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ABSTRACT

The reactions of o-nitroaniline and its derivatives with
benzaldehyde and its derivatives were studied. It was found that
the products of reaction varied widely with the reaction conditions.
The simple product of condensation, the o-nitroanil, was difficult
to obtainjthe adduct formed by addition of the o-nitroaniline to
the o-nitroanil being commonly found at lower temperatures, At
higher temperatures heterocyclic products, the result of interaction
between the nitro group and the ortho-side-chain, predominated.
However, those reaction conditions most favourable to o-nitroanil
production were determined, and a number of o-nitroanils thus
prepared,

The reaction of o-nitroaniline with benzaldehyde at high
temperatures was investigated and the major products were found
to be 1 -hydroxy-—-2-phenylbonzimidazole and/or 2-phenylbenzimidazole.
Some evidence was found regarding the possible mechanism of this
reaction,

2-Phenylbenzimidazoles were also produced by the reduction of
o-nitroanils with triethyl phosphite.

The reactions of N-benzylidene-o-nitroaniline with nucleophiles
were also studied, Reactions involving nucleophiles in which the
nucleophilic centre is attached to one hydrogen atom involve
addition to the C&N group. If the nucleophilic centre carries
two hydrogen atoms, the addition may be followed by elimination

of o-nitroaniline from the adduct. Cyanide ion, however, was found



(viii)

to react with N-benzylidene-o-nitroaniline to give l-hydroxy-
2-phenylbenzimidazole and similarly with N-benzylidene~4-methyl-
2-nitroaniline to give l-hydroxy-6-methyl-2-phenylbenzimidazole.
A mechanism for this reaction has been proposed, based on

the experimental results,
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I Introductigg

The Formation of Heterocyclic Compounds from

o-Nitroaniline Derivatives

The reduction of ortho-substituted nitrobenzene derivatives, giving
nitrogen-containing heterocyclic compounds, is a well-known and widely
applied method in heterocyclic synthesis, In many reactions, however,
cyclisation takes place under apnarently non-reducing conditions,
ziving I oxygenated heterocycles, waiile in other reactions H-oxygenated
heterocycles are produced even under reducing conditions, This review
surveys the cyclisation reactions of thoso ortho=substituted nitrobenzencso
in which the ortho-substituent is attached to the benzenoid system

through a nitrogen aton.

A, Reductive cyclisations

(2) H-acyl-o-nitroanilines

bcylated o-nitroanilines, when reduced with tin and hydrochloric
acid or similar reducing agents, ought to yield monoacyl-o-phenylenediamines
Dy reduction of the nitro group in the usuel manner; however, under
the conditions of the reduction the diamine derivative is not isolated,
but undergoes cyéiisation to a benzimidazole dorivative by dohydrative

ringz ¢losure involving the primary amine function and the catrbonyl group,

as. shown in Scheme 1,

— =)
NHCCR NHC i
= v oR N\\
e e ~R
X NG, ~ NH, N !
Z L - H
Scheme 1

The reducing agents generally employed are tin and hydrochloric or
acetic acid, and stannous chloride and hydrochlo&ic acid, Other means

that have been used satisfactorily include electrolytic reduction in



acidic solution, zinc dust and aqueous acetic acid, iron and dilute
hydrochloric acid, and catalytic hydrogenation in acetic acid solution
with palladium catalyst, or in ether solution, under acid conditions,
over platinum oxide. Cimilarly I'-substituted acylated o-nitroanilines
lead to l-substituted benzimidazoles,

Mumerous examples of this type of cyclisation are known, and they
have been reviewed elsewherel.

Von Niementowski was the Zirst to show that benzimidazole ozides+
may be Zound among the reduction products of acylated o-nitroanilines.
Thus, reduction of o-nitroformanilide (1) by an alcoholic solution of
ammonium sulphid92 gave benzimidazole-ll-oxide (2). The product is
presumably formed by reduction of the nitro group to the hydroxylamino
group, followed by dehydrative ring closure bhetween the latter and the

carbonyl groun,

+ Benzimidazole~l=oxides with an unsubstituted 3-position, and benzotriazole:
l-oxides with unsubstituted 2 and 3 positions may exhibit tavtomerism as
shown below, Mo attempt is made to distinguish between the tautoners in this

introduction.
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NHOH ] . N
e

~ NHC HO NHCH O AN N

(1) ' (2)
Takahashi and Xane® extended this reaction to the cyclisation of
II-substituted o-nitroformanilide derivatives [{3); R = Me, Et, or PhCHQH}

to the corresponding benzimidazole-il-oxides (4) and benzimidazoles (5)
N/// N

R

(3) (42 (52

with alcoholic ammonium sulphide,

AN

|

~ NCHO

N/

Similarly, N-substituted-o-nitroacetanilide derivatives
I{(6); R = Me, Et, PaCH,, o were cyclised to the corresponding benuimidazole-
I~oxides (7); the o-aminoacetanilide derivatives (8) ang, in the case of
the IT'methyl and ll-ethyl derivatives, the corresponding benzimidazoles

(9) were also formed. 1In all cases the amine (8) was readily
N NO, ’;/’Fh
- A\

(63 (7




convertible to the benzimidazole (9) by heating in dilute hydrochloric
acid, It was also foundathat S-(l-pyrrolidinyl)}--2'-nitroacetanilide

(1c), similarly treated, gave S+-(l-pyrrolidinyl)-2-hydroxylaminoacotnanilide
(11) and the amine (12), but all attempts to form the II-oxide, for example
by heeting compound (10) with 4! hydrochloric acid or phosphoric acid,

failed,

Gﬁfﬁ\TY//JQC%L //, \ Pd}{C)Pi
___._.__._._.é

N SNHEOCH, N NTONNHCOCH, N,
(11)

+ .
SO
NHCOCH, N

Nesid

(10)

(12)

Takahashi and Kandaalso found that, although =zinc in aqueous
ammonium chloride solution is known te reduce nitrobenzene to
I1-phenylhydroxylamine, heating with this reagent gave a poor yield
of the Il-oxide [(4); R = HI Irom o-nitroformanilide and no l-oxide
from Emmethyl"gfnitroformanilide and o-nitroacetanilide, Selective
reduction of the 2-nitro group in 2,4-dinitroformanilide {13) led
to Zhe formation of 5-nitrobenzimidazole-3-oxide (14) with alcoholic
ammonium Sulphideé; and the benzimihazoleugfoxides (16) were prepared
from “15) by reduction in an organic solvent by an alkali metal

hydrosulphide in the presence ol calcium or barium chloride or bromide

and ammonium chloride or hydrochloric or acetic acid.
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Qw NG, \
| NHCHO \O/N>

(13) {14)
\O[NHCOR p:(/\ >
(15) R {16) *.

Smith 33.31? reported that, while the hydrogenation with platinum
catelyst of o-nitro-lN-phenylacetanilide (17) in 50% ethznol gave
o-amino-N-phenylacetanilide (18), the same reaction in 95% ethanol gave

Z-methyl-l-phenylbenzimidazole {19), However, Forbes and Wragg7 obtained

» -

PJC;C)<:+%3 hJCZC)(LF13
NO, \ NH,
(17) h (18)
Pk
V P ~
N
CH CH
3 Y 3
@i > .
(20) (19) |

Q

Scheme 2



only the amine 718) by hydrogenation of (17) in ethanol with Raney MNickel
catalyst.

Schulenburg and Archer8 made a further study of this reaction, the
result of which is showm in Scheme 2., Hydrogenation »f (17) in 50%,
25%, or absolute ethanol, or in ethyl acetate, gave in all ceases a
high yield of the amine (18); this was converted to the benzimidazole
(19} either by refluxing in xylene, or by treatment with hydrochloric
acid at room temperature, FHydrogenation of (17) in ethanol in the
prescnege of 0,2 molar equivalents of hydrochloxric acid followed by
treatment of the product with excess hydrochloric acid, gave the
hydrochloride of the benzimidazole (19), However, if one or more
molar equivalents of hydrochloric acid are present, the product was the
hydrochloride of the 2-methyl--l-phenylbenzimidazole-3-oxide (20), It
would appear that in this csse the acid catalyses cyclisation of the
hydroxylamine intermediate to the point where ring closure is faster
than reduction to the primary amine, Similarly, hydrogenation of
ﬂ—chlorc~2tnitrowﬁ-phenylacetanilide (21) in ethanol with platinum
catalyst gives the hydrochloride of (20)., It is possible that, 'n
Ph
NCOCH o) '

. —= LI >

:
)

(21) (20)

this case, the ring clocure is catolysed by the hydrogen chloride
generated by reductive dehalogenation of (21),
The catalytic hydrogenation of N-methyl-o-nitroacetanilide in

ethanol with concentrated hydrochloric acid over palladium/c‘narcoal9



was reported to give a higher yield of 1,2-dimethylbenzimidazole-3-

oxide (22) than that obtained by the same procedure oi Schulenburg and

(=]

Archer” using a platinum catalyst.

+Z—O1
J

CH

e

sy
(22)

tnother reduction employing palladium/charcoal catalyst is that of
o-nitreformanilide to benzimidazole-N-oxide, the anilide bheing added in
pyridine solution te a suspension of palladinium/charcoal in an aqueous

solution of sodium bﬁrohydxidelo.

NO, 4-e.+-4_/“/+ \r/
NHCHO -0 ’L

(1) (23)
L9

N

NHOH

NHCHO

N
(= H
Controlled potential reduction of o-nitroformanilide (1) gives
benzimidazole~N-oxide, presumably through the hydroxylamine intermediate
11

(23). The electrolytic method oiffers a convenient way to avoid

overreduction by control of the petential,

(b) Other o-nitroaniline derivatives

The reduction of o-nitroazobenzene (24) with ethanelic sodium

12
sulphide gave 2-phenylbenzotriazole-l-oxide 726), Rapid ring closure



of an intermodiate o-nitrosoazobenzene (25) (cyclisation of o-nitrosoazo
1 15 .

compounds to benzotriazole-l-—oxides is well documented ') possibly

accounts for the absence of products arising from further reduction of

the o-nitroazobenzene 724).

z P¢:::FQ'“'F?\’ ///’ PJ==PJ"’95“

X ’ NO

——— PR

\/

XSNO,

(25)

2
///

|
©
(26)

Similarly, reduction of4-dielkylamino-2'-nitroezobenzenes (27) with
1
ethanolic ammonium sulphide“4’15 gave 2-(p-dialkylaminophenyl) benzotriazole-

l~oxides (28)

/|N—N/\NR L <\:>«

(27) (28)

Reduction of compound (27) (R = lfe) with ethanolic sodium sulphide,
however, was originally reported to give only the aminoazo derivative

1 1
9); R = Mel 4, but Ross and Warwick S found that this reduction gave

ir
.'_\

byl



SNH,

(29)

a mixture of 10% of the aminoazo cempound (29) and 90% ef the 2~ p-

dimethylaminephenyl) benzotriazole {30).

Z N
NN N/N NMQ,_
(30) "
l1-o~-nitrophenyl-3-phenyltriazenes (31) on hydrogenation in ethanol
over platinum oxide abhsorbec threc molar eguivalents of hydrogen to give
benzetriazele (34) and an aniline derivativele. The observation that
the reaction mixture shows a transient deep green colour suggests that
the o-nitrosornenyltriazene intermediate (32) may be formed, and the

proposed reaction sequence, involving cyclisation to the benzotriazole-l-

oxide (33) and subsequent hydrogenation,lis shown in Scheme 3,

NO, NO

2H_ |7 o
I | |
N=N——fTI* NON=N-RINF
H R s R

fr—————

H

(31) (32)

-t
-

NH N YN
O <O
i RX
(34) (33)

Scheme 3
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Reduction of 3-nitro-4-dimethylaminotoluene (35) with tin and
hydrochloric acile, or with sodium bisulphitele, gave 1,5-dimethyl-
benzimidazole (37). The formation of the product was accounted for
by assuming dechydrative cyclisation between a methyl group and the
nitroso group of the intermediate (36), but an alternative mechanism,

not involving reduction is also possible (cf. p.36 )

3 &
e, 7
N NN(CHy) N NN(CH),
(35) (36)
Fﬁ;: qu::>>
B
L,
GH.
(37)
Reduction of the N-2-nitroaryl amined {38) with titanous

chloride in hydrochloric acid solution gave the hydrochlorides of the
corresponding benzimidazoles (39) in guantitative yield on consumption

of two cquivalents of titanous chloridelg.

N P ( X
v N

R 3

i

R R
(38) (39)
R = NO,; R' = H, X = (CH,), or (CH));

3 2°5

- . ' = -
or R" = Me, X = (CH2)4, or R CF3, X (CH2)3
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This reduction might well be ecxpected to proceed by way of ring
closure of a nitroso intermediate (cf. ref. 17 above), However,
troatment of the compound  [(38); R = NH,, R' = NO,, and X = (CH,) ]
with Caro's acid (H2805) which is specific for the ox.dation of a
primary amine to a nitroso function, failed to effect cyclisatioen to

- 19
the benzimidazole, Turthermore, the compounds [(40); n = 4 or 5] and

19
(41) also failed to cyclise, which would probably not be the case if

2 nitroso intermediate was involved.
/‘\

i \\‘r\j()
NO k
g
(40) (41)

These results both emphasize the importance of the role and
position of the "tertiary nitrogen" in these reactions and cast doubt
on the intermediacy of nitroso compounds in these and similar

17,18
cyclisations under reducing conditions. It would appear that
titanous chloride and similar reagents have a dual function in this
reaction, namely as a reducing agent, and also as a chelating agent

19
whicn aligns the reactive centres, The proposed mechanism is shown below .

G o=l
+‘/\ &) / \\/’ oA

\ 7

l
(
o
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Titanous chloride was shown independently to effect the final

deoxygenation step.

(c) Reductive cyclisations involving deoxygenating agents

These are well known and those involving the reduction of o-nitro-
aniline derivatives by tervalent phosphoru s reagents are discussed below,
The 2-nitroazobenzenes [(42); Ar = Ph, 2—&QH$)£-OMQ(36H*_J
LCLC Hy ot Pl H, ] were reduced by boiling with triethylphosphite to
the corresponding benzotriazoles 743), triethyl phosphate being produced

20
in the reaction ,

r\J:=:Pd'“}k¢‘
2(10) 4P /N\N‘“A
-
NO NG
N ¢ (43)

(42) G 3 Z(be) O

The reaction is thought to proceed via generation of a nitrene

2
intermediate from the nitro group by the triethyl phosphite 1, as shown
in Scheme 4a, although polar mechanisms have also been suggested,

c.2. Scheme 4b,

Pd:::rq‘F\"" Pd?ﬁ\dP
z(é’tO)aP =

NO;_ ! -!-Zé‘jt O% ;DO

/y"' N— A~

Scheme 4g
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N=N-Rr N=N-Ar A N=NAL-

ok O)E §\ AN l’“‘\NO
f'tO) --oé 10 \\/

N /N\
= N JBEO)sP NA
/ Np, <& 3 (]:m /‘N

O

¢ =
(43) Ccheme 4b

It was found that deoxygenation of the dinitre compounds (44)
: 22
with boiling trimethyl phosphite gave the dilydrobenzimidazoles 745)

as shown below

/CH '\
ON NO N
T e 65/°“m/>\/5
'~ ,};/CH1> ONJ\/\N
X
(44) C—“i?;/ (45) H

Z= (032)2, (032)3, ’012)4, CH2.0.CH2) and (CHQ.HMe.Cﬂz}.

Again a mechanism involwving a nitrene intermediate may be involved

{Seheme 5),.

