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ABSTRACT

This thesis reports a study of the preparation and oxidation of
a range of heterocyclic N-amino compounds. A review of M-aminating
agents is given in the Introduction.

1,2,M--Triazin-3(2H) -ones gave imidazolin-2-ones when treated
with hydroxylamine-O-sulfonic acid or 07 (2,4-dinitrophenyl)hydroxyl-
amine, probably via N-amino intermediates. However, chloramine
gave 1,2,3-triazoles by acting as an oxidising rather than an
aminating agent. These reactions were extended to cinnolin-3(2H) -
one where the 2-amino derivative could be isolated. Pyrolysis and
oxidation of 2-aminocinnolin-3(2H)-one both lead to new rearrangements.

l1-Aminoquinoxalin-2 (1H) -one, prepared by amination of quinoxalin-
2 (1H) -one, gave benzo-1,2,U-triazine when oxidised by lead tetra-
acetate, as well as products derived by interception of the N-nitrene
intermediates.

Four 3-substituted l-aminooxindoles were prepared by direct
amination and by reduction of cinnolin-3(2H)-ones and their different
oxidative decompositions determined. The oxidation of N-amino-
acetanilide was investigated for comparison.

1-Amino-3-substituted benzimidazolin-2 (1H)-ones were similarly
studied; the corresponding tetrazenes and deaminated compounds
were formed on oxidation and the N-nitrene intermediates could be
intercepted with olefins or dimethyl sulfoxide. The unsubstituted
l-am.inobenzimidazolin-2 (1H) -one gave l-acetylbenzotriazole, however,
probably via benzo-1,2,4-triazin-3(2H) -one.

The decomposition of benzotriazole-l-carboxamide was briefly
investigated.

This work illustrates the diverse reactions of amino-nitrenes;
generated by dehydrogenation of 1,1-disubstituted hydrazines, which
include deamination, dimérisation, intramolecular rearrangement and the

formation of aziridines with olefins.
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INTRODUCTION

This IQtroduction is ah aftempt to review éritically the
methods of direct amination of amines to hydrézines. Four
aminating agents have been used for this purpose. Chloramine
and hydrokylamine-O-sulfonic acid (HOS) have been known and used
extensively since 1907 and 1914 respectively, while O-mesitoyl-
hydroxylamine and 9;(2,u-dinitrophenyl)hydroxylamine are of
recent introduction. No comprehensive review of chloramine has
been published although reviews! concerning specific aspects of the
chemistry of chloramine, for example, the Raschig? synthesis of
hydrazine, have‘appeared. No reviews of the other aminating agents
have been published, and therefore a comprehensive review of the

synthetic value of this reaction is presented in this Introduction.

1. CHLORAMINE

a) Preparation and hydrolysis

Chloramine was first prepared by Raschig? in 1907 by the

reaction of ammonia with sodium hypochlorite in dilute aqueous basic

solution at 0°.

NH3; + NaOCl + NH,Cl + NaOH

The process was modifiéd slightlyla’3’4 by Qsiﬁg three equivalents
of ammonia to one of hypochlorite whgn nearly quantitative yields
of chloramine were obtéined. The addition of ammonium chloride
suppressed the formation of sodium hydroxide which decomposed the

chloramine, S



NHyCL + NaOCl —>25% NH,Cl + NaCl + H,0

Kinetic studies® showed that chloramine was formed by an Sy2
mechanism. The reaction was base catalysed, the pH of the solution
being critical.® Chlor;mine is formed above pH 8.5, dichloramine
between pH 4.4 and 8.5 and nitrogen trichloride below pH 4,4,
Aqueous solutions of chloramine (12%) free from impurities can
be obtained by the wacuum distillation of dilute aqueous solutions
prepared by the reaction'of ammonia and hypochlorite.”’ Dehydration

of the aqueous distillate with potassium carbonate gave pure anhydrous

chloramine,® m.p.-60°, which decomposed explosively at -50°,

" Anhydrous ethereal chloramine solutions can be obtained by extraction

of aqueous solutions and drying the organic layer with calcium
chloride;s’lc The distribution coefficient® between ether and water
is almost one. Anhydrous chloramine (95%) can élso be prepared by the
gas-phase chlorination of ammonia® and by the reaction of either gaseous
chlorine or of a solution in carbon tetrachloride with liquid ammonia.9aslo
Excess of ammonia was required to prevent further chlorination and the
chlorine was usually diluted with nitrogen. Solid ammonium chloride was
easily separated and excess of ammonia can be removed by the extraction
of chloramine into a solvent. t-Butylhypochloride,ll nitryl
chloride (NO,C1),!2 ahd N-chlorosuccinimidel3 have also been used to
prepare chloramine by reaction with ammonia. Hydrolysis of N,N'-
dichloroureal® and potassiuﬁ N-chloroaminosulfonate (ClNstO3K)15 are
also reported to yield chloramine.

Bond lengths and angles of gaseous chloramine were determined by use.
of_inf'rared'spectroscopy?6 Chloramine absorbs at 243 nm, €= 458
and this has been used for its quantitative estimation.l!? There is

good agreement with results obtained by iedimetric determination except



in the présence of peroxynitrite ions, formed by the alkaline decomposition
of chloramine in ox_ygen.18 (See later). |
Aqueous’ solutions of chloramine are reasonably stable when made
slightly basic with ammoﬂia but decompoée rapidly in acidic¢ solutions®s!9
via dichloramine and nitrogen trichloride to give ammonium chloride,
nitrogen and hydrochloric acid which further éétélyses the decomposition.
Treatment with concentrated hydrochloric acid gives chlorine and
ammoniuﬁ chloride.® The aecompositibn of chloramine in basic media
is very complex and much early work has been shown to be incorrect.
A comprehensive investigationl82 of the hydrolysis of chloramine in
alkaline solutions from pH 11.55 to 12 molar NOH (M = Na or K) found
large rate increases abov; pH 14. The products identified were
N2, N2O, NpHy, N202~, 0=NO-0  and NH20H, nitrogen and nitrous oxide
being the major products. No chlorate, azide, or hydrogen was
detected although they had previously been reported by Raschig2 and
Marckwald.® Hydroxylamirie was shown to be a primary product by the
use of Nislabelled chloramine showing the original work of Riley20
fo be inaccurate. Hydroxylamine had originally been postulated by
'McCoyZI in order to explain the formation of small amounts-of cyclo-
hexanone oxime when the h&drolisisﬁwas carried out in the presence of ‘
cyclohexanone. Anbar and Yégillea used a similar technique with |
diacetylmonoxime but showed that the rate of formation of the dioxime
was twenty times greater than the rate of hydrolysis under the same
"conditions. Thus the formation of oximes from ketones and chloramine
does not imply the presence of hydro*ylaminé as an intermediate. The
formation of peroxynitrité ions in the presence of oxygeﬁ was taken as

additional supporting evidence for the formation of hydroxylamine.



No evidence for the formation of hypochlorite, as had ériginally
been suggesteds,b could be found, and also the addition of ammonia caused
an increase rather than a decrease in rate of disappearance of
chloramine.

NH,Cl + OH™ =2 NH3 + o1

The rate enhancement on adding ammonia to the solution eliminates the

possible decomposition sequence:

OH'+ NH,CL =2 NHCI™+ HpO (fast)
NHC1™ —> :NH + C1” (slow)
:NH + H,0 —> NH,OH | (fast)
and/or :NH + NHj . —> NH,.NH, (fast)

as the rate of hydrazine-formation should then only depend on the rate
of chloramine decompositioﬂ. No isotopic exchange between chloramine and
chloride was found hence excluding the possible reaction sequence ¢

+ -
NH,C1 —> NH; + Cl
N, + o —— MNH,OH

Proton abstraction was not involved in the rate determining stage as shown by

a negligible deuterium isotope effect but a fast pre-equilibrium reaction was

_NH,Cl + OH T——= NHC1™ + H,0
confirmed by the use of tritium labelled water.
Two possible mechanisms based on the above evidence are feasible and it

seems reasonable to suggest that both occur depending on the pH of the

solution.
A OH + NHp - CL —> HONHp + C1” Sy2
[
B OH + NHp, - C1 ==NHC1 + H,0 (fast)

HpO + NHC1™  —3NH,OH + C1”  (slow)



LeNoble22 méaéured the volume of activation of the hydrolysis of
chloramine and the methyl chloramines in lEISOdium hydrokide and
concluded that his results substantiated the bimolecular displacements
‘ppoposed by Anbar and Yagil.

- The formation of nitrous oxide and nitrogen was expained by the
reaction of chloramine with hydroxylamine although no mechanism was
suggested. Schmitz?3 has shown that chloramine and alkali in the
presence of olefins produce the saturated hydrocarbon. The initial
product is diimide which reacts with the olefin as shown. In the
absence of an olefin, !disproportionation to nitrogen and hydrazine
occurred. |

HO.NH, + NH,Cl ——+ NH,-NH-OH —— H-N=N-H #+ H,0

NN N=N o N =R
HT (B — gy _ ("=
Sl e N=N H o N=NyH
Sl | A 2N

b) Reaction with ammonia

Chloramine was first used’ as an aminating agent by Raschi_g2
who prepared hydrazine by the reaction of aqueous chloramine and
ammonia. The mechanism of this reaction was the subject of much debate,
and many papers have been published providing conflicting evidence.
Raschig origihally proposed the initial decomposition of chloramine to
form imene (NH) or nitrene, followed by attack on ammonia to give
hdeazine. Audrieth et al, 11,13 suggested that the cohjugate base
(NHC1) either decémﬁosed to give imene or alternatively attacked

ammonia directly.



' - . (1] -
NHC1 3> tNH + Cl .
NH + NHy ———> NpH,

or NHCI + NH3—— NpHy + C1~

Bodenstein?" proposed that direct substitution occufred as he found
the reaction to be first order in both reactaﬁts (at pH~ll). These
results were confirmed by Cahn and Powell?S who also showed that
chloramine reacted much faster with hydrazine than with ammonia.
Sisler?® and Audrieth2?’showed that an added base was not essential
for the formation ‘of hydrazine and obtained high yields (80%) by
passing gaseous chloramine into cold solution of aqueous ammonia.
Chlorine, diluted with nitrogen, with aqueous ammonia also gave
hydrazine (18%).
Anbar and Yagil?® studied the formation of hydrazine under a
. variety of conditions and theiﬁ results are .summarised below:
(1) The reaction is first order in both chloramine and ammonia,
(ii) Maximum yields of hydrazine were obtained when low concentrations
of chloramine and high concentrations of ammonia were used, and
when the concentration of base was between 0.2 and 0.5 M.
(iii) sSide reactions of chloramine with hydrazine are significant
between pH 10.15 and 11.00 and lower the yield of hydrazine.
(iv) The reaction is indépendénf of base.between pH 11 and 14,
(v) Above pH 14 the reaction is base catalysed but the yield of
. hydrazine falls due to competing hydrolysis of chloramine.
However, for a given pH the rate of reaction to give hydrazine
was still faster than the rate of hydrolysis.
-(vi) Addition of sodium chloride, gelatin or oxygen to the pure
| reaction mixture ﬁad negligible effects on the rate of reaction.
'(?ii) Rates of reaction in D20 were slightly greater although yields

of hydrazine decreased.



7

They therefore concluded that two mechanisms were in operation.
A base-independent path between pH 10 and 1lu:
+ .
NH3 + NH,Cl —————> NH3NH, + C1~ (slow)

NH3NH3 + OH® — NyHy + Hy0 (fast)

and a base-catalysed path involving attack of ammonia on the

chloramide ion:

NH,Cl + OH ======= NHC1 + H,0 (fast)
- + - -

NH3 + NHC1 ———> NH3NH + Cl (slow)

+ - .

NH3.NH —> NoH, (fast)

The alternative mechanism:

NH + OH® ——————3 NH, + H,0 (fast)

NH; + NH,Cl ———>- NaH, + c1 (slow)

was discounted because trimethylamine also showed a similar base-
catalysed reaction with chloramine. The validity of this assumption- is
discussed on page S.

The possible formation of imeng & the rate determining step
followed by a fast reaétion with ammonia was excluded because this
would render a rate expression zero order in amﬁonia. A fast pre-

- equilibrium NHC1 =2:NH + C1~ with a slow imene reaétion with ammonia
was excluded because no isotopic exchange between chloride ions and
ammonia takes place and addition of chloride ions has no retarding effect
on the rate of reaction. |

Hydrazine (33%) was prepaped by the amination of excess of liquid
. ammonia at -78° using gaseous chloramine,%® By varying the témperature

and ratio of ammonia to chloramine yields greater than 80% were obtained.2?



Further studiesiby Sisler3? indicated that the hydrazine was formed
by an SN2 mechanism.

The low yiélds of hydrazine obtained wheé high concenfrations
‘of chloramine were used was explained by further reaction to forh
the triazane which then decomposed.ﬁy a free radical mechanism to
nitrogen and ammonia. The mechanism suggested was purely speculative
however and not substantiated in any way. Sisler®! later showed |
that hydrazine reacted with ammonia-free ethereal chloramine . to give
hydrazinium chloride, ammonium chloride and nitrogen. Reaction at
-50° indicated that triazanium chloride [HZN.ﬁHZNHZJ Cl™ was
initially formed and underwent subsequent decomposition on warming
to room tempterature. The alternative amination mechanism whereby
chloramide ions are initially formed was suggested by Jander.l?
He found that addition of potassium amide to the liquid ammonia
improved the yield of hydrazine by increasing the amount of NHC1
in solution. Sisler3? and Hauser33 however found that chloramine in
liquid ammonia with potassium amide did not give any appreciable
amount of hydrazine and thié mechanism must be discounted. As well as
water and liquid ammonia, 2-ethoxyethanol and ethanol have also been
used as solvents in the preparation of hydrazine,lalthough yields

were rather lower.262: ‘Ether was also tried but failed to give any

hydrazine.26%:3% (See later).

c) . N-Amination of amines.

Raschig29 first used chloramine as an aminating agent. obtaining
phenylhydraziné from aniline, and in 1915 Forster33 isolated
N-aminopiperidine as its benzaldehyde derivative by treating piperidine
with aqueous chloramine., Audrieth and Diamond,3® apparently unaware

of this earlier work independently rediscovered the aminating potentiak



of cﬁloraminé‘in 1954 and extended the reaction to a wide range of
primary and secondary amines. Anbar and Yagil?® studied the kinetics
of-the reaction of primary, secondary and tertiary amines wifh
aqueous chloramine and found the reaction to be first order in both amine
and chloramine in a base-independent and base-catalysed reaction. The
ﬁechanisms suggeSted were analogous to the reaction of chloramine with
aqueous ammonia.
The alternative base-catalysed methanism:
OH™ + RyNH —————> RoN +H,0 , (fast)

RoN™ + NHpCl——> RyN.NHp + C1~ (slow)

was discounted because trimethylamine gave similar kinetic results to
methylamine and.dimethylamine. However, although it was shown that a
reaction occurred between trimethylamine and cﬁloramine the products
were never isolated and the possibility of an alternative reaction
occurring other thaA direct amination, howéver unlikely, must still

~ be considered. It is of interest to note that l-alkyl-4-amino-
piperidines (1) when treated with aqueous chloramine3’ at 0° gave the
corresponding l-alkyl-4-hydrazinopiperidine (2) rather than (3) and

~ yet the rate of reaction of amines with aqueous chloramine was in the

order Me3N > Mes;NH > MeNH, > NHj.

NHy NHNHy - NHp

+ -
N N Cl
R R’ “NH,
(1) (2) (3)

Anhydrous chloramine reacts with tertiary amines to give the

1,1,1-trialkylhydrazinium chlorides.38 (See later).
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The kinetic results by‘Anbar and Yagil?® were extensions of the
more empirical cbservations made by Audrieth ana cé-workers.36’39’“
They found that primary amines gave the correspondiﬁg hydrazines in-
jields of 52-75%; the nature of the alkyl group had very little effect
and even amines containing other functional groués such as ethanolamine,
ethylenediaming, and ailylaming gave good yields of hydrazines. Glycine
however could not be aminated. The method has been extended to prepare
a wide range of 1,l-substituted hydrazines on an industrial scale37af°
Anbar and Yagil?8 extended their studies to the reaction of
N-alkylchloramines with ammonia. Their results showed only limited
reproducibility which they attributed to coﬁpeting secondar& reactions
and no hydrazines were ever isolated. Jander“{'demonstrated that
N-methyl and N-ethylchloramine undergo preferential hydrolysis to the
corresponding aldehydes even in the_presence of a large excess of the

amine.

RCHpNH, + OCL  ——> RCH,NHCL + OH~
OH™ + RCHpNH-Cl —>RCH=NH + H,0 + C1~
RCH=N-H + H»0 —>RCHO + NH3

RCH,NHC1 + RCH,NH, —//—>RCH,NH.NHCH,R + HC1

However, when 1,3-diaminopropane and l,4-diaminobutane were treated
with aqueous alkaline hypochlorite some of the corresponding 1,1'-

cyclichydrazine was obtained.

- NH
HyNECHp ) NH, €L+ (cHy, )n< |
NH

OH™

(ns3,4)

It appears that the mechanism suggested by Jander is incorrect as the
intermediate nitrene (4) when generated from the corresponding azide"?

~gave. none of the cyclichydrazine.
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oc1” OH™
RNH, ———=> RNHC1 cyclichydrazines

OH — ,
\iﬂLﬁ‘R.N:”qﬁ/" '
A | |
R.N3 / (”)\ [H2»§(CH2)n—_lcu=NH]

polymer
R = HzN(CHz)ﬁ

Sisler32>%3 found that primary and secondary amines formed the
corresponding hydrazine when the liquid amine was treated with gaseous
chloramine in excess of ammonia over a range of temperatures. Although
the competing reaction of hydrazine formation occurred, better yields
were obtained with ammonia present, since ammonium chloride rather than
the amine hydrochloride was then precipitated. Under similar conditions
~ pure aniline** gave phenylhydrazine (u46%) at room.témperature.
Recent studies with ethereal chioramine at Leicester*> indicated that
;ittle or ﬁo phenyl hydrazine was obtained but azobenzene was formed in
good yield. V

When diethylamine32 was treated in an analogous manner none of
the expected 1l,l1-diethylhydrazine was obtained, and the products were
ethylhydrazine, ammonium chloride and diethylamine hydrochloride.
Aqueous chloramine gives the expected product however." No explanation
for this very unusual reaction was offered.

Sisler32 found that an increase in theiinitial concentration
of chloramine lowered the yields of the substituted hydrazines
. obtained. He postulated attack of the hydrazines by chloramine in a
'manner analogous to that previously discussed for hydrazine itself.
To test this theory he treated 1,l-disubstituted h&drazines with
46

~ gaseous chloramine and chloramine-ammonia mixtures in benzene

or ether3!,%7 and obtained the corresponding 2,2-dialkyltriazanium
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chlorides (40-60%). -

+ -
RaN.NH» + C1NHp =3 [HsN.RoN.NHp]C1
Ez}-NRZ + CINHj

These interesting compounds could also be obtained by treating a
benzene soiution of 2-dialkylaﬁino-l,3,2-dioxophospholane with gaseoué
chloramine and ammonia. In his latest papex:‘,"8 Sisler has shown that
tﬁey can be preﬁaredvdirectly from secondary amines by treatment with
exéess chloramine and ammonia. Substituted hydrazines are not attacked
to any appreciable extent by excess of aqueous chloramine3;28 any
unstable triazane formed would presumably Se hydrolysed back to the
h&drazine.

Kinétic studies were attempted by'Happef“9fbr the reaction of
chloramine with primary and secondary amines in liquid ammonia. The
reaction Qas complicated by the formation of hydrazine from chloramine
reacting directly with the liquid ammonia and by the subsequent reaction
of chloramine with hydrazine and possibly the substituted hydraiines
‘also. It was shown, however, that at -50° the relative rates of

reaction of chloramine with various amines were

n-ProNH  (460) : n-Pr.NH, (140) : NHj3 (l)

Comparison with tri-Erpropylamine could not be made due to its
insolubility in liquid ammonia. Substituting H-butyl for n-propyl-
_caused only a slight decrease in the rates.

As previously mentioned trialkylamines can be aminated to
1,1,1-trisubstitutedhydrazinium chlorides using anhydrous chloraminé.
. Sisler38,9° passed gaseous chloramine and ammonia mixtures through
the liquid amine over a wide range of temperatures and isolated

the salts in 65-99% yield based on chloramine.
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R3N + NH2Cl ——y [R3NNH, 1C1

Mixed alkyl-aryl tertiary amines could also be used,but aromatic

bases such as pyridine and 2-methylpyridine gave none of the

<
R NHo

(5) (6)

expected producge(S) [R=H and Mel.

NeRate

|+c1

However, small amounts of 2-aminopyridine (6) [R=H] could be

isolated from the reaction of chloramine and pyridine,and quinoline

gave a mixture of 2-aminoquinoline and its hydrochloride in ai

combined yield of 40%., Caffeine and theobromine are also reported

to react similarly and give low yields of the (8)-(3»amino derivétives.so
Braude and Cogliano®! have studied the rate of reaction of |

chloramine in several organic solvents. The reactions as expected were

' all second order and the rates of reaction increased with increasing

polarity of the solvent and decreased with increase in size of the

alkyl substituent. It was interesting to note that the reaction in

ether was b} far the slowest, as ethereal chloramine, stabilised by

0.1 M ammonia, shows only 1.2% decompositién after standing for

several weeks at room temperature. This demonstrates the failure of

ammonia26®,3% and metﬁylamine35 to react with chloramine in dry eth;r.
A benzene solution of triethylenediamine feact; with gaseous

chloramine at room temperature to give the monohydrazinium chloride."“*

N-Amination did not occur at both nitrogens due to precipitation of the

mono-aminated product. The synthetic usefulness of this reaction has

been exploited in many patent552 and extended to include the amination of
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e,h,m alkaloids,52j

tertiary amines containing functional groups,S52
and bridge-head nitrogen compounds5.21’l either by reaction with the

liquid amine or by reaction in a suitable solvent.

d) Miscellaneous N-aminations

Very few examples of compoﬁnds, other than amineé, have been
reported ‘to undergo N-amination with chloramine. Nicken and Hillss
attempted to aminate the tosyl derivative of l-naphthylamine in aqueous
alkali and found that at 0° no reaction occurred but on heating to
reflux small amounts of naphthalene could be obtained. The N-

:amino compound (7) was postulated as the intermediate that underwent
hydrolysis in the strongly basic solution to give naphthalene. Carpino®*
confirmed this postulate by isolating similar N-amino compounds under

anhydrous conditions and showing that they decomposed in base to the

:hydrocarbon.
NHo _
Ar.NH.Tos CINHZA*;[Ar.k-—Tos]-—iﬁi———éArH
(7

Ar = l-naphthyl

Several amides have been N-aminated and Sisler*3 has also
reported the N-amination of imines and imides as well as amides.
Hoegerle>> treated various pyridin-2-ones with a basic solution of
aqueous chloramine and obtained reasonable yields of the corresponding
N-amino compounds.

Quinolin-2-one gave only 7% of N-aminocarboétyril by this method
however and Whitmann>® was unable to reproduce this result. Other
procedures have involved the treatment of the sodium salt of the amine
‘ derivative with ethereal chloramine in an inert solvent (see Table 1).

1,4-Benzodiazepin-2-ones>7(8) (X=H) when aminated with chloramine using
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this technique gave indazoles (9) as well as the N-amino comﬁound
(8) (X=NH,).  The mechanism of this reaction as well as the mechanism
of the triazinone (10) to triazole (11) rearrangement58a will be

\ discussed in more detail later;

Ar
(8) : (9)
T
Z “NH r\}‘
\N/LO - IN/
(10) (11)

No satisfaétory explanation has been given for the anomalous results
shown by triazoles and triazines towards amination. Naphtho[l,8-de]
triazine3? when aminated with chloramine gave three N-amino compounds,

(12) (43%), (13) (1.7%) , and(14)(0.8%).

NHo
N At;v
NT SN-NHy N N-

X (13) x

n
X

(14) X = C1 '

(12)



(15) R = -CH.Me.0.Et (17) X
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4,5-Diphenyltriazole®0 gave only l-amino-u4,5-diphenyltriazole
!
(80%) and benzotriazole gave the ether®} (15), which was formed from
the intermediate l-chlorobenzotriazole (16) in a radical reaction with

the ether solvent.®52

N Ph—,—k-ph
W

R | }

"
x

Cl -

(16) R =-=Cl (18) X

Chloramine does not usually react as a chlorinating agent and

besides those already mentioned only two other examples have been

reported. The sodium salt of 3,u4-diphenyl-2-pyrazolin-5-one (17)
when treated with ethereal chloramine gave the u4-chloro derivative
(18) 582 and certain amino acids were reported to form the N-chloro

derivatives>8P although the products have only been identified

‘spectrOphotometrically.

e) Reactions other than N-aminations

Schiff bases react with chloramines to give diaziridines.
Schmitz53 treated 3,4-dihydroisoquinoline with aqueous methanolic
chloramine at room temperature and isolated the dimeric adduct (19).
He showed that the diaziridine (20) wés initially formed and when
methylchloramine was used, was able to isolate the substituted

diaziridine®* (21).
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Table 1

Miscellaneous EfAminations with Chloramine

Compound aminated method yield % reference
PhNHCOCH, 24 60-70 57
2-Pyridone 1 25 . 55
2 36 55
3-methyl 1 49 55
4-methyl 1 36 . 85
5-methyl 1l 39 55
6-methyl 1 - 40 55
4,6-dimethyl 1 20 55
tetraphenyl 2a 50 58
6-methyl-3,4,5-triphenyl 2a 12 58
Carbostyril® 1 7 55
56
Phenanthridone 2a 30 58
2,3-Diphenylquinolin-4-one 2a 18 ' 58
Ho o
X
*
=N
Ar
Ar R
Ph Cl (4-N-oxide) 2d 64 - 87
Ph NO, (4-N-oxide) 2d 20 57
0-Cl.CgHy C1 - 2¢ 78. 57
Ph NO5 2¢ 4y 57
4,5-Diphenyltriazole* 2b 80 60
Naphtho[1,8-deltriazine* 2 ys® 62

Methods: 1 = aqueous basic chloramine; 2 = sodium salt in ether
2a= with methylene chloride added; 2b = with benzene added;
2c = with THF added; 24 = with DMF added

% - See text for further details.

2 _ mixture of (12), (13) and (14)
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(19)
NH

(20)
The reaction was found to be quite general and applicable to
aliphatic Schiff bases derived from.aldehydes, ketones and cyclic
ketones.65,66  Reaction of the Schiff base under anhydrous conditions -
-with ethereal chloramine usually gave better yields of the diaziridines

although both technques could be used with equal results for alkyl

chloramlnes.65 67

~ RNHC1 ' N—R
RyRpC=N-R3 > R1R2C\| (22)
R=H, alkyl N —Rj

Mild acid hydrolysié of the diaziridine gave the corresponding carbonyl
compound and substituted hydrazine in excellent yields. This indirect
method of N-amination gave better yields than direct chloramine
~amination and side reactions were minimised. ‘1,2 -Disubstituted
hydrazines could readily be prepared by this method while most attempts
- to prepare them by direct amination with alkyl chloramines have so far
proved unsuccessful.“!

Abendroth and Henrich®® tried to prepare hydrazine by the gas
phase chlorination of ammonia and to trap any hydrazine formed with
acetone. Instead of obtaining acetone hydrazone, however, they
isolated the diaziridine (23). Paulsen®? cbtained the analogous
compound (24) USlng methylethylketone and later found that better
yields could be obtalned by passing gaseous chloramine and ammonia

mixtures (diluted with nitrogen) through the liquid ketone.’0

.
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Formaldehyde was found to react with a methanolic solution of
chloramine and ammonia to give the diaziridine (25),7! although
other aldehydes, including benzaldehyde, underwent further condensation

to form the triazolidines (26).72
P (23) Ry=Rp=Me
R3R,C
172 \,!H (24) Ry=Me, Rp=Et R H
25) Ry=Ry=H

(26)

Schmitz?3proposed the following mechanism for the formation of the

diaziridines although the evidence presented was based only on

’

R.NHC1 ciy—r
N~ gt [
RjRpC=N-R3 ———» RjR3~-C=N-R3 ——————(22)

analogies with other systems and alternative mechanisms such as the

one outlined below would appear to be just as feasible.

— (22)

Schmitz in his mechanism postulated that chloramine and alkylchloramines
reacted as nucleophiles although in most of the previous reactions

mentioned chloramine can be considered as acting as an electrophile.

Chloramine can act as a nucleophile, however, as Cross’" found that

formaldehyde and aqueous chloramine gave an N-chloro compound, the
structure of which was shown’> to be (27). They also found that

acetaldehyde gave the monomeric product (28) although they were unable -

(28)  R,=Me, Ry= H

R,R,C=N.C1 (28)  Ry= Ph, Ry= H

N
Cl (30) R,= R,= alkyl

cIN > Ncl
L
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to isolate it in the pure state. Forster3® showed that benzaldehyde

76 and co-workers

gave the similar product (29) but it was Hauser
who first isolated pure N-chloroaldimines by this method.
Audrieth!l used this technique to show that chloramine was formed
by the action of t-butylhypochlorite on ammonia. The N-chloroaldimines
were unstable to base and gavé the corresponding nitriles presumably-
by the mechanism shown.

RCHO —mm» RC=N[C)3. —~———p R.CN

e

Ketones have only béen treated with aqueous Eiiié chloramine
solutions!8?>2! and as previously mentioned oximes were isolated .

77  peact

possibly via the intermediate (30). Monoalkylchloramines
with aldehydes and ketones to form oxaziridines predominantly although
~ aldehydes also‘give amides by a competing side reaction.
o
|
RoC=0 + R’NHCl-—»RZC-?-R'-—aRZC-N—R'
C:él
P
. R.CHO + R'NHCl-—*R-C-NRngi-vRCONHR',
|- -
H |
Amides are also formed when chloramine reacts with ketenes.’®
The reason for the difference in behaviour of diphenylketene and

ketene is unknown.

NHp_Cl ’
Ph,C=C=0 ————> Ph,C.C1-CONH,

CHp=C=0 ~ ———» MeCONHC1
Diazonium chlorides and oximes were shown by Forster3> to give azides

and diazo compounds respectively when treated with aqueous chloramine

and these may be considered as N-amination reactions. The use of the
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. + - . .
ArN,Cl ———> ArN; (low yields)
* -
R.C=N-OH R.C=N=N
——ee}
R.C=0 R-C=0

latter reaction in synthesis has been demonstrated by several

groups of workers.’? Gassman®? has shown that, contrary to the
original findings of Carpino,®! the presence . of the a-carbonyl
group was not essential and simple ketones and aldehydes gave

diazo compounds when their oximes were treated with aqueous
chloramine. Benzaldehyde was found to give some benzonitrile also.‘
The mechanism postulated by Gassman is outlined below and involves
initial N-amination. An alternative mechanism, not considered by

several

RpC=N-OH + NHp-Cl—» RyC=N'-NH, RpC=N,

steps
OH
Gassman, based on similar arguments to those by Schmitz for the

reaction of chloramihe with Schiff bases, would give the following

reaction scheme.

R, C=N-OH N-OH
. it chj\ /

? AN
NH,C1 N-H

&h

RpC=N' =N 4 R,C=NN N {QH
The synthetic use of chloramine in organo nitfogen chemistry
has prompted extensive studies with the analogous phosphorus |
compéunds. Phosphine itself gave only a polymeric phosphorus
hydride, phenyl phosphine gave tetraphenyl phosphetane (PhP), and
diphenylphosphine gave tetraphenylbiphosphine (thP—Pth).82 This

was in striking contrast to the reaction of chloramine with ammonia
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and primary and secondary amines. The reaction with trisubstituted
phosphines, however, produced aminophosphonium chlorides (31) or
one of its condensation products, in direct comparison with

tertiary amines.83,%%

R3P + NH,Cl + [RyP.7NH,JC1™

| (31)
It is of interest to note that compounds of the type (32)8% and
'(33)85 containing é secondary or tertiary amine residue only aminate
bn the phosphorus atom. . Even when the éorresponding phosphine oxides
were used the nitrogen atom was still not aminated, and the compounds

were recovered unchanged.

RpPNHR ! ———— [R,P* .NHR" JC1™
(32) NH,
RpPNR'y ——s[R,PT.NR',IC1™

(33) NHj

- These reactions have been extended to two other members :of Grdup
V, arsenic®® and antimony®7 and also to silicon, germanium and
tin compounds.88 Dialkyl sulfides when treated with gaseous
chloramine in ether give aminosulfonium chlorides (34)8%92 and in

alcohols the sulfodiimides89P (35) and not (36) as was originally

thought.go
[RostNH,IC1 [RpSENH) 5] .HCL [R,S-NH-NH], .HC1
(34) (35) (36)

Mercaptans react with aqueous chloramine in basic solution to give
the S-amino compounds and the success of this reaction prompted
Long72 to try to apply it to alcohols. Cold benzene solutions

of the sodium salts of alcohols when treated with ethereal chloramine

in general gave no reaction, except for benzyl alcohol and 2-
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Phenoxyethanol which gave the O-substituted hydroxylamine (1-5%).
Theilacker?3 found that the reaction was quite general and reasonable
yields of the O-hydroxylamines could be obtained when the alcohol and
its sodium salt were treated with ethereal chloramine at 80°,

The reaction could not be extended to phenols, however,
as phenol and Qfsu§§tituted phénols gave o-aminophenols (37);

. R = a-pyridyl ref. 9la

R.SH—0 __, RSNH, ,
C1NH, a-piperidyl . ref. 9la

a-benzothiazoyl ref. 91b

Me,sN-CS- ref. 91c

2,6-di- and 2,4,6-tri-substituted phenols although originally
reported to give the O-aryl hydroxylamine (38)%% were fouhd on

re-examination to be 1,3-dihydro-2H-azepin-2-ones (38). 95

O Na* | OH ONHj,
——————) :
| 3 |

(R=alkyl, H) (37) (38)

RH o R oH HG _NH
= R R
| M oe—— | M e——
e —
R
(39)

Paquette showed that the product ratio was directly related to the

steric hindrance at each ortho site.2®
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If the phenol, as opﬁosed to the sodium salt, was trgétéd with
ethereal chloramine at 120-145° thenvproaucts derived by oxidative
coupling were obtained. Paquette97 postulated initial proton
transfer from the phenol to the chloramine followed by an unprecedented

redox reaction to give phenoxy and aminium radicals (40) and chloride

ions.

