz), then they will provide a useful synthetic
route to otherwise inaccessible 2 and 3-substituted quinazoline-l-oxides.

Quinagoline-N-oxides were almost totally unknown until about a
decade ago, when products formulated as l-acylindazoles by Auwers and
Mawonburgso were shown by Sternbach and oo-vorkorssl to be quinazoline-3-
oxides,

Quinagoline~l-oxide itself is unknown, but 4-substituted derivatives
are available by peracid oxidation of the parent quinazoline, This can
sometimes lead to ambiguity of structure in the product (i.e. position of
the N-oxide group), or side-reactions such as oxidative degradation of side-
chains, or destruction of the ring system. Thus, oxidation of 4-alkoxyquin-
agolines (53) with hydrogen peroxide in acetic acid’>, yields 3,4=dihydro-
4=oxoquinazoline (523 E=H), probably as a result of hydrolysis. On the
other hand, perphthalic acid in ether oxidises wvarious 4-alkoxyquinazolines
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to the respective l-oxides (54) in ascceptable yieldlsz. The 4=-alkoxy-l,2-
dihydro-l-hydroxy-2-oxoquinazolines (55) were also formed, but in lower
yield.

Peracetic acid can be used when the group in the 4-position is less
sensitive to oxidation. Sternbach and his co-workers’  oxidised 2-chloromethyl-
and 2-methyl-6~chloro-4-phenoxy-quinazoline in this manner to the respective
l-oxides, while Toyoshima’> has similarly prepared the l-oxides of 3-aryl-
3,4~dihydro~2-methyl=4~oxoquinazolines, However, in the latter reactionms,
the corresponding Nearyl-o-nitrobenzamides are obtained as byproducts,

Cuinagoline-3-oxides are generally synthesised by the dehydration
of _o_-wlaminouvlkotoﬁmcssl’54. Quinazoline-3-oxide itself was first pre-
pared”? in 1957 by treating o-aminobenzaldoxime with ethylorthoformate,

This type of reaction has been extended to the synthesis of quinazoline=3-
oxides with a variety of substituents om the benzeme ring.°
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DISCUSSION OF BASE CATALYSED INTERACTIONS
Preparation of the Amides. The amides were all prepared by one of three
general methode already recorded in the literature., The amines required
were either available commercially, or were prepared by standard methods,
as were the acid chlorides,
For convenience, the amides are divided into three general types

according to their chemical etructures,

0 (0]
2 m’ﬂ .
. L, (») L
N Cc

N

Amides (56a; Re=ile or PhCH,, 5Bt for CN) were
with omil'rolm\gbyl
prepared by condensing the appropriate amine or amine hydrochloridey in chlo de

and R=Ph, Bz or CO

glacial acetic acid, in the presence of an excess of fused sodium acetate.
In the case of the compound (56a3 R=Ph), the method was modified by
carrying out the reaction in refluxing benzene., Although successful for
the preparation of the amides mentioned, this method failed in all attempis
to prepare amides having substituents other than hydrogen on the carbon
adjacent to the amido-nitrogen, the products being intractable tars. The
other amides required for study were, however, readily prepared by two
alternative methods, In the first of these, the amides (56b; R=le or Ph)

and (56c¢; R=ie or PhCH,, RI-H) were prepared by reacting the acid chloride

2
at room temperature in the absence of a solvent, with twice the theoret-
ical amount of amine. In the second method, used in the preparation of
amides (56b; n=H or phcnz), (56e3 R=H or Fh, RraH and R=Ph, R]'-I&e),
(5Tcy X=Cla Olie, Y=H and X=Cl, t-noz), (58a; R=Fh), (58b; R=PFh), (59¢j

f=Ph, X=H or Noz) and (60; R=Ph or PhCHa), the aming,(two moles), in dry
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benzene, was treated with the acid chloride (ome mole), also in benzene,
at room temperature, and stirred until reaction was complete, All the
amides contained a carbonyl band in the infra-red, in the range 1670-
1630 o'u'l, expected for tertiary amides, but lacked a band in the region
expected for a cyano group. This is not unusual since the nitrile vib-
ration can vary widely in its intensity and may be completely absent, o1
The presence of the nitro-group was indicated by bande at 1530 and 1350 un:l
The chemical shift of the methylene or methine proton(s) in the
nuclear magnetic resonance spectra of the amides is of interest, in giving
some indication of the acidity of the nucleophilic centre in the side-
chain and hence (as will be discussed later) having a bearing on the
product formed. In the type (a) amides (56a; Rsile, Fh or Phcnz), the
absorptions fall within the range 7-5.2-5.5. The methylene protions of
the amide (56a; R=Ph, COPh for CN) absorb at somewhat lower field (7= 4.55).
When the amide is methyl substituted (type b ) (56bs Rslie, Ph or Phcnz)
the methine proton absorbs at 7= 4,0-4.6, with the exception of the com-
pound (56bs R=H), which contains a methine absorption at 7=5.l. Finally,
when the amide is phenyl substituted, the absorption of the methine proton
is shifted well downfield to 7= 2,0-3.15, the exception again being the
N-unsubstituted amide (56c¢c; R=H, Rl-ﬂ) which absorbe somewhat higher at
7= 3,9, With the exception of the unexpected relative downfield shift
of the methine proton in the methyl-substituted amides, these variations
in chemical shift follow the expected differences in the acidity of the
methylene or methine protons. The n.m.r. spectra of the amides (S6a;
E=ile or PhCBe) indicate that there is restricted rotation about the N-C=0

bond in these molecules. The features of the n.m.r. spectra and the



presence of restricted rotation may be explained by the existence of the
amide in geometrically isomeric zwitterionic forms.

oi /5 i 0 \x r/A o5 Oi s A
x/c A x/ \B x/c h“<B

These isomers are reasonably stable, and can be separated in certain cases
by slow crystallisation in the cold. clu.px:’58 has isolated the individual
isomers by this method from a series of amides (61), where ©' and R are
unlike bulky groups, and has shown by n.m.re. that they slowly equilibrate
in solution, at room temperature. By analogy, the n.m.r, spectrum of the
amide (56a; R=Me) indicates that the molecule exists as an equilibrium
mixture of cis and trans zwitterionic forms (a) and (b) as shown,

O2 (l)- /CHS 02 ?‘ CHZCN
C=ﬁ\ (a) “-‘—‘f< (b)
CH3

CH2CN

the o-nitrophenyl group lying perpendicular to the plane of the double bond

in the least crowded position. In form (a), the methyl group will be further
from the nitro-group and less deshielded, while the methylene is closer, and

so more deshielded. In form (b) the situation is reversed, resulting in the
methyl group being more deshielded, while the methylene is comparatively less
deshielded. Hence the spectrum obtained shows four peaks, corresponding to the
two possible situations. From peak integration, the isomer ratio is determined
‘as asb, 130.2. Similarly, in amide (®6aj R-PhCHz) the asb ratio is found to be
exactly 1:1, however, it is not possible here to assign structures. In the
case of amide (“6aj R=Ph) consideration of a model shows that there will be

considerable steric hindrance to the formation of the structure corres-
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ponding to (b), due to the size of the phenyl-group., Thus, as indicated
by ite nem.rs spectrum, the molecule probably exists exclusively in the

form corresponding to (a) above.

Base-Catalysed Reactions of Type (&) Amides,

When the nitriles (56a; h=le, PhCH, or Ph) were warmed with

ethanolic sodium ethoxide a smooth and rapid reaction occurred, affording
high yields of 2,4-dioxo-l-hydroxyquinazolines (62; R=Ph, le or Phcnz).
The N-hydroxyquinazolones (623 R=le or PhCHé) were also formed in high
vield by warming the amides (56a; R=le or Pthz) with ethanolic potassium
hydroxide or 10/ aqueous sodium hydroxide, or by stirring in ethanolic
sodium ethoxide at room temperature., As in the case of the N-unsubstit-

49

uted compounds studied by Tennant and Vaughan, none of the expected
cyanoquinazoline l-oxides (63; H=FPh, ile or PhCH2) could be detected.

The l-hydroxyquinazoline diones were colourless, high-melting
solids which decomposed at their meliing-points. They dicsolved readily
in agueous alkali and were recovered unchanged on acidification. 1In
contrast to the yields obtained from the N-unsubstituted amides,”> the
N-hydroxyquinazolones (62; R=lle, Ph or PhCHa) were obtained in > 90/
yield, Thies may be due partly to a more favourable disposition of the
gide~chain brought'abont by the presence of the N-substituent and partly
to the absence of the N=H group, thereby excluding possible side-reactions
due to the prescence of an alternative nucleophilic centre in the side-
chain (i.,e. N-H). The existence of the side-chain in a preferred conform-
ation is supported by ne.m.r. evidence (see previously). The ability of

amide N=H to function as a nucleophile in nitro-group side-chain inter-

actions of thie type is supported by the cyclisation of N-benzyl—o-
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nitrobenzamide to 2-benzylindazolone (643 R-Phcnz) on treatment with
ethanolic alkalisg, though the precise course of this reaction is not
clear, Similar enhancement in yield has been observed in the base catal-
yoed cyclisations of substituted o-nitroacetanilides when the proton on
the amide nitrogen atom is replaced by an alkyl gronp48. In this case,
however, effects other than steric may be imolv@

The i.r. spectra of the l-hydroxyquinazolinediones contain two
carbonyl bands at ~ 1700 and ~ 1650 ams: The higher frequency band is

assigned to the C, carbonyl group and that at lower frequency to the C,

4
carbonyl, which will be lowered due to hydrogen bonding,

(o]

R

S

-y

Like 4~alkoxy-l-hydroyy@-oXequinazdines, the l-hydroxyquinazoline-

diones gave a red or violet colour with alcoholic ferriec ohlorideGO.

Vlarmed in acetic anhydride, they a.ffordeﬁ acetoxy-derivatives (623 Rsile,

Ph or PhCH,, Ae for H) having an i.r. bend just below 1800 emyY, character-
istic of cyclic N—aceto:y—derivativelas. Hydrogenolysis of these acetoxy-
compounde gave the kmown quinazolones (62; R=ie, Fh or PhCH,, H for OH),
which were also obtained by the reduction of the lN-hydroxygquinazolinediones
(623 R=ile, Ph or Phcaz) with sodium dithionite in agueous ethanol,

The structures of the quinazolones (623 Rsile, Ph or PhCH, H for OH)
were established by their unambiguous synthesis, by heating the appropriate
substituted anthranilamides with urea, a standard literature method for
the synthesis of such compound.sél’éz’sB.

A plausible course for the formation of the N-hydroxyquinazoline-
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diones is one involving initial cyclisation to the corresponding 2-cyano-
quinagoline-l-oxide (633 R=ile, Fh or Phcnz) as shown in scheme 22,

:CN d : @i‘i

b

Conversion of the cyano l-oxide into the observed products may occur
by direct replacement of the cyano-group by the hydroxyl ions liberated
during the initial condensation, or by initial formation of the ether (63;
0Bt for CN) which would be quickly hydrolysed during the work up. The
instability of the cyano F-oxides proposed as intermediates is not
unexpected since the enhanced electrophilic character of the 2-position in
such a structure (633 'R-Me, Fh or PhCHz) will promote rapid reaction with
hydroxide or ethoxide ion, followed by ejection of the cyano-group. This
instability is in accord with the knowm behaviour of 2-¢yanoquinazolines,
Hayashi and Bigaahin064 report that in 2-cyanoquinazolines the cyano-group
ies readily displaced by nucleophiles such as methoxide or ethoxide ion,
When the amides (56a; E=Ph, Bz for CN and R=Fh, CO Et for CN) were
warmed with ethanolic sodium ethoxide, or in the case of the ester, with
agqueous ethanolic alkali, the expected quinazoline~l-oxides (63; R=FPh, Bz
or CO,Bt for CN) were not obtained, In both ca.see 2-phenylindazolone (64;
R=Ph) was the only product identified, though unidentified oile were also
formed, In the case of the ketone (56a; R=Fh, Bz for CN) the indazolone

vas obtained in 40f yield, and in the case of the ester (56a; R=Fh, CO, B
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for CH), in 527 yield. The structure of 2-phenylindazolone was eciablished
by unambiguous synthesis from N-phenyl-o-nitrobenzamide. A possible mechan-

ism for the formation of 2-phenylindazolone in these reactions is shown in

scheme 23,
0 0
Ph § Ph  +HO Ph
o ~ an. o0
CH,COR ‘ﬁ. COR N
NO, ¢ | “Cor
st YA OH  (B)
0 0 0
Ph N—Ph
=% H — Ph
C=0
H O\ NHOH
| Ccor 4 H {scheme 23)
OH RCOCOH

It is assumed that the intermediate is a 2-benzoyl or 2-carbethoxyquinazol-
ine-l-oxide (A), which then hydrates (B) and ring opens, as shown, This type

of behaviour is well known in the case of acyclic nitron3865

s and has also
been reported in cyclic aystemss. The hydroxylamine derivative formed then
recyclises with the loss of benzoylformic or monoethyloxalic acid. The
benzoic acid obtained as a by-product in the cyclisation of the benszoyl-
compound ie probably derived by decomposition of the benzoylformic acid
produced initially. An alternative pathway would involve hydrolysis of

the initial benszoyl or carbethoxyl group, followed by hydration of the

double bond in the common intermediate H—oxide formed, as shown in scheme

g copn m —
J\oza

244
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(0]
Sk - €kt - Cr
“ 5 Ny CHO (scheme 24)
H bH

Subsequent ring opening and recyclisation would then yield the indazolone,

However the intermediate hydrate could also dehydrate to the parent

quinazolinedione,
0 0
NR NR NR
(fﬁx s 5 A
H
‘ H NAOH u/g)
COH

which, being stable under the conditions of the reaction, might be expected
among the products. Failure to isolate this compound, though nct conclusive,

makes the first route more likely.

Base-Catalysed Reactions of Type (b) imides

When the amides (56by R=Ph or PhCHZ) were refluxed with ethanolic sodium
ethoxide, the products isolated were the 2-substituted indazolones (64; R=FPh
or PhCHa), identical with samples synthesised by reduction of N-phenyl and
N-benzyl-o-nitrobenzamide (603 R=Fh or PhCH2). The route through to the
indazolones probably involves intermediate formation of 2,3-disubstituted

quinazoline-l-oxides, as shown in scheme 25.

0
tR iy R = [::::[:é\\NR L R
HCH CHy +,,kr°“3 Z
c
% \en® X €;m %)"’cfﬁ s
H

s~ HO B~ oy 0 (scheme 25)
This is supported by the fact that the amide (56b; R=H) is cyclised to the

quinagoline-l-oxide(63; R=H, CH

5 Tor CN) under similar conditions (see below).
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The N-oxides (63; RePh or PhCH,, CH, for CN) are then probably hydrated,
after which ring cleavage occurs, giving hydroxylamino intermediates, which
cyclise to the corresponding indazolones (64; R=FPh or Phcnz)(soheme 26).

0 0

ﬁ " | tHy /km H

- H C&H chHa (scheme 26)
The presence of hydroxylamino intermediates in these reactions may be
inferred from the formation of a mixture of the indazolone (64; R=Ph) and
the azo-compound (65) when the amide (50b; RePh) was refluxed in aqueous
ethanolic sodium carbonate. On the other hand, when the amide (56bj H-PhCHa)
was treated similarly, a mixture of the hydrazone (66) and the azoxy-compound
(67) was obtained, suggesting the presence of the nitroso-compound (68),
which could arise by mild oxidation of the hydroxylamine (69) in the alkaline
medim66. The formation of the hydrazone (66) can be explained as occurring

by ring opening of the l-hydroxyindazolome (70), formed by cyclisation of

the nitroso-compound (68)(scheme 27).

0 0
OH CcO
0 N—NHCH, Ph N—N=CH Ph
OH s ; H

H
In support of this mechaniem, _9_--11:1'tzro:;ohenzan:l].i\'hlu]'4 warmed with ethanolic
sodium carbonate yields azobenzene 2-carboxylic acid in good yield.
Likewise, ring opening of the l-hydroxyindazolone intermediate is analogous
to the knotm67 conversion of l-hydroxyindolinones into N-acylanthranilic

acids,

In contrast to the reactions of the amides (56b; R=Ph or PhCH,),

the amide (56bs R=lle) afforded unidentifiable gums, when treased with
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ethanolic sodium ethoxide, or aqueous ethanolic sodium carbonate.

3-Indazolones are usually obtained by heating the appropriate
hydrazinobenzoic acid with mineral acid. Thus, 3-indazolone itself is
proparod§8 by treating o-hydrazinobenzoic acid (71j R=H) with phosphoryl
chloride or hydrochloric acid, or by the action of heat alone. Analogues
substituted in the benzene ring are prepared aimilaxiy.69

2-Substituted 3-indazolones are likewise obtained from the appropriate
N-substituted o-hydrazinobenzoic acids (71)s Thus, the acids (713 R=Fh or
Phcnz), on warming with phosphoryl chloride, acetic anhydride, or alcoholic
acetic or hydrochloric acids, yield 2-phenylindazolone or 2-benzylindazolone
(643 R=Ph or PhCH2)7°. A recent method used to synthesise 2-substituted
3-indazelones involves reaction of the appropriate azobenzene derivative
with carbon monoxide at high pressure, in the presence of a transition
metal catalyst. Thus, Murahashi and Horiie71 have prepared 2-phenylind-
azolone by the reaction of azobenzene and carbon monoxide, at 150 atmospheres,
using cobalt octacarbonyl as catalyst. It is of interest that depending
upon the reaction conditions and the catalyst used, varying amounts of
2,4~di0x0=3-phenyl=1,2,3,4~tetrahydroquinazoline (623 R=Fh, H for OH) can
be obtained as a by-product in this reaction, 2-Benzyl and 2-phenylind-
azolone (643 R=Fh or Phcn2) are also obtained by reductive cyclisation of
N-benzyl and N-phenyl-o-nitrobenzamide (603 R=PhCH, or Ph), using zinc and
sodium hydroxide (see experimental section). N-Benzyl-o-nitrobenszamide
however is also converted into 2-benzylindazolone on treatment with 20;
ethanolic potassium hydroxidn.72 The detailed course of this cyclisation
is not clear, but appears to require reduction by the reaction medium at

some stage.
When the amide (56b3 R=H) was treated with base (ethanolic sodium
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hydroxide), the product obtained in good yield was the expected (scheme 28)

3y4=-dihydro-2-methyl-4—oxoquinazoline~l-oxide (633 =u=H, C% for CN).

0
i g (scheme 28)
@Hﬂa @ékcn g c;% g ?’ CHy

HO O" g);‘ OH 0~

The structure of this product was established by ite conversion on warming
with acetic’ anhydride into 2-acetoxymethylquinazoline (72). This reaction
is analogous to the conversion of 2-methylpyridine-l-oxides and 2-methyl-
quinoline-l-oxides by acetic anhydride into 2-acetoxymethylpyridines and
2-acetoxymethylquinolines, For a long time the accepted mechanism of this

type of reaction was that suggested by Pachter73 (echeme 29),

r
N R by~ e~
Eﬁ)\cﬂa oy -:’/ H3 - > H2 o5 N/ CH,OAc

: ‘e b ’
i

However, the issuec became complicated when Boekelheide and Harrington

(scheme 29)

74

found that the reaction displayed certain characteristice of a free~
radical process, while Traynelis and Martello75 obtained evidence which
tended to support the original mechaniem, The mechaniem was clarified by
the use of 180 tracera76. Based on the resulis obtained a "radical pair"

mechanism has been suggested76 (scheme 30).

] - CL o O
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3 (scheme 30)



29

Since the reaction is not affected by radical scavengers, it must take
17

place in a "solvent cage”. PFurther work'' with tracers has shown that
this type of mechanism is also operative in similar reactiomsof acetic
anhydride and benzoyl chloride with N,N~dimethylaniline-li-oxide and
quinaldine~l-oxide.

The i.r. spectrum of the orystalline 3,4-dihydro-~2-methyl-d-oxo-

quinazoline-l-oxide (633 B=H, CH, for CN) is very similar to those of the

3
ethers (63; R=H, OEt or Oie fot'CN),49 in that it shows no absorption
above 1625 cm?l, attributable to a carbonyl group. It also contains a
broad band of low intensity in the region 2100-2400 <=m."1 as is also
observed 49 in the i.r. spectra of the ethers (63; R=H, 0Dt or Clie for Ci).
By analogy with the structur949 proposed for the ethers (63; Rk=H, 0Nt or
Okie for CN), it is probable that 3,4-dihydro-2-methyl-4-oxoquinoline-l-
oxide (633 R=H, Me for CN) does not exist in N—oxide form in the solid

state, but rather as the N-hydroxy-~betaine structure shown,

0 0-
@fl — O
N Hy ﬁ)\cn3
b (A) bn (8)
The broad absorption at 2100-2400 oms> can then be attributed to inter—
molecular hydrogen bonding between the N-hydroxy- and 4-oxo-groups in the
above structure, Likewise hydrogen bonding and the possibility of
mesomerism (Ae»B) explains the absence of carbonyl absorption above

1625 ouct
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Base-Catalysed Reactions of Type (c) Amides,

Initially, the reactivity of the amides (56c; R=Fh, PhCH, or Me,
RI-H) towards ethanolic sodium ethoxide was studied, However, the results
were not entirely satisfactory, esince the products formed initially tended
to react further, yielding mixtures, Higher yields of single producis
were obtained, however, using acgueous sodium carbonate as the base,

When the amide (56c; R=FPh, R's=H) was treated with sodium ethoxide,
a mixture of 3-cyano-2,3-diphenylphthalimidine (733 RwPh, R'=H) and ihe
parent compound, 2,3-diphenylphthalimidine (733 RePh, R'sH, H for CN) was
obtained, together with a quantity of 3-N-phenylamino-3-phenylphthalide (74).
In contrast, when the same amide was refluxed in aqueous ethanolic sodium
carbonate solution, 3-cyano—2,3-diphenylphthalimidine (733 R=Fh, Rl-n) was
obtained in 517 yield, together with a small amount of the amide (75) and
azobenzene-2-carboxylic acid (76).

similarly, treatment of the amide (56e3 RePRCH,, R'=H) with ethan-
olic sodium ethoxide yielded 2-bengzyl=3-cyano-3-phenylphthalimidine (73;
R-PhCHz, Rl-H), together with 2-benzyl-3-phenylphthalimidine (73; R=PhCH,,,
RI-H, H for CN) and a quantity of the corresponding amide (733 R=PhCH,,,
Rl-H, CONH, for CN)e Using aqueous ethanolic sodium carbonate, on the
other hand, gave the cyanophthalimidine (73; R-PhCHz, Rl-H) and benz-
aldehyde-2-carboxyphenylhydrazone (66 ).

Likewise, the amide (56c; R=lie, R]'-H) treated with ethanolic
sodium ethoxide yielded 3~carbamoyl-2-methyl-3-phenylphthalimidine (73;
B=lig, RI-K, CONH, for CK) as the sole product isolated. Aqueous ethanolic
sodiun carbonate, on the other hand, converted the amide (56c; I=le, RI-H)

-

into a mixture of the cyanophthalimidine (733 R=lle, Rl-H), the amide (733
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A=le, Jlnﬁ, CONH, for CN) and benzoic and azidobenzoic acids,

2
The 3-cyano-2-phenylphthalimidines (733 R=th, PhCH2 or Me, RI-H)
were obtained as colourless solids, Their i.r. spectra contained carbonyl

1, in the range expected for lactams, In coni-

absorption at 1700~1720 cme
rast, the carbonyl absorption in the parent 3-phenylphthalimidines (733 &=
Phy PhCH,, or ke, RI-E, H for CN) is centred at ~ 1680 cm:1 The lower
carbonyl stretching frequency in the latter compounds is presumably a

measure of keto/enol tautomerism,

0 OH
[ S—
R Se——— “‘“ R
l;h - Ph
which is not possible in the cyanophthalimidines.
In the nem.r. spectra of the benzylcyanophthalimidine (733 =PhCH,,
RI-H) and its parent78 (733 R-Phcna, Rl-B, H for CN) the methylene protons
appear as two doublets, indicaling that rotation about the N=C (methylene)

bond is restricted, Study of a molecular model gives the preferred conform-

ations, shown-
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The plane of the N~C~C atoms of the benzyl-group is at approximately
90° to the plane of the S-membered ring and the phenyl-group on 03 is also
perpendicular to the 5-membered ring., Since the molecule does not have a
plane of symmetry bisefting the Hx—c-li'y angle, the two protons Hy and gy have
different average environments and hence different chemical shifts,

The differegoe in chemical shift of the two protons is less in the
cyanophthalimidine case, since the full effect of shielding on gy by the
phenyl-group on 03 is counteracted somewhat by the deshielding effect of the
qyano-groﬁp; hence its absorption moves doﬁnfield from T=6,3 in the parent
to 7= 5.72 in the cyanophthalimidine,

Though unaffected by dilute sulphuric acid, the cyanophthalimidine
(733 n=rh, xlcu) was converted into the 3-carbamoyl-derivative (73; i=PH, e
Hy CONH, for CN) by treatment with concentrated sulphuric acid, This method of
hydrolysie was unsuccessful in the case of the nitriles (73; R-PhCB2 and le,
RI-H) which were hydrolysed to the amides by prolonged refluxing with N
aqueous sodium carbonate solution. The amides were in turm converted into the
parent phthglimidinea (733 E=Ph, Ph032 or Mes Rl-n, H for CN) by refluxing
them with 20y aqueous potassium hydroxide, Heating the cyanophthalimidines
(735 w=rh, PHCH, or We, R'si) with potassiun hydroxide in trigol, afforded
the parent phthalimidines directly. In the case of the nitrile (733 i=rh, Rl-B)
an acidic by-product subsequently identified as 3-N-phenylamino-3-phenyl-
phthalide (74) was also obtained, Thie compound presumably arises by hydrol-
yeis of the cyanophthalimidine, followsd by cyclisation of the amino-acid
formed (scheme 31).

0
< “0H

HPh

ph CN Ph

(scheme 31)
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When the phthalide derivative (74) was further refluxed with 67 WV
potassium hydroxide in trigol, it gave 3-phenylphthalide (77) in good
yield, The mechanism of this latter reaction is of interest since it would
appear to involve the intermediate formation and reduction of o-benzoyl-

benzoic acid, followed by cyclicsation of the alcohol formed (scheme 32).

0
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g @ i P (scheme 32)
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Such a course is supported by the observation that o-benzoylbenzoic acid
refluxed with 10/ U/V potassium hydroxide im trigol, afforde 3-phenylphthal-
ide in good yield.

Lithiun aluminium hydride reduction of the cyanophthalimidines

(733 E=Ph, PhCH, or e, RI-H) resulted in their conversion into the parent

2
compounds (733 R=rh, PhCH2 or e, RI-H, H for CN), presumably by initial

reduction to hydroxy-derivatives, followed by loss of hydrogen cyanide.

0 H OH
—
QL - @B’fé - Q0 - @;fz (e 3
i = phocN Ph Ph

The structures of the parent phthalimidines (73; R=Fh or PhCBz,
QI-H, H for CN) were established by unambiguous synthesis and the structure
of the phthalimidine (733 R=ile, RI-H, H for CN) aseigned by analogye.

Cyanophthalimidines are almost unknown in the literature, the only
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example being the parent compound (733 R=H, RI-H), which was prepared by
Pfeiffer and Jaansch79, by reacting o-benzoylbenzoic acid with ammonium
carbonate and potassium cyanide., Thus, the described cyclisations of the

amides (56cs R=Ph, PhCH, or Me, RI-H) provide a novel route to the correspond-

2
ing 2-substituted 3-~cyanophthalimidines,

The main mode of interaction of the amides (56cj R=Fh, PhCH,, or Ne,
Rlnﬂ) would seem to involve displacement of the nitro-group in a nucleophilic
.fashion, This is supported by the detection of nitrite ion in the mother-
liquors, However, the presence of the acidic compounds azobenzene 2-carbox-
ylic acid (76), the phenylhydrazone (66) and 2-azidobenzoic acid, indicates
that interaction also occurs between the nitro-group and the side-chain,
Thus the acid (76) S.nd the hydragone (66) have already been isolated as prod-
ucts of the base-catalysed reactions of the amides (561 R=Fh or PhCHé). The
isolation of 2-azidobenzoic acid is in accord with the general pattem.

1ts presence can be explained in terms of the reaction sequence shown,

- O - Q- O
Do

oH
OH
: @( HNO q (scheme 34)
°CH2 NHNH2
ucno

gince it is known that hydrazinobenzoic acids can be converted into azido-

/NMe

benzoic acids by the action of nitrous acid. In the cyclisatione of the
amides (56c3 R=PFh, PhCH2 or Mes RI-H), nitrite ions are provided by nucleo~

philic displacement of the nitro-group, hence the conversion of the
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intermediates to 2-azidobengoic acid can occur in the alkaline medium, or
upon acidification in the work up.

on the other hand, when the amide (5603 Rel'=) was refluxed with
ethanolic sodium ethoxide or agqueous ethanolic sodium carbonate, cyclisation
did not take place, the only identified products being o-nitrobenzamide
and benzoic acid, A plausible mechanism involving initial loes of hydrogen

cyanide is shown in scheme 35.

0
] t t CHPh 1 H NHZ
t
HPh +H O i::uru'-'h
NO, “cx el No, oy 0,

+
(scheme 35) PhCHO +[0] =PhCO,H

The cyclisations of the amides (56cj R=Fh, PRCH, or lle, R1=H) to
the cyanophthalimidines (73; R=Ph, PhCH, or lie, RI-H) constitute examples
of intramolecular nucleophilic displacement of the nitro-group. Although
intermolecular nucleophilic substitution reactions are well documented,
€.gs in the reviews by Bunnotteo, Bunnett and Zahleral and Rossaz, intra~-
molecular nucleophilic substitution reactions of aroqatic nitro-compounds,
involving direct replacement of the nitro-group are rare, Hey, Leonard
and Ree583 have shown that the biphenyl carboxylic acid (78) is converted
into the trioyolic compound (79), when the salt of the acid is heated, or
when the free acid is heated in an inert solvent, with piperidine, or
quinoline,

Phenoxide ion cen displace the nitro-group in a similar fashion,
as in the base-catalysed reaction beiween o-aminophenol and picryl

&4

chloride, to give a morpholine derivative, as shown in scheme 36.
Kehrnann85 has extended this reaction to include analogous thiophenols,

A recent example of the same type of reaction has been demonstrated by



36

Tk A (scheme 36)

i TR 0 OH

P LR P . ¢
OH Pt H ZP —
0 0,
o PO k
qu 05

Jurgens et a1.86, who report that sodium methoxide catalyses the cyclisation
of the alcohols (80) to the morpholine derivatives (81). The nitro-group

is displaced similarly in the formation of indazoles by base-catalysed

cyclisation of o-nitrophenylhydrazones,87 as shown in scheme 37.
coMe cf K® A
\N—NHPh 0

NPh (echeme 37)

Ph

Intermolecular nucleophilic substitution reactions of aromatic
nitro-compounds, involving carbanions are also rare, Davie et al.?8 have
reacted nitrobenzene with arylacetonitriles, obtaining substituted methylene-

quinone oximes (scheme 38).