CH}_”\ CH,:N

-~
/I ~—cH, /\/ Nen, S
N

N
e, L ey

N——CHa> N
CU X <—r] Sen/
oN 2 |

C%fv_ Pdc__f_ ““*'FJ

Scheme 5
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It is interesting that the trialkyl phosphite preferentially
attacks the nitro group ortho to the amino-substituent,

Nitrene intermediates are very likely in the above reactions since
the same products were obtained from pyrolysis of the curresponding
azido compounds, e.g. the lI-2-azidophenylpiperidine {43) gave the

0o
/«

dihydrobenzimidazole 45)

_ N. =2 (CHL
olm%\l/ ; l r /
S H

(43) (45)

Cther eyclisations using a deoxygenating agent include the
preparation of pheonasines by heating 2-aitrodiphonylamines with ferrous

23
oralhte e,g, (47)—> (48)

-0
—_— | \
- Z ut?x,f’J\“\apq’/f 7

(47) (48}

It hac beon postulated that reductive cyclisation of aromatic nitro
compounds by ferrous oxalate proceeds via the nitrene intermediate
produced by deoxygenation of the nitro group24, agzin on the basis
thet pyrolysis ef the cerresponding azides gave analogous products,
though Smith and Suschitzky25 believe that pyrolysis of (47) to (48) in
sand in the presenece of ferrous oxalate probably proceeds tarough the

aci-nitro tautomer, and this is duscussed in more detail in the section

on thermal cyclisations (p.29)

B, Oxidative cyclisations

It was found that many 4- and U-substituted Z2-nitroanilines (49)



were converted into the corresponding benzofurazan oxides 770) in

26
excellent yield by oxidation with iodosobenzene diacetate in benzene .

fj}{]:(C)F%Cs]l N
NH, PhF RS

(49) (503

In acetic acid as solvent only mod.rate yields of the corresponding
azo compounds could he isolatedaT. It was proposed that, in benzenec
solution, oxidation proceeded via attack by the oxidant on the hydroxyl
group of the aci-nitro tautomer, (51b) whereas in acetic acid solution
the oxidation involved attack on the amine fuﬁction of o-nitroaniline
(81la) to yield the free radicesl precursors of azo compounds. However,
it was found that 3-substituted 2-nitroaniline derivatives gave =2
mixture of the corresponding benzofurazan oxide (an)and azo compound
{52) on oxidation with iodosobenzene diacetate in benzene solution and
in acetone solution the yield of benzofurazan oxide was increasedzg.

R R 6
v /N\o L

o ] 1_ N=hisg
L\/ NH \‘\\ NN NO, Of

R

(500) (52)

It was thought that interference by the solvent with the stabilising
intramolecular hydrogen bonding prevented formation of the aci-nitro
tautomer in acetic acid solution, thus giving rise to the azo compouni,
but acetone, which should have the same effect, increasec the oxide
yield, Thus it would appear that the aci-nitro tautomer is not &na
intermediate, It seemed likely, therefore, that the reaction involved

nucleophilic attack ef both the contributing form (ulc) and o-nitroaniline



itself on the iodine atom of the oxidant, to give the benzofurazan oxicde

and ths azo compound respectively as shown below in ESchemes 8 and 7.

KiH, +/0

*\DH NH, Ao
C( Jeeogl:
(51b) (51a) (51le) ﬂ/
Fh o
I\JHL 10 _—jt:-OAc.
- N\Q Ph
ACOH S l . + A0~
+ CH5CO,H+FRT
Q
Scheme 6
H AC.O O Ac 4o
N
e e & . I—" DAC’!’ACD
ArN\‘\H“}_ e A”N\H+ |
Ph ],Ph
AM&H+H

Scheme 7
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The final stage of Scheme 7 is acceptable since hydrazobenzene is
oxidized to azobenzene in 92 per cent yield with iodoSobenzene
29
diacetate in benzene solution ,
) 30 ;
liore recently, however, Dyall and Kemp , postulated an alternative

mechanism for benzofurazan oxide formation (Scheme 8)

H + - Pk

P on b
O@—ﬁ\-‘f/y = A+ Nkai
NO, %)P\c. NU,

+PhI+2AcOH +PhI+AOHFACO

Scheme 38

2-nitroanilines are alse oxidized to benzofurazan oxides by alkaline.
; 31 . . " ; '
sodium hypochlorite ~, though the mechanism of this reaction has not been

elucidated.



C. Base-catalysed cyclisations

The majority of base-catalysed cyclisations of o-nitroaniline
derivatives are most simply expressed by considering the nitro
group to provide an electrophilic centre for additive reactions of

the aldol condensation type, as shown below,.

- - + —
O"?-'T#O-PHDC}{Y—‘)O“N(OH) - CHXY—>0 -~ CXY

1 !
-fi=o0+nm—>T- Neow) - wR—>0 -

1 L ! 1

+ — 2+
"

T

ot
-

NR

The reactive nucleophilic centre is in a side-chain ortho
to the nitro group, in a position sterically favourabla for attack
on the nitro group., The situation, however, may be complicated
by the possibility of tautomerism and rearrangement within the
conjugated system, giving rise to aci-nitro and nitroso intermediates,
Moreover, in some cases, reduction by an external reagent may also
be a possible step in the reaction.
One of the earliest examplec of this type of reaction was
found by Nietzki and Braunsctrwaigsz, who showed that treatment
of o-nitrophenylhydrazine (53) with aqueous alkali gave the anion
of l-hydroxybenzotriazole (54)
HNH N
N2 o AN
O (then H') i PJ///’
NO, !
(53) (sa) OH

Similarly, 2,4-dinitrophenylhydrazine was cyclised to l-hydroxy-6-

2

nitrobenzotriazole by hydrazine hydratoao. This reaction was

extended to the preparation of hydroxybenzotriazoles by the
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=

reaction of g—halogenonitrobenzenesS4 and g“dinitrobenzenes3d
with hydrazine hydrate: thus the interaction of 2,4-dichloronitro-
benzene (55) and hydrazine hydrate led to 5=chloro-l-hyivrcexy-~
benzotriazole (56) and similarly the reaction of 3,5-dibromo-

1,2-dinitrobenzene (57) gave 4,6-dibromo~l-hydroxybenzotriazole

(58). OH
|

NO, N
4N, H,H,0 - >\
e o, L N/

(55) (5€)

2
N, H,H,0
NOj_— S

N oxides of type (59) were prepared similarly, from phenylhydrazire
and halogenonitro~ or dinitro-benzene, or by cyclisation of
prefermed 2—n1trohghazﬂ£nume?q In these reactions reduction to
2-substituted benzotriazoles often eccurred and cyclisation could

be variously effected e.g. either by alkali or by hot acetic acid.

N f\l’\e
J—An- N
+ +_IN

l
O @,

———— e

(59) (803



NHNH N=NH NHNH;,
Y g T 586
Ol\r 02_ o NO

ﬁ NP
5 \
o mo olr) NO OLN N//

@)
]/j.'urther reduction
/@ 2 Hy,

|O~Z+
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On the other hand, the corresponding reactions with methylhydrazine,
which gives 1,l1-disubstituted hydrazines with reactive chloronitro-

%538 3.4 only to 3-methylbenzotriazole-1-

or dinitrobenzenes3
oxide (60)35 and not to (59: Me for Ar). While the internal aldol
mechanism offers a simple interpretation of the formation of these
benzotriazole-lI~oxides, there is also evidence in these reactions

of the powerful reducing properties of hydrazines. Tor example,
lMlacbeth and Price39 found that the reaction using 2,4~dinitro-
phenylhydrazine (D.I7.P.) gave 3,3'-~dinitroazoxybenzene and
m-dinitrobenzene in addition to 6-nitro-l-hydroxybenzotriazole,

the propcrtions verying with the pH of the reaction medium, and

the yield of heterocycle being minimal at low base concentrations,

A possible scheme for this reaction, involving an intermolecular
oxidation-reduction reaction is shown on the facing page.

However, a competing intramolecular oxidation-reduction reaction,
providing (61} could still provide a route to the benzotriazole-
N-oxide.

Arndt40 found that warming o-nitrophenylguanidine [(62); X=NH:
with dilute alkali gave 3~aminobenzotriazine-l-oxide [(63)}; X=ITH
rapidly and in high yield, Similar treatment of o-nitrophenylurez,
o-nitrophenylthiourea and the N-phenyl derivative of o—nitrophenyl;
guanidine [(62); X=0, S or NC_.H.l! also gave the cerresponding benzo-

65
triazine~l-oxides [(&3), X=0, S or NC 1 -40,41

65" , as did various
o

ry

4
substituted EnnitrOphenylguanidines42 and o-nitrophenylureas it

H

PJ‘~1:;:: 3 PJQQQ{I)<}4
i, = !

NG, _ é)/

(33)

(623
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The o-nitrophenylguanidines and o-nitrophenylureas may be prepared

in situ by rearrangement of their o-nitrobenzenesulphonyl derivatives

by treatment with hot alkali as showvn in Ccheme 944.

SO, NH New
Z W \\ : //”\\J/NH\ :NH AN NHL
-NH 7~ C
g | i L I N _\l/

NO,  NH, SN, _zl\}’N

@)

—

Sch:eme 9

Although the internal aldol condensation again offers the
simplest explanation of this class of reaction, hrndt(10 suggested
that, as the reaction often proceeds with first a deepening and then
a fading of colour, a salt of the aci-nitro-compound (64) might

be an intermediate,

-

A ciosely related transformation was discovered by Griesa4“
who obtained benzotriazole-5-carboxyiic acid (67) by the
treatment of 4-nitro -2~-ureidobenzoic ascid (65) with hot
potassium hydroxide. By analogy with Arndt's work this reaction
probably proceeds through the intermediate, 3-hydroxybenzotriazine-
l-oxide~6-carboxylic zcid (56), since it has been "'for.::ndfli3 that

both S~aminobenzotriazine-l-oxide and 5-hydroxybenzotriazine-l-

oxide undergo rearraingement in presence of base to benzotriazole-
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O
\\\./m e /
LT L“)OH 2,
(85) (68) ey H
l-carboxamide (63) and its hydrelysis product, benzotriazole

{69). in the former case, and {69) alone in the latter,

N /x =
LG LN
. N

AN
©
(X = i, or OH) >< H

(68) (69)

In another variation on the Aindt cyclisation 3-phenylbenzo-
triazine-l-oxide (71) was ‘synthesised by cyclisation in alkali

7
of Eﬁg"nitrophenylbenzamidine {70)4

Nx_ P
Fd\\\ ~_|\4¥% /// '/’/, Y #L
\ NO, Ph, R, _Nf—ﬁN

IO

(70) {71)

This reaction has been extended to sodium alkoxide- induced
cyclisations of o-nitroaryl benzamidines substituted on the
8
nitroaryl and/or the benzene ring4 . The treatment of o~nitrophenyl-

semicarbazide (72) with alkali gives benzotriazole-l-oxide {73).4“



23

_. H
o NHNHCONH, N N\

™ \ NO, g L /l\+/

—

(72) (?3)

Unlike the previous cyclisations however, this cyclisation does no%
ocarr 2a* the terminal amino group, A likely mechanism is shown

below .

r{
2~ AHHCONH, /\/N e Bl
s ‘| 2 L\ | MR NE NH%@\*/’N
NS “N N OH S N4
&~ J &+ e

o-Nitroacetanilide did not undergo cyclisation to quinoxaline-
l--oxide en treatment with baseso, presumably because the methyl
group in the side chain is not sufficiently wctivated to promote
carbanion formation necessary for an aldol-type condensation,
However, cyclisation of o-nitroacetanilide derivatives has been
eifected where the methylene group is activated by a suitable
substituent, For example, the a-cyano-o-nitroacetanilides (74a)
were cyclised to the corresponding 2-cyano-3-hydroxyquinoxaline-
l-oxides (75a) on treatment with alkali51, while similar

treatment of the a-acyl- or a-aryl-o-nitroacetanilides (74b,c-add d)

53
gave the corresponding 2 -acyléi or *—aryliiﬁ-hydroxyquinoxaline~

l-oxides (75b, ¢ and d).
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10

(74) £75)

a2 |
jos |
bes

(a) B, Cl, EtD, or el H cN

(b - H H 00033

(c) Hq H. CoPh

(a) H H | Ph or gfozwceh4~

If in the above reactions the cyclisation step is preceded
by the formation oi an aci-nitro intermediate, then N-oxide
formation would not occur with N-methylated acetanilides,

However, the N-methylated acetanilides (74; Me for H', R = R’ = H,
R" = Ph or CN) gave better yields of the corresponding oxides

(75; Me for H', R = R' = H, R" = Ph or Ci) on base catalysed
cyclisation, than their unmethylated analogu9554, perhaps due to

a greater resistance to hydrolysis on the part of these methylated
acetanilides.

Side reactions may accompany, or follow, the cyclisation
process: for example, treatment o the o~nitroacetanilides(74a}
with alkali under more severe conditions than above?l gave the
2,3-dihydroxyquinoxaline-l-oxide (75a; R' = 0OH), while similar
treatment of the g—acy1~27nitroacetanilid9552 (74b and c) gave
2-hydroxyquinoxaline~4-oxide (75; R = R' = R" = H). In each of these
cases treatment of the quinoxaline-N-oxide (7%a, b and ¢) with

alkali gave the product obtained as above from the corresponding

[ ! . g LI | .
acetanilide’ % ,.¢ ( 15a; ﬁ:{)H)t%w&{ZDSI?: R=R=H),



Scheme 10
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The proposed mechanism for the sbove class of reaction,
typefied by the cyclisation of an g-acyl o-nitroacetanilide,
is shown in Scheme 10, Two possible routes to the 2-hydroxycuin=~
oxaline~4-oxide are alsd shown,

A similar elimination step, involving nucleophilic attack on

an acyl group, presumably operates for the cyclisation of the
54,55

acetanilides (76) to the quinoxalines (77)

H
N NHCOGHR L/\|/N 0
COPW —_—
_ -+
Ny NO, - L’]“\ 559
© OH

= CH, or C,~C,, n-alkyl

£ further example of cyclisation of an gfnitfoaniline
derivative with a reactive methylene group in its side chain
is the cyclisation of 2-nitro-N-phenacyl-p-toluidine (78) with

56
alkali to 2-benzoyl-l-hydroxy-6-methylbenzimidazole (79)0 i

H

N"“‘“CH LO”\/ /\[
OPh
O, e

: \
OH

(78) (79)

The related cyclisation of N-benzyl-o-nitroaniline (80)to 1~

hydroxy-2-phenylbenzimidazole {8l1) by heating with sodium



i
81y OH
nN—CH, Ph J—CHPR
T e, A /;F\/
N \R’I\ == L\ \N
e HO t)
I\l
<.—

(82) OH Scheme 12

OCH, OCH, OCH;

N N0, 7 NNHCH, PR PRCH,OH, 22 S NHEH, P
T e T e, :
X NO, X _NO N HOH

rR

\\/(es:) (85) \\/
N




Schieme 14
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hydroxide,S? takes place despite feeble activation of the
Efmethylene centre of the side—-chain, In such cases, the prescnce
of an a-hydrogen atom in the side chain of the nitro compound
appears tc be a facilitating factor in cyclisation , since
H-benzyl-N-methyl-o-nitroaniline, which does not posess the a-
hydrogen, does not cyclise under the conditions above or under a
variety of basic conditions investigatedsa. Two possible routes,
involving transfer of this a~-hydrogen prior to cyclisation, are
showvn in Schemes 11 and 12,

The reaction of 2,3-dinitroanisole {82) with two molar
equivalents of benzylamine in boiling xylene (30 1,) gave
4(7)-methoxy-2--phenylbenzimidazole (33) and 2-amino-3-nitroanisole
(84)59. I+ was proposed that the conaiderable amount of bLenzaldehyde
formed in the course of the reaction indicated the participation,
as reducing agent, of a benzyloxide ion or benzyl alcohol formed
by the action of nitrous acid on benzylamine, and the proposed
reaction mechanism is that showvmn in Scheme 13,

It seems more likely, however, that the reaction proceeds
via cyclisation of the N<benzyl-o-nitroaniline derivative (85)
as described in Schemes 11 and 12, the excess o benzylamine
acting as basic condensing agent and the [-oxide thus formed
being deoiygenated. As with the cyclisation of 2,4--dinitrophenyl-
hydrazine (cf, p20 ) an intermolecular oxidation-—-reduction reaction,
shovn in Scheme 14, may also be a route to the benzimidazole (83),
Hydrolysis of the o-nitroanil (88) should provide benzaldehyde and
2-amino-3-nitroanisole (84) (cf. Discussion, p.8b ).