- * .
__C_J:M Cl1 + NH; + ArO——>dimers

(40)

ArOH

As well as the aminium radical (40), two othef unusuaiy
reactive intermediates have been postulated to account for some
of the reactions of chloramine: Jander®® photolysed solid chloramine
at -190° and obtained a blue compound formulated as (NH)n which
decomposed at -150° to give ammonium azide. Pyrolysis of chloramine
at 500° in the presence of carbon monoxide gave hydrogen cyanate
and in both cases imene (NH) was postulated as the intermediate.
Ogatawa®? photolysed chloramine in the preseﬁce of cyclohexene
and rationalised his products as arising from the intermediate.amine
radical (NH,), with imene also being formed in a secondary process.
Chloramine also reacts with organo boranes!?? and with

Grignard reagents !0lto give the corresponding primary amines.
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2. HYDROXYLAMINE-O-SULFONIC ACID (HOS)

a) Preparation and hydrolysis

HOS was first prépared in 1914 by Sommer et al.l02 by the
reaction of hydroxyammonium sulfate with chlorosulfonic acid'at 100°,
The method was modified sligﬁtly by the use éf 6leum instead of
chlorosulfonic acid.193s10% Other methods of preparatién involve
the reaction of sulfur trioxide with hydroxylamine!?5 or nitromethane,196
the hydrolysis of hydroxylaminetrisulfonic acid!97 and the reaction
of sodium azide with fuming sulfuric acid.108

Numerous different names and structures have been proposed for
Hos. 109 I.rnoand p.m.rj"studies suggested that in the solid state
HOS is best represented as the zﬁifterion, NH3'0503. Diazomethane
gave a trimethyl adduct identical to that prepared by the reaction

between trimethylamine-N-oxide and sulfur trioxide.190?

SO3 + Me3N'—0"—» MesN1-0-503 «— CH,N, + NH—0-503

HOS is unstable in aqueous solution and hydrolyses to hydroxylamine
and sulfate ions.!02 Sommer showed that addition of base to aqueous
soiutionsvof HOS caused rapid decomposition with formatien of nitrogen
and ammonia. Traces of hydrazine and hydrogen azide Werelalso said
to have been detected. The acid hydrolysis of HOS has been studied!12,108
and the conclusions reached were that fwo'concurrent reactions were
océuring; an acid independent hydrolysis of the anion of HOS and an
- acid catalysed hydrolysis of the free acid, Bofh résulting in fission
of thé S-0 bond.llzc. The mechanism of hydrolysis is unknown, however,

as is the precise nature of HOS in solution.



26

The basic hydpolysis of HOS has not yet been studied kinetically.
Empirical observations!92 showed that nitrogen and ammonia were formed
and Audriethllzb showed that in weakly acid solutions decomposition
as well as hydrolysis occurred. Chand1in!12® showed that in basic
solution N-O bond fission occurred. It was not until 1961, that
Appelll3 and Schmitz?3 showed that diimide was the intermediate
in the basic hydrolysis of HOS by its ability to reduce various
olefins and acetylenes. Thus, phenylpropiolic acid gave cis-

cinnamic acid as well as some 3-phenylpropionic acid.

Ph-C=C-CO,H P COzH excess -
A S — l'\C=C/ PhCH,CH,CO5H
HJ. o~ H H=" , H HOS
(Ko +
N=N

 Appelll" suggested that iméne was the intermediate leading to

~diimide and postulated its formation as shown.

HZN.O.803- ) SN HN=—0S03 ——— HN: + S042~

:NH + HNZ-0S03 ——> HN~NH-0SO3 —> HN=NH + S0,2"

Imene cannot be fbrmed by a reversible feaction with HOS, as

fadiocactive sulfur is not incorporated into HOS when partially

hydrolysed in a basic solution containing active sulfate.”3 If it

was fofmed by an irreversible reaction then, assuming that the reaction
with the substrate was fast, the rate of reaction would depend only on

the rate of formation of imene,’3 The reaction of HOS with iodide

ions,lis for example, was faster than the rate of hydrolysis under fﬂe same

conditions. Smith has shown that the reaction follows the rate law:
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4d(1s)

dt

k[ I J[H,NOSO3H]

He therefore postulated the following mechanism:

NH,0S03H + I =~ NH,I + SOuH~ (slow)

NHoI + HI ——> NH3 + I, (fast)

Schmitz!1® suggested a more probable mechanism to account for the
formation of diimide. He postulated initial slow formation of
hydroxylamine which then underwent rapid attack by more HOS to give
diimide.
OH + NHp-0—SO3H ——> NH,OH + HSO, . (slow)
. -+ -
HONH, + NH,0SO3H —> HO-NHz-NH, + HSO,
-yt
-Hy0

HN=NH

The diimide then réduced the olefin, or in the absence of olefi;
disproportioqated to nitrogen and hydrazine. In support of his mechanism,
Schmitz found that he obtained equal yields of a dihydro adduct either

b& using two equivaleﬁts of HOS or by usihg one equivalent of HOS and

one equivalent of hydroxylamine. Ackermann!!” and co-workers have
investigated the kinetics of the reaction of HOS with alkaline
hydroxylamine solutions and féund the raté law: |

rate = k[OH J[H,NOH][H,NOSO3 ]

' They also found that N-methylhydroxylamine reacted with HOS to give

methyldiimide which they were able to isolate and characterise.

'HyNOSO3~ + MeNHOH + OH =——>MeN=NH + S042" + H,0

Bargigia et al.!l®reported that treatment of hydroxyammonium sulfate
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with a baéic solutién of HOS at 15° gave an unspecified yield of

hydrazine. This would tend to support the Schmitz theory but the

usual product of HOS decomposition is ammonia and not hydrazine.102,112
Schmitz has suggested that hydrazine reacted with HOS in an

analogous way to chloramine and formed the triazane which then decomposed

to ammonia and diimide. He indicated that some triazane was formed

by treating !5N-labelled hydrazine with HOS and isolating some N15-

.ammonia. Feher and Linke!!? isolated a compound (NjH,S0,), believed to

be the triazane (41), by treating a solution of anhydrous hydrazine

- + - .
[HoN, NE, NH2 JHTSO,  —2—>  (NpHy).HpSOy + (NH,), SO,
(41)

in methanol with HOS under nitrogen at 0°. At room temperature it
decomposed to ammonium sulfate and hydrazine sulfate The reduction 6f
fumaric to succinic acid, even in the absence of base, would seem to
indicate that diimide was formed by the reaction between HOS and

hydrazine.l1%

b) Reaction with ammonia

HOS, like chloramine,.can be used to prepare hydrazine by
reaction with ammonia.l%2 Yjelds depend on factors very similar to
those mentioned for the chloramine reaction-but .this methéd of preparation
bas not found widespread industrial application. Ammonium carbonate
or carbamatel20 can‘be ﬁsed in place of ammonium hydroxide to givé
high yields of aqueous hydrazine. Anhydrous hydrazine (98.5%) has been

prepared by passing ammonia through the sulfate salt of HOS at 125°,121.
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c¢) N-Amination of amines

The chemistry of HOS discussed so far has been directly

analogous to that of chloramine. The analogy can be extended by
comparing their reactions with substituted amines. Although the : .
reaction of HOS with  ammonia hgs received scant attention, the reaction
with amine derivatives has been widely investigated. Where appropriate
ény differences between HOS and chloramine will be mentioned.

 Methyl-, benzyl-, and 2-aminoetﬁylﬁydrazine1°2 were prepared
from the corresponding amines by treatment with HOS in aqueous
potassium carbonate at 100°.  l-Phenylethylaminel22® can be aminated
in low yield in aqueous potassium hydroxide and Bergerlzzb obtained
an unspecified yield of the hydrazine (43) from the amine (42) but
found that the amine (uu) coﬁld not.be aminated. Glycine (45) could

not be aminated with HOS !0%or chloramine.28

Ph.CH.CO,H PhCH.CO,H
NHy NH.NH,
(u2) (43)
stg.?.cozn a HyN.CH,CO,H
NHo :
(u5)
(uy)

Gever!23 found that -good yields of monosubstituted hydrazines could

be obtained from the corresponding amine using a r;tio of #mine: HOS

= 7;1. The presence of an additional base was not required and lower
yiélds,were obtained when a large excess of amine was used, presumably
- due to the HOS being hydrolysed.lzéa?z“ Goesl!0* investigated HOS
amination reactions with amines and concluded that the nature.of the
substituent had little effect on the yield of hydrazine obtained.

For primary amines, maximum yields were obtained using a ratio similar to
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fhat of Gever,!23 but for secondary amines the optimum ratio was 4:1.
Tehperature had little effect on the yields of the hydrazines although
the rate of reaction increased with increase in temperature, Addition
of another base only increased the yields of hydrazines when the amine:
HOS ratio was low, as HOS ddes not aminate.in acidic solutions.

Primary aromatic amines!02,10% ang recentlyl!?S aziridines have
also_been g;ahinated. It has been found that yields and reaction rates
follow the sequence: R,N > AfNRz > R,NH > RNH,, and that reaction

occurs by SN2 diplacement.

RiRpR3N + NHp.0SO3H —— RyRpR3N'.NH, + HSOy~
(R=H or alkyl)

Goes1126  found that, unlike aqueous chloramine, HOS could be
used to aminate trimethylamine. The method was extended to include
a wide range of tertiary‘amines,10“5127 iggluding those containing
other functional groups. It was also found that aromatic bases such as
pyridine could be E;aminated,IO“’lzu although all attempts using
chloramine had failed. This method, with modifications, has been
used by several work:ers.128 2-Aminopyridines,!22 when aminated
with HOS, gave thé corresponding pyridinium salt (46) and none of the
hydrazines (47) were obtained. This contrasts directly with the =

. reaction of chloramine with similar compounds (see pages 9 and 13).

R R
NHp

(46) (47)



31

HOS, unlike chloramine, can also be used to prepare di-N-amind
compounds directly,l27%,130 although the corresponding reaction with
N-methylhydroxylamine-O-sulfonic acid failed. Only one example of

E;amination with an N-alkyl derivative of HOS has been reportéd:131

PHNHMe + MeNHOSO3H o, PhN.Me-NHMe (20%)

HOS has also been reported to react with 1,l-disubstituted hydrazines

to give triazanes.!32

d) Miscellaneous aminations

Pyrazoles, triazoles, triazines, tetrazoles, amides, imides,
sulfonamides and inorganic X,N-H compounds as well as amines have been
aminated with HOS. Harder!33 found that addition of HdS to the
. substituted pyrazoles (48 a-d) in aqueous sodium hydroxide at room
femperature gave low yields of the l-amino compounds (49).' None of
the isomeric compound 1,3-diamino-4,5-dicyanopyrazole was reported

when (48d) was aminated.

Xn = a) U4-nitro
Xn{—\N Xnﬂ b) 4-chloro
N~ N .
| & ' ¢c) 3,4,5-tribromo
H H2 A
d) 5-amino-3,4-dicyano
(48) o (49)

Pyrazolin-5-ones, (50), however, did not undergo N-amination when
treated with HOS in aqueous sodium carbonate,%® but gave the ring
énlarged product (50), presumably by the mechanism shown, which is

similar to that suggested by Paquette®3:%¢ for the chloramine amination

of phénols.
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R H HOS R

=
T
7
I
' e
Z
fz

R=Ph, PhCH, .

Aminétion of benzotriazoles!3%s135 4p aqueous alkali at 70°
with excess of HOS gave mixtures of l- and 2-amino$enzotriazoles
in yields of up‘to 55%. 4,5-Diphenyltriazole gave no N-amino
cémpounds60 although the reverse was found with chloramine.
Naphtho[1,2-d]triazole gave (51) and (52), and t.l.c. indicated

.the presénce of a third product, presumably (53).5°

= - N~NNH Ho NN
h\ - //}q 2h¢h+—ﬁ§h

N-NHo.

(51) (52) (53)

Amination of naphtho[2,3-d]triazole gave mainly the l~amino
compound but a small amount of 2-amino-3-azidonaphthalene was also

formed, presumably by rearrangement of the expected 2-aminotriazole (54).
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N\ KL& Ho
\N/ NHz = NZ2CH N3

(54)
Naphtho[1l,8-d]triazine gave the red l-amino compound and also
colourless l-amino-8;azidonaphthalene which was shown to be
formed by the alkaline rearrangement of the 2-amino compound.
(The reaction’of chloramine with triazoles and triazineé was discussed
. on pages 15 and 16). Tetrazoles!36 can also be aminated to a mixture |
of the N-amino compounds (55) and (56) using HOS in aqueous sodium

carbonate.

o

Z/Z
Z§T
Ny Z
s
I
o
py)
4
|
Z?JZ
pa
I
N

N
N “N SN
EY
Na
(55) (56)
R = " H nPr Ph 2-furyl  NHp
yields %
(55) 25 35 15 28 9

(56) 13’ . 26 32 12 5

Wittman® obtained rather erratic results vwhen he aminated a
suspension of qarbosfyril in aqueous sodium hydroxide over a range
of temperatures. It was later shownl37that the sodium salt was too
insoluble in aqueous base and more consistent results could be obtained
with the soluble potassium salt. Metal salts of amine derivatives
are oftgn‘more soluble in aqueous alcohol, and although HOS has been

reported to react with alcohols !02(see later), the reaction is
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slower than N-amination and hydrolysis; and aqueous alcohol has been
used effectively as an aminating solvent.l272

Chloramine has also been used to prepare N-aminocarbostyril although
in poor yield:55’56

" Benzoxazolin-2-onel38 gave the N-amino compound (22%) when only

one equivalent of HOS was used. The yield has since been improved
using excess of HO0S.!39

The purine ‘nucleosidés (57), (59)land (61) have been aminated
with HOS to give (58), (60), (62) and (63). Compound (61) was found

to undergo amination at both nitrogens althouéh none of the mono-

substituted product (64) was isolated.l*0

)I( O
- —X'

4 X O=< o=< | _
< | <R N /)—NHz
TSN | N

R R, :
(57) X.=H (59) X=H  (61) X=X'=H (63) X = X'= NHp
(58) X = NH (60) X = NH, (62) X=H, X'=NH, - (64) X = NHp, X'=H

Ry = a sugar residue

Kloetzer!*! also found that N-amination occtrred at both the amide and
imide nitrogens in uracil to give both mono N-amino compounds as well

as l,3-diaminouracil.

’

"\' @) X =H, Y = NH,

N=Y
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1,2,3-Benzotriazin-t~onel*? gave (65) when treated with HOS at 0° in
aqueous sodium carbonate. Higher temperatures or a stronger base gave

the &zide (66),

-NH2 CONHo -

(65) (66)

1,2,4-Triazin~-4-ones, however, rearrange to imidazolin-2-ones>8
and will be discussed in more detail later.
Nickon®3,1%3 treated a variety of sulfonamides (67) with HOS

at 100° and distilled the resulting mixture to obtain the corresponding
hydrocarbon (70). The N-amino compounds (68) were postulatéd as
infermediates and were later prepared under anhydrous conditions by
Carpino,°* who showed that with base they did indeed decompose to the
hydrocarbon (70). Futher investigation showed fhat the diimide (69)

was the intermediate in the hydrolysis of (68).1%%

R.NHSOoAr ——» [R.NSOpAr]——==[R-N=N-H]~—> R.H

NH»

(67) (88) (69) (70)

Aqueous'chloramine reacted similarly (éeeApage 14 ),

Saccharin (71) has so far resisted all attempts at amination
‘and is recovered ﬁnchanged from reaction with HOS, chloramine and 0-
(2,u—dinitrophenyl)hydroxyiamine.1“5 N,N'- Diphenylsulfamide when
treated with HOS in alkali at room temperature gave (72), the only
example of a compound of type (68) that has been isolated using this

technique .16
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Ph-N-S0-N~—Ph

NH | '
S/ . . NHZ Na
O2
(71) (72)

Sulfamates (73) can be'E;amiﬁated with HOS; the yields depend on. the

nature of X and decreasé in the order shown.

XNH.S03K >  XN-503K

NH,
(73)

X = SO3K > Aryl > Alkyl > H

The silicon compound (R3Si)oNH could not be aminated with HOS.1%7

It would appear that HOS can bé used as an éminating agent to a greater
extent than chloramine. Direct comparisons, except in a few examples,
>cannot be made, hqwever, as very few compounds have been aminated by
both. | |

e) Reactions other than N-aminations

HOS was found to react with ammonia-carbonyl compound mixtures,662148
and Schiff bases!"? to form diaziridines; a mixture of émine and
carbonyl compound can also be used in place of the Schiff base,66571,150
The reaction is analogous to that of chloramine and a Schiff base and
probably proceeds by é similar mechanism. HOS does not incorporate
radioactive sulfate by isotope exchange’3 and the rate of formation of
diaziridine is much faster than the rate of hydrolysis of HOS under
the same conditibns. These results eliminate the reversible or
irreversible formation of imene (NH) or ﬁHz as the reactive
intermediate but do not allow a distinction to be made between the two

- alternative mechanisms shown below.
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' +
RCH=N-R' RCH=N-R!

(NH2[8803-' K-:!\H«X-H \ R.%I;/N—R'
' N
H

.;; H

£ _ (
RCH=N-R' RCH-N-R'
NH2.0803 NH10803

The three membered ring structures were confirmed when identical

products were obtained from the reactions shown below.!51

R,C=0 + MeNH, + NH,0S03H ‘N
H
e
ch\\l
R,C=0 + NH3 + MeNHOSO3H N-Me
Aromatic Schiff bases gave hydrazones when treated with HOS. The
reaction probably proceeded via an unstable diaziridine intermediate.l32
HOS, as well as aqueous chloramine, reacted with oximes to give
diazo compounds®? (see pages 20 and 21).
In neutral solution, HOS reacted with aldehydes and ketones to
give the oxime-0-sulfonic acids (74) which were usually isolated as
the potassium salt.l02 The reaction of HOS with formaldehyde gave
hydrogen cyanide,!53 since the intermediate (74; Rj=Rp=H) is unstable.
Higher aldehydes are only decomposed to the corresponding cyanide in acid

solution.102

N\

R1RpC=N.0S03 ()/

(74) - (75)

Salicylaldehyde gave a similar derivative which in the presence of
base underwent intramolecular cyclisation to give benzisoxazole (75).15%

‘Reaction of neutral or acidic HOS with dialkyl ketone gave an oxime,
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and with an alkyl aryl ketone gave an amide (ArNHCOR); diaryl ketones
did not react.l55 | Smith !561ater showed that thé intermediates
(?u) were initially formed and gave either the oxime or the amide
depending on the nature of the ketone. ‘Benzaldehyde was found to
form both the oxime and benzamide.l52 (For the analogous réaction
with chloramine, see pages 3, 20). .

In the presence of base, and at low temperatures ketones,’7°157
and benzal'dehyde73 react with HOS to give the very unstable oxaziranes
(76). N-Alkyl derivatives of HOS (and of chloramine,éage 20 ) gave

similar reactions, although the substituted oxaziranes (77) were more

stable.158
o
R',C=0 | ) A
OH R'zC-IiI-OSO3 R'zC-N-R
+ — E——
R
RNHSO5~ (76) R=H
-H,0 | H (77) R=alkyl
R',C=N.0S03"
(74); R=H

The oxaziranes (76) can be classed as a fifth aminating agent, as

Schmitz15? found that they reacted with aniline to give phenylhydrazine.

NH _m__) PhNH.NHZ + R20=0

o)

WA

(76)

Triphenylphosphinel®0 reacted with HOS in methanol to give (78)
and although the reactions of chloramine with organophésphorus compounds
have been studied extensively this appears to be the only reaction reported
with HOS. Dialkyllé! and diaryl sulfidesl®? gave the analogous
compounds‘(79); in the presence of sodium methoxide, however, the

- free base (80) was obtained.



+
[Ph3PNH, JH ™SOy (R} snH, IHS0, RpS = NH

(78) (79) (80)

Other sulfur compounds that have been aminated are thiosulfates!®3
and xanthates.!®* The latter has also been aminated with aqueous

chloramine.

- [}
S.S03K + H,NOSO3H - . KS03.S.NHp
- ’ ]
ROCS.S™ + HoNOSO3H O_’RO.CS.S.NHZ (100%)

Anhydrous alcohols reacted with HOS in a similar manner to chloramine

and gave the O-alkylhydroxylamines which were usually isolated as the’

more stable salt.102,108,165 0]
(81)

Phenols also gave Q;arylhydroxylamines when treated with aﬁ aqueous
bésic solution of H0S.166 Chloraminé gave products arising from initial
attack on the carbanion (81) ksee page 23 ) but the.conditions used
were not comparable. |

Carboxflic acids when heated with HOS ét 170-180° until nitrogen

evolution ceased gave low yields of amines.l67 The following

reaction scheme was proposed.

RCO,H + NH,0S03H ———= [RCONHOSO3H] + H,0

(20-25)%.R.NHy «——RNCO + H,S0,

Smithl168 found that aromatic compounds could be aminated with

HOS in the presence of aluminium chloride and postulated attack by either
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+ ' ‘
imene or NH,. Bennett16° preferred the complex [H;NOSO,0A1Cl;]AlC13

és the aminating agent as two moles of alﬁminium chloride gave the
Bést yiélds'of amines.

It was also claimed that 2-(?)-aminopyridine was formed when the
pyridine salt of HOS (82) was'heated.168 No experimental‘details

were given, however, and the compound may be the N-aminopyridinium

~ salt (83).
] -
& I O
H NHy0SO3 ILHZ HS Oy4
(82) (83)

Attempted amination of substituted quinolines with HOS in
methanol gave no N-amino derivatives,17° (the mixtures used were
acidic) but 2- or u4- hydroxymethyl quinolines (85) were obtained.

The following scheme -was proposed.

? +. . .
HOS ———s NHj3 + HCHyOH ——» CH,OH + 1iH,

. (8u) o
éH, Ol CH,OH 85)
20H + AN 2 - (85)
———tp -
s
G N

Miniscil7l also postulated the formation of the ammonium radical
ion (84) for the HOS amination of aromatic hydrocarbons with either
ferrous chloride or ferrous sulfate. The results in general were
- similar to those obtaiﬁed with HOS and aluminium chloride. This
radical ion has also been postulated?’ in the oxidation of phenols |
with chloramine.

Olefins with HOS and ferrous chloride gave the corresponding
zrchlorbamine,17l’ﬂ72 the following mechanism was proposed. The
_ intermediate (86) could also be trapped with methanol to give the

amino ether.



41

: +
+ - + ! » FEC].Z + 1 +
NH, + >C=C< —» NH3~C-(- . NH3-¢-?~C1 + Fe?
(84) (86)
\ MeOH .

+ | -
(86) + De3 ————=HoN-C-¢ + ————» HN-C-C-Ole

HOS173 has been reported to give a small amount of 3,4-pyrroline
from butadiene ih a solution of methanol and sodium methoxide and
imene was proposed as the intermediate. Confirmation of this result
woﬁld be of interest.

HOS reacted with organoboranes in THF100 op diglymel7* to give
alkylamines in an analogous manner to chloramine. Several other
miscellaneous reactions are shown below and HOS has also been used

for polymer initiation.l75

HyNOSO3H +  CN—»HoN-CN ref. 176
HyNOSO3H + BjoHyg2—> 2-BjoHgNH3  + BygHg(NH3), ref. 177
HyNOSO3H + ByoHyjp2 —eByoHy(NH3 ™ + ByoHyg(NH3), ref. 177

H,NOSO3H + [HFe(C0),]=—s H.Fe(CO)y.NH, ref. 178

é. O-MESITOYL HYDROXYLAMINE

0-Benzoylhydroxylamine (87a) was first prepéred by Jencksi79 by the
reaction of neutral hydroxylamine with p-nitrophenyl benzoate. The
compound was uﬁstable and decomposed primarily to the rearrangement
product, benzhydroxamic acid (8sa), after standing at room temperature
for 4-5 hours. The analegous compound O-acetoylhydroxylamine (87b)
was even more unstable.

Carpino®l prepared O-benzoylhydroxylamine independently as shown
in Scheme I, and later!®0 showed that the route had general applicability

by preparing the O-arenesulfonylhydroxylamines (87 d,e) and O-mesitoyl-
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- hydroxylamine (87c).

NH, OH ' . Ra "
N3QCOO.BU ————ele HO.NH.COO-BU e ROQNHQCOO.Bu .

-

A HCO3

: + -
RNHOH <————— RONH; « RONH3.X
(88) (87)
R = (a) PhCO- _ (d) p-MeCgH,SO0,-
(b) MeCO- (e) 2,u4,6-Me,C-H,S0,~

(C) ) 2 ,u ,G-Me3c6H2C0-

Scheme 1

0-Mesitoylhydroxylamine (87c) was the most stable hydroxylamine
and its o-methyl groups allowed nucleophilic displacements on nitrogen
to occur without complications due to attack at the carbonyl group.
For example, dibenzylamine reacted with Q;benzoylhydroxylamide to
give a mixture of 1,1-dibenzylhydrazine and N,N-dibenzylbenzamide.
With Q;mesitoyihydroxylamine, 1,1-dibenzylhydrazine (58%) was obtained
and no evidence for amide formation was noted.

__—~(PhCH2)2N.NHp + ArCOH
(PhCH, )oNH + ArCOONH2~\\\\’
' (PhCH2),N.COAr + NH,OH

The reaction was carried out with an excess of dibenzylamine, the
sécoﬁdary amine being nucleophilic enough to d{spiace mesitoic acid
anion, |

0-Mesitoylhydroxylamine has also been used to aminate amides
(gfbenzylbehzamide),su N-substituted sulfonamides [N-benzylbenzene
sulfonamide>* ;nd N-a-menaphthyl-p-toluene sulfonamideS* (3a)l, imides

(naphthalimide®* and t-butyl iminodicarboxylatel8l) and pyrroles
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(2,5-diphenylpyrrole,182 2,S,H,S;tetraphenylpyrrole182 and céfbazolesuj,
as well as secondary amines (dibenzylamine®* and 2,3-dihydro-1H-
benz[delisoquinolinel83),

Except for the Secondary amines, it was necessary to use the
sodium salt of the amino coﬁpound in dry DMF in or&er to provide a
nucleophile reactive enough to displace the mesitoic acid (see Table 2).

Although (2c) is more difficult to prepare than HOS it has certain
advantages in some cases. Nickon and Hill%3 showed that treatment
of various N-substituted sulfoﬁamides (89) with an excess of HOS or
chloramine in the presence of aqueous alkali yiélded the corresponding
hydrocarbon (91), presumably via the ﬁfamino compounds (90), élthough
the strong basic conditions did not permit their isolation. No
attempt was made to isolate (90)using; for exampie, a dry ethereal

solution of chloramine.

- HOS OH '
RN-S0pAr ——Fg=— [R.T.SOZ.Ar]-————-—-- [R-N=N-H]
(89) NH» , l
(90) RH + N»
(91)

(a) R = a-CygH7.CHp-

Ar = p-Me.CgHy-

Carpino®* confirmed Nickon's postulate that (90) were intermediates
by aminating (89a) in 43% yield using O-mesitoylhydroxylamine and
showing that hydrolysis with hot aqueous ethanolic sodium hydroxide gave

a-methylnaphthalene (9la) in 58% yield.
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4. 9:(2,M-DINITROPHENYL)HYDROXYLAMINE

; Sheradsky!8"* prepared 0-(2,4-dinitrophenyl)hydroxylamine (92)

‘ by a similar method to that of Carpino [see Scheme 2].
This stable O-substituted hydroxylamine showed many of the properties
of Carpino's compounds in that the 2,4-dinitrophenolate anion is a
good leaving group when the nitrogen atom is attacked by anionic
nitbogenlas‘or by carbsnions.186

Ar'F or ArCOCl

But0.CONHOAr' But0.CONHOH ——+ Bu‘0.CONHOCO. Ar
ArtCl
CF3CO2H HC1 | MeNOp
ArCOONH,
Ar'ONH,
(87¢) -
(92) ‘
Ar' = 2,4-(NOj)y CgHs- Ar = 2,4,6-Me3CgHp-
Scheme 2

The N-amino compounds were prepared by tfeating one equivalent
of the sodium salt of the amino compound with .one equivalent of'(92)i
in dry DMF. The compounds prepared using the two aminating agents
(87¢c) and (92) are summarised in Table 2. The analogous sulfur
compouna 2,u—dinitrOPhénylsulfonamide was found to be too stable

for use as an aminating agent.187
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INSTRUMENTATION AND EXPERIMENTAL TECHNIQUES

1. Infrared (i.r.) spectra were recorded in the range 4000-625 em. "t

on a Perkin-Elmer 237 grating spectrophotometer. Solid samples were
run either as nujolumulls or as potassium bromide discs and liquids
~as thin films, using polystyrene as reference.

2. Proton magnetic resonance (p.m.r.) spectra were recorded on a
Varian‘ASO or a Varian T60 instrument. Carbon tetrachloride, deuterio-
chlofoform, hexadeuteriocacetone and hexadeuteriodimethylsulfoxide were
used as solvents with tetrgmethylsilane as internal reference.

3. Ultraviolet (u.v.) spectra were recorded in the range 200-450 nm.
on a Unicam SP800 spectrophotometer. Absolute ethanol was used as
solvent in 1 cm. cells.

4, Mass spectra were recorded on an Associated Electrical Industries

M.S.9 spectrometer and metastable peaks are indicated in the text by

an asterisk.

5. Melting point (m.p.) determinatinos were carried out on a Kofler
Micro Heating Stage using corrected thermometers. |

6. Thin layer chromatography (t.l.c.) was used extensively aé a
qualitative guide to the composition of reaction mixtures and as a
means of assessing the purity of compounds. Samples wére run in suitable
solvent mixtures on glass plates coated with a 250u layer of Kieselgel
G (E. Merckj. or aluminium oxide G (Type E,.pH 7.5) (E. Merck). The
plates were observed under ultraviolet light or developed by spraying
with iodine.

7. Preparative thin layer chromatography (prep. t.l.c.) was used to
separate sﬁall amounts of reaction mixtures by a similar technique to
that of t.l.c.j 20 x 20 and 100 x 20 cm. glass plates coated with a

1 mm. layer of Kieseigel PF 254 with a fluorescent indicator were used.
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8. Column chromatography was carried out'using silica gel MFC(B.D.H.),
basic alumina (Spence type H), and deactivated alumina (prepared by
deactivation of basic alumina with 6% by weight of water in a ball-mill
for 12 hr.). The mixture to be chromatographed was adsorbed onto the
support, from a suitable solvent, by evaporation using a rotary evaporator.
Alumina columns were packed under petrol and silica gel columns were
either packed by this method or packed dry, and then eluted with solvent
mixtures of gradually increasing polarity. In all experiments only
fractions containing significant amounts of material have been recorded.
9. Solvents were purified as follows:

Benzene an& other aromatic solvents, methylene chloridg, methanol,

ethanol, acetonitrile, and ether were purified by refluxing over

and distilling from calcium hydride. Aromatic solvents, methylene

chloride, methanol, ethanol and acetonitrile were stored over

molecular sieves (type 4A) and ether over sodium wine,

Dimethyl sulfoxide (DMSO) and dimethyl formamide (DMF) were driea

by storage over molecular sieves (type ua). |
10. Petrol u;ed for chromatography and for recrystallisations with
ether was light petroleum, b.p. 40-60°. Petrol used for reérystallisations
with benzene, chloroform or ethyl acetate was petroleum b.p; 60-89°,
unless stated otherwise.
1l1. Lead tetéaacetate (LTA) (B.D.H. or Hopkin and Williams) was freed
from acetic acid by filtratioﬁ and stored over concentrated sulfuric acid.
12, Hydroxylamine-O-sulfonic acid (HOS) was prepared by the method of |
Goesl and ﬁeﬁwéenloq and stored over concentrated sulfuric acid.
B 13. Chloramine was prepared in ether solution by a modification52 of
‘the method of Theilacker and Wegnerla and gave a chloramine concentration

of about 0,17 M.
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14, Where possible, compounds were characterised by comparison

éf their melting points (m.p.) and mixed melting points (m;m.p.) and
i.r. spectra with those of authentic specimens. Literature m.p. and
b.p. values a;e given witﬁ references except for well authenticated‘
compounds for which the vaiués quoted are fhose given in the Heilbron
‘Dictionary of Organic Compounds (4th Edition).

1s. Organié solvents, used to extract aqueous solutions, were dried
over sodium sulfate and evaporated to dryness in a rotary evaporator

under reduced pressure.
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EXPERIMENTAL ‘ .