3\’
+  PRCHEN r %“ (scheme 38)
MeOH
HCN

CHCN ?—CN C—-CN
Ph

Similarly, when the para-position is blocked, (scheme 39), nucleo-

philic attack is found to occur in the ortho position, leading to the

89

formation of 3-arylanthranils,
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NO. O JOH

2 " FN ‘Q, N
HPh
KOH \ —Ph =N
+ PhCHCN — s 'v\-l E—
F MeOH @j ‘ c1©;) (scheme 39)
l Ph

Cl Ct

The base-catalysed condensations of 2-chloro-nitrobenzene with
ethylcyanoacetate or diethylmalonate, affording ethyl o-nitrophenylcyano-
acetate and malonatego respectively, also illustrate nucleophilic attack by

carbanions, leading to substitution, with displacement of halogen.

In order to further investigate the scope of these intramolecular
nucleophilic substitution reactions, a number of similar amides containing
groups other than nitro in the ortho-position were treated with base, as
before. When the amide\(Séc; R=Fh, Rl-ﬁe) was refluxed with agqueous ethan-
olic sodium carbonate, no reaction took place, However, similar treatment
with ethanolic sodium ethoxide gave the corresponding cyanophthalimidine
(733 R=Ph, Rlnﬁe), demonstrating the retarding effect of the electron~
donating methyl-group on the rate of nucleophilic attack.

Amides (57c; R=Fh, X=Cl or OMe, Y=H) also did not react with sodium
carbonate, thus illustrating the requirement of a fair degree of electron
deficiency at the ortho-position, for nucleophilic displacement to take
place, IHowever, when the chlorine atom in the ortho-position was made more
active by incorporating a p-nitro-group, as in the amide (57c; R=Ph, X=Cl,
r-noz), a rapid reaction took place, giving the cyanophthalimidine (73
R=Fh, Rl-noa) as the sole product, thereby illustrating once more the
eff;ct of enhancing the electron deficiency at the ortho-position. Amides

(58a; R=rh) and (58b; R=rh) on the other hand did not react with aqueous
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ethanolic sodium carbonate, presumably due to the lower stability of the
side-chain carbanion derived from these amides.

PTreatment of the amide (59¢3 B=Ph, X=H) in the cold with agueous
ethan6lic sodium carbonate, gave a mixture which was separated by chromat-
ography into three components, one of which was idmfified as the cyanophth-
alinidine (73; R'=i0,y R=rh). The second was shown to be an isomer, having
an identical analysis and molecular weight, and was therefore assigned the
cyanophthalimidine structure (136). The remainder of the recovered material
wag not identified, being an amorphous yellow solid, which was not obtained
pure, In an attempt to overcome the problem of isomeric products ‘dwa to
possible cyclisation into two positions, the amide (59c3 R=Ph, x-noz) vas
also treated with aqueous ethanolic sodium carbonate., However, the reaction
wag very rapid, with immediate darkening of the solution, to deep magenta.
only a very low yield of the cyanophthalimidine (137) was obtained, the rest
- of the recovered material being an amorphous solid, which was again shown
by thin-layer chromatography to be a mixture. This reaction, however,
coupled with that of the amide (59¢3 R=Phy X=H), illustrates the somewhat
unusual diax;lacoment of hydride ion by a carbanion, under very mild

conditions, -



.

(82)

(84)

CHOH

NO,
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Acid-Catalysed Interactions,

Introductions,

As described earlier, anthranils are sometimes found as products in acid-
catalysed cyclisations of o-nitrobenzyl compounds, o-Nitrobenzaldehyde
reacts with aromatic compounds giving products such as triarylmethanes,
J-arylanthranils, or acridones, depending on the acid used and the reactivity
of the aromatic compound involved, 2-Nitrodiarylmethanols appear to be
intermediates being converted by oxidation into 2-nitrobenzophenones which
ave isolated as by-products, Silberg’ has in fact demonstrated that o-
nitrobenzhydrol (82; R=Fh) treated with concentirated sulphuric acid, in the
premoe of sodium nitrite, yields acridone (83) and N-hydroxyacridone (833
oH for H). In the absence of nitrite, the product is the 3-axylanthra.n11
(84), which in turn may be converted to the acridone, by treatment with
concentrated sulphuric acid and sodium nitrite,

However, when o-nitrobenzaldehyde condenses with the more reactive

type of aromatic compound, the products are almost exclusively anthranile,

Thus zinc chloride92 catalyses the reaction of o-nitrobenzaldehyde with ani-
line, to give a mixture of the triarylmethane (85; R-R-NKZ) and the 3=
arylanthranil (863 X=H: R-uaz), while using acetic and hydrochloric acids
as the catalyst, 2 mixture of the anthranil (86; X=H, .-zmz) as well as the
S5-chloro-derivative (863 Rla 29 X=Cl) is obtained.93

Phenols behave in a similar fashion., FPhenol and o-nitrobenzalde—
hyde condense at room temperature in the presence of sulphuric acid, to
yield the triarylmethane (85; R--Ol-i"),g4 and in the presence of hydrogen
chloride to give S-chloro-3-p-hydroxyphenylanthranil (863 X=Cl, R-OH).95

The use of hydrogen bromide as catalyst gives a mixture of the unhalogen—
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ated anthranil and its S-bro.o—derivattve.% The difference between
hydrogen chloride and hydroéen bromide is illustrated more clearly, however,
when phenol is condensed with S5-bromo or 5~chloro~-2-nitrobenzaldehyde. Using
hydrogen chloride, the product is the 5,7-dihalogenated anthranil, t;hile
hydrogen bromide gives only the 5-halogenoanthranil, without insertion of
bromine, It is perhaps significant that when quinol, which is a reducing
phenol, is used, cyclisation to the anthranil occurs, using hydrogen chlor-
ide, without insertion of chlorine, A carbinol intermediate is indicated
by the observation that the benzhydrol derivatives (823 i=rh or 2—0634011)
can be cyclised to the corresponding anthranils, using hydrogen chloride.97
Likewise, thionyl chloride is reported98 to cyclise the hydroxy-compound
(823 m=Ph) to S-chloro-3-phenylanthranil, On the other hand, a second
intermediate, 2-nitrosobenzophenone is obtained on treatment with formic
acid or toluene-p-sulphonyl chloride,

The 6~chloro-l,4~dihydro-l-hydroxy-4-oxoquinolines (87; R=lie, Ph or
out) are obtained when mixtures of o-nitrobenzaldehyde and acetylacetone,
benzoylacetone or ethyl acetoacetate are treated with hydrogen chlori.d.e.%’99
o-Nitrobenzylidene derivatives, e.g. (883 R]'-R2-Ao) have been shown to act
as intermediates in this reaction., However, those formed from o-nitro-
benzaldehyde and acetone, desoxybenzoin or ethyl benzoylacetate fail to
cyclise, The use of hydrogen bromide or hydrogen chloride in the presence
of quinol, leads to cyclisation as before, to the appropriate l-hydroxy-—
96

4-oxoquinolines, but without insertion of halogen. The reactions are
thus similar to those of o-nitrobenzaldehyde and phenols, with hydrogen
halides, to give anthranils. The mechanismse of formation of both the

anthranils and the quinolines appear to involfre oxygen transfer from the
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nitro-group to the side-chain, presumably followed by reduction and cyclis-

ation as shown in scheme 40,

H
H Ar Ar
Ar Ar Ar
- [ =) | =y
N N NO NHOH

(scheme 40)
- H H
COCH
< 3 COCH +
N 3
c
5 cHy 7 OQ. i g : oczCH3
Hp : NO 3
0 0
i c
OCH
COCH 3
3 COCH
= | ocH, —* I 3 . I |
NHOH | Ha N CHqy
o- OH

Derivatives of o-nitroaniline have also been cyclised under acidic
conditions, the products being benzimidazoles, Van ﬂomburghloo found that
2,4~dinitro~li,N~-dimethylaniline refluxed with zinc chloride in acetic an-
hydride, gave the benzimidazole (89). He further suggested that the diethyl
analogue gave the quinoxaline (90), however, in a reappraisal of his work,
Crantham and neth-Cohn101 found that the product was in fact the benzimid-
azole (91). The mechanism suggeetedlo1 incorporates the facts that no
reaction took place in the absence of zinc chloride, together with the

provision that the product isolated is derivable Ly reaction of an inter-

mediate benzimidazole-N-oxide with acetic anhydride (scheme 41).
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DISCUSSION OF ACID=CATALYSED INTERACTIONS.

In order to further examine the scope and mechanism of acid-catalysed inter-
actions, it was decided to investigate meighbouring group interaction

between an ortho-nitro-group and an epoxide side-chain,

NO2 .

The epoxide group provides potentially electrophilic centres at two points,

which can be attacked by the oxygen of the nitro-group,

W e et H R
< - ? [N\
ﬁ/o . + /O

|

leading to oxygen transfer, and the possibility of cyclisation.

There is very little information available in the literature regard-
ing the interactions of a nitro-group with an adjacent epoxide system. o-
Fitrophenylglycidie aecid (92) is reported102 to yield a mixture of anth-
ranil and its aldehyde (93) when it is heated in acetic acid, or steam-
distilled, o-Nitrophenylacetaldehyde is a possible intermediate in this
reaction (scheme 42).

1-R2-H) can be

On the other hand, o-nitrophenylethylene oxide (94; R
converted into o-nitrosobenzoylcarbinol (95) vhen heated carefully with
formic acid (echeme 43).103 mreatment of the epoxide (94; 31-32-H) with
acetic anhydride yields the acetate of the alcohol (953 OAc for OH).

The epoxides (94; Rl-Bz or Ac, Rz-h) were prepared in good yield by
04

the Darzens reaction, using sodium methoxidel or potassium carbonate as
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H C02H
CH.CHO CH—CHO
2 j f\
e g A 0
(92) NS
NO2 N02 T

HO

H CHO HO
=
Tk o ] (scheme 42)
Gon

(93)

0\

[y
2

H o H H CHOH H,OH
+ < H2 {)
H H CHPH
- —p 0 -»
74
NO, IR NO (g5)

(scheme 43)

g

the base. This reaction is essentially an aldol condensation, The base
first of all forms the enolate anion, which then attacks the carbonyl
group of the aldehyde or ketone, forming the halohydrin anion, which
cyclises to form the epoxide ring by an intramolecular displacement of

halide ion (scheme 44).

‘i H 03 H COPh
Q\e
GO 4 CH-COPh ok i\COPh
; e o G r
NO, 0, NO, (scheme 44)

Consideration of the steric requirements of the intermediate explains

why the reaction generally gives products having the trans configuration
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Ph( N02) Ph( N02)

(41 exytho)

To eliminate halide ion 'hv'an Sn 2 process, the oxygen must come in from

(41 threo)

behind, The dl erythro isomer is already set up for displacement, whereas
the dl threo isomer must rotate through 180°, thereby causing eclipsing of
the benzoyl and o-nitrophenyl groups, and hence an energetically less
favourable situation, Since the formation of the aldol anion is reversible,
any dl threo anion formed may revert to the components which can then recom—
bine to give the anion in which epoxide formation occurs more readily.

The fact that prolonged contact with methoxide converts the trans-epoxide
(94; R =Bz, R°=H) into the cis isomer (94; R'=H, R wBz) is explained 4 by
the fact that the two forms have different solubilities in methemol. In

the presence of base, the epoxide can enolise, as shown in scheme 45,

COPh O Ph
y /l Some ) MeOH > "~COPh
0 “MeOH 0 "Me0®
(mcheme 45)
Ph(NO,) Ph(NOy) PHNO,)

The cis form comes out of solution, leading to the enolisation of further

quantities of the trane form, to restore equilibrium,

Rl 1

Epoxides (943 -Ra-Ao) and (943 R =Bz, Rz-Ac) were prepared by the

reaction of the benzylidene compounds (88; Rl-RznAo) and (88; Rl-Bz, Rz-Ac)
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with hydrogen peroxide in the presence of base, However, o-nitrobenzyl-
idenedesoxybenzoin (883 R]'-Bs, Rzul’h) was not epoxidised by this method,
even under forcing conditions. This method of epoxide formation is syn—
thetically important in that it is selective for double bonds linked to
electron withdrawing substituents, a fact that is clearly demonstrated by

the base-catalysed epoxidation of (96) yielding (97)s %

Attack only occurs
at the double bond in (96) which is conjugated with the carbonyl group.
inother notable feature of this reaction is the fact that it will often
epoxidise heavily substituted and sterically inaccessible double bonde,

The mechanism of base-catalysed epoxidation is considered to involve

attack by the hydroperoxy anion, as shown in scheme 46,

HOD)
% N

/°\¢/H

\OCH:‘

B

R
° 1 5
C=CHC0CH3 C e H02 —) R——C——CH—COCH —
R(

3
R
{scheme 46)
When isomeric products are possible, the trans configuration is normally
the one obtained, However, if barriers to free rotation in the intermediate

anion are high, the formation of cis and trans mixtures can result.

(a) neactions of Substituted o-Nitrophenylethylene Oxides With Halogen Acids.

Treatment of the epoxides (943 RlnAc or Bz, R2-H) with dry hydrogen
chloride in ether, at room temperature, gave products, in lowish yields
(43 or 197). These analysed for 615310C1N03
and had properties and transformations consistent with the 1,4-dihydro-l,3-

and 010H8C1N03 respectively,

dihydroxy-4-oxoquinoline structures (98; R=Fh or Me, X=Cl). They dissolved
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unchanged in sodium hydroxide, and gave intencse blue colours with ferric
chloride in ethanol. These colours contrast with the red colour developed

99 Redused

by l-hydroxy-4-oxoquinolines in contact with ferric chloride,
with sodium dithionite in 70) agueous ethanol, the N-hydroxy-compounds
(983 R=Ph or He, X=Cl) gave the corresponding l,4~dihydro-3-hydroxy-—4-
oxoquinolines (99; R=Fh or Me, X=Cl)., Oxidation of the compound (983 R=th,
X=Cl) using potascium dichromate, afforded 4,4'-diohloroazo:3benzene-2,2'-—
dicarboxylic acid’? (100), thus proving the position of the chlorine atom,
The position of the chlorine atom in the methyl compound (98; R=lie, X=Cl)
was a.as:lghed by analogye

Briefly heated with acetic anhydride, the 4-oxoquinolines (99; R=Fh
or lie, X=Cl) gave monoacetylation products (10l; R=Fh or Me, X=Cl), There
are two points of attack poseible in these molecules, and hence the exact
atmcturea‘ of the mono-acetoxy derivatives are not known, The products
are however, o-acetyl and not N-acetyl derivatives, as shown by the carb-
onyl absorption at 1740-1745 omst in their i.7s gspectra, When heated for
a much longer time with acetic anhydride, the 4-oxoquinolines (993 R=FPh or
Ke, X=Cl) gave diacetoxy-derivatives (102; i=Ph or Me, X=Cl), their i.r.

1 gyarolyis with

spectra showing only one strong absorptiom at 1760 cme
dilute sodium hydroxide reconverted the compound (102; r=rh, X=Cl) into the
4~oxoquinoline (99; n=rh, X=Cl).

Acetylation of the 6-chloto-l,4-dihydro-l,3-dihydroxyeuinolines
(983 R=Ph or Me, X=Cl) on the other hand, gave low yielde of the mono-
acetylation products (101; R=Ph or Jlie, X=Cl) previously obtained., A possible

mechaniem may involve initial dehydration to the diketone, followed by



+.

(104)

(106)

(108)

CCEH

(1)

ObH
Ph

A

(110)

(113)

(112)



48

reduction and acetylation.

Oxidised with chromium trioxide in glacial acetic acid, the
1,4=~dihydro~3-hydroxy—-4-oxoquinoline (99; R=Ph, X=Cl) gave a compound whose
elemental analyeis and molecular weight corresponded to the structure (103;
%X=Cl)., Warmed in acetic anhydride, the oxidation product gave a compound
assigned the 3,l-benzoxazine structure (104; X=Cl), on the basis of ite
elemental analyeis, molecular weight (mass vpectrum) and the similarity of
ite i,r. spectrum to that of the compound (104; X=H) discussed below,

In contrast, oxidation of the 1,3-dihydroxy-4-oxoquinolines (983
R=h or Me) X=Cl) and the 1l,4-dihydro-3-hydroxy-4-oxoquinoline (99; R=rh,
X=Cl) with manganese dioxide in anhydrous acetone, gave the expected
gquinoline quinones (105; R=rh or Me, X=Cl) and (106; R=Ph, X=Cl) as red
sclids, The activity of the manganese dioxide and the length of exposure
to the reagent were important factors in determining the yields of the
quinones., The difficulties were overcome by following the reaction by
thin-layer chromatography. Attempte to oxidise the methyl compound (993
R=lle, X=Cl) to the quinone (106; k=Me, X=Cl) were unsuccessful., The ease
of reduction of the ortho-quinone system in these products was demonstrated
by chaking a portion of the quinone (1053 R=rh, X=Cl) with sodium dithionite

in 70/ aqueous ethanol. Reduction occurred smoothly in the cold, the red

colour being rapidly discharged, giving the 1,3-dihydroxyquinoline (98; R=
Phy X=Cl)s Refluxing the reaction mixture caused further reduction of the
N-hydroxy-group, yielding the hydroxyquinoline (99; R=rh, X=Cl).

When heated in ethanol with an equivalent quantity of o—phenylene-
diamine, the guinoline quinones (105; R=Fh, X=Cl) and (106; n=rh, X=Cl)

gave the corresponding qninolino[3,4—b]quinoxalinee (1073 R=Ph, X=Cl) and



(108; R=Ph, X=Cl) as somewhat insoluble, high-melting yellow solids. On
the other hand, attempts to prepare the quinolinequinoxaline (1073 R=Me,
X¥=Cl) from the quinone (105; R=Me, X=Cl) were unsuccessful., Reduction of
the quinolinoquinoxaline-N-oxide (1073 R=Fh, X=Cl) using sodium dithionite
in aqueous ethanol, gave at first a deep-purple compound, which rapidly
reverted to its initial yellow colour, on standing in air or when heated
in ethanol. On the basis of its molecular weight (mass spectrum) and its
i.r. spectrum, the purple compound is assigned the dihydro structure (109).
When shaken with manganese dioxide, it rapidly afforded the quinolino-
quinoxaline (1083 R=FPh, X=Cl).

Although the 243-, 2,4- and 6,8-dihydroxyquinoline systems are
reasonably well known, 3,4-~dihydroxyquinolines are not. 3,4-Dihydroxy-—
quinoline itself is reported to have been synthesised from 4-hydroxyquin-
oline-2-carboxylic acid by bromination first of all in the three position,
followed by nucleophilic replacement of the brox_nine by hydroxyl. This
latter step leads to simultaneous decarboxylatiocn, giving the required
produot.1°6 A more recent route to this compound and 3,4-dihydroxy-2-
methylquinoline inveolves Dakin oxidation of the appropriate 3-formyl-4-
hydroxyquinoline.’®7 In contrest, sttempted Dakin oxidation of the 2-phenyl
analogue resulted not in the 3,4-dihydroxy-2-phenylquinoline but instead in
the anthranil of phenylglyoxylic acid (110), %7 indicating that the method
lacks generality. Hence it can be seen that acid catalysed cyclisation of
the epoxides described above provides a novel route to substituted 1l,4-
dihydro=1,3-dihydroxy-4-oxoquinolines, and the parent 1,4-dihydro-3-hydroxy—
4—oxoquinolines, Likewise, oxidation of the hydroxyquinolines provides

a2 route to quinoline-3,4-cuinones, In this work the catalyst used
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wae slightly activated manganese dioxide, although a silver oxide/sodium

o1 Another route to

sulphate slurry in methanol has aleo been usod.l
quinoline-3,4~quinones involves hydrolysis of a gem-dihalide, Thus hydrol-
ysis of the compound (111; X=Cl or Br) is reported to give the triketone

108

(112). Other guinolinequinones are also known, S5-Amino-8-hydroxyquine-

oline, oxidised with chromic acid, gave 0 quinoline-5,8-quinome, while
S-amino-6-hydroxyquinoline, treated with ferric chloride yielded :°
quinoline-5,6-quinones

(uinoline-ortho-quinone syestemes provide very convenient routes to
to quinolinocuinox@&lines, by reaction with o-phenylenediamine, Examples of
this ring system are rare, presumably because of the difficulty in obtaining
the appropriate quinolinocuinones, Examples include the hydroxy-compound
(1083 R=0H, X=H) although the structure of this product has not been firmly
established, v

In another approach used by Barmes et al.,22 benzyl-o-nitrophenyl-
glyoxals (113) are reacted with o-phenylenediamine, giving the quinoxalines
(24), which are then cyclised by a base-catalysed aldol type of reaction,
to give the quinoxalinoquinolines (107)s In this way these authors pre-
pared the compound (1073 R=Fh, X=H)e

In order to demonstrate the presence of the quinoline nucleus in
the compounde (98) an attempt was made to synthesise 6=~chloro-l,4~dihydro-
3-hydroxy-2-methyl-4-oxoquinoline by an unambiguous route, 6~Chloro-l,4-
dihydro-2-methyl-4-oxoquinoline (114) was first of all nitrated to give
the 3-nitro compound (115) which was then reduced to the 3-amino compound
(1153 NH, for 1!02). 1t was hoped that diagotisation, followed by hydrolysis

would give the required compound, however the quinone diazide (116) formed
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could not be decomposed except under very forcing conditions, when no
identifiable material was isolated,

As well as the Wdrm-b—oxoqﬁnolinu (983 R=Ph op Me, X=Cl1)
isolated when the epoxides (94; R]'-Bs or Ac, nz-n) were treated with hydro-
gen chloride in ether, products were also obtained from the ethereal mother
liquorse Working up of the ethereal mother liquors from the reaction of
the epoxide (943 ﬂiss. RZ-E) with hydrogen chloride, gave a solid whose
N.MeTey ier, spectra and analysis were consisteat with the chlorohydrin
structure (117). Treatment with sodium ethoxide reconverted it into the
original epoxide (94 R'=Bz, Ro=H), while reductive cyclisation afforded
2-phenylquinoline, which was identified as the picrate. The compound fail-
ed to give an ~-haloketone test, hence it was assigned structure (117)
rather than the alternative (118)s This formulation is in accord with the
x‘tspc:vrt]'c5 that the epoxide (943 R]'-Gs, H for roz) ring opens, when treated
with hydrogen chloride in ether, to give the chlorohydrin (117; H for N02),
thus demonstrating the greater ability of the phenyl-group %o ptabilise an
adjacent positive centre in tho traneition stato.ms

The mother liquors obtained from the reaction of the epoxide (94;
rlaso, RP=H) with hydrogen chloride gave an oil, which was separated into
two low-melting components by means of washing with sodium bisulphite,.
cuggesting that the soluble fraction might be an aldehyde (119), formed

as a result of acid-catalysed Tiffeneau rearrangemutlse of the epoxide,
The assigned structure (119) for this by-product is in agreement with the
analyeie and molecular weight (mass spectrum) of its dinitrophenylhydrazone,
However, the n.m,r, spectrum of the 0il did not contain a eignal attribut-
able to a normal aldehyde proton in the region (T =0-0.7), but it did have

bands in its i.r. spectrum, corresponding to a hydroxyl group and one or
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more carbonyl groups. This ruggeste that the molecule probably exists in
the enol form, in which case the lower of the absorption bands in the carb-
onyl region is probably due to the double bond., The n,m.r, spectra of
gimilar enols, e.g. (119; H for ma) show the aldehyde protons occurring at

higher fields (T =0,8-2.7) than thoese in ordinary aldehydel.lu

The bisul-
phite insoluble material was found to contain chlorine, Analysis, as the
dini trophenylhydrazone, suggested the formula (216111201!506 which wae con-
firned by the mass spectrum (M+=405). On this basis, the bisulphite insol-
uble fraction is tentatively assigned the structure (120), arising as a
result of dehydration of the initially formed chlorohydrin (117; Ac for Bz).
The n.n.rs spectrum of the bisulphite insoluble oil containe no eignal due
to an olefinic proton. This is poesibly due to enhanced dechielding by
the adjacent carbonyl group, causing the signal due to the olefinic hydrogen
to0 become merged with the aromatic region.

The halogen acid catalysed transformations of the epoxides (94;
RI-Bs or Ac, Rauﬂ) into the 6~chloro-l,4-dihydro-l,3~dihydroxyquinolines
(985 R=rFh or ile, X=Cl) are similar to the acid-catalysed cyclisatione of the

1-32-“) to

o-nitrobenzylidene derivatives (&8; RI-Ao, 32-00231) and (883 r
B-m{dro:arquinoline-.l Thus, by analogy with these reactions, the productis
may be regarded as being derived by cyclisation of the corresponding
o-hydroxylaninophenylketones (cf. scheme 40). Formation of these intermed-
iates requires first of all the creation of an electron deficieant bengylic
centre in the side-chain, to facilitate nucleophilic attack by the oxygen
atom of the nitro-group, followed by external reduciion of the resultant
nitrosophenylketone, by insertion of chloride, as in the conversion of
nitrosobenzene into p-chlorophenylhydroxylanine by hydrogen chloride, 112

(m “)o
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(scheme 47)

Analogy can also be drawn between the reactions leading to the
hydroxyguinolines (98; R=FPh or Me, x-ca) and that between phenol and o-nitro-
benzaldehyde, in the presence of hydrogen chloride, which affords 5-chloro-
3-p-hydroxyphenylanthranil (865 XeCl, i=OH).”? Again, the latter compound
can be regarded as a dehydration product of the appropriate o-hydroxyl-
aminophenylketone. :

In the reactions of o-nitrobenszaldehyde (&) with phenols, to give
anthranils, and (b) with active methylene compounds to give quinolines, it
was found that hydrogen bromide or hydrogen chloride in the presence of
cuinel effected cyclisation without insertion of halogen, 7o further invest-
igate the posesible analogy with these reactions, therefore, the epoxides
(943 tl-Bn, HZ-H) and (943 HluAc, ;2-H)‘Here treated similarly.

The epoxide (94; Hl-Bz, xznﬂ) in ether, treated with hydrogen brom-
ide, yielded a solid, which was shown after crystallisation from agueous
ethanol, not to contain halogen. It was identified as 1l,4~dihydro~l,3-
dihydroxy-2-phenylquinoline (98; R=Ph, X=H). As in the case of the

hydroxyquinoline (98; i=Ph, X=Cl), the compound gave an intense blue colour
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with ethanolic ferric chloride, and was reduced by aqueous ethanolic
sodium dithionite to the 1,4-dihydro-3-hydroxy-4-oxoquinoline (99; F=Fh,
X=H). Concentration of the ethereal mother-liquors gave a good yield of
a broaine-containing compound, which was identified by i.r, and n.m.r.
spectra and unambiguous synthesis aes 2,3-dibromo-3-~o-nitrophenyl-l-phenyl-
propan-l-one (121), This compound is probably foﬁed as a result of
dehydration of the initially formed bromohydrin (117; Br for Cl) followed
by the addition of hydrogen bromide.

on the other hand, the epoxide (94; R]'-Ao, Ra-H) treated similarly
with hydrogen bromide, gave only unidentifiable tars.

ote or Bz, Rz-H) treated with hydrogen

Also the epoxides (943 R
chloride in the presence of quinol afforded the appropriate dehalogenated
1,4~dihydro-1,3~dihydroxy-4-oxoquinolines (98; i=Fh or Me, X=H), the former
being identical with the product obtained by hydrogen bromide treatment of
the epoxide (94j Rl-Bz, RZ-B).

The properties and transformations of the 1,4~dihydro-l,3~dihydroxy-
4-oxoquinolines (983 R=Ph or Me, X=H) were analogous to those of their
halogenated counterparts., Reduced with TO% aqueous ethanolic sodium di-
thionite, the N-hydroxy-compounds (98; R=Fh or le, X=H) gave the corres-
ponding 1,4~dihydro-3~hydroxy~4—oxoquinolines (993 i=Fh or Me, X=H), and
oxidised with manganese dioxide, the quinolin: derivatives (983 i=Fh or
e, X=H) and (993 R=Ph, X=H) yielded the cor:esponding quinomes (105; RwPh
or Me, X=H) and (106; R=rPh, XeH). Attempts to oxidise the hydroxyquinoline
(99; Re=ie, X=H) to the quinone (106; R=ie, X=H) using mangenese dioxide

or silver oxide as the oxidising agent were unsuccessful., However, oxidation

of the hydroxyquinoline (993 n=le, X=H) may be complicated by attack on the



55

methyl group. Thus, the manganese dioxide oxidation of quinaldine afforde
13 ohe cquinones (1053

R=Ph, X=H) and (106; R=Fh, X=H) reacted with o—phenylenediamine to give the

the manganese salt of guinoline-2-carboxylic a.cid.l

quinolinoquinoxalines (107; R=Ph, X=H) and (108; R=Ph, X=H)., However, the
quinone (1053 Rsile, X=H) failed to yield the correspondiﬁg quinolinoquinox~
aline, thus behaving in & similar way to the chloro-compound (105; R=ile, X=Cl).

oxidation of 1,4~dihydro-3-hydroxy=-2~phenylquinoline (99; R=Fh, X=H)
with chromium trioxide in glacial acetic acid, gave a product with similar
properties to the compound obtained by the chromium trioxide oxidation of
the chloro-compound (993 R=Fh, X=Cl), Its analysis and mass specirum sugg-
ested the molecular formula 01 4!1111103 and it was mbuquept],v shown to be
identical with an authentic sample of N-benzoylanthranilic acid, In support
of this structure it was converted by warm acetic amhydride into the 3,1~
benszoxazine (104; X=H), which was identical with a sample prepared by heat-
ing authentic N~benzoylanthranilic acid with acetic anhydride.