Turther support for the reaction mechanisms proposed above



is the fact that boiling a solution of 3-nitro-2-benzylamino-
anisole (83) in xylene with two molar equivalents of benzylamine

and one of beazyl alcohol 730 h,) gave the benzimidazole (33),

but there was no conversion to the benzimidazole on treatment

with benzyl alcohol alone, Similar treatment of 2,3-dinitro-p-
xylene (87) with benzylamine gave 4,7-dimethyl-2-phenylbenzinidazole

6
(88) and 3-N~-benzylamino-2-nitro-p-Kkylene 2 59},

L
\ 2 & K
(EH CH, H \c(—i Z
3 3 §
(87) (38) (89

An interesting reaction is that described by Luetzow and Vercellottfi,
of the cyclisation in basic solutions of the «,-(2,4-dinitrophenyl -
amino)-«,B-unsaturated acyl derivatives[(90); R = H, lie, Ph; R" = O-
lMe oxr Hﬂprn: to the corresponding benzimidazole-l-oxides (92), by

way of their anions (91) ‘

H | N '
| ) N +RCHO

N-C=CHR 4. X i e
ZA0 eRE (Y >COR +ER

- S #
ONS Y Op" S 9 )
| OH 2
’92)(-2 {91)

The concerted mechanism shown in fcheme 15 was suggested as

the reaction path,



’ Bvy ?l .
Az CH |
r%\\/NL\ \2‘_ i = \i\C/C’R N (? i\
1 | T e | __P,\&"“*\\ ok =~ %, XC/ R
“_\ ! O O ﬂh/\\\»//\N CJHR‘C——' s /DJL(_:\-. i
D{\‘/\/ NO, Oz_ Y & > K=/ R
o O O,LN g~

Echeme 15

The mechanism susgested below in Scheme 16 however, appears

more plausible, since it involves the formation of a stabilised

carbanion at a position from which attack on the nitro group is to

e expected, - I act Lbfh
@Z oK > ] "
4,
ON 0, & O{V'\ N/ =

fcheme 16



D. Thermal Cyclisations

Pyrolysis ef the N-substituted o-nitroanilines f(93); R =
cyclohexyl, CGHSCH9-, or CGHS-; X = NH!, gave the benzimidzazoles (94)
and (95) and phenazine (96) respectively, the yields in each case

2
being appreciably higher in the presence of ferrous oxalate, 5

- NO
/// N / 2 ) “-.\_\ ]’\\l.‘
i I = ii/ s )
l I L A=)
;\b-’/L\“X“'F{ 1§QQ>/z1'"”_""P\P’f 2
92) (94)

(95) (96)

It was suggested that the reaction proceeds via the aci-tautomer
of tne nitro compeund to give an MN-oxide by the loss of one mclecule
of water, fhe N-oxide then being deoxygenated, e.g. by the ferrous
oxalate, (§-0xides are known te deoxygenate, in the absence of a
reducing agent, simply on heatingsz, but only in low yield; this may
account for the improvement in yield with ferrous.oxalate present.)
Thus, in the cyclisation of 2-nitrodiphenylanine [{93); R = CGHS;
X = NH}, to phenazine} (96) the mechanism shown in Scheme 17 was

proposed:



A :
//. /N\ ~ eduntion ‘&\ i I \\
| Je——| ;
XN e 7

(96) Scheme 17

This proposed route via the aci-nitro compound is supvorted
by the observation that the nitro compounds [(23); R = 06’5;
X =5, 802 or 0}, in which the group ¥ does not contain a hydrogen
aton and which are thus incapable of forming the aci-tautomer,
fail to undergo cyclisation under the same conditions,

£ similar mechanism wes proposed for the cyclisation ei N-cyclo-

hexyl-o-nitroaniline {(93); R = cyclohexyl; X = NH. to hexahydroazepino -

(1',2'-1,2) benzimidazole (Q4§ as ,hown below in Echeme 18

N{-—ﬂ . ///\141_ e
——L\\\/%f\;/ “\/

reduction
/ 2N oy

e <
L\Q‘/ N . #

Schieme 10
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o

Abremovitch and Daviss" put forward an alternative mechanism
in which the nitro-compound yields a nitrene intermediate on
heating: this provides the product (94} by insertion followed by

dehydrogenation and rearrangement, as shown below in Scheme 19,

//\/f\.l‘

Scheme 19

Subsequently, however, the possibility of ar aci-nitro
mechanism was concededs4 for those cases in which such a tautomer
could be formed and a deoxygensiing agent was abgent,

Turther evidence supported the aci-nitro route of Ccheme 18,
rather than the nitrene route,Zcheme 19, for thermolysis of (93)
in the absence of a deoxygenating agentes. The dihydrospirobenzimi-
dazole (98) did not give compound (94) on heating. The azidocyclbhexyl
aniline [(93); I\T:3 for Nogfwhich should be a source of the nitrene
(97), was synthetically unavailable; however, the reaction of
(93) with trialkyl phosphites failed to give any cyclised product,
Thermolysis of the I-methyl aniline [{(93); MMe Zor i, which cannot

form the aci-tautomer, gave only tars,
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65
It was found that heatingz the isobenzimidazole (99) under the
conditions of the zbove cyclisation gave the benzimidazole (94).
Turther examples of this class of cyclisation are provided
by the pyrolysis at 220—24000 in sand of the o-nitroaniline
derivatives T(100); X = :Cﬁﬁﬁnf which give the corresponding

Fa Pl

benzimidazoles (101), often in excellent yield .

X X
Coen ()

N

|
]/ -~ YQ()Z_ fo J\\\ p@
e = /zl]/
Y

v

£100) “101)
(Z=H; ¥=NO,,CO,H, CF,, C1
Z=NHAc: Y=H, NHAc, He)

A possible mechanism is shown in Scheme 20,

o # Nt 7
<;;I\ kt ":;EiSH{:> *Fjiﬁéé%;%%rf{__
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~

Coudie and Preston07 obtained benzimidazolone {(103) as well as
benzimidazole by the thermal decompesition of o-—nitrophenylglycine

(102) in sand at 200°C.

H\N/C H,CO,H

P{
) P : J
= I E\E?;__> o l/N\>_—__.O ~ r/r\\
NS
]
H

{102 —
) 105

The corresponding thermal decomposition of o-nitrcphenyl-
a-~aminophenylacetic acid (104) gave 2-phenylbenzimidasole-l-oxide

(30%) and 2-phenylbenzimidazole {40%).

H
fﬂ}*C;F”DFU S { .
co,H /\ ~ f/ N/ Br, !Jf\/f\'
s N0y XN \‘,:\', e |
(3.04) O }iq

—

\%

The above reactions are readily rationalised on the basis of
the mechanism shown in Scheme 20, The possibility of an initial
decarboxylation of (102) is eliminated since ll-methyl-o-
nitroaniline was recovered cuantitatively when subjected to the same
reaction conditions, It would, however, be anticipated that
decarhoxylation could occur easily enough at a2 later stage of the
reaction path. zgiudimethylngnitroanilin;%7howevor, was converted

after two hours at 24000 into a mixture of lN-methylbenzimidazolone,

II-methylbenzimidazole and benzimidazole, 'Jith reference to product
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Scheme 21
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(103), it is worth noting that benzimidazolones are readily obtainable

from benzimidazole-l-oxides, either by thermal rearrangement or

[al

hydrolytic311y6°,

Heating alkyl N-‘o-nitrophenyl)carbamates (105) at 250~27OOC

6
gave benzofurazan {(106) 9.

NO NS
= )/ A - Y /O +C0,+ROH

N-C-0-R XN

(105) {106)

R = I'e, Et, Cﬂz = CH'CHQ“,PhCHz',B—MBOCGH4 H2~

-0 iIC I CH -
or p 021,C6_4Cﬂ2

Two routes have been tentatively suggested for this reaction
as shown, for the methyl carbamate, in Scheme 21.70
Pyrolysis of o—nitrophenylisocyanate itself resulted in a
lower.yield of benzofurazan than pyrolysis of the carbamate and
the yield of product thus obtained was unaffected by the addition of
base. Also,addition of base in the pyrolysis of methyl N-

(o-nitrophenyl) carbamate which should facilitate breakdown of

earbamate into isocyanate, drastically reduced the yield of benzofurazan,



Thus route 1 is the more likely mechanism for benzcfurazan
formation, The nitrene intermediate proposed above recalls
the reduction of o-dinitrosobenzene (107) to benzofurazan71 by
triphenylphosphine in which a nitrene intermediate is also

proposed (Scheme 22),

NO SN0 N 2N

g head U uxd G W:
(107) (106)
Scheme 22

E. Acid catalysed cyclisations,

As mentioned before (p. /9 ) acid catalysed cyclisation of
2-nitrohydrazobenzenes gives 2-aryl-benzotriazole-l-oxides;

e.g. (108)—> (109)72.

par

@)
[
HOC N
H O?_C /Nolhea.t in CHacé;E_’} = +\N“P}U
for 2 hr, \\\ \\‘PJ/’//
CH; 0~ NHNHPh  CHD

(108) (109)




This may be eplained by a2 mechanism similar to that for the

cyclisation of o-nitro-ill- dialkylanilinesee (Schene 23)
L o2 g
(lHjﬁ) X {31. (“‘}{ fW’L\\\ /’l“\\}tI
Ho”

: Ly,

HOC AN

l
N=
NP " =
CHO \/ll\}"/ CH, O 1:
HOC \l}
r1c)(:“‘c,/’ ’,ch\\\ F{C}f: S rd\\\
+ N—Ph + N=-Ph
CH3O | z O \\;/

MH o

Scheme 23

/Fﬁmqﬁ

oA

\;\

The action of hot agueous aeid, e.g.hydrochloric acid, on the
o-nitro-Ml-dialkylanilines (110) gave the corresponding

benzimidazole-N-oxides as their hydrochlorides (111) and the minor

. products (112) and (113), "
R R R R R R g R
LS

\N’J RN/&Jr



Scheme 25
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The photo-cyclisation in agueous methanolic hydrochloric acid

of the compounds (110)74 gave the benzimidazole-ll-oxides (111) in some

cases, and the benzimidazoles (114} in others, but not both,
| b

lt
/\
\\N

=
\rz_
R
114)

fince the benzimidazole~ll-oxides corresponding to the benzimidazoles
{114) are photo-stable under the reaction conditions, they are not
the precursors of the benzimidazoles, The proposed mechansinm for
the thermal or photochemical acid-~catalysed reaction to yizld the
benzimidazole~N-oxide hydrochloride is shown in Scheme 24 and
invokes an aci-nitro type of intermediate. The proposed mechanism
for benzimidazole formatiom 1is showm in Sche;L 25.

The by-products (112) and (113) from the thermal reaction can
then be considered to arise from the reduced furoxan intermediate (|i4a).
This rearranges thermally {route A) to the N-nitrite (115) which,
in a manner analogous to the nitramine rearrangement75, gives the
p'nitro compound (113) or loses its nitro group to give the
denitrated compound (112), The furoxan intermediate may also be
invoked to explain the photochcmical formation of the henzimidazole
(route B) by way of the o-nitroso-N-oxicde (118) and the unstable
N-oxide (117),.

Van Romburgh reported that certain derivatives of [lil-dimethyl-



8C

and ~die¢hyl-o-nitroaniline (113} and (121}, on treatment with acetic

anhydride in the presence of sinc chloride gave the benzimidazolones

-~

7
{120) and the quinoxalines [12%) respective}.y'D

Me ’V\@
’,/; ./’Pdpj\e)_ | \\\-_

N
XX ‘\!'\1-5:% X -u‘\\&;/ __ﬂj(/:\/l /~
(113) 7119) - "120) RC
= NEL
Y ‘ NO O \,l
o s

It was subsequently found howeve:?7, that while the product
obtained from Nil-dimethyl-2,4~dinitroaniline [(419); X = HOQT was
the benzimidazolone, as reported by van Romburgh, the nroduct
obtained by reacting Hil~diethyl~2,4-dinitroaniline {(121) ; NO
with acetic anhydride and zinc chloride under reflux was not the

guinoxaline but 2-acetoxymnt ryl-l—-ethyl-5-nitrobenzimidazole {1272),

\\\\__CLP4L(JFQCL

(123}

These reactions probably follow 2 course sinmilar to that
described in Scheme 20 but here the benzimidazole-il-oxides thus

formed react with the acetic anhydride to give the above products,
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In the case of the intermediate (119) the rearrangement of benzimidazolie-
N-oxides to benzimidazolones is known (Ef:fx 34) while the reaction
(121)—> (123) presumably proceeds through the intermediacy of the
benzimidazole~N-oxide (124), the conversion of which to the benzimida-ole
(123) may be regarded as similar to the well known reaction of

2ﬂmethy1pyridine*N—oxida78, i.e. (125)——> (126)

ek
N ”N\

OLN’I\J\ 7

(124)

zfrﬁL

JoF=s

s AC,0 N | /“\

N “Me N SCH, OPe
|
0

(125) (126)
The photolysis of I/~2,4-dinitrophenyl derivatives (127) ol a-

amino acids in aqueous solution may proceed by two routes depending on
the pH of the solution. Russell, and Neadle and Pollittso demonstrated
that the nature of products also depend on the pil, low pH favouring
the formation of a G6-nitrobenzimidazole-l-oxide {129) while reaction
at higher pH gave the 2-nitroso-4-nitroaniline (123) and the

aldehyde or ketone with one carbon atom less than the parent

amino acid,
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\ .3 \
NRCR R-¢co,N NHR

|\\i‘DL 09 ol NO 2

” > (7 | 4 R Reco+co,
~ PH>6 K(
NG, NO,
(127) (128>
B! and 8% = ¥ or aikyl: R = =, alkyl or aryl

JR H,\CUH

A
= g low pi ]‘u\D I'
N

|

C02
NO
Z _.. a1
+ -20
‘127) (129)
1 2
R” = ¥ or alkyl; R = ¥, alkyl, or aryl

Although formation of the nitroso compound (122) still occurs
L

2 3 3
when neither R nor R is a hydrogen atom, R must be a hydrogen atom

for formation of the benzimidazole-N-oxide (129),

The nitrosoanilines (128) have been shown to react with aldehydes

in presence of acid to give benzimidazole-lT-oxides (129)..1
Rt
/// //’h“
7 HOB
S0/, HO | + R

955 2hm R /’\N
o

(129Y

2= H, B = R § - 1 B e
R H, R C 57 gClCGH4 , or _1;_)0%(36 4
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A reaction mechanism in accordance with the above facts is

shown in Scheme 23,

43 '_ﬁ+/c’ O
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IT Results and Dicscussicn,

A, The Preparation and Stability of o-Nitroanils,

2
Cadogan et al @ found that the anils of o-nitrobenzaldehyde
(130) were readily converted by triethyl phosphite iuto the corresponding
indazoles (131), by a mechanism similar to that described (cf p. |2 )

for the corresponding reaction of 2-nitroazobenzenes,

CH=NA~ .