1 1,2,4-TRIAZIN-3(2H)-ONES

A Reaction with HOS

(1) Benzo-1,2,4-triazin-3(2H)-one

The benzotriazinone!88 (441 mg,, 3 mmoles) was dissolved in water
(25 ml.) containing sodium hydroxide (720 mg., 18 mmoles). HOS (2.0 g.,
la_mmoles) was added over 30 min. to the stirred solution af 60 go 70°
and more sodium-hydroxide was added as required to maintain an alkaline
solution, Th; mixture was.cooled to room témperature and extracted with'

chloroform, Evaporation under reduced preséure and crystallisation from

‘water gave benzimidazolin-2-one (354 mg., 87%), m.p. and m.m.p. 310-311°

(decomp.) (1it.189, m.p. 310°). The compound had an i.r. spectrum
identical with that of an authentic speéimeh“prepared as follows: -
1-Isopropenylbenzimidazolin-2-onel!%? (5 g.) was dissolved in
1 N sulfuric acid (50 ml.) and heated undérAreflux for 30 min. On

céoling, colourless needles separated, were filtered off, washed
with water and recrystallised‘ffom water to give benzimidazolin-2:

one (3.5 g., 94%), m.p. 310-311° (decomp.) (1it,189, m.p. 310°).

(11) Phenanthro[9,10-el[1,2,4]triazin-3(2H)-one

(a) The phenanthrotriazinonel?! (2.47 g., 0.01 mole) was dissolved
in water (500 ml.) containing ethanol (50 ml.) and sodium hydroxide

(4 g., 0.1 mole) at 85°, HOS (8 g., 0.07 mole) was added portionwise
to the stirred solution, the temperature being kept at 85°. The
'solution was allowed to cool, filtered and the off-white precipitate

washed well with water and recrystallised from acetic acid to give

,phenanthro[g,10-d]imidazolin—2-one (1.73 g., 74%), m.p.> 350°

(Found: C, 76.7; H, 4.3; N, 12.2. CjsH;oN20 requires C, 76.9; H, 4.3;

N, 12.0%).



m/e: 234 (P), 206, 205, 180, 117.

Ymax 3150 (broad), 1700, 1685, 16u4, 1014, 825, 748 and 721 cm.-l. |

The filtrate was acidified with 2§'hydrochloric acid to yield starting

material (0.5 g., 20%).

(b) When the reaction was carried out as a heterageneous mixture,

in the absence of ethanol, starting material (97%) was recovered.

(c) The phenanthrofriazinone (1 g.) was suspended in aquéous ﬁotassium .
hydroxide (10 g., in 60 ml.) and treated over 30 min. with HOS (10 g.)
at 60-70°. On cooling, a yellow solid separated and was washed well
with hot water and recrystallised from acetic acid to give the |

phenanthroimidazolinone (0.25 g., 26%), m.p.>3509

(iii) 5,6-Diphenyl-1,2,4-triazin-3(2H)-one

(a) The diphenyltrifazinone192 (2 g.) was dissolved in water (100 ml.)
with sodium hydroxide (5 g.) at 0°. HOS (8 g.) was added, the
temperature being maintained at 0°, and then the reaction mixture
was stirred for a further 2 hr. The solid that separated was filtered
and recrystallised from ethanol to give the sodium salt of 5,6-diphenyl-
1,234-triazin-3-one t0.33 g., 15%), m.p. > 340°, (Found: C, 66.3;
H, 3.9; N, 15.6. C;sHjoN3ONa requires C, 66.4; H, 3.7; N, 15.5 %).

1

Voax, 1530, 1221, 1080, 1050, 1028, 824, 765 and 748 cm. ",

The filtrate, on acidification, gave unchanged diphenyltriazinone

(1.1 g., 55%)

(b) The diphenyltriazinone (2.47 g.) was dissolved in water (60 ml.)
containing potassium hydroxide (7.0 g.) at 40°. HOS (7.6 g.) was .
added, the temperature being kept bgtweén 40 and 45°. The mixfure was
then cooled to room temperature and neutralised with dilute hydfochloric

acid to yield unchanged diphenyltriazinone (2.4 g., 97%).

«
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(c¢) The diphenyltriazinone (1 g.) was suspended in water (50 ml.)
at 65° and HOS (2.2 g.) added in one portion. On cooling, the precipitate

was filtered and found to be unchanged diphenyltriazinone (0.9% g.,

9u%).

B Reaction with chloramine

(i) Benzo-1,2,4-triazin-3(2H)-one

(a) With sodium hydride

The benzotriazinone (0.5 g., 3.4 mmoles) was dissolved in dry
methylene chloride (100 ml.) and dry DMF (50 ml.). Sodium hydride
(1.63 g., of a SO%Idispersion, 34 mmoles) was added and the mixture
stirred for 30 min. Ethereal chloramine (8.5 mmoles) was then added
and the mixture stirred overnight. The suspension was filtered and
the filtrate evaporated to a small volume. T.l.c. indicated that
benzotriazole and benzotriazinone were the only products. The
precipitate was dissolved in water, neutralised with dilute hydrochloric
acid and extracted with chloroform; t.l.c. indicated the same two
components. The mixtures were combined and chromatographed on silica:

‘Eghgg_gave benzotriazole (30 mg., 7%), m.p. and m.m.p. 98-100°

(1it189 | 100°) from etheb—petrol. |

Ethyl acetate gave unchanged benzotriazinone (280 mg., 56%).

(b) Without sodium hydride

The same quantities and procedure as above were used except that
sodium hydride was omitted. A solid graduallf precipitated and gave
qualitative tests for ammonium chloride (185 mg., 100%). The filtrate

was extracted with water and the organic layer was then dried. Chromato-

_ graphy of the filtrate on silica and elution with ether gave benzo-

triazole (264 mg., 65%), m.p. and m.m.p. 96-99°, from petrol (60-80°).
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(ii) Phenanthro[9,10-eJ[1,2,4)triazin-3(2H)-one

(a) With sodium hydride

The phenanthrotriazinone (0.5 g., 2 mmoles) was dissolved in hot
dry DMF (125 ml.) and treated with sodium h&dride (0.96 g., of a 50%
diépersion, 0.02 mole). When»hydrogen evolution ceased, ethereal
chloramine (5 mmoles) was added and the mixture allowed to stir at
room temperature for 24 hr. The suspension was filtered and
evaporated to'small‘volume. Tfituratioﬁ with ether and pefrol gave
9,10-phenanthrotriazole (185 mg., 43 %), m.p.land m.m.p. 322-325°

(1it.89, m,p. 325-328°). The compound had an i.r. spectrum identical

" to that of an authentic specimen.®?

(b) Without sodium hydride

The phenanthrotriazinone (0.5 g., 2 mmoles) was dissolved in DMF

- (80 ml,) and treated with ethereal chloramine (5 mmoles). The mixture

was allowed to stand at room temperature for 48 hr. and then filtered
to obtain ammonium chloride (86 mg., 80%). The ether and DMF were
removed by distillation under reduced pressure and the residue was

recrystallised from acetic acid to give 9,10-phenanthrotriazole

(400 mg., 91%), m.p. and m.m.p. 321-323° (decomp.)(1it.60, m.p.

325-328°).

(iii) 5,6-Diphenyl-1,2,4-triazin-3(2H)-one

The diphenyltriazinone (1 g., 4 mmoles) was dissolved in dry

methylene chloride (100 ml.) and ethereal chloramine (17 mmoles)

- added. The solution was filtered after 24 hr. to give ammonium chloride

(210 mg., 100%). The filtrate was chrématographed on silica:
10% Ether-petrol gave 1-(1'-ethoxyethyl)-4,5-diphenyltriazole

(44 mg., 4%); the i.r. was identical to that of an authentic

specimen5 8a,

50% Ether-petrol gave 4,5-diphenyltriazole (837 mg., 94%) which
was recrystallised from nitromethane, m.p. and m.m.p. 136-138°

(11t.%8% . m.p. 138°)
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C  Reactions with 0-(2,4-dinitrophenyl)hydroxylamine

(1) Benzo-l,2,4-triazin-3(2H)-one

‘The benzotriazinone (147 mg., 1 mmole) wés &issolved in dry DMF
(5 pl.) and éodium hydfide (50 mg., of a 50% dispersion, 1 mmole)
added. The solution was stirred for 10 min, until gas evolution ceased
and then Q_-(2,'-l-dj.n:i.trophenyl)hydr;)xylamine18'+ (199 mg., 1 mmole) was
added, fhe mixture was stirred for 1.5 hf. and then the dark solution
was poured into water and extracted with ether. The dried ether solution
was evaporated to dryness and the residue recrystallised from water to
~ give benzimidazolin-2-one, (20 mg., 15%), m.p. and m.m.p. 309-311°

(decomp.) (1it.}89 ) m.p. 310°).

~(ii)  Phenanthro(9,10-cJ[1,2,4]triazin~3(2H)-one

The above method was repeated using the phenanthrotriazinone (1 mmole).
When the mixture was poured into cold water a pale brown precipitate was
 formed.  Recrystallisation from acetic acid (charcoal) gave the

phenanthroimidazolinone (130 mg.} 55%) m.p. >350°,

(iii) 5,6-piphenyl-1,2,4-triazin-3(2H)-one

(a) The above method was rgpeated_using the diphenyltriazinone
(1 mmble). The mixture was poured into water, the precipitate filtered
and washed with water until colourless. The solid was recrystallised
from acetic acid to give 4,5-diphenylimidazolin-2-one (195 mg., 83%), m.p.
and m.m.p. 310-312° (1it.!8%, m.p. 320°). The i.r. spectrum was identical
to that of an authentic specimen prepared by thé method of Biltz,193

When the reaction was repeated in the absence of dodium hydride,

t.l.c. indicated that no reaction had taken place after 8 hr.
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(b) :The reacfion was repeatéd uﬁing'drynﬁeth&iene chloride as solvent
instead of DMF. The mixture was stirred for 6 hr. and then filtered.
The precipitate was washed with water and the insoluble portion
recrystallised fromacetic acid to give 4,5-diphenylimidazolin-2-one
(63 mg., 27%), m.p. and m.m.p. 308-310° (1it!%3, m.p. 320°). The"
aqueous filtrate was acidified and then extracted with methylene
chloride. The solution contained unchanged triazinone and 2,4-dinitro-
phénpl (t.l.c.).

The organic filtrate was chromatographed on a silica gel prep.t.l.c.
plate to give: |

Unchanged 0-(2,4-dinitrophenyl)hydroxylamine (62 mg., 31%), m.p. and

‘m.m.p. 108-112° (1lit,18%  110-112°),
1-Amino-4,5-diphenyltriazole (4 mg.), identified by i.r. and t.l.c.

comparison with an authentic specimen.

D Miscellaneous experiments

(i) Reaction of 1,2,3-triazoles with Q-(2,u-dinitrgphenyl)hydfokx;amine

4,5-Diphenyltriazole (221 mg., 1 mmole) was dissolved in dry
methylene chloride (30 ml.) and sodium hydride (50 mg., of a 50%
dispersion, 1 mmole) added. The mixture was stirred for 1 hr. at
room temperature and then Q;(2,u-dinitrophgnyl)hydroxylamine (199 mg.,
1 mmole) added and stirring continued for a further 18 hr. The
mixture was filtered and the filtrate chiomatographed on a silica prep.
t.l.c. plate with ether to give;
9;(2,u-dinifrophenyl)hydroxylamine (23 mg., 36%), m.p. and m.m.p.
108-112°,
l-Amino-u,5-diphenyltriaiole kl7'mg., 23%), m.p. and m.m.p, 133-135°
(1it!%* , m.p. 135°), after sublimation. The compound hald an i.r.
spectrum identical to that of an authentic specimen prepared by the

method of Stolle., l9%
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None of the unknown 2-amino-4,5-diphenyltriazole was detected, although -
benzotriazole under the same conditions gave a mixture.of l- and 2-
aminobenzotriazoles. In methylene chloride the yields of l- and -
2-aminobenzotriazoles were 35% and 36.5% but with DMF as solvent,

however, lower yields of 30% and 9% respectively, were obtained.

(ii) Reaction of benzo-1,2,u-triazin-3(2ﬂ)-one with hydrazine

The benzotriazinone (735 mg., 5 mmoles) was di;solved in ethanol
(100 ml.) and heated under reflux for 2 hr. with hydrazine hydrate |
(0.6 ml., 12 mmoles). The mixture was allowed to cool and the orange
crystals which separated were filtered. Recrystallisation from ethanél-

gave the hydrazinium salt of benzo-1,2,4-triazin-3-one (350 mg., 39%)

m.p. 124-127° (decomp.) (Found: C, 46.8; H, 5.1; N, 39.3.
Ci1eHi15N30 requires C, 46.9; H, 5.1; N, 39.1%).

Vnax, 3280, 3160, 3050, 2810, 2750, 1594, 1562, 1510, 1310, 1082, 951,
L ,

745 and 730 cm. .

A portion, when dissolved in hot water, gave benzo-1,2,4-triazin-3-one

(51%) on extraction with chloroform.

(iii) Reaction of 5,6-diphenyl-1,2,4-triazin-3(2H)-one with hydrazine

The diphenyltriazinone (2.49 g., 10 mmoles) was dissolved in ethanol
(50 m1,) and heated under reflux with hydrazine hydrate (1.2 ml.,
2ymmoles). Crystals separated on cooling and were recrystallised from

ethanol to give the hydrazinium salt of 5,6-diphenyl-l,2,4~triazin-

3-one (2.6 g., 93%), m.p. 175-180°, followed by resolidification and

final melting at 220-224° (Found: C, 64.3; H, 5.5; N, 24.9. C35H)5N50 re-

quires C, 64.0; H, 5.4; N, 2u4.,9%).

m/e: 249 (P-32), (no m/e = 281);

Voax., 3333, 3260, 3210, 3060 (broad), 2810 (broad), 1685, 1674, 1119,
850, 758, 688 en. "L, | | | |




oo

Hydrolysis in water, dilute hydrochlorid'acid or dilute sodium

_hydroxide solution gave diphenyltriazin-3-one.  almost quantitatively.

(iv) Reaction of benzotriazole-l-carboxamide with chloramine

Benzotriazole-l-carboxamidel?S (324 mg., 2 mmoles) was dissolved in
dry methylene chloride (50 ml,) and ethereal chloramine solution
(3.“ mmoles) added. The mixture was stirred fof 24 hr., evaporated to
dfyness and the residue triturated with petrol (60-80°) to give

unchanged benzotriazole-l-carboxamide (288 mg., 89%).

(v) Oxidation of 5,6-diphenyl-1,2,4-triazin-3(2H)-one with N-chlorobenzo-

triazole

The triazinone (249 mg., 1 mmole) was dissolved in dry benzene

(50 ml.) and N-chlorobenzotriazole (153 mg., 1 mmole)®2 was added to
the stirred solution, After an induction period of 2 min. the solution
-went cloudy but further stirring caused the precipitate to redissolve

after 30 min., The mixture was stirred overnight at room temperature

and then chromatographed on silica:

30% Ether-petrol gave 4,5-diphenyltriazole (220 mg., 100%).

Recrystallisation from ether-petrol gave crystals m.p. and m.m.p.
136-138° (1it.189, 1380°),

" 60% Ether-petrol gave benzotriazole (30 mg., 25%).

10% Ethanol-ether gave a further yield of benzotriazole (45 mg.,
38%), probably due to the ethanol hydrolysing benzotriazole from

its hydrochloride,

(vi) oOxidation of benzo-1,2,4-triazin-3(2H)-one with LTA

The triazinone (147 mg., 1 mmole) was dissolved in benzene (50 ml.)
and LTA added portionwise to the solution under reflux. The reaction was
heated for a further 2 hr. and then cooled and filtered. The filtrate

and methylene chloride washings were chromatographed on silica:
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.

30% Ether-petrol gave l-acetylbenzotriazole (139 mg., 86%),

m.p. and m.m.p. 50-51° (1it.189, m.p. 51°) from ether-petrol.

An i.r. spectrum was identical to that of an authentic sample’

prepared as follows:
Benzotriazole (3 g., 0.026 mole) was heated in acetic anhydride
(10 ml.) on a water bath for 5 min. The mixture was then
‘cooled and poured into ice-wafer’(lso ml.). An oil separated
that gradually crystallised. Recrystallisation from aqueous
ethanol (charcoal) gave l-acetylbenzotriazole as needles, m.p.

50-51° (1it.189, m,p. 51°).

© 10% Ethanol-ether gave benzotriazole (4 mg., 3.3%), m.p. and m.m.p.

93-97°,

(vii) Reaction of 5,6-diphenyl-1,2,4-triazin-3(2H)-one with sodium

hypochlorite

Diphenyltriazinone (498 mg., 2 mmoles) was dissolvéd in glacial
acetic acid (5 ml.)andtreated with 1H'sodiumvhypochlorite dropwise
until no more gum deparated. The aqueous solution was décanted and the
gum dissolved in chloroform, dried and chitomatographed on silica:

20% Ether-petrol gave unidentified oils showing several

components (t.l.c.).

40% Ether-petrol gave diphenyltriazole (230 mg., 52%), m.p. and

m.m.p. 136-138° (1it.189 m.p. 138°),
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2 2-AMINOCINNOLIN-3(2H)-ONE

A Reaction of cinnolin-3(2H)-one with HOS

(i) Cinnolin-3-one 196(3,92 g., 0.027 mole) was dissolved in water
(200 ml.) containing£potas§ium hydroxide (8.4 g., 0.15 mole) atAuO°.

HOS (11.3 g., 0.1 mole) was added in one portion and the femperature
maintained between 40 and 45° by the addition of ice. The mixture
turned deep red and on cooling a brown solid separated. The precipitate
was filtered off, washed with water and dried. The solid (2.45 g.)

was recrystallised from a large volume of chloroform (charcoal) to

‘ give bright yellow crystals of 2-aminocinnolin-3(2H)-one ({0.75 g.,
17%), m.p. 128-130° (decomp.). An analysis sample, m.p. 130-131°
(decomp.) was obtained after several recrystéllisations from
chlorofobm (Found:-C, 59.4; H, 4.4; N, 25.8, CgH9N30 requires C, 59.6;
H, 4.4; N, 26.0%). -
m/e: 161 (P), 1lu6, 133, 105, 104, m¥, 133-105 = 82,9,
vy, 3280, 3160, 3105, 1664, 1656, 1385, 1188, 872, 760 and 745 em. "L,
T 2.6-3.3 (m, 5H); 0.00 (br.s, 2H, disappears on addition of D,0).

Concentration of the remaining chloroform solution gave unchanged

cinnolinone (1.55 g., 40%).

(ii) Cinnolinone (3.92 g., 0.027 mole) was dissolved in water (150 ml.)
containing sodium hydroxide (6.2 g., 0.155 mole) at 55°. HOS (11.3 g.,
0.1 mole) was added in one portion and the temperature maintained
between 55 and 60° by the addition of ice. The resulting solution
(pH 8) was cooled to room temperature and filtered to give a brown
solid (4 g.). Recrystallisation from chloroform gave 2-aminocinnolin-
3-one (0.95 g., 22%), m.p. 129-131°. The aqueous solution was extracted
with chloroform to give a viscous red oil (550 mg.). The mixture was

| combined with the residual chloroform solution from the recrystallisation

and chromatographed on silica:
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Ether gave okindole:(l.OS g., 30%), m.p. and m.m.p. léS-l27°;
" from water (lit.leg, m.p. 127°). The i.r. spectrum was identical
to that of an authentic specimen.

5% Ethanol-ether gave a mixture of a solid and an oil (50 mg.),

which on sublimation (100-110°, 2 mm.) gave g:azidophenylacetamide*

(30 mg., 0.6%), m.p. 166-168° (decomp.) (Found: C, 53.6; H, 4.3;

N, 31.4. CgHgN,O requires C, 54.5; H, 4.6; N, 31.8%).

mle: 176 (P), 148, 120, 104, 77.

vmax; 3370, 3170, 2125, 2100, 1690, 1670, 1621, 1410, 746 and

670 cm. L.
(iii) The cinnolinone (7.3 g., 0.05 mole) was dissolved in water (200 ml.)

containing sodium hydroxide (15.3 g., 0,38 mole) at 60-70°., HOS (27.5 g.,

- 0.24 mole) was added over 45 min., the temperature being maintained

between 60 and 70°. The mixture was worked up as above to give

, 2-aminocinnolin-3(2H)—oné (7%), oxindole (32%), and g;azidophenylacetamide

(1%). The aqueous solution when acidified gave unchanged cinnolinone (7%).

(iv) Cinnolinone (7.3 g., 0.05 mole) was dissolved in aqueous ethanol

(200 ml. of a 1:1 mixture) containing sodium hydroxide (20 g.,

0.5 mole) and HOS (28.3 g., 0.25 mole) was added over 15 min. at 55-60°,
On cooling, inorganic salts separated and were filtered off. The filtrate
was extracted with chloroform, dried and concentrated to give 2-amino-
cinnolinone (0.5 g., 6.5%). Oxindole was the main constituent of the
residual chloroform solution (t.l.c.), and sublimation gave oxindole

(1.0 g., 15%). The aqueous solution was acidified and extracted with

chloroform to give unreacted starting material (1.88 g., 25%).

The less likely structure, g-aminophenylacetyl azide can not be

entirely eliminated on the basis of the above physical data..
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‘B Reaction of cinnolin-3(2H)-one with chloramine

(1) Without sodium hydride

Cinnolin-3-one (0.73 g., 5 mmoles) was dissolved in dry methylene

" chloride (150 ml.) and ethereal chloramine (8.5 mmoles) added. The

mixture was stirred overnight and then filtered to give ammonium

~chloride (260 mg., 95%). The filtrate was chromatographed on silica:

60% Ether-petrol gave a yellow fluorescent oil that slowly

crystallised. Recrystallisation from petrol (60-80°) gave

2-(1'-ethoxyethyl)cinnolin-3(2H)-one (30 mg., 1.5%), m.p. 94-97°

~ (decomp) (Found: C, 65.3; H, 6.65 N, 12.4. Cy,H;4N,0, requires

C, 66.0; H, 6.3; N, 12.8%).
v ., 1660, 1644, 1625, 1252, 1125, 950 and 755 cm. .

T 2.35-3.00 (m, 5H); 3,4 (q, 1H, J7 c./sec.); 8.4 (4, 3H,‘
J 6 c./sec.); 8.85 (t, 3H, J 7 c./sec.).

70% Ether-petrol gave an oily mixture which on sublimation

gave 3-chloroindazole (22 mg., 1.8%), m.p. and m.m.p. 148-148,5°,

(1it.197, m.p. 148°), from petrol (60-80°), The i;r.4spaefrum was
. identical to that of an authentic sample pfgpared by the method

of Stephenson.197

5% Ethanol-ether gave a red oil, sublimation of which gave yellow

needles of 4-chlorocinnolin-3(2H)-one (156 mg., 17.5%), m.p. and
m.m,p. 220-223° (decomp.) (1it.5%, m.ﬁ. 220°), from ethanol

(Found: C, 53.3; H, 2.8; N, 15.6. Calculated for CgHsN,0Cl
'C, 53.2; H, 2.8; N, 15.5%).

m/e: 180(P), 152, 117.

An i.r. spectrum was identical to that of an authentic sample
prepared by the reaction of cinnolinone with t-butylhypochlorite.3®

10% Ethanol-ether gave a brown mixture which on sublimation gave

prisms of indazole-3-carboxamide (143 mg., 18%), m.p. 279-284°,

Recrystallisation from ethanol raised the m.p. to 286-288° (1lit,198
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m.p, 285-286°) (Found: C, 59.8; H, 4.5; N, 25.9. Calculated
for CgHsN30 C, 59.6; H, 4.3; N, 26.0%).

m/e: 161 (P), 145, 118, m¥*, 161-1u45 = 130.6,

N

Voo 3330-2780 (m, NH), 1670, 1635, 1620, 1605, 1590, 1080,
1

900, 770 and 748 em.”

50% Ethanol-ether gave a red polymeric substance from which

unreacted cinnolinone (50 mg., 7%) could be sublimed.

(ii) With sodium hydride

Cinnolin-3(2H)-one (730 mg., 5 mmoles) was dissolved in methylene
chloride (150 ml.) and sodium hydride (1.2 g., of a 50% dispersion,
25 mmoles) was added. Ethereal chloramine (8.5 mmoles) was added after
15 min, and the mixture stirred at room temperature overnight. The
solution was filteredand the precipitate dissolved in water and the
. mixture was.éxtracted with chlqroform. 'The aqueous solution was then
acidified and the extraction repeated.‘
The basic extract gave a black oil that did not show ény definite
compound on t.l.c. and was not investigated further. The acid extract
~ gave unchanged cinnolinone (316 mg.s 43%). The organic filtrate (above)
was chromatographed on silica:
60% Ether-petrol gave 2-(l-ethoxyethyl)cinnolin-3(2H)-one (10 mg.,
<1%), identified by i.r. spectrum comparison and t.l.c.
Ether gave an unidentified yeliow solid (40 mg.), m.p. 114-116°,
from chloroform-petrol (Found: C, 55.7; H, 4.25 N, 19.5%)..
._ Vo, 3390, 3320, 2130, 2090, 1650, 1625, 1300, 750 and 670 em. L.
5% Ethanol-ether gave g;azidophenylacetamidef'(135 mg., 15.5%),
m.p. 165-167° (decomp.) from chloroform-petrol.

10% Ethanol-ether gave indazole-3-carboxamide (32 mg.,'u%), m.p.

286-288° (lit.lée, m.p. 285-286°) after sublimation and recrystallis-

ation. from ethanol,

trSee page 60
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'€ Pyrolysis of 2-aminocinnolin-3-one

(1) _ Alone . :
The N-amino compound (36 mg.) was cautiously heated to 1350

and after the explosive decomposition had subsided, the residue was

sublimed to give oxindole (19 mg., 64%), m.p. and m.m.p. 124-127°

(lit.lag, m.p. 127°). An i.r. spectrum was identical to that of

authentic oxindole.
(ii) In toluene

The N-amino compound (54 mg.) was heated under reflux in dry
toluene (20 ml.) for 6 hr. and the excess of tdluene then removed by
"distillation under reduced pressure. The residue was chromatographed

on silca to give oxindole (40 mg., 90%).

(iii) With tetracyclone

.

A solution of the N-amino compound (322 mg., 2 mmoles) and
tetraphenylcyclopentadienone (tetracyclone) in toluene (25 ml.) was heated
~under reflux for 16 hr. Excess of toluene was removed and the
residue chromatographed on basic alumina:

Benzene gave tetracyclone (680 mg., 88%)

‘Ether gave oxindole (126 mg., 47%), m.p. 124-127°,

Therﬁolysis of cinnolinone and 2-methylcinnolin-3(2H)-onel9? in
1,2,4-trichlorobenzene under reflux for 5 hr, gave the recovered

cinnolinones in 71% and 100% yields respectively.
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D Oxidation of 2-aminocinnolin-3-one

(1) In cyclohexene

The N-amino compound (325 mg., 2 mmoles) was suspended in
methylene chloride (60 ml.) and cyclohexene (25 ml.) and a solution
of LTA (1.0 g., 2.26 mmoles) in methylene chloride (kd ml,) was
added dropwise, with stirfing.. Nitrogen was vigorously evolved and
the mixture rapidly turned brownvand then depositéd-a viscous black
0il. The mixture was stirred for a further 30 min. and then filtered.
The residue was extracted thoroughly with hot methylene chloride
and the combined filtrates éhrométbgraphed on silica:

50% Ethanol-ether eluted a dark red viscous oil (100 mg.) from

which cinnolin-3-one (21 mg., 7%), m.p. and m.m,p. 197-201°
(decomp.) (1it.196, m.p. 200-201°) could be obtained by

sublimation.

(11)  In methyl methacrylate

LTA (1.0 g.) was added in small portions to a suspension of the

N-amino éompound (2 mmoles) in benzene (25 ml.) and methyl methacrylate

(25 ml.). The reaction evolved nitrogen, turned bright red and

deposited a black solid which_was collected after 2 hr., The solid was

’ extracted with benzene until the benzene remained colourless. The
-remaining black solid was treated with 6N sulfuric acid, filtered

" and the filtrate neutralised (pH7) with 2N sodium hydroxide solution.,

Extractién with chloroform yielded a trace of cinnolinone (i.r. and

v t.l.c.)'

The organic filtrate and washings were evaporated to dryness.

and the residue treated in a similar manner to give cinnolinone

(50 mg., 17%).
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(i£i) In DMSO

The reaction above was repeated with DMSO (5 ml.) as the
solwent. Nitrogen was again evolved in the.extremely exotherﬁic
reaction. The mixture was stirred for a further 90 min. and then
poured into water, filtered and the red precipitate (210 mg.) washed
well with water and dried. The i.r. spectrum wassimilar to that

1

of oxindole, v 3160 (NH), 1700 (C=0), 1620 (C=C) and 740 cm. .

max.
The material was polymeric and could not be crystallised or sublimed
without decoﬁposition. | '

The aqueous solution (above) was extracted with chloroform and
chromatographed on silica:

Ether eluted an oil (22 mg.) that on sublimation gave an

unidentified compound (3 mg.’, m.p. 203-206°,

m/e 329 (P), 301, 226, 105, 77.
1

Vax 1710, 1698, 1600, 1450, 1242, 780, 704 and 650 cm. .

(iv) In ethanol

The oxidation above was repeated in a similar manner in a mixture
of methylene chloride (25 ml.) and dry ethanol (25 ml.). Nitrogen was
evolved, and the 'solution went almost black; it remained hoﬁogeneous,
however, and was chromatographed on silica:

70% Ether-petrol gave a red oil (60 mg:) which contained a

colourless solid. The mixture was sublimed to give 3-ethoxy-
oxindole (5 mg.), m.p. and m.m.p. 105-107° (1it.200, m,p, 106-107.5°).
m/e: 177 (P), 149, 1u8, 133, 120, 83.

The i.r. spectrum was identical to thé@ of an authentic specimen
prepared by the method of Creger.zoo

50% Ethanol-ether gave a mixture of products (250 mg.) from

which unchanged cinnolinone (20 mg., 6%) could be obtained after

- sublimation.
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(v) With iodobenzene diacetate

The N-amino compound (161 mg., 1 mmole) was dissolved in dry
methylene chloride (50 ml.) and added dropwise to a stirred solution
of iodobenzene diacetate (386 mg., 1.2 mmoles)?®! in a mixture of
methylene chloride (25 ml.) and ¢yclohexene (25 ml.). The mixture
was stirred at room temperature overnight and then chromatographed
on silica to give iodobenzene (161 mg., 60%) as the only product

that could be identified.

E Miscellaneous experiments

(i) Attempted deamination of 2-aminocinnolin-3(2H)-one

a). . The N-amino compound (80 mg., 0.5 mmole) and N-nitrosodiphenyl-
amine (99 mg., 0.5 mmole)292 were fused on a steam bath for 30 min.,
then cooled and the residue chromatographed on silica:

10% Ether-petrol gave diphenylamine (74 mg., 87%), m.p. 51-53°,

Ether gave oxindole (43 mg., 65%).

20% Ethanol-ether gave unreacted N-amino compound (26 mg., 33%).

b) The N-amino compound (80 mg., 0.5 mmole) was dissolved in glacial
acetic acid (5 ml.) and an aqueous Solution of sodium nitrite (35 mg.,

0.5 mmoles dissolved in 5 ml, of water) added dropwise at room temperature
' The reaction mixture was neutralised with sodium bicarbonate and then

extracted with chloroform to give cinnolinone (70 mg., 96%).

(i1) Copper chloride chelate of 2-aminocinnolin-3-one

The N-amino compouﬁd (161 mg., 1 mmole) was dissolved in hot'
ﬁethanol (20 ml.) and then added to a solution of copper chloride
"~ dihydrate (340 mg., 2 mmoles) in hot methanol (20 ml.). The mixture
was allowed to ¢ool and the dark green solid (146 mg., us%) that

scparated was filtered off to give the copper chelate of 2-amino-
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A cinnolin-3(2H)-one, m.p. 184-186° (decomp.) (Found: C, 32;9; H, 2.5;
Cl 25.0; N, 13.9. C8H7C120uN30 réduires C, 32,53 H, 2,43 C1, 24.03
N, 14.2%).

1

Voox 3058, 3017, 1618, 1610, 1500, 905, and 785 cm. .

(iii) Amination of cinnolin-3(2H)-one with 9:(2,u-dinitrqphenyl)hydroxyl-

Cinnolinone (146 mg., 1 ﬁmole) was dissolved in dry DMF'and
freated with dodium hydiide (50 mg., of a 50% dispersion, 1 mmole).
27(2,R-Dinitrophgnyl)hydroxylamine (199_mg,, 1 mmole) was added when
hydrogen evolution.ceased and the mixture was then stirred for a
. "further 30 min. The dark reaction mixture was diluted with water and
KN filtered to give 2-aminocinnolin-3(2H)-one (21 mg., 13%), m.p. 127-
130°. The aqueous filtrate was extracted with ether to give a yellow
oil which was shown to comtain 2,4-dinitrophenol, but no Efamino

compound (t.l.c.).

(iv) Reaction of 2-aminocinnolin-3(2H)-one with chloramine

The N-amino compound (161 mg., 1 mmole) was dissolved in dry methylen%
chloride (50 ml.) and treated with ethereal chloramine (2 mmoles).
Tﬂe-mixture was stirred for 14 hr. and then concentrated to half
.volume to give a grown solid (47 mg.,), m.p. 212-218°, Recrystallisation
from chloroform-petrol (charcoal) gave l- or 2-aminoindazole-3- |
carboxamide, m.p. 222-226° (Found: C, S4,6; H, 4.4; N, 31.2, \

CgHgNy0O requires C, 54.5; H, 4.6; N, 31.8%).
m/e: 176(P), 161, 159, 1u5,

Vo, 3390, 3338, 3260, 3170, 3050, 1665, 1638, 1605, 778, 758 and
1

749 em. .