Acetylation of the compound (993 B=FPh, X=H) gave both mono and
diacetoxy-derivatives, whereas only the monoacetoxy-derivative could be
isolated from the hydroxyquinoline (99; R=ile, X=H) even after refluxing for
2 hours in acetic anhydride.

The mother-liquors from the hydrogen chloride/quinol treatment of
the epoxide (945 R=Bs, R°sH) were colummed on aluwiina, giving a chlorine
containing compound which had a molecular weight of 287 and analyced for
015310011!03. This is consistent with the structure (120; Bz for Ac)
derived by dehydration of the initially formed chlorohydrin (117). Onm the
other hand, the mother-liquors from (94; B]'-Ao, RZ-H) treated with hydrogen

chloride in the presence of quinol, yielded an intractable tar, which could
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not be identified,

In the formation of the l-hydroxyquinolines (983 R=Ph or lMe, X=Cl
or H) the first step appears to be interaction beiween one of the oxygen
atoms of the nitro-group with an electron deficient centre in the eide-
chain, The epoxide syestem can furnish two such centres. In the mechaniem
proposed, interaction is thought to occur at the benzylic carbon atom but
it might also conceivably occur at the p position. In an attempt to clar-
ify this point the epoxide (122) in which attack at the o« position is
blocked, was studied, Treatment with hydrogen chloride yielded the chloro-
hydrin (123)s The structure of this compound was verified by treating it
with dilute sodium hydroxide to yield a mixture of benzaldehyde, and anth-
oxanic acid (6) . This reaction is explicable by retroaldol reaction of

the chlorohydrin (123),

¥ 0
1 DH H—Cl
Hon — |iil|l:fi;:c 2 - liilnll!b}‘gz-—b

+ PhCHO
C02H

' 0
47, G-
ﬁ/ @:O Y '/) (6)
L : |

(schene 48)

to give benzaldehyde and w —chloro—o-nitroacetophenone, which is known5 to
give anthranil-3-carboxylic acid in presence of alkali, The failure of the
epoxide (122) to undergo cyclisation supports a mechanism involving attack
by the nitro-group at the benzylic position.

gteric requirements of the reaction were further investigated by

1

studying the reaction of the epoxides (94; it'=H, R2-Bz) and (943 Rrmic or
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Bz, Rz-Ao) with hydrogen chloride. In contrast to the trans epoxide (943
Rl-Bz, RZ-H) the cis isomer (94; Rl-x, R2-Bz) gave a quantitative yield of
the 1-hydroxyquinoline (98; RePh, X=Cl), while epoxides (94; R'=R°=Ac) and
(943 RlaBs, Rz-Ac) also gave high yields of the compound (983 n=lie, X=Cl)
without the formation of detectable amounts of the by-products previously
obtained, The marked difference in yield of the l-hydroxyquinoline (98;

R=rh, X=Cl) obtained from the cis and trans chalcone epoxides ocan only be

due to the different stereochemistry of the molecules since electronic effecte
should be the same in both. Consideration of molecular models shows that

in the trans configuration the benzoyl group is held away from the nitio—

group, whereas, in the cis form, the groups are close to each other,

When the cis epoxide ring opens, the molecule should be able to rotate to
a more stable conformation, with the bulky groups far from each other.
This does not occur, suggesting that the reaction in the case of the cis
izomer must occur via a fast, concerted mechanism, through an intermediate

species which does not allow free rotation (scheme 49).
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7he oxygen bridge in species I (scheme 49) would appear to remain intact
throughout, since, if it does not, the side-chain would again be free to
rotate,

on the other hand, the intermediate for the irans isomer has to
overcome 2 coneiderable energy barrier to rotation in order to attain a
conformation suitable for interaction. Hence the rate of rotation will be
slow, as will be the rate of cyclisation, allowing time for chlori.de ion

to attack the intermediate, with formation of the chlorohydrin.

m? % cl
c HCOPh OH
H COPh
g b (scheme 50)
his

H

Z+

O

Phe high yields of the l-hydroxyquinoline (98; nheiie, X=Cl) formed
from the epoxidee (943 ?-.I-fxc or Bz, '-'tznAo) can be explained similarly, since
in each case the nitro-group iz close to one of the carbonyl groups. The

fact that the product from the hydrogen chloride catalysed cyclisation of

(943 nl-Bs, ':‘2-;10) is (983 umiiey X=Cl) and not (983 n=rh, X=Cl) is probably

18

best explained in terms of the configuration of ihe original epoxide, which



OH
(125)

i
h

Cof
O .~ COR
LA
(126)

NO COCH3

(128)

(130)




59

will almost certainly be trans with respect to the bulkiest groups, as

discussed earlier.

COPh

on FOPP
, H
&?~CH3 2;3%/ H
— £ : - l
| s
> 4 H
(scheme 51)

(b) Reactions of Substituted o-Nitrophenylethylene Oxides With Lewis Acids,

In an early attempt to prepare the chlorohydrin (117), the chalcone
epoxide (94; RlnBz, RZ-H) in benzene, was treated with stannic chloride.
However, the product obtained in good yield was not the expected chloro-
hydrin, Ite i.r, spectrum contained absorpiions corresponding to two carb-
onyl groups and one hydroxyl group, while those corresponding to the nitro-

group were absent, The n.me.r. spectrum showed only two non-aromatic peaks,
one being broad, and each corresponding to a single proton. Tlemental
analyeis and molecular weight data were in agreement with a formula
G151

When the reaction was repeated using boron trifluoride etherate,
in benzene, a mixture of the same neutral product (125; R=Bz) and an isomeric
acidic material wére obtained, The acidic compound was subsequently ident-
ified by unambiguous synthesis as N-phenylglyoxybylanthranilic acid (1263
R=Bz)s In contrast, treated with stannic chloride in ether, the chalcone
epoxide (943 xl-Bz, RZ-H) gave only the acid (1263 R=Bz),

The neutral compound (1253 R=Bz) could be converted under a variety
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of conditions into N-phenylglyoxyloylanthranilic acid (126; R=Bz), in
particular by treating it in the cold with agqueous sodium hydroxide, or
concentrated sulphuric acid, W#hen it was heated with acetic anhydride and
sodium acetate, or stirred at room temperature in acetic anhydride, contain-
ing a trace of concentrated sulphuric acid, it yielded a product idemtical
with that obtained by heating the acid (126; R=Bz) with sodium acetate in
acetic anhydride, This compound is assigned the bensoxazine structure (127)
on the basis of its mode of formation, elemental analysis, molecular weight

2 attributable to the

and i.r, spectrum, which contains a band at 1760 cm,
lactonic carbonyl groun. The structure (125; 2=Bz) for the neutral compound
was finally verified Wy its unambiguous synthesis from 2,l-benzisoxazolone
and phenylglyoxal,

In contrast to the chalcone epoxide (94; RI-Bz, RZ-H), reaction of
the epoxide (94; RI-Ac, RZ-H) with etannic chloride, in benzene, gave only
intractable rars which left residues on burning, All attempts to isolate
identifiable material from these products were unsuccessful, However, when
the epoxide (943 HI-Ao, chn) was treated with boron trifluoride in benzene,
a product was obtained which, by analogy with compound (125; R=Bz), was at
first assigned the structure (125; R=Ac) on the basis of its analyeis,
molecular weight and spectroscopic evidence, Its n.mer, specirum showed
three peaks, The two more deshielded peaks were not completely resolved,
but consisted of a sharp singlet,superimposed upon a broad peak, The i.r.
spectrum wae similar to that of (1253 E=Bz), having an absorption band at
3200 cm:l corresponding to the presence of a hydroxyl group, and two

carbonyl bands, at 1700 and 1650 cm:1 Warmed in acetic anhydride, it formed

a monoacetyl derivative, However, the compound wase not ideniical with the
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benzisoxazolone (1253 Rl-Ac) prepared by unambiguous synthesis from
2,1-benzisoxazolone and methyl glyoxal, The structure of this compound and
ites acetyl derivative have not been established with certainty but it is
possible that they have the structures (128) and (128; OAc for OH) which
would also fit the available information. Further work is necessary to
confirm this suggestion.

The reactions of the epoxides (94; R=Ac or Bz) with Lewis acids appear
vto be analogous to the Conversion of o-nitrophenylethylene oxide (943 RI-RZ-
H) by the action of formic acid into a mixture of the methylene-bis-benzie-

s Thus, treatment of

oxazolone (129) and o-nitrosobenzoylmethanol (95).
the epoxide (94; Rl-Rz-H) with Lewie acide (stannic chloride or boron trifl-
uoride) was found to yield the methylene-bis-benzisoxazolone (129)

With a view to trapping posesible intermediates, the reactions of the
epoxides (943 RlnAc or Bz, Rz-H) with Lewie acids were studied in the pres—

1-3" Rz

ence of an excess of acetic anhydride. The chalcone epoxide (943 R
=}l) treated in benzene with stannic chloride and acetic anhydride, gave a
product formulated as N-desyl-2,l-bengzisoxazolone (125; R=Bz, Ph for OH).
Ite i.re. spectrum was similar to that of (125; R=Bz), having carbonyl
absorptions at 1730 and 1685 om?l, while the n.m.r, spectrum showed only one
peak outeide the aromatic region. It was trgnsformed by mild hydrolysis

into anthranilic acid and benzil (scheme 52),

o )
OH HO . COH
— 2
_Ph 5
n:q\ NH,
COPh +
PhCOCOPH

(scheme 52)
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N-Degyl-2,l~benzisoxazolone (125; I=Bz, Ph for 0H) was also obtained when
the compound (125; R=Bz) and acetic anhydride, in benzene, were treated
with stapnic chloride, The formation of the compound (125; r=Bz, Ph for
OH) therefore probably involves the benzisoxazolone (125; R=Bz, OA for OH)

ae an intermediate (scheme 53).

€r) - 00~ = @
D

CHOH CH—OAc
OPh : OPh J:OPh

(scheme 53)

Ionisation of tﬂe acetoxy-group yields a carbonium ion, which can then attack
the benzene in an electrophilic substitution reactions The acetoxy group
appears to provide a better leaving group than hydroxyl, since there is no
evidence for attack on the solvent in the absence of acetic anhydride, The
epoxide (943 RI-Ac, R2-H) and zcetic anhydride in benzene, treated as before,
with boron trif}unride etherate, gave the acetate tentatively formulated
above as the nitroso compound (128; OAc for OH). o-Nitrophenylethylene
oxide, on the other hand, when treated with acetic anhydride and boron
trifluoride in benzene, gave only the methylene-bis-benzisoxazolone (129).
The mechaniesm of these Lewis acid catalysed cyclisations all appear
to follow a similar course to that proposed for the reaction of o-nitro-
phenylethylene oxide with formic acid, to give o-nitrosobenzoylcarbinol (95)
and thence N-hydroxymethyl-2,l-benzisoxazolone (125; R=H) and the methylene-
bis-benzisoxazolone (129).103 In the case of the epoxide (94; Hlnﬂc, H2-H)

the analogous nitroso-compound (128) does not react further, and in the
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presence of acetic anhydride gives the acetyl derivative (128; oAc for OH).
The chalcone epoxide, on the other hand, gives the 2,1-benzisoxazolone

(125; B=Bz). A possible route ies shown in scheme 54

OPh OPh QA
— ~CHCOPh
H
- \ e O ) = EHOA
NNO ﬂ/o OPh
2 0
0
0A OH
i +HO — —
N COPh P (scheme 54)
¢oph OPh

Since N-phenylglyoxyloylenthranilic acid (1263 R=Bz) is not converted into
the benzisoxazolone (125; i=Bz), when treated with stannic chloride, it
cannot act as an intermediate in the formation of (1253 R=Bz) from the
epoxide (94; RI-Bz, R2-H). 2,1-Benzisoxazolone (130) and phenylglyoxal
could poesibly act as precursors, esince they condense in the presence of
stannic chloride, to give the 2,l-benzisoxazolone (1253 R=Bz), however the
demonetration of the presence of 2,l-benzisoxazolone (130) by trapping it
as its acetyl derivative (1303 Ac for H) would not be reliable, since
compound (1253 R=Bz), treated with stannic chloride and acetic anhydride,
yields N—déayl—Z,1~benzisoxazolone (1253 r=Bz, Ph for OH) and N-acetyl-2,1-
benzisoxazolone (130; ac for H)e

The epoxide (122) was treated with stannic chloride, to determine
whether interaction would occur at any other centre in the molecule when the

benzylic carbon was blocked, Again, only the chlorohydrin (123) was obtained,
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(¢) Reactions of Substituted o-Nitrophenylethylene Oxides With Acetic Acid

and Pormic Acid,

The study of the acid-catalysed interaction of a nitro-group with
an adjacent epoxide group was extended to the reactions of the epoxides
(943 R]’.Ac or Bz, RZ-H) with acetic and formic acids,

1-35, RZ-K) was stirred in the

When the trans chalcone epoxide (94; R
cold with glacial acetic acid, no reaction occurred, However, on refluxing,
reaction occurred readily, yielding 1,4~dihydro-3-hydroxy-4-oxo-2-phenyl-
quinoline (99; R=rh, X=H) identical with a sample obtained by reducing the
N-hydroxyquinoline (98; R=Fh, X=H), A4 small quantity of an unidentifiable
red solid was also obtained, Ite molecular weight (mass spectrum) suggeste
that it may be dimeric, while the colour could indicate the presence of an

azo-linkage,

The mechanism of interaction is presumably broadly similar to that
followed in the halogen-acid cyclisations already mentioned, however, not
a great deal can be deduced, since only a very limited amount of ident-
ifiable material was isolated,

Formic acid, on the other hand, converted the epoxide (94; Rl-nz,
RZ-H) into the acid (126; R=Bz), indicating that this reaction appears to
take a course similar to that which occurs when the chalcone epoxide (943
RI-Bz, RZ-H) is treated with Lewis acids, as discussed earlier, Treatment
of the epoxide (943 RisAc, 2°=H) with acetic or formic acid yielded only

» intractable tars,
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Experimental Procedure,

Helting points were determined on & Kofler block and are uncorrected,
Unless otherwise stated, infra-red spectra were recorded as nujol mulls,
using a Unicam SP 200 instrument, Ultraviolet spectra were recorded for
ethanol solutions using an SP 800 instrument. Nuclear magnetic resonance
spectra were obtained for deuteriochloroform solutions, with tetramethyl-
gilane as internal standard, using Perkin Elmer R 10 and Varian HA 100
spectrometers, Mass specira were measured with an AE.I, 1S 902 instrument.
Thin-layer chromatograms were run on Merck silica-gel G, or Merck alumina G,
and colourless compounds detected with iodine vapour. Column chromatography
was carried out using Spence alumina type H or silica-gel 11,F.G.

Unless otherwise stated, light petroleum refers to the fraction b.p.
60-80°. Chloroform and ether extracts were dried over anhydrous sodium or

magnesium sulphate,



Synthesis of I,N “-Disnbstitnted o-Nitrobenzamides,

Preparation of the acid chlorides, The acid chlorides were all prepared by
114

the method used for o-nitrobenzoyl chloride.

o-liitrobenzoyl chloride was obtained as a pale yellow liquid (yield 957),

bupe 110-125%/0,4=0.6 mme, (1ite, -4 139-141°/0.7 mm. )e

115

3-lie thyl-6-nitrobenzoyl chloride was obtained as a pale yellow liquid

(yield 827), bep. 165-168°/10-12 mm,.

m-iitrobenzoyl chloride was obtained as a pale yellow liguid (yield 347%),

Bepe 106=110/0,5-1 mme, (1ite, 20 154-155°/18 mme )e

o-Chioro‘benzgll chloride was commercially available from Koch-Light

Laboratories,

#-ilethoxybenzoyl chloride was obtained as a colourless liquid (yield 90%),

bepe 125-127°/10 mms (1it., 17 136-138°/17 mm. ).

3,5=-Dinitrobenzoyl chloride. 3,5=-Dinitrobenzoic acid was heated with

thionyl chloride for 5 days, with the gradual addition of a further 10 nl,
of reagent., The product was obtained as a yellow oil (yield 27)), beDs

1

190-196°/11 mm, (lit., 18 1960/10-12 mme ) It solidified upon cooling.

Unreacted acid (14 g.) was recovered from the distillation flask.

2-Chloro-S5-nitrobenzoic acid was prepared from 2-chlorobenzoic acid, as

described by Lemstedt.n9 It crystallised as yellow needles, mep, 160-

165° (from aqueous ethanol) (lit. ,119 165°).

2-Chloro-5-nitrobenzoyl chloride was obtained as & pale yellow oil which

solidified upon cooling, It was washed with petrol ether, and used with-

out further purification, m.p. 54—59° (lit.,lao 590).
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Preparation of the Amines, The amines used are all known compounds, and

unless otherwise stated, were prepared as described in the literature,

1

Ll =Ph, R°aBz) (yield 797) was obtained

(1315 »
o 100 4.0
as yellow needles, mepe 98=99° (1ite, 92" )y and was found to decompose

w —l~-phenylaminoacetophenone

on attempted ctystallisation from ethanol.

N-Benzylaminoscetonitrile. (131; R'=PhCH,, R°=CH) was obtained as its hydro-
chloride (yield 14%). It formed colourless needles, mepe 163-168° (from
ethanol) (1it.,123 170°). The crude product melted at 130°, being con-
taminated with benzylamine hydrochloride, which was removed by filtration
during two recrystallisations from ethanol.

N-Phenylaminoacetonitrile (1313 Rl-Ph, Rz-cn) (yield 407 ) formed colourless
124, 125 450).

needles, MeDe 44~45° (from ether/light petroleum) (lit.,

1-Ph; Ra-cozEt) was prepared by the method

126,127 gg0,

Ethyl-l-rhenylaminoacetate (1313 =
of Tade and Par1l?® (yield 68%) mepe 52-57° (1it.,

ot~li=Phenylamino- «~phenylacetonitrile (132 plar®=rh) (yield 597) formed
124,125 gs0y.

colourless needles, MeDe 84~85° (from aqueous ethanol) (1lite,

o ~li-rhenylaminopropionitrile (1323 Rl-Ph, RZ-Me) was prepared by the

method of Bucherer and Sehwalb3125 (yield 837 ) mape 88-90° (from aqueous
ethanol) (1it., 27 92°).

‘| 2

=H, R“=lle) was prepared according to the
130

X-Aminopropionitrile (1325 R

method of Kendall and licKenzie, Having been shaken for 4 hrs, the
reaction mixture was extracted with ether and the exiract (containing 16 g.
of amine in 450 ml, ether) separated, dried, and stored in a refrigerator,

It was concentrated under reduced pressure at room temperature with dry



benzene and used directly in the preparation of the amide,

1

132 =H, RanPh) was extracted into ether

o —Aminophenylacetonitrile (1323 n»

after the stated reaction time, separated from the aqueous phase, washed
with saturated aqueous sodium bisulphite solution, then with water and dried,
Zemoval of the solvent in vacuo gave the crude product (yield 76i), which
was dissolved in dry benzene, and used direotly in the preparation of the

amide,

x=li-ilethylanino- «-phenylacetonitrile’>% (1325 R'slie, R°wrh), o¢=l-benzyl-
anino-x-ghcglacetonitril&ns (1323 Y .

=hCH,, R =Fh) and (~N-benzylamino-
134,135 1 2
propionitrile (1323 & =PhCH, R =lie) were prepared by the following

1

general method.

The aldehyde (0.2 mole) was added slowly to a solution of sodium
bisulphite (0.2 mole, 21 g.) in water (200 ml,) and the mixture stirred
until homogeneous, The amine (0.2 mole) was then added slowly and stirring
continued for 2 hrs., at room temperature. Finally, potassium cyanide
(0s2 mole, 14 g.) was added and the stirring continued for a further 0,5-

1 hr,, at room temperature, The oil was then extracted into chloroform, and

the organic layer separated, dried and evaporated, to yield the crude product.

< ~li=lethylamino~ «£~phenylacetonitrile so obtained (yield 54y), was used

without further purification in the preparation of the amide, It was
characterised as the hydrochloride, which formed colourless needles, mep.
116-118° (1it., 3¢ 110-112°).

 ~li-Benzylamino- <~phenylacetonitrile wac obtained as an oil (yield T787)

and was used without further purification. Upon standing it crystalliced

to give colourlecs plates, mepe 28—32° (1it, ,133 330).
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«-li-Benzylaminopropionitrile was obtained as an oil (26.1 g., 82%),
beDe 115-120%/15 mmey (lite, >? 131=137%/18 mme).

w~li-liethylaninopropionitrile’>! (1325 R'sR°=le). Acetaldehyde (0.25 mole,

11 g.) was slowly added to a solution of sodium bisulphite (0.25 mole, 26 g.)
in water (200 ml,), with stirring. After 30 minutes, 27.5{ aqueous methylamine
solution (0.25 mole, 28 g.) was stirred in slowly and the contents of the
flask left at room temperature overnight. The stirred solution was warmed

to 65° on a water bath and treated with potassium cyanide (0.25 mole, 18 go)e
After 30 minutes, the homogeneous solution was cooled and extracted with
chloroform. Evaporation of the dried chloroform extract afforded the product
a5 & light ol (9¢9 gep 4T%), bebs TO=T4%/36 mme (Litey 2! 70-78%/34 mm.)e

NyN-Disubstituted o-nitrobenzamides
Method A

A slurry of fused sodium acetate (9 go), in glacial acetic acid
(54 ml,), was treated in one portion with the amine, or amine hydrochloride
(0024 mole), and then dropwise with stirring, with o-nitrobenzoyl chloride
(0.024 mole). The mixture was stirred at room temperature for three hours,
concentrated under reduced pressure, and the residue treated with water, to

give the solid amide, which was collected, dried and crystallised.

Meml-l-o—nitrdbensoylminoaoetonitrlla (56a3 R=Me) crystallised as col=-
ourless prisms (yield 75%), meDe 111-113° (from ethanol), ~O A 1640, 1535

and 1355 ome), nemers T=l.7-2.65 (multiplet, aromatic, 4H)j; 5.45, 5.88, 6.74,
7.0 (complex amide system, 5H)e (Founds Cy 54.T3 Hy 4623 N, 1943 €1 ofgl0y

requires Cy 54.8; Hy dels ly 19.2%)0



N-Benzyl-N-o-nitrobenzoylaminoacetonitrile (56a; R-PhCHz) crystalliced as

ox, 1655,

1540 and 1360 cm:]', NeMeTet TuleB=2,75 (multiplet, aromatic, 9H)s; 5.12,

colourless prisme (yield 727), mep. 111-113° (from ethanol), o

5¢58y 5.68, 6,08 (complex amide system, 4H), (Found: C, 64,65 H, 4.6; N,

14.2. c16H]>3N303 1‘6({1111‘08 c. 65.1, B’ 404; H' 14.2‘/’;).

Ethyl o=(l~o-nitrobenzoyl-N-phenyl)aminoacetate (56a; R=rh, Co,Et for o)

crystallised as colourless prisms (yield 66;.), mepe 107-108° (from ethanol),

0 1730, 1660, 1535 and 1350 cm'.'l NeMers: T=2-2,5 (multiplet, aromatic,

9H)s 5.39 (singlet, CHyy 2H); 5.73 (quartet, J=THz, CHy,y 2H)s 8.7 (triplet,

J=THz; CH,s 3H)se (Found: C, 62.45 H, 4.9; N, 8.9. 017316]'205 requires

3
Cy 62,65 Hy 4493 By 845%)s

@ —(Ni—o-nitrobenzoyl-N-phenyl )aninoacetophenone (56a3 =rh, Bz for CN)
crystallised as oolourlesﬁ cubes (yield 54‘,'-.',), mepe 122-124° (from ethanol)
%0 oy, 1680, 1650, 1530 and 1360 ol Nemer: T =leB87-2,96 (multiplet,
aromatic, 14H); 4.63 (singlet, methyleme, 2H)s (Found: C, 69.5; H, 4.6;

Ny Te9 CoyH16150, requires C, 70.03 H, 4.5; N, T.8%).

(1i-o-ni trobenzoyl-l-phenyl )aminoacetonitrile (56a; #=rFh) could not be pre-

pared by the general method, a? unerystallisable gum was obtained, Chrom—
atography on alumina failed to effect purification. This amide was eveni-
ually obtained as follows=—

A slurry of freshly fused sodium acetate (19 ge) in dry benzene (113 ml.).
was treated with anilinoacetonitrile (6.6 g.), and o-nitrobenzoyl chloride
(9428 ge ), and the mixture refluxed with stirring, for 2 hrs. The benzene
wae then removed under reduced pressure, and the residue triturated with

water, The oil obtained was extracted into chloroform, and the separated



chloroform layer washed with saturated aqueous sodium bicarbonate,
ivaporation of the dried extract left an oil (13.2 ge) which crystallised
in contact with light petroleum, Filtration geve the amide (9.8 g., 697),
as colourless prieme, mepe 99-101° (from methanol), Vg 1660, 1530 and
1350 onis ), Memer:T=2-2,9 (multiplet, eromatic, 5H); 5,17 (sinmglet, CH,).
(Founds C, 63,65 Hy, 4¢1; Wy 15.5. C,gHy,N,0, requires C, 64.13 H, 3.93 N,
14497 )s

lethod B,
The amine (0,02 mole) was cooled on an ice bath and stirred while

o-nitrobenzoyl chloride (0,01 mole) was added dropwise, The flask wase then
fitted with a drying tube and heated at 100° for 30 minutes, during which
time the contents of the flask darkened to a deep red. After cooling, the
gun wae treated with water and chloroform, and the chloroform layer washed
with saturated agueous sodium bicarbonate, drie;l and evaporated to yield the

crude amide, which was then crystallised.

 =(li=me thy1=l=o-nitrobenzoyl)eninopropionitrile (56b; h=ile) (yield 744)

formed colourless needles, mePe 156-158° (from methanol), '\Jmu.1640, 1535
and 1345 omytynemers T=le66=2,71 (multiplet, aromatic, 4H)s 413 (quartet,
CH, 1H,); .7.1 (singlet, R-CH3, 3H)3 8434 (doublet, C~CH, 3H)e (Pound:

Cy 56.5] Hy 5-1; Hy 18.2, 0113113303 requires Cy 56.7! H, 408; H, 18.0}).

o(~( i-o—ni trobenzoyl-i~phenyl Jaminopropionitrile (56b; R=rh) (yield 68%)
formed colourlese needles, m.De 133-136° (from methanol), T 1660, 1530

and 1350 omrl, nemer: T=2.0-2,8 (multiplet, aromatic, 9H); 4.0 (quartet J=
8 Hz, CH, 1H); 8.4 (doublet, J=8 Ha, CH,, 3E). (Found: C, 65.2; Hy 5.1s

N, 14,2, 616H13N303 requires Cy 65613 Hy ded; Ny 14427).
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X —(N-lie thyl-N—o~ni trobenzoyl Jaminophenylacetonitrile (56c; n=ite, Rl-n)

(yield 757) formed colourless platelets, m.Ds 110-112° (from ethanol),
\J 1650, 1535 and 1350 cmrl, DemeT: T=l,T70=-2,60 (multiplet, aromatic,
9H); 2,80 (singlet, CH, 1H); 7«32 (singlet, CHy, 3H)s (Found: C, 64463

E’ 4eds Hy 14,04 016313N303 requires Cy 65.1! Hy 404, H, 14.0;').

o ~(li~Benayl-—li-o-ni trobenzoyl Jsminophenylacetonitrile (56c; R=PhOH,, i =)

(yield 91%) formed colourless needles, meps 179-181° (from benzene),

v 1650, 1530 and 1355 on'.']', Nemers Tel, 76=3630 (multiplet, aromatic,+CH,

15H)3 5.73 (singlet, CH,s 2d). (Found: C, Tle2; Hy 4463 N, 11.2, c221117m3
03 requires C, 7l.23 H, 4463 Ny 1135 ) -

Method C

The amine (0,02 mole), in dry benzene (100 ml, ) was treated slowly
with o-nitrobenzoyl chloride (0.0l mole) in dry benzene (60 ml,) and the
reaction mixture stirred at room temperature for 24 hrs., with the exclusion
of moisture, The amine hydrochloride was then filtered off, and the filt-
rate eveporated to dryness, to yieldb the crude amide, which was purified by

crystallisation,

o~ (Ji=o=Nitrobenzoyl~N-phenyl )aminophenylacetonitrile (56c3 R=rh, RI-H)

(yield 765.) formed colourless prisme, mep. 179-181° (from methanol),

0 ]555, 1535 and 1345 cm':l, Nemer: all aromatice (Found: C, 70.8; H,
3.9; N, 11.9. 0213153303 requires C, 70.63 H, 4.2; N, 11,8%),
o(~(N-Benzyl-l-o-ni trobenzoyl)aminopropionitrile (56b; n=rhCH,) (vield 58)

was purified by chromatography on 107 deactivated alumina, eluting with

benzene/light petroleum. It formed colourlese needles, meDe 90-92° (from

ethanol), " 1650, 1530 and 1350 cmtl, Nemer: Tel,7=2,93 (multiplet,

ax
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aromatic, 9H); 4.7 (quartet, J=6 Hz, CH, 1H); 5.6 (singlet, CHyy 2H); 8.35
(doublet, J=6 HS, CH3. BH)C (ml C, 65.7; Hy 4073 N, 13.8. 6173153303
requires C, 66403 Hy 4493 W, 13.6%).

ot =(li~t~nitrobenzoyl-N-phenyl )aminophenylacetonitrile (59¢; R=rh, X=H)

(yield 59¢) formed colourless needles, m.De 119-122° (from ethanol/light
petroleum), 0 . 1660, 1540, 1355 cms . (Found: C, T0.5; Hy 4eds N, 1.6,

62131511303 requires C, T0.63 Hy, 4.2; N, 11.8%).

o =(1li=3,5=-Dini trobenzoyl-N—phenyl)aminophenylacetonitrile (59¢; R=rh, X=l0,)

(yield 827) formed colourless needles, m.p. 164-166° (from glacial acetic
v ;

acid), TV 1655, 1540 and 1340 cm, . (Found: C, 6le33 H, 3.5; N, 14.1l.