NG, ” SO, DA

(Ar=Ph, p-MeC

A - H %
6”4’ P BrCG_d, a-naphthyl, eQP.)

(130) (131)

Hence it was obviously of interest to extend the above reaction
to the reduction of N-benzylidene-o-nitroaniline and its derivacives

(132) to the corresponding 2-arylbenzimidazoles (133),
3
6 4 3
1 TR F\rr Pﬂ
2 n

;I%a ‘z NO, ;7@ | \EI}

7132) ’133)

V

Iowever, attempts to prepare l-benzylidene-o-nitroaniline by apparently
well-established methods showed the necessity for a detailed examination
of the reactions of o-nitroaniline and its derivatives with
benzaldehyde and its derivatives.

Aromatic primary amines normally react readily with aromatic
aldehydes, in alcoholic solution or in the absance of a solvent,

. 82
to give Schiff bases as shown in Scheme 27,,

ArCHO + Ar'NH;w——= ArCH = NAr’ + H,0

Scheme 27,
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Ingold and Piggott83 first claimed to have prepared HN-benzylidene-
o-nitroaniline [(132); Ar = Ph; X = Hl by heafing benzaldehyde with
o-nitroaniline, without a solvent, until water vapour ceased to be
evolved, and they described the product as an orange solid m.p. 1180,
However, it has been demonstrated that the probable structure of this

57,84 1(134); Ar = Ph; X = H]

product is NN-benzylidenebis~-o-nitroaniline

corresponding to the addition of a molecule of o-nitroaniline to the

anil, Before the publication of this revised structure for the product,

however, Cadogan and Searlc85 had attempted to repeat Ingold and Piggoti's

preparation by heating equimolar amounts of o-nitroaniline and

benzaldehyde at 100-110° for twenty minutes, but they recovered only

o-nitroaniline, as was also the case when the reaction was repeated

by heating for eight hours in the nresence of one drop of acetic acid.
Prolonged heating (4 days) in the presence o an increased amount

of acetic acid, however, gave a compound m.p. 183-18%{ Refluxing an

equimolar mixture of benzaldehyde and o-nitroariline without a solvent

86

for three hours gave a product melting at 185—1870, which corresponds
to the pmduet m.p. 183-184° reported by Ettling when o-nitroaniline and

benzaldehyde (1:2 molar ratio) were heated under reflux in toluene, with

water removal for sixty-six hours.87 The nature of these high melting

products will be discussed later (cf p, 72), but in general it wculd

appear that the use of higher reaction temperatures or more prolonged

periods of heating leads to the formation of heterocyclic products

at the expense of the Schiff base,

Wheeler and Gore88 reported the preparaticn of H-benzylidene-o-
nitroaniline (m,p. 720) from a condensation of benzaldehyde and

85
o-nitroaniline in ethanol. IHowever, Searle Y repeated this reaction
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and obtained only o-nitroaniline. The anil (m.p. 76—80) was also obtained,
reportedly in good yield, by the reaction of o-nitroaniline with N-benzyl-
ideneanilinesT, the aniline being removed under reduced pressure to
displace the equilibrium in favour of the formation of o-nitroanil

(Scheme 28) ' -
| L = (L |
%%/AN%' I%%/LNDl
T
. —CHPh
=

l + PRoNH2
X N0,

However, when this reaction was repeated86, only a small yield of the

Scheme 28

o-nitroanil was obtained.

A more recent preparation iavolved heating gfnitroaniline with
an excess of benzaldehyde, the latter acting both as solvent and
reactant, at 1400. The water produced was allegedly removed in an
attached Dean and Stark trapsg, but water removal was found to be
extremely difficult by this method, It thus appeared that the most
propitious conditions for o-nitroanil formation would involve (i) water
removal to displace the equilibrium shown in Scheme 29, step 2, in
favour of anil iormation; (ii) use of an inert solvent of appropriate
b.p., to facilitate water removal, while providing a reaction temperature
low enough to avoid heterocycle formation, and (1i) the use of an excess
of the aldehyde to reduce the possibility of unchanged o-nitroaniline

adding to the anil to give the !N-arylmethylenebis-o-nitroaniline (134).
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| NHCHOH)AF
0 s T

NO, )

X
NHCHAHNF T = J
X NO-_ GN = N4 NOL

134) Scheme 29 &

Although the last preparation described ab0ve°9 undoubtedly conforms
to the above conditions, we found, on repeating this work, that we
weré.unable to effect efficient water removal at 140% on the other hand;
" refluxing the aldehyde solution to facilitate water removal led to the
:formation of 2-phenylbenzimidazole (cf p. 74 ). The reaction was
therefore performed by refluxing the mixture in an inert solvent to
assist water removal, A solution ef o-nitroaniline and unpurified
benzaldehyde (molars ratio 1:2.5) in toluene (b.p. 1100) was heated under
reflux in 2 reaction vessel connected to a Dean ana Stark trap. As soon
as the calculated quantity of water had been collected (after some six
hours), the mixture was cooled and diluted with light petroleum,
giving N-benzylidene-o-nitroaniline in acceptable (45%) yield., However,
when the reaction was repeated using purified (Ei,p.%ff ) bhenzaldehyde,
water removal was very much slower, so much so that after fifteen
hours' heating only about a half of the theoretical amount of water
had been collected., The reaction mixture at this stage was cooled and
diluted with light petroleum to give gg~benzylidenebls-g-nitroaniline
in 68% yield, This was designated as the compOan f(134); Ar = Ph;

X=11 by virtue of its i.r. spectrum, which shrved 17-11 atrotchin~ abgoryiicn
at 3345 dmil, and by mixed m,p. and i,r., spectral comparison with an

authentic sample of NN-benzylidenebis-o-nitroaniline.
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In this and all other cases where NN-benzylidene bis-o-nitroaniline
was obtained as a product from the reaction of o-nitroaniline with
benzaldehyde, the m,p. of the crude compound obtained varied widely
although the i.r. spectra remained the same, Also recrystallisation from
different solvents gave solids varying in melting point within a range
of approximately 300, although once again all showed the same i.r.
spectrumn, Stacy et 51?7 suggested that this indicates heat lability oi
the compound, but variable temperature n.n.r. analysis of the NN-benzyli-
denebis-o-nitroaniline shows that it is thermally stable at temperaturcs
considerably above its melting point (cf.p. 79 ). Iowever, the n.m.r,
spectrum of the unreecrystallised product obtained in the preparation
of authentic NN-benzylidenebis-o-nitroaniline shows a singlet at 1.62 T
which correspcnds to the CH = N proton resonance of (I-benzylidena-o-
nitroaniline (Ez,p.qi? ). Thus it is possible that in the above
reactions an unresolvabie nixture of both the anil and IN-benzylidencbis-
o-nitroaniline is obtained. Turther examination of the interconvertibility
of these two compounds is discussed later,

It would appear that NN-benzylidenebis-o-nitroaniline is produced
in the reaction of o-nitro aniline with pure benzaldehyde in toluene
because, owing to the slow rate of formation of anil, conditions are
favourable for the addition of unreacted o-nitroaniline to that anil

which has already been formed, as shown in Scheme 30,

/Nﬂ-CHPI’v NH,

NO NO,

Scheme 30
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Therefore in an attempt to increase the rate of anil formation,
the reaction was repeated with xylene as solvent, but once again reaction
was slow, and the only product obtained was lNN-benzyliuencbis-o-
nicroaniline., The use of higher boiling solvents, e.g. p-cymcme, led
to the formation of 2-phenylbenzimidazole (cf,p. 75 )

The difference in the reaction products obtained using mnpurified
and purified benzaldehyde was quite striking and it seemed possible
that the formation of anil might very well by catalysed by benzoic
acid in the unpurified benzaldehyde, Titration of the benzaldehyde usad
in the successful preparation of the anil against sodium hydroxiae showed
the presence of 17% by weight of benzoic acid. As it is known that
Schiff base formation is subject to acid catalysesgz, the above reaction
was repeated both in toluene and in xylene using purified benzaldehyde
to which 17% of benzoic acid had been added. In both cases the rate of
water removal was increased, complete water-removal occurring within a
few hours, and N-benzylidene-o-nitroaniline in good yield was the
reaction prodvect in both cases, However, when a solution of o-nitroaniline
and pure benzaldehyde 71:2,5 molar ratio) in xylenc containing acetic
acid was heated under reflux, although the reaction occurred readily
(as shown by the rate of water formation), the only product obtained
was NN-benzylidenebis-o-nitroaniline. Benzoic acid is a slightly stronger
acid in benzene solution than is acetic acid%o and this will presumably
apply also to xylene, but the difference in strength is too small to
account satisfactorily for the difference in catalytic activity between
the two, It is possible that the volatility of acetic acid fb.p.llSQ)

at the reaction temperature (1400) leads to a reduction of its
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concentration in the reaction mixture, and at low acid concentrations
[ (134;X=H;/r=Ph) is the major reaction product (cf.p. 45 3. The
formation of the NN-benzylidenebis-o-nitroaniline may occur 2s shown

in Scheme 31,

Reacting o-nitroaniline with excess benzaldehyde in toluene in the
presence of benzoic acid without water removal, gave only lIN-benzylidenbis-
o-nitroaniline, implying again that when anil formation is slow (in
this case because the equilibrium has not been displaced towards anil
formation by removal of water), adduct formaticn is likely, all the
more so in this case since an acid catalysed mechanism as showa in
Schepe 31 may operate. When the succesiul preparation of N-benzylidene-
o-nitroaniline with aged benzaldehyde was repeated in benzene, thore
was no evidence of water production, even after heating overnight,

i.e., reaction occurs either very slowly or not at all,

The N-benzylidene-o-nitroaniline prepared as above is readily
hydrolysed, even by atmospheric moisture, to NN-benzylidenebis-o-
nitroaniline and benzaldehyde (cf.p. 56 ) and its mass spectrum (p.i18 )
shows, as well as the molecular ion at m/e 226 ions at m/e 243 and
244 [(M + 1‘7)+ and (M + 1B)+} indicative of rapid addition of water
across the C=N bond of the anil, The compound could, however, be
stored for some length of time in a sealed bottle at low temperature
withovt undergoing hvdrolysis.

N-Benzylidene-4-methyl-2-nitroaniline [(132 X = 4-Me-:Ar = Ph |
was prepared by refluxing 4-methyl-2-nitroaniline and benzaldehyde

(1:2,5 molar ratio) in benzene with water removal, while the corresponding

reaction of 4-chloro-2-nitroaniline with benzaldehyde to give N-benzylidene-
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4~-chloro-2-nitroaniline [(132); X = 4 - C1; Ar = Ph! took place either
very slowly or not a* all (as evineed by water removal) in toluene

and required xylene as solvent, This is presumably because 4-methyl-
2-nitroaniline, with the electron-releasing methyl group para to the
amine nitrogen, is a stronger nucleophile than o-nitroaniline, whereas
4-chloro-2-nitroaniline, which has an electron-withdrawing chloro atom
para to the amino-nitrogen, is less nucleophilic than o-nitroaniline
and hence requires more vigorous reaction conditions, The reaction of
p-methoxybenzaldehyde with o-nitroaniline with or without acetic acid
gave a small amount of g-methoxybenzoic acid as the only identifiable
product, However, when the reaction was repeated in the presence of
benzoic acid, N-p-methoxyberzylidene-o-nitroaniline [(132);: Ar = p-MeO
06H4; X = H! was obtained in acceptable yield (64% ) p-Nitrobanzaldehyde
did notappear to react in the absence of a catalyst even in boiling
xylene; in the presence of acetic acid reaction occurred readily, as
shown by the rate of water removal, but the only product obtained

was NN-p-nitrobenzylidenebis-o-nitroaniline., Repeating the reaction in
the presence of benzoic acid, however, gave a compound which, although
it did not analyse correctly for N-p-nitrobenzylidene-o-nitroaniline
r(132; Ar = p-N02C6H4; X = H appeared from its i,r., n,m,r,, and

mass spectra to be essentially this compound.

In the case of the reaction with p-methoxybenzaldehyde, which is
the least reactive of the aldehydes used, it might be expected that
higher acid concentration might be necessary for condensation to occur,
although the formation of water in the absence of added benzoic acid
does not support this theory, It may be that, in the absence of benzoic

acid, the anil is indeed formed but is subsequently converted into some,
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as yet unidentified, product. In the second case, p-nitrobenzaldelyde
should form Schiff bases more readily than benzaldehydc, as the electron
withdrawing group para to the carbonyl function should further activate
it to nucleophilic attack by the aniline, However, the electrophilicity
of the benzylic carbon of the anil is also increased, to the extent th-t
the ready reversibility of dehydration step 2 (Scheme 29) may explain
the apparent lack of reaction in the absence of acid, while in the
nresence of acetic acid addition of the type shown in Scheme 31 should
occur even more readily than in the case of N-benzylidene~o-nitroaniline.
In all the above attempts at o-nitroanil preparation it is obvious that
the various reaction routes are very finely balanced and the presence
of benzoic acid appears cssential to successful o-nitroanil formaticn.

The reaction of p-chlorobenzaldehyde with o-nitroaniline yielded
only p-chlorobenzoic acid and an unresolvable mixture of products. I.r,
and n,m,r, spectra of this mixture indicated the presence of both the
anil and NN-p--chlorobenzylidenebis—-o-nitroaniline. Again, although the
presence of the electron-withdrawing chlorine atom para to the carbonyl
functicn should further activate it to nucleophilic attack by the aniline,
the electrophilicity of the benzylic carbon of the anil is also increased,
facilitating addition of o-nitroaniline to the anil,

In contrast to the p-nitrobenzylidene isomer N-o-nitrobenzylidene-
g*nitroanilineg1 was found by Searsg2 to be comparatively stable, and
it could be prepared merely by heating equimolar amounts of the
aldehyde and aniline in ethanol, It was found that in this case the
yield of anil was actually increased by the addition of acetic acid to
the reaction mixtureg3. The anil was not hydrolysed by aqueous acid
hut waBs hydrolysed under basic conditions, Its stability may be

attributable to resonance 3tabilisation as shown in Scheme 32,



Scheme 32 etc,

As can be seen from the above discussion, the product of condensation
of o-nitroaniline and benzaldehyde or of their derivatives is by no means
always the corresponding o-nitroanil. It is worth mentioning some cther
cases in which there are wide variations reported in the product of
attenpted condensaticn.

Ingold and Piggott83 claimed to have prepared N-p-nitrobenzylidene-
o-nitroaniline by heating p-nitrobenaldehyde with o-nitroaniline without
a solvent unt:il water vapour ceased to be evolved. The product was
described as a bright yellow solid m.p. 118°, However, King and Lowy94
also claimed to have prepared the anil by fusing together equimolar
proportions of p-nitrobenzaldehyde and o-nitroaniline in a sealed tube
at 1150, the tube containing enhydrous zinc chloride at the cool end.