The remaining solution was evaporated to dryness and triturated
with ether to give unreacted N-aminocinnolinone (61 mg., 40%),

m.p. 127-130° (decomp.).
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v

(v) Attemptedvamination of 4-chlorocinnolin-3(2H)-one

The chlorocinnolinone was suspended in an agqueous ethanolic
solution of sodium hydroxide and HOS (5 equivalents) added at
60°. Unchanged cinnolinone (16%) was the only crystalline product

recovered.
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3 'l-AMINOQUINOXALIN-Z(lH)-ONE

A Preparation from quinoxalin-2(1H)-one

3,4-Dihydroquinoxalin-2(1H)-one was prepared by the rgécfion
of O-phenylenediamine with chloroacetic acid in émmo;ium hydroxide
solution by the method of Perkin and Riley.293 The dihydro compound
was oxidised to the quinoxalinone either directly with potassium

permanganatezo“ or via the unstable 4-nitroso compound.zo3

(i) With potassium permanganate

3,4-Dihydroquinoxalin-2(1H)-one (14.8 g., 0.1 mole) was dissolved
in water (200 ml.) at 90° and potassium permanganate (15.8 g., 0.l mole)
added over 1 hr. to the vigorously stirred solution at 90 to 95°. The

reaction mixture was filtered while hot and on coéling, the filtrate

, was acidified with 2£lhydrochloric acid and the yellow precipitate

was collected and dried. Recrystallisation from water (charcoal)
gave quinoxalin-2(1H)-one (6.1 g., 41%), m.p. 268-271° (1it,203,
m.p. 271°),

The yield of quinoxalinone remained substantially unchanged

when 1.5 equivalents were used.

(ii) vVia the 4-nitroso-3,4-dihydroquinoxalin-2(1H)-one

The dihydroquinoxalinone (29.6 g., 0.2 mole) was suspended in '
water (1 1.) which contained concentrated hydrochloric acid (60 ml.)
at 5°, A 10% solution of sodium nitrite (13.8 g., 0.2 mole) in
water was added dropwise to the stirred solution at 0 to 5°, The mixture
was stirred for a further 30 min. at 5°, filtered and the yellow
solid washed well with water, then with cold ethanol and finally with
petrol (40-60°). The crude nitroso compound was, without further
purification, decomposed by heating in ethanol (750 ml.) under reflux

for 5 hr. Brown fumes of nitrogen dioxide were evolved after a short

induction period. The mixture was allowed to cool and the solid that
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had crystallised, filtered and recrystallised from water (charcoal)
‘to give quinoxalinéne (17.8 g., 60%), m.p. 270-271° (lit., m.p. 271°).
" Concentration of the ethanolic solution gave unchanged dihydro-

quinoxalinone (5.4 g., 18%).

(iii) Amination of quinoxalin-2(1H)-one

Quinoxalin-2-one (2 g., 0.014 mole) was dissolved in water
(50 ml,) at 65° containing sodium hydroxide (3.3 g., 0.08vmole). HOS
(4.5 g., 0.04 mole) was added over 30 min., the temperature being
kept at about 65°. Needles gradually separated and on cdoling were
fi;teréd off and dried (1.4 g., 6u4%). Thé solid was recrystallised

from chloroform to yield l-aminoquinoxalin-2(1H)-one, m.p. 178-179°

“(Found: C, 59.5; H, 4.4; N, 26.3. CgH7N30 requires C, 59.6; H, u.u;
N, 26.1%).

m/e: 161(P), 146, 133, 106, 105.

Vnax 3298, 3185, 1652, 1625, 1605, 1588, 1472, 850, 780 and 755 cm.-l.

T 1.63 (s, 1H); 1.85-2.24 (m, 4H); 4.9 (br.s, 2H).

Anisylidene derivative, m.p. 170-171° from ethanol (Found:

c, 68.8; H, 4,7; N, 15.0. Cj;gH13N302 requires C, 68,8; H, 4.7; N, 15.0%).

Vnax. 1650, 1610, 1590, 1572, 1268, 1182, 1034, 838, and 762 cm. l.

T 0.93 (s, 1H).; 1.63 (s, 1H); 2.05-3.10 (m, 8H); 6.60 (s, 3H).
Chloroform extraction of the basic solution gave unchanged
‘quinoxalin-2-one (0.7 g., 35%).

When the amination was repeated with a mole ratio of quinoxalinone:
sodium hydroxide: HOS of 1:5:2.5 a slight increase in the yield of

N-amino compound (67%) was obtained. When a ratio of 1:10:5 was used,

the yield fell to 41-u46%.
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B Oxidation of l-aminoquinoxalin-2(1H)-one

General procedure

'l-Aminoquinoxaliﬁ-2(lH)-one (805 mg., 3 mmoles) was either
dissélved or suspeﬂded in a mixture of solvent arid the olefin and
the LTA.(2.7 g., 6 mmoles) was added portionwise over 10 min. The.
mixture was stirred for a further 1 to 2 hr., and except when DMSO
was used as a trap, filtered and the filtrate and chloroform washings

of the gum residue chromatographed on basic alumina.

(1) Alone
Methylene chloride (25 ml.,) was used as solvent.

20% Ether-petrol gave yellow crystals of benzo-1,2,4-triazine

(116 mg., 18%), m.p. 76-77° (1it.295, m.p. 76+77°), from petrol
(60-80°) (Found: C, 64.4; H, 3.9; N, 31.9. Calculated for
CsHsN3 C 64.1; H, 3.8; N, 32.0%).

m/e: 131(P), 103, 76, 58, u43.

Ymax 1615, 1570, 1138, 1105, 1020, and 863 cm.-l.

v 0.04 (s, 1H); 1,30-1.64% (m, 1H); 1.80-2,32 (m, 3H).

.

(ii) In cyclohexene

)

Cyclohexene (20 ml.) was used togethervwith methylene chloride

(25 ml.).

20% Ether-petrol gave 2-(quinoxalin-2-on-l-yl)-7-azabicyclo-

(4,1,0]-heptane, (110 mg., 9%).

Recrystallisation from chloroform petrol gave crystals, m.p.

174-176° (Found: C, 69.63 H, 6.3; N, 17.2. Cj,H;5N30 requires

C, 69.7; H, 6.3; N, 17.4%).

v, 1655, 1600, 1582, 1304, 898 and 752 em. L,

v 1.83 (s, 1H); 2.08-2.83 (m, 4H); 7.07-7.27 (m, 2H); 7.40-

7.98 (m, 4H); 8.40-8,80 (m, u4H).
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20% Ethanol-ether gave unchanged l-aminoquinoxalin-2-one

(42 mgo, 5%), mcpo 176-1780.

(iii)  In methyl methacrylate

Methyl methacrylate (40 ml.) and methylene chloride (40 ml.)
were used.

20% Ether-petrol gave benzo-1,2,4-triazine (67 mg., 10%), m.p.

76-77° (1it.205, m.p. 76-77°).

70% Ether-petrol gave methyl 2-methyl-l-(quinoxalin-2-on-1-yl)-

aziridine-2-carboxylate, (277 mg., 21%). Recrystallisation from petrol
(60-80°) gave crystals m.p. 81-83° (Found: C, 59.93 H, 4.9; N, 16.2.
Cy3H)3N303 requires C, 60.2; H, 5.0; N, 16.2%).
Voax. 1727, 1654, 1608, 1590, 1218, 1178, 928 and 767 cm.-l.
T 1.80 (s, 1H); 2.06-2.86 (m, 4H); 6.12, 6.60 (s, s, ratio
of about 1:2.5, together 3H); 6.60, ;.03 (mym, ratio 2.3:1,

togefher 3H).

(iv) In DMSO

The reaction was carried out in DMSO (10 ml.). The mixture was
poured into water and extracted with petrol (60-80°) to yield benzo-
1,2,4-triazine (Suimg., 8.5%). Extraction of the remaining aqueous
gsolution with chloroform gave an oily residue that on trituration .

with ether-petrol gave a solid (6.34 mg.,.SS%j. Recrystallisation

from chloroform petrol afforded N-(quinoxalin-2-on-l-yl)-dimethyl-
sulfoximine, m.p. 187-189° (Found: C, 50.6; H; 4,4; N, 18.0; S, 13.6.
C1oH11N30,8 requires C, 50.63 H, 4.7; N, 17.7; S, 13.5%).

v 3010, 2920, 1665, 1603, 1462, 1202, 955, 78l and 750 cm. 1

max.
T 1.64 (s, 1H)j 1.92-2.72 (m, 4H); 6.60 (s, 6H).
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C Miscellaneous experiments

(i) Irradiation of N-(quinoxalin-2-on-l-yl)-dimethylsulfoximine

The DMSO adduct (237 mg., 1 mmole) was dissolved in a mixture
of benzene (25 ml.) and cyclohexene (25 ml.) and heated to reflux. The
mixture was irradiated with a Phillips 500 W sun lamp for 8 hr. under
nitrogen at reflux temperature. . The mixture was evaporated to give
the cyclohexene aziridine (7% mg., 30%), m.p. 1732176°, on trituration

with ether-petrol. No other crystalline products could be isolated.

(ii) Irradiation of benzo-l,2,4-triazine

Benzo-1,2,4-triazine (161 mg.) was dissolved in dry benzene
(25 ml.) and irradiated under similar conditions as above. The

triazine, m.p. 75-77°, was recovered unchanged (147 mg., 91%).

(iii) Pyrolysis of N-(quinoxalin-2-on-l-yl)-dimethylsulfoximine

The DMSO adduct (40 mg.) was heated at 230° for 30 min. The residue

on sublimation gave the unchanged DMSO adduct (28 mg., 70%).

(iv) Amination of quinoxalin-2-one with chloramine

The quinoxalinone was dissolved in a mixture of DMF and methylene
chloride and treated with sodium hydride and then chloramine by
standard procedures. The mixtureswas stirred for 1 week at room
temperature but no N-amino compound was formed (t.l.c.). The
solution was filtered and the filtrate gave recoveredistarting

material (4%). The precipitate was not investigated.
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4 1-AMINOOXINDOLES

A . l-Aminooxindole

1-Aminooxindole was prepared by the method of Baumgarten et a1,56s196b

either by the cyclodehydration of 9-hydrazinophenyl acetic acid, or

"

by rediuction of cinnolin-3-one with zinc and ethanolic sulfuric acid.

(i) oOxidation of l-aminooxindole

a) In cyclohexene

. 1) l-Aminooxindole (250 mg., 1.7 mmoles) was dissolved in a
mixture of methylene chloride (15ml.) and cyclohexene (15 ml.) and
LTA (1.5 g., 3.4 mmoles) added over 5 min. The mixture was evaporated

to dryness after stirring for 30 min., and the residue treated with
sggsulfuric acid. The insoluble portion was washed with water and then
dissolved in chloroform. The acid filtrate was neutralised with sodiumb
acetate and extracted with chloroform. Both chloroform extracts showed
cinnolin-3-one as the only product (t.l.c.) and were\combined to yield
cinnolin-3-one (147 mg., 60%), m.p. 198-206° (decomp.) (1it.196, m.p.
200-201°),

2) 1l-Aminooxindole (148 mg., 1 mmole) was dissolved in dry
methylene chloride (20 ml.) and cyclohexene (40 ml.). Iodobenzene
diacetate (386 mg., 1.2 mmoles) in methyleﬁe chloride (10 ml.) was
added and the mixture stirred for 3 hr., and then chromatographed on
silica:

1% Ether-petrol gave iodobenzene (132 mg., 65%) (i.r.)

50% Ethyl acetate-ether gave cinnolin-3-one (89 mg., 66%), m.p.

198-201° (decomp.).
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b) In DMSO

The N-amino compound (296 mg., 2 mmoles) was dissolved in dry
DMSO (10 ml.) and LTA (1.5 g., 3.4 mmoles) added portionwise to the
stirred solution.. The mixture was stirred for 1 hr. and then poured
into water. Extraction with chloroform gave cinnolin-3-one (94 mg., 32%)

as the only crystalline compound.

(ii) Attempted preparation of the triphenylphosphine imine of

“l-aminooxindole

a) A solution of bromine (0.8 g., 0.27 ml.) in dry benzene (50 ml.)
was added dropwise to a stirred solution of recrystallised triphenylphosph-
ine (1.31 g., 5 mmoles) in benzene .(50 ml.) at 0-5° under nitrogen. A
pale yellow solid of triphenylphosphine dibromide gradually separated
and pure triethylamine (2.8 ml., 10 mmoleé) was then added. A solution
of l-aminooxindole (740 mg., 5 mmoles) in dry benzene (50 ml.) and

dry ether (50 ml.) was added and the mixture refluxed for 1.5 hr.

On cooling, the crystalline triethylamine hydrobromide (1.3 g., 72%) was
filtered off and washed well with benzene. The filtrate and washingé
were evapdrated to give an oily brown mixture which was chromatographed
on basic alumina:

10% Ether-petrol gave triphenylphosphine (62 mg., 5%), m.p. and

m.m.p. 80° (lif.las, m.p. 80°),

Ether to 25% ethyl acetate-ether gave triphenylphosphine oxide

(932 mg., 84%), m.p. and m.m.p. 152-153° (1it.189, m.p. 153°),

10% Ethanol-ether gave unchanged l-aminooxindole (282 mg., 48%),

‘m.p. and m.m.p. 124-126° (1it.!196P m.p, 127-128°),

b) The reaction was repeated as above. After the triethylamine
hydrobromide had been filtered the solution was irradiated with a Phillips

500 W sun lamp, heated at reflux for % hr. No cinnolin-3-one was
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detected (t.l.c.) and the mixture was then.chrematographed on silica:

20% Ether-petrol gave triphenylphosphine (350 mg., 27%), m.p. 78-80°,

Ether gave l-aminookindole (650 mg., 92%), m.p. 123-127°,

10% Ethanol-ether gave triphenylphosphine oxide (700 mg., 50%),

m.p.:151-153°,

(iii) g;(ngoluenesulfonyl)-l—aminooxindole'

This compound was prepared by the method of Whittman56? and

Baumgartenssb.

a) Irradiation of the sodium salt in DMSO

The tosyl derivative (604 mg., 2 mmoles) was dissolved in dry
methylene chloride and sodium hydride (96 mg.; of a 50% dispersion,
2 mmoles) added. The mixture was stirred for 30 min. and then evaporated
to dryness. The sodium salt was dissolved in a mixture of benzene |
(85 ml.) and DﬁSO (15 ml.) and irradiated for 2% hr. in a quartz vessel
with an Hanovian medium pressure lamp under nitrogen. The solvents
were removed undér reduced pressure and therresidue dissolved in water,
- neutralised with dilute hydrochloric acid, and the chloroform extract
chromatographed on silica:

Ether gave the unchanged tosyl derivative (1% mg., 2.3%), m.p. and

m.m.p. 266°, as the only crystalline product.

Cinnolin-3-one when irradiated in benzene under similar conditions

was recovered (70%).

b) Irradiation of the lithium salt in THF

The tosyl derivative (1,51 g., 5 mmolés) was suspended in dry
THF (100 ml.) and lithium butyl (2 ml., of a 2.5 2=solutidn, 5 mmoles)
added. The solution gradually became homogeneous and was then
irradiated under similar conditions as above for 17 hr, T.l.c. indicated |
that cinnolin-3-one had not béen formed. The lithium tosylate was

filtered and the filtrate chromatographed on silica to give the
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unchanged tosyl derivative of l-aminooxindole (244 mg., 40%) as the

only crystalline product.

(iv) Attempted amination of oxindole

Oxindole (98%) and (70%) was recovered unchanged when treated
with HOS under basic conditions at>25 to 30° and 35 to 40°
respectively. At 60 to 70° a red polymeric material which could not be
characterised was obtaihed. Similar procedures as already described
for previous aminations with chloramine and 0-(2,4~-dinitrophenyl)-
hydroxylamine were attempted, but only gave similar red poiymeric

material as was obtained above.

"B 1-Amino-3-methyloxindole

(i) Preparation from 4-methylcinnolin-3-one

4-Methylcinnolin-3-one was prepared by the method of 3aumgarten
et al.196% and reduced to the N-amino compound by a method analogous
to that used for l-aminooii-ndole.196b
| 4-Methylcinnolin-3-one (544 mg., 3.4 mmoles) was dissolved in
95% ethanol (20 ml.) and zinc dust (0.75 g.) was added. The mixture
was heated under reflux and Gglsulfuric acid (8.6 ml.) added over 5 min.
After a further éo min. at reflux the sQlution was filtered while hot

and the excess of zinc washed thoroughly with hot ethanol. The

ethanol was removed under reduced pressure and the residue diluted

with water (20 ml.) and then made alkaline with concentrated aqueous

ammonia. The solution was extracted with chloroform and the extract
chromatographed on silica:
‘Ether gave a colourless oil that gradually crystallised (493 hg.,
90%). Recrystallisation from ether-petrol gave needles of

l-amino-3-methylindolin-2-one, m.p. 78-80°"(Found: C, 66.9; H, 6.2;

N, 17.3. CgHjoN»0 requires C, 66.7; H, 6.2; N, 17.3%).

Voax 3325, 3198, 1704, 1640, 1620, 1246, 1011, 768 and 704 cm.-l
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T 2.70-3.32 (m, 4H); 5.25 (br.s, 2H); 6.18 (q, 1H}:J 7 c./sec.);

8.71 (d, 34, J 7 c./sec.).

Anisylidene derivative, m.p. 126-128°, from aqueous‘ethanol,
(Found: C, 73.2; H, 6.0; N, 9,7, Cj7H1gN»20, requires C, 73.8;
H, 5.8; N, 10.0%). |

v .. 1704, 1618, 1605, 1255, 1172, 838 and 752 cm. .

v 0.08 (s, 1H); 2.15-3.14 (m, 8H); 6.14 (s, 3H); 6.43 (q, 1H,J

7 c./sec); 8.50 (d, 3H,J7 c./sec.).

(ii) Deamination of l-amino—S-mefhyloxindole
~The N-aminooxindole (76 mg., 0.47 mmole) and N-nitrosodiphenyl-
amine (93-mg., 0.47 mmole) were fused on a steam bath for 30 min. and
'on cooling the mixture was chromatographed on silica:

5% Ether-petrol gave diphenylamine (52 mg., 66%), m.p. and

momopo 51-530 (1it0189, mopo 530)

5% Ether-petrol gave recovered N-nitrosodiphenylamine (8 mg.,

8.5 %), m.p. and m.m.p. 67-68° (1it.18%, m.p. 68°),
Ether gave 3-methyloxindole (41 mg., 60%), m.p. and m.m.p, 120-122°

(1it., m.p. 122-123°). An i.r. spectrum was identical to that

of- an authentic specimen.

. (iii) Attempted preparation from 3-methyloxindole

3-Methyloxindole was prepared by the cyclisation of B-propionyl-

_ phenylhydrazine according to the method of Endler and Becker,206

a) Amination with HOS

3-Methyloxindole (1.0 g., 6.8 mmoles) was dissolved in water (40 ml.)
containing sodium hydroxide (1.6 g., 40 mmoles) at 60°, HOS (2.9 g.,

25 mmoles) was added at a temperature between 60 'and 65°, On cooling,

the solution was extracted with chloroform and the extract chromatographed

on silica:
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80% Ether-petrol gave unchanged 3-methyloxindole (350 mg.,

35%), m.p. and m.m.p. 119-122° (1it206 | m,p, 122-1239),

' 50% Methanol-ether gave an oil (435 mg.) that showed two

~overlapping spots on t.l.c. A partial separation was obtained
using prep.til.c. and the compound of highest Rf._value was

found to be 3-amino-3-methyloxindole, m.p. 182-183° (lit,,

207 m.p. 182-183°), from chloroform-petrol (Found: C, 66,7;
H, 6.1; N, 17.5. Calculated for CqH;oN,0 C, 66.7; H, 6.2; N, 17.3%)

Voax. 3358, 3280, 3140, 2975, 2880, 2825, 1710, 1680, 1622, 750, 740
1

720 and 658 cm. .
T 1.40-1.72 (br.s, 1H, disappears on addition of D20); 2.50-3.20
(m, uH); 8.00-8.40 (br.s, 2H, disappears on addition of D,0);
8.52 (s, 3H).

The remaining o0il could not be separated entirely from the
compound above. The crude product was found to be 1l,3-diamino-

3-methylindolin-2-one (b.p. 140-150°/0.3 mm.) (Found: C, 63.5;

H, 5.4; N, 23.7. CgHyjN30 requires C, 61.05 H, 6.3; N, 23.7%).
m/e: 176 (P), 161, 149, 134, 133, 132, m*,, 177-149 = 125.5;

m¥y,s 149-133 = 118.9; m¥,, 1495132 = 116.9.
V., 3310, 3180, 2965, 1715, 1620, 1485, 1468, 1198, and 750 cm.”t.

T 2.54-3.17 (m, 4H); 7.80 (s, 2H); 8.12 (s, 2H); 8.63 (s, 3H).

Di-anisylidene derivative, m.p. 169-170°, from ethanol (Found:

C, 72.3; H, 5.8; N, 10.1. C,sH,3N30; requires C, 72.6; H, 5.6;

N, 10.1%).

Vnax 1712, 1630, 1617, 1609, 1260, 840 and 760 cm.-l.

v 0.41 (s, 1H); 1.72 (s, 1H); 2.07-3.28 (m, 12H); 6.24 (s, 3H);

6.26 (s, 3H); 8.28 (s, 3H).
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b) Amination with chloramine

3-Methyloxindole (4.4 g., 0.03 mole) was dissolved in dfy
methylene chloride and treated with sodium hydride (2.9 g., of a 50%
dispersion, 0.06 m§le). When hydrogen evolution ceased, ethereal
chlofamine_(0.0?S mole) was added and the mixture stirred overnight.
The mixture was filtered and the filtrate chromatographed on silica:
Ether gave unchanged 3-methyloxindole (204 mg., 4.5%), m.p. and
m.m.p. 121-123° (1it.207, 122-1230),

50% Ethanol-ether gave an oil (3.72 g.) that contained a similar

mixture of mono and di-aminooxindoles as in the HOS amination.
A partial separation could be obtained by the method previously

described.

(iv) Oxidation of l-amino-3-methyloxindole

~a) In cyclohexene

The N-amino compound (162 mg., 1 mmole) was dissolved in methylene

" chloride (10 ml.) and cyclohexene (10 ml.) added. LTA (665 mg., 1.5 mmoles)
was added portionwise and the mixture turned bright yellow. Stirring

was continued for a further 30 min. and then filtered to givé lead
diacetate (450 mg., 93%). The filtrate was chromatographed on silica

and 4-methylcinnolin-3-one (89 mg., 56%), m.p. and m.m.p. 230-234°

(decomp.), was the only crystalline product obtained.

b) Alone

The reaction was repeated under similar conditions using a mixture
of methylene chloride (10 ml.) and benzene (10 ml.). 4-Methylcinnolin-

- 3-one (60%) was the only product obtained.
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c) In DMSO

The reaction was repeated in DMSO (1 ml.). The mixture was
diluted with water, extracted with ether, dried .and chromatographed as

above to give the cinnolinone (35%).

[¢ 1-Amino-3,3-dimethyloxindole:

(i) 3,3-pimethyloxindole

', Phenylhydrazine (50 ml.) and 2-methylpropionic acia'(SO ml.) were
treated with sfirring for 3.5 hr. at 150°. ‘The mixture was cooled and
recrystallised from water (charcoal) to give 2-methylpropionylphenyl-
hydrazide (38 g.), m.p. 1u0-143° (1it.!89, 142-143°),

| The hydrazide (32.2 g., 0.2 mole) and finely powdered calcium hydride
(14 g., 0.33 molej were heated cautiousl& t6 170°, At this temperature
the mixture violently decomposed., When the reaction had subsided,
heating was_continued at 250° for 3 hr. Methaﬁol (50 ml,) and water
(50 ml.) were cautiou#ly added to the cooled reaction mixture, followed
by concentrated hydrochloric acid (60 ml.) and water (50 ml.) and the
mixture heated under reflux for 1 hr. The crude black solid was filtered
and then distilled under reduced pressure. The fraction, b.p. l36-iu2°
/2 mm., was collected and crystallised from aqueous ethanol (charcoal)
to give 3,3-dimethyloxindole (6.1% g., 19%), m.p. 152-153° (1it.189,’

m.po 152-1530)0

(ii)  1-Amino-3,3-dimethyloxindole

3,3-Dimethyloxindole (1.61 g., 0.0l mole) was dissolved in a
mixture of water (50 ml.) aﬁd ethanol (10 ml.) containing sodium hydroxide
(4 g, 0.1 mole) at 65°. HOS (5.65 g., 0.05 mole) was added over 15 min.
at such a rate that the temperature was maintained between 60 and 65°.
An oil graduaiiy separated and on cooling was extracted into ether to

give l-amino-3,3-dimethylindolin-2-one (1.72 g., 98%) as an oil which
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quickly s&lidified. Repeated recrystallisations from petrol (60-80°)

gave fine needles m.p. 109-110° (Found: C, 68,03 H, 7.0; N, 16.1.

C10H12N20 requires C, 68.2; H, 6.9; N, 15,9%).

Vnax. 3303, 3210, 1708, 1688, 1650, 1632, 1612, 768, 756; 750 and
L

700 em. .

T 2.67-3.12 (m, 4H); 5.68 (br.s, 2H); 8.70 (s, 6H).

(iii) oOxidation of l-amino-3,3-dimethyléxindole

a) In cyclohexene

The N-amino compound (880 mg., 5 mmoles) was dissolved in methylene
chloride (10 ml.) and cyclohexene (20 ml.) and LTA (2,66 g., 6 mmoles)
was then added. The mixture became dark red and a gas was evolved.

The mixture was stirred for i hr. and then filtered free of the lead

diacetate (1.6 g., 83%). The filtrate and methylene chloride washings

‘were chromatographed on basic alumina:

30% Ether-petrol gave 3,3-dimethylindazole (132 mg., 18%) as a

colourless oil, b.p. 77-80°/2 mm. (Found: C, 73.9; H, 7.0; N, 18.8.

CoHjoN, requires C, 73.9; H, 6.9; N, 19.2%).

Vax 2965, 2917, 1595, 1482, 1u58, 912, 773 and 757 cm.-l.

v 1.80-2.13 (m, 1H); 2.50-2.73 (m, 3H); 8.51 (s, 6H).

Apax, 209 (inflexion), 219 (log € 3.68),. 263 nm (358).

40% Ether-petrol gave a crystalline compound. Recrystallisation
frgm chloroform-petrol (charcoal) gave the tetrazene, 1,2-di-
(3,3-dimethylindazolin-2-on-1-yl)-diimide (8 mg., 0.9%), m.p;
221-222° (decomp.) (Found,(68.8; H, 5.95 N, 16.0. CpqHz0Ny02
requires C, 68.9; H, 5.8; N, 16.1%).
m/e: 348 (P), 320, 161, 146, m*, 348-320 = 294.6,

1

Vnax 1740, 1605, 1260, 1184, 982, 761, 750 and 662 cm. .

v 2,50-2,88 (m, 8H); 8,43 (s, 12H).
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20% Ethyl acetate-ether gave 3,3-dimethyloxindole (200 mg.,

26%), m.p. and m.m.p. 150-153° (1it.!8? m.p, 152-153°) after

sublimation.

b) With tetracyclone present

The N-aminooxindole (880 mg., 5 mmoles) was dissolved in methylene

‘chloride (75 ml.) containing tetracyclone (1.92 g., 5 mmoles).

* Powdered LTA (2.66 g., 6 mmoles) was added, gas evolution took place

and the mixture stirred for a further 90 min. The mixture was filtered

and the lead diacetate (1.6 g., 82%), washed with methylene chloride.

' The combined filtrate and washings were chromatographed as above:

Benzene gave unchanged tetracyclone (1.84 g., 96%), m.p. and
m.m.p. 216-219° (1it.189 m.p. 220°),

20% Ether-petrol gave 3,3-dimethylindazole (146 mg., 20%).

20% Ethanol-ether gave 3,3-dimethyloxindole (211 mg., 26%).

c) In DMSO

(1) The reaction was repeated using the same quantities of N-amino

compound and oxidant in DMSO (10 ml.) and methylene chloride (5 ml.).

The mixture was stirred for 30 min. and then the excess of solvents
removed under reducéd pressure. The residue was extracted with
chloroform; the insoluble fraction was lead diacetate (1.45 g., 76%).
The filtrate was chromatographed on silica:

20% Ether-petrol gave a red oil (60 mg.). T.l.c. indicated

the presence of 3,3-dimethylindazole, but this could not be

isolated.

50% Ether-petrol gave an o6ily preduct that on trituration with
 ether gave the tetrazene (16 mg., 1.8%), m.p. 220-223° (decomp.).
Ether gave a red oily mixture (150 mg.) from which 3,3-dimethyl-

oxindole (55 mg., 7%) could be sublimed.
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(2) The reaction was repeated on one-fifth scale. The reaction

mixture was poured into cold water and extracted with chloroform.

" The dried extract was chromatographed on basic alumina to give

3,3-dimethyloxindole (42 mg., 26%) as the only crystalline product.

d) With iodobenzene diacetate and cyclohexene

1-Amino-3,3-dimethyloxindole (528 mg., 3 mmoles) was dissolved
in a mixture of methylene chloride (25 ml.) and cyclohexene (25 ml.).
I6dobenzene diacetate (1.2 g., 3.5 mmoleé) was added and the mixture
stirred for 3 hr. and then chromatographed on silica:
Petrol gave iodobenzene (430 mg., 55%),(i.r.).

40% Ether-petrol gave the tetrazene (79 mg., 7.5%), m.p.

222-223° (decomp.) which could be separated from the
accompanying oils (200 mg.) by trituration with ether.

Ether gave 3,3-dimethyloxindole (275 mg., 57%).

(iv) Pyrolysis of the tetrazene

The tetrazene (43 mg.) was cautiously heated to 225-230°
for 15 min. On cooling, the residue was sublimed to give 3,3-

dimethyloxindole (24 mg., 60%), m.p. and m.m.p: 150-153° (1it,189,
thy _ P P

"m.p. 152-153°),

(v) Attempted preparation of 3,3-dimethylindazole

l-Aminobenzotriazole was prepared by HOS amination of benzotriazole

according to the method of Rees and Campbe1113“b. Acetone hydfaZOne
was prepared by the method of Staudinger and Gaule.208

Acet&ne hydrazone (288 mg., 4 mmoles) was dissolved in methylene
éhioride (25 ml.,) at 0°, LTA (2.2 g., 5 mmoles) was then added

followed by l-aminobenzotriazole (536 mg.,‘& mmoles). A further
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portion of LTA (2.2 g.) was added and the mixture stirred for 6 hr.

before being filtered. The filtrate was chromatographed on silica:.
Petrol gave biphenylene (110 mg., 38%), m.p. and m.m.p. 109-
110° (1it.189, m,p. 110°).

10% Ether-petrol gave phenyl acetate (57 mg., 11%), (i.r. and

P.m.r.).'

D 1-Amino-3,3-diphenyloxindole

(i) 3,3-Diphenyloxindole

The method of preparation was adapted from that of Wegmann et a1,293

Isatin (18 g.) was dissolved in benzene (1200 ml.) and powdered
aluminium chloride (33 g.) added. The mixture was, stirred under
reflux for 90 min., cooled and treated cautiously with water and then
neutralised with 2N sodium hydroxide solution. The benzene layer was
separated, dried and evaporated to half volume. 3,3-Diphenyloxindole
(24 g., 69%) crystallised to fluffy needles, m.p. 225-226° (1it.209,

mopi 225-2260).

(ii) 1l-Amino-3,3-diphenyloxindole

(a) Amination of 3,3-diphenyloxindole with HOS

The oxindole (1.425 g., 5 mmoles) was dissolved in a mixture ofr
water (25 ml.) and ethanol (20 ml.) contéinihg sodium hydroxide (2 g.,
0.05 mole) at 60°, ‘HOS (2.9 g., 0.025 mole) was added over 10 min.,
the temperature being maintained between 60 and 70°, On cooling
a crystalline compound separated and was collected. The filtrate,
when extracted with ether, gave a further (0.6 g.) of l-amino-3,3-
diphenyloxindole (97.5%), m.p. 150-152° (1it.210, m.p. 151-152°) from
aqueous ethanol. An i.r. spectrum was identical to that of an
authentic sample prepared by the method of Bird.210

When the reaction was carried out in the absence of ethanol with
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either sodium or potassium hydroxide as the base, a quantitative

recovery of the unchanged oxindole was obtained.

(b) . Amination of 3,3-diphenyloxindole with chloramine

The diphenyloxindole (9.75 g., 0.034 mole) was dissolved in
dry methylene chloride (200 ml.) and sodium hydride (3.3 g., of a
50% dispersion, 0.066 mole) added.. When hydrogen " evolution ceased,
ethereal chloramine (0.068 mole) was added and the mixture stirred
overnight. The reaction mixture was filtered and the filtrate
evaporated to dryness. Recrystallisation from chloroform-petrol

(charcoal) gave l-amino-3,3-diphenyloxindole (9.0 g., 88%), m.p.

150-152°,

When the chloramine to oxindole ratio was 1.5:1, 2.5:1 and 3.0:1,

the yields of the N-aminooxindole were 80, 80 and 57% respectively.