021H14N405 requires C, 62,73 Hy 353 Ny 1349/ ).

o =(li~2=Chloro=5=nitrobenzoyl-li-phenyl )aminophenylacetonitrile (57c; f=rh,
X=Cl, Y-Iioz) (yield 807), formed colourless needles, meDe 189-191° (from

glacial acetic acid), % 1660, 1540 and 1360 oms’ (Founds C, 64s3; H,

3.9; Hy 11:.1, 0213140111303 rﬁquires C, 6403; H, 306; H, 11.7%).

li=(2=Chloro=5-ni trobenzoyl )-N-phenylaminoacetonitrile (56a; R=rh) (yield 95)

formed colourless needles, m.De 170-172° (from glacial acetic a.cid),
1

v 1655, 1530 and 1345 cms 5 Nemer: T =1,92-2.71 (multiplet, aromatic, OH);

maxe
5.18 (wminglet, CHyy 2H). (Pound: C, 56.6; H, 3«43 N, 13.3. °15“10°1N3°3

requires C, 5T.13 H, 3423 H, 1343%)s

of =(li-2=Chloro=5-ni trobenzoyl-N-phenyl Jaminopropionitrile (58b; i=rh)

(yield 66%), formed colourless prisms, mepe 176-178° (from ethanol), P s

1660, 1540 and 1365 cn_!'.-l, NeMeTs T =1,98-2,70 (multiplet, aromatic, 8H); 4.03
(quarte , J=7 Hz, CH, 1H); 8.43 (doublet, J=T7 Hz, CHB’ 3H)e (Found: C, 5793

H, 307; H, 13.1. 016H1201N303 reqn:l.res c, 58.3; B, 307! H’ 1207§:)c
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o = (N=5=lethyl-2-ni trobensoyl-N=phenyl )aminophenylacetonitrile (56¢; i=rh,

R]'-Me) (yield 517) formed colourless needles, m.pe 154-155° (from ethanol),
"oy, 1660, 1530 and 1350 ome® (Found: Gy 7065 Hy 465 Uy 111, Gyl

N,0, requires C, Tlels Hy, 4463 N, 11.37%).

(= (li=o-jie thoxybenzoyl-N-phenyl Jaminophenylacetonitrile (57c; i=rh, l=Oile,

Y=H) (yield 61%) formed colourless needles, m.ps 122-124° (from ethanol

| 1655 sact

/light petroleum), v

ax (m‘! Cy TT«13 Hy Seds N, 8a1.

Gzzﬁlalzoz reqniros Cy 77.2; Hy 5;3’ Ny 8.29":)0

o= (li=0=Chlorobenzoyl-li~phenyl )aminophenylacetonitrile (57c; R=rh, X=Cl,

Y=H) (yield 60j) formed colourless prisms, meDe. 143-146° (from ethanol),
1

'Qmu. 1660 Ciile

Cy 72.8; H, 4e33 Ty 8.1‘}1)0

(Found: €, T3e2; Hy, 4463 N, 8.1, 021!115011!20 requires

H=rHenyl-o-nitrobenzamide (603 R=h) (yield 987), formed colourless needles

ape 153-155° (from ethanol) (1it.,>3° 155°), .. 3200, 1660, 1540 and

1355 omst

N-Bangl—o—nitrobenmlde (603 R-PhCHz) (yield 947), formed colourless
needles, mep. 118-121° (from aqueous ethamol) (1it.,'>° 122°), ~ 3200,

1640, 1540 and 1360 ongs

Preparation of o(=(N-o-nitrobenzoyl)aminopropionitrile (56b; R=il).

=Aminopropionitrile (2.3 ge) in dry benzene (30 ml.) was added to a

solution of o-nitrobenzoyl chloride (3 go) in dry benzene (20 ml,) and the
mixture stirred with exclusion of moisture for 48 hrs. The benzene was

then removed under reduced pressure, the resultant oil shaken with chlor-
oform and water, and the chloroform layer separated, wached with saturated

aqueous sodium bicarbonate, dried and evaporated, The oil obtained (4.4 g.)
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yielded the amide (56bs R=H) (1.0 gey 287), on standing overnight in ether/
light petroleum, The amide crystallised as colourless needles, mepe 103~

120° (from ethamel), v___ 3225, 1640, 1540 and 1360 oms Y, nymer: T =2,0~

ax
2.9 (multiplet, aromatic +iiH, 5H); 5.15 (quartet, CH, 11)s 8.5 (doublet,

CHy, 3H)s (Found: Cy 55,03 H, 4425 N, 19.1. C, i H,0, requires C, 54.8;
Hy 4el3 Ny 19.2%). Concentration of the ethereal mother liquors yielded no

further identifiable material,

Preparation of d-jn-o-nifro‘bonsoxl }aninogg' g‘ lacetonitrile (56¢; R-RI-H).

<~Aminophenylacetonitrile (20 ge) in dry benzeme (120 ml.) was added drop-

wise at room temperature, to a solution of o-nitrobenszoyl chloride (14 g.)
in dry berzene (150 ml,) and the mixture stirred with the exclusion of
moisture for 48 hrs. The precipitate which formed was filtered off and
washed with chloroform, leaving the amine hydrochloride (2.3 gs) mepe 166-
170° (1it,24% 178%). 7he amide (5.6 g+, 22%) was obtained by evaporation
of the chloroform washings, and crystallised to yield colourless needles,

meps 154-156° (from ethanol), %, 3200, 1650, 1540 and 1360 angt

9 NeMeX:T=

1,65=2,47 (multiplet, aromatic +§H, 10H); 3.95 (doublet, CH, 1H). (Found:

Cy 63473 Hy 4e23 1y 1543 015111115303 requires C, 64,13 H, 3,93 N, 14.9%).
The benéene mo;ther liquors, washed with dilute sulphuric acid,

saturated aqueous sodium bicarbonate and water, then dried and concentrated

under reduced pressure, afforded an oil which solidified in contact with

ether and methanol to give an unidentified yellow solid which formed

yellow needles (4.8 g+ )y MeDe 156=158° (from ethanol), &5 3400 (broad,

w), 1560 (sh., w) and 1540 cug> (Pound: €, Tled; Hy 4463 N, 1177 )e
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Base Catalysed Reactions of Amides,

Unless otherwise stated, the amide cyclisation reactions were worked
up according to the following general procedure,

After the reaction had proceeded for the required period of time,
the solvent was removed under reduced pressure, the residue shaken with
water and chloroform, and the layers separated,

Evaporation of the chloroform extract (extract A) gave any neutral
or basic material formed in the reaction, The basic aqueous layer wae then
acidified (2N aqueous sulphuric acid) and extracted with chloroform, the
aqueous part being retained, After being washed with saturated agueous
sodium bicarbonate, the chloroform layer (extract B) was evaporated, yield-
ing any enolic material, Acidification of the sodium bicarbomate washinge,
followed by chloroform extraction (extract C) yielded acid material., The
initial agueous phase was then rebasified by careful addition of solid
sodium bicarbonate, reacidified (Ph 6) with a few drops of glacial acetic
acid, and extracted into chloroform (extract D). FEvaporation of the solvent

then yielded any amphoteric material,

l~lydroxyquinazolinediones (623 n=lte, PhCH, or Ph), The amides (56a; Rw=ile,
PhCH,, or rh) (0.01 mole), in dry ethanol (25 ml.) were treated in one

portion with a solution of sodium (0.92 g.) dissolved in dry ethanol (25 ml.).
An immediate reaction took place, the contents of the flask becoming deeply
coloured, After being refluxed for 1 hre., the reaction mixture was,
concentrated under reduced pressure, and the residue treated with water and
chlaz-ofom; Aoi.dification of the agueous layer afforded the crude l-hydroxy-

quinagzolinedione, which was purified by crystallisation,
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29 4~Dioxo-1-hydroxy~3-methyl-1,2,3,4~tetrahydroquinazoline (62; ns=lie)
gave a violet colour with ferric chloride in ethanol, and crystallised as

colourless needles (yield 917), meDs 238-240° (decomp. )(from methanol),(1.1;!;,4’8245")1
9 3100 (w), 1700, 1670, 1630 and 1605 cm:'l (Found: C, 56.5; Hy 4463
Ny 1446, 09!1811203 requires C, 56433 Hy 4¢2; l, 14.6%).

3-Benzyl-2,4-dioxo-l-hydroxy~1,2,3,4~tetrahydroquinazoline (62; R=rhCH,)

orystallised as colourless needles or prisms, (yield quantitative), m.p.
235-237° (decomp, )(from glacial acetic acid), oy, 3100 (w), 1700, 1640

and 1610 (sh) omy®

’ (Found: Cy, 6T7¢4; Hy 4473 Ny 10.4. 015E121203 requires
Cy 67e2; Hy 4453 N, 10.4%). It gave an olive green colour with ferric

chloride in ethamol,

2, 4-Dioxo=1-hydroxy=3~phenyl-1,2,3,4~tetrahydroquinazoline (623 1=rh)
crystallised as colourless needles (yield 735), m.De 177-180° (decompe )

(from methanol), ©___ 3150 (w), 1700, 1650 and 1610 ezt  (Found: C, 65.8;

Hy, 4013 N, 11,33 °14H10N2°3 requires Gy 66413 H, 4403 N, 11,0/ )s It gave
a deep violet colour with ferric chloride in ethanol,

l-Acetoxyquinazolinediones (62; l=ile, Ph(m2 or Phy, Ac for H). The H~hydroxy=-
quinazolinediones (62; l=lle, PhCH, or rh), (0.001 mole) were gently refluxed
with acetic anhydride (0.5 g.) for 0.5 hr. Ixcess acctic anhydride was then
removed under reduced pressure, and the rcsidue triturated with ether or

water, to yield the crude product, which wae collected and dried.

1-Acetoxy=2,4~dioxo=3-methyl-1,2,3,4~tetrahydroquinazoline (623 Rr=lie, Ac for

i) crystallised as colourless needles (yield 97 ), mepe 130-132° (from

benzene/light petroleum), ~ 1790, 1720, 1680 and 1610 cmz! (Found:

maXs
C, 56.5; H, 4.6; N, 11.8. 611H10N204 requires C, 56.4; H’ 4.3; N’ 11.9',:).
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1-scetoxy-3—bengyl-2,4—dioxo-1,2,3,4-tetrahydroquinazoline (623 R=PhCH,,

Ac for H) (yield 99%) crystallised as colourless needles, m.D. 149-151°
(from benzene/light petroleum), ~o___ 1825, 1730, 1690 and 1630 ems -
(Founds C, 65.13 Hy 4e43 Ny 9e3. 01M204 requires C, 65.8; H, 4.6% N,
9+0%)

l-Acet 1-1,2,3,4~tet zoline (623 R=Fh, Ac for

H) (yield 93%) crystallised as colourless necdles, mep. 201=204° (from

ethanol), v ___ 1800, 1720, 1660 and 1610 ems™ (Founds C, 65.05 H, 4.03

Ny 966 cmﬁz’z% requires C, 64.93 H, 4el3 N, 95%)s
Quinasolinediones (62; R=le, PhCH, or Fh, H for OH).

() By hydrogenolysis of the l-acetoxyquinazolinediones.
The l-acetoxy-compounds (623 R=Me, PhCH, or Fh, Ac for H) (0.06 ge) in

ethanol (20 ml,) were hydrogenated at room temperature and pressure, over
10% palladium on charcoal (0,02 g.)s After filtration, removal of the
solvent yielded the corresponding 2,4~dioxo=3-substituted=l,2,3,4~tetra~
hydroquinazoline (yields N-He, quantitative; NeCH,Ph, 5803 NePh, 787).

(b) By dithionite reduction of the l-hydroxyquinazolinediones.

The l-hydroxyquinazolinediones (62; Relie, PhCH, or Ph) (0,001 mole) were
heated under reflux with an equal weight of sodium dithionite, in T0f v/v
aqueous ethanol (10-20 ml.) for 30 minutes, A fresh portion of sodium
dithionite was then added and refluxing continued for a further 30 minutes.
After filtration to remove inorganic material, concentration undqr reduced

pressure. and dilution with water, gave the product.
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234-Dioxo-3-methyl-1,2,3,4~tetrahydroquinazoline (62; R=ile, H for OH)
crystallised as colourless needles (yield TT{) meD. 237-239° (from methanol)

o 1710, 1660, 1640 (sh) and 1620 (sh) cu: "

J=Benzyl-2,4~dioxo-1,2,3,4~tetrahydroquinazoline (62; i=FhCH,, H for OH)

crystallised as colourless needles (yield 83;.), mepe 226-229° (from meth-

1

anol), 1725, 1670 and 1610 (sh) om,

maxe

2, 4~Dioxo-3~phenyl-1,2,3,4~tetrahydroquinazoline(62; R=rh, H for OH)

crystallised as colourless needles (yield 707%), mepe 280-282° (from meth-
1

anol), ‘v . 3150, 1730, 1650 and 1610 (sh) Cing
The melting points, mixed melting points and i.r. spectra of the

quinazolinediones (62; R=ie, PhCH, or rh, H for OH) were those of authentic

2
samples, prepared as described below.

Unambiguous synthesis of the 244~dioxo~3~substituted-1,2,3,4~tetrahydro~

duinazolines,
The substituted amides of anthranilic acid were readily prepared by

methods adequately described in the literature.

o—Amino-li-methylbenzanide (133; R=lie) (yield 839) crystallised as colourless

needles, mep. 80-82° (from benzene/light petroleum) (lit. ,141 79-80°).

o—Amino-N~-phenylbenzamide (1335 R=rh) (yield 95f) crystallised as colourless

needles, m.p. 122-124° (from bengzene) (1it., 42 125°),

o—-Amino~N-benzylbenzamide (133; R-Phcnz) (yield 50/ ) crystallised as colour-

less needles, m.p. 120-122° (from benzene) (1lit. ,63 123%),

2,4-Dioxo~3-substituted-1,2,3,4-tetrahydroquinazolines (623 i=ite, PhCH2 or

Ph, 4 for OH)s The substituted anthranilamide (0.0l mole) and urea (0.0l
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mole) were ground together to give an intimate mixture which was heated

for 1-1,5 hrs. at 200° (oil bath) until ammonia ceased to be liberated,

The dark melt was then cooled and crystallised, The 3-Benzyl compound

(625 R=FhCH,, H for OH) was obtained in 52 yield, meps 227-229° (from
methanol) (1ite,52?43 226-228°). The 3-rhenyl compound (625 @erh, H for OH)

144 g0.

wae obtained in 77% yield, m.p. 280-282° (from methanol) (lit.,
282°). The 3-llethyl compound (623 R=ile, H for OH) was obtained in 347

yield, mep. 233-235° (from methamol) (1it., 47 234°).

Reaction of N-liethyl-o-niirobengzoylaminoacetonitrile (56a; R=iie) with 107

ethanolic potassium hydroxide, 107 agqueous potassium hydroxide or 10/

aqueous sodium hydroxide in ethanol,

(a) The amide (56a; n=Me) (0.22 g.) was refluxed in a solution of potassium
hydroxide (0.5 go) i ethanol (4.5 ml,) for 10 minutes. The solid which
separated was filtercd off, and acidified (2N aqueous sulphuric acid), to
yield 2,4=-dioxo-1-hydroxy-3-methyl-1,2,3,4~tetrahydroquinazoline (625 Rs=ile,)
(0e1l4 g+)y MeDe 237-239° (from methanol)s The filtrate was concentrated
under reduced pressure, diluted with water, and acidified, to yield a further
erop of the l-hydroxy-compound (62; Rslie), meDe 238-240° (from methanol),
giving a total yield of 907.

(b) The amide (56a; R=ile) (0,22 g.) was treated with 10/ potassium hydrox-
ide (5 ml.) and refluxed for 15 minutes, The clear solution, cooled and
acidified, afforded the l-hydroxyquinazoline (62; n=ie) (0,08 ge., 387),

Me De 238-240o (from methanol). The filtrate wae extracted with ehloroform.
Evaporation of the dried extract yielded a red gum (0,09 g.) which could
not be induced to crystallise, Acetylation of the red gum afforded no

identifiable product,.
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(e) The amide (56a; Rs=ie) (0.22 g.), in ethanol (5 ml.) was treated with
10/, agueous sodium hydroxide (2.5 ml.,) and refluxed for 30 minutes. The
ethanol was r‘emoved under reduced pressure, and the residue treated with 2N
aqueous sulphurie acid, yielding the N-hydroxyquinazolinedione (62; R=le)
(0415 gey 807%)y mepe 238-240° (from methanol).

Reaction of Hetlgl—ﬂ-o—nitrébmggxluino&ootonhrﬂe (56a; h=Me) with

potassium cyanide in aqueous ethanol.
The amide (56a; ReMe) (0.44 gey 0.002 mole) in ethanol (15 ml,) was treated

with 2 solution of potassium cyanide (0,52 ge, 0.008 mole) in water (0.5 ml,)
and refluxed for 1 hr., The ethanol was then removed under reduced pressure
and the residue treated with water and chloroforms Ivaporation of the dried
chloroform extract gave a light brown oil (0.24 g.) vhich could not be
obtgined eryestalline, Acidification of the aqueous layer gave a solid which
was taken into chloroform, washed with agueous sodium bicarbonate, dried and
freed from solvent yielding the N-hydroxyquinazolinedione (623 n=ite) (0.07 g.)
Mepe 237-241° (from methanol). A further yield of this product (0.07 g.)

was obtained by acidification of the bicarbonate washings and filtration

of the resultant solid, mepe 238-240° (from methanol).

Reaction of N—Benql—o—nitrobensozlaninomtonitrile ani n-phcn2) with

ethanolic sodium ethoxide at room temperature.

The amide (56aj R-Phcnz) (0e3 Zes 0,001 mole), dissolved in dry ethanol

(15 ml.) was treated slowly with ice cooling with a solution of sodium
(0.09 g.) in ethanol (5 ml.) and the reaction mixture stirred for 0.5 hr.
The ethanol was then removed under reduced pressure at room temperature and

the residue treated with water, Acidification of the yellowish solution
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with 2N agueous sulphuric acid afforded the N-hydroxyquinazolinedione
(623 a-phcnz) (0e25 gy 93%) mepe 236-238° (from methanol), i.?. spectrum

identical with that of - the sample obtained above.

Reaction of w—(l-o-nitrobenzoyl-N-phenyl)aminoacetophenone (56aj =rh,

Bz for Cl) with ethanolic sodium ethoxide,

> <li~o-nitrobenzoyl-li-phenyl )aninoacetophenone (2.5 g« ), dissolved in hot
ethanol (30 ml.) was treated with a solution of sodimum (1.1 g.) dissolved
in ethanol (50 ml,). The mixture became red immediately, and a precipitate
formed. Lfter refluxing for 1 hr, the solution was cooled, and the solid
filtered off, Treatment of the solid with 2N aqueous sulphuric acid gave
a white precipitate, which was collected and dissolved in saturated aqueous
sodium bicarbonate solution, Acidification of the washed (chloroform)
solution gave a white solid (0469 ge) mepe 118-120% i.r. spectrum ident-
ical to that of authentic benzoic acid,

The filtrate was concentrated in vacuo and diluted with water,
Acidification with 2N aqueous sulphuric acid yielded 2-phenylindazolone
(643 7=Fh) (0,58 ge)y Meps 204~206° (from benzene), 134,146 204° , e
1650 oms® (Pound: G, Tde2; Hy 5e13 Ny 1342 caloulated for Gy, ,0:

Cy Tde33 Hy 4483 Ny 1343%), which was further characterised as the acetyl
derivative (643 R=Ph, Ac for H) meDe 87-89° (from light petroleum) (11t.,147

921°), .. 1695 onyt

Reaction of Ethyl «-(l-o-nitrobenzoyl-li-phenyl)aminoacetate (56a; R=rh,

_(_:_gaggt for GNI with sodium ethoxide,

The amide (56a; R=rh, Co, it for CN) (0¢5 g+ )y in absolute ethanol (5 ml.) .

was treated in one portion with a solution of sodium (0,22 g.), in absolute

ethanol (5 ml.), and the mixture refluxed for ome hour. The reaction mixture
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was then worked up by the standard method, Ixtract (B) yielded 2-phenyl-
indazolone (64; n=Ph) (0.15 g., 52%), as colourless needles, mepe 203-206°
(from benzene), mixed myp. and i.r, spectrum identical with those of an
authentic sample prepared below. Extract (C) gave a red oil (0,21 g.) which

was not identified.

Base Catalysed Reactions of < —(li-o-nitrobenzoyl)aminopropionitrile (56b;
Re=H),

(a) The amide (56b; R=H) (0,002 mole, 0s44 g.) in absolute ethanol (30 ml.)
wae treated with a solution of sodium (0,18 g.), dissolved in absolute eth-
anol (10 ml,) and the mixture refluxed for 1 hr., then worked up as described
aboves Extract (i) geve an oil (0,07 g.) which was not identified.

Extract (B) yielded an oil (0,11 g.) which solidified when rubbed with

ether, giving starting material (0.05 g.), identified by its i.r. spectrum
and mep. 105-108°, Extract (p) gave 3,4-dihydro-2-methyl-4~oxoquinazoline—
l-oxide (633 R=i, CHy for CN) (0.14 g+ )y as colourless platelets, mepe 245-
247° (decomps) (from dimethylformamide), " i 2600 (w), 2150 (w, broad),

1615 and 1600 ong

(Found: C, 61,43 Hy 4453 Ny, 16,6, C9H83202 requires
C,61.43 Hy 4453 N, 15,9%)s The oxidev (635 R=H, CK3 for CN) gave a deep
magenta colour with ethanolic ferric chloride, and warmed with acetic an-
hydride, 1t afforded 2-acetoxymethyl-3,4~dihydro~4~oxoquinazoline (72) as
colourless needles, meps 192-196° (from aqueous methanol), 0 ax, 1750 and
1680 om:]', identical with those of an authentic sample.148

(b) The amide (56b; R=H) (0,002 mole, 0.44 g.) in ethanol (30 ml.,) was
refluxed for 1 hr, with 10{ agueous sodium hydroxide (3.2 ml.), then worked
up by the general proczdure described above, Ixtract (B) yielded starting

material (0,02 g, ), identified by m.p., and i,r, spectrum, Ixtract (C) gave
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benzoic acid (0.01 g.), identical (mep., mixed meps and i,r. spectrum)with
an authentic sample., FExtract (D) afforded a sticky solid (0.24 g.) which
crystallised from methanol, yielding 3,4-dihydro-2-methyl-4-oxoquinazoline—
1-oxide (63; R=H, CH, for CN) (0s14 g ), meps 245-247° (from dimethyl-
formamide), i.re spectrum identical with the sample obtained in (a) above.

Base Catalysed Reactions of «—(N-o-nitrobenzoyl)aminophenylacetonitrile

(56¢3 R-Rlnﬁ)o

(a) The amide (5603 R-R]'-H) (0,002 mole, 0.56 g.) in absolute ethanol (25 ml.)
was refluxed with a solution of sodium (0,008 mole, 0,18 g.) in absolute
ethanol (25 ml.) for 1 hr., and the reaction mixture worked up in the usual
vay., &xtract (A) gave an oily solid (0.12 g.), which crystallised as
colourless needles, mepe 174° (from ethanol), identical (mixed ma.pe 174°

and i.7e spectrum with an suthentic sample of o-nitrobenzamide. Ixtract (B)
yielded an oil (0,04 ge) which did not cxystallise, Lxtract (C) afforded
benzoic acid (0.14 ge) as colourless needles, meDe 120-122° (from water),

- identical (mixed m.pe and i.r. spectrum) with an authentic sample.

ixtract (D) gave a further orop of o-nitrobenzamide (0.02 g.), mepe and i.r,
spectrum identical with those of the first crop,

(b) The amide (56¢; R-RI-E) (0,002 mole, 0.56 ge) in ethanol (40 ml.) was
refluxed for 1 hr, with ¥ aqueous sodium carbonate (8 ml.,), then worked up
as above, nxtract (i) gave o-nitrobenzamide (0,08 g.), which crystallised
as colourless needles, mMeDe 173-175° (from ethanol) (lit.,149 176°), ident-
ical i.re spectrum with that of an authentic samples Ixtract (B) yielded

an oil which was not identified. =xtract (C) afforded benzoic acid (0.1 g.),
identical i.r. spectrum with that of an authentic sample. uxtract (D) gave

an oil (0,09 g.) which was not identified,
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Base Catalysed fHeactions of o =(li=o-nitrobenzoyl-N-phenyl )aminopropionitrile

(56b; RBP,I)O
(a) The amide (56bs R=Ph) (0,002 mole, 059 g« ) in dry ethamol (15 ml.)

was treated with a solution of sodium (0,008 mole, 0.18 g.) in dry ethanol
(10 ml,) and refluxed for 1 hr., then worked up as ahove; xtract (B)
yielded 2-phenylindazolone (643 R=Ph) (0.32 g. T6%) which crystallised as
colourless needles, m.pe 208-211° (from aqueous ethanol) identified with an
authentic sample by mixed map. 211° and i.r. spectrum, Uxtracts (i), (C)
and (D) contained negligible quantities of unidentified gums,

(b) The amide (56bs R=Ph) (0,001 mole, 0.3 g«), in ethanol (20 mle ) was
refluxed with 107 sodium hydroxide (4 ml.) for 30 minutes, then worked up
by the general procedure. Uxtract (B) gave 2-phenylindazolone (643 it=rh)
(0e14 goy 651) meDe 200-204° (from benzene) (11t.,146 204‘), identical i.r,
spectrum with that of an authentic sample prepared below, Ixiracts (1),
(c) and (D) contained negligible quantities of unidentified gums,

(¢) The amide (56b; R=Ph) (0,009 mole, 2,68 g.), in ethanol (130 ml, ) was
refluxed for 1 hr. with I aqueous gsodiun carbonate (70 ml.), then worked up
by the general ﬁmedure described above, &Lxtract (A) gave a reddish semi-~
solid (2.36 ge) which was chromatographed on alumina., Elution with benzene
/25; ether gave starting material (0,86 g.), meDe 128-132°, (identical i.r.
epectrum)s Further elution with bengene/507 ether gave a crude red solid
which orystallised from glacial acetic acid to give 2,2 -di-(l-phenylcarb-
amoyl)azobenzene (65) (0a2 ge)s MeDe and mixed meps 260-262°, identical

i.re =pectrum with a sample synthesised below.

Lvaporation of the crystallisation liquors yielded a further crop
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(0,16 ge) of starting 1‘natorial, Me De 128-122%, Further elution of the
column with ether/25’ chloroform yielded 2-phenylindazolone (64; R=rh)
(0s21 g.), as colourless needles, Mepe 204-205° (from bengzene), identical
(mixed mep. and i.rs spectrum) with a sample synthesised as described later,

Extract (B) gave a gum (0,07 g« ) which was not obtained solid and
was not identified, Lxtract (C) also yielded a gum (0.16 ge) which could
not be obtained orystalline, and was not identified,

2,2"=Di-(li~phenylcarbamoyl)azobenzene (65)s

2-Nitrosobenzanilide (0.23 g+ ) and 2-aminobenzanilide (0.21 g.) in glacial
acetic acid (15 ml,) were stirred at room temperature for two days., The
solution darkened and an orange precipitate appeareds The solid (0.13 g.)
was filtered off and crystallised from glacial acetic acid to give orange
needles, m.p. 256-262% -0 3300 and 1640 cmel, Bemer: T=0,36 (einglet,
NHy 1H)y 2¢15-2,74 (multiplet, 9H) (in DHSO). (Found: C, 73.8; H, 5.0;

Ny 134Ts Cogliygl,0, vequires C, 74.35 Hy 4,83 Ny 13,37 ). Dilution of the
mother-liquors with water gave a dark ®solid (0«17 g ) Thin-layer chrom-
atography on silica gel, with benzene/25/ ether elution showed three spots.
Crystallisction from glacial acetic acid yielded a further crop (0.03 ge)

of the azo-compound (65), mepe 256=-260°,

Base Catalysed Reactions of « —(l-Bengzyl-o-nitrobenszoyl jaminopropionitrile
(5613 R-Phcﬂa).

(2) The amide (56b; R-PhCHz) (0,002 mole, 0,62 ge) in absolute ethanol

(15 ml.) was treated with a solution of sodium (0,008 mole, 0.18 g.) in
absolute ethanol (7 ml,) and the mixture refluxed gently for 1 hr., then
worked up as described above, Extract (A) gave a brown oil (0,31 g. ). Thin-

layer chromatography (elution with benzene/257 ether) showed four spots.



87

Chromatography on alumina failed to separate the mixture, Extract (B)
yielded a gum (0.3 geo) which solidified when triturated with benzene, giving
2-benzylindazolone (643 R=FhCH,) (0e2 £s)s mepe 140-150° (from ethanol/light
petroleun), After elution with chloroform through a short columm of alumina,
it erystallised as colourless needles, meps 175-178° (from ethenol/light
petroleun) (11t.,7° 180°), i.r. spectrum identical with a synthetic sample,
prepared below,

(b) The amide (56b; n-phcna) (0,002 mole, 0462 gs), in ethanol (50 ml,)

was treated with N aqueous sodium carbonate (8 ml.), and the mixture
refluxed for 1 hr, The reaction mixture was then worked up by the general
procedure described above., Ixtract (A) yielded a light brown oil (0445 g.)
which was chromatographed on alumina. Tlution with benzene/50{ chloroform
afforded initially sterting material (0,09 g.) identified by i.r. spectrum
and mepe 90-92° (from methanol). Further elution with the same solvent
mixture gave 2,2'-d1-(n-benayloarbanoy1)azobenzene (67) (0s22 go), as
yellow needles, meDe 170-172° (from methanol), identical (mixed m.p. and
ier. spectrum) with a synthetic sample, prepared below. Ixtracte (3) and
(c) afforded henzaldehyde 2-carboxyphenylhydrazone (66) (0.16 g.) as colour—
less platelets, mepe 226-228° (from benzene) (1it.,7° 227-228°) identical

(mixed mepe and i.re Spectrum with an authentic sample),

gl?.'-Di.—(N-benqlcarbamq;)asobmsene (653 Phcli2 for Ph),

li=Benzyl-o-nitrobenzamide (002 mole, 5.04 ge), in methanol (50 ml.), was
refluxed with zinc dust (2.65 ge) and sodium hydroxide (0,081 mole, 3.25 g.)
in water (75 ml.), for 13 hrs, The contents of the flask were then filtered
hot, removing zinc residues, and the filtrate concentrated under reduced

pressure, Dilution with cold water (100 ml,) and ice-cooling yielded a
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precipitate (0.74 ge) vhich was filtered off and sucked dry, Crystallie-
ation from agqueous ethanol gave the red azo—compound (0.14 ge) mepe 195-
200° as first crop, and upon cooling and further dilution with water,
starting material (0.47 2.)y MeDe 117-121°, (identical i.r, spectrum.) The
azo-compound crystallised as orange needles, me.D. 207-209° (from ethanol),

-1
) 3200 and 1630 cm.