The product was described as a goldea-yellow solid m,p. 169°. Ingold

and Piggott83 also claimed to have similariy prepared N-m-nitrobenzylidenc-
o-nitroaniline, The product was described as a yellow solid m.p. 143-
1450. However, Fenech and Tommasini95 claimed to have prepared this
compound by dissolving the amine in ethanol and adding the soluticn to

that of m-nitrobenzaldehyde. The product was described as a yellow

o o : Y " i
solid m.p., 24-25", These discrepancies remain to be investigated,
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B. Reactions of Nucleophiles with N-Benzylidene-o~nitrcaniline

From the results of the previous section, it appeared that
much of the difficulty encountered in the preparation of o-nitro
anils by the condensation of o-nitroaniline or a derivative thereof
with an aromatic aldehyde was due to the susceptibility of the
anil thus formed to nucleophilic attack, Thus, in some cases, even
when an excess of aldehyde was employed and water continuously
removed during the reaction, the product of the reaction was the
gg-arylmethylenebiS—gfnitroani11neﬁ34% representing the addition of
a further molecule of the o-~nitroaniline to the anil, In those casses
where water was not continuously removed during the reaction and the
aniline was recovered, the dehydration step 2 in Scheme 29 (cf, p, 45 )
has presumably not occurred., The ease with which the reverse
process, i.e. addition of water to the anil, takes place is,
as mentioned previously, illustrated by the appearance of ions
(M + 1?}+ and (1 + 18)+ in the mass spectrum of N-benzylidene-o-
nitroaniline., Thus, it was of interest to study the reactions of a
range of nucleophiles with l[-benzylidene-o-nitroaniline.

A variety of reagents add to the polarized C = N double
bond of Schiff baseé?nucleophilic reagents attacking the carbon

atom of the azomethine linkage,

(a) Reagents with the Nucleophilic Centre Attached to One lHydrogen

Nucleophilic reagents in which the nucleophilic atom is attached
to one hydrogen atom normally react with Schiff hases to form an

Q
adduct in the manner shown in Schene 33."6

ArCH=NAr' + XH -—> ArCHNHAYr'

X

Scheme 33
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The reactions of some nucleophiles of this type with N-benzylidene-
o-nitroaniline were studied,

Heating N-benzylidene-o-nitroaniline with a slight excess of
N-methylaniline under reflux in dry benzene for 1 hr, gave the adduct,

N-[a-(N-methylanilin o)benzyll -o-nitroaniline (135), in good yield (78%).

N=CHPh > NH-CHPh-NMePh/
| oL, NHMe —>
ONOZ L ~ | NO,

(135)

Similarly, stirring a solution of N-benzylidene-o-nitroanili:iie
and toluene~p-thiol (1:1.5 molar ratio) in dry benzene at room
temperature overnizht gave lI~[a~(p-tolylthio)benzyl]-o-nitroaniline

(136} in acceptable yield (64%).

Me.

=CH P}v NH-CHPRS /\\l
L/j ©/ E\/ll“;\"e

(1386)

9
Stacy and Morath 4 found that N-benzylidenean:hranilic acid (137)

formed crystalline adducts (138) with a variety of thiols

6 5 6 4 = 65 4
SR

C.H_CH=#C_H COOH-o + RSH—= C_.H fHNHCGH Co0H~0

(137) (138)

However, the reaction of toluene-p-thiol with II-benzylideneaniline
(139) in refluxing xylene with a threefold exzcess of thiol resulted
in N—benzylaniline98 (140), and only at room temperature or in

refluxing benzene with from one to two equivalents of thiol was the
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29
adduct (141) o btained
- i 8 -_—
(5 HS CH2NHC H. + (p.C“306H4S )2

6 65
~ . (140)
CGHSCH_NCGHS P CH306H4SH s -
i
(13N - ,
P-CH,C H, SCHNHC H,,

(141)

Therefore, when attempting the addition of toluene-p-thiol to
N-benzylidene-o-nitroaniline, the conditions employed were those
expected to promete adduct formation rather than reduction,

Heating N-benzylidene-o-nitroaniline in dry methanol under

reflux gave the adduct (142)

~ NHCHPb
- (5[\”@

N
S PJC%L
(142)

This adduct, identified by its n.m.r. and i.r, spectra, was
formed as a viscous 0il which gave a low melting solid only after
prolonged cooling, Attompts to purify the oil by distillation
under reduced pressure or to recrystallise the solid, resulted in
the reformation of MN-benzylidene-o-nitroaniline, presumably by
the el imination of methancl from (142). Heating the adduct in an
open flask at 1000 for five minutes also led to the reformation of
II~benzylidene-o-nitroaniline, This is the only adduct so far found
which is unstable under the above conditions, The elimination of
methanol from (142) to reform the Schiff base obviously resembles
closely the elimination of water from the aldol intermediate (143)

(gf. step 2, Scheme 29)
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\/NHCH(OH)PR
]
XNNO,
(143)

(b) Reagents with the Nucleophilic Centre Attached to two Hydrogeu:s

With reagents of the above type there is always the possibility
that addition to the anil may be followed by elimingtién. Thus the
reaction of N-benzylidene-o-nitroaniline with aniline led tc thLe
furmation of o-nitrocaniline and N-benzylideneaniline (139) by addition
of aniline co the C=N bond, followed by the elimination of o-nitroanilin
from the adduct (144) as shcwn in Scheme 34, The adduct (144)

was not isolable

NNSCHP | 2 NHCHPRNHPR) I,/\NNH

-

ol 4p ’\V | !

L E L L NG N I
& - + PhCH=NP

(L) - (/39)

Scheme 34
dowsver, some adducts derived from primary aminec and N-benzylidene-
o-nitroaniline appear to be stable, e.g. NN-benzylidenebis-o-
nitroaniliine [(134); Ar = Ph; X = H! and the formatiocn of this adduct
as a by-product of the anil synthesis has been described in section
2 (cf.p., 45), Stacy EE_EEF7 claimed that when a solution of equimolar
amounts of N-benzyiidene-o-nitroaniline and o-nitroaniline in benzene
was heated under reflux for 1 hr., NN-tenzylidenebis-o-nitroaniline
[(134); Ar=Ph; X=H] was formed, When Stacy's experiment was

repeated, however, no adduct was formed and the starting materials
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were recovered, When the reaction was attempted by melting together
equimolar amounts of the two reactants at 1000, agzin, however, no
adduct formation was observed, Heating a soluticn of equimolar amounts
of the two reactants under reflux in benzene in the presence of benzocic
acid, however, led to the formation of NN-benzylidenebis-o-nitroaniline,
Presumably initial protonation of the Schiff base nitrogen facilitates
addition of o-nitroaniline.

There was also no evidence of adduct formation when a solution
of either 2-aminopyridine or p-nitroaniline was heated under
reflux for 1 hr with an equimolar amount of N-benzylidene-o-
nitroaniline in dry benzene, In both of these cases, repeating
the reacticn in the presence of benzoic acid failed to give any
evidence of adduct formation,

Stacy et al57 also reported the conversion of the anil to
NN-benzylidenebis-o-nitroaniline both by acidic hydrolysis and by
exposure to the atmecsphere, We found that when N-benzylidene-o-
nitroaniline was heated in water at 1000, NN-benzylidenebis-o-
nitroaniline was the main product, rather than o-nitroaniline, This
recalls the reactionlo0 of 2-(N-benzylideneamino)pyridene (145)
with water to give the adduct (146) and benzaldehyde, though in this
case the adduct (146) was also formed by the reaction of 2-amino-

pyridine with (145),

/j (

/NHz/ NHCHPRHNZSN

O\ (14L)
N=CHPR Hz2O_~ pp o0 +-140)

(145)




That the reaction of water with N-benzylidene-o-nitroaniline
succeeds in giving the adduct while straight forward addition of
o-nitroaniline at the same temperature fazls may indicate that
addition in the former case proceeds via the aldol intermediate
(143) rather than by direct addition to the anil; on the other hand,

some mechanism such as that shown below (Scheme 35) may be involved,

_NH, \/[\]‘:—-“-—L_,th/
‘I' + Hz.o

Vi
H L7 #j

| o /__ p :\Dl/ /N

e
0, Osz' o NO, PL,"_!, 0 -~

Scheme 35

The reaction of N-benzylidene-o-nitroaniline with diethyl
malonate, in which there is again the possibility of addition being
followed by elimination, was also studied, The reaction in the presence
of piperidine gave only diethyl benzylidenemalonate (147) and o-
nitroaniline, as shown in Scheme 26, The intermediate diethyl

a=-(N-o-nitroanilino)benzylmalonate (148) was not isolated.



N=CRPh N NHCHPLCHECED)

= L cH, o) —> ||
s, TR N NO,

(148)

> NHy
PCH=C(CO& ), + |
(147) NG

Scheme 36

It was previously reportedlo1 that II-benzylidene-o-nitroaniline
did not react with diethyl malonate. Iowever, the compound which
was then described as E-I-I::enzyliclenca-g__-—ni'l:rof':m:l.lzl.ne;n3 has nore recently
been shown to be NN-benzylidenebis-o-nitroaniline as previously
discussed (p. 4—3 We

When the anil was treated with tbhe sodium salt of diethyl malonatz,
a mixture of (147), (148), o-nitroaniline and benzaldehyde was
produced; it is possible that in this case the compound (143)
was partially converted into its sodium salt which did not undergo
elimination.

Attempts to extend this reaction to the addition of diethyl
nethylmalonate to N-benzylidene-o-nitroaniline, using both prcaedures
described above, failed to yield the adduct {(149), In view of the
results obtained with diethyl malonate it is hard to believe that
(149) is not formed at some stage of the reaction. Perhaps, as with
the compound (142), this adduct, once formecd, readily undergoes
elimination to regenerate the starting materials, but unlike (142)
this equilibrium at room temperature lies on the side of the starting

materials,
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NHCHPCMe(COLER),

NO,

(149)

(c) Reagents with NoHydrogens Attached to the Nucleophilic Centre.

It has been shown that Schiff bases may be obtained from the
base-incduced elimination of toluene-p-sulphonyl groups from sulphoun-
102
anides, 0 e.g. (150) reacts with sodium methoxide in toluene or

methanol to give (151)

I
CHN=SORr M & CH=NRA~r

= e o
o Y e
g O?.N Nt

(150) (151)

However, attempts to extend this reaction to the preparation of

; 103
t-p-mbebenzylidene-o-nitroaniline , led ecasily to the sodium salt cf the

benzimidazole-l~oxide (152) and its methyl .ether (153)

OMe

—

“152) (152)

It was of interest, therefore, to see *f the product
of normal elimination, i.e, N-p-nitrobenzylidene-o-nitroaniline

[(151); Ar = 2—c6H4N09f, would give the benzimidazole derivatives
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when treated with sodium toluene-p-sulphinate in methanol., However
since the required anil was not then available, the reaction of
N-benzylidene-o-nitroaniline with sodium toluene-p ‘sulphinate was
studied, When these two compounds were heated under reflux together
in methanol, under conditions which simulated those of the cyclisation
of the above sulphonanmide, no apparent reaction occurred.

The reaction of ll-benzylidene-o-nitroaniline with cyanide ion
gave an entirely different type of product from any found by the
action of those nucleophiles already discussed in this section., Thi
reaction is discussed later (cf, p. 63 ).

ot surprisingly, NN-dimethylaniline which has no hydrogens
attached to the nucleophilic atom, showed no apparent reaction

with the anil,
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C. The Formation of Benzimidazoles and Benzimidazole-N-ozides

from Q—Nitroaniline and its Derivatives.

{a) Triethyl Phosphite Reduction.

The reductive cyclisation of the anils of o-nitrobenzaldehyde
to the corresponding indazoles, by triethyl phosphite, has been
described elsewhere (cf. p, 42 ). The reaction has now been
extended to the cyclisation of o-nitroanils.

Heating a solution of N-benzylidene-o-nitroaniline and triethyl
phosphite (1:4 molor ratio) in dry t-butylbenzene under reflux for
6.5 hr. gave 2-phenylbenzimidazole in acceptable yield (47%).
Similar treatment of N-benzylidene-4-methyl-Z-nitroaniline gave
5(6)-methyl-2-phenylbenzimidazole, though in somewhat lower yield.
Again the reaction mechanism probably involves the formation of a

nisrene intermediate as shown in Scheme 37,

N—CHPh i
| = 2( Et0) P o B \ =CHP
% NOL K/L\ | Ry +2(L£0) ;PO

N
I e
X = X or CHg X A \N/
| H

Scheme 37

The product of the similar reaction of N-benzylidene-4-chloro-
2-nitroaniline with triethyl posphite was shown (t.l.c., i.r. spectirum)
to contain 5(6)-chloro-2-phenylb .enzimidazole, but the crude product

could not be further purified, either by recrystallisation, or by



colunn chronatography.
It was reported that triethyl phosphite reacted with o-nitro-
phenyl benzoate (154) to give 2-phenylbenzoxazole (155), the mechanisn

of this reaction probably being that shown in Scheme 38,

OCOP}U/&(;O) > / OCOPH
WVAC T F N = ~
m | l ’ +2EE0,PO

Q:Q:/, Fﬂ()l QQQQ; NS ~ 7 3
(154) X
\

b (ELO) Pijj:\\\///lil\\
| .
N 4 X {Q//

(155) (81:0)396 &)
38

SC*\( m e

It was hoped that reacting 2'-nitrobenzanilide (156) with
triethylphosphite might cause a similer nitrene insertion into the

side=-chain carbonyl group to yield Z2-phenyltenzimidazole.

NHCOPh NHCOPh
& 20805P 7 1/ e 5 S
. ) chboza
WK PJC)Z : X \\xﬁq:
(156)

H . N
e 20Pn . (0P \p
ooy <228 () gt

However, when the reaction was attempted, 2-phenylbenzimidazole was

produced in only 3% yield,
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(b) Cyanide-Induced Cyclisation of o-Nitroanils,

Heating a mixture of potassium cyanide (2.5 moiar equivalents)
and N-henzylidene-o-nitroaniline (I molar equivalent) in dry methanol,
followed by acidification of the reaction mixture with concentrated
hydrochloric acid gave a white solid which was identified as the

nonohydrate of l-hydroxy-2-pheny}benzinidazole hydrochloride (157).

(157)

This identification was based on (i), a mass spectrum identical to
that of l-hydrcxy=-2-phenylbenzimidazole (cf. p.120 ); (ii), nnalysis;
(iii), the conversion of (157) by reaction with benzoyl chloride and
sodium hydrnxid957, into l-benzoyloxy-<4-phenylbenzimidazole (158),
which was subsequenfly converted into Z~phenylbeazimidazole by
catalytic hydrogenolysis in methanol over palladium-charcoal; and

(iv), its conversion to the free l-hydroxy-2-phenylbenzinmidazole (81)

ard chloride ion by neutralisation with sodium hydroxide,

AN\ s AN
hj o Q§>*F> /
Q/EN/P e [ | N/-}\

OCOPh H
£158)
In an alternative procedure, potassium cyanide was recacted with

N-benzylidene-o-nitroaniline as described above, the solvent was

removed from the reaction mixture by distillation and the residue was
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chromatographed on silica gel to give l-hydroxy-Z2-phenylbenzimidazole
(79%) and o-nitroaniline (7%) as the only productis, It was found
that a molar equivalent of potassium cyanide was necessary for the
conplete conversion of the anil into the benzimidazole-N-oxide, and
when equimolar proportions of the anil and potasium cyanide were
reacted, cyanide ion could not be detected among the reaction products.
¥hen the reaction was repeated using a catnlytic amount of potassium
cvanide, no heterocyclic product was isolated, showing that although
cyanide is not included in the cyclised product, it is still consumed
in the course of the reaction.