(iii) Oxidation of l-amino-3,3-diphenyloxindole

The following general procedure was used except when DMSO and

methyl phenyl sulfoxide were used. The N-aminooxindole (900 mg.,

. 3 mmoles) was dissolved in the solvent and LTA (2.0 g., 4.5 mmoles)

was added portionwise over 10 min, The mixture was stirred for a
further 1 hr. and then filtered. The filtrate and chloroform
washings were combined and chromatographed on a suitable support.
a)  Alone

(1). Ether (50 ml.) was used as solvent and the mixture was
chromatographed on deactivated basic alumina:

10% Ether-petrol gave an oil (147 mg., 18%) that

rapidly solidified to give 3,3-diphenylindazole,

m.p. 87-89°, from petrol (60-80°) (Found: C, 84,9;
H, 5.23 N, 10.1. CjgHjyNo requires C, 84,5; H, 5.2;

N, 10.4%).
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m/e: no parent (270), 242, 165, 121.

\ax. 3055, 1595, 1490, 1461, 992, 762, 749, 698 and 655 cm.’*.
50% Ethylacetate-ether gave a yellow solid. Recrystallisation
from chloroform-petrol gave the tetrazene 1,2-di-(3,3-diphenyl-
indolin-2-on-1-yl)-diimide (290 mg., 32%) as fine yellow
needles, m.p. 284-288 . (decomp.) (Found:C, 80.8; H, 4.6; N, 9.1.
C40H28M402 requires C, 80.5; H, 4.7; N, 9.4%).

m/e: 596 (P), 568, 554, 526, 312, 300, 285, 256, 240.

mi*, 596-568 = 541.5; m2*, 596-554 = 514.9; m3*, 554-526 =
499.4.

A

max 1734, 1685, 1615, 1250, 1211, 756 and 705 cm.’".

(2) Benzene (50 ml’.) was used as solvent and similar work up gave
the indazolé (30%) and the yellow tetrazene (18%).
(3) Methylene chloride was used as solvent and with similar workup
as above:
10% Ether-petrol gave the indazole (30%), m.p. 87-89°.
10% Ether-petrol also eluted a crystalline compound m.p. 224-
226° (decomp.) from chloroform-petrol. Physical data suggested
an isomeric tetrazene (23 mg., 2.5%) (Found: C, 80.5; H, 4.7;
N, 9.2. Ci”oH28Nt402 requires C, 80.5; H, 4.7; N, 9.4%).
m/e: 596 (small P), 582, 568 (large), 540, 463, 285, 256.
mi*, 568-540 = 514; m*, 540-463 = 397.
“max 1750, 1602, 1465, 1320, 1264, 757 and 707 cm.’".
Pyrolysis at 230° followed by sublimation of the residue gave
3,3-diphenyloxindole, identified by i.r. spectral comparison.

[

50% Ethyl acetate-ether gave the yellow tetrazene (368 mg., 47%)

b) In cyclohexene

Methylene chloride (25 ml.) and cyclohexene (25 ml.) were used.

The filtrate was chromatographed on basic alumina:
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20% Ether-petrol gave a mixture of the indazole and the
aziridine adduct which could not be separated by chromatographic
techniques. Fractional recrystallisation afforded the aziridine
(120 mg., 10.5%) and repeated recrystallisation from chloroform-
petrol gave pure 2-(3,3-dinhenvlindolin-2-on-1-vl)-7-azabicyclo-
[4,10]-hentane, m.p. 190-192° (Found: C, 81.9; H, 5.4; N, 7.4.
C26H24N20 requires C, 82.1; H, 5.4; N, 7.4%).

m/e: 376 (P), 300, 285, 256, 241, 240, 239, 165.

“max 2955, 1710, 1611, 1470, 768 and 703 cm’".

T 2.74-3.00 (m, 14H); 7.15-7.30 (m, 2H); 7.67-8.24 (m, 4H);
8.46-8.84 (m, 4H).

The residual oil showed characteristic peaks due to both the
indazole and the aziridine.

Ethyl acetate gave the yellow tetrazene (221 mg., 25%).

c) In cyclooctene

Methylene chloride (20 ml.) and cyclooctene (20 ml.) were used
and the mixture was chromatographed on basic alumina:
20% Ether-petrol gave the indazole (162 mg., 20%) m.p. 87-89°.
25% Ether-petrol gave 2-(3,3-diphenylindolin-2-on-1-yl)-9-
azabicyclo-[6,1,0]-nonane (390 mg., 32%), m.p. 133-135° from
petrol (50-80°) (Found: C, 81.9; H, 7.0; N, 7.1. C28H28N20
requires C, 82.3; H, 6.9; N, 6.9%).
2920, 1715, 1614, 1466, 754 and 703 cm."".

T 2.70-3.12 (m, 14H); 7.32-7.88 (m, 4H); 8.23-8.90 (m, 1OH).

d) In methyl methacrylate

Methylene chloride (15.ml.) and methyl methacrylate (15 ml.) were

used and the mixture was chromatographed on basic alumina:
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20% Ether-petrol gave 3,3-diphenylindazole (60 mg., 7.5%)

25% Ether-petrol gave the colourless tetrazene (6 mg., 0.7%)

m.p. 222-226° (decomp.).

60% Ether-petrol gave the aziridine adduct (230 mg., 16%) as

a viscous oil. Trituration with ether-petrol and recrystallisation

of the solid from petrol (60-80°) gave methyl 2-methyl-1l-

:(3,3-diphenylindolin-2-32;l-yl)aziridine 2- carboxylate, m.p.

112-114° (Found: C, 75.1; H, 5.6; N, 7.4, CosHasNy03 requires
C, 75.43; H, 5.6; N, 7.0%).
V.. 1727, 1709, 1611, 1340, 1206, 749 and 706 cm.” .
Tt 2.60-3.25 (m, 14H); 6.24, 6.93 (s,s, together 3H); 7.07 (4,
1H, J 2.5 c./sec.); 7.49 (d, 1H, J 2.5 c./sec.); 8.38, 8.73
(s,s, ratio 1:1.5, together 3H).

Distillation of the aziridine resulted in decompoesition
with formation of 3,3-diphenyloxindole, m.p. and m;m.p. 224-226°,

The reaction was repeated in methyl methacrylate (10 ml.) alone. The

indazole (3%) énd the aziridine (46%) were obtained.

e) In methyl phenyl sulfoxide

1-Amino-3,3-diphenyloxindole (900 mg., 3 mmoles) was dissolved
in methyl phenyl sulfoxide (5 ml.) and LTA (2.0 g., 4.5 mmoles) added.
The mixture was stirred for 2 hr. and then poured into water and

filtered., Recrystallisation from chloroform-petrol (charcoal) gave

N-(3,3-diphenylindolin-2-on-1-yl)-methyl phenyl sulfoximine (758 mg.,

58%), m.p. 169-171° (decomp.) (Found: C, 73.63 H, 5.13 N, 6.65 S, 7.8.

C27H25N205S requires C, 74,03 H, 5.1; N, 6.4; S, 7.3%).
1

“méx 1718, 1616, 1210, 1097, 750 and 702 cm.. .

v 1.68-1.90 (m, 2H); 2.40-3.24 (m, 17H); 6.74 (s, 3H).
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f) - In DMSO

Reaction (e) ab&ve, was repeated in dry DMSO (10 ml.)., The
crude precipitate, obtained after the reaction mixture was poured
into water, was dissolved in hot acetone (charcoal) and then dried
(NazSO4). The acetone was removed under reduced pressure to give an
0il that rapidly turned red on standing. Trituration with ether
gave the sulfoximine (824 mg., 73%). Recrystallisation from chloroform-

petrol under nitrogen gave N-(3,3-diphenylindolin-2-on-l-yl)-dimethyl

sulfoximine, m.p. 185-186° (decomp.) (Found: C, 70.33; H, 5.5; N, 7.4;
S, 8.4, CyyHy0N20,S requires C, 70.2; H, 5.4; N, 7,43 S, 8,5%).

m/e: 376 (P), 333, 300, 285, 256, 2u9, 2u0, 239, 165.

Vo, 1710, 1611, 1462, 1229, 1210, 764, 750 and 703 em.”t.
T 2.64-2,83 (m, 14H); 6.88 (s, GH)f

Mpax., 217 (log € 3.33); 264 nm (loge 2.79).

Attempted purification by sublimation under reduced pressure
resulted in decomposition of the sulfoximine with formation of 3,3-

diphenyloxindole (i.r. and t.l.c.).

" (iv) Miscellaneous experiments

a) Photolysis of 3,3-diphenylindazole

The indazole (74 mg.) was dissolved in dry beniene (100 mi.)
and irradiated for 4 hr. under nitrogeﬁ with an Hanovian ioo_w medium
pressure lamp with quartz windows. The mixture was chromatographed
on silica: |

1% Ether-petrol gave 9-phenylfluorene (27 mg., 41%), m.p.

147-148° (1it.189, m.p. 147-148°) from petrol (60-80°) (Found:

C, 94.0; H, 6.0, Calculated for CjgH;y C, 94.2; H, 5.8%).

.b) Attempted pyrolysis of 3,3-diphenylindazole

The indazole was heated for 10 min. at 200°, cooled and the



91
residue sublimed to give.fhe unchanged indazole (66%), m.p. 86-89°,

c¢) Photolysis of the sulfoximine of l-amino-3,3-diphenyloxindole

The sulfoximine (376 mg., 1 mmole) was dissolved in a mixture of
dry benzene (50 ml.) and cyclohexene (50 ml.) an& irradiated as in
(iv)a) above for 17 hr. under nitrogen. Chromatography on basic
alumina gave 9-phenylfluorene (132 mg., 55%),‘m}§. 1u6-1u8°,

Undef similar conditions the aziridine formed from cyclohexene also

gave 9-phenylfluorene (59%).

d) 3,3-Diphenylindazole

Benzophenone hydrazone?!l (681 mg., 3.5 mmoles) was dissolved
in methylene chloride (25 ml.) at 0°, an; LTA‘(l.QS g., 4.4 mmoles)
édded. There was a vigorous evolution of gas and the mixture turned
dark red. l-Aminobenzotriazole (0.4S g., 3.66 mmoles) was added
followed by more LTA (1.95 g.). The mixture was stirred for 5 min.
and then filtered. Evaporation under reduced pressure and

extraction of the residue with petrol (60-80°) gave 3,3-diphenyl-

- indazole (0.27 g., 29%), m.p. and m.m.p. 87-89°, An i.r. spectrum
P P

was identical to that of a specimen prepared by LTA oxidation of
l-amino-3,3-diphenyloxindole.

-

E 1,4-Dihydrocinnolin-3(2H)-one

(1) Reduction of 4-chlorocinnolin-3(2H)-one

4-Chlorocinnolin-3-one®® (180 mg., 1 mmole) was dissolved in:

. a mixture of ethanol (10 ml.) and water (5 ml.). Ammonium chloride

(160 mg., 3 mmoles) and zinc dust (260 mg.) were added and the
mixtﬁre heated under reflux for 30 min. The solution faded to a
very paie yellow and the excess of zinc was removed by filtration
and washed with hot ethanol (10 ml.). The filtrate and wasBhings were

extracted with chloroform to give a pale yellow solid (130 mg.; 85%).



Recrystallisation from carbontetrachloride-petrol gave 1,4-dihydro-
cinnolin-3(2H)-one, m.p. 161-164° (1it.2!2, m,p. 160-164°) (Founds

C, 64.9; H, 5.4; N, 18.6. Calculated for CgHgN2O C, 64,83 H, 5.4;

N, 18.9%).

m/e: 148 (P), 1u7, 146, 121, 120, 119, S8.

V.. 3335, 3180, 3055, 1645, 1392, and 739 em.”L,

T 2.65-2.90 (m, 4H); 3.20-3.60 (br.s, 2H); 6.44 (s, 2H).

Cinnolin-3-one when reduced with zinc in similar conditions

to those above gave the dihydrocinnolin-3-one (100%), m.p. 160-16u°,

(ii) Oxidation of 1,4-dihydrocinnolin-3(2H)-one

The dihydrocinnolinone (48 mg.) was dissolved in methylene
chloride (25 ml.) and LTA (222 mg., 0.5 mmole) added. The mixture
was Filtered and the filtrate evaporated to give cinnolin-3-one

(40 mg., 84%), m.p. and m.m.p. 199-201° (decomp.).

92
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5 N~-AMINOACETANILIDE

(i) Preparation from acetanilide

N-Aminoacetanilide was prepared by a modification of the
method of Sternbach et al.57
(a) Acetanilide (5.4 g., 0.04 mmole) was dissolved in methylene
chloride. (100 ml.) ;nd treated wifh godium hydride (3.8 g., of a
50% dispersion, 0.08 mole). When hydrogen evolution ceased, the
mixture was stirred overnight with ethereal chloramine (0.06 mole).
The solution was filtered and the filtrate evaporated under reduced
pressure to give gfaminoacetanilide (4.15 g., 70%), from chloroform-

petrol (charcoal), m.p. 12u-125° (1it.37, m.p. 125°),

(b) Attempted amination of acetanilide in aqueous ethanolic sodium

hydroxide solutions gave quantitative recovery of acetanilide.

- (i11) Oxidation of N-aminoacetanilide

The N-amino compound was dissolved in methylene chloride and
cyclohexene. LIA was added and a vigorous evolution of gas occurred.
The mixture was filtered and the filtrate chromagographed to give
acetanilide (22%) as the only crystalline product.

When the reaction was repeated in methyl methacrylate, the yield
of acetanilide féll to 3%. Methyl methacrylate polymers were also
obtained. ‘

The reaction was also carried out in DMSO. The mixture was

poured into water and the ether extract chromatographed on silica

to give acetanilide (6.5%).

(iii) l-Acetyl-2-phenyldiimide

1-Acetyl-2-phenylhydrazine2!3 (1.48 g., 10 mmoles) was dissolved
in methylene chloride (50 ml.) and treated portionwise with LTA

(5:35 pay 12 mmoles). The mixture was stirred for 30 min. and then
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| filtered. The brigﬁt red filtrate was extracted with dodium
bicarbonate solution and then washed with water. The organic layer
was dried, evaporated and extracted with petrol (60-80°)-to give.
l-acetyl-2-phenyldiimide (1.04 g., 69%) as a bright red oil. The i.r.
spectrum was identical to that of an authentic specimen prepared by

the oxidation of l-acetyl-2-phenylhydrazine with N-bromosuccinimide

by the method of Book et al,2l*
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6 -~ 1-AMINOBENZIMIDAZOLIN-2-ONES

A ‘1-Amino-3-isopropenylbenzimidazolin-2-ond

3-Isopropenylbenzimidazolin-2-one was prepared by the method
of Davolll30 by the cyclisation of ethyl o-aminocanilinocrotonate with

sodium 2-ethoxyethoxide.

a) The benzimidazolinone (10.44 g., 0,06 mole) was dissolved in
water (100 ml,) containing sodium hydroxide (14 g.s 0.35 mole) at

60°, HOS (21 g., 0.18 mole) was added over l.hr;'the temperature being
maintained between 66 and 70°., Crystals graduvadlly separated and on
cooling were filtered to yield l-amino-3-isoprope imi -
2-one (10.2 g., 90%), m.p. 111-112.5°, f£rom petrol (60-80°)

(Found: C, 63.7; H, 6.0; N, 22,3. CjoH;1N30 requires C, 63.6; H, 5.8;
N, 22.2%).

m/e: 189 (P), 174, 173, 171, 149, 148, 133, 132, 118. m¥*, 189-1u4 =
©109.7. |

Voay, 3345, 3275, 3235, 1703, 1657, 1605, 1201, 748, 742 and 715 em. L,
T 2.65-2,97 (m, 4H); 4.67 (d, 1H); 4.80 (d, 1H); 5.55 (br.s, 2H);

7.82 (s, 3H).

Xy, 215 (log € 4.20); 283 nm (3178).

b) The benzimidazolin-2-one t3.5 g., 0.02 mole) was suspended in
ether (100 ml.) and sodium hydride (1.5 g., of a 50% dispersion, 0.03
mole) added. Ethereal chloramine (0,022 poie) wés added when hydrogeﬁ
evolution ceased and the mixture was stirred overnight. The mixture
was filtered and the solvent removed under reduced pressure to give
aﬁ 0il which gradually crystallised. The brown solid was extracted

with petrol (60-80°), charcoaled and evaporated to a small volume,

The N-amino compound (320 mg;, 8.5%), m.p. 110-112°, crystallised.
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(i1) Oxidation of l-amino-3-isopropenylbenzimidazolin-2-one

a) Alone

The N-amino compound (500 mg., 2.64 mmoles) was dissolved in

methylene chloride (20 ml.) and LTA (2.3% g., 5.3 mmoles) in methylene

‘chloride (20 ml.) added dropwise. The mixture was stirred for 1 hr,

and the filtrate chromatographed on basic alumina:
Ether eluted a crystalline compound contaminated by a red oil.
Recrystallisation from chloroform-petrol gave the tetrazene,

1,2-di-(3-isopropenylbenzimidazolin-2-on-1-yl)~-diimide (160 mg.,

32%) m.p. 205-206° (decomp.) (Found: C, 63.93; H, 4.7; N, 22.3,
C20H18Ng0p requires C, 64.23 H, 4.8; N, 22.5%).
m/e: 374 (P), 3u6, 187, 174, 173, 159.

1l

v 3 -
¥ ax, 1730, 1655, 1598, 901, and 736 cm. ™.

Tt 2,60-2.83 (m, 4H); 4.49 (4, 1H, J 1.5 c./sec.); 4.64 (d, 1H,
J 1.5 c./sec.); 7.72 (s, 3&).

Attempted purification by sublimation caused the tetrazene
to decompose to l-isopropenylbenzimidazolin-2-one and irradiation
with a Phillips 500 W sun lamp for 72 hr. in ethyl acetate also gave
the benzimidazolinone (88%), m.p. and m.m.,p. 120-121° (lit.l90,

m.p. 120-121°).

b) In cyclohexene

A solution of LTA (3.3 g., 7.5 mmoles) in methylene chloride (25 ml.) ,
was added dropwise to a solution of the g;amino compound (9%5 mg.
6 mmoles) in methylene chloride (25 ml.) and cyclohexene (25 ml.). The
mixture was stirred for 2 hr. and then two drops of glycerol added. The
mixture was filtérea and evaporated to dryness. Trituration with ether
gave the tetrazene (320 mg., 34%) m-p. 203-205° (decomp.). The ether
soluble fraction was chromatographed on basic alumina to give the aziridine
(200 mg., 14%) as the only crystalline compound. Recrystallisation from

petrol (60-80°) gave 2-(3-isopropenylbenzimidazolin-272§rlfz£)-7-azabicyclo-
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[4,1,0]-heptane, m.p. 81.5-83.5° (Found: C, 71l.43 H, 7.2; N, .15.8.

CygHhoN30 requires C, 71.3; H, 7.1; N, 15.6%).

’

m/e: 269 (P), 174, 173, 96.

\Y

max

1702, 1654, 1608 and 743 em. "L,

t 2.87-3.12 (m, 4H); 4.80 (4, 1H, J 1.5 c./sec.); 4.91 (d, 1H) J 1.5 c,/sec.);

6.92-7,10 (m, 2H); 7.70-8.85 (m, 11H, s at 7.82).

e)

In .DMSO

LTA (5.5 g., 12,5 mmoles) was added to a solution of the N-amino

compound (2 g., 10.5 mmoles) in DMSO (10 ml.). The mixture was stirred

for 30 min. and the excess of DMSO removed under reduced pressure. The

residue was extracted with acetone and chromatographed on silica:

Ether gave the tetrazene (10 mg.), m.p. 203-206° (decomp.) .and 3-

isopropenylbenzimidazolin-2-one (84 mg., 4.5%) The mixture could

be separated by trituration with a small amount of cold ether, the

tetrazene béing almost insoluble.
5% Methanol-ether gave a colourless glass that could not be
crystallised (950 mg., 34%). The compound readily decomposed on
standing and all attempts to purify by distillation failed due to
decomposition with formation of DMSO and 3-isopropenylbenzimidazolin-
2-one. A middle fraction of N-(3-isopropenylbenzimidazolin-2-on-
l-yl)-dimethyl sulfokimine obtained from rebhromatography was
analysed (Found: C, 47.4; H, 5.2; N, 15.9; S, 12.6. (sample
decomposing) . C12H15N3028 requires C, 54,.3; H, 5;7; N, 15.8;
S, 12.1%).
m/e: 265 (P), 225, 189, 174, 134,

Voo, 3025, 2938, 1725, 1658, 1619, 1220, 1175, 1050, 1025 and 746 em.”t

.

Tt 2.74-3.16 (m, 4H); 4,73-4,92 (m, 2H); 6.80(s, 6H); 7.82 (s, 3H).
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(iii) Photolysis of the DMSO adduct

The adduct (146 mg.) was dissolved in a mixture of ethyl aéetate
(70 ml.) and cyclohexene (10 ml.) and the mixture irradiated under reflux
with a Phillips 506 W sun lampAfor441hr. under hitrogen. The‘resulting |
" solition was chromatographed on déactivated basic alumina:

10% Ether-petrol gave the aziridine adduct (22 mg., 15%), m.p. and

mnmopo 80-830-
Ether gave the isopropenylbenzimidazolinone: (22 mg., 25%), m.p.

and m.m.p. 117-120°, after sublimation.

10% Methanol-ether gave the unchanged DMSO adduct (16 mg., 11%),

with i.r. spectrum identical to that of an authentic specimen.

(iv) Oxidation of 3-isopropenylbenzimidazolin-2-one

’

LTA (1.5 g.) was added to the benzimidazolinone (250 mg.) in methflene
chloride. The mixture was stirred for 30 min. and then filtered; the
filtrate»was chromatographed on silica to give the unchanged benzimidazol-
inone (30 mg., 12%), m.p. and m.m.p. 118-121°, as the only crystalline

- compound.

B l-Amino-s-isoprOpylbenzihidazolin-2-one

(i) Preparation from 3-isopropylbenzimidazolin-2-one

3-Isopropylbenzimidazolin-2-one, m.p. l27-i28°, was prepared by
. reduction of the isopropenyl compound according to the method of Da§011.19°

~ The isopropyl compound (9-g., 0.05 mole) was dissolved in'watef (90 ml.)
containing sodium hydroxide (12 g., 0.3 mole) at 60°.' Hos (18 g.,
0.16 mole) was added over 30 min., the temperature being maintained at
60 to 70°. An oil gradually separated which was extracted into chloroform
and dried. Evaporation gave an oil that gradually crystallised to give

l-amino-3-isopropylbenzimidazolin-2-one (9.2 g., 95%), m.p. 86-87°,

from petrol (40-60°) (Found: C, 62.7; H, 6.9; N, 21.8, CjygH;3N30



requires C, 62,8; H, 6.9; N, 22.0%).

m/e: 191 (P), 176, 159, 149, 148, 132, 106.

v 3240, 3330, 1710, 1690, 1648, 1603, 1135, 759, 730 and 716 cm. L.

max.
T 2.67-3.00 (m, 4H); 5.12-5.58 (m, 3H); 8.57 (d, 6H, J 6.5 c./sec.).

(ii) Preparation from l-amino-3-isopropenylbenzimidazolin-2-one

The isopropenyl cpmpound (3.2 g., 0.017 mole) was dissolved in
ethyl acetate (100 ml.) and hydrogenated at room temperature with 10%
palladium on charcoal catalyst (0.4 g.). A quantitative uptake of
hydrogen (0.017 mole) was recorded. The mixture was filtered and the
residues washed with hot ethyl acetate and then evaporated to give an oil
that solidified on scratching. -Recrystallisation from petrol (60-80°)
gave needles of l-amino-3—isopropylbenzimidazolin-2-oﬁe (2.4 g., 73%), m.p.

and m.m.p. 85-87°,

(iii) Oxidation of l-amino-3-isopropylbenzimidazolin-2-one

a) Alone

(i) The N-amino compound (654 mg., 3.4 mmoles) was dissolved in dry
ether (60 ml.) and péwdered LTA (2.2 g., 5 mmoles) added. The mixture
was stirred overnight and filtered. The filtrate and ether washings were
chromatographed on deactivated basic alumina:

60-80% Ether-petrol gave the tetrazene, l,2-gif(3—isopropylbenzimid-

azolin-2-on-1-yl)-diimide (170 mg., 26%), m.p. 213-215° (decomp.),
from chloroform-petrol (Found: C, 63.5; H, 6.0; N, 22.1. CpqHy,Ng0,
requibes C, 63.5; H, 5.9; N, 22.2%).

m/e: 378 (P), 350, 335, 308, 176, 175, 134, 106 m,* 378-350 = 324.1;
my*, 350-308 = 271.0; m3®, 176-134 = 102.0; my%*, 134-106 = 83,8,
Voax., 1727, 1605, 1340, 1296, 1103, gnd 7uS em. L

T 2.67-2,92 (m, 4H); 5.30 (q, 1H, J 6.5 c./sec.); 2.39 (d, 6H, J

6.5 c./sec.).
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30% Methanol-ether gave 3-isopropylbenzimidazolin-2-one (250 mg.,

41%), m.p. and m.m.p. 125-128° (1it.'%%, m.p. 127-1289),

(ii) The reaction was repeated using methylene chloride as
solvent. The tetrazene (83%) contaminated with a small amount of
poiymeric material was obtained. Recrystallisation from chloroform-

petrol gave the pufe tetrazene, m}p. 212-215°.

b) 1In cycléhexehe

The N-amino compound (510 mg., 2.7 mmoles) was dissolved in
cyclohexene (30 ml.) and LTA (1.8 g., 4 mmoles) added. The mixture
was stirred overnight and then filtered. The filtrate and ether f
washings were chromatographed on deaétivated bésic alumina:

10% Ether-petrol gave a colourless oil that gradually crystallised

(318mg., 44%). Recrystallisation from petrol (40-60°) gave

2-(3-isopropylbenzimidazolin-2-on-1-yl)-7-azabicyclo-[4,1,0]-

‘hegtane, m.p. 94-95° (Found: C, 70.6; H, 7.8; N, 15,5, CjgH21N30

requires C, 70.8; H, 7.8; N, 15.5%).

V... 1700, 1615, 1490, 1380, 745, 725 and 710 em. 7L,

T 2,93-7.17 (m, 4H); 5.52 (q, 4H, J 6.5 c./sec.); 6.90-7,10"
(m, 2H); 7.73-8.90 (m, 1l4H, including d, 2.56, J 6.5 c./sec.).

50% Ether-petrol gave the tetrazene (35 mg., 7%), m.p. 211-

214° (decomp.), from chloroform-petrol. '

10%_ Methanol-ether gave 3-isopropylbenzimidazolin-2-one (142 mg.,

30%), m.p. and m.m.p. 125-128° (1it.1%0, m.p., 127-128°).

c) In DMSO

The N-aminobenzimidazolinone (2 g., 10.5 mmoles) was dissolved
in DMSO (5 ml.) and LTA (6 g., 13.5 mmoles) added. The solution
was stirred for 30 min., and then the excess of DMSO removed under

reduced pressure. The residue was extracted with acetone and the
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soluble fraction chrométographed on deactivated basic alumina:

60% Ether-petrol gave the tetrazene (30 mg., 1.5%), m.p.

211-215°(decomp.), from chloroform-petrol.
Ether gave crystals of isopropylbenzimidazolinone (168 mg.,
9%), m.p. 125-128°, after sublimation.

5% Methanol-ether gave an oil that sé6lidified on trituration

with ether. Recrystallisation from chloroform-petrol gave

N-(3-isopropylbenzimidazolin-2-on-1-yl)-dimethyl sulfoximine

(1.63 g., 60%), m.p. 140-141° (with decomp. from 13u4°) (Found:
C, 53.6; H, 6.5; N, 15.8; S, 12.0. Cj,H;7N30,S requires C, 53.9;
H, 6.4; N, 15.7; S, 12.1%). | '

m/e: 267 (P), 191, 176, 161, 1u9, 13u4, 78,

1

v 1700, 1615, 1600, 1145, 1125, 760 and 710 cm. .

‘max.
T 2.66-2.98 (m, 4H); 5.35, (q, 1H, ¥ 6.5 c./sec.); 6.74 (s, 6H);

g8.u8 (d, 2H, J 6.5 c./sec.).

(iv) Photolysis of the DMSO adduct

a) The DMSO adduct (128 mg.) was dissolved in cyclohexene (20 ml.)
and ethyi acetate (30 ml.), and irradiated with a Phillips SOOW sun
lamp for 94 hr. under nitrogen. The mixture was chromatographed on
deactivated basic alumina:

20% Ether-petrol gave the aziridine adduect (12 mg., 9%), m.p.

and m.m.p. 92-94°, from petrol (40-60°).

10% Methanol-ether gave 3-isopropylbenzimidazolin-2-one
(71 mg., 84%), m.p. and m.m.p. 124-127° (1it.190, m.p. 127-128°),

from petrol (60-80°).
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b) The reaction was repeated under similar conditions with the
DMSO adduct (175 mg.) in cyclohexene (50 ml.) for 17 hr. Chromatography
as above gave the aziridine (27 mg., 15%), 3-isopropylbenzimidazolin-

2-one (25 mg., 20%) and unchanged DMSO adduct (65 mg., 37%).

c l-Amino-3-methylbenzimidazoliﬂ-2-one

(i) Preparation from l-methylbenzimidazolin-2-one.

1-Methylbenzimidazolin-2-one, m.p. 190-192°, was prepared by
methyl%tion of l-isopropenylbenzimidazolin-2-one followed by hydrolysis
according to the method of Davoll,190
a)  1l-Methylbenzimidazolin-2-one (8 g., 0.054 mole) was dissolved
in water (150 ml.) containing sodium hydroxide (14 g., 0.35 mole) at
60°, HOS (12 g., 0.105 mole) was added over 45 min., and fhen stinrea
| for a further 90 min., at 60-70°, Ondcooling the off-white crystals

were collected (5.0 g., 57%) and recrystallised from methylene

chloride-petrol to give plates of l-amino-3-methylbenzimidazolin-2-

one, m.p. 135-137° (Found: C, 59-33,§, 5.6; N, 26,0, CgHgN30 requires

-

C, 59.0; H, 5.5; N, 25.8%).
m/e: 163 (P), 148, 147, 134, 133, 119, 92. m*, 163-147 = 132.6;

mp*, 147-119 = 96.3; m3®, 163-119 = 86.9; m,*, 119-92 = 71,1

Voax 3300, 3215, 3063, 1764 (sh.),. 1725, 1664, 1618, 748 and 726 cm.-l.

T 2.75-3.30 (m, 4H); 5.55 (s, 2H); 6.77 (s, 3H).

Anax, 212 (log e 4.38); 233 (8.71); 282 nm. (2.79).

Hydrochloride, m.p. 150-151° (decomp.) from ethanol (Found:

C, 48.2; H, 4.8; N, 21.1; Cl, 18.0. CgHyjoN3OCl requires

C, 48.0; H, 5.0;5 N, 21.0; Cl, 17.8%).

Vnax 3390, 3315, 2730, 1705, 1550, 758 and 724 cm.-l.

4



103

Extraction of the basic 'solution gave a mixture of the N-amino
compound and the starting material. A partial separation could
be obtained by chromatography on basic alumina, but in general,
the mixture was re-cycled.

When sodium carbonate was used as the base, unchanged starting

material (82%) was recovered.

b) The benzimidazolinone (1.48 g., 10 mmoies) was dissolved in
metﬁylene chloride (40 ml,) and sodium hydride (500 mg., of a 50%
dispersion, 10 mmoles) added. Ethereal chloramine (18 mmoles) was
added when hydrogen evolution ceased, and thé mixture stirred
overnight, The.solution was filtered and the filtrate chromatographed
on silica:

1% Methanol-ether gave a mixture of the N-amino compound and

unchanged starting material (350 mg.) (t.l.c.). The i.r. spectrum of

the mixture indicated that less than 10% of the N-amino compound

was present.

(ii) oOxidation of l-amino-3-methylbenzimidazolin-2-one

a) In 1,3-butadiene

1,31Butadiene (5 g.) was dissolved in methylene chloride (70 ml.)
at -80° and then the N-amino compound (1.0 g., 6.1 mmoles) added.
The mixture was allowed to warm to =5° with stirring and then a
solution of LTA (5.0 g., 11 mmoles) in methylene chloride (30 ml.)
added dropwise, the temperature being maintained at -5°. The mixtufe
was stirred for 1 hr. and then allowed to warm to room temperature
and filtered. The solid was washed with methylene chloride and the
filtrate and washings chromatographed on basic alumina:

60% Ether-petrol gave needles of an unidentified compound (3 mg.)
1

v__x. 1687, 1618, 1492, 1187, 917, and 750 cm. .
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70% Ether-petrol gave the tetrazene, 1,2-913(3—methvlbenzimid-

azolin-2-on-1-yl)-diimide (240 mg., 24%), m.p. 235-236° (decomp.),
from chloroform-petrol (Found: C, 59.5; H, 4.7; N, 25.8.
C16H14Ng02 requires C, 59.6; H, L.k; N, és.l%).
m/e: 322 (P), 294, 161, 147, 119, 92. m%, 322-294% = 268.4;
mp*, 147-119 = 96.3; m3®, 119-92 = 71.1.

1

v ., 3080, 1725, 1618, 1200, 1031, 1001, 748, 715 and 689 cm. .

5% Methanol-ether gave l-methylbenzimidazolin-2-one (150 mg.,

16%), m.p. and m.m.p. 189-192°, after sublimation.

b) 1In cycloﬁexehe

" The N-amino compound (978 mg., 6 mmoles) was dissolved in
methylene chloride (25 ml.) and cyclohexene (25 ml.) and LTA (3.54 g.;
9 mmoles) added in small portions over 10 min. The mixturg was
stirred for 1.5 hr. and then filtered. The filtrate was chromatographed

on basic alumina:

50% Ether-petrol gave 2-(3-methylbenzimidazolin-2-on-l-yl)-7-

azabiczclo-[u,1,0]-hegtane (526 mg., 36%) m.p. 123-12u°
(Found: C, 69.1; H, 6.8; N, 17.6. €34H)7N30 requires C, 69.1;
H, 7.0; N, 17.3%). '

v .. 3065, 2940, 1700, 1622, 1500, 1018, 752 and 748 cm.”T.’
t 2.70-3.23 (m, 4H); 6.65 (s, 3H); 6.93-7.04 (m, 2H);
7.80-8.18 (m, 4H); 8.43-8.89 (m, 4H).