(Found: C, T4e93 Hy 5.33 N, 12,8, Cogllngl 40
requires C, 75.03 Hy Sed3 Ny 12.5%).

The agqueous mother-ligquors were acidified with 2§ aqueous sulphuric
acid and extracted with chloroform., Lvaporation of the dried extract gave
a brown oil (3.64 g.) which erystallised from benzene, The crude product
nepe 155-160° was purified by paseing its chloroform solution through a
short column of alumina, ZOvaporation of the solvent yielded 2-benzylind-
azolone (643 R=PhCH,) (240 g.); meDs 176-179° (1ite, ° 180°), A deep red
band at the top of the column was removed by elution with methanol. Tvap—
oration of the solvent gave a deep red oil (0.5 gs) which could not be

obtained crystalline,

Synthesis of 2.2’-(11-‘N-bmglcarbamgl)azoqbenzene (6T7)s

2,2'-D1-(N-benzyloarbamoyl)azobeuzene (0l £4)y in glacial acetic acid (40 ml,)

was treated dropwise with 30% hydrogen paroxide (8 ml,) over a period of 6
hre. The red colour gradually faded, giving a pale yellow solution, Dilut-
ion with water (75 ml.) yielded the azoxy-compound (0,05 g.), which formed
yellow needlesg, meDe 170-172° (from ethanol), " 3200 and 1640 c:m'.':l
(Fo@d! Cy 7203; Hy 5.4; N, 1245 0285243403 requires c’ 72.4; Hy 5.2,

Ny, 12,1%).

2-rhenylindazolone (643 R=rh)e

N-Phenyl-o-nitrobenzamide (0,02 mole, 4.76 g.), in methanol (50 ml,) was
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treated with zinc dust (2.65 g.) and a solution of sodium hydroxide (3.25 g.)
in water (7.5 ml) and refluxed for 13 hrs, The contents of the flask were
then filtered hot, removing zinc residues, and the filtrate concentrated
under reduced pressure, giving a brown oil, Dilution with water (100 ml.)
and ice-cooling yielded a sticky precipitate (0,76 gs) which was collected,
Crystallisation from ethanol gave starting material (0.6 g.), meDs 148-153°
i.r, spectrum identical with an authentic sample,

The acqueous filtrate was acidified (211 52304) and extracted with
chloroform. Ivaporation of the dried extract yielded 2-phenylindasolone
(643 2=Ph) (156 g+ ), mepe 200-203° (from bemseme) (lit.,™*° 202°).

the agueous layer from the extraction was neutralised with sodium
bicarbonate, reacidified with glacial acetic acid, and extracted again with
chloroform. Ivaporation of the dried extract yielded a gum (0.3 g.) which

wae not identifieds

Base Catalysed Reactions of o¢—(lN-methyl- nitrobenzoyl )amino ionitrile
(a) The amide (0,47 gsy 0,002 mole), in dry ethanol (25 ml,) was treated
with 2 solution of sodium (0,18 g.) in ethanol (5 ml.), and left at room
temperature for 1 hr, The reaction was then worked up in the usual fashion.
Extract (A) yielded an oil (0,02 g.) which wae not identified., Similarly,
extracte (B) and (C) also yielded unidentifiable oils (0,15 g.) and (0.06 ga ).
(b) The amide (56b; Rsie) (0,47 g+» 0,002 mole) in ethamol (25 ml.) was
refluxed for 1 hr, with I agueous sodium carbonate (8 ml,), then worked up

by the general procedure. Extracts (4), (B) and (C) afforded only neglig-

ible quantities of dark, unidentifiable gums.
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Base Catalysed Reactions of «—(li-o-nitrobenzoyl-li-phenyl )aminophenyl-

acetonitrile (56c; R=Ph, RisH).

(2) The amide (56c; R=rh, RI-H) (0.01 mole, 3457 g.) in absolute ethanol
(25 ml,) was treated with a solution of sodium (0,04 mole, 0.9 g.) in
absolute ethanol (25 ml.), and the mixture heated under reflux for 30 min-
utes, The mixture was then worked up as described above, Ixtract (A)
yielded a gum (2,57 ge) which gave a solid (0.53 g« )y MmeDe 170-189° in
contact with methanols The i,r. spectrum indicated this to be a mixture
of 3-cyano-2,3-diphenylphthalimidine (733 fwFh, R wH) and 2,3-diphenyl-
phthalimidine (73; R=Ph, RI-H, H for CN), the ;after forming the greater
parte Crystallisation from benzene or methanol did not effect a separation.
¥lution from a column of alumina with benzene/25% light petroleum gave a
solid (0.2 g.) identified by its mepe 193° and i.r. spectrum as 2,3-di-
phenylphthalinidine (73s H=Ph, R =H, H for CN).

The mother-liquors, freed of methanol, gave a gum, which left in
contact with light petroleum for a few days, afforded a eolid (0.2 go)e
This crystallised as colourless needles, mePe 200—209°, identified by its
i.r. spectrum as slightly impure 3-phenylamino-3-phenylphthalide (74).

nxtract (B) yielded a gum (0.88 g.) which gave a solid (0.72 g.)
on standing in contact with benzene/light petroleums Crystallised from meth-
anol, the solid formed colourless needles, m.De 216-2180, no depression in
mepe on admixture with an authentie sample of 3~N-phenylamino-3-phenyl-
phthalide, its i.,r. spectrum being identical.

Extract (C) yielded benzoic acid (0.16 g.), mepe 115°, identified
by comparison of its i.r. spectrum with that of an authentic sample,

(b) The amide (56c; R=rh, RI-H) (0«014 mole, 5 ge) in ethanol (280 ml.)
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was refluxed with § aqueous sodium carbonate (56 ml.) for 1 hr,, and worked
up as above, Extract (A) gave a semi-solid (4¢29 g.) which was purified by
chromatography on alumina, F&lution with benzene/25{ light petroleum gave
3-oyano-2, 3-diphenylphthalinidine (733 R=Ph, R wH) (1.7 g ) @5 colourless

needles, MeDe 186-188° (from ethanol), -0 1715 cm:I, Nemer: only

maxe
aromatic protons. (Found: C, 81,13 H, 445; N, 8.9 CppHy 450 requiree C,
81,35 Hy 4453 Ny 9.0%)s

Further elution with benzene/ 107 chloroform yielded starting mat-
erial (1.7 ge) identified by its mep. 171-172°, and i.r. spectrum. Finally,
elution with chloroform/107 methanol gave «=(N-o-nitrobenzoyl-N-phenyl)aninophenyl-
acetamide (75) as colourless prisms, mepe 226-228° (from ethanol), o SOy
3375, 3150, 170Q 1635, 1530 and 1345 oms® (Found: C, 66.2; H, 4.63 Ny 11,2,
CpyHy 4130, requires C, 6T¢2; Hy 4o5; Ny 11420).

Extract (C) afforded azobengene-2-carboxylic acid (76) (0.25 g.)
as orange needles, MsDe 88-89° (from benzene/light petroleum), no depression

in m.pe. on admixture with an authentic sample, identical i.r. specirum.

Base Catalysed eactions of o(-(N-bengl—ll—o—nitrobenzoyl)aminophexgila,cet-

onitrile (5603 =rhCH,, it'=H).

(a) The amide (56c3 R=PhCH,, RI-H) (0.002 mole, 0.74 g« ) in absolute
ethanol (40 ml.) was refluxed for 1 hr. with a solution of sodium (0,008
mole, 0.2 ge) in dry ethanol (10 ml.) and worked up as above, Uxtract (A)
yielded a gum (0.57 g.) which was chromebographed on alumina. Tlution with
benzene gave 2-benzyl-3-—cyano—3-phenylphthalimidine (733 11:?110112, Rl-H)
(001 ge), which crystallised as colourless needles, i De 115-118° (from
40..600 bepe light petroleum), identical (mixed meps and i.r. spectrum)

with that of a sample prepared below, FTlution with benzene/2%. ether gave



92

2-benzyl-3-phenylphthalinidine (73 R=FhCH,, n'=H, H for cN) (0.14 g.)
which formed colourless needles, m.p, 118-120° (from benzene/light petroleum),
identical (mixed m.,p, and if.r. spectrum) with a sample synthesised as descr-
ibed below., Finally, elution of the column with ether_/ 75% chloroform
afforded 2-benzyl-3-carbanoyl-3-phenylphthalinidine (73; R=FRCH,, 1'=H, CONH,
for CN) (0.03 g.), as colourless needles, m.p. 200-202° (from aqueous ethanol),
identified by mixed m.p. and i.r. spectrum with a sample synthesised below,.
Extract (B) gave a gun (0,08 g.) which solidified on trituration
with ether, This product was not identified.
Extract (C) yielded benzoic acid (0,06 g.) as colourless needles,
nepe 122° (from water), i.r. spectrum identical with that of an authentic
sanple,
(b) The amide (S6es R=PCH,, R'=H) (0,002 mole, 0,74 g.), in ethanol (40 ml.)
was refluxed with N aqueous sodium carbonate, (8 ml.) for 1 hour, then
worked up by the general method. Extract (A) gave an oil (0.6 g.) which
yielded 3-cyano-2-benzyl-3-phenylphthalimidine (733 t=PhCH,, ' =H) (0.32 g.)

-1

as colourless needles, m.De 115-118° (from ethanol), ~o 1710 eme

maXe
Nemers T =1,97-2.856 (multiplet, arosatic, 14H); 5.06 (doublet, J=16 Hz, CH,
1H)3 5.72 (doublet, J=16 Hz, CH, 1H)s (Found: C, 81,23 H, 5.0; N, 9.1.
€, H,  N,0 requires Cy 8le53 Hy 4493 Ny B8eT%)s

Extract (C) yielded an oily orange precipitate (0,1 g.)s Sublination
of the crude product at 100° (water-bath) onto 2 "cold finger" in an evacuat-
ed flask, afforded benzoic acid (0,02 g. ), meps 118-120%, i.r, spectrun
identical with that of an authentic sample, The residue, benzaldechyde-2-
carboxyphenylhydrazone (66) (0.05 g.), crystallised as colourless platelets,

nepe 228-230° (fron benzene) (1ite, ° 227-228°), and was identified with an



authentic sample by mixed m,p. and comparison of i.r. spectra,

3-Carbamoyl-2,3-diphenylphthalimidine (733 nr=rh, R]'-H, (:OHH2 for CN).

The cyanophthalimidine (723 Rerh, Rl-H) (0.15 go) was stirred at room
temperature for 30 minutes with concentrated sulphuric acid (6 ml.). The
solution was then poured into water and the product (0.1 g.) collected and
orystallised, 3-Carbamoyl-2,3-diphenylphthalimidine (733 Rerh, R'=H, CONI,
max, 3390
(Found: C, 76.93 H, 4.9; N, 8.8, Cpy By (N, 0, requires
Cy, T6.8; Hy, 4.95 W, 8.5().

for CN) formed colourless platélets mepe 245° (from ethanol), ~o

3175 and 1680 ongt

2-Benzyl-3—carbamoyl-3-phenylphthalimidine (733 Ft-PhCHa, R]'-H, CONH, for CHN).

The cyanophthalimidine (733 N=PhCH,, R]'-H) (0e2 ge) in ethanol (10 ml.) was
refluxed for 6 hrs, with N aqueous sodium carbonate (4 ml,), then concentrated
under reduced pressure and extracted with chloroform. I‘lemoval of the solvent
from the dried chloroform extract left an o0il, which crystalliced on being
rubbed with ethanol, to give 2-bengyl-3-carbamoyl-3-phenylphthalimidine
(733 R=rhCH,, RI-H, CONH, for CN) (0.07 g.) as colourless needles, meps 200~
202° (from aqueous ethanol), ~ .. 3250, 3100 and 1670 ozt  (Pound:
Cs 7T+4; Hy 5.23 N, 8.2, Cpofy gl n0, requires C, 77.2; Hy, 5¢33 N, 8.27).
Tvaporation of the original mother-liquors afforded an oil (0.12 g.)
which was purified by chromatography on alumina, Benzene eluted starting
material (0.02 g.)y meps 113-115° (identical i.r. spectrum,) Further
elution with benzene/25) ether gave 2-bengzyl-l-phenylphthalimidine ('[3;
a=PhCH,, R'=H, H for CF) (0.02 g.); meps and mixed mep, 119-121% i.x.
spectrun identical with an authentic sample, C Finally, washing the
column with chloroform gave a further crop (0,01 ge.) of the amide, mepe 196~

198°,
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Base Catalysed teactions of « —(li~meithyl-N-o-nitrobenszoyl)aminophenylaceto-

nitrile (56c; R=ile, zil-n).
(a) 'The amide (56cs imile, RI-H) (0,003 mole, 1,2 g¢) in absolute ethanol
(30 ml.) was treated with a solution of sodiuwm (0.012 mole, 0,28 g.) in
absolute ethano];(m mle ) and refluxed for 1 hre., then worked up in the
usual fashion, Extract (A) yielded a semi-solid, which completely solidified
(0.034 go) when triturated with ether, and was identified as 3-carbamoyl-2-methyl-~
3=phenylphthalimidine (733 R=lie, R]'-H, CovH, for CN), mep. 268-272°, i.f.

spectrun identical with that of a sample preparecd below, Removal of the
ether left a gum which could not be made to crystallise and was not further
characterised.

uxtract (B) gave a brown gum, which yielded & semi-solid (0,07 g.)
when triturated with ethers This also was not further characterised.

xtract (C) afforded benzoic acid (Oel3 g+ ), MeDs 120-122° (from
water) i.r. espectrum identical with that of an authentic sample,
(b) The amide (56c; Rslle, RI-H) (0402 moley, 5.9 g+) in ethanol (250 ml.)
wae refluxed for 2,5 hrs., with N aqueous sodium carbonate (80 ml.), then
worked up in the usual way. Extract (A) gave an oil (3.4 g.) which, when
triturated with ethanol, yielded 3-carbamoyl-2-methyl-3-phenylphthalimidine
(733 i=lle, :’il-H, CONH, for CN) (0.12 g.) mape 295-297° (from glacial écetio
acid), i.rs spectrum identical with that of a sample prepared below. The
ethanol mother-liquors were evgporated and the residual oil trifurated with
other, %o yield 3-cyano-2-methyl-3-phenylphthalinidine (73; neie, R'=H) as

colourless platelets, meDe 101-103° (from aqueous ethanol), TR 1700 cm':l,

Nener: T =1.97-2,73 (multiplet, aromatic, 9H); 6.99 (singlet, CH,, 2H).
(Found: Cy7Te43 Hy 4.9; Ny 11,3 C, M, 1,0 requires C, 77.3; H, 4.8; N, 11.3%).
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The residue (1.2 go) from the dried ethereal filtrate was chromatographed
on alumina., RElution with bengene/50f ether, yielded a further crop (0.23 g.)
of the cyanophthalimidine (73; isie, R'=H), identified by m.p. 101-103° and
i.r, spectrum with the first crop. ¥lution with chloroform yielded a red
0il (0s25 g.), which could not be made to crystallise and was not further
characterised.

nxtract (C) yielded an dimpure red solid (1.3 g.) which was leached
several times with light petroleum, leaving an insoluble red gum (0,1 g )e
waporation of the petroleum extract yielded a white solid (1.2 g« ). Sub-
limation on to a "cold-finger" under reduced pressure, at 100° removed
benzoic acid (0.55 g )y MeDe 118-120°, i.r. spectrum identical with an
authentic sample. The residue (0.51 g+ )y MeDe 136-140°%, ~y oy 2600 (sﬁ),
2160 and 1690 oms’, nemer:T=ls06 (broad singlet, acidic H, 1H); 1.87-2.85
(multiplet, 4H), was identified as g-azidobenzoic acid m.p. 136-140°
(111;.,151 145°) by mixed mepe 138-141° end comparison of its i.r. spectrum

with that of an authentic =ample.

3-Carbanoy1-2-nethyl-3-phenylphthalinidine (73; keie, &'=H, CONH, for CN)
The cyanophthalimidine (733 i=lie, 2t1-H) (0e2 ge) in ethanol (10 ml,) was re-
fluxed with N aqueous sodium carbonate (4 mls) for 2,5 hrs, After the eth-
anol had been removed under reduced pressure, water and chloroform were

added, and insoluble 3-carbamoyl-2-methyl-3-phenylphthalinidine (73; i=lle,

R , 2or CN) (0.15 g.), filtered off. It was orystalliced as

colourless needles, meDe 295-297° (from glacial acetic acid), " i 3275,

-H, CONH

3100 and 1680 cmst (Found: €y 72403 Hy 5S¢435 Iy 10eds Cy.H, N0, requires
Cy 72423 Hy 5433 Ny 1057)s Evaporation of the dried chloroform extract

followed by benzene washing of the solid thus obtained, yielded a further
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crop (004 ge) of the amide (733 nk=ile, EII-H, CONH, for CN), MeDe 285-2870.

2,3=disubstituted-phthalimidines

3-rhenylphthalide (77), prepared (yield 91) by the method of rernot and

152 was obtained as colourless needles, meDe 111-114° (11t,,152

Willemart,
115°).

General Procedure

3—x‘1heny1phthalide (0,005 mole, 1,05 g.), the amine (0,022 mole) and the

amine hydrochloride (0.011 mole) were heated in a stream of dry nitrogen

at approximately 190° for 7 hrs., then cooled, and poured into 2N HC1 (25 ml.)
The crude product which separated was collected and purified to give the

phthalinidines, (733 R=rh or PhCH,, 2teH, H for CH).

2,3-Diphenylphthalinidine (73; =rh, R'sH, H for CN).

The crude product was washed with benzene and crystallised to give colour-
less needles (0s4 gey yield 307), mepe 192-195° (11%.,153 195°) (from
ethanol), " 1680 cm:]', NemeT: Twl,98-2,87 (multiplet, aromatic, 14H);
3.93 (singlet CHy 1H).

2-bengzyl-3-phenylphthalimidine (733 !i-r’hcliz, ;{I-H, H for CN)e

The crude product was shaken with water and chloroform, and the layers
separated. Concentration of the dried chloroform extract afforded the
phthalinidine (73; f=rhCH,, 2'=H, H for CN), (131 g, Yield 897), which
orystallised as colourless needles, mps 119-123° (11%.,"7° 123-124%),

~ o ay, 1690 cmil, mem.r: Te2,0-3,0 (multiplet, aromatic, 14H); 4.64 (doub-

let, J=15 Hz, CH, 1H); 4.79 (einglet, CH, 1H); 6.28 (doublet, J=15 Hz, CH,

1H).
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Reaction of the (yanophthalimidines (72; f=Fh, PhCH, s or lie, RI-H) with

Lithium Aluminium Hydride.

The cyanophthalimidine (0.3 g+ ), in dry ether (70 ml,) was added in one
portiom to a stirred suspension of lithium aluminium hydride (0.15 g.) in
dry ether (15 ml,). After 5 minutes, excess of reagent was destroyed by
adding water (8 ml.), followed by 20% potassium hydroxide (10 ml.). The
organic layer, dried and evaporated, afforded the crude product as an oil,

which was purified as described below,.

2,3-Di phenylphthalinidine (73; f=rh, @'sil, H for Ci) solidified when trit-

urated with ethanol, meps 126-135°, Chromatography on silica gel, followed
by crystallisation from ethanol gave the pure product as colourless needles
(0s14 £.) mepe 196-198°%, i.rs spectrum identical with that of a synthetic
sample prepared above. |

2-Benzyl-3-phenylphthalinidine (73; i=rhCH,, i =H, H for CK) solidified

vien triturated with ether, forming colourless needles (0,16 go) mep. 122-
124° (£ron benszene/light petroleum) i.r. spectrum identical with that of a

sample prepared above,.

ZJetll}-}-phquhthalmm (73; R=ile, Rl-H, H for CN) was purified by

chromatography on alumina using ether to elute the column. It formed
colourlese needles (Oul g¢) MePe 106-107° (from ethanol/light petroleum),

i.r. spectrun identical with that of a sample prepared as described above,

2,3-Di eubstituted—s-phenxlghthalimidines, by Hydrolysis of the Correspond—
ing 3~Cyano or 3_a.rbamgxl Compounds,.

2-llethyl-3—phenylphthalimidine (73; i=ile, I{I-H, H for CN).

(a) A mixture of the oyanophthalimidine (73; Relle, R'=H) (0.2 g.) and
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potassium hydroxide (0.7 g ) in trigol (7«0 mls ) was refluxed gently for

7 minutes, The cooled solution was then diluted with water, to give
2-methyl-3~phenylphthalimidine (733 Rslle, .‘{1-1{, H for CN), a5 colourless
needles (Osl @s)y Mepe 106=207° (1itey 27 105°) (from ethanol/light petrol-

1

eum), "0 1680 ome~ (Found:C, 81.2; H, 6403 N, 5.9, Calculated for

maXe
015513N0: Cy B80.8; Hy 5.8; H, 6437)e

The mother-liquors were acidified with 2N aqueous sulphuric acid,
and extracted with chloroform. Ivaporation of the dried extract gave an
0il (041 ge ), which solidified in contact with light petroleum, to yield
a further crop of 2-methyl-3-phenylphthalimidine (0.05 g.) |
(b) The amide (73; R=le, ;zl-H, CONH, for CN) (0s01l go) was refluxed for
2.5 hrs, with 204 potessium hydroxide (3 ml.) then cooled, diluted with
water, and extracted into chloroform. Ivaporation of the dried chloroform
extract gave a gun (0.007 g« ), which slowly crystallised in contact with
ether/light petroleum, to yield 2-methyl-3-phenylphthalimidine (73; Rsife,
R1-H, H for CH) (0004 ge)y MeDe 106-107°, i.re spectrum identical with

that of a sample prepared above.

2-Benzyl-l-phenylohthalinidine (73; i=hCH,, 2YaH, H for CN)
(a) The cyanophthalimidine (735 R=PhCH,, RI-H) (0e2 go) was refluxed gently

with potassium hydroxide (0,18 g.) in trigol (4 ml.), for 7 minutes,

Dilution of the cooled solution with water gave impure 2-benzyl-3-phenyl-
phthalimidine (73; R-PhCHz, Rl-H, H for CN) which was purified by chrom-
atography on alumina, eluting with benzeme 507 ether, The phthalimidine
crystallised as colourless needles (0,08 ge ), meDe 118-120° (from benzene

/1ight petroleum). It was identified (mixed m.p. 118-120° and i.r. spect-
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ram) with the sample prepared above.

(b) The amide (73 t="hCH,, RI-H, CONH,, for CN) (0.0l ge) was refluxed in
207 acqueous potassium hydroxide (3 ml,) for 2.5 hrs, The cooled solution
was diluted with water, and extracted with chloroforme I'wvaporation of the
dried chloroform extract left an oil, which slowly solidified on standing
in contact with ethanol/light petroleum, to ¢ive 2-benzyl-3-phenylphthalin—
iadne (733 n=rhOH,, i =l, H for OF) (04005 g.), meps 119-121°%, L. spectrum
identical with that of a sample synthesised as described above,

2,3-Diphenylphthalinddine (73; #=rh, %'=H, H for CN).

(a) The amide (73; i=rh, i°=H, CONH, for CH) (Os1 ge) was refluxed with 207
potassium hydroxide (8 ml.) for 2.5 hrs., cooled, and fhe precipitated esolid
collected. The product (0,07 gs) formed colourless needles, meps 190° (from
aqueous ethanol), identical (mixed m.p. end i,r. spectrum) with an authentic
sample preparsd above. .

(b) The cyanophthalimidine (73; i=rh, .-r.]'-H) (1.5 g¢) and potassium hydroxide
(0s6 g.) were heated in trigol (10 ml.) to just below reflux temperature,

for 15 minutes, then cooled and diluted with water giving 2,3-diphenyl-
phthalimidine (73; i=rh, RI-H, H for CN) as fine colourless needles (1.1 ge),
mepe 197-199° (from ethanol), identical (mixed m.p. and i,r, spectrun) with
a synthetic sample, prepared above. Acidification of the aqueous layer
yielde@ 3-N-phenylamino~3-phenylphthalide (74), as colourless needles (0sd g ),
Bepe 215-216° (from methanol) (1its, 22 221%), v nax, 1350 and 1730 o,

identical (mixed mepe 214-218° and i.r, spectrum) with a synthetic sample.

3-rhenylphthalide (77)s
3-l~"henylamino-3-phenylphthalide (74) (0.l g.) and potassium hydroxide

(0,06 ge) were refluxed in trigol (1 ml.) for ome hour., Dilution of the



B

reaction mixture with water gave an oil, which solidified upon standing.
Crystallisation from aqueous ethanol gave 3-phenyl-thalide (77), as a
colourless solid (0505 £« )s mepe 111-124° (1fte, 72 115°), L.r, spectiun
identical with that of an suthentic sample, :

(a) o-Benzoylbenzoic acid (1.5 ge) was refluxed gently for 1.25 hre, in
trigol (10 ml,) with potassium hydroxide (1.0 g.)s The cooled solution was
then diluted with water, acidified (2N H,S0 4' )y and extracted with chloroform,
vaporation of the washed (saturated sodium hydrogen carbonate) organic
extract gave 3-phenylphthalide as colourless needles (0.5 go ), mepe 112-114°

152

(from ethanol) (lits, ~- 115°), i.r. spectrum identical with that of an

authentic sample, The agqueous bicarbonate wash was then acidified (2N 32804)
and extracted with chloroform, - :'vaporation of the dried extract yielded
starting material (0.8 g.) as colourless platelets, mepe 88-89° (from
aqueous ethanol), identical i.r. spectrums

In a similar experiment, o-benzoylbenzeic .ucid (1.5 go) was refluxed
gently for 5 minuters with potassium hydroxide (10 g.) in trigol (10 ml.),
and worked up as before, giving 3—pheny1§hthalide as colourless needles
(1ol go) mepe 111-113° (from ethanol), i.r. spectrum identical with that of
an authentic samples The acidified bicarbonate washings afforded benzoic
acid (0,35 g.) as colourless platelets, mepe 118-120° (from water), i.r.

spectrun identical w:lth an authentic sample.

Azobeusene-2-carboxylic acid (76).

o-ilitrobenzylidencaniline (134) was prepared by the method of !no-ssvenage].,l56

as colourless needles (yield 737 ) mepe 62-66° (from agqueous ethanol)
(2440,156 69°),
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o-ilitrosobenzanilide (68; rh for i’hcna). .
_g_-—mtrobenzylideneaninne (99 g«)y discolved in dry benzene (200 ml,) was
irrediated under nitrogen for 18 hreyusing a quarts jackeied Hanovia medium
pressure ultraviolet lamp., The insoluble solid was collected, combined with
material recovered by concentrating the benzene filtrate, washed with benzene
end dried, to give the nitroso-compound (68; rh for .-'=hcnz) (54 ¢ )y meDs
160° (1its, 4 172%), o __ 3225 and 1660 oms’, which was used without
further purificationes VWorking up the benzene mother liguors afforded start-

ing material (306 80)1 MNeDe 58"6400

neaction of o-lNitrosobenzanilide with Acueous thanolic Sodium Carbonate.

o-Nitrosobenzanilide (0.12 ge), in ethanol (10 ml,) was refluxed for 1 hre,
or stirred for 12 hrs. with N agueous sodium carbonate (2 ml,). The clear
solution was then acidified with’ 2N sulphuric acid and extracted with chloro—
forme The dried chloroform extract was then evaporated, yielding azobenzene-
2—carboxylic acid (76) (0.09 ge) as orange needles, meDs 87-91° (fron
aqueous ethanol),isrs spectrum identical with that of an authentic sample,

. prepared below,

o~liitrosobenzoic acid was prepared in 627 yield by the method of Heller.157

It darkened at 180°, decomposing with frothing at 202°%

Agzobenzene-2-carboxylic acid (76)e A solution of aniline (1.9 g«) in

glacial acetic acid (8 ml.) was cooled and treated with o-nitrosobenzoic
acid (1.5 g ), and the mixture stirred at room temperature for 2 days.
the reaction mixture was then poured into water (170 ml.) and extracted
with ether (200 ml,). The ethereal lasyer was then washed with dilute

sulphuric acid (200 ml,), water (50 al.) and finally with saturated agueous



sodium bicarbonate (100 ml.). The bicarbonate extract was acidified,
extracted with ether, and the dried ether extract evaporated, to yield a
dark gum which solidified on cooling, Leached with hot light petroleum,
thi’ gum afforded the ago-acid (76) which crystallised from the petrol
extrect on cooling (Le2 ge); meps 87-91° (from ethanol) (lite, ”° 92°),
1

VO oy, 2100, 3100 and 1720 cm,

teaction of x—(n-m-nitrobenzoy 1-li-phenyl Jamincphenylacetonitrile (59¢;
ous thanolic Sodium Carbonate.

The amide (59c; fi='h, X=H) (0.01 mole, 346 g), dissolved in ethanol (300 ml.)
vas stirred while § aqueous sodium carbonate (39 mls) was added dropwise at
room pemperature After 1 hr, the reaction mixture was adjusted to *h 6 by
the addition of a few drops of gla/ ial acetic acid, and the yellow precip-
itate (lL.1 ge) filtered off., Thin-layer chromatography on silica howed
this solid to be a mixture of at least three compoundss Column chromato-
grephy failed to effect a separation of the mixture, The mother-liquors
were concentrated under reduced pressure giving an orange solid which was
treated with water and collected (2.55 ge ). Thin-layer chromatography on
gilica showed the solid to he a mixture of at least three componentes The
mixture was chromatographed on alumina, =lution with bengene/107 ether
gave i-cyano-2,3-diphenyl-6-nitrophthalinidine (735 fwrhy rli0,) (Lol g.)s
which erystallised de colourless needles meps 224-225° (from glacial
acetic acid), iere spectrum identical with that of a2 sample prepared belows
Further elution with benzene/20f ether yielded 3-cyano-2,3-diphenyl-4-
nitrophthalinidine (136) (0,07 g.), a¢ colourless needles, meDs 212-214°

(from ethanol), i P 1710, 1545 and 1350 onzt (Found: Cy Tle3; Hy 3483

N, 1147 62131313303reqn1r98 Cs 71003 H’ 307§ Ny 1108%)0
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Purther elution with benzene/ether and then chloroform afforded
solid fractions (total 1.15 g.), thin-layer chromatography of which indicated
the presence of at least three compoundss Column chromatography failed to

separate the mixture into its components.

ceaction of « —(N-2-chloro-5-nitrobenzoyl-N-phenyl )aminophenylacetonitrile

(57c3 ='h, X=Cl, r-nog),with Aqueous Ethanolic Sodium Carbonate.