The similar reaction of Il-benzylidene-4-methyl-2-nitroaniline
and an excess of potassium cyanide in methanol gave l-hydroxy-G-

methyl-2-phenylbenzimidazole (159)

N
E/I \>~Plv
CH X N
On

(159)

=

1
Becker Qs found that treatment of the anils showvn below with sodium

cyanide in dimethylformamide gave the corrasponding a, o' -

dianilinostilbenes (1560).

ArCH = NAr'——> ArC(NHAr'):C(NHAr')Ar
(160)

Ar = Ph, p-tolyl, p-leOC and 3,4—(CH202)06H3

6g

Ar’ = Ph and p-tolyl,

It seems likely that this reaction proceeds via a mechanism
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1
analogous to that of the benzoin condensation Qe (Sch=me 33),

N
= I
P CHE=NAY SN A CH-N-Ar—s Ar C-NHAT
CN e YA
ArCH=NAr
&
@Elhf q r
i | A
A"""C“NHH” . H-f"-—(l_: =N A+ é__Ad"C“'#{u{_}[ﬁ] |
Hr‘r “C”:"'”NH H"rl H"‘_Cl: "_NH ﬂr’l’I r%r‘?‘“'m— Fer
| H -

(160)

Scheme 39

Obviously, in the above reaction, unlike that of II-benzylidene-
o-nitroaniline with cyaride ion, a catalytic quantity of cyanide ion
is safficient for complete reaction.

These reactions of o-nitroanils with cyanide ion are formally
similar tc the cyanide-induced cyclisation107 of @-c-pitrophenyl-
cinnamonitrile (161) to 3-cyano-l-hydroxy-2-phenylindole (162),

although the quinoline derivative (163) was also formed in tiis

reaction

. ¢N cN
C—=CHPh C. |
= KEN S P 0 0, Z h Ph

S | -Phy
SN0, 1*a/ltﬂw// +'“%b/L\ﬁ’/ﬁmz

H A
(161) (162) 163)0

—

A recent survey has been made of cyanide induced cyclisations

(2]

- 1
of o-nitrobenzylidene compounds OU, showing thot compounds of the
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type (164), where X and Y are carbon-centred electron-withdrawing

groups, were cyclised by potassium cyanide in aqueous ethanol to
give, according to circumstances, quinolines (165) and/or indoles
(168), e.g, the compound [(164); X =Y = CO9Et3 yvielded the quinoline

[(165); X = CO,Et, Z = OH. and the indole [(166); X = CO,Et].

(164) (165) O (166)

The nature of the products varied with the pH of the reaction
quinoline formation being favonred in scrongly basic media), and

with the nature of the substituents ¥ and V¥, Q@Quinoline formation

was favour=d when both ¥ and ¥ were strongly electron-withdrawing
groups but indole formation was a competing reaction when this effect
was reduced and was exclusive when X was an alkyl group. Indnle
formation may proceed via the intermediate (167), the result of

interaction between a side~chain carbanion and the o-nitro grcup.
N N

8 X - N
\ :2255// ;ﬁ; R ~

. H t‘”‘ I ] i
gébhﬂf \‘TJ[%L \Q:'grfg;fd\\\Cj -Q::l/// ?1\ Y
0 = d ©
(167)

Tormation of quinoline may piroceed as shown below in Scheme 40,

immediate ring closure to the intermediate (167) being hindered by
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the electron-withdrawing nature of X and Y.

Zavi
£165) C[) Scheme 40

Reduction of the nitroso intermediate to a hydroxylamine intermediate

which can undergo dehydrative ring closure to give (165) is
presunably accomplished by the reaction medium,
An alternative route to the nitroso intermediate is shown in

Scheme (41).

(/ N H = Q N e R
Y ¥ y

g% S o © \O

CN CN
X
e i \\ / (\
N :
1\\/”\;\}-_— y J\N

Scheme 41

/. mechanism similar to that proposed for the formation of the
indole {(166) would appear to agrce with the known facts about the
reaction of cyanide ion with li-benzylidene-c-nitroaniline, The
proposed mechanism is shown in Scheme 42, As in Scheme 39 the

clectron-withdrawing power of the cyanide group promotes the ready



release of the hydrogen attached to the benzylic carbon to yield a
carbanion, However, whereas in Scheme 39 the carbanion reacts
igﬁgzmolecularly with another molecule of anil, in the above case
the negatively charged benzylic carbon may react intramolecularly
with the nitrogen of the adjacent nitro group. The above mechanisn
is in accordance with the observed facts that an equivalent of
cyanide ion is consumed during the reaction although it does not
apuear in the final product, The mechanism also implies that methyl
cyanate and/or cyanate ion shouldhbe formed in the course of the reaction
(although the former would presumnably be urnstable under the reaction
conditionslog), but neither cyanate ion nor any product derived from
methyl cyanate has neen datected in the final reaction mixture.
However, it was also found that when potussium cyanate and l-hydroxzy-%-
phenylbenzimidazole were heated together under reflux in methanol,
cyanate ion could not be detected in the resultant mixture,

If the mechanism of Scheme 42 is correct, then treatment of the
conpound (168) with sodium methoxide in methanol should also yield

the heterocycle,

/NHCH(C N)Pl

2
K\/LJ\N O,

(163)

The reaction of hydrogen cyanide with E"bonzylidenemgw or
1
N-benzylidene-m-nitrcaniline in methanol was reported e to give

the adduct [(169); Ar' = m~ or p~ C

m 6H4N02] in quantitative yield
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Axr 'NHCH(CN)Ph

(169)

However, stirring a solution of hydrogen cyanide and N-benzylidene-
o-nitroariline (ca, 2:1 molar ratio) in dry methanol overnight gave
as the only product an intractable oil, the i.r. spectrum of which
was the same as that of the methanol adduct (142), Repeating the
reactior in the presence of a small amount of base {(to encourage
formation of cyanide ion) led, not surprisingly, to the formation of

l-hydroxy-2-phenylbenzinidazole,

When N-benzylidene-o-nitroaniline and potassium cyanide (1:1
molarratio) were reacted in dry dimethyl sulphoxide, no cyclised
product was isolated; 2-nitrobenzanilide and o-nitroaniline, both
in low yield, were the only identifiable products. The anil did not
react with dimethyl sulphoxide itself, A possible mechanism for the
formation of 2'-nitrobenzanilide is shown in Scheme 43,

H Hﬁ‘ N

|
N NH-Ce Py NH-C kﬂ Pl

I 5”5@’1&)2———7* -S(Me),
X NCZ. S \l\xaﬁ \3‘

\L NHCOPR

I /’
NOD,

The reaction has not yet been further investigated,

/
'\

Scheme 43
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Tautonerism of l-Hydroxy-2-phenylbenzimidazole,

Stacy gz.glfs compared the ultraviolet spectrum of l-~-hydroxy-2-

phenylbenzimidazole with those of 3-methyl-2-phenylbenzimidazole-1-

oxide (170) and l-methoxy-2-phenylbenzimidazole (171),

- ’N
N e P T Nl
\q;/’ﬂ“\;ﬁ]??/ | X - PQ’//>—
| l
i gz C)C:P{3
(170) £171)

It was found to be similar to that of {170) in both aqueous and
ethanolic solutions indicating that structure (a) rather than (b)

predominates in these conditions.

(2
ot S
-%3
a
S\
A

‘a) (b)

The mass spectrum of l-hydroxy-2-phenylbenzimidazole (cf, p./20 )
prepared by the reaction of anil with cyanide ion, showed abundant
ioas (M—16)+ and (M"l?)+ corresponding to the loss of O and OH
respectively., The relative abundance of these fragments suggests
that the compound exists under mass spectrometric conditions
. S : 103
predominantly as the Il-oxide tautomer. The mass spectrum of the

compound (152) had a fragment ion at (M-16)T but not at (m-17)%,



71

suggesting that it existed as the N-oxide tautomer under mass spectro-

metric conditions.
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(c¢) Cyclisation of o-ilitroaniline and its Derivatives with R2enzaldehyde:

It has already been mentioned briefly (cf.p. 43 ) that
one of the difficulties encountered when attempting the preparation
of N-benzylidene-o-nitroaniline from o-nitroaniline and benzaldchyde
is the formation, at high temperatures or after prolonged heating, of
high melting apparently heterocyclic products, This type of reaction

is examined in greater detail in this section,

7

Stacy et §l5 reported that when a solution of equimolar

amounts of o-nitroaniliae and benzaldehyde in xylene was heated under
reflux for seven days with water removal, 2-phenylbenzimidazole

[7133) X=H: Ar=Ph] was obtained in D% yvield, It was further reported
that when a solution of o-nitroaniline and benzaldehyde (1:2 molar ratio)
in toluene war similarly heated under reflux for three days *he product
was l-hydroxy-2~phenylbenzimidazole ({1) Ettllng87 had earlier claimed
(ef. p43 ) that when a solution of o-nitroaniline and benzaldehyde
(1:2 molar ratio) in toluene was heated under reflux for sixty-six
hours with water removal, tho products obtained were 2=-pheonylbenzimida=-
zole (14%) and 3-benzoyl-1,2-dihydroxy-2-phenylbenzimidazole [/172);
39%; m,p. 133-401. This latter compound was the proposed intermediate

in the route leading to (31), since by reaction of dilute alkali

it gave l-hydroxy-2-phenylbenzimidazole,

P
{) :::(:l/,/? !\/

| 4 !
A\ N2y N
///\“? k\\(:\\\(\ lzf/x\rj Q§\-fﬁl
pd “hs L
\\/, \E\H i Q\ \N/
OH OH

(172) (81)
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However, it seems unlikely that a structure such as (172) would
exist as a stable intermediate, A more likely explanation is that the
product is either a mixture of (81) and benzoic acid, or the benzoate
of (81) which would give the same analysis as (172), This is supported
by the fact that treatment of 781) with benzoic acid also gave (172),
while the product of heatinz an equimolar mixture of benzaldehyde and
o-nitroaniline without solvent at 120° for three hours was a solid
m,p. 185—187o which gave l-hydroxy-2-phenylbenzimidazole on
recrystallisation from ethanol or by simply washing it with a solvent

0

such as acetonitrileue.
111 =
It has also been reported that the related compounds (173)
were prepared from 1 mole of a substituted o-nitroaniline and 2 moles
of an aldehyde by prolonged heating, with water removal at least in

some cases, in an inert solvent, The reaction temperature used varied

from 110 to 190°.

: N
Ry ,/ \\—Ql
RAX [Ty/ ‘
OH

(173)

2 2
R=R'=l, R=’4-thiazolyl); R=H, R'=F, R =(3~thiacoumarinyl)

R=H, R'=PhS-, R2=(3~pyridy1)
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A recent ra~examination112 of the reaction of o-nitroaniline and
benzaldehyde in high-boiling solvents showed that almost

cquantitative yields of 2-phenylbenzimidazole were obtained when the
molar ratio of benzaldehyde to o-nitroaniline was greater than 3:1, and
that the yield dropped considerably at lower molar ratios, It

was also found that benzoic acid was produced durings the reaction,

but no l-hydroxy-2-phenylbenzimidazole was detected, Thus the proposed

stoichiometry of the reaction was as shown below (Scheme 44),

0-NO,C, H,, NH, + 3PhCHO—> |

+2.PhCOHAH O
Scheme 44 =
The above contrasts with the previous reports in that no l-hydroxy-
2-phenylbenzimidazole was detected under any of the reaction conditions
used, It was therefore of interest to examine what factors determined
the nature and ratio of the products, if any intermediate products
could be isolated, and if information abhout the mechanism of the reaction
mizht be obtainable,
! mixture of o-nitroaniline and benzaldehydef(lilo molar ratio)
was heated under reflux (1?90) for one hour, 1 molar equivalent
of water being collected. The products of reaction isolated were
2-phenylbenzimidazole (70%), which was initially obtained as a mixture
with benzoic acid, and further benzoic acid, Heating a solution of
¥ The term '"benzaldehyde'" is used in this section to denote

benzaldehyde which has been purified by the method described on p, §5,
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equimolar amounts of o-nitroaniline and benzaldehyde under reflux
for 5 hours in p-cymene (b.p. l??oj with continuous water removal
resulted in the formation of 2-phenylbenzimidazole (23%) and
NN-benzylidenebis-o-nitroaniline (20%) i,e, although the reaction
temperature was essentially the same, only one-—third of the
benzimidazole obtained in the previous reaction was produced,
Repeating this reaction in the presence of benzoic acid increased the
yield of 2-phenylbenzimidazole to 31%. The similar reaction of
benzaldehyde with o-nitroaniline (2,5:1 molar ratio) . in
p-cymene in the presence of benzoic acid gave 62% 2-phenylbenzimicdazole.
So far no L-hydroxy-2-~phenylbenzimidazole had been isolated.
"lowever, when a soluticn of o-nitroaniline and benzaldehyde (1:2,5
molar ratio) in mesitylene (b.p. 1650) was heated under reflux both
1-hydroxy-2-phenylbenzimidazole and 2-phenylbenzimidazole were
obtained. The table below shows the products of reaction of o-
nitroaniline and benzaldehyde (1:2.5 mclar ratio) isolated in the

presence of benzoic acid and with water removal, in a variety of

solvents,

° 1--Hydroxy
Solvent Temp Time N-Benzylidene- ~2~-phenyl 2-Phenyl-

o-nitroaniline -~benzimidazole benzimidazole

Toluene 110 6 hr, 6C%
Xylene 140 6 hr, 66%
Mesitylene 165 5 hr, 4% 5%
p-Cymene 177 5 hr, 62%

eating a solution of equimolar qpamtities of o-nitroaniline
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and benzaldehyde in p-cymene under reflux without water removal gave
no heterocycle formation, o-nitroaniline being recovered in high
yield, When the reaction was repeated with a 2,5:1 molar ratio of
benzaldehyde to o-nitroaniline in the presence of benzoic acid (which
appears to increase the yield of hoterocmﬂé)only a very small amount
of 2-phenylbenzimidazole (7%) was obtained, the majority of the
o-nitroaniline beins recovered. However, the similar reaction of
equimolar amounts of o-nitroaniline and benzaldehyde without solvent
mave both 2-phenylbenzimidazole and 1-hydroxy-2-phenylbeazimidazole,

It is noticeable that whereas only a small yield of
2-phenylbenzimidazole was obtained usinz equimolar proportions of
o-nitroaniline and ber.zaldehyde in p-cymene, there was a dramatic
" increase in yield when a large excess of benzaldehyde was employed.
This would be expected if the reaction had the stoichiometry proposed
in Schere 44,

The fact that, with a lower boilins solvent, i.e. mesitylene,
both 2-phenylbenzimidazole and l-hydroxy-2-phenylbenzimidazole were
produced suggests that (1) may be an intermediate in the formation

of 2-phenylbenzimidazole,as shown below,

/f/"\\ ¢Q\
=N
NN

A+ PhCOH

v oM o
@ \>-—Ph/ +PhCHO —>

3 //.\\\N/
|

OH
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This was supported by reacting l-hydroxy-2-phenylbenzimidazole
with benzaldehyde to produce 2-phenylbenzimidazole and benzoic acid,
It is reported that pyridine-l-oxide is similarly deoxygenated
by aldehydes.113

As described above, removal of water appears to be essential
to heterocycdle formation, as at lower temperatures it was to anil
formation, It was also found that there was no apparent reaction
when a solution of N-anethyl-o-nitroaniline and benzaldehyde
(1:10 molar ratio) was heated under reflux. These results
suggest that anil formation may be essential to the prcduction of
heterocycle, Hewever it is still possible that the cyclisation may
involve the aldol precursor “143) reacting in its aci-nitro formws

shown in Ccheme 15, anil formotion beinz unnecessary.