Ether gave the tetrazene (33 mg., 3.5%), m.p. 232-236°, from

chloroform-petrol.

20% Ethanol-ether gave l-methylbenzimidazolin-2-one (100 mg.,

- 11%), m.p. 189-192°, after sublimation.

c¢) In DMSO
The g;aminé compound (489 mg., 3 mmoles) was dissolved in DMSO
(5 ml.) and LTA (1.77 g., 4.5 mmoles) added over 5 min. The mixture

was stirred at room temperature for 30 min. and then poured into

’
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.cold water. The solution was extracted with chloroform and the
chloroform exfract washed with warm water,.dried, and evaporated to
give a red oil that gradually crystallised to a buff solid (316 mg.,
46%). The compound decomposed quickly in aira especially when in .
solution. Recrystallisation from chloroform-petrol gave crystals of

§7(3-methylbenzimidazolin-éfggfl-zi)édimeggyl sulfoximine, m.p. 176-178°

(decomp.) (Found: C, 50.0; H, 5.4; N, 17.8; S, 13.4. CjoH3N30,S
requires C, 50.2; H, 5.5; N, 17.6; S, 13.4%).

Vo, 3030, 3000, 2925, 1700, 1625, 1614, 1500, 1218, 1204, 762 and
l.

738 em. .

D l-Aminobenzimidazolin~2-one

(i) Preparation of l-aminobenzimidazolin-2-one

a) 1l-Amino-3-isopropenylbenzimidazolin-2-one (1 g.) was suspénded

in %izsulfuric acid (15 ml,) and then heated under reflux for 30 min.
The mixture gradually became homogeneous, and on cooling, an off-white
solid (0.6 g.). separated. The mixture was filtered and the filtrate
éxtpacted with chloroform to give more of the solid (0.1 g.). The

crude l-aminobenzimidazolin-2-one (0.7 g., 91%) was recrystallised

from ethyl acetate to yield p;isms (0.4 g., 52%), m.p. 238-241°
(decomp.) (Found: C, 56.5; H, 4.7; N, 27.8. C7HyN30 requires C, 56.4;
H, 4.7; N, 28.2%).

. m/e: 149 (P), 134, 133, 132, 119, 106. my¥*, 1l49-132 = 116.9;

mo*, 149-106 = 75.4

Viax, 3340, 3200 (br.), 3070, 1730, 1672, 1645, 1616, 1210 and 742 cm. T

1 2.83-3.06 (m, 4H); 7.30 (s, 2H).

Amax 213 (log € 4.06); 228 (3.78); 282 nm (3.86).



106

Copper chelate (44%), m.p. 225-230° (decomp.) from methanol

(Found: C, 29.3; H, 2.5; N, 15.0. C7H7CuCl,N30 requires

C, 29.6; H, 2.5; N, 14,8%).

v ... 3330, 3200, 3090, 1675, 1620, 1610, 1595, 1112, 1088
1

and 768 cm. .

b) Benzimidazolin-2-one (1.34% g., 0.0l mdle) was suSpended.in
water (30 ml.) containing sodium h&droxide (4 g., 0.1 mole) at
60°. HOS (7 g., 0.06 mole) was added over 30 min., at 60-65°,

The solution gradualiy became homogeneous, and then a precipitate

appeared when most of the HOS had been added. On cooling, the

precipitate was filtered off and found to be unchanged benzimidazolin-

" 2-one (0.85 g., 62%) m.p. 308-310° (1it.l189, 310°), The aqueous

solution was extracted with chloroform and then acidified with 2N

- hydrochloric acid and extracted again with chloroform. The basic

extract (0.2 g.) and the acidic extract (0.25 g.) were both mixtures
of benzimidazolin-2-one and the mono N-amino compound (i.r.). The
mixture could not be separated by chromatography, sublimation or

fractional recrystallisation.

(1i) Deamination of l-aminobenzimidazolin-2-one

The N-amino compound (75 mg., 0.5 mmoles) was dissolved in
glacial acetic acid (3 ml.) and a solution Qf sodium nitrite
(40 mg., 0.6 mmole) in water (2 ml.) added dropwise at room temperature.
Crystals gradually separated and were filtered off and dried to give
benzimidazolin-2-one (22 mg.}j 33%), m.p. and m.m.p. 310-311°

(decomp.) (1it.189, 310°).

(iii) oxidation of l-aminobenzimidazolin-2-one

a) In methyl methacrylate

l-Aminobenzimidazolin-2-one (894 mg., 6 mmoles) was suspended

in a mixture of benzene (65 ml.) and methyl methacrylate (25 ml.).
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The mixture was heated to reflux and LTA (3.54 g., 9 mmoles) added

portionwise to the stirred solution. The mixture was heated with

. stirring for a further 2 hr., cooled and then filtered. The filtrate

was chromatographed on silica:

30% Ether-petrol gave l-acetylbenzotriazole (430 mg., 45%),

m.p. and m.m.p. 50-51° (1it.189 51°), The i.r. and p.m.r.
spectra were identical to those of an authentic sample.
Ether gave benzotriazole (71 mg., 10%), m.p. and m.m.p. 96-99°

(1it.189, m.p. 100°).

b) Alone

(i)  The N-amino compound (270 mg., 2 mmoles) was suspended in
benzene (50 ml.) and LTA (886 mg., 2 mmoles) added to the mixture
under reflux. The mixture was heated under reflux for 2 hr. and

then worked up as above.

30% Ether-petrol gave l-acetylbenzotriazole (119 mg., 37%).

Ether gave unchanged l-aminobenzimidazolin-2-one (71 mg., 26%).

(ii) The reaction was'répeated using LTA ( 4 mmoles) to give

l-acetylbenzotriazole (61%) as the only product.

(iii) The reaction gave l-acetylbenzotriazole (93%) when LTA

(8 mmoles) was used.

E 1,3-Diaminobenzimidazolin-2-one

l-Aminobenzimidazolin-2-one ‘(750 mg., 5 mmoles) was dissolved
in a solution of sédium hydroxide (2 g., 50 mmoles) in water (50 ml.)
at 40°. HOS (2.8 g., 25 mmoles) was added in one portién, and after
a short induction period, the temperature rose to 45°, The solution

was extracted with chloroform on cooling to give a crystalline solid
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(500 mg., 61%). Recrystallisation from ethanol gave 1,3-diamino-

~ benzimidazolin-2-one, m.p. 197-199° (Found: C, 50.9; H, 4.7; N, 33.7.

C7HgN4O requires C, 51.2; H, 4.9; N, 3u.1%).

Voo, 3345, 3330, 3250, 3205, 1725, 1690, 1640, 1200 and 738 em. L,

T 2.70-2.54 (m, 4H); 5.64 (br.s, 4H).

Di-anisylidene derivative, m.p. 183-184°, from aqueous
ethanol (Found: C, 68.8; H, 5.2; N, 14.1. Cp3HpgNyO3
requires C, 69.0; H, 5.03 N, 1u4,0%).

“max\ 1705, 1694, 1610, 1258, 1162, 827 and 734 cm. >

T 0.60 (s, 2H); 2.10-3.10 (m, 12H); 6.18 (s, 6H).

The aqueous solution was acidified and extracted with chloroform
as above to give a mixture of the mono- and di- N-amino compounds

(90 mg.), (i.r.) that could not be separated.

(ii) Oxidation of 1,3-diaminobenzimidazolin-2-one

The diamino compound was oxidised by LTA in the presence of
cyclohexene and also tetracyclone. T.l.c. showed that no .
biphenylene, tetraphenylnaphthalene or aziridine adducts had been

formed.
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7~  BENZOTRIAZOLE AND BENZOTRIAZOLE-1-CARBOXAMIDE

Benzotriazole-l-carboxamide was prepared from benzotriazole

and potassium cyanate in acetic acid.!?®3

A Oxidations of benzotriazole-l-carboxamide with LTA

a) VWith t-butylamine’

Benzotriazole carboxamide (810 mg., 5 mmoles) was dissolved in
dry DMF (25 ml.) and LTA (2.21 g., § mmoles) added in small portions
over 10 min. The mixture turned bright red and was stirred for 1 hr.
t-Butylamine (2 ml.) was then added, and the colour faded. The
mixture was poured into water, but only inorganic compound$ were

precipitated.
b)  With DMSO

The carboxzamide (1.62 g., 10 mmoles) was dissolved in DMSO
(5 ml.) and LTA (4.8 g., 11 mmoles) added. The mixture was stirred

for 90 min. and then two drops of glycerol added. Dilution of the

reaction with water produced a buff-coloured solid. The solid
- was extracted with methylene chloride and evaporated to give the

.unchanged carboxamide (600 mg., 36%).

¢) With cyclohexene .

(i) The carboxamide (1.62 g., 10 mmoles).was dissolved in DMF
(25 ml.) and cyclohexene (5 ml.), and LTA (4.6 g., 10,5 mmoles)
wag added in small portions, The mixture was stirred for 5 hr.
and then divided into two equal portions. From one, the DMF was
removed under reduced pressure, and the residue extracted with
ether. The other portion was poured into water and extracted with
ether.

Both ether extracts showed similar composition of products

(t.l.c.) and were combined and chromatographed on silica:
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20% Ether-petrol gave l-cyclohexylbenzotriazole (300 mg.,

- 15%), m.p. 103-104° (1it215 | m,p. 104°), from aqueous
ethanol (Found: C, 71.63 H, 7.6; N, 21,1. Calculated .for

C1oHsN3 C, 71.63 H, 7.5; N, 20.9%).

v 1268, 1232, 1055, 782 and 754 em. "2,
max.

1 1.85-2.75 (m, 4H); 5.16-5.67 (m, 1H); 7.60-8.90 (m, 10H).

60% Ether-petrol gave benzotriazole (200 mg., 17%), m.p.

96-99° (1it.189, m.p. 100°).

(ii) Benzotriazole carboxamide (1.62 g.) was suspended in a mixture

of dry acetonitrile (25 ml.) and cyclohexene (10 ml.). LTA (5 g.) in

 methylene chloride (50 ml.) was added dropwise to the stirred solution

over 1 hr. and then stirred for a further 3 hr. Chromatography as

above gave l-cyclohexylbenzotriazole (28 mg., 1.5 %), and

benzotriazole (98 mg., 8.5%).

B Oxidation of benzotriazole with LTA

- a) In qyciohexene

Benzotriazole (500mg., 4.2 mmoles) was dissolved in a mixéure
of cyclohexene (5 ml.) and methylene chloride (25 ml.) and LTA
(3 g., 6.8 mmole) added in small portionms. . The mixture was stirred
for 24 hr., filtered and the filtrate chromatographed on silica:

20% Ether-petrol gave l-cyclohexylbenzotriazole (356 mg., 42%),

mop L) 103-10’4° .

70% Ether-petrol gave benzotriazole (90 mg., 18%), m.p. 96-99°

after sublimation,
The reaction also gave other products which eluted from the
column over a wide range of solvent mixtures, and could not

be identified. The i.r. and p.m.r. spectra of various fractions

indicated that they were a mixture of 1- and 2-substituted



111

'beniotriazoles'incorporating an acetoxy group and also cyclohexyl

residues.

b) In cyclooctene

Benzotriazole (1.19 g., 10 mmoles) was dissolved in methylene
chloride (20 ml.) and cyclooctene (20 ml.).LTA (4.5 g., 10 mmoles)
was added over 5 min. and the mixture stirred for 3 hr. The
mixture was filtered and the filtrate chromatographed on silica:

20%-60% Ether-petrol gave a series of oils (598 mg.) that showed

very similar i,r. and p.m.r. spectra. Distillation (140-150°/

1.5 mm.) gave a mixture of isomers of l- and 2-(acetoxy-

.éyclooctyl)-benzotriazoles (Found: C, 67.43 H, 7.7; N, 14.6, /

C1gH21N302 requires C, 66.9; H, 7.43 N, 14,6%).

m/e: 287 (P), 2uu, 227, 199, 186, 170, 156, 1u3,

v ... 3010, 2925, 2855, 1734, 1567, 1244 and 748 em. .

t 2,00-2.40 (m, 2H); 2.60-2.85 (m, 2H); 4.05-4.,52 (m, 2H);
7.50-8.85 (m, 15H).

Ether gave unchanged benzotriazole (300 mg., 25%), m.p. 96-99°,

c) In benzene

Benzotriazole (1.19 g., 0.01 mole) was dissolved in dry
benzene (50 ml.) anhd the mixture heated to reflux with LTA (6.7 g.,
0.015 méle). ‘The mixture was heated under.reflux for a further 2 hb.,
cooled, filtered and the filtrate chromatographed on silica:

30% Ether-petrol gave l-acetylbenzétriazole (32 mg., 2%),

crystals from petrol (40-60°), m.p. and m.m.p. 50-51° (1lit,
189 m.p. 51°).

30% Ether-petrol gave l-phenylbenzotriazole (90 mg., 4.5%), as

'crystals from ether-petrol, m.p. and m.m.p. 89-90° (11t.81,
89-90°). An i.r. spectrum was identical to that of an authentic

sample prepared by the method of Campbell.5l
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Ether gave unchanged benzotriazole (780 mg., 65%).

Benzotriazole, when heated under reflux in a mixture of benzene

- and acetic acid for 2.5 hr., gave no l-acetylbenzotriazole (t.l.c.).

d) With other oxidants

When the reactions were carried out in the presence of cyclo-
hexene, potassium permanganate only gave a sﬁall yield of recovered
benzotriazole (2.3%) and mercuric oxide gave ‘a trace of the l-cyclohexyl-
benzotriazole (t.l.c.) although benzotriazole (1.7%) was the only

product isolated.

e) Indoline-l-carboxamide

Indoline (6 g., 0.05 mole) was dissolved in glacial acetic
acid (40 ml.) and concentrated hydrochloric acid (1 ml.). A solution
of potassium cyanate (6 g., 0.075 mole) in water (15 ml.) was added
dropwise to the solution. After a short induction period a solid
began to separate and, after stirring for 1 hr., was filtered off to
give a pale pink solid (5.9 g., 73%). Recrystallisation from

chloroform gave indolin-l-carboxamide, m.p. 184-186° as prisms

- (Found:. C, 77.0; H, 5.93 N, 17.0. CgHjoN,0 requires C, 66.7;

H, 6.2; N, 17.3%).

v .. 3390, 3200, 1660, 1630, 1608, 1600, 1162, 755 and 748 em. "L,
T 2.05-2,25 (m, 1H); 2.70-3.00 (m, 3H); 5.i5 (bf.s, 2H); 5.85-6.25

(m, 2H); 6.65-7.04 (m, 2H).

The carboxamide (500 mg.) was suspended in a solution of sodium
hydroxide (8 g.) in water (80 ml.) at 70-80° for 30 min. On cooling,
the solution was filtered to give the unchanged carboxamide (500 mg.,
100%). Benazotriazole-l-carboxamide, whég dissolved in 5% sodium
hydroxide at room temperature for 30 min., gave the unchanged
- carboxamide (70%) on acidification. Ether extraction of the acidic

solution gave benzotriazole.
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Indoline-l-carboxamide did not undergo the Hofmann rearrangement
with sodium hypochlorite in sodium hydroxide and oxidation with
LTA in the presence of t-butylamine failed to give any urea

derivative.
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1 1,2,4-TRIAZIN-3(2H)-ONES

A Rearrangement to imidazolin-2-ones

- Oxiddtion of the N-aminobenzotriazinone (I) by lead tetraacetate
(LTA) gave benzocyclopropenone (2) and indazolone (3).2!6 an attempt
was therefore made to synthesise the isomeric N-aminobenzo-1,2,u4-triazinones
(4) and (5) in order to investigate the oxidation reactions of these

compounds. ‘

| 3 ‘
?+-h”12
N
. (1) (2) (3)

NH2

N . | N
\N:Nrile @N;Nfo

(4) -~ (5)

When 5,6-diphenyl-1,2,4-triazin-3-one (6) was aminated with
hydroxylamine-O0-sulfonic acid (HOS) in aqueous alkali, a novel ring
contraction occurred to give_4,5-diphenylimidazélin-2-one (7) (68%)
and none of the possibie N-amino compounds were obtained.582

A related ring contraction has been reportéd by Biltz.217 The
Adihydrotriézinone (8) preparad by zinc and acetic acid reduction of (6),
ﬁhen treated with red phosphorﬁs and hydriodic acid for 5 hr, at 180°
also gave (7) (85%). A further example of a triazinone to imidazolinone
reérrangement'was-reported'by Sasaki and Minamoto.218 The'3-methoxy-
triazinone-N-oxide (9) when reacted with aniline at 150° for 5 hr. also

gave (7) (15%).
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Although HOS has been used suécessfully as a reducing agent]16
the mild conditions under which it was used here suggested that a
different mechanism was involved and the mechanism below was postulated

(Scheme 1).582

C)li
\ro Ph [‘ NH
(O pn NN P %9«

(10) , o
| H
o
(7)<—-——— :(N\il P:@H”
('3) (12) |

Scheme (1)
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Scheme (2)

The alternative mechanism postulated in Scheme 2 was also .
suggested.>82 In the present work, the benzotriazinone (17)188 and
the phenanthrotriazinone (20)!%! were synthesised by standard literéture
methods and treated with HOS in aqueous alkali.. The benzotriazinone
(17) gave benzimidazolin-2-one (18) (87%) identical in all respects
to an authentic specimen prepared by the hydrolysis of l-isopropenyl-
benzimidazolin-2-one (19).1%% The phenanthrotriazinone (20),
however, was recovered unchanged when treated with HOS under similar °
conditions. This was found to be due to the insolubility of the
triazinone in aqueous sodium hydroxide. When pofassium hydroxide or
aqueous'ethanolic sodium hydroxide was uséd, the phenanthroimidazolin-

2-one (21) was obtained in yields of 26% and 7u4% respectively.

Physical and spectral data were in accord with the proposed structnre.
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The reaction of fused triazinones with HOS to give the
imidazolinones would tend to eliminate the possible altérnative
mechanism proposed by Yelland (Scheme 2).582 |
In order to examine the validity of the mechanism postulated in
Scheme 1, an attempt was made to isolate the intermediate H:amiho
| compound (10). When the diphenyltriazinone (6) was reacted with HOS
&t 0° in sodium hydroxide, the sodium salt of (6) (15%) and unreacted
triazinone (55%) were recovered. At 40°, the triazinone was recovered
in 97% yield. Although the N-amino compounds were not obtained,
N-amination still presumably occurred as thé first stage of the reaction

since only unchanged triaz;none was obtained when the reaction was carried
"out in the absence of alkali.,

Carpin055 has shown that.§;aﬁino compounds that are unstable to the
basic conditions used in reaction’with HOS can be isolated when aminated
under anhydrous conditions.using 0-(2,4-dinitrophenyl)hydroxylamine (see

Introduction).
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 However, when the sodium salts of the benzo, phenanthro and.diphenyl-
triazinones were treated with 97(2,u-dinitrophényl)hydféxylamine in
- DMF at room temperature, no N-amino compounds were isolated and ring
contraction again occurred to give the imidazolinones in yields of
15%, 55% and 83% respectively. When methylene chloride was used as
solvent, the diphebyltriazinone'(s) gave the imidazolinone (7) (27%),
and unreacted aminating agent (31%). l-Amino-4,5-diphenyltriazole was
" also isolated in a trace amount. The significance of this reaction is
discussed fully in Section 1B. | |

In the meéhanism proposed (Scheme 1), the nitrogen‘in'position y
of the triazinone ring system only acts as a proton acceptor, and
therefore substitution of =N- by =CH-should give a similar ring
contraction. Thus cinnolin-3(2H)-one (22) should give oxindole (24)

via the N-amino compound (23).

7 NO
| N ANH : NNNH2 N
(22) (23) (24)

Cinnolinone, wheﬁ aminated with HOS in aqueous alkali at 60°,
d;d indeed give a mixture of the N-amino compound (23) and oxindole.
Furthermore, it was found that the N-amino compound (23) on heating
to its melting point decomposed explosively to give oxindole. This
strongly suggests that N-amino compounds are intermediates in the
reaction of triazinones with HOS, but are unstable under the basic
conditions employed (see Section 2). The mechanism proposed by
Yelland®8® (Scheme 1) would therefore appear to be substantially

correct.
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B Rearrangement to 1,2,3-triazoles

Yelland58? found that diphenyltriazinone (6) failed to give any
N-aminotriazinones when aminated with chloramine. Instead a
different ring contraction occurred to give 4,5-diphenyltriazole

(25) and the l-etherate (26).

o ' N X = H (25) o
CI NH . :
Ph Y 2 ., PhI \N CH(Me)OEt (26)
Ph \,NH Ph— N/ .
- | conH, (27)

X
(6)

The two alternative mechanisms postulated by Yelland3®? both

" involved initial formation of the 2-aminotriazinone (10) followed by -

subsequent rearrangement to the carboxamide (27) which hydrolysed under

the reaction conditions to -the triazole and cyanuric acid (Scheme 3).

) pth\rO _____.ph fN\ﬁHz
Ph—xy JINH2 alie WEVA

(10) | (28)

v

J‘”" Ph
. =

H .
(13) : 12 (29)

N=N
+ -

5 | HCNO+(25) « (27)

Scheme 3
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The structures (12), (13) and (28) are tautomeric aﬂd the different

modes of decomposition with HOS and chloramine were attributed fo the
polarity of the solvent. A related seven to five numbered ring contraction
was reported by Sternbach et al.57 The sodium salt of 1l,4-benzodiazepin-
2-ones (30) when treated with chloramine in DMF gave the indazoles

(32) as well as the N-amino compounds (31) which were shown to be
intermediates. As excess of chloramine was used, a similar mechanism

could have been operative in the triazinonénto triazole riﬁg contraction

as shown below (Scheme U4).

- H :
' N\f CINHy . i
_ NaH _ H
Ar' |

Ar . Ar
(30) (31)
| Ar Ar .
\ H0 @
. NH
NH>

) I -
Phey” % Ne

(12) ———— INH » Ph=i N, /4
Ph= ,(\{ | PhIN)‘ 25)

4

- LoNHNH;

Scheme 4

The mechanism preferred by Yelland (Scheme 3a) was based on a

195

related ring contraction reported by Carbon. Treatment of 3-amino-

1,2,4-benzotriazine l-oxide (35), or the isomeric 2-oxide, with hot

aqueous sodium hydroxide gave benzotriazole-l-carboxamide (34) and
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benzotriazole (33). The closely related compound, benzo-1,2,4-triazin- '
LA
3(2H)-one l-oxide (35) was rather more stable in alkali, although prolongec

heating under reflux gave benzotriazole. The presumed intermediate,

benzotriazole-l-carboxylic acid (36) could not be isolated because of

its very ready decarboxylation.

J ) d N=NH
/NTN OH Z SNH
N /J—-Y \j“ o
N N=C-0~
NH2 i
TQHQ
. ‘
OH (35) -
-—OH
v
+
=N
X= H (33) :\>\. -—
COpH (36) . - NHz

It is interesting to note that Sasaki and Minamoto219 obtained
3-amino-5,6-diphenyl-l,2,4-triazine 1l- or 2-oxide (38).by oxidation of
the triazine (37) with peracetic acid and found that hydrolysis of
(38) with 30% aqueous potassium hydroxide gave an unknown compound,
m.p. 1ué-143°, which analysed for C;3H;jjN3. 4,5-Diphenyltriazole
(CyyH11N3) (1it., m.p.189 138-139°) is the expected product by analogy
with é;?bon's work.. l

In a later paper?!8 Sasaki and Minamoto found that the 3-

phenoxytriazine §foxide (39) when heated in acetic anhydride for
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17.5 hr. gave diphenyltriazole (25) (18%). No mechanism was

suggested.

0
Ph /NWQ AcO-~H Ph /ﬁyk
Ph \Nﬂ—NHg_—_z—-‘ Ph \NI/L-N

(37) | (38)

OH™ c N
Hp 13N

Ph /7ZN A0 ph—MNy
I W o L)

| H

(39 (25)

In both the benzo and diphenyltriaiinone series, the N-oxide
function was found to be necessary for the ring contraction to occur.
The reactions have been extended to include triazine N-oxides fused
to heterocycllc systems. 195b

Yelland had found that the presence of sodium hydrlde in the
reaction of the triazinone (6) with chloramine was not required and
that the diphenyltriazole (25) (75%) was obtained together with
cyanuric acid (160%). |

The chloramine reaction has now been extended to include both

beﬂzotriazinone (17) and phenanthrotriazinone (20). In the presence

of sodium hydride, (17) gave benzotriazole (33) (7%) and recovered

triazinone (56%) and (20) gave phehthrotriazole (40) (u43%), identical
in all respects to that of an authentic specimen.®0 No N-amino

compounds were detected.

Under similar conditions, but without sodium hydride present, the
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triazoles (33) and (40) were obtained in yields of 65% and 91%
respectively. During the reactions, however, a crystalline solid
separated and this was found to be ammonium chloride. The reaction of
the diphenyltriazinone was also rebeated in the absence of sodium
hydride and found to give the triazole (25) (94%) and the lsetherate
(26) (4%) together with ammonium chloride. Cyanuric acid, for which

the ammonium chloride had presumably been mistaken, was not detected.

N
| Z NH - N. |
. /L CINHp W + NH.CI
H
(17) | (33)
| NWH CINH NN
(20) (40)

The‘mechanism postulated by Yelland58? (Scheme 3) can now be
discounted for several reasons. Nucleophilic attack by an amide
nitrogen on chloramine to give an N-amino compound is extremély
unlikely. When the sodium salt was used, the yields of triazoles
fell markedly and &et one would expect the nucleophilic character
of the anioﬁic nitrogen to be increased. It was also shown that
benzotriazole-l-carboxamide (34) could be recovered almost quanfitatively
whén treated with chloramine under similar conditions and was therefore
unlikely to be an.intermediate in the riﬁg contraction. The formation
of ammonium chloride, and not cyanuric acid, indicated that the
chloramine had been peduced during the course of the reaction and was

therefore acting as an oxidising rather than an aminating agent.
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An alternative mechanism could therefore involve initial formation
of an N-chlorotriazinone and other N-chlorinating agents should also
give a simiiar reaction. It was found thét the diphenyltriazinone
(6) did indeed give diphenyltriazole (25) (52%), on treatment with
sodium hypochlorite, although a preliminary reportsaa indicated that the
triazinone (80%) was recovered unchanged from this reaction. N-Chloro-
benzotriazolé62 could also be used, and gave 4,5-diphenyltriazole (25)
quantitatively; benzotriazole (33) (63%) was also obtained.

The alternative mechanism tentatively given below presupposes

initial N-chlorination of the triazinone followed by a Favorskii type

rearrangement220 to give the triazole-2-carboxamide (1), for example
when chloramine was used. Only triazole-l-carboxamides have been
prepared, and not the'z-carboxamides, possibly due to the inherent
insfability of the 2-isomers which would hydrolyse to the corresponding

triazole.

It was of interest to see if other o#idising agents would cause
a similar ring contraction. Benzo-1,2,4-triazin-3(2H)-one (17) when
oxidised with lead tetraacetate gave l-acetylbenzotriazole (43) (86%)
and benzotriazole (3%). The primary product must. have been l-acetyl-
benzotriazole, since benzotriazole, when oxidised with LTA under
similar conditions gave only a low yield of the N-acetyl derivative
(43) (2%). The benzotriazole presumably arose by hydrolysis of the

N-acetyl compound (43) on chromatographic work up, since acetic acid, the
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only other possible acylating agent present did not react with
benzotriazole under these conditions. Furthermore, l-acetylbenzo-
triazole slowly hydrolyses to benzotriazole on storage. A similar
mechanism can be péstulated as above (Scheme 5) although the |
alternative, less likely, mechanism shown (Scheme 6) cannot be

entirely eliminated at the present time.

©/ \JiH ©:/ Nfb(OAc)z—OAc
\N ‘ .

. OAc
(17)

_N
Ny V\
Ty ==— @ 5
CoMe | Meg '
(43) (42)

.Scheme 5

Scheme 6



- 126

In:the presence of LTA, the diazonium isocyanate (44) would
be readily attacked by acetic acid to give the mixed anhydride (45).
Loss of carbon'dioxide from such compounds occurs readily??l +to
give the corresponding amide. The l-substituted anhydride (u45)
would lose the carbon dioxide via a four membered cyclic transitioen
state, if-intramolecular,;hereas.the 2-substituted isomer (42) would
decompose via the more favourable five membered transition state
shown in Scheme 5.

It is still not clearly understood why, of the triazinones
that have been reacted with chloramine; only diphenyltriazinone (6)
gave the corresponding triazole-l-etherate (26). A previous report 62
indicated that benzotriazole reacted with chloramine via l-chloro-
benzotriazole to give the éorresponding l-etherate and no N-amino
compounds. U4,5-Diphenyltriazole, however, gave none of the
corresponding etherate and only l-amino-u,S-diphenyltriazoie (u6),50

The significance of the trace of the l-amino compound (46) obtained
in the reaction of the diphenyltriazinone (6) with 9;(2,4-dinifrb-
phenyl)hydroxylamine can now be explained. The hydroxylamine usually
reacts as an aminating agent, and indeed most of the triazinone
(6) is converted to the imidazolinone (7). However, it must also
react to a very small extent as an oxidising agent, converting the
triazinone to diphenyltriazole (25) which is then aminated to the
l-amino compound (46). | |

Under similar conditions, the triazole (25) was indeed found to
be aminated to the l-amino compound (46) (23%). Unreacted hydroxylaminé
(36%) was also recovered. None of the unkmown 2-amino-4,5-diphenyl-
~ triazole was obtainéd although benzotriazole was found fo give a
mixture of both isomers (47) and (48). When methylene chloride was
used as the solvent, the yields of the 1- and 2-isomers were 35% and

36% respectively, but when DMF was used the respective yields fell
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to 30% and 9%.

Ph !.N\}q | | ~ Ph T N\
H Aty
(25) - (46)

' 4

N : N

\; . Ny N
N N-N
_+ N H?
(33) (47) (48)

Finally, although' phthalimide can be converted into N-amino-
phthalimide with hydrézine, the same reaction could not be applied

to the triazinones (6) and (17); instead the corresponding hydrazinium

* salts were obtained.
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2 2-AMINOCINNOLIN-3(2H)-ONE

A Reaction of cinnolin-3(2H)-one with HOS

In Section 1A, the ring contraction that 1,2,4-triazin-3(2H)-ones
undergo on treatment with HOS was discussed. The structural similiarity
between cinnolin-3(2H)-one (22) and benzotriazinone (17) suggested that
a similar reaction should occur{‘ Indeed when éinﬁolinone was treated
with HOS in aqueous alkali the ring contracted product, oxindole (24),

was isolated together with 2-aminocinnolin-3(2H)-one (23).

Y , 0

(17) | (4) | (18)

@) o
Z HOS [::]f%\r + 'l.[:$>©
\N’NH \N,N-NHg | N

(22) (23) (24).

When the reaction was carried out with HOS in aqueous sodium
yhydroxide at 60 to 70°, the N-aminocinnolinone (23) (7%) was isolated.
Analytical and spectral data were in agreement with the assigned
structure (23) although the alternative less likely ring inserted
#tructure (49) could not be entirely discounted.

N-Nitrosodiphenylamine has been uéed successfully to deaminate
N-amino compounds 612137 but wheﬁ fused with 2-aminocinnolin-3(2H)-one
(23) at 100° the N-aminocinnolinone (23) (33%) was recovered. Oxindole
(24) (65%) and diphenylamine (87%) were also isolafed. Deamination

“with "odwum nitrite was more succeasful, however, and cimnnclinene (22)
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was obtained almost quantitatively (96%).  Further proof of the
assiénéd structure was obtéined by the formation of the green copper
~chelate (50) in which v, has shifted characteristically from 1664 cm.-l
to 1618 cm.—l. Cinnolinone itself did not form a complex.

El-Kholy and Rafla223 have recently shown that E:aminopyfidones form

copper chelates as highly crystalline compounds when treated with a

methanolic solution of copper chloride dihydrate.

As well as the 2-aminocinnolinone (23), other products isolated
in the amination of cinnolinone were oxindole (24), (32%), the azide
(51) (1%) and recovered cinnolinone (22) (7%’. ‘When the reaction
was carried out at a slightly lower température the yield of N-amino
compound (23) rose to 22%; oxindole (30%) and the azide (51) (0.6 %)
were also isolated. At 40 to 45°, the yield of N-amino compound (23)
fell slightly to 17% and more cinnolinone (40%) was recovered. Addition
of ethanol to the reaction mixture did not increase the yield of N
amino compound (23) (7%), however, and oxindole (15%) and cinnolinone
(25%) were still obtained. -

These results suggest that N-amination occurs as the initial
step, and that as the temperature is raised, the rate of decomposition
of the N-amino compound (23) to oxindole (24) increases. The
following mechanism (Scheme 7) based on the reaction of triazinones

with HOS would account for the experimental observations.
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(2é) HOS .  (23)

_— 0 o
— 'f———-—’ l“‘*
N\thq _ :f’ﬁy ,q=h(

(55)

.
CHo CON=N=NH
P S ——

o
N NH2 ?
H
(24) ?
CH2CON3 _CH2CONHy CH2CONHa
NH2 N3 N=N=NH
(52) (51

Scheme 7

Initial N-amination to give (23)vaIIOWed by ring expansion via
diaziridine (53) would give the seven membered ring intermediate.
(54). The major reaction path would then be a rapid 1-3 protoh
migration to give (55) followed by loss of nitrogen to give oxindole
(24). The intermediates (54) and (55) must be relatively long-lived,
however, for nucleophilic attgck on the excess of HOS to occur. The
minor reaction path shows Efamination oﬁ the middle nitrogen to give
(56). Similar mecﬁanisms, although rather more complicated, can be

postulated for Ei or §3 amination léading to the g-azidophenyl-

acetamide (51).
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The i.r. spectrum of o~ azidophenylacetamide (51) showed
vmx" 3370, 3170 (NHz); 2125, 2100 (N3) and 1690, 1670 (CONHp). The
alternative isomeric structure (52), although less likely, cannot be
entirely discounted, as it could have been formed by fission of the

N1-N; bond in intermediate (56). .