The amide (57c; f=rhy X=Cl, Y=NO,) (0.001 mole, 0.39 ge) in hot methanol
(60 mls) was treated with N aqueous sodium carbonate (4 ml.)s An immediate
deep red colour was produced which was rapidly discharged., After refluxing
the solution for 30 minutes, the ethanol was removed under reduced préasure
and the residue treated with water to give the solid product which was
dried and crystallised. 3-Cyano-24 3-diphenyl-6-nitrophthalinidine (73;
n-»h,xl-noz) formed colourless needles, mepe 224-225° (from glacial acetic

1

acid), v .. 1710,1540 and 1360 cme (Found: C, 70.8; H, 3.T; 1y 11.9

€y 8130404 requires Cy T1leO; Hy 3eT; Nylle8%)e

teaction of o=(N-3,5-Dinitrobenzoyl-N-phenyl )aminophenylacetonitrile

(59¢; n="h, X=li0,) with Aqueous lthanolic Sodium Carbonate.

The amide (0,001 mole, Oed ge) dissolved in methanol (60 ml,), was treated
dropwise, with stirring, with N aqueous sodium carbonate (4 ml, )e The
reaction was stopped after 1.5 hre. by neutralieing (ih 6) the reaction
mixture with & few drops of glacial acetic acid, and the solvent removed
under reduced pressure, The residue was then shaken with water and chloro-
form and the layers separateds Evaporation of the dried chloroform layer
afforded a reddich-brown gum (0.4 ge) vhich was leached with benzene leaving

an insoluble residue, (0.1 ge)e The benzene extract was chromatographed on



alumina yielding on elution with benzene/507% ether, 3-cyano—4,6-dinitro-2,
3~diphenylphthalimidine (137) (0,08 g. ), which crystallised as colourless
prisms, mepe 226-228° (from ethanol), 7 o 1720 om:]' (Pound: C, 63.2;
H, 302’ N, 14.0, c21H12N405 requires Cy 63.0; H, 3.0; N, 14.01‘)0 The
aqueous layer upon acidification, gave an oil (0.08 g.) which yielded an

unidentified yellow solid (0,03 g.) when triturated with ether,

Reaction of o(=(N=5-llethyl-2-nitrobenzoyl-l-phenyl Jaminophenylacetonitrile

560y R=Ph, Re=le) with Ethanolio Sodium Ethoxide,

The amide (56¢; RmPh, R'sMe) (0.00L mole, 0.37 g.) in absolute ethanol (50 ml.)
was refluxed fo® 1 hr, with a solution- of sodium (0.09 g.) dissolved in
absolute ethé.nol (10 ml,) and the reaction mixture worked up as described
in the general procedure above,

Chloroform extract (A) gave an oil (0.29 g.) which was purified by
chromatography on alumina. ZElution with benzene yielded 3-cyano-2,3-diphenyl-

6-methylphthalimidine (733 R=Fh, R]'-ne) (0.09 ge) as colourless needles,

1

Nepe 149-151° (from ethanol), 1710 cme  (Found: C, 81.8; H, 4.93

maXe
Ny 8.70 022H16320 requires Cy 81.5’ Hy 4.93 Ny 8067:)0
Extract (B) yielded a gum (0,05 g.) which could not be obtained
crystalline and was not identified.
Chloroform extract (C) gave benzoic acid (0.02 ge), mep. 115-118°,

i.r, spectrum identical with an authentic sample.

Treatment of o«=(N-5~methyl-2-nitrobenzoyl-N-phenyl)aminophenylacetonitrile
(56c3 R=Ph, R:"-Me)L «=(N=2-chlorobenzoyl-N~phenyl )aminophenylacetonitrile

(5703 B=Ph, X=Cl, Y=H), «=(N-2-methoxybenzoyl-l-phenyl)aminophenyl-
acetonitrile (57c; R=Ph, X=OMe, Y=H), o=(N=~2~chloro-5-nitrobenzoyl-li-

phenyl)aminoacetonitrile (58a3 R=Ph) and «=(N=-2~chloro-5-nitrobenzoyl-l-
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phenyl )aminopropionitrile (58b; i=h) with Aqueous Ithanolic Sodium

Carbonate.

The amides (56c; i=rh, i=lie), (5Tc; i='h, X=Cl, Y=H), (57c; i="h, X=0'e,
Y=H), (58a; i=-h) and (58b; i=rh) were refluxed in ethanol with N aqueous
sodium carbonate, ac described, and worked up by the general procedure.
They were recovered unchanged in yields of 97, 87, 98, 86 and 52/ respect-
ively.
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Reactions of Substituted o-Nitrophenylethylene Oxides With Halogen Acids.

Preparation of the Fpoxides.

Trans-l-Benzoyl-2-(o~nitrophenyl Jethylene oxidg, (943 1{1-35, Rz-n) prepared

by the method of Cromwell and SQtterquist,lm was obtained in 83 yield,
as colourless needles, meps 115-118° (from ethamol), (11t.,1°4 111-113°)
NeMeXI: T-2.58 (uml'tiplef, matic, 9H)§ 5.35 (doublet, J.3 Hz’ CB, IH);

5¢T7 (doublet, J=3 Hz, CH, 1H).

Cis l-Benzoyl-2-(o-nitrophenyl )ethylene oxide (94; R]'-H, !ez-Bz) was prepared

from the trans epoxide (94; E{]'-Bl, 3{2-11), by the method of Cromwell and
Setterquist. It was obtained as colourless needles (yield 70%) mape 174~
176° (from ethanol) (1ite, °% 174-176°),

1-Acetyl-2-(o-nitrophenyl)ethylene oxide (94; R'=ic, i°=H). A mixture of

o-nitrobenzaldehyde (15«1 gy Oul mole), chloroacetone (9.25 gsy 0.1 mole),
and anhydrous potassium carbonate (7.2 ge) in dry methanol (150 ml.) wa's
stirred for 1.5 hrs. at room temperature, In the course of stirring, the
cdolour changed from pale yellow to deep brown. The methanol was removed
under reduced pressure and the residue ireated with water to give a red oil,
which was extracted into ether, The ether extract was washed with water and
then with saturated aqueous sodium bisulphite solution (75 ml.)s The
precipitated bisulphite compound was collected and combined with material
obtained by washing the ether layer with a further portion (30 mle) of
sodium bisulphite solution, The aqueous layer, shaken with chloroform and
excess sodium bicarbonate solution, and the chloroform layer dried and
evaporated, yielded a brown oil (1.5 g«) which was not obtained crystalline,
The solid bisulphite addition compound, shaken with chloroform and excese

saturated agqueous sodiun bicarbonate solution, and the chloroform layer



dried and evaporated, gave an oil which afforded the m=olid product on
crystallisation, The epoxide (11,9 g., 57%) formed colourless needles,

mepe 59-61° (from light petrolemn), v ___ 1700, 1540 and 1350 s, Remer:

8Xe
T=1.80-2,7 (multiplet, aromatic 4H); 5«4 (doublet, J=2 Hz, CH, 1lH); 6.58
(doublet, J=2 Hz, CH 1H); T.T4 (singlet, cn3, 3H)e (Found: C, 5Te4; Hy 4453

gy Tele 01039)404 requires Cy 5703 Hy, 4ed; 1, 6.8%)s

p-Nitrobenzylideneacetylacetone (88; Lt]'-iiz-Ac) prepared by the method of

Loudon and wallings,” was obtained as colourless needles (yield 549 ),
fepe T0-75° (from ethanol) (1ite,”2 75°).

1,1-Diacetyl-2-(o-nitrophenyl)ethylene oxide (94; i mi’=Ac)s 2-nitrobenzyl-
idenecacetylacetone (0,004 mole, 0.93 g.) dissolved in methanol (20 ml,)

was treated with potassium bicarbonate (0,51 g.) and 307 H,0, (0.6 ml.)

and the mixture stirred at room temperature for 12 hrs., The solution was

then cooled, diluted with water (30 ml.) and shaken with two portions (30 ml.)
of chloroform. The combined chloroform extracts were dried and evaporated
giving an o0il (0.8 g.) which crystallised with difficulty from ethanol/

light petroleum, after being cooled in liguid nitrogen, The epoxide crystall-
ised as colourless needles (0u16 gep yield 16%) mepe 103-105° (from ethanol)
o 1705, 1535, and 1350 oms® (Fownd: Cy 57¢9; Hy 4e53 Uy 5.8

male
012311305 reqnire! c’ 57.8; H' 4.4} N' 5.67\’).

o-Nitrobenzylidenebenzoylacetone (88; RI-Bs, !‘tZ-Ac). A solution of o-nitro-

benzaldehyde (0,02 mole, 3.02 ge) and benzoylacetone (0,02 moley, 3624 ge)
in dry ether (100 ml,) was saturated with hydrogen chloride and the mixture
left stoppered at room temperature for 24 hrs, Iemoval of the ether under

reduced pressure afforded an oil, which was dissolved in chloroform and



vashed with saturated agqueous sodium carbonate. Evaporation of the dried
chloroform layer yielded an oil, which afforded the crude product (2.3 g.)
in treatment with ethanol followed by ice cooling. A second crop (0.4 g.)
was obitained by conecentrating the ethanol mother liquors, followed by dilut-
ion with light petroleum and ice cooling., The benzylidene derivative was
crystallised from ethanol (yield 2.3 ges 43%)s Mepe 68=T1° (1lite, 22 77°).
Acidification of the sodium carbonate wash yielded the N-oxide (87; R=Ph)

(0.15 o) mep. 252-254° (from aqueous ethanol) (lite, 2> 254°).

1-Acetyl-l-bensoyl-2-(o-nitrophenyl)ethylene oxide (945 R'=Bs, R-=Ae).

o-litrobenzylidenebenzoylaceione (0.9 ge) in methanol, was treated with

potassium bicarbonate (0.4 g.) and 30/ hydrogen peroxide (0.5 ml.), and the
suspension stirred for 6 hrs. at room temperature. The reaction mixture was
~ then diluted with water (40 ml,) and the crude product (0.61 g.) collected
and crystallised. The epoxide (943 R]'-Bs, RasAc) formed colourless needles
(0e45 goy 4T%) mepe 134-135° (from ethanol), o 1705, 1680; 1535 and
1355 cm:'l, NeMe?s TuleT3=2.70 (multiplet, aromatic, 9H); 4.88 (singlet, CH,
1H)5 T.58(singlet, CHyy 3H)e (Found: C, 65.7;' Hy 4443 Ny, S.l. cnnlsuos
requires C, 65¢63 Hy 4423 N, 445%)e In another preparation, using the same
proportions of reagents, but with stirring at room temperature for 18 hrs.,
the yield of the epoxide (943 Rl-Bs, Rz-Ac) was found to drop to 327,

o—litrobenzylidenedesoxybengoin (885 R =Bz, R°=Fh). A solution of g-nitro-
bénzaldehyde (3,02 g.) and desoxybenzoin (392 g.) in ether (100 ml.) was
saturated with hydrogen chloride then left sioppered at room temperature
for 24 hrs. The solvent was then removed, under reduced pressure, yielding
an oil which solidified when triturated with light petroleum. The solid

(2.7 g+ ) was collected and combined with a second crop (0.3 g.), obtained
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from the concentrated mother liguorss The crude product crystalliced as
yellowish needles, meps 110-115° (from ethanol) (1ite, ?? 116-118°). The
oil obtained by evaporating the petrol mother liquors was taken up in

ether and shaken with saturated agqueous sodium bisulphite, The bisulphite
addition compound was filtered off, combined with the aqueous layer, and
shaken with sodiun bicarbonate/sodium hydroxide and chloroform. FEvaporation
of the dried chloroform extract afforded o-nitrobenzaldehyde (1.48 g.),

Me Pe 40°, i.r, spectrum identical with an authentic sample, The cthereal
layer was dried and evaporated, yielding a brown oil (1.7 g« ), ier. specirum

identical with an authentic sample of desoxybenszoin.

Attempted Epoxidation of o-Nitrobenzylidenedesoxybenzoin (88; :i]'-Bz, ;t2- h).

o-Nitrobenzylidenedesoxybenzoin (0,98 g+ )y in methanol (25 ml.) was treated
with potassium bicarbonate (0,35 g). and 30{ hydrogen peroxide (0,41 ml.)

at room temperature, and stirred for 8 hrs, A second portion of hydrogen
peroxide (6.41 mle ) was then added, and the stirring continued for a

further hour. The contente of the flask were then diluted with water (35 ml.)
and the solid (0,97 ge) collected, It was identified as starting material,
by ite i.re spectrum and mepe 102—1050. A similar attempt at the epoxidation
weing 107 sodium hydroxide, and 307 hydrogen peroxide, heated at 60° also

failed, starting material being recovered in good yield.

Reaction of trans 1—Benzg;1—2—(o—nitropheq;)etgllene Oxide (943 :tI-Bs,

.12-}11 with "thereal Hydrogen Chloride,

(2) A solution of the epoxide (10.76 ge) in dry ether (1500 ml.) was
saturated with dry hydrogen chloride, then left sioppered at room temper-
ature for 24 hrs., The precipitated hydrochloride was filtered off,

warhed with a little dry éther and combined with two further crops obtained



110

by resaturating the ether mother liquors with hydrogen chloride, total

(51 ge )e Crystallized from ethanol it afforded 6-chloro-3,4-dihydroxy-
2-phenylquinoline-l-oxide (98; i="h, X=Cl) as pale yellow needles (4¢9 g.y
43%), meps 190° (change in erystalline form, finally decomposing at 270°),
"> .o 3400 and 2400 (broad) cmet (Found: C, 62.43 H, 3.935 N, 5.1; C1, 12.5.
°15310N°$°1 requires Cy 62.33 Hy, 3453 Hy 449; Cl, 12,47). It gave an
intense blue colour with ferric chloride in ethanol. The ether, removed
from the filtrate, gave an oil which was taken up in oﬁlorqfom, and the
solution washed with saturated agueous sodium bicarbonate, dried, and
evaporated, leaving a semi-solid residue. Trituration with ether, followed
by filtration removed a small amount of unidentified solid (0el5 ge)e The
ether filtrate concentrated and diluted with light petroleum, afforded
l-benzoyl-2-chloro-l-hydroxy—2-o-nitrophenylethane (117) as colourless
needlos, (6+68 ge)y meDe 95-97° (from benzene/light petroleun) Vi 3400,
1670, 1530 and 1370 ems’, Nemer: T =2,0-2,7 (multiplet, sromatic, 9H),

4,05 (doublet, J=7 Hz, CH, 1H); 4448 (doublet, J=T Hz, CH, 1H); 6.07 (broad
ginglet, OH, 1H). (Found: C,y 5249; Hy 4el; Ny 45 0151112011104' requires

Cy 5940; Hy 3493 Ny 446%)e

=< -Haloketone Test.

The chlorohydrin (117) (0.1 g.) in glacial acetic acid (3 ml.) was ireated
with potassium iodide (0.1 ge) and the mixture boiled for 10 seconds. The
solution wae then cooled, and treated with freshly prepared starch solution.
No deep blue colour was observed, Identical experiments carried out on
chloroacetone and phenacyl bromide gave positive resulis, while those
carried out on o-nitrobenzyl chloride and p-nitrobenzyl bromide proved

negative,
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(b) The chalcone epoxide (94; ;t]'-Bz, -42-11) (0e27 go) in ethanol(20 ml,)
was heated at 80° overnight with concentrated hydrochloric acid (2 ml.).
temoval of the solvent under reduced pressure gave an oily residue which
was chaken with water and chloroform. The dried organic layer freed of
solvent yielded an o0il (0.23 ge), which afforded 6-chloro-3,4-dihydroxy-
2-phenyl-gquinoline-l-oxide (98; = h, X=Cl) as yellow needles (0.02 ge)

mepe 180-190° (decompe )y iere spectrum identical with that of a sample pre-
pared above., Concentration of the filirate gave an oil which was not ident-

ified.

ieaction of cis-l-Bensoyl-2-o~(nitrophenyl)ethylene Oxide (94; Rl-Hj_ 512-83)

with “thereal Hydrogen Chloride.

The epoxide (94; R =H, R2=Bz) (0s5 &), in dry ether (200 ml,) was saturated
~with dry hydrogen chloride and the solution left stoppered at room temper—
ature for 24 hrse The precipitated hydrochloride (0.54 g.) was filtered off,
washed with a little ether, and recrystallised from agueous ethanols The
product. (048 gey 90%), meDe 190° (change in form, finally decomposing at
270°),wae identical (ier. spectrum and mixed mep.) with a sample of the

N-hydroxy compound (98; 2= h, X=Cl) prepared as in (a) above,

1-Benzoyl-2~o-nitrophenylethylene Oxide.
The chlorohydrin (117) (0.153 g.) in methenol (5 ml,) was treated drorwise

with ice cooling with a solution of sodium (0,012 ge) in methanol (0.5 ml.)
and the mixture stirred for 3 hrss, A drop of glacial agetic acid was then
added, and the chalcone epoxide (94; R =Bz, 12=H) (0.09 g.) filtered off,
Crystalliced from ethanol it !orn;ed colourless needles, mepe 112-115°
(1ite3 % 121-113°), fu7s svectrun identical with that of authentic material.
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2-Phenylquinoline Picrate.

The chlorohydrin (117) (0.001 mole) wae hydrogenated in ethanol (10 ml.),
over 107 salladium on charcoal (0s06 ge)e The filtered reaction mixture

was evaporated under reduced pressure giving an oil, which was shaken with
ohloroforn; and saturated aqueous sodium bicarbonates ‘wvaporation of the
dried chloroform layer gave an oil (0.19 g ), which was leached with hot
light petroleum, leaving a residue, Uvaporatiomn of the petroleunm extract
afforded a low melting solid (0.15 g.), which was shaken with hot ethanolic
pieric acid, to give the picrate of _2—pheny1qu1noune as yellow cubes (0.07 g.)
Me e 192-194‘_’ (decompe ) (from ethanol) (11t.,16° 190-192°), (Found: C, 58.1:
Hy 342; Ny 12,9, Calculated for 021314N407: Cp 58s1; Hy 342; Ny 12,9%)e

Oxidation of l-Benzoyl-2-chloro-l-hydroxy-2—o-nitrophenylethane (117).

The chlorohydrin (117) (0.15 g.) was heated at 85° with concentrated nitric
acid (2 ml.), for 12 hrs,, then poured into cold water (15 ml.) and extracted
with chloroforms !Wvaporation of the dried chloroform extract yielded a
mixture of benszoic acid and o-mitrobenzoic acid, Sublimation on %o a "cold
finger" removed benzoic acid (0s08 ge) meve 110-118°, the residue being
o-nitrobenzoic acid (0,08 go)y MeDe 132-134°%, These products were further
charactierised by comparison of their i.r, spectra with those of authentic’

samples.

Reaction of l-Aee'gll-z—o;-nitrophewlene oxide (94; ‘II-AO_, RZ-H) with

_thereal Hydrogen Chloride.

Phe epoxide (94; Ri=AC, R2aH) (0,02 mole, 4+14 g.) dissolved in dry ether
(100 ml,) was treated with dry hydrogen chloride until saturated, then
stoppered and left at room tempefature for 15 hre. The solid was then

filtered off and combined with a second crop obtained by resaturating the
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ether mother ligquors to give the unstable hydrochloride (1.0 g.)«

Crystalliced from ethanol it afforded 6-chloro-l,4~dihydro-1,3-dihydroxy-
2-methyl-4-oxoquinoline (98; n=lie, X=Cl) which formed pale yellow needles
(086 gey 19%) mepe 230-235° (decomps) (from ethanol), ~o

and 2250 (br.) cm':l' (Md! c, 52.9; Hy 3085 H, 6.4; Cl, 15.70

naXe 32%, 2650 (br.)

€, HgC1NO, requires C, 53.3; Hy 3¢6: N, 642; C1, 15.8¢).

The ether mother liquors, washed vith saturated aqueous sodium
bicarbonate, dried and evaporated, afforded an oil (3.1 g.) which ran as
two spots on thin-layer chromatography. The oil was redicsolved in ether,
shaken with saturated aqueous sodium bisulphite solution (10 ml,) and the
s0lid addition compound filtered off,- The filtrate was then chaken with a
second portion of sodium bisulphite solutien, and the layers separated,
I'vaporation of the dried ether layer, afforded l-chloro-l-o-nitrophenylbut—
l-ene-3-one (120) as an oil (1.5 &)y ~o nax, (film) 1690, 1600,1535 end
1355 oms’, nemer:Twl,B0-2,61 (multiplet, aromatic e CH), 7.50 (singlet,
CHyy 3H)e The chloroketone treated with Brady's solution afforded a
2,4-dinitrophenylhydrazone which crystallised as red prisme, mep. 162-185°
(decomp, ) (from glacial acetic ecid), ~o eaz, 3390 (w), 1620, 1600, 1825
and 1240 crg> (Found: C, 47.8; Hy 3el; Ny 17426 016y G110, Tequires
Cy 4T+3: Hy 3.0, My 17.3%), and gave a positive sodium fusion test for
chlorine,

The sodium bisulphite compound and the bisulphite wachings were
combined, shaken with excess of saturated agqueous sodium bicarbonate solution
end chloroform,and the chloroform layer separated, dried and evaporated to

give 2-o-nitrophenylbutane-l,3-dione as an oil (0.7 g+), © 3400, 1720,

mae

1680, 1535 and 1350, nemer: Twle6-2,71 (multiplet, aromatic, 4H); 3.01
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(singlet, CH, 1H)j 5.85 (e=inglet, CH, 1H)j 7.46 (singlet, CHy, 3H).
PTreated in the cold with Brady's solution, the aldehydo-ketome (119)
afforded a mono-dinitrophenylhydrazone which forned yellow needles, m.D.
222.223% (decoup.) (from glacial acetic acid), "0 max, 3300, 1685, 1620,
1520 and 1340 cms® (Found: C, 49.63 H, 3.33 N, 18.1. €ty 30, Tequires
Cy 49.63 Hy 3.43 N, 18.1%).

Reaction of 1-Bensoyl-2-o-nitrophenylethylene Oxide (943 R'aBz, R-wH) with

Ethereal Hydrogen Bromide.
A solution of the epoxide (943 RI-Bs, 82-8) (10437 g.) dissolved in dry

ether (1500 ml.) was treated until satureted with dry hydrogen bromide, then
stoppered and left at room temperature for 2 days. The insoluble hydrochlor-
ide was collected, washed with ether, and combined with a further crop obtain-
‘ed by resaturating the ether mother liquor and leaving the solution stoppered
at room temperature for 5 days (total, 2.31 g 18%). Crystallised, it
afforded 3,4-dihydroxy-2-phenylquinoline-l-oxide (983 R=Fh, X=H) as yellow

lnoedloo, feDe 150-160° (decomp.) (from ethanol), G 3200 (w) and 2650

m
(very broad) ems® (Founds C, 7055 Hy 4e33 Ny Su6e €yl HOy Tequires

Cy Tlels Hy 4eds Ny 5.5%)s The quinoline (98; R=Fh, X=H) gave an intense
blue colour with ferric chloride in ethanol.

The ethereal mother liquors, concentrated under reduced pressure,
gave a red oil which was dissolved in chloroform and the solution washed
with saturated aqueous sodiun bicarbonate. Evaporation of the dried
chloroforn extract‘ left an oily solid (12.5 g.) which was collected and
crystallised to give 2,3-dibromo-3-o-nitrophenyl-l-phenylpropan-l-one (121)
which formed colourless needles (8.1 g, 51%), m.pe 162-164° (from ethanol)

identical (mixed mepe 162—164° and i.r. spectrun) with an authentic samplo.161
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l-o~fiitrophenyl-3-phenylpropen—3-one (883 R]'-Bs, 32.39 was prepared by the
161 and formed colourless needles (yield 26%), m.p. 120-123°

1660 and 1605 cant

method of Sorge,

16

(Lite,*0F 124°), ~

MaXe

29 3=-Dibromo~3~o-nitrophenyl-l-phenylpropan~l-one (121) was prepared by

161

the method of Sorge (yield 92%), mepe 162-165° (from ethanol) (11t.,161

167-168%), "0___ 1685, 1525 and 1350 ems’, nemers T =1.85-2,50 (multiplet,

maXxe
aromatic, 9H)j 1.53 (doublet, J=10 Hz, CH, 1H)j 4.10 (doublet, J=10 Hz, CH, 1H).

Reaction of 1-Benzoyl-2-o-nitrophenylethylene Oxide (943 R =Bz, R-=H) with
Ethereal Hydrogen Chloride, in the Presence of Hydrogquinone,

A mixture of the epoxide (943 R'=Bz, Ro=H) (0.0135 mole, 3.6 g.) and hydro-
quinone (0.0135 mole, 1.48 g.) dissolved in dry tetrahydrofuran (75 ml.)
'was saturated with dry hydrogen chloride and left stoppered at room temper-
ature 'évemight'. Excess tetrahydrofuran was then removed under reduced
pressure and the residual oil treated with dry ether, to give the hydro-
chloride of 3,4-dihydroxy-2-phenylquinoline-l-oxide, which afforded the free
base (983 R=Ph, X=H) on coryetallisation, as pale yellow needles (0.92 g.,
277 )e meps 150-160° (decomp.) (from aqueous ethanol), i.re spectrum identical
ﬁth that of the sample prepared above.

The ethereal mother liguors were evaporated under reduced pressure
and the reeidual gum applied in benzene to an alumina column, Elution with
‘bezizeno/ 50% light petroleum yielded l-chloro-l-o-nitrophenyl-3-phenylprop-
l-ene~3-one (1203 Bz for Ac), as colourless needles (0.55 ge.), mepe 66-68°

(from agueous ethanol), ~0 1655, 1600 and 1350 em':l, (Founds ¢, 63.03

maXe
Hy 3473 Ny 449 c15nmclno3 requires G, 62,63 Hy 3453 Ny 4+97), nemeT,
.(only aromatic peaks). Further elution with benzene afforded starting mater—

" ial (0.5 ge)y mepe 115° (from ethanol), i.r. spectrum identical with that of an
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authentic samples

o-Nitroacetophenone was prepared by the method of 'teynolds and Héuser.162

It was obtained as a pale yellow liquid (yield 92) which distilled in the

range 147-150°/12 mme, (1ite, 02 158-159°/16 mm,)

The chalcone (135) wae obtained in 815 yield by the method of Barmee et
22

al,2? .1t formed colourless meedles meps 125-127° (11t.,°> 128°) (from
ethanol )o

1-o-Nitrobenzoyl-2-phenylethylene Oxide (122) prepared by the method of

Barmes et za,]..,22 crystallised as colourless needles (yield 6071) MepPe T5-

78° (lit.,22 78°) (from ethyl acetate/light petroleum)e

};chloro—,Z-lgIdroxz-l-o-ni trobenzoyl-2~-phenylethane (123),

A solution of the epoxide (122) (0.6 ge) in dry ether (60 ml,) was saturated
with dry hydrogen chloride, and left sto.pered at room temperature for 24
hrs, The solvent was then removed under reduced pressure giving a solid
which was treated with ether/light petroleum and collecteds 1-Chloro-2-
hydroxy~l-o-nitrobenzoyl-2-phenylethane (123) crystallised as colourless
prisms (0e5 £ )y Meps 135—137° (from etha_nol), - S 3450, 1700, 1535 and
1360 cms’’ (Found: G, 59455 Hy 4e0; N, 4eTe Cy 5l s01K0, requires Cy 59403
Hy 3495 Ny 4e6%)e

neaction of the Chlorohydrin (123) with Aqueous Sodium Hydroxides

The chlorohydrin (123) (0.2 ge) was refluxed for 5 mins, with 10/ sodium
hydroxide (4 ml.,), until the suspended solid dissolved. The aqueous solution
was cooled, shaken with chloroform, and the ohloroform layer dried and
evaporated to yield benszaldehyde (0.04 ge )y iere spectrun identical with

that of an authentic sample, It was further characterised by conversion
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into the 2,4-dinitrophenylhydrazone which formed orange needles, meye
235-237° (from glacial acetic acid) (lit.,160 237°)e The basic aqueoue
layer wae acidified (27 aqueous sul;huric acid) yielding anthroxanic acid
(124) as fluffy colourless needles which were collected and dried (0,09 g.)s

1

epe 190-192° (1ite, 60 190°), identicel f.r. spectrum with that of an

authentic sampie.

ieaction of l-Acetyl-2-o-nitrophenylethylene Oxide, (943 iilnAo; T'tZ-H) with

Ethereal Hydrogen Bromide,

The epoxide (94; it=Ac, Rowi) (2,07 g.) dissolved in dry ether (150 ml.)

was saturated with dry hydroéen bromide at room temperature, stoppered and
left overnight. No solid came down. The solution was concentrated undex
reduced pressure giving a dark oil (2445 ge) which did not solidify, even
after standing in contact with ether for several days., The solution was
washed with ®aturated agqueous sodium bicarbonate solution, dried and
concentrated, yielding a dark oil (1.7 &) Column chromatography on alum—
ina gave only unidentifiable gume, The sodium bisulphite wash was decomp-
osed with sodium carbonate, extracted with chloroform, and the organic layer
dried and evaporated to dryness, yielding a gum (0.2 g.) which was not

identified,

neaction of l-Aceiyl-2-o-nitrophenylethylene Oxide (943 RI-Ao, 1{2-3) with

Hydrogen Chloride, in the Presence of Hydroquinone,

A solution of the epoxide (943 2(1-Ac, R2-H) (0404 mole, 8,28 go) and hydro-
quinone (0,04 mole, 4.4 g ) in dry tetrahydrofuran (20 ml,) wes saturated
with dry hydrogen ehlordde, stoppered and left overnight at room temperature,
Exceés solvent was then pumped off under reduced pressure, and the residual

0oil treated with ether (100 ml.), to give the unstable hydrochloride of
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1,4~dihydro-1,3~dihydroxy-2-methyl-4—oxoquinoline (98; i=le, X=H) (2.1 g,
237 ), vhich on crystallisation yielded the l-hydroxy compound (98; niwile, X=H)
ae yellow needles, mepe 204~210° (decomp,) (from dimethylformamide), ~o .
3150 (w), 2650 and 2250 cms® (all broad)s (Found: C, 63.2; H, 5.0; N, 8.0
010H9E03 requires C, 62,8; Hy 4473 Ny Te3%)e Iwaporation of the ether mother
licuors left a dark tarry mass which did not crystallicse andbwhioh could

not separated on alumina., This was not further investigated.

teaction of l,1-Diacetyl-2-o-nitrophenylethylenc Oxide (94 »:1-,:{2-110) with

_thereal Hydrogen Chloride.