“.i,.
dehydration [htt,'

hen reduction?

Scheme 45
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The formation of (31) and 2-phenylbenzimidazole by heatinz equimolar
cuantities of benzaldehyde and o-nitroaniline under reflux without water
removal contrasts with the last two results, Thiec may be due to a
concentration effect whereby some anil is formed despite the lack of
water removal and its removal by heterocycle formation leads to
further enil formation,

“owever, even if the anil is an intermediate, the intermediate which
unrdergoes ring closure might not be the anil itself but gg—benzylidene—
bis-o~nitroaniline formed by the addition of o-nitroaniline to the anil,

Ring closure mizht occur through its aci-nitro form shown below.

/NH"“

Tiret it had to be determined if the anil and/or the diamine
were thermally stable or not, under the conditicns which led to
heterocycle formation from o-nitroaniline and benzaldehyde, The
anil, for instance, might form l-hydroxy-2-phenylbenzimidazole by
intram 1 ecular oxygen transfer from the nitro group to the side chain
o form o-nitrosobenzanilide which somehow undergoes reduction to the
hydroxylamine by the reaction medium and subsequent dehydrative ring

closure to give the hydroxy-benzimidazole, as shown in Scheme 46,
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Hlo Scheme 46

If this were so, however, then one would expect the anil to be
thermally reactive, The anil was therefore, heated under reflur in
dry p-cymene, but the only product isolated was unchanced anil in

good yield. This result must therefore cast doubt on the mechanism

of Scheme 46,

Similarly, if heterocycle formation cccurred via ring closure of
IM-berzylidenebis~o-nitroaniline in its aci-nitro form, it shouid be
thermally unstable under the reaction conditions, Ilowever, veriable
temperature n,mr. studies of the Ni-benzylidenebis-~o-nitrosniline
showed that it remained unchanged even after heating for two hours
at 180,

It remained, therefore, to study the reaction of both of the
above compounds with benzaldehyde.

When a mixture of II~benzylidene~o-nitroaniline and benzaldehyde
(1:9 molar ratio) was heated under relux for one hour, 2-phenylbenzimi-
dazole (39%) and benzoic acid were obtained in an approximately 1:2

molar ratio. When a mixture of Ili[-benuylidenebis-o-nitroaniline and
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benzaldehyde (1:9 moler ratio) was heated under reflux for 1 hour,
2-phenylbemzimidazole (71%) and benzoic acid were obtained, again in
an approximately 1:2 molar ratio, It appears to be significant that
not only is the yield of 2-phenylbenzimidazole approximately doubled
in the latter case but so also is the yield of benzoic acid, This
suggests the possibility that in the above reaction one mole

of I'N~benzylidenebis-o-nitroaniline and one mole of benzaldehyde

give rise to two moles of the anil which then react to give the
2-phenylbenzimidazole, The mass spectrum of Ng—benzylidenebisjg—
nitroaniline (cf. p./|9 , Craph 2) is essentially the same as that of
lI~benzylidene-o-hitrocaniline, showing abundant ions at m/e 226 and
138, and indicates that illl~benzylidenebis-o-nitroaniline is converted
into N-benzylidene-o-nitroaniline and o-nitroaniline under mass
spectrometric conditions, However, it appears from the n.,m.r,
studies that, in the above reactions, NN-bengylidenebis-o-nitroaniline
does not thermally eliminate o-nitroaniline, It mzy of course be
that the equilibrium shown below exists and that heating in

the presence of benzaldehyds causes the removal of o-nitroaniline as

anil and hence displaces the equilibrium towards amil formation.




On the other hand, of course, benzaldehyde may somehow react directly
with Eﬂ—benzmﬁmmausgrnitroaniline to give the anil, A variable
temperature n.m.r, study of an equimolar mixture of benzaldehyde and
Nil-benzylidenebisonitroaniline showed no apparent change on heating to
120°. The mixture was left at 180° for several hours, after which time
the spectrum showed loss of the benzaldehyde PhCI singlet at 0.,0d ¢
and the appearance of a singlet at 5,08 T°, The nature of the product(s)
thus obtained remains to be investigated (cf., p. $3),

In connection with the reaction of benzaldehyde with
ﬁg&benzylidenebiSﬁg~nitroaniline, it would have been of interest
to study the reaction of the compound (174) with benzaldehyde under

similar conditione.

HCHPR-NMe
Z o e \\H/“§
R NC, DN~ P

(174)

Howesver N-methyl-o-nitroaniline did not appear to add to N-benzylidene-
o-nitroaniline, even at high temperatures in the presence of acid.

If the anil is indeed the intermediate which ring closes to give
heterocycle then there are several mechanistic possibilities,

We have discussed {cf,p., 40 ) the formation of hydroxybenzimidazoles

from o-nitrosoanils, as shown below,

, N
/t AN=C} 1\3% /P \/ \\_* Ph,
R ~N A N/

OH
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It is an attractive proposition, in keepting with the stoichiometry
of Scheme 44 that N-benzylidene-o-nitroaniline reacts with 1 mole
of benzaldehvde as shown below to give the nitroscanil which
immediately ring-—-closes to give the heterocycle as shown below in

Scheme 47,

~N=CHPh, S =T H 4 Ph,
| + PhCHO- *-—>\ | .+ PRCOH

p——

Scheme 47 I

It was fcund: that the reaction of nitrobenzene with benzaldehyde
yielded unchanged nitrobenzene, Thus the nitro-group per se
does not react with benzaldehyde, Ilowever, in the case of the o-nitro-

anil a mechanism of the type shown below in Scheme 43 may be possible.
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Scheme 45



It is also known114 that heating N-benzyl-o-nitroaniline 7C0)
in sand at 2209 gives 2-phenylbenzimidazole, so perhaps this shcould
also be considered as a possible reduced intermediate, The n,m,r,
spectrum of Hﬁbenzy1~2fnitroaniline shows a doublet at
5.52 T (Ph QEQ), while that of an equimolar mixture of N-benzyl-
o-nitroaniline and benzoic acid shows a singlet at 5,52 Tf(PhgﬁQ).

As described above, the n,m,r. spectrum of a solution of equimolar
anounts of NN-benzylidenebis-o-nitroaniline and benzaldehyde which

had been heated for several hours showed a singlet at 5.08 ¢,
suggesting a deshielded benzylic proton resonance, Trom the above
results this would not appear to indicate the formation of li-benzyl-o-
nitroaniline, It is possible that it arises from a proton of the type
' in (a) in Scheme 45, The compound giving rise to this signal

has so far not been isolated,

Although the mech&nism of heterocycle formation from the reaction
of o-nitroaniline with benzaldehyde has not been completely determined
it seems likely from the foregoing that cyclisation proceeds via the
intermediacy of a reduced form of N-benzylidene-o-nitroaniline, It is
still possible that it is the C=IT of the side chain which is reduced
to give an intermediate such as lN-benzyl-o-nitroaniline, Ilowever, it
seems more likely that a mechanism of the type shown in Scheme 48,
with its analogy to the known deoxygenation of heterocyclic
li-oxides by aldehydes operates to produce *he o-nitroscanil which

would be expected to form the l-hydroxybenzimidazole,
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III. EXPERIMENTAL

A, General Experimental Procedure.

Melting points were determined on a 'Gallenkamp' melting block,

Infra-red spectra were recorded on a Perkin Elmer 257
instrument using sodium chloride plates, solids as Nujol Mulls
and ligquidas neat as thin films,

Nuclear magnetic resonance spectra were recorded, unless
otherwise stated at 60 MHz on a Perkin Elmer R10 spectrometer anc
measured with respect to internal tetramethylsilane,

Mass spectra were recorded on an AEI M.S.902 instrument.

Ultra=-violet spectra were obtained on a Unicam S.P,800
spectrophotometer,

The term "light petroleum" is used to refer to the fraction

of b.p. 40-60°.
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B. Preparation and Purification of Starting Materials and

Authentic Compounds.

Purification of BenZalde@yde.lls

Benzaldehyde was purified by washing with portions of 10% sodium
bicarbonate solution (to remove any benzoic acid present) until the
evolution of carbon dioxide ceased, After further washing with
water the benzaldehyde was dried over anhydrous sodium sulphate
and distilled under reduced pressure,

57
NN-Benzylidenebis-o-nitroaniline [(134):; Ar = Ph; X = H].

A solution of o-nitroaniline (27.6 g, 0.2 mole) and benzaldehyde
(10.6 g, 0.1 mole) in toluene (50 ml) was heated under reflux for 6 hr
in an apparatus connected to a Dean and Stark trap, in which water
(1.5 ml) was collected, The solution was cooled and diluted with
light petrcleum (50 ml) which precipitated the diamine (above) as
an orange solid (28.6 g, 761) m,p, 90—940. A portion of the solid
recrystallised from benzene-light petrnleum, gave an orange solid,

m.p. 110-112°,% (vouna: ¢, 62.7, u. 3.85; n, 15.45. calc for

-1
CooflygNa0y: C» 62.6; H, 4.4; N, 15.4%), \)mx (N-H) 8345 cm ~,

~ A
A max (CHCl,) 254, 266 sh., 400 nm(£16,600, 13,400, 7,700). The

bar graph of the mass spectrum of this compound (Graph 2) is shown

on p. (19 and discussed on p.§0

¥ Recrystallisation of the above compound from variouis solvents gave
solids with widely varying melting points., Examination of the above
sample obtained by recrystallisation from benzene on a Kofler hot-
stage apparatus showed that it melted over the approximate range
90-120°. The n,m,r, spectrum of the unrecrystallized product in

oS
CCl4 showed a singlet at 1,62 L,, which corresponds to the CH=N signal

of N-benzylidene-o-nitroaniline,
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6
Diethyl Benzylidenemalonate (14?111

A solution of diethyl malonate (1Q.¢ ..}, benzaldehyde (7.6 g),
benzoic acid (0.5 g) and piperidine (0.7 ml) in benzenc (40 ml) was
heated under reflux for 11 hr, water being collected in an attached
Dean and Stark trap, The solution was cooled and washed with
water (2 x 20 ml), N hydrochloric acid 72 x 20 ml) ard then saiurawsd sodium
bicarbonate solutic:: (20 ml), The combinéd aqueous solutions were
oxtracted with benzene (50 ml), the benzene extract was added to the
originalbrganic layer, and the organic solution dried over anhydrous
sodium sulphate, After the benzene was evaporated off, the residue
was distilled under reduced pressure to give diethyl benzylidenemalonate

(12.3 g, 80%) b.p. 176-177° /5 mn.

2 Pheanylbenzimidazole [(133); Ar = Ph; X = H.,

The method of preparation was essentially that of Weidonhagen.ll?

A solution 0f benzaldehyde (4.5 g) in methanol (50 ml) was added to

a solution of o-phenylenediamine (4.5 g) and cupric acetate

(16 ¢g) in 50% aqueous methanol (200 ml) and the mixture heated at
1000 on a steam bath, After a few minutes, the copper salt of the
product began to precipitate from solution, After 30 min, the mixture
was cooled; the salt was filtered off and decomposed by treatment
with hydrogen sulphide in aqueous ethanci, The cupric sulphide was
filtered off, and 2-phenylbenzimidazole (2.2 g, 27%), m,p. 286—2880

(1it. 291°), slowly crystallised from the filtrate.

5(6)-Methyl-2-phenylbenzinidazole [(133); Ar = Ph; X% = 5(6)-ile].

(a) Reduction of 4-methy1—-2-—nitroaniline]::ls A solution of 4-methyl-

2-nitroaniline (7.6 g, 0,05 mole) and 20% aqueous sodium hydroxide
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solution (4 ml) in ethanol (40 ml) was heated on a steam bhath, with
vigorous stirring, until gentle boiling occurred, IHeating was then
stopped and zinc dust (35 g) was added in small portions at such a
rate that gentle boiling of the solution continued, The solution
was then heated under reflux, still with stirring for 2 hr, then
filtered while still hot. The residue was extracted with hot ethanol
(2 x 50 ml) and the extracts were combined with the filtrate, The
resultatnt solution was then concentrated in vacuo and the residue
sublimed yielding 4-methyl-o-phenylenedipmine (0.7 g) n.p. 35—880
(11 £°59-90°),

(b) 4-methyl-o-phenylenediamine (2.4 g) prepared as in (a) was
converted, by reaction w.th benzaldehyce and cupric acetate as
described abo;gyinto 5(6)-methyl-2-phenylbenzimidazole (1.1 g, 27%),

o 10 o
n,p, 242-244" (1lit, 240 ).

5(6)-Chloro-2~phenylbenzimidazole [(133); Ar = Ph; X = £(8) - Cl].

1138
4-chloro-2-nitroaniline (8.6 g) was reduced as described above

to give 4-chloro-o-phenylenediamine (3 g) m.p, 72—%5’{li¥z78).
Reaction of the diamine with benzaldehyde and cupric acetate as
described above gave 5(6)-chloro~2~phenylbenzinidazole, (58%)

n.p. 206-203° (1142 210°)

3
2'-Nitrobenzanilide (156),

A solution of o-nitroaniline (13,8 g 0.1 mole) and benzoyl
chloride (14 g, 0.1 mole) in pyridine (60 ml) was heated under reflux
for & hr, then poured onto crushed ice, The resultant precipitate
was filtered off, washed several times with water, and recrystallised.
fron ethanol to give 2'-nitrobenzanilide (15.2 g, 63%) m.p. 95-97°

(11t 98°).
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1-Eenzoyloxy-2-phenylbenzimidazole (158)

57
The method is essentially that of Stacy et al. A suspension
of l-hydroxy-2-phenylbenzimidazole (10.4 g) and benzoyl chloride
(1 m1) in 10% sodium hydroxide solution was stirred for 0,5 hr.
The precipitate from this reaction mixture was recrystallised from
benzene-light petroleum, giving l-benzoyloxy-2-phenylbenzimidazole
o 57 o
(0.37 g, 62%) m,p. 109-112  1lit m.p. 116-118"),

125
p-Tolylurea.

p-Toluidine (0.2 g) was dissolved in a warm solution of glacial
acetic acid (0.2 nl) and water (1.0 ml) which vms then diluted with
warn water (3 ml), A solution of potassium cyanate (0,15 g) in
warm water (1,0 ml) was slowly added to the above solution with
stirring, whereupon a white precipitate appeared, The solution
was cooled then filtered to give p~tolylurea (0,16 g, 57%) m.p.
1% o

175-7° (11t, R.p. 182-3%).