A related rearrangement has been reported by Gibson and Green.22%

.3-Aminobenzotriazinone (1) when heated in alkali gave o-azidobenzoic

acid (57a). Treatment with acid, however, gave the isomeric
anthranilazide (58). Forster!*2 later showed that o-azidobenzamide

(57b) could be isolated when milder basic conditions were used,

o}
CONa + - R '
(59) : (n X=0OH (57a)
NH2(57b)

On heating to its melting point, 2-aminocinnolin-3(2H)-one (23)
undérgoes an explosive decomposition with formation of oxindole
(64%). This strongly suggests that the N-amino compound (23) is

an intermediate in the conversion of cinnolinone (22) into oxindole

"by HOS, and that it is unstable under the alkaline reaction conditions

(see Scheme 7). Decomposition can also occur at temperatures below
its melting point. Oxindole (90%) was obtained'ﬁhen the N-amino
compoun& (23) was heated to reflux in toluene. No rearrangement
occurred when cinnolinone and 2-methylcinnolinonel?? were heated in
trichlorobenzene at over 200°. Unchanged reactants were recovered

in yields of 70% and 100% respectively.
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Yelland58? and Adamson8® have used tetraphenylcyclopentadienone
(tetracyclone) toiintercept pyrazole-3-ones and indazolin-3-ones
as the Diels-Alder adducts (59). It was hoped that pyrolysis of the
N-aminocinnolinone (23) in the presence of tetracyclone w0uld give
the corresponding Diels-Alder adduct (60). None of the.adduct (60)
was isolated, however, and oxindole (47%) and recovered tetracyclone
(88%) were obtained. Presumably the a-azo carbonyl group in this

seven membered ring is not reactive enough towards cycloaddition for

reaction with tetracyclone to compete with intramolecular rearrangement.

Ph

>
\
PN
0
o

(23) —m

(55) | (60)

2-Aminocinnolin-3(2H)-one (13%) can also be prepared by the amination

-

of cinnolinone (22) with 0-(2,4-dinitrophenyl)hydroxylamine. Although

no side prbducts were detected, there appeared to be little experimental

advantage in using this aminating agent. The reaction could not be

extended to 4-chlorocinnolin-3(2H)-one (61)°6 since when aminated

with HOS the unchanged cinnolinone (61) was recovered. This was possibly

due to the insolubility of the chloro compound (61) even in aqueous

ethanolic alkali.
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Cl . Cl
' HOS
o) -~ O
- ——
N _NH \N _N—NH2

(61)

B Reaction of cinnolin-3(2H)-one with cﬁloramine

By analogy with the reaction of triazinones.with chloramine one
would e*pect cinnolin-3(2H)-one to give indazole-2-carboxamide (62).
However, none was isolated and instead the.3-isomer (63) (18%)198
was obtained together with ammonium chloride (95%), 4-Chlorocinnolin-
3(2H)-one (61) (18%)56%, the etherate (65) (1.7%) and 3-chloroindazole

(64) (1.8%).197 Unchanged cinnolinone (7%) was also recovered.

N .. _N-CHMe

N~ Jet NH4CI

o)

~ ﬁ” > hk(:()h”42

\}“/JV}{ = //

(22) | ' (62)

| conmp cl '
TN - \ . 7 (e

- N

H

H
(63) (64) (65)

It is apparent that the reaction is complex and it is interesting
if :
to note thag(Yelland'sssa mechanism for the reaction of triazinones
with chloramine is applied to cinndlinone, the carboxamide (63) is the

expected product.



134

The etherate (65) was presumably formed by reaction via the
intermediate N-chlorocinnolinone (66). The‘formation of analogous
compounds in the reaction of benzotriazole®? and diphenyltriazole5?
has already been discﬁssed (see Section 1B). An Orton type
rearrangement of the N-chloro compound (66) would éxplain the formation
of the u4-chlorocinnolinone (61), although direct cﬁlorination is
equally possible. Cinnolinone (22) can be directly chlorinated in the
L-position with t-but&l hypochlorite56 and probably involves a

similar mechanism.

Z¢C  Et,0

(22) . » (65)
| l _ \N,N-—Cl
M (66)
‘o)
> (61)
~N |
N

If the N-chloro intermediate (66) is the precursor to the -
indazole-3-carboxamide (63), then the mechanism for the triazinone to
triazole ring contraction has to be amended slightly in the cinnolinone

reaction with chloramine (scheme 8). The above type of Favorskii

. rearrangement (arrows -in 66a) is modified toan extended type (arrows

_in 66b) where additional driving force is provided by aromatisation

of the o-quinonoid system. It is also possible that it is the
4-chloro¢innolinone (61) that undergoes the Favorskii type reaction,
and clearly further work is required in order to differentiate between

the various tentative postulates shown below.
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(66a) (62)

C)h“42
(6 6&) (63a)
(63)
CONHo
©f\~ﬁ
-Tq/
(61) (63)
‘Scheme 8

Various routes to the minor product 3-chloroindazole can be
envisaged. These include for example further reaction of thé carbox-
amide (63) or its isomer (62) with chloramine, the initial formation
of 2,4-di¢hlorocinnolin—3~one followed by a ring contraction similar
to those above, and férmation of the ¢ -diazoniumketene intermediate

(67) analogous. to the diazonium isocyanate (u44) of Section 1. Obviously

further work is required to distinguish between these.

C'NHz C H=C=0

S (22) ———

> products |

+ Z
1]
Z

(67)
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When the reaction of cinnolinone with chloramine was repeated
in the presence of sodium hydride the carboxamide (63) (4%) and the
etherate (65) ({1%) together with recovered cinnolinone (43%) were

isolated. o-Azidophenylacetamide (51) (15%) was also obtained.

(22) CINH2 . CH2CONH2 +(63) +(65)
NaH N3 .
“(51)

Presumably the N-amino compound (23) had initially been formed
and had then reacted further as shown in Scheme 7. The yieid of )
carboxamide (63) had fallén considerably which indicated that the
N-amino compound (23) was not an intermediate in the ring contraction
reaction. Further proof was obtained when it was found that the
N-aminocinnolinone did not react with chloramine to give indazole-3-
carboxamide. Instead, a compound which analysed for CgHgN,0, m/e:
l76(P),rwas obtained. The i.r. spectrum showed complex NH (33390-3050)
and amide carbonyl (1665, 1638 cm.-l) absorption. The mass spectral
decomposition pattern was similar to that of indazole-3-carboxamide

and the'compoﬁnd is probably either 1l- or 2-aminoindazole-3-carboxamide.

The mechanism shown below is tentatively suggested for its formation,

CONH2

N=NH




C. Oxidation of N-aminoamides

Before attempting to describe the oxidation of Eraminoéinnolin-
3-one it is instructive to mention the reactions that other N-aminc
amides undergo in similar conditions (see Table 1). Where relevant,
other examples of the reactions of N-nitrenes (70) will be taken from

the abundant literature.

. 4+ -
RoN-NH, RoN-N: <= RoN=N

, (69) (70) -

The usual reactions of the hydrazines (69) on oxidation include
fragmentation with and without recombination of the substituents R,
deamination, and tetrazene formation. Only one report has appeared
whereby ring expansion occurs in the hydrazines (69) (R=alkyl or aryl).

L emal225 decomposed the arylsulfonamide (72) in aqueous solution

and obtained the tetrahydropyridazine (76) (56%). He also obtained

‘the same compound when pyrrolidine (73) was treated with nitrohydroxyl-

amine (introduced as Angeli's salt, Na,ON.NO,)?2% in acid solution.

Thermolysis of the sulfonamide (72) in diglyme. at 175° gave high

combined yields of nitrogen and ethylene, and oxidation of the

N-amino compound (71) with mercuric oxide gave the tetrazene (75).
N N:

Q)HgO

NHa N=)
(71) (a) (75) 2
(b) diglyme { } by
W (R0 — C2Ha + Np
NHSOzAr c
(72> (74) (d)
dN NN02 O O
H | N (76)

( 7 3) Scheme 9
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The.three diffefent products were presumed to have been derived
from the common N-nitrene intermediate (74) and the subsequent reaction .
paths were controlled by the different nature of the environmeﬂt
(Scheme 9).

The first N-amino amides to be oxidised were N-aminooxindole (77)

"anid N-aminoacetanilide (81). Baum arten196b ostulated two
. = g P

mechanisms to explain the products, cinnolin-3-one (22) and benzene

respectively.

CHoC OaH -
N=NH -
(79) : .
| . 0
\\\\\\\\»[:::I;f>=o

H
\N N

NH2 (22)

(77)

(79)

Ph~N-COMe - .PhN=NH - PhH

NHz
(81) (82)

The mechanism via the diimides (78) and (82) was later
withdrawn in favour of the concerted process via (79) which was
later modified slightly,aa shown below, to incorporate the "nitrenoid"

intermediate (80).



(For a more detailed discussion see Sections 4a and 5).

3-Amihooxazolidih-2-one (83)227 when oxidised in homdgeﬁeous
mixtures gave the'ﬁgggg;tetrazene (84) in high yield., When
oxidiséd with mercuric oxide, the cis-tetrazene (84) (50%) was
obtained together with some of the trans-isomer (84) (10%). The
surface chelate complex (85) was postulated as an intermediate to
explain the formation of the cis-isomer in an orientated arrangement

of the oxazolidinone molecules.

5 \/\g/
EN>=O | o NH2H2N
o HY

X= NHy (83)
N=92(84)' (85)

The structurally similar 3-aminobenzoxazolin-2-one (86)138

when oxidised with LTA in solution also gave a mixture of cis and

trans-tetrazenes.!39 (See Table 1). The similarity of these reactions

indicates that a common mechanism is operative, although with N-amino-

benzoxazolinone (89) deamination also occurred.



‘The dimerisation of two, kinetically-free, highly reactive
intermediates is extremely unlikely and a more probable mechanism
for the formation of tetrazenes is shown below. .Eoncerted oxidation
of the initially formed tetrazane (86) via thé/five membered
transition state would then give the thermodynamically less stable
cis tetrazene (87). The more usual trans elimination would give the

alternative isomer (88).

e - + "
RoN~N: -+ RyN:NHz + RpN-N—NH3-NR; -+ RoN-NH-NH-NR;

(70) ' (86)
. NR2
(87)
R NR R
2*\\\ -—Ff// 2 2?&\\ h{::
<:\\T:i:\ ’,,BA\\\\ NR2
o_-.
2N
N

=N
\}QRZ

M = Hg or Pb (88)
At present, the most satisfactory mechanism that can be written
for deamination of the hydrazines (69) under oxidative conditions

is shown below.

(69) » R2§1NH{§-NR2 + RoN™ + RoN-N=N-H

; K /.Nz

(86) RoNH

The benzoxazolinone (89) when oxidised in the presence of

olefins and dienes gave aziridines by 1l,2-addition of the intermediate
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N-nitrene. Oxidation of the oxazolidinone (83) in similar condifiénSa
"has not been reported (see Table 1),

N-Aminophthalimide (90) and recently }I__-aminonaphthalimidem9
(91) were also found to give azifidines when oxidised in the
presence of olefins. N-Aminophthalimide also ;nderwent deamination
and forméd a tetrazene,

No adequate reason has been suggested as to why, of thé fivé-
membered heterocyclic N-amino amides studied, only N-aminooxindole .
" ring expands on oxidation in preference to reacting with olefins
and dienes.

The behaviour of six membered heterocyclic N-amino amides

* towards oxidation appears to be as complex as the five membered.

The nitrene from N-aminopyridin-2-one (92) can be intercepted with

-

olefins 2?? and although some of the N-aminopyridones shown in Table 1

have not beenoxidised in these conditions, the indications are that
they would react similarly.

The substituted N-aminopyridin-2-ones (93), (94) and (95) also gave
pyridazines by ring expansion to the o~azo-carbonyl compound (108)
followed by loss of carbon monoxide. The N-aminotetraphenylpyridone
(95) also gave a low yield of tetracyclone (110) (1%). The general

reaction scheme is given below.
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NOTES TO TABLE 1

1) Not all of the produéts shown may have been isolated in the
same reaction. For example, an oxidation in the presénce of an
olefin may have given an aziridine to the exclusion of the formatio
of the deaminated material.
2) Oxidations have not been carried out in the presence of an
olefin.

- 3) . Cis and trans tetrazenes were isolated.

4) RoN- denotes the heterocyclic residue throughout the Table.
5) The addition of N-nitrenes to olefins to give aziridines was
discovered in these Laboratories as a method of "trapping" the

N-nitrene and is now used as a standard tethnique.

RoN-N: + J( RZN-(L

6) The §:nitren?s derived from these N-amino compounds have also
been intercepted with DMSO to give the sulfoximines (104) in
exceptionally high yields.

RyN-N: + MepSO—>RyN-N=SOMe,

(104)

DMSO had been shown to react with sulfonyl nitrenes

generated by thermolysis or photolysis of arylsulfonyl azides.

hv

‘MezSO + ArSO Nz ——

ArSO,N=SOMe,+ Ny

C-Nitrenes have also been trapped in a similar manner
when generated by the pyrolysis of dioxazolin-S5-ones (105),
and in this instance the ambiguity as to whether.the actual

nitrene or the azide was reacting with the DMSO was removed.

o—éD 1500 - DMSO
/ o ——— RCON: ———> RCON=SOMe, + COj

N\r

05)

~~
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When the N-aminotetraphenylpyridone (95) was oxidised in
cyclohexene the aziridine (llla)vwaé isolated in moderate:yield
and tﬁe yield of pyridazine (1095) fell markedly. The yield of
deaminated pyridone (112) rose significantly.

The reaction of the N-nitrene (107) with cyclohexene was thus
.effeqtively'competing with the intramolecular.rearrangement. The
possibility of fhe nitrene (107) inserfing into the allylic -CH-

. of cyclohexene can also be considered and the reaction scheme below
would then accoun% for the increased yield of (112). The low

molecular weight cyclohexene residues were not isolated.

O -

H
. . vy :
‘RoN—N: R2N_ﬁ4©-———o RoNH  +
o7 '
: Ph—7 XPh
-RoN=-= I
Ph NSO

N-Aminopyridin-2-one (92) itself and the triphenylmethyl
derivative (96) did not form the expected pyridazines.

The similar fused compound, g;aminoquinolin-2-one (87)
gave no cinnoline (22) and was originally}shown to deaminate to

quinolin-2-ohe (114).56 The intermediate nitrene (113) has since

been intercepted with olefins and DMSO to give the adducts, (115)

and (116) respectively.229



.. 1lu8

Ny
(97)—— ‘\/1
q; ~0

(113) "’ : X
X=H (114)

g I5)

N=S OMez(l 16)

—x

2/
zZ

The addition of a further fused benzene ring to give N-amino-
phenahthridone (98)230 cau§ed an entirely different reaction to
take place. Benzocoumarin and phenanthridone were isolated and
no benzolclcinnoline was detected. The mechanism of formation of
the benzocoumarin is uncertain but possibly procéeds via the
ﬁ;nitrosophenanthridone. .

1-Amino-2,3-diphenylquinolin+l4-one (99)582 when oxidised with
LTA gave the dimer (118), probably by initial deamination followed
by oxidation to the radical (118), which then dimerised. A small

amount of (117) was also isolated.

fse2<e eeve:

l{IHg
-(99) (n7) - (ne) , (n9)

n :
The ﬁfaminoqu#szolinone (101) and pyrimidone: (100) do not

show unusual behaviour on oxidation; both deaminate and both give

aziridines in the presence of olefins. No rearrangement products

have been detected.229
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‘3-Amino-l—methylphthalazin-u—one (102) shows unusual behaviour
on oxidation. The intermediate nitrene (120) cannot be trapped
with olefins or DMSO and no products due to ring exéansion of the
nitrene are obtained. Instead, when oxidised ig the presence of

ethanol , the ethoxyphthalimidine (121) can be isolated in good

yield. The following mechanism was proposed.22°®

There are therefore two classes of N-amino amides. Those which
‘lose nitrogen on oxidation and those which do not. A requirement
of the former is that the N-amino function should be adjacent to
a nitrogen atom. A further example of this class of N-amino
compounds can be found with the 3-aminobenzo-1,2,3-triazin-4-ones
(103).
Oxidation with LTA gives the N-nitrenes (122) which then
. either lose one molecule of nitrogen to give indazolone (123) or
lose two molecules of nitrogen to give benzocyclopropenoﬁes (124).
The cyclopropenones-were formed by a concerted loss of the fwo
molecules of nitrogen, as the indézolcne were not intermediates.
Tetracyclone (TC) could be used to detect the indazolone and
addition of a nucleophile gave a mixture of benzoic acid derivatives

indicating the presence of the unsymmetrical benzocyclopropenones

(124).216



The best example of loss of nitrogen from a heterocyclic

N-amino compound was reported by Campbell and Rees.13l+b Oxidation
of 1- and 2-aminobenzotriazoles gave benzyne and cis,cis-mucononitrile

respectively.

NN —2Np
N » |
N/'
I
=N, —No ~~ CN
\N}“'NH2 * I _CN

The reaction was later extended to other yfamino tm'.az_clessgs‘;o’62

and also to N-aminonaphtho[1,8-deJ]triazine.>?

'. N, 72N "
O ﬁ | O

[l\l . °

NH2 ‘
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D Oxidation of 2-Aminocinnolin-3-one

0f the N-amino amides discussed above, the structural features
of N-aminocinnolinone (23) most closely resemble those of 3-amino-

l-methylphthalazin-4-one (102).

(102) (23)

Both contain a carbonyl group and a ring nitrogen atom
adjacent to the N-amino function. As mentioned above, the phthal--
azinone (102) when oxidised with LTA in the presence of 1,3-
butadiene and DMSO did not give aziridine or sulfoximine adducts,:
but in the presence.of ethanol the ethoxyphthalimidine (121) (65%)
was formed.229 ‘

In fhe present work N-aminocinnolinone (23) was oxidised with
LTA in methylene chloride. Nitrogen was evolved and black polymeric
material depositied; the filtrate gave cinnolin-3-one (22) (7%).
Cinnolinone (17%) was again the only product isolated when the reaction
was carried out.in the presence of methyl‘methacrylate. In DMSO
‘a small amount of an unidentified compound (<1%), m.p. 203-206°,
m/e: 329 (P) which showed a carbonyl absorption at vﬁax' 1710 and

1698 cm.>t.  was obtained, although no cinnolinone (22) could be

isolated.

IWhen_the'oxidation was carried out in a mixture of ethanol
and methylene chloride, 3-ethoxyoxindole (127) (1.5%) was obtained
as well as cinnolinone (6%). The oxindole (127) was identical in

all respects with a sample prepared by reacting 3-diazooxindole
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(128) with ethanol according to the method of Creger.200

7
.. '———-‘P
PT’BF*Q

(125) (126)
EtOH

~(23)
H
(127)
EtOH
| N.NH Tos 1 N
OO ———— [::::]::uj>==C) | eme—— 'e)

. N N
H H H
(128)

The low yield of the oxindole (127) compared to that of the
analogous ethoxyphthalimidine (121) was presumably due to the highly
reactive nature of the o-quinonocid intermediate (126) which would
polymérise very easily. The phthalimidine (121) also showed some
tendency to polymerise.

The aminocinnolinone (23) was a150~oiidised with the milder
oxidant, iodobenzene diacetate in the presence of cyclohexene.

No aziridine adduct of the N-nitrene (125) could be obtained and

- iodobenzene (60%) was the only product isolated.



153

3 . 1-AMINOQUINOXALIN-2(1H)-ONE

The previous six membered heterocyclic N-amino amides that
contained two nitrogen atoms in the same heterocyclic ring (Table 1),
eithef had the nitrogen atoms adjacent to each other or in the 1:3
positions. 1l-Aminoquinoxalin-2(1H)-one was therefore of special
interest, being the first example in which the nitrogen atoms were

in the 1:4 positions.

A Preparation from quinoxalin-2(1H)-one

Quinoxalin-2-one (131) was prepared by the reaction of o-phenyl-
enediamine with chloroacetic acid in agueous ammonia, followed by
oxidation of the dihydro compound (130) that is formed, either

directly with potassium permanganate?9% or via the 4-nitroso compound .

(132).203
E .
N N O
H (130) H i
NaNOo| - HOS
7
" _N

l | (129)
N0
H .
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The quinoxalinone (131) could be converted into the N-amino
compound (129) (67%) with HOS in aqueous alkali, and unreacted
quinoxalinone was also recovered. An increase iﬁ concentration
of both the HOS and the sodium hydroxide used caused a decrease in
the yield of N-amino compound. The sodium salt of the quinoxalinone
(131) could not be aminated with ‘ethereal chloramine and the
quinoxaiinone was recovered unchanged. The N-amino compound (129)
and its anisaldehyde derivative were characferised by their analytical

~and speétfai data.

B Oxidation of l-aminoquinoxalin-2(1H)-one

The structural features of l-aminoquinoxalin-2-one (129)
closely resemble those of l-aminoquinolin-2-one (97). By analogy,
one would expect the N-amino compound to give aziridines when
oxidised in the presence of olefins and to deaminate wheﬁ oxidised
alone.>6,229

When N-aminoquinoxalinone (129) was oxidiséd in methylene
chloride, the only product that could be isolated was benzo-1,2,u4-
triazine (135) (18%);205 In the presence of cyclohexene, oxidation
of.the N-amino compound (129) gave the aziridine (136) (9%) together
with benzo-1,2,4-triazine (13%). The unchanged N-amino compound
(129) (5%) was also recovered although exceés‘of LTA was used.

This resulted from the formation of a polymeric gum which coated some
of the undissolved N-amino compound thereby preventing its oxidation.
An oxidation in methyl methacrylate gave the aziridine (137)
(21%) and benzotriazine (10%) and in DMSO gave the sulfoximine (138)

(53%) and benzotriazine (9%). No deaminated material could be detected

and the following scheme would account for the observed products.
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! N pq\‘
N N o
N0 N0 N=N
NH2 *N: (134)
: (133)
(129) trap [
AN ~ o
\N’N
o

X= -N(O (136) - O

—Nq_'v’e (!37) ' : .Y
COsMe
s S
—N=SOMe> (13 8)

(135)

The N-nitrene that is initially formed either reacts intermolecularly
with the olefins and DMSO or undergoesan intramolecuiar rearrangemenf
to give the a-azo-carbonyl intermediate (134) which then undergoes a
Cope-type rearrangement followed by extrusion of carbon monoxide to
give benzotriazine.

In. the limited series of experiments aﬁove, the yield of the
intermolecular N-nitrene adducts increased with increase in efficienty
of the external reagent (9%-53%). However, the yield of benzotriazine
(9-18%) remained substantially unchanged. The alternative mechanism
shown below is an attempt to rationalise the relatively insensitive
variation in the yield of the benzotriazine with change in the

external environment.



(134)

(135)

The "nitrenoid" intermediate (139) would not be trapped with
oiefins or DMSO and could decompose by two alternative pathways
independent of the external environment. The first, a concerted
élimination of acetic acid and lead diacefate to give the highly
feactive N-nitrene (133) of short, but finite, lifetime. This
nitfene could be trapped to some extent by olefins and DMSO, but
would not rearrange to the a-ézo-carbonyl intermediate (134).
‘The second path would be a concerted elimination and insertion
reaction to give the intermediate (134).

This alternative mechanism was supported to some degree when
it was found that the sulfoximine (138) gave the aziridine (136)
(30%) when irradiated in cyclohexene. No benzotriazine (135) was .

detected, however, even though it could be readily recovered in

156
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similar conditions (91%). The #ulfoxime (138) was found to be
stable at 230° for 30 min. and was largely recovered (70%).

If irradiation of the sulfoximine (138) gave the N-nitrene
(i33); then in thé presence of excess of cyclohexene, the aziridine
(136) would be obtained. In the above mechanism it is fhe
nitrenoid (139) and not the N-nitrene (133) that undergoes the '
ring expansion reaction and therefore benzotriazine should not
be obtained.

.Aﬁ §b5e§tioh fo-tﬁié boétﬁlété is.tﬁaf fhé E;ﬁifréné (133) is
generated under entirely different conditions. LTA oxidation of
the N-aminoquinoxalinone (129) would almost certainly give the
singlet nitrene, whereas irradiation of the sulfoximine (138) may
generate the triplet diradical nitrene which may well not undergo
the ring expansion reaction.

Altérnatively, a discreet nitrene may not be formed when the
sulfoximine is irradiated, but instead reaction between an excited
state of the DMSO adduct (138) and cyclohexene may occur. This
postulate was originally suggested by Yelland58? to explain why
the sulfoximine (140), on irradiation in cyclohexene gave the
cyclohexyl aziridine (141) as the only product and in the absence of
cyclohexene could be recovered unchanged after 48 hr. Thermolysis
of the sulfoximine (140), however, gave the same pfodﬁcts as when

the N-amino compound (142) was oxidised with LTA.



RoN-N=SOMe; hy RoN-N
(140) (14D
)
P
RoN-NHp —ETA LRoNg &
(142) g
Ph
X\-Ph
RoN- =
P o

Clearly, further work is required to elucidate this mechanistic
problem which is basically a question of whether the lead acetate
© residue leaves the '"nitrenoid" intermediate at the same time or
immediately prior to the ring expansion reaction.. The main

- problem still to be.solved is the influence 6f structural factors
upon the nature of thé'reactive intermediate and on its

. subsequent reactions.
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4  N-AMINOOXINDOLES

A l-Aminooxindole

- Baumgarten et al.196b prepared l-aminooxindole ($7) by zinc and
sulfuric acid reduction of cinnolin-3-one (22) and showed that it was
identical to the compound prepared by'cyclodehydration of o-hydrazino-

phenylacetic acid (1u43).

N-Aminooxindole (77) on oxidation with LTA gave cinnolin-s;oné.ss’lgsb
" Two mechanisms were originally proposed to explain the ring-expansion -

that occurred. The first involved initial formation of the diimide

(144), but in a later paper56 this was withdrawn because acylation

of diimides had never been observed; their more usual reaction was

loss of nitrogen to give an arene. The alternative mechanism involved

the N-nitrene (146) which ring expanded as shown,

~ Ny~ C|—!2C02H
: H an-bsc)4 mo NHNH2

(22) (77) NH2 (143)

CHCOpCOMe ()\/\f
N=NH

(144)

(77) | (22)
\ o0 — o

Y v

o\ Co

(145)
The failure to trap the N-nitrene (1l46) with 1,3-butadiene or
tetracyclone to give the respective aziridines!3® prompted Baumgarten,
in a later paper,56 to suggest that it was perhaps premature to conclude

that a nitrene was the intermediate in the oxidation of l-aminooxindole.



- He suggested that the nitrehoid intermediate (145) was the actual

intermediate that underwent the ring expansion with more or less
simultaneous loss of Pb(0OAc)j.
LTA :
(77) > o) ' »(22)
)

>—2Z
)

/:

(AcO)zF"o/) H

)

o>

(145)

L

4

In support of this theory he reported that the arene sulfonamides
(147), when subjected to base-catalysed or photochemical treatment
of the type used to generate certain acyl nitrenes,23! failed to give
any cinnolin-3-one, and failed to give aziridines in the presence of
olefins.
No experimental conditions were given, although it was reported
that the conditions were similar to those used by Schlosser?32 in
his unsuccessful attempt to generate benzyne from the tosyl derivative
of l-aminobenzotriazole. Graveling?33 has recently shown that
irradiation of the sodium or, better, lithium salts of the tosyl derivative

(149) do give benzyne, however.

| o
—f— o +
(I?’ Sl
!
NHSO5A ~

(147) i | A (@)

(a) Ar=p-Me.CeHg. (148)

(b) Ar=p-NO2.CgHy.
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"NH.Tos

(149)

In the present work we have also used similar conditions to those
used successfully by Graveling. The sodium and potassium salts of the
tosyl derivative (1l47a), on irradiation, gavé hone of the aziridine
(lﬁé) when the reactions were carpied out in the presence of an olefin,
and no:cinnolin-3-one was detected.

t-Butyl hypochlorite and chiorine were also found to oxidise
l-aminooxindole to cinnolin-3-one, although excess of t-butyl hypochlorite
was found to react further to give 4-chlorocinnolin-3-one (61),356
Mercuric oxide, potassium bromate, brgmine and iodosobenzene diacetate
(see below) gave either little or no cinnolin-s—one.seb

A similar ambiguity existed in the mechanism of the t-butyl
hypochlorite and chlorine oxidations. The N-chloramine (150a) and the
N,N-dichloramine (150b) are both possible intermediates and could lose
hydrogen chloride or chlorine respectively to give the N-nitrene (146)

or alternatively they could both act as nitrenoid intermediates.

cr
| t BLOC| ' o =
(77)— —>(146) >(22) >
 or Cl2 @Q!O \VNH'
N
(150) x’ | (61)
(a) X=H
(b) X=cI .

Whittman also prepared the 4-chloro and 6-chloro derivatives of
" l-aminooxindole and showed that oxidation with LTA gave the'corréSponding

chlorinated cinnolin-3-ones.
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In the p;esent work, the more efficient N-nitrene 'traps', cyclo-
hexene and DMSO were used in an unsuccessful attempt to intercept_the
N-nitrene of oxindole ' (1u6). Cinnélin-3-one was the ohly pro&uct
isolated in 60% and 32% yield respectively.

Iédosobenzene diacetate was also used as oxidant in the presence

of tyclohexene. No aziridine was formed and iodobenzene (65%) and

cinnolin-3-one (66%) were obtained. This is contrary to the report

. of Baumgarten®® that little or no cinnolin-3-one is obtained in the

complex reaction of l-aminooxindole.with iodosobenzene diacetate.
Graveling?233 has recently found that irradiation of the triphenyl-

phosphineimine (151) in benzene gave benzyne.

N\
»

| |
N=P.Ph3 N=P.Ph3

(151) (152)

All attempts to prepare the analogous phosphineimine of l-amino-
oxindole (152) failed. Treatment of l-aminooxindole with tripﬁenyl-
phosphine dibromide gave the unchanged N-amino compound (77) and a
mixture of triphenylphosphine and triphenylphosphine oxide. It is
possible that the phosphineimine (152) was formed but decomposed on
attempted isolation. The prepafation was therefore repeated and the
reaction mixture was irradiated directly. No cinnolin-3-one was
detected, however, and the same three products were again obtained.

N-Aminooxindole could not be prepared by direct amination of
oxindole. With HOS at low temperatures oxindole was recovered but as
the temperature increased, a red polymeric material was obtained.
Chloramine and 0-(2,4-dinitrophenyl)hydroxylamine gave the same polymefic

material.
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B - 1l-Anino-3-methyloxindole

138 and those of Baumgarten

The results of Atkinson and Rees
et al.56’196b showed clearly how the nature of X- in the compounds
(lSB)determined the properties of the respective N-amino amides towards

oxidation.

:>=() . (77) X
(78) X
T nu42 o

(153)

CH,

"
O'

Although WhittmanS® had made the l-chloro and 6-chloro-1-
aminoxindoles and showed that their behaviour on oxidation was
similar to N-aminooxindole itself, it was thought that a more
instructive approach in determining those factors which caused
rearrangement could be made with l-aminooxindoles substituted in

the 3-position.

(i) Preparation of l-amino-3-methyloxindole

Two possible routes to l-amino-3-methyloxindole (155) appeared

~ feasible. The first was by amination of 3-methyloxindole (154)296 ang

‘the second was by reduction of 4-methylcinnolin-3-one (156).196%

’

' \Tq,rﬁﬂ

Me

'(154) - ‘ (155) (156)
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3-Methyloxindole (154) was prepared by the.-cyclisa.tion of l-phenjl-
2-propionylhydrazine (157) by the method of Endler and Becker. Amination
with HOS gave a mixture of two amino compounds that could only be
partially separated by column chromatography. One of the compounds

was found to be the previously reported 3-amino-3-methyloxindole

(158)297 ang was obtained pure. 'The second,’however, could not be
“entirely freed of the first but analytical and spectral data of fhe
impure compound indicated that it was 1,3-diamino-3-methyloxindole
(iSé)'ahd‘thié Qaé éohfirﬁe& byvpfeéafiﬁgvtﬁe4di-énisylidéné defiﬁafi?e'
which could be obtained pure. No 1-amino-3-methyloxindole was isolated

although the oxindole (154)(35%) was recovered.

Mz NHo
(llftg oS
PhNHNHCOEt — 5 (154) ’ETWHE" o
N
(157) |
X
(158) X = H
(159) X = NH2

Chloramine was also found to give the same mixture of aminc-
éxindoles in high combiﬁed yield and the oxindole (154) was recovered
in only 5% yield. It is tﬁerefore reasonable to expect that oxindole
itself would behave in an analogous manner and the failure to obtain
any l-aminooxindole is therefore not surprising.