'he epoxide (94; :"21-"{2-;10)' (016 ge) dissolved in dry ether (40 ml,) was
saturated with dry hydrogen chloride, then left stoppereéd at room temperature
for 48 hrs, The precipitated solid was filtered off to give 6-chloro-l,4-
dihydro~1,3~dihydroxy-2-methyl-4—-oxoquinoline hydrochloride (0.1l g.). ile-
erystallised from agueous ethanol it afforded the parent N-hydroxyquinoline

. (98; ‘mile, X=Cl) (yield 0s09 ge)y meps 225-230° (decomps), iers spectrum
identical with a sample prepared above. On standing, a white solid display-
ing an i.r. peak at 1780 em:]', was deposited from the ethereal mother liguor,
Crystallisation from agqueous ethanol however, afforded the N-hydroxyquinoline
(985 nmile, X=C1l) (0s015 ge); meps 225°, ieTs spectrum identical to the first

crops The total yield of N-hydroxyquinoline was 0.1 g. (70%).

teaction of l-Acetyl-l-bengzoyl-2-o-nitrophenylethylene Oxide (943 R]'-Ba,

-tz-Ac) with Hydrogen Chloride in Tetrahydrofuran.

A solution of the epoxide (94; :~11-Bz, -{2-Ao) (0e25 go) disesolved in dry
tetrahydrofuran (30 ml.) was saturated at rcom. temperature with dry hydrogen
chloride, then left stoppered for 2 days. The solvent was then removed

under reduced pressure, and the residue triturated with ether, giving
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6=chloro-1,4-dihydro-1, 3-dihydroxy—-2-methyl-4-oxoquinoline (98; k=ile, X=Cl)
which crystallised ae yellow needles (0¢15 gey 83/ ), mepe 225-230° (deooﬁp)
(from aqueous ethanol), identical (mixed m,p. and i.r. spectrum) with a
sample prepared above, The ethereal motﬁer liquors were shaken with aqueous
gsodium bicarbonate and separated. The aqﬁeous layer was then acidified and
extracted with chloroform. vaporation of the dried chloroform layer afforded
an oil (0,01 g.) which solidified on cooling and was identified by i.r.
spectrun and mepe 118-120° as benzoic acid,

In 2 similar experiment using dry ether as solvent, the starting
material was recovered after standing at room temperature for 24 hre, with

hydrogen chloride,

Acetylation of 6-Chloro-1,4-dihydro-1,3-dihydroxy-4-oxoquinolines,

The l~-hydroxyquinoline (02 g.) was heated at 100° (water bath), with acetic
anhydride (0,5 ml,) till the solid dissolved. The reaction mixture was then
cooled and diluted with water, to give the crude product as an oily =olid,
which wae collected and crystallised, In this way 6-chloro-1,4-dihydro-1,3-
dihydroxy-4~oxo-2-phenylquinoline (983 i=rh, X=Cl) gave the monoacetyl der-
ivative (1013 %='h, X=Cl) of 6-chloro-l,4-dihydro-3~hydrogy-4-oxo-2-phenyl-
quinoline (99; i=rh, X=Cl) which formed colourless meedles (0,12 ge), MePs
266-272° (from ethanol), i.r. spectrum identical with that of a sample
prepared below, 6=Chloro-1,4~dihydro~1,3-dihydroxy—-2-methyl-4-oxoquinoline
(985 i=ile, X=Cl) likewise gave the monoacetyl derivative (101; nsile, %X=C1)
of G6-chloro-1,4-dihydro-3~hydroxy-2-methyl-4-oxoquinoline (99; ksile, X=Cl),
which formed colourless needles (0.05 2.); Mals 295-298° (decomps ) (from
aqueoue ethanol), i.r. spectrum identical with that of a sample prepared

below,



4LV

1,4-Dihydro-3~hydroxy—4-oxoguinolines, Solutions of the N-hydroxyquinolines

(983 #=rh or Mey X=Cl or H) (0.1 g« ) in T0% V/V agueous ethanol (10 ml,),

vas refluxed with dithionite (0,1 gs) for 30 minutess A further portion
(Ol go) of dithionite wae then added and refluxing continued for a further

30 minutes, The reaction mixture was then filtered hot, concentrated under

reduced pressuré and diluted with water, to give the products which were

collected and crystallised.

e (99; R='h, X=Cl) formed

pale yellow needles (yield quantitative), mepe 286-290° (decomps) (from
vhael)s "0 .. 3100 and 1630 cmst (Found: G, 65¢7; Hy 4075 Ny Sede
clsn]_ocns.'o2 requires C, 6645; Hy 3eT; Ny 5¢2%)s The hydroxyquinoline (99;
=rh, %=Cl) (Ol gs)s heated in scetic anhydride (1.0 ml,), till the suspended
solid dicsolved (30 =eccs.), followed by removal of the solvent under reduced
pressure, and trituration of the resultant gum with water afforded the
uonoaoetoxy—&erivétive (101; n=rh, %=Cl) as colourless platelets (0,085 g.,
14%), meps 275-277° (from ethanol), <0 . 3050 and 1745 ome Yy MamaTe t
(trifluoroacetic acid), T =l.44, 1.9; 2,25 (aromatic, 8H); T.72 (=inglet, CE3,
3H)e (Found: C, 65415 Hy 4e3; Ny 4e9e CyH, ,ClNO, requires C, 65.1; H, 348;
Ny 4e57)e nefluxed for le5 hrs. in acetic anhydride (3 ml, ), the hydroxy-
quinoline (99; i= h, X=Cl) yielded the diacetoxy-derivative (102: é-'h, X=C1),
as colourless needles (0,006 é., £6%)y mepe 153-155° (from ethanol/light
pe;mieum), 0 oy, 1775 end 1210 om:l, NeMe: TeleB85-2,64 (multiplet, arom—
atic, 8H), 7.57 (einglet, e, 3H), T.89, (singlet, le, 3H)se (Pound: Cy 64.7;
Hy 383 H,; 3484 01931401N04 requires C, 64435 Hy 3495 ¥y 3e9%).

'he diacetoxy-compound (102; H=rh, i-dl) (0405 ge) was refluxed for
30 minutes with 107 sodium hydroxide solution (2 ml.)s The suspended solid

graduélly dissolved on heating, The cooled solution acidified with glacial
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acetic acid, yielded 6-chloro-l,4-dihydro-3-hydroxy—4-oxo-2-phenylquinoline
(993 = h, X=Cl) as yellow needles (0,035 g¢)y MePe 285° (from ethanol), i.r.
spectrun identical with that of a sample prepared above.

Hydrogenation of the N-hydroxy compound (98; i= h, X=Cl), in ethanol,
over 10% palladium on charcoal, afforded 1,4—d1hvdro—3—hdroxy-4¥oxo-2-
henylquinoline (99; R='h, X=H), as yellow needles, m.p. 265-270° (from
aqueous ethanol), i.r. spectrum identical with a sample prevared g described

below,

1, 4~-Dihydro=3-hydroxy-4~oxo-2~phenylquinoline (995 i="h, X=H), formed pale
yellow needles (yield quantitative) mepe 268-273°% (decomps) (from aqueous

ethamol), <, 3200 snd 1630 omel (Found: C, 80,05 Hy 4¢7; Ny 6e2s
015511N02 requires C, 8000; Hy 4e7; Ny 5.9;:).

Yarmed in acetic anhydride for 30 seconds, it gave the monoacetoxy-
derivative (101; #=-h, X=H), which erystallised as colourlese needles (yield

1

quantitative), m,p, 203-206° (from ethamol), "9 1775 (sh) and 1750 ems

maie
Deme s T'=2435-2,78 (multiplet, aromatic, 3H); 7«95 (einglet, CH,). (Found:
€y T3sl; Hy 4463 Ny 52 0171113N03 requires Cy T3e1l; Hy 4e7: Ny 5.00)s
When a sample of the dihydroxyquinoline (99; Re h, X=H) (0.1 g)
was refluxed in acetic anhydride (3 ml.) for 2 hrs., the crude product
(0,12 g.) was shown by thin-layer chromatography to be a mixture, Crystall-
isation from aqueous ethanol afforded the diacetoxy-derivative (102; 2='h,
%=H), as colourless needles, (0e05 gey 3T )y MeDe 94-96° (from aqueous
ethanol), - 1760 em:]', Nemer': Tml,72~2.78 (multiplet, aromatic, 9H);
1.51 (singlet, me, 3H); T.8 (singlet, Me, 3H)s (Found: Cy T1le5; H, 446;
Ny 4.5 0191115304 requires Cy 7105 Hy 4eT; Ny 4e4L)s

The mother liquors, on standing, yielded the monoacetoxy—~derivative
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(1013 R=Ph, X=H) (0.02 g.), identified by mep. 200-203° and i.r. spectrum

with a sample prepareé above,

6-Chlore-1,4~dihydro-3~hydroxy-2-methyl-4~oxoquinoline (993 Rele, X=C1)

formed pale yellow needles (yield quantitative), m.p. 315-320° (decomp. )

(from ethanol), ~2_ 3275 and 1640 cmr® (Founds Cy 57«63 Hy 4.05 N, 6.7.
C,oflg C1NO, requires C, 57+33 Hy, 3.85 Ny 6.9%).

Refluxed in acetic anhydride for 20 seconds, it gave a quantitative
yield of the moncacetoxy-derivative (10lj; R=Me, X=Cl), as colourless needles,
meps 296-298° (from aqueous ethamol), ~ __ 3200, 1740 and 1640 oms’, Bemers
(TPA)y T=le5~2409 (multiplet, aromatic, 3H)j T.17 (singlet, Me, 3H); 7.37
(singlet, Me, 3H). (Found: C, 5T+23 H, 4403 N, 5.7. CqoHy oC1N0, requires
Cy 5733 Hy 4403 N, 5¢6%)e

When refluxed in acetic anhydride for 2 hrs., the hydroxyquinoline (993
R=lle, X=Cl) gave the diacetoxy-derivative (102; Rslle, X=Cl), as colourless
prim-. (yield quantitative), meps 147-249° (from aqueous ethanol), S
1760 omeY, nemer:T=1,97-2.73 (multiplet, aromatic, 3H); T.40 (singlet, Me, 3H)j
756 (singlet, Me, 3H); T.63 (singlet, NMe, 3H). (Found: C, 57.03 H, 4.1
Ny 4e5« 0141112011104 requires C, 57.23 Hy, 4e1lj Ny 4.8%).

1,4~-Dihydro-3-hydroxy-2-methyl-4~oxoquinoline (993 R=lle, X=H) formed pale

yellow needles (yield quantitative), mepe 293-297° (decomp.) (from ethanol),
) 3200 and 1640 cmr> (Founds C, 68.8; H, 5.05 N, 8.2. Gy oHigh0,

requires C, 68,65 Hy, 5.13 N, 8.07)s

Warmed in acetic anhydride for 20 seconds, it gave the monoacetoxy-
derivative (10lj R=lie, X=H) as colourless prisms (yield quantitative), m.p.
295-297° (from ethanol), "0 .. 1750 and 1640 emsl, nym.r: (TFA) T=1.38-
2,03 (multiplet, aromatic)s Tel5 (singlet, Me); 7.36 (singlet, Me). (Found:
Cy 6Teds Hy 5.43 N, 8.1, Cyofy M0, requires C, 66433 Hy 5.13 N, 6.51).
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The monoacetoxy—derivative was also obtained by refluxing the hydroxy-
quinoline (99: iw=iiey, X=H) in acetic anhydride for 2 hrs,

oxidation of 2-Substituted 1,4~dihydro-3-hydroxy-4-oxoquinolines with

Hanganese Dioxide,

5=Chloro-3,4~dihydro—-3,4-dioxo~2-phenylquinoline-l-oxide (105: 1= h, X=C1l).

The N-hydroxyquinoline (98; i='h, X=Cl) (0.2 g.) dissolved in dry acetone
(40 ml,) was stirred over a period of 12 lu's.' with mildly active mangancse
dioxode (1.2 g.)e The reaction was monitored at regular intervale by means
of thin-layer chromatography on silica, eluted with bengene/257 ether., As
the reaction proceded the brightly coloured red or brown spot corresponding
to the quinone increased in size, while the pale yellow spot at the origin,
corresponding to starting material, gradually faded, Mtex_' the reaction
L‘::&A” sroceded to completion (12 hrs.) the contents of the flask were filtered
through a pad of sodium sulphate, and the ﬂ.]_.trate was concentrated under
reduced prescure to yield the crude quinomne as an o0il, which solidified
vhen triturated with ether/light petroleum,

The quinone (105; l=h, X=Cl) formed deep red needles (yield 857)
meps 172-177° (decomp.) (from benzene/light petroleum), oy, 1700 and
1640 oms® (Found: Gy 63453 Hy 2485 Ny 4e9s 6 5ligl 0y Tequires Cy 6340;

Hy 285 N, 449%)s

A solution of the quinone (105; i=rh, X=Cl) (0405 g.), in 707 V/V
goqueous ethanol (5 ml,) was shaken with dithionite (0,05 ge) for 30 minutes,
the solution was then diluted with water (15 ml.,) and the product, 6-~chloro~
1,4-dihydro-1,3-dihydroxy—4-oxo~2-phenylquinoline (98: i=h, X=Cl) collected
(0.035 o)y Mmeve 190° (decompe)y iere spectrum identical with that of a

sample prepared above,



(b) A solution of the guinone (105; it='h, X=Cl) (0,06 g.) in 707 V/V
aqueous ethanol (10 ml.) was refluxed with eodium dithionite (0.06 g.) for
30 minutess A fresh portion of dithionite (0,06 ge) was then added and
refluxing continued for a further 30 minutes. The filtered reaction mixture
was evaporated, the residue treated with water, and the solid collected,
Crystallisation yielded 6-chloro-1l,4-dihydro-3~hydroxy-4-oxo-2-phenylquinoline
(99; R='h, X=Cl) as yellow ncedles (0403 g¢)s MeDre 285-288° (from ethanol),

jdentical (mixed mep. and i,r, spectrum) with a sample prepared above.

394=Dihydro-3,4-dioxo-2-phenylquinoline-1-oxide (105; = h, X=H).
1,4~Dihydro-1,3-dihydroxy-4-oxo~2~phenylquinoline (983 u=ih, X=H) (0.2 g.)

in dry acetone (40 ml,) was stirred for 1,25 hre. at room temperature with

mangzanese dioxide (142 ge)s The progress of the reaction was monitored by
thin-layer chromatography, as previously described. When conversion appeared
complete, the filtrate was worked up as described above. The cuinone

(105; %= h, X=i) formed red needles (quantitative yield), mepe 167-170°

1

(from ethamol), <O . 1700, 1640 end 1625 (sh) cme~ (Found: C, 71.2;

H. 3.6; Ny 5.5. c1539N°3 requires Cy 71.6; H’ 3.6; Hy 5.6’5‘4).
6=Chloro—3,4-dihydro=3,4~dioxo-2~ henylquinoline (106; Re h, X=Cl).

6-Chloro-1,4-dihydro-3-hydroxy-2-phenylquinoline (99; i='h, XaCl) (0.2 g.)
direolved in dry acetone (25 ml,), was stirred with manganese dioxide (1.2 g)

at room temperature for 4 hrs., the reaction being followed %o comletion

by thin-layer chromatography. The reaction mixture was worked up as depcribed
sbove and the resulting dark solid collected and crystallised, The quinone
(106; R=rh, X=Cl) formed dark purple needles (yield 50%), mepe 149-152°

(from benzenc/light petroleum), Gy 1680 co3t (Fouﬁd: Cy 63453 Hy 3e2;

Hy 448, 615118011402 requires C, 66473 Hy 3405 Hy 5¢2%)e



125

3y4-Dihydro-3,4-dioxo-2~phenylquinoline (1065 i='h, X=H).
The hydroxyquinoline (99; i='h, X=H) (0.2 g+ ), in dry acetone (60 ml,), was

treated with manganese dioxide (1.2 gs) and the mixture stirred at room
temperature for 25 minutes, the reaction being followed by thin-layer chrom-
atographye. The reaction mixture, worked up as described above, afforded a
dark red gum which solidified when triturated with ether, The quinone

(106; = h, X=H) formed bz;om needles (yield 60%), mepe 90-93° (from benszene/
light petroleus, ~ . 1680 oz~ (Found: Cy T5.7; Hy 3.8; 1y 5.8,
015391102 requires C, T6.6; ﬁ, 3485 Ny 6,0%)s
3,4-Dihydro-3,4~dioxo-2-methylquinoline-l-oxide (105: l=ile, X=H).

The N-hydroxyquinoline (98: i=lle, X=H) (0.06 g.), in dry acetone (20 ml.),

vas stirred &t room temperature with manganese dioxide (0,36 g.) for 2,2 hrs.,
the reaction being followed by thin-layer chromatography, as usual, Vorking
up the reaction mixture as described above, gave a sticky red solid which

wag treated with light petroleum and collected. The product formed fine red
needles (yield 907) mepe 149-151° (from ethamol), ~ . 1700, 1640 P

(F‘ound:c, 63.,0; H, 383 gy Te5e c10H7!"03 requires C, 6344; Hy 3T: Ny 704%).

6=Chloro—-3, 4-dil¥dro-3 3 4~dioxo~2-methylcuinoline-l-oxide (105; R=ile, X=Cl),.
6-Chloro~1,4-dihydro~1, 3-dihydroxy-2-methyl-4—oxoquinoline (98: R= e, X=Cl)

(0s14 go )y in dry acetone (50 ml,), was stirred with manganese dioxide

(0.84 g.) for 1.25 hrse at room temperature, the reaction being followed by
thin-layer chromatography, as previously described. VWorked up in the usual
fashion, the reaction mixture afforded a red solid which wae collected and
orystallised, The product (105: isiie, X=Cl) formed fine red needles, (yield
124), mepe 187_189° (from ethanol), - 1700, 1635 onyt (Pound: Cy 53+83

H’ 20,6} N, 6.3. CIOHGCZNO3 I‘eqnires C’ 53.8= H’ Zo'l: B’ 6.3%).
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Oxidation of the hydroxyquinoline (99; iwiie, X=H) wae attempted using (a)
_manganese dioxide in acetone as described above, (b) manganese dioxide in
dimethylformamide, and (c¢) silver oxide as described by Boyer, 5 In each
case, the products wewe cither gums or solids which left an inorganic residue

on burning., These were not further investigated.

quinolino [ 3,4~bJ] quinoxalines(107, 108J.
Solutione of the quinones (105; R=fh, X=Cl or H) and (106; R=rh, X=Cl or H)

in ethanol, were refluxed with the equivalent amount of o-phenylenediamine
for 5-10 minutes, After cooling, the yellow precipitetes were cooled, coll-
ected and crystallised,

6~Chloro-3, 4-dihydro-3,4-dioxo~2-phenylquinoline-l-oxide (105; i='h,
%=Cl) (0.1 g.) and o-phenylenediamine (0,04 g,) gave the li-oxide (107 i=rh,
¥=Cl) as fine yellow needles (Osl ge )y MeDe 245° (from glacial acetic acid).
(Found: Cy 70s3; Hy 3e4; Hy 11.8s CpyH) ,CIN0 requires Cy 7045: Hy 3.4;
Ny, 11.8%).

3,4-Dihydro~3,4~dioxo-2-phenylquinoline-l-oxide (1053 R=Th, X=H)
(0e1 g.) and o-jhenylenedianine (0,04 g.) gave the N-oxide (107; R=rh, X=H)
as fine yellow needles (Osl g )s mep. 270-272° (from glacial acetic acid)
(1ite 22 239-240°) (Found: C, TT.Gj Hy 4403 Ny 12,8, Calculated for
021313'3°v Cy 78403 Hy 4,05 Wy 13.0%).

6-Chloro-3y4~dihydro=-3,4~dioxo-2- henylquinoline (1063 R=Fh, X=Cl)
(0404 go) and o-phenylenediamine (0.02 g.) gave the quinolinoquinoxaline
derivative (108; Rerh, X=Cl) as fine yellow needles (0s04 g.)y mepe 253-255°
(from glacial acetic acid). (Found: Cy T4.4; Hy 34535 Fy 12.0. C, H, CIN,
requires C, T73.93 Hy 3.53 Ny 12.3%)e

3,4~Dihydro-3,4~dioxo-2-phenylquinoline (106; R=rh, X=H) (0.04 g.)
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and o-phenylenedianine (0,02 g.) gave the quinolinoquinoxaline derivative
(1085 R=rh, X<H) as a yellow solid (0.035 g )s meDe 221-224° (from glacial
acetic acid), (Found: C, 82,13 H, 4.33 N, 13.6. 021111333 requires C, 82,1;
Hy 423 Ny 13.T%)e

tefluxing the quinones (105; R=ie, X=Cl or H) in ethanol with o-phen-
ylenedianine, for five minutes, failed to yield the expected quinoxaline
derivatives. The solutions became very dark during heating, and no rreci itate
appeared on standing in the cold. Removal of the solveni gave only unident-

ifiable guus.

2-Chloro-T7,12-dihydro~6-phenylquinolinol3,4~b] quinoxaline (109)
The N-oxide (107; R=rh, X=Cl) (0,05 g.), in 70% v/v aqueous ethanol (15 al, ),

wag refluxed with godium dithionite (0,05 gs) for 30 minutes, A further
portion of dithionite (0,05 g.) waes then added, and the refluxing continued
for a further 30 minutes, 7The reaction mixture was then filtered hot,
concentrated, and diluted with water, to give an unstable purple compound,
vhich was collected and dried (0s045 gu); iepe 265-270° orude, v . 3500 o+
olecular weight 343 (Mass Spectrum).

the dihydro-compound (109) (0.0l g.), dissolved in acetone (20 ul,),
was ctirred with nmanganese diexide (0.06 g.) at room temperature for 3 hours.
The manganese dioxide was then filtered off and washed with hot chloroform.
Ivaporation of the combined filtrate and washings afforded the quinolinoquin-
oxaline (1083 R=rh, X=C1), as yellow needles (0sOl g ), meps 248-252°,

identical (mixed ieDe 251° and i.r, spectrus) with a sample ;rejared above.

Oxidation of 1,4-Dihydre-3—hydroxy-4-oxo-2~phenylquinoline (99; R=rh, X=Cl
or ) with Chromium Trioxide.

(a) The hydroxyquinoline (99; <= 'h, %=Cl) (Oel ge)y in glacial acetic acid
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(10 ml, ), was treated slowly, with etirring, with a suspension of chromium
trioxide (0,5 go) in élacial acetic acid (19 mle)s The mixture was warmed
to 40° and then stirred fqr 2z hrs, af room temperature., The solid acid
(103; X=C1) was isolated by diluting the reaction mixture with water (20 ml,).
It eryetallised as colourless ncedles (0,075 g )y Mepe 260-263° (from ethanol),

"0 e, 3100, 1700, 1685 (sh), 1665 and 1610 cms (Found: C, 60.8; H, 3.7T:
Hy Sele Gy H,CANO, requires Cy, 60,93 Hy 346: H, 5.1%)e

The acid (103; X=Cl) (0.1 ge )y refluxed in acetic anhydride (2 ml,)

for 5 minutes, and the solution cooled and diluted with water (5 ml,),
. afforded 6~-chloro~4{-oxo-2-phenyl-3,l-~benzoxazine (104; X=Cl) as colourless
needles (0,09 go )y MeDe 195-197° (from ethanol), - max, 1745, and 1620 omy >
(Found: C, 66,25 Hy 2¢9; Ny 5456 cmnecmo2 requires C, 65,2; H, 3.1
Ny 5e4%)e
(b) The hydroxyquinoline (99: i='h, X=H) (0.14 g.), in glacial acetic acid
(7.0 ml,), treated and stirred with a suspension of chromium trioxide (0.54 g.)
in glacial acetic acid (7.0 ml.) at room temperature for 5 hre. and the
reaction mixture diluted with water (100 ml,) and extracted with chloroform,'

afforded the acid (103; X=E) ae fine colourless needles (0,08 go )y MmaDe

(Found: G, 67+6; H, 5e1; N, 6.2, Caloulated for C,,H . H0s: Cy 69.7; K, 4,65
Hy 5¢8%)s

"'he acid (103; x-a) (0.02 g.), refluxed in acetic anhydride (0.4 ml.)
for 20 seconds, and the soluxion diluted with water (4 ml.), afforded 4-oxo-
2-phnnyl—3,1-bensoxazinq (104; X=H) (0.01 ge)y mele 118-121° (11t.,163 122°)

(from ethanol), i.r. spectrum identical with that of an authentic sample,

4,4'—Dichloroazoazbenzena-zlz'-dioarbo;zlic acid (100).

The "—hydroxyquinoline (98; R='h, X=Cl) (0.1 g.) was stirred overnight in

199-201° (from aqueous ethanol), 2y, 3100, 1700, 1685 (sh), 1655 and 1610 ong >
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glacial acetic acid (6 mls), with & solution of 6% w/v aqueous potassium
dichronate (4 mle)s The contents of the flask were then diluted with water
(12 wls )y and an unidentified solid filtered off (0,02 ge.). The mother
liquors were extracted with chloroform, and the dried organic layer concent-
rated under reduced ;ressure, giving a semi-solid (0,08 g,)s Trituration
with ether/light petroleun yielded 4,4'-dichloroazoxybenzene~2,2'-dicarboxylic
acid (0405 g« )y meps 258-260° (18tuy”” 264%), de7e spectrun identical with
that of an authentic sample. FEvayoration of the mother liquors gave benszoic

acid (0402 gy )y identified by melting point and i,r, spectrum.

6=Chloro-1 L{-dim_ro:w—:i-ni tro-4—oxoquinoline (115)
The quinoline (114) (343 gs) and concentrated nitric acid (33 nl,) were

heated at 100° for one hours he deep brown solution was cooled and poured
vith stirring onto ice (200 gs)s After the ice had melted, the yellow solid
(115) (1e72 gs) was collected and washed with two 50 mls portions of boiling

- watery dried and crystalliseds The product formed colourless plates (le6 ge),
meps 344~-348° (from aqueous dime thylformaside), 0 nax, 3200-2500, 1640,

1520, 1380 and 1360 cm;® (Found: Cy 51.03 Hy 2493 Ny 11.6. Gy oHC1N,04
requires C, 50.3; Hy 2493 Ny 11.7%)s

3-Anino~5~chloro-1,4~dihydro-2-ne thyl-4—oxoquinoline (115; NH, for ll02)
The nitro-compound (115) (1.42 gs) and granulated tin (10 g.) were heated in

concentrated hydrochloric acid (30 mle) at 100° for 2.5 hours, by which time
~ moet of the tin had dissolveds The .a.mi.nc hydrochloride was collected from
the cooled s=olution, shaken wit-h dilute ammonia, and the free amnine (115;
NH, for noz) collected and crystalliseds It formed colourlese needles

(0.67 & )s mepe 325-330° (from dimethylformanide), o e 3380, 3280,
3100-2700 and 1640 oy > (Found: Ty 57463 Hy 4433 Ny 13.7. €y olgC1N,0
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requires C, 5Te73 Hy 4e33 Ny 13e4%).

The acidic filtrate was neutralised with solid sodium bicarbonate,
yielding unreacted nitzo-compound (115) (027 ge), meps 330-335°, i.r.
spectrum identical with that of an authentic sample,

6=Chloro=3—diazo=3,4=dihydro=2-methyl-j—oxoquinoline (116)

The amine (1153 MH, for noz) (0.48 g.), in concentrated hydrochloric acid
(8.0 ml,), was warmed slightly and treated with sodium nitrite (0,15 g).

The suspended solid dissolved, and after 10 minutes at room temperature,

the solution was refluxed for 10 minutes, then left on a water bath at 100°
for a further 1.5 hours. The cooled selution, neutralised with ammonia, gave
the quinone diaside (116), which crystallised as yellow needles, meps 128~

-1

130° (decomp.) (from watexr), 2120, 2100 and 1640 cm,  (Founds

maXe

Cy 54465 Hy 24T Ny 18e5e 0y H CLNL0 requires C, 54¢53 H, 2.T3 N, 19.1%).
The diazoquinoline (116) was unchanged after being refluxed for

7«5 hours with 46§ sulphuric acid, however refluxing with 207 aqueous potassium

hydroxide gave only unidentifiable material, in low yield, When the quinone

diagide (116) was refluxed with chromium trioxide, in aqueous acetic acid,

an unidentifiable brown solid vas obtained, which left a residue on burning.
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Reactions of Substituted o-Nitrophenylethylene Oxides with Lewis Acids,

I—(« ~hydroxyphenacyl )-2,1-benzisoxazolone (1253 R=BZ ).

A solution of the chalcone epoxide (943 Rl'-Bs, nz-n) (1.0 g.) dissolved in

dry benzene (50 ml,) was stirred and treated in one portion with stamnie
chloride (1.2 g.)s After 15 minutes, the contemts of the flask were poured
onto crushed ice (100 g.), and stirred to break up the dark sticky mass which
formed, When the ice had melted, the bengene layer was separated, dried

and evaporated under reduced pressure, to yield N-(o ~hydroxyphenacyl)-2,1-
venzisoxazolone (125y &=Bsz), which crystallised as pale yellow prisas (0.93 g.),

teDe 125-128° (from benzene), g 2o 3350, 1740 and 1695 em'.'l, NemeTs T =le65~

ax
2.75 (multiplet, aronatic, 9H)j; 3.56(singlet, CH, 1H); 5.18 (broad singlet,
OH, 1H)3 Mol, Wt., 269 (mass spectrum). (Found: Cy 6T40; Hy 4o13 N, 5.2,
%5311m4 requires C, 66.9' Iy 401' N, 5.2%)’ i.rs spectrum identical with

that of material synthesised below.

§-Desyl-2,1-benzisoxazolone (1253 R=Bz, Fh for om).