The amination on carbon, rathgcri; than on nitrogen as expected,

e
may be related to the stability ofﬁrequired benzylic anion. Very
févlgxamples of HOS amination of carbanions have been reported.
Bérgigia and Cambi'”® found that cyanide ions were aminated‘with HOS

: 5 . :
to give cyanamide (80%) and Yelland sa has postulated C-amination

in the ring expansion of the pyrazoline(160) into the dihydrotriazinone
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(162) (see Introduction), although the intermediate (161) was not

isolated.
N=,0805H + CN'—— HyN-CN

“H
H Q HoN N. o
phj:kNH : Ph - Ph | \(
Ph-lxy/ — p N — Ph ’N,NH

H

(160) (l61) ' (162)

Chloramine, however, has been used more extensively in the
amination of carbanions,>0:%%395,96 and recently Sheradsky and Nipl86
have also used g}(2,u-dinitrophenyl)hydroxyiamine for the samei
purpose (see Introduction).

4-Methylcinnolin-3(2H)-one (156) was prepared by the method of

BaumgartEn et al.196? and reduction with zinc and sulfufic acid,'using
similar conditions as those for the reduction of cinnolin-3-one to

l-aminooxindole,”® gave l-amino-3-methyloxindole (155) (90%). o

Me Me
‘ O A
~ Zn PhoN.NO
. > V=0 —2 » (154)
' NH2
(156) (155)

Analytical and spectral data were consistent with the proposed
structure (155) and also of its anisylidene derivative. Further proof
of the structure was obtained wheén it was found that N-nitrosodiphenyl-

amine gave the deaminated 3-methyloxindole (154) (60%).
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(ii) Oxidation of l-amino-3-methyloxindole

1-Amino-3-methyloxindole (155) was oxidised with LTA in
methylene chlopide, alone and in the presence of cyclohexené and
DMSO. The only product that could be isolaéed from these oxidationé
was 4-methylcinnolin-3(2H)-one (156) in yields éf 56%, 60% and 35%.
respectively.

It is aéparent that l-amino-3-methyloxindole behaves in an
entirely analogous way to l-amihooxindole iféelf and the addition of
a ﬁbho'alkyl'subﬁtituent'in the 3-§ositiOn'dce§ not modify the -

properties on oxidation.

C 1l-Amino-3,3-dimethyloxindole

u;u-Disubstituted cinnolin—3-oﬁes (163) have not been reported
presumably due to the inherent instability of the a-azo-carbonyl
system. An alternative route to l-amino-3,3-disubstituted oxindoles
via the cyclo-dehydration of o-hydrazino-2,2-disubstituted phenylacetic
acids (164) appeared equally uninviting. However, 3,3-disubstituted
oxindoles (165) do not contain a proton g to the amide carbohyl group
and therefore can only be aminated at the nitrogen atom.:to give the

derivatives (166).

R R .
@) (:FEf:(%zki
N//N NH.NH2
(163) (164)
R R | R
e) » O
H r\'ng

(165) : (166)
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(i) Preparation of l-amino-3,3-dimethyloxindole'

3,3-Dimethyloxindole (168) was prepared by the cyclisation
of 2-methylpropionylphenylhydrazide (167) by a modification of the

23%  The dimethyloxindole was insoluble in aqueous

method of Brunner.
alkali but could be aminated to the N-amino compound (169) (98%)
with HOS in the presence of ethanol. Analytical and spectral data

were in accord with the assigned structure.

Mo Mz ‘ Me Me
PhNH NHCOCHMQQ -——» @z @‘O
Aﬂig
(16 7) o (168) (169)

"(ii) oOxidation of l-amino-3,3-dimethyloxindole

1-Amino-3,3-dimethyloxindole (169) gave thfee products when
oxidised with LTA in the presence of cyclohexene; 3,3-dimethylindazole
(170) (18%), the tetrazene (171) (1%) and 3,3-dimethyloxindole (168)
(26%). The indazole (170) and the tetrazene (171) were characterised
5y their analytical and spectral data. The tetrazene, on heating to

its melting point lost nitrogen to give 3,3-dimethyloxindole (60%).

) LT/\ :
(169) + (168)

(170) a7
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The indazole (170 ) presumably arose by initial ring expansion
of the N-nitrene (172) or nitrenoid intermediate to give the u,u-
dimethylcinnolin-3-one (173). The a-azo-carbonyl compounds usually.
formed undergo a proton migration to give the cinnolin-3-one. This"
ﬁethod of stabilisation is not available to 4,4-dimethyl”cinnolin-3-one
(173) and consequently extrusion of carbon monoxide occurs to give
the indazole.<i70).

The férmation of the tetrazene' (171) and the oxindole (168)
waé ﬁnéxéeétédviﬁ Qie@ éf'the‘pfeQiéué 5eha§i§uf éflg}aﬁiﬁoéxin&oieé
(77) and (155). It is also unusual in that previously all N-amino-
amides, that had formed a tetrazene or had deaminated on oxidation,
also gave aziridine adducts when oxidised in the presence of olefins.

When oxidised in the presence of tetracyclone the indazole
kl70) (20%) and the oxindole (168) (26%) were obtained together with
unchanged tetracyclone (96%). None of the aziridine (176) was obtained
and the tetracyclone also failed to intercept the intermediate %-azo
carbonyl compound.(173).

DMSO has been found to be the most efficient 'trap' for N-nitrenes
in our Laboratories. Oxidation of the oxindole (169) in DMSO gave
none of the sulfoximine (175), however, and the tetrazene (171) (1.8%)
and 3,3-dimethyloxindole (7%) together with a trace of the indazole (170)
(t.l.c.) were obtained. When the method of work up was changed from
removing the excess of DMSO under reduced pressure to pouring the
reaction mixture into water, the only product that could be isolated
was 3,3-dimethyloxindole (26%).

An oxidation using iodoso benzene diacetate in the presence of
cyclohexene gave a cleaner reaction with only a small amount of tar
formed. Although none of the aziridine (174) or the indazole (170)
was isolated, increased yields of the tetrazene (171) (7.5%) and

3,3-dimethyloxindole (57%) were obtained together with iodobenzene
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(55%). A summary of the oxidation reactions is given below (Scheme

10)..
RaN—N=)2 RoN—NHp RoNH

(171) (169) (168)

3 Mz Me
o ‘ o
R2N—'~© ———— RaN—N - i
| NZ
(174) (172) (173)

R 2N— j;>—‘ /
CMe2
(176) ////E::]i?<f¢ [::j:§§g
R 2N—N=SOMe» E\V
- (175 %ﬁ:
. (1777) Ph
© Me Me

v

Scheme 10

(170)

The failure of olefins and DMSO to intercept the N-nitrene (172)
is rather surnrising in view of the fact that a tetrazene was formed
and deamination occurred on oxidation. However, it is possible that

a nitrenoid intermediate leads to these products and not a nitrene as
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has originally been supposed. That the cinnolinone (173) was not
intercepted by tetracyclone to give the Diels-Alder adduct (177)
is somewhat puzzling, and may be due to its very rapid reaction

with acetate .ions:.

An attempt was made to add benzyne to dimethyldiazomethane in
order to synthesise the 3 3-dimethylindazole independently.
1-Aminobenzotriazole was ox1dlsed in the presence of acetone hydrazone
but this gave blphenylene (38%) and phenyﬂécetate (11%) and none of

the required indazole.

D 1-Amino-3,3-diphenyloxindole

1-Amino-3,3-diphenyloxindole was originally prepared by Bird.210

Acid treatment’ of the oxadiazinone (181) gave a mixture of the

N-aminooxindole (179) and the diazetidinone (180) as well as unreacted

oxadiazinone (181). The mixture could also be obtained by acid
treatment of the acetyl diazetidinone (182). The products were

rationalised as being obtained from the carbonium ion (183).
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< ~\ 0 Phs C=C=0
PhaC COCI —r PR

[ . ! = +
Ph NH NHCOMe ' EtOgC—i\‘—N‘Ph EtOzC"‘N:N'Ph_

a Hy0
b AcoO

'S

- Ph
Ph
Ac ~-N—N-Ph
' (1%2)
| |
Ph o
””'“HN—-NPh”'"

(180)

Ph
Zeo.il
PhoC.CO. N NHMe

(123)

The N-aminooxindole (179) was characterised by its analytical
and spectral data and also as its benzylidene derivative. Final’
proof of the structure (179) was supplied by the conversion into
3,3~-diphenyloxindole (184) on treatment with nitrous acid. The overall
yield of the N-amino compound (179) was very low and the following
alternative route by direct amination of the oxindole (184) was now

found to give excellent yields of the N-amino compound (179).

(1) Pfeparation of l-amino-3,3-diphenyloxindole

3,3-Diphenyloxindole (184) was prepared by the Friedel-Crafts
reaction of isatin (185) with benzene in the presence of aluminium
chloride.zog. Amination of (184) with HOS in aqueous ethanolic sodium
hydroxide gave the E;émino compound (179) (87%). The ethanol was
required in order to.make the reaction mixture homogeneous, and its

omission resulted in quantitative recovery of the oxindole (184).
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The N-atino oxindole (179) obtained by this method was identical in
all respects with a sample prepared by the method of Bird.210

The sodium salt of the oxindole could also be aminated with
ethereal chloramine. Optimum yields of the N-amino compound (179)
(87%) were obtained when the ratio of oxindole (1gu):chloramine was

1l:2.

Ph Ph
~ PhH. ...OA.H_OS..
AICI3 or CINHo
H
(185) . (184)

(ii) Oxidation of l-amino-3,3-diphenyloxindole

The products obtained when l—amino—3,3—diphenyloxindqle was
oxidised under a variety of conditions are shown in Table 2.

1-Amino-3,3-diphenyloxindole (179) showed similar behaviour to
the dimethyl compound (169) in that they both formed indazoles and gave
rather erratic amounts of coiourlésé tetrazenes. The colourless
tetrazene (186) was also found to lose nitrogen at its melting
point to give the oxindole (184).

There the comparison ends, however. No oxindole (184) due to
the deamiﬁation of (179) was ever detected and instead, a yéllow
iéomeric tetrazene (186) (in erratic, but high yields whenever
it was isolatéd), and prddﬁcts due to the interception of the
g;nitfene (188 ) with olefins and sulfoxides were obtained. The
analytical and spectral data were satisfactory for all the new compounds

reported in Table 2.
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Notes to Table 2 PA

R

o
. 1. RyN- represents N/‘O
_ v

2. A mixture was obtained that could be partially separated by

fractional crystallisation.

It can be seen from Table 2, that to a reasonable approximation,

. the yield of 'nitrene adducts' increases with an increase in efficiency

of the trapping reagent and that there is also a corresponding drop
in the yields of the indazole (187). It seems reasonable to suggest,
therefore, that the same intermediate gives rise to both sets of
products, and that the intramolecular reactions of the N-nitrene
(188) competes effectively with the intermolecular formation of the
indazole (187). The reactions of the oxindole (179) on oxidation

are summarised below (Scheme 11). . ' N

(184) m\\\\g\y (186) ' N I ~N

N
Ph Ph
RoN-NHy — 1A > RoN-N: | N
(179)
,RQN-Nj’ : RoN-N=SOMey  R,;N-N=SOMePh
N
(190) | (189)
P
RoN- = O
N

Scheme 11



175

In order to test this theory, the dimethylsulfoximine (189)
wasirradiated in the presenée of cyclohexene. If the N-nitrene (188)
was a common intermedizte then both the aziridine (190) and the indazole
(187) should have been obtained. The only product that could be
isolated, however, was 9-phenylfluorene (191) (55%). Under similar
conditions it was found that both the aziridine (190) and the indazole
(187) gave 9-phenylfluorene in yields of 59% and 41% respectively.

4 ;t'wqu;d.appear that both the DMSO adduct (189) and the cyclohexyl
aziridine (190) on irradiation undergo fission fq the N-nitrene (188),
which then forms the indazole (187), before losing nitrogen to give

9-phenylfluorene as indicated below (Scheme 12),

(189) N\
- \\\\\\ > (|€38z ;f)q
(1o o)/ ' N=CPhp

| » | (192)
Ph Ph
Iy
: : (187)
Ph . ph | Ph
=01
(191) H

Scheme 12
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Burgess et al.233 also obtained 9-phenylfluorene (191) when
the triazole (192) was irradiated in acetonitrile. The indazole

(187) was postulated as the intermediate.

Ried236 has added benzyne to several substituted diazomethanes
and obtained the corresponding indazoles. We have found that
addition of benzyne to diphenyldiézomethane gave.the 3,3-diphenyl-
indazolé (187) identical in all respects to a specimen prepafed by

“oxidation of the oxindole (179).

E 1,4-Dihydrocinnolin-3(2H)-one

In an attempt to prepare l-amino-3-chlorooxindole (193),
Whittman® reduced Y-chlorocinnolin-3-one (61). The zinc and sulfuric
acid conditions that were used were too vigorous however and fission

of the C-Cl bond also occurred to give l-aminooxindole (77).

I
Ci -
— O e Q0
o —i —_— =0).

(193) &Hg (61) (77) NH>
Z "N\WNH4ClI
Z ro - LTA 0
SN 2N mﬁ
N
, H
(22) . (194)

It was hoped that use of a milder reducing agent would prevent
C-Cl bond “fission and give the chlorcoxindole (193). Zinc and
.aqueous ethanéiic ammonium chloride?37 gave a compound (88%) that
contained no chlorine and had a m.p. higher than that reported for
N-aminooxindole. Oxidation with LTA gave cinnolin-3-one (22) (84%)

and spectroscopic and analytical data suggested that the compound was
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an isomer of N-aninooxindole, the dihydrocinnolin-3-one (184%).

Confirmation was obtzined when it was founa that cinnolin¥3-one gave

the same compound (134%) (100%) under similar reduction conditions,
Cinnolin-B—one can also be reduced to the dihydrocdmpound

(194) under electrolytic conditions. Lund212 reported the compound

(194) as an unstable solid that wés readily oxidised back to

cinnolinone on standing; he gave no analytical figures.

When pure, the dihydrocinnolinone (194) is stable for several

. days at. room temperature,.and.can.be kept.unchanged.for weeks when

stored under dry nitrogen.
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N-AMINOACETANILIDE
N-Aminoacetanilide (81 ) is the acyclic equivalent of l-amino-

oxindole and it was therefore of interest to compare their

respective properties on oxidation.
N-Aminoacetanilide (81) was 6riginally prepared by the reaction

of N-chloroacetanilide with sodamide.238 Sternbach later>?
uéed chloramine in dby DMF to aminate acetanilide directly. In the
pfééeht-wérk,:métﬁyieﬁe.cﬁlbridé Qaé foﬁnd.fo.bé ﬁuét.aé éffeétivé
a solvent and had the added advantage of an easier method of work up.
Somewhat surprisingly, attempts to aminaté acetanilide using HOS, over

a wide range of conditions, failed and the acetanilide was always

recovered quantitatively.
C1NH,
H

NaNHz
PhN-COCH34 -———————>PhT-COCH3 ¢«— PhNCOCH;3

cl NH,
(81)

originally oxidised N-aminoacetanilide with

Baumgarten196b
LTA and reported that rather erratic yields of benzene were obtained.

No other products were detected and the reaction was thoughf to
proceed via phenyldiimide (199) which then 1lost nitrogen to give

benzene. No mechanism for the formation of phenyldiimide was

suggested.
In the present work it was decided to reinvestigate the

reaction of N-aminoacetanilide with a view to try to intercept the
No attempt. was made to estimate the

intermediate N-nitrene (195).
amount of benzene produced.
N-Aminoacetanilide, when oxidised in the presence. of cyclo-

.

hexene, methyl methacrylate or DMSO, gave acetanilide as the oniy
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product that could be isolated, in yields of 22%, 3% and 6.5%
res?ectively. In all reactions, a vigorous evolution of nitrogen
was obsérved and no acetophenone (197) was detected. The concerted
elimination of nitrogen with recombination of the tworfragments was

therefore eliminated.

'LTA :
PhIiICOMe _— Ph—IiI-COMe ——»PhNHCOMe + PhH
NH, tN:
(81) . \////,(lgsl\\\y
PhN=NCOMe ‘/\ PhCOMe + Nj
(196) , (197)

1-Acetyl-2-phenylhydrazine?!3 when oxidised with excess of LTA
gave the diimide (196) which was identical in all respects with a
sample prepared by the method of Book et al.2l* The diimide (196)
@as found to be stable towards excess of LTA and was not detected
when ﬁ;aminoacetaniiide was oxidised, therefore eliminating an
' analogous reaction to that which occurs when l-aminooxindole is
.oxidised.

The original mechanism proposed by Baumgaften,Via phenyldiimide
(199), would appear to be correct. In support of his mechanism
Kosower has shown that phenyldiimide when generated by decarboxylation
of the phenyldiazene carboxylate anion (198)-decomposes to benzene in
variable yield. The diimide can be detected in acetonitrile solution
spectroscopically and in the presence of oxygen it rapidly decomposes.

A possible mechanism for formation of phenyldiimide is shown below.

.



180

Ph-N=N-COp ~———————> Ph-N=NH + CO,

(198) (199)
LTA
(81) —m@™ ™ — Ph-NJCO-Me —————— 3 Ph-N=N-H

\f -

//&2> S/O‘COMe .

H Pb(0Ac),
Pb(0Ac),
+
" (MeCO)50 -

Although (81) is structurally similar to l-aminooxindole, there
appears to be little similarity in their properties towards oxidation.
It would be of interest, however, to see if modification of the
methyl group in (81) caused any variation in the oxidation reactions

of these acyclic N-aminoamides.
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6 1-AMINOBENZIMIDAZOLIN-2-ONES

No reascnable .explanation has been given for the difference
in behaviour of g;aminobenzoxazolinone (839) and the various
3-substituted N-aminooxindoles (Section 4) towards oxidation under
similar conditions. It was therefore of interest to extend the
range of N-amino compounds, differing in structure in the nature of

X (200), to include l-amino-3-substituted benzimidazolin-2-ones

- (201) and study their reactions on oxidation.

X= 0 (89)
/ % CH» (77)
| {}O CHMe  (155)
X I ' CMe,  (169)
NH2 CPh, (179)
(200) . NR (201)
A 1-Amino-3-isoprorenylbenzimidazolin-2-one _

(i) Preparation from l-isopropenylbenzimidazolin-2-one .

1-Isopropenylbenzimidazolin-2-one (206) was prepared by

cyclisation of the crotonate (202) with sodium 2-ethoxyethoxide in

2-ethoxyethanol. Davolll?0 proposed the following reaction scheme.

NH2

NH2 NH é—CH C OZEt
—_—_—
+ NH2
MeCOCHoCOLEL -

(202)

Y
e o
N>=O NH. C,-CHZ NH.C=CHCO5R
N NHCOaR NH2
H

(206) : (20s) (204)
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No mechanism was suggested for the conversion of the
intermediates (204), into (205) and a more plausible reaction scheme
from the diazepine (203) to the isopropenylbenzimidazolinone (206)

is shown below.

- N N \N(
RO _ Hos
(203):.:-_» N >—..=~ ‘: ;S:—»(zob)——»‘:}o |
N ‘ N © N
: . H O H NHo

(207)

[R = EtOCH,CH, - in both schemes]

The benzimidazolinone (203) was aminated with HOS in aqueous
sodium hydroxide to give the N-amino compound (207) (90%). l-Amino-
3-isopropenylbenzimidazolin-2-one could also be obtained, although

in poor yield, by the amination of the sodium salt of (206) with
ethereal chloramine. Analytical and spectral data were in agreement

with the assigned structure.

(ii) oOxidation of l-amino-3-isopropenylbenzimidazolin-2-one

Oxidation of l-amino-3-isopropenylbenzimidazolin-2-one (208A)
with LTA in methylene chloride gave the tetrazene (209A) (32%). In
the presence of cyclohexene, the tetrazene (34%) was obtained together
with the aziridine (211A) (14%). When the reactipn was carried out
in DMSO, the tetrazene was ohtained only in trace yield together
with the benzimidazolinone (210A) (4.5%) and the unstable sulfoximine

(212A) (34%). The results are summarised below in Scheme 13 .
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LT -
RQN-NHQ A > P\EN—NI > R2N—N=)2
(208) (209)
O Nowso
RoNH Ro N— N@ : RoN-N=SOMe,

Scheme 13 ' \\r¢
A. RoN—= >=o

N
|

It is apparent that the results are basically similar to those
obtained when N-aminobenzoxazolinone (89) was oxidised. Surprisingly
however, a relatively high yield of the tetrazene (209A) was obtainea
even in the presence of cyclohexene. The tetrazene was found to
decompose at its melting point to give the benzimidazolinone (210A)
and irradiation in ethyl acetate also gave the benzimidazolinone
(210A) (88%).

The sulfoximine (212A) was obtained as an unstable oil that
readily polymerised on standing. The compound was found to be
stable under dry nitrogen, however, and when irradiated for 44 hr.
in the presence of cyclohexene the aziridine (211A) (15%) and the
benzimidazolinone (210A) (25%) were obtained together with recovered
sulfoximine (212A) (11%). The substantial yield of the benzimidazol-
inone is possibly due to initial formation of the tetrazene (209A)

which then underwent subsequent decomposition.

-~
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The failure to obtain the benzimidazolinéne from the
oxidations, except in the presence of DMSO, was probably due to
the formation of lead salts of the benzimidazolinone. Indeed,
when l;isopropenylbenzimidazolinone was oxidised under similar
conditions only 12% could be recovered.

The reactions were also accompanied by large amounts‘of
polymeric material. It was thought that the reactivity of the
enamine residue could well have been responsible and consequently
other members of the l-amino-3-substituted benzimidazolin-2-one

series, not containing other functional groups, were prepared.

B 1-Amino-3-isopropylbenzimidazolin-2-one

(i) Preparation of l-amino-3-isopropylbenzimidazolin-2-one

The N-amino compound coﬁld easily be prepared either from
the N-amino compound (207) (73%) by catalytic reduction, or by direct
amination of l-isopropylbenzimidazolin-2-one (214) (95%) as indicated
below. Initial amination followed by reduction was found to give

the cleaner product.

YBCO H2/Pd . |
i

(206) (214)

N Ha/Pd ~N
§=O - @’?:O
N .
. NH NHo
(207) 2 (215) '

Iz
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(ii) Oxidation of l-amino-3-isopropylbenzimidzzolin-2-one

The oxidations attempted were very similar to those described in
the preceding Section, and the products obtained were basically

the same. When the N-amino compound (208B) was. oxidised in ether,

.the tetrazene (209B) (26%) and the benzimidazolinone (210B) (41%)

were obtained. When methylene chloride was used, however, the
tetrazene was isolated in 83% yield.
- Oxidation of (208B) in the presence of cyclohexene gave. the.

tetrazene (209B) (7%), together with the benzimidazolinone (210B)

'(30%) and the aziridine (211B) (44%). When DMSO was used, the

sulfoximine (212B) (60%) was the .major product although deamination
to the benzimidazolinone (2103) (9%) also occurred and a trace of
the tetrazene (209B) was isolated.

The reactions are summarised in Scheme 13 .

B. RoN-= r\k

The sulfoximine (212B) was rather more stable than its
counterpart (212A) and showed similar behaviour when irradiated
in the presence of cyclohexene. After a reaction time of 94 hr, thé
benzimidazolinone (210B) (84%) and the aziridine adduct (211B) (9%) were
obtained. When the reaction time was reduced to 17 hr., however, the
yield of aziridine (211B) increased to 15%. The benzimidazolinone
(210B) (20%) and unchanged sulfoximine (212B) (37%) were also
isolated., It would appear that the aziridine (211B) on prolonged

irradiation also decomposes to the benzimidazolinone.
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C l-Amino-3-methylbenzimidazolin-2-one

(1) Preparation from l-methylbenzimidazolin-2-one

l-Methylbenzimidazolin-2-one (217) was prepared by methjlatioﬁ
of .the isopropenyl compound (206) followed by hydrolysis of the
intermediate (216) according to the method of Davoll.l20  Hos
amination of (217) gavé the corresp;mding l-amino-3-methylbenzimidazolin-
2-one (218) (57%). Sodium hydroxide was found to be necessary for
the amination to occur; it failed when sodium carbonate was used
as the base. Chloramine also gavé fhé ﬁ;éminé éoﬁpéuﬁd-(élé)-iﬁ o

low yield.

hlfc . Me
H* N__HOS &
@3 =L e
o |
' .e ' NH2
(216) (217) (218)

(ii) oOxidation of-1-amino-3-methylbenzimidazolin-2-one

The products obtained on oxidation of l-amino-3-methylbenzimidazolin-
2-one (208C) are directly analogous to those obtained from the
corresponding isopropenyl and isopropyl compound and are summarised
in Scheme 13 . Me

l
N
o
N
|

C. R2N—=

1,3-Butadiene failed to iﬁtercept the N-nitrene, however,
and none of the expected aziridine (2153 was formed. The tetfazene
(209C) (2u%) together with the benzimidazolinone (210C) (16%) were
obtained. Cyclohexene, however, gave the aziridine (211C) (36%)
as well as 3-methylbenzimidazolin-2-one (11%) and the tetrazene

(3%). Uhen the oxidation was carried cut in DMSC, however, the only
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product that was isolated was the sulfoximine (212C) (46%).

l\‘ﬂe é'\.!/:’(z :\!\*J‘re o
N o
o T
N .
& NF;N SN
L\_ o —
(219) (220) (221)

Al‘chough t’-xe reactlons show the same characterlstlcs as those
of the previous N-amino compounds mentioned in th*s Sectlén, thé |
total yield (40-50%) of products were reasonably .consistent. It is
possible that ring expansion had also occurred to give the triazinone
(2?63 initially, with subsequent,decomposition; In the presence
of 1,3-butadiene, however, none of the Diels-Alder adduct (22f3
was obtained and l-methylbenzotriazole, obtainéd by extrusion of

/
carbon monoxide from (220), was not detected.

D l-Aminobenzimidazolin-2-one

(i) Preparation from l-amino-3-isopropenylbenzimidazolin-2-one

The N-amino compound (207) was hydrolysed to l-aminobenzimidazolin-

2-one (219) (91%) by heating with 1N sulfuric acid. It could also
be obtained by HOS amination of benzimidazolin-2-one (18), although
separation of the N-amino compound (219) from its precursor (18)

vas extremely difficult.

C) —-———————4
l%C)S

(207) (mé) | (18)

N
@)
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Analytical and spectroscopic data were in accord with the assigned
structure. The compound also formed the copper chelate (220) and

could be deaminated to benzimidazolinone (18) with nitrous acid.

ZI

—Z

HQN/ CuClg
(220)

(ii) Oxidation of l-aminobenzimidazolin-2-cne

When a suspension of the N-amino compound (219) in either
cyclohexene or DMSO was oxidised at room temperature, no products
were obtained. It was thought that the insolubility of the N-amino
compound may have prevented the N-nitrene (221) being generated.

The reaction was therefore carried out in a mixture of benzene
and methyl methacrylate heated to reflux, in which most of the
§famino compound (219) dissolved; 1.5 equivalents of LTA was used.
No aziridine resulting from interception of the nitrene was obtained
and instead benzotriazole (33) (10%) and l-acetylbenzotriazole (43)
(45%) wererobtained.

The mechanism proposed is initial ring insertion of the
intermediate §;nitrene (221), or nitrenoid, to give the triazinone

(17) which is then further oxidised by excess of LTA to give 1-

acetylbenzotriazole. Benzo-1,2,4-triazin-3(2H)-one has previously

been shown.tq give l-acetylbenzotriazole when oxidised with LTA in
similar conditions (Section 1). The benzotriazole probably arose by
hydrolysis of the N-acetyl derivative (43) on chromatographic work
up, for in all subsequent experiments the mixtures were rapidly

chromatographed and no benzotriazole was isolated.

-
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In an attempt to isolate the triazinone (17), the N-amino
compourid (219) was oxidised with one equivalent of LTA. No
triazinone was obtained, however, and l-acetylbenzotriazole (37%)
together with unchanged 1-aminobenzimidazolinone (26%) were
isolated. Obviously, oxidation of the triazinone (17) is much
faster than oxidation of the N-amino compound. When'two equivalents
of LTA were used, the yield of l-acetylbenzotriazole rose to 61%

~ and with four equivalents a 93% yield was obtained.

H
_N
(219) . =0
’T’
*N:
(22])
LTA
L .
= N\ - N Sectijonl
I R »—
XN | N
H |
COMe
(33) (43) (17)

There appears to be no simple explanation of why the unsubstituted
1-amincbenzimidazolin-2-one behaves in a totally different way to
the 3-alkyl derivatives. The unsubstituted compound is directly f
analogous to l-aminocoxindole and the é-substitutedﬁ;aminobenzimidazolin-
2-ones react in a similar manner to E:aminobenzo#azolinone. The
significant structurai difference is that l-aminooxindole (77) and the
unsubstituted benzimidazolinone (219) both contain a profon at position
X in (200). However, the difference in behaviour cannot be explained
satisfactorily in this way because the disubstituted oxindoles also
appear to undergo an initlel ring insertion reaction, and seem to

have properties intermediate between the two extremes mentioned above.

,



| H
X ’ o
o T
i X=CHz(77) N
NH2 NH (2 H
H (219)
(200) (222)

It is unlikely that l-amihobenzoxazolinone rearranged to the
isomeric compound (222) when prepared by acid'hydrolysis of l-amino-
3-isopropenylbenzimidazolin-2-one (207). The.ﬁfamino compound (219)
formed a copper chelate (220) (unlike the parent benzimidazolin-2- - -
one) and could also be deaminated to benzimidazolin-2-one (220) with
nitrous'acid. Gaha and Ray239.have also reported the dihydrotriazin-
one (222) as having a melting point 70° higher than the N-amino compound

(219).

E 1,3-Diaminobenzimidazolin-2-one

The diamino compound (223) was prepared by HOS amination of
l-aminobenzoxazolinone (219). ‘It was characterised by analytical and
spectral data of both itself and its di-anisylidene derivative.

This interesting compound appeared at the outset of this work as
a potential benzyne precursor by the loss of two moecules of nitrogen
and a molecule of carbon monoxide on oxidation. However, in the
limited number of oxidations tried, no biphenylene or tetraphenyl-
naphthalene (in the presence of tetracyclone) was detected, and only

polymeric material appeared to be formed.

\H2

HOS - N, LTA
(219) —— [:::I: >=O-—ﬂ#—4 |
N
|

(223) NH2

~
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7 BENZOTRIAZOLE AND BENZOTRIAZOLE-1-CARBOXAMIDE

The preparation of l-amino]::enzo*cm‘.azole13‘"b involves either a
multi-stage synthesis or a tedious separation from the isomeric
2-amino compound. Therefore a possible alternative route via a
Hofmann rearrangement on the easily prepared benzotriazole-l-
carboxamide (34)195 was considered.

However, it was found that the carboxamide was very readily
‘hydrolysed by base to benzotriazole and the normal conditions of the:
Hofmann rearrcngement would certainly have caused preferential hydrolysis.

Indoline carboxamide(224) although stable to base did not undergo the

Hofmann reaction.

)
NH2 ' (224) CONHo

Beckwith et al.lzl’0 reported that alkyl amides reacted with LTA to
give isocyanates that can be trapped with amines, for example, to give
the corresponding urea. Vigofous hyarolysis of the urea gave the
amines. _

~ LTA R'NHj .
RCONHy = RNCO —m—m8—— RNHCQNHR’—» RNH, + R'NH,
When benzotriazole-l-carboxamide was oxidised with LTA and t-butyl-
amine added, no urea from interception of the isocyanate (226) was
obtained. It was possible, that the LTA oxidised the carboxamide to
2101.

the acyl nitrene (225) which belonged to the class of rigid nitrenes

. that do not rearrange to the isocyanates.



(3 h§h - Nﬁﬁ
4)— Il’ 7
CON: NCO
(225) (226)

In order to try to intercept'the intermediafe_nitrene (225)
the carfoxamide was oxidised in the presehce of DMSO and of
-cyclohexene. With DMSO, the carboxamide (36%) was recovered
unchanged, but in a mixture of DMF and cyclohexene, benzotriazole (17%)
and l-cyclohexylbenzotriazole (228) (15%) were obtained. When the
carboxamide was oxidised in a mixture of acetonitrile and
cyclohexene the yields fell to (8.5%) and (1.5%) respectively.

It was apparent that the carboxamide was undergoing initial
decomposition to benzétriazole and then being oxidised to the
radical (227) which was intercepted by the cyclohexene. As expected,
it was found that when benzotriazole was oxidised in cyclohexene, the
cyclohexyl derivative (228) (42%) was obtained together with

unchanged benzotriazole (18%).

| . "
(34)——(33) —— IN —s M
g N

(227) (228)

The reaction does not seem generally applicable to other olefins,
however. Cyclooctene. gave no l-éyclooctylbenzotriazole, but only
various mixtures of oils, the spectral data of.which indicated that
they were the écetoxycyclooctyl derivatives of benzotriazole (229) and

(230).
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5 )

~N’ L =N
(t)—OCOMe OCOMe
(229) (230)

When oxidised with LTA in benzene, benzotriazole gave l-acetyl-
benzotriazole (43 ) (2%) and l-phenylbenzotriazole (231) (4.5%), and

60% was recovered.

N Ny
)
- i
COMe - Ph
(43) (231

Potassium permanganate and mercuric oxide were also used as
oxidants, in the presence of cyclohexene, but none of the deéivative
(228) could be isolated. Indeed, only small yields_of benzotriazole
could be recovered, presumably due to the formation of metal salts

of benzotriazole.
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