(a) A solution of the chalcone epoxide (943 R1-Bl, .ta-n) (0,002 mole, 0,54 g.)
dissolved in dry benzene (40 ml,) was stirred and ireated with acetic anhyd-
ride (0,004 mole, 0438 ml, ), then dropwise with stannic chloride (0,008 mole,
0.94 nl.)s After 15 minutes, the solution was poured onto crushed ice (100 g. )e
Benzene (100 nl,) was then added, and the layers separated, The dried benz~
ene extract, evaporated under reduced pressure, gave a light gun (063 go)s
which solidified in contact with light petroleum, affording N-degyl-2y1=
benzisoxazolone (1253 i=Bz, Ph for OH) as colourless needles (0e3 ge)s MmeDe

115-118° (from ethanol), 0. 1730 and 1685 ome® memers T =2:1-2.9

maXe
(multiplet, aromatic, 14H); 3.6 (singlet, CH, 1H)s (Found: Cy 75.9; Hy 4453
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Ny 4ede ‘c211115m3 requires C, 7663 Hy 4463 Ny 4.3%)

Evaporation of the petrol mother liquors gave an oil (0.2 g.)
which crystallised from bensene/light petroleun, yielding N-phenylglyoxyloyl-
anthranilic acid (1263 =Bz) (0,05 ge)s meps 189-192% i.r. spectrun identical
with that of a sample synthesised below.

(b) N-(« ~hydroxyphenacyl)-2,l-benzisoxazolone (125; 1t=Bz) (0,001 mole,
0,27 g+ ) in dry benzene (30 ml,) was treated with acetic anhydride (0,002
mole, 0.2l g.), then dropwise with stirring with stannic chloride (0.004
nole, 0,47 mle)s After 15 nminutes, the solution was poured onto ice (50 g.).
The organic layer was ceparated, dried and evajorated under reduced pressure,
leaving a light gum, which crystallised from ethanol, to give the benzisoxagz-
olone derivative (125; i=Bs, FPh for OE) (yield 0.14 g.), mep. 116°, i.z.
spectrun identical with a sample pre ared in (a) above.

) Evaporation of the ethanol mother liquors gave a semi-solid, which
was triturated with ether/light petroleun and crystallised, yielding N-acetyl-
2y1-benzisoxazolone (130; Ac for H) as colourless needles (0403 ge )y Mepe
115-117° (fro: ethanol), i.r. spectrun identical with that of an authentic
gample, 164

When the benzisoxazolone derivative (125; n=Bs, rh for OH) (0sl gs)
vas refluxed for 2 minutes in 10% v/v agueous sodiun hydroxide or stirred in
vater (3 mle) with potaesiun carbonate (0.1 g.) for 45 minutes, benzil wae
obtained ac an insoluble soldd (003 ge), mepe 90-92° (11%.,%47 95°), 1.r.
spectrun identical with that of an authentic sample, The alkaline mother
liquors, just acidified with glacial acetic acid, extracted with chloroform,
and the dried extract evaporated, gave anthranilic acid (0.02 g.)y Mepe
135-137° (1itey4? 144°), L.r. spectrus identical with that of an authentic

sample,
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2caction of 1-Bensoyl-2-(o=aitrophenyl)ethyleme Oxide (94; RlaBz, RowH)
with Hydrogen Chloride in the Presence of Stannic Chloride,

The chalcone epoxide (94; R]'-Bs, qun) (0,002 mole, 0,54 g ), dissolved in

dry ether (100 ml,) was treated with hydrogen chloride for 5 minutes, amd
then with stannic chloride (0,47 ml, ). There was an immediate reaction, the
solution turning a blue colour, and a brown oil formed, Treatment with
hydrogen chloride was continued for 1 hr, and the flask was then stroppored
aﬁd left at room temperature overnight, The etherral solution was decanted
from the reaidnal solid which was treated with watery collected and dried,
It crystallised as pale yellow needles (0ol o)y Mepe 248-250° (from glacial
acetic acid), V. 1755 and 1740 (sh) cms® (Pound: C, 68.2; Hy 2.9)e
Fvaporation of the ethereal filtrate gave an oil, which solidified upon
trituration with water, yielding N-phenylglyoxyloylanthranilic acid (126;
#=Bz) (0edd ge)y mepe 189-191° 1,.r. spectrum identicel with that of a sample

ynthegised as deseribed below,

§- henylglyoxyloylanthranilic Acid (126; r=Bz).

(a) The chalcone epoxide (94; Rl-Bl, EIZ-H) (0;6 8¢ )s in dry ether (125 ml.),
vas treated with boromtrifluoride ectherate (5 mle)s The resulting slightly
orange solution was roefluxed on the water bath for 15 minutes, then poured
into water (200 ml.)s The ether layer was separated, washed with water, and
drieds 7vaporation under reduced preseure gave a brown oil (0,58 g. ), which
solidified upon coolinge The solid was broken up in petrol and collecteds
Crystallisation of the crude nroduct from benzene gave, as first crop,
N~-heaylglyoxyloylanthranilic acid (126; i=Bz) as yellow prisms (C.14 g. ),

Mepe 190-192° (from benzene), O 1695 and 1665 cmsl (Found: C, 67+2;

maXe
Hy 4e235 Ny Sele 158111‘]0 requires C, 6T7.0: Hy 4e1; W, 5.2"{))0 Mol, Wt, 269
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(mass spectrum).

The concentrated mother liguore upon standing gave a second crop
of crystals, identified as N-(« -hydroxyphenacyl )-2,1-benzisoxazolone
(1255 R=Bz) (0.19 g+ )y MeDe 125°, identical (mixed mepe and i.r, spectrum)
with an authentic sample,  "he mother liquors concentrated to dryness, gave
a red-brown oil (0,18 g.), which was not identified.
(b) The benzdsoxazolone (125; hmBz) (0,25 ge) was refluxed for 1 hr, with
p-toluenesulphonic acid (0403 g.) in benzeme (30 mls)s The solution was
then cooled and the N-phenylglyoxyloylanthranilic acid collected (0.12 ge)y
7e0e190-192%, 1.7, spectrum identical with that of a synthotic sample (see
below)s The mother liquors after concentration to half volume, yielded a
further crop (0.095 ge) of the product, mepe 186-190°,
(¢) The benszisoxazolone (125; ReBz) (02 ge) was stirred for 12 hrs. in
concentrated sulphuric acid (3 ml.), and the solution then poured, with
stirring, into water (12 ml.)s The resulting solid was collected anvd cryetall-
ised from bengene, to give N-phenylglyoxyloylanthranilic acid (126; n=Bz),
(0018 2o )y mepe 192-194°%, isre spectrum identical with that of a sample
synthesised below,
(d) The benzisoxazolone (125; '=Bz) (0.2 g.), éiseolved in dry acetone
(40 ml,), was stirred with activeted mangenese dioxide (1.2 g¢) at room
temperature for 10 hrs., The reaction mixture was then filteredé, and the
filtrate concentrated under reduced pressure, affording am oil (0e2 go)e
Trituration with ether gave a solid mixture (0,05 ge), separated by crystall-
isation from benzene imto N- henylglyoxyloylanthranilic acid (126; 1i=Bz)
(04015 go)s Mepe 190-194°, i.rs spectrum identical with that of authentic

material, and starting material (125; R=Bz) (0.025 g )y MePe 125-130°%, i.r.
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spectrum identical with authemtic material. Tvaporation of the ethereal
mother liquors, and crystallisation of the solid obtained from benzene/
light petroleum, afforded a further crop of the acid (126; R=Bz) (0.09 g.),
mepe 191-194°, |

(e) The chalcone epoxide (943 R]'-Bs, 32-3) (0,002 mole, 0.54 g.), in dry
ether (100 ml,), was stirred and treated with acetic anhydride (0,004 mole,
0:38 ml. ), followed by stanmic chloride (0,008 mole, 0,94 ml.). After 25
minutes the reaction mixture was poured on to crushed ice (40 g.) and allowed
to come to room tempémture. After separation, the organic layer was dried
and concentrated imder reduced pressure, giving an oil (0.48 g.), which
gsolidified when triturated with ether/light petroleum, yielding N-phenyl-
¢lyoxyloylanthranilic acid (126; R=Bz) (0.4 g.) a@s yellow prisms, mep. 189-
191° (from bengzene), i.r. spectrum identical with that of an authentic sample

prepared below,

Unambiguous Synthesis of N-rhenylglyoxyloylanthranilic Acid (126; R=Bz).

Benzoylformic acid prepared by the method of Corson and Dodge165 was obtained
166

crude, as faintly yellow needles, m.pe. 59-632 (lite, 63—640), N 3200-

aXe
2400, 1730 and 1660 cums® and was used without further purification.

Benzoylformyl Chloride.

Benzoylformic acid (10 g.) was warmed with thionyl chloride (10 ml.) on a
water bath at 70—80° for 1.5 hre; Distillation of the excess thionyl

chloride under reduced pressure, left the crude acid chloride, O 1770,

maX,
1730 and 1690 omy' which was used without further purification,

N~Phenylglyoxyloylanthranilic Acid (125; R=Bz).

Anthranilic acid (0,01 mole, 1.37 g.), dissolved in 10{ sodiun hydroxide
(10 ml,) was treated with benzoylformyl chloride (0.0l mole, 1.69 g.), and

the mixture shaken for 10 minutes., Acidification with 2N aqueous sulphuric
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acid yielded the crude product as a yellow solid (1.9 g«) which was collected
and dried, It was then leached with hot benzene (20 ml,) and filtered to

give H-phenylglyoxyloylanthranilic acid (126; R=Bz) which formed yellow

1

prisne (lel ge)y Meps 190-192° (from benzene),; O 1695 and 1665 cms

maxe
Evaporation of the benzene extract yielded N-benzoylanthranilic acid (0.5 ge)

which crystallised a=s yellow needles, mepe 180° (from bengene) (11t.,167

180-181°), i.r. spectrum identical with that of an authentic sample.

2-Benzoyl-4-oxo—~3l-benzoxazine (127).
(a) N-rPhenylglyoxyloylanthranilic acid (126; R=Bz) (0.25 g.) was refluxed

gently with sodium acetate (Osl ge) and acetic anhydride (5 ml.), for 5 min-
utes, The acetic anhydride was then removed under reduced pressure, giving
the product as a solid which was collected, washed with water, and dried,
Crystallised, it formed colourlese needles (0,15 g« )y MeDe 147-149° (from
1

ethanol), 0 . 1755 and 1670 cme

m (Md: C. 72.1; B’ 3.7; R. 5.6.

01539N03 requires Cy TleT; Hy 3.6; N, 5.6%).

(b) The benzisoxagzolone (125; ReBz) (0s25 g+ ) was heated gently with sodium
acetate (0s3 ge) and acetic anhydride (1.0 nl.), until the suspended =olid
dissolveds The cold solution, diluted with water, gave 2-benzoyl-4-ox0-3,1-
benzoxazine (127) (0.2 g ), as colourless needles, mepe 147-149° (from
ethanol), identical (i.r. spectrum anf mixed m.p.) with the sample prepared
aboves

(¢) The benzisoxazolone (125; R=Bz) (025 ge ), dissolved in acetic anhydride
(2 ml,) was treated with concentrated sulphuric acid (0.05 ml.), and left at
room temperature for 13 hrs, It was then poured on to ice (5 gs), yielding
a brown oil, which was extracted into chloroform. ¥vaporation of the dried

chloroform extract, left a brown oil (0.2 ge), which on ecrystallisation,
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vielded 2-bensoyl-4—~oxo-3,l-bengzoxazine (127) (0,08 g )y mepe 145-147°
(from ethanol), i.r. spectrua identical with that of ihe sample prepared in
(a) above,

the chaloone epoxide (122) (0,001 mole, 0427 gy ) in dry benzenme (25 ml.),
vae stirred and treated dropwise at room temperature with fresh stannic
chloride (0,002 mole, 0s23 mle)s After 15 minutes, the solution was poured
on to dce (50 ge); and the mixture allowed to melt, The dried organic layer
was concentrated under reduced pressure, ylelding a light gum (0.22 g. ),
which solidified on cooling, giving l-chloro-2-hydroxy-l-—o-nitrobenzoyl-2-
phenylethane (123) as colourless prisas, m.D. 135-137° (from ethanol), i.r.
spectrun identical with the sample prepared as desoribed on page 116.

-liydroxy-o-nitrosoacetophenone (128; H for Ae) was prepared from o-nitro-
shenylothylene oxide, by the method of Amadt sand Partale,’%> "It formed

colourless needles (yield 36%), meps 99-102° (13%.,'% 203-204°), ~o__ 3360
MMOm:leudathmrmtauuu. '

Yethylene-bis-2,1-bengisoxasolone (129) was obtained as a by-product in the
‘re,aration of w-ydroxy-g-nitrosoaceto henome, It Whc icolated by concent-
rating the -oth§r liquore wnder reduced pressure, at room temperature, and
treatment of the residue obtained with water., Crystallised, it formed
colourless necdles, WeDe 157-160° (from ethanol) (11%...103 162° ), ™ s
1750 ot nemer: Ta2e1-2.85 (multiplet, aromatic, BH); 4050 (singlet, CH,,

2H).



teaction of w ~Hydroxy-o-nitrosocacetophenone (128; H for Ac) with Boron-

trifluoride 'therate.

W ~Hydroxy-o-nitrosoacetophenone (128; H for Ac) (0,002 mole, 0,33 gg),

in dry bengene (50 ml.), was treated with borohtrifluoride etherate (0,004
mole, 9.52 ml, ), dropwise, with stirring, After 15 minutes, the reaction
nixture was poured on to crushed ice (50 g.), and allowed to come to room
temperature, After removal of a solid residue, the layers were separated,
Ivaporation of the dried organic layer afforded an oil (0,17 g.) which
solidified when triturated with ether, yielding the methylene-bis-benzisox~
azolone (129) (Oel ge), as a colourless solid, mepe 155-157° (from ethanol),

identical (i.r. spectrum and mixed m,p. 155—1570) with an authentic sample.

Reactione of o-Nitrephenylethylene Oxide (94; Ri=R%=H) with Lewis Acide.

(a) Stannic Chloride,

The epoxide (94; R'aR°=H) (0s005 mole, 0.83 g.), dissolved in dry bengene (30 ml.)
was treated dropwise with stirring at room temperature, with stannic chloride
(2435 ml. ), and stirring continued for 15 minutes. Tarry material quickly
formed., Crushed ice (50 g.) was then added, and after thawing, the bengene
layer was separated, dried and evaporated to give a light gum. Trituration
with ethanol yielded a solid (0.15 g.) which was collected and orystallised
to give methylene-bis-benzisoxazolome (129) as colourless needles, mep. 158-
162° (from ethanol) (11t.;103 162°), i.r. spectrunm identical with that of an
authentic sample.

The tarry material left behind in the reaction flask was broken up,
extracted into chloroform and the extract filtered to remove insoluble
material, Removal of the chloroform left a green gum (0.4 g.), which,

triturated with ethanol, gave an impure solid. This material could not be
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made to cryetallise, and left a large white resgidue on burning, It was not
further investigated.

‘h] Borontrifluoride Diethyletherate.
The epoxide (94; RisR2=H) (0.0025 mole, 0.42 g ), in dry benzene (30 ml.),

was treated dropwise, with stirring, with borontrifluoride etherate (0,005
mole, 0,64 ml,), and the solution left for 15 minutes at room temperature,
Ice (50 ge) was then added, and the tarry material broken up and removed by
filtration. The benzene layer was separated from the filtrate, dried and
evaporated, yielding an oil (0,19 g. ), which crystallised from ethanol to
give the compound (129) as colourless needles (0s15 s )y mepe 157-160° (1iteso>
162°), 4.7, spectrun identical with that of an authentic sample.

(¢) Borontrifluoride Diethyletherate in the Presence of Acetic Anhydride.
o-Nitrophenylethylene oxide (94; Hl-Ra-H) (0. 0025 mole, 0.42 ge) and acetic

anhydride (0.005 mole, 0s47 ®l, ), in benzene (30 ml.,) were treated with
borontrifluoride etherate, as in (b) above, After removal of the tarry
material, the dried bengzene layer was evaporated to yield an oil (0,22 g.),
which gave the bis-benzisoxazolone (129) (Os1l ge) on crystallisation, mepe
159-163° (from ethanol), i.re spectrum identical with that of authentic

material,

Reaction of l-Acetyl-2-(o-nitrophenyl)ethylene Oxide (94; R'mAc, n°=H) with

Lewis Acids.

g.; Stannic Chloride.

The epoxide (94; R]'-Ac, RZ-H) (1.0 g+ ), in dry bengene (50 ml,), wac treated

with stannic chloride (1.2 g.), with stirring in an ice-bath., After 15 min~-
utes, the reaction mixture was poured on to ice (100 g.), and allowed to

come to room temperature., The layers were then separated, Iwvaporation of
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the dried organic extract gave a red oil (0s55 ge) which did not crystallise
from thé usual solvents, Thin-layer chromatography indicated a mixture of
several compounds, These were not separated on a colum of silica gel, and
were not further investigated.

(b) stannic Chloride in the Presence of Acetic Anhydride.

The epoxide (94; nldc; de) (0.41 g.) in dry benzene (30 nl.) was treated
with acetic enhydride (0.38 ml.), followed by stannic chloride (0.94 ml.).
The solution rapidly became dark. After being stirred for 15 minutes, the
reaction mixture was poured onto crushed ice, The dried organic extract,
concentrated under reduced pressure, yielded a sticky solid (0.44 g.), which
vag triturated with ether and collected, this material left a large white
residue when ignited and wae not investigated further.

(c) Borontrifluoride Etherate

The epoxide (943 R'=Ac, R°=H) (0,002 mole, 0s42 g.) im dry beagzene (50 ml.)

wasg treated with borontrifluoride etherate (0,004 mole, 0,52 ul.) and the
nixture stirred at room temperature for 15 minutes, then poured onto ice
(50 g. )« The dried benzene layer, evaporated under reduced pressure, afforded
a red oil (0,25 g,) which solidified when triturated with benzene/light
petrolewsn, The solid (0.12 g.), formulaied as w-aceiyl-w-hydroxy-o-
ni trosoacetophenone (128) formed colourless platelets, me.p. 134-136° (£ron
bengene), v . 3200, 1700 and 1650 oYy Demer: T=le92-2.84 (multiplet,
aronatic, 4H); 4.5 (broad singlet, CH+OH, 2H); 7.75 (singlet, methyl, 3H).
iol. Wt. 207 (nass epoofrum). (Pound: C, 58423 Hy 4.35 Ny 6e5. 01°H9]l04
requires C, 58.0; Hy 4e4; Ny 6.8%)

A portion of the hydroxy-compound (128) (0.1 g.) was refluxed in
acetic anhydride (0.5 nl.) for 5 minutes, then diluted with water and



seratcheds The solid which separated was collected and dried, It crystall-
ised as colourless priesme (0,05 ge )y meps 119-121° (from ethanél/water),
i.r, spectrum identical with a sample of the nitroso-compound (128; OAc for

OH) prepared below.

d) Borontrifluoride Itherate im the Presence of Acetic dride.

A mixture of the epoxide (94; R =Ac, Ro=H) (0,002 mole, 6.41 g.) and acetic
anhydride (0,004 mole, 0.38 ml,), in dry benseme (30 ml.), was stirred and
treated with borontrifluoride diethyletherate (0,004 mole, 0,52 mle)s

Stirring was continued for a further 15 minutes and the solution was then
poured on to ice (50 ge)s Evaporation of the dried benzene layer gave a red
0il (0e31 g.) which, triturated with ether, yielded a solid (0,15 g.),
formulated as w -acetoxy-w —acetyl-o-nitrosoacetophenone (128; oAc for OH),
Repe 119-121° (from ethanol/light petrolemm), v ... 3760 and 1680 ons 'y nemer:
T =1e78-2,81 (multiplet, aromatic, 4H); 3.55 (einglet, CH, 1H); 7.70 (singlet,
methyl, 3H); 7«78 (singlet, methyl, 3H), mols wte 249 (mass spectrum).

(Found: C, 57e8; Hy 4ed; Ny 5eTe °1é“11‘°5 requires C, 57¢8; Hy, 4ed: Ny 5e6%)e
Concentration of the ethereal mother liquors gave an unidentified red gun.

Synthesis of N-Substituted _Z_,L-Bonsi.soxasoloneh

(a) o-Hydroxylaminobenzoic acid was prepared (yield 89%) by the method of
Bamberger and “yman, A4 and used in the next stage, without further purific-
ation.

2, I-Bensisonzolme]'64 (130) prepared py refluxing o~ hydroxylaminobenzoic
acid in dilute sulphuric acid for 40 scconds, was obtained as colourless
needlee (yield 69%) memn 108-110° (from benzene) (111’...164 112%), v Aoy

3050 and 1710 (broad) am.l

Warmed in scetyl chloride, it afforded the li-acetyl derivative o%
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as colourless needles, meps 116-117° (11t.,164 118°) (from ethanol), N s
1780’ 1760 and, 1700 m:l’ DeMeI: 7-109—208 (mtiplet, a-romatic' 45), 7.52
(einglet, CH3, 3H)e

li-Substituted-2,1-benzicoxagolones (125; R=Bz or Ac).

A mixture of 2,1-benzisoxazolone (130) (0.002 mole) and phenylglyoxal (0,002
mole), in water (3 ml.,), was stirred and heated z% 60° for 10 minutes. The

solid which quickly formed was filtered off, dried and crystallised,

N-(« -Hydroxyohemncyl ) —2,1l-benzisoxazolone (125. R=Bz) formed pale yellow

prisme (yield 80%4), mepe 125-128° (from benzene), identical (mixed m.p. and

i.r, spectrum) with a sample obtained as described above,

N-(« -hydroxyacetonyl )-2,1-benzisoxazolone (1253 R=Ac)y formed colourless

needles (yield 56%), m.pe 130-132° (from benzene), 0 oy, 470y 1755, 1520
and 1610 cmsl, Beuer: T =2,06-2.79 (multiplet, aromatic, 4H)g 4.40 (singlet,
CH, 1H)s 5.99 (broad singlet, OH, 1H)s 7.44 (singlet, Me, 3H). (Found: C, 57.T;
Hy 4.83 N, 6.8, C)ofgH0, requires C, 58.05 Hy 4.45 Ny 6.8%).

The benzisoxzzolone (1253 R=Ac) dissolved in cold 10% v/v aqueous
sodiun hydroxide and reacidified with 2N aqueous sulphuric acid, gave
2,1-benzisoxazolone (130) identified by its m.p. 109-111° (11.,2%4 112°)

snd i,r, spectrum with an authentic sample.

(b) A solution of 2,l-benzisoxazolone (130) (0.17 g.) and phenylglyoxal

(0sl go) in dry benzene (20 ml,) was cooled and treated dropwise, with
stirring, with stannic chloride (0.21 ml. ). Tar formed, and after 15 minutes
the mixture was poured onto ice (10 g.)s The separated organic layer,

dried and evaporated under reduced pressure, yielded a brown gum (0.1 g.),

which gave a solid (0,05 g.) in contact with bengzene. The i.r, spectirum
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showed this to be a mixture of N-(o(~hydroxyphenacyl)-2,l-benzisoxazolone
(1253 R=Bz) and N-phenylglyoxyloylanthranilic acid (126; n=Bz)., Separation
was achieved by ahak:l.ng with chloroform and aqueous sodiun bicarbonate, The
chloroforn layer was dried and evaporated, affording the benzisoxazolone
(1253 R=Bgz) (0,03 g.)y mepe 125°, i.r. specirum identical with that of a
eample prepared above., ‘he aqueous layer was acidified and extracted with
chloroform, Evaporation of the dried extract gave the N-acylanthranilic
acid (1263 #=Bz) (0.015 gs )y mepe 195°, i.r. spectrum identical with that
of a sanple prepared above.
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neactions of Substituted o-Nitrophenylethylene Oxides with Acetic Acid and

Formic Acid.

1-Bensoyl-2-o-ni trophenylethylene oxide and glacial acetic acid.

The. epoxide (943 =Bz, 32-3) (245 g.) was refluxed in glacial acetic acid
(50 ml.) for 2 hours. The solution was concentrated under reduced pressure,
and the residue treated with water and chloroform. Evaporation of the washed
(csodiu: bicarbonate) and dried chlorofor: extract gave a semi-solid (1.3 g.)
vhich was dissolved in benzene and diluted with petrol, yielding 1,4-dihydro-
3-hydroxy-4-oxo-2-phenylquinoline (993 R=Fh, X=H), as colourless necdles
(0615 ge )y MeDe 265-270° (from methanol), i.re spectrum identical with that
of an authentic saaple, prepared as above. 'he benzene/petrol mother liqnore,'
on evaporation, yielded a dark gun (0.8 g.), which was not identified.
‘Acidification of the bicarbonate exiract with 2N aqueous sulvhuriec
acid gave an oil, which was extracted into chloroformn. The dried chlorofornm
extract, concentratied under reduced pressure, afforded a red gun (1.2 g+ )
which gave a red solid (0,24 g.) when triturated with nethanol. Crystallised,
the solid foried red plateleis, LeDe 214—218° (do_comp.) (from agueous ethanol),
o . 1725, 1690 and 1080 eusl (Pound: Cy 63.8y Hy 4.0 Ny 11.27). Thie
saterial was not ideniified, Evaporation of the methanol rother liquors
afforded a red gun from which hot light petroleun exiracted benzoic acid (d. 25 g )

fepe 116%, d.rs spectrun identicel with that of an autheniic sauple.

1-Benzoyl-2-o-ni trophenyle thylene oxide and foruic acid,

The epoxide (945 Ri=Bz, R°=H) (2.69 g.) was refluxed in 98% fornic acid (30 nl.)
for 45 minutes, Excess foruic acid was then removed under reduced pressure,
leaving a black residue, which was dissolved in chloroform, chaken first with

water, and then with saturated aqueous codium bicarbonate. Evaporation of
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the dried chloroform layer afforded a dark tar (1.1 g.). 7Thin layer chrom-
atography on silica, on elution with benzene or ether indicaied the presence
of at least three products., Attempted separation by chromatography on alum-
ina was unsuccessful, The sodium bicarbonate layer was acidified with 2N
aqueous sulphuric acid, and extracted with chloroform. Evaporation of the
dried exiract yielded a black oil (l.1 g.) which solidified when triturated
with petrol. The rolid was collected and crystallised iwice from agueous
ethanol, to yield N-phenylglyoxyloylanthranilic acid (126; R=Bz) as off
vwhite needles (0s4 g )y meps 190-192%, i.r. spectrum identical with that of
a sample prepared previously., Evaporation of the petrol mother liquors
afforded bengzoic acid (0e1l g.), mepe 114-116%, i.r. spectrum identical with

that of an authentic s=aaple,
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Base-catalysed Transformations of NN-Disubstituted o-Nitrobenzamides

By T. W. M. Spence and G. TENNANT*
(Chemistry Department, The University, West Mains Road, Edinburgh 9)

IN the formation' of 2-alkoxy-1-hydroxyquinazolones by
base-catalysed cyclisation of N-cyanomethyl-o-nitroben-
zamide (I; R! = R? = H), interaction of the nitro-group
with the side-chain cannot be preceded by isomerisation to
an aci-nitro-tautomer? Cyclisation reactions of this
type?? provide strong evidence for the ability of the intact
nitro-group to function as the electrophile in aldol-type
condensations. Further support for this contention has
now been obtained from a study of the base-catalysed
reactions of a series of NN-disubstituted-o-nitrobenzamides
(D).

Treatment of the amides (I; R! = Me, CH,Ph, or Ph,
R? = H) with a variety of basic catalysts (ethanolic sodium
ethoxide; aqueous sodium hydroxide; piperidine) afforded
consistently high yields of products subsequently identified

as the 1-hydroxyquinazolinediones (IV; R = Me, CH,Ph, or
Ph). These potentially tautomeric heterocycles are pre-
sumably derived from an initially formed cyanoquinazoline
1-oxide (II; R* = Me, CH,Ph, or Ph, R* = CN) by conver-
sion into, and loss of hydrogen cyanide from, an adduct
(ITI; R? =CN).! The higher yields of cyclised products
obtained from the amides (I; R!* = Me, CH,Ph, or Ph,
R?* = H) compared! with the parent compound (I; R* =
R? = H) may be attributed to the enhanced acidity of the
methylene group in the former, and to the absence of side
reactions stemming from the presence in the side-chain of a
competing nucleophilic centre (i.e. -N-H).

In contrast, the methyl-substituted amides (I; R! =
CH,Ph or Ph, R? = Me) warmed with sodium ethoxide in
ethanol afforded the indazolone derivatives (V; R = CH,Ph
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or Ph). Since under similar conditions the amide (I; R! =
H, R? = Me) is converted into the oxide (II; R = H, R*=Me),
indazolone formation in these reactions is compatible with a
course involving the initial formation of the quinazoline 1-
oxides (II; R = CH,Ph or Ph, R?* = Me), followed by ring
opening of the derived hydrates (III; R* = CH,Ph or Ph,
R? = Me), and cyclisation of the resulting N-acetylhydroxy-
lamines (VIII; R* = CH,Ph or Ph, R? = Ac) or the corre-
spondmg hydroxylamino-amides (VIII; R* = CH,Ph or Ph,
= H). The presence of hydroxylamino-intermediates in
these reactions may be inferred from the formation of a
mixture of the indazolone (V; R = Ph) and the azo-
compound (VI) when the amide (I; R! = Ph, R? = Me) was
warmed with sodium carbonate in aqueous ethanol. On the
other hand the conversion of the amide (I; R* = CH,Ph,
R2? = Me) under similar conditions into a mixture of the
azoxy-compound (VII) and the hydrazone (XI), requires the
additional presence of the nitrosoamide (IX) readily
produced by mild oxidation* of the hydroxylamine (VIII;
= CH,Ph, R* = H) in the alkaline medium. Moreover
ring opening of a 1-hydroxyindazolone (X) derivable from
the nitrosoamide (IX) by cyclisation, is a plausible course for
the formation of the hydrazone (XI). Such a course finds
analogy in the known?®® base-catalysed ring scission of
1-hydroxyindolinones and is further substantiated by the
conversion of the readily accessible o-nitrosobenzanilide®
in warm aqueous ethanolic sodium carbonate into azo-
benzene 2-carboxylic acid. Attempts to isolate the inter-
mediate 1-hydroxyindazolones from reactions of this type
have so far been unsuccessful.
We thank the S.R.C. for a research Studentship (to
T.W.MS.)).
(Received, December 12th, 1968; Com. 1699.)