127
I Methyl-o-nitroaniline,

A solution of o-nitroaniline (55.5 g) and toluene-p-sulphonyl
chloride (76.6 g) in pyridine (50 ml}) was heated on the steam bath
for 4 hr, The solution was poured into water and an oil separated
out which solidified when triturated., The solid was recrystallised
from ethanol as i!~{toluene-p-sulphonyl)-o-nitroaniline (48,35 g)
m,p. 107-1100. This compound {32 g) was suspended in 10% sodium
hydroxide solution {160 ml) and dimethyl sulphate (120 ml) was

added in 5 ml portions, with stirring, further quantities of sodium
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hydroxide solution being added as required to keep the solution
alkaline, The precipitate which formed was filtered off and
recrycstallised from ethanol 21,3 g) m.p. 130-1320. A solution of
the methylated product (21,3 g) in glacial acetic acid (11 m])

and concentrated sulphuric acid ‘24 ml) was heated on the steam bath
for 1 hr then dilnted with water to give Aan orange precipitate which
was recryctallised from light petrolecum as II-methyl-o-nitroaniline
(3.6 g) m.p. 33-35° {111}2? 34-350). A further crop (2:5 g) of the
amine was obtained on pouring the reaction mixture into a mixture

of sodium hydroxide solution and crushed ice,
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C. The Preparation and Stability of o-Nitroanils,

N-Benzylidene-o-nitroaniline [(132); Ar = Ph; X = H.,

(1) A solution of o-nitroaniline (13.8 g, 0.1 mole) and
unpurified benzaldehyde (26.5 g, 0.25 mole) in toluene (50 ml)
was heated under reflux in an apparatus connected to a Dean and
Stark trap. When the calculated volume of water (1,8 ml) had been
collected (after 6 hr), the solution was cooled and diluted with
light petroleum (50 ml) to precipitate a pale-yellow solid which was
recrystallised (at low temperature) from kenzene-light petroleum
to give N-benzylidene-o-nitroaniline (10.2 g, 45%) m.p. 78-19°

57

(1it., 176-7) (rfound: C, 68.7, H, 4,3; N, 12.5 Calc, for Gy sfyes

-1
N,O,: C, 69.0, H, 4.45; N 12.4%)) ___ (C=N) 1630 em , T (CrC1,)
1.62 (1H, sCH=N) and 2,0-3.1 (9H, m, aromatic). /) nay (CHCLS)
264, 320 nm ((£16,400, 5.200) [1lit. , nay 264, 323 nm (€ 15,700,
2,900)). The graph of the mass spectrum of the compound (Graph 1) is

shown (p.|/8 ) and discussed on p. 48

(2) The above reaction was repeated with a solution of
o-nitroaniline (6,9 g, 0,05 mole), purified benzaldehyde
{Ef. p. 85) (13,25 g, 0.125 mole) and benzoic acid (2,26 g, 0.021 mole)
in toluene (50 ml). Water (0,9 ml) was collected in six hours,
and the reaction mixture was then cooled and diluted with light
petroleum (50 ml) to give N-benzylidene-o-nitroaniline (7,64 g, 63%)
m.p, 73-78, i,r, spectrum identical with that of the product obtained

in (1),

{3) Repeating reaction (2) in xylene (50 ml) also gave
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N-benzylidene-o-nitroaniline (7,5 g, 66%) on diluting with light
petroleum,me?Sqéii.r. spectrum identical with that of the product

of (1).

(4) Reaction (1) was repeated in benzene, Even after heating

overnight chere was no evidence of water production.

Reactions. of o-nitroaniline and benzaldehyde giving NN-

benzylidenebis-o-nitroaniline [(134); Ar=Ph; X=H',.

(1) A solution of o-nitroaniline (0.9 g, 0.05 mole) and purified
benzaldehyde (13,25g, 0,Y mole) in toluer.e (50 ml)was heated under
reflux for 15 hr, water being collected in an attached Dean and Stark trap.
Water evolution was slow, only ca. 0.4 ml being collected. The
solution was cooled and diluted with light petroleum (50 ml),
precipitating NN-benzylidenebis-o-nitroaniline as an orange solid
m,p. and mixed m,p, IOB-QOQQS;.r. spectrum identical to that of
authentic NN-benzylidenebis-o-nitroaniline,

(2) Repeating the above reaction (1) in xylene (50 ml) with
o-nitroaniline (10,0 g) and purified benzaldehyde (19,2 g) (1:2.5
nolar ratio) gave NN-benzylidenebis-o-nitroaniline (10.2 g, T7%)

m,p. and mixed m,p, 94-9é2 i.r, spectrum identical with that of
authentic NN-benzylidenebis-o-nitroaniline,

(3) A solution of o-nitroaniline (6,9 g) and purified
benzaldehyde (13,25 g) in xylene (50 ml)} containing facetic acid
(0.5 ml) was heated under reflux in an apparatus connected to a

Dean and Stark trap. Evolution of water was brisk and after 2 hr

0.9 m* had been collected, The solution was cooled and diluted with



50 ml light petroleum to give lIN-benzylidenebis-o-ritroaniline (6.9 g,
76%) m,p. and mixed m,p, SS—Efﬁ i.r. spectrum identical with that cf

authentic NN-benzylidenebis-o-nitroaniline,

Reaction without water removal

A solution of o-nitroaniline (6,9¢) end purified benzaldehyde
(13.25 g) containing benzoic acid (2,26 g,17%) in toluene (50 ml)
was refluxed for 5 hr withcut removing water. The solution was
conled and diluted with light petroleum to give an orange precipitate
(4.81 g) m,p. 92“951 i,r, spectrum identical with that of authentic
yg-benzylidenebis-g—nitroani1ine (yireld 53%). Turther coolinrg of ths
mother liquor gave an orange-red precipitate which, when recrystallized
from benzene-light petroleum, gave o-ritroaniline (0,56 g, & %)
m,p. and mixed m,p. 70—720.

N-Benzylidene-4-methyl-2-nitroaniline [(132); Ar = Ph; X=4-Hel.

A solution of 4-methyl-2-nitroaniline (11,1 g) and unpurified
benzaldehyde (19,4 g) in benzene (50 ml) was heated under reflux
for 6 hr., water (1,2 ml) being collected in an attached Dean and
Stark trap., The solution was cooled and diluted with 1iight petroleum
(50 ml1). The precipitated solid was recrystallized from benzene-
light petroleum to give N-benzylidene-4-methyl-2-nitroaniline (11.6 g,

0
66%) m.p, 74-76, (Found: C, 70.1; H, 5,0; N, 11,7, Cy 41, 2N50,

requires C, 70.0; H, 5.0; N, 11,7%), ) __ (C=N) 1630 em L,
Va4
L (0014) 1,75 (1H, s, CH=N) 2,1-3.3 (8H, m, aromatic) and 7,64
(34, s, ArMe).

lI-Henzylidene-4-chloro-2-nitroaniline [(132); Ar=Fh; X=4-Cl1].

(1) A solution of 4-chloro-2-nitroaniline (17.2 g, 0.1 mole)

and unpurified benzaldehyde (25.5 g, 0.25 mole),
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in xylene (50 ml) was refluxed for 4 hr,, water (1.6 ml) being collected
in an attached Dean and Stark trap, The solution was cooled and

diluted with light petroleum (50 ml). The precipitated solid was
recrystallised from benzene-light petroleum to give N-benzylidene-
4~chloro=-2-nitroaniline (16.0 g, 61%) m.p. 75-77° (Found: C, 60.1;

H, 3.3; N, 10,6, 013{{9011\?202 requires C, 59.9; H, 3.5; N, 10.75%)

N) max (C=N) 1630 cm"l,’C'(c:014) 1.70 (1H, s, CH=N) and 2,05-3,15

(811, m, aromatic).

Reaction in toluene

Reaction (1) was attempted in toluene (50 ml) with 4-chloro-2-
nitroaniline (8,€ g) and benzaldehyde (13,25 g). However, water
removal was very slow and the reaction was abando med.

Reaction »f p-Methoxybenzaldehyde with o-Nitroaniline,

(1) Heating a solution of p-methoxybenzaldehyde (17,5 g) and o-
nitroanilire (6.9 gj in xvlene (50 ml) under reflux in an apparatus
connected to a Dean and Stark trap,with or without acetic acid, gave
after 3 hr water (0.8 ml), The mixture was diluted with light
petrdeum to give p-methoxybenzoic acid (ca. 7% yield) identical
(mixed m,p, and i.r, spectrum) with the authentic compound,
Concentration of the solution by evaporation gave a viscous oily
residue from which p-methoxybenzaldehyde was recovered by distillation,
No further product was isolated,

(Z) A solution 2f p-methoxybenzaldehyde (17,5 g), o-nitroaniline
(6.9 g) and benzoic acid (2,26 g) in xylere {50 ml) was heated undor
refluz for 2 hr, after which time water (0.9 ml) had been collected,

The solution was cooled and diluted with 1light petroleum., The
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precipitated solid was recrystallised from benzene-light peiroleum
to give N-p-methoxybenzylidene-o-nitroaniline (2,25 g, 64%)

o
m.p. 81-83". (Found: C, 65.7; H, 4.6; N, 10.85, C,,H JH,0,

c, 65,6; H, 4.7; N, 10,9%). ) o (C=N) 1627 cm_l.’tf(CDCIS)

reguires

1,74 (1H, s, CH=N), 2,05-3,20 (8H, m, aromatic), 6,20 (34, s, Oile).

Reaction of p-Nitrobenzaldehyde with o-nitroaniline,

(1) A solution of p-nitrobenzaldehyde (18.9 g and o-nitroaniline
(6.9 g) in xylene (50 ml) was heated under reflux for several hours,
No evolution of water was observed,

(2) A  solution of p-nitrobenzaldehyde (7.5 g) and o-nitrcaniline
(4,5 g) in xylene (30 ml) containing acetic acid (0.5 ml) was

heated under reflux for 6 hr inmapparatus connected to a Dean and
Stark trap, Witer (0.4 ml) was collected, The solvent was evaporated
off and the residue was washed with benzene and recrystallised

from dimethylformamide-ethanol to give NN-p-nitrobenzylidenebis-
o-ni“roaniline (2.2 g, 35%) m,p. 118-120° (Found: C, 56.,05; H, 3.7;

N, 17.4. requires C, 55.75; H, 3.7 N, 17.1%), )

C10M15%5% max
(N=-H) 3380 cm-l,Tj {(CDS)28031.4—3.3 (m, aromatic ArCH and NH).

The benzene washings gave on evaporation unchanged p-nitrobenzaldehyde,
(3) A solution of p-nitrobenzaldehyde (18,9 g) o-nitroaniline (6.9 g)
and benzoic acid (2,26 g) in xylene (50 ml) was heated under reflux
for 1 hr after which time water (0.9ni) had been collected in a Dean

aud Stark trap. The solution was cooled and diluted with 1light
petroleum to give a yellow solid which was recrystallised from

benzene-light petroleum (10.4 g) m.p. 100-105°, A portion of

this solid was further recrystallized from benzene-light petroleum



m.p. 112-—115o (found: C, 59,7 7,3.,4; N, 14,0; C N,O, requires

13H9 374
c, 57.6; H, 3,3; N, 15,5). Subsequent recrystallisation of this
sample did not substantially alter this analysis, However the
i.r., n.m,r, and mass spectra of the sample indicate that it is
ﬁ—(g—nltrcbenzylidene)ﬁg—nitroaniline:'ﬂ}max (C=N) 1620 cn ¥
(no N=-H or C=0 absorptions);fE:(CD013) 1,52 (1H, s, CH=N), 1,62-3.C3
(8H, m, arcmatic); mass spectrum showe parent ion at m/e 271,
accurate mass 271,060370 (013H9N304 requires 271,059300).

Reaction of p-Chlorobenzaldehyde with o-Nitroaniline

A solution of o-nitroaniline (6.9 g) and p-chlorobenzaldehyde
(17.5 g, 1:2,5 molar ratio) in toluene (50 ml) was heated under
reflux, in an apparatus connected to a Dean and Stark trap, for 1 hr,
water (0.8 ml) being collected. p-Chlorobenzoic acid (0.84 g) m,p.
and mixed m,p, 238- 20, crystallised from the cooled solution and
was filtered off, The toluene was evaporated o*®f and distillation
in vacuo removed most of the excess of benzaldehyde. Crystallisation
of the residue from benzene-light petroleum gave a yellow solid,

m.p. 65-7° (with partial resolidification and remelting at ca. 140°

(Found: C, 59.5; H, 4,1; N, 13,0, C C1N,O, (li~p-chlorobensylidene-~

13t

o-nitroaniline) requires C, 59,9; H, 3.5; N, 10,75 %. C CiN,0,

19750y
(NN-p-chlorobenzylidenebis-o-nitroaniline) requires C, 57.2; H, 3.8;
N, 14.0%),\9 — (N-H) 3370 cm"l’tftcmd ) 1.69 (s, CH=H) and 1,8~

3.4 (m, aromatic, PhCH and NH) (ratio of integrals ca 1:15),
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D. Reactions of MNucleophiles with II' Benzylidene-o-nitroaniline,

N-Methylaniline,

A solution of II-benzylidene-o-nitrcaniline (0.70 g) and
N-methylaniline (0.50 g) in dry benzene (25 ml) was heated under reflux
for 1 hr, then cooled and diluted with dry light petroleum (25 ml)
to give Ef[c~’£"me+Hy1anilino)benzylljg~nitroaniline (135) 70.850 g
78%) m.p. 90-—92D (from benzene-light petroleum), (Found: C, 72,3;

H, 5.,9; N, 12,7, CDo 19 30 requires C, 72,05; H, 5.7; N, 12,6%).
'\>.nax 3350 cmdl ar-m), T (0014) 1.35~1,5 (1%, broad multiplet,
NH), 1,73-1,95 (1H, m, o-*o Noz), 2.53-3.87 (144 m, other aromatic

and PhCH), 7,20 “3H, s, Me).

Toluene-p-—thicl,

A solution of [I-benzylidene-o-nitroaniline (0.20 g) and toluene-
p-~thiol (0.15 g) in dry benzene (25 ml) was stirred at room temperature
overnight; the benzene was evaporated off and the residue triturated
with light petroleum. The crude product thus obtained was recrystallised
from benzene-light petroleum to give iI~[a-{(p-tolylthio)benzyl]-o-
nitroaniline (136) 70.20 g, 64%), m.p. 05-87° (Tourd: C, 68.9;

H, 4.9; N, 8,085, 090 18 0 S requires C, 63,6; H, 5.2; N, 8,0%).

‘\)max 3360 cm © (-1, () (cCl,) 1,36 ‘111, broad doublet, J = ca.

CHz, NH), 1.80-2,00 (11, o-to NO2) 2.56-3,52 (124, m, other aromatic),
4,28 (14

d

r

, J = 8Hz, PhCH-NH), 7.71 (3H, s, Me).

ifethanol .

A solution of lI~benmylidene-o-nitroaniline “1.0 g) in dry methanol
(25 mi) was heated under reflux for 10 min. The solvent was then

evaporated off at room temperature under reduced pressure, 1.7, and
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n.m,r, spectra of the residue (an orange 0il) suggested that it contatned
N-(a-methoxybenzyl)-o-nitroaniline (142).\0 — 3, 395 cm_l (N-H},
Tj(CDCIS) 1.55 (d, J = THz, NH), 1,86-1,93 (o-to N02) %.18-3,35 (m,
aromatic), 4.33 (d, J = 7Hz, PhCH), 6,68 (s, Me),

From the integrals the oil appeared to ccntain an approxzimately
1:1 mixture of N-benzylidene-o-nitroaniline and adduct.

Attempts to purify the o0il by distillation under reduced pressure
led to the reformation of N-benzylidene-o-nitroaniline (identified by
mixed m,p. and i.r, spectrum), The renction was repeated and tne
residual oil after prolonged cooling and trituration with light petroleum
gave a yellow solid (0.75 g) m.p, 34—380, identical (by i.r,) with
N-(a-methoxybenzyl) ~o-nitroaniline (68%).

A portion of N-(a-methoxybenzyl)-o-nitroaniline prepared above was
heated at 100o in an open flask for five minutes then cooled, The sole
product obtained was N-benzylidene-o-nitroaniline (identified by mixed
m,p. and i,r, spectrum),

Aniline,

A solution of N-benzylidene-o-nitroaniline (2.26 g) and aniline
(0.93 g) in dry benzene or chloroform (30 ml) was stirred at room
temperature for 1 hr. The solvent was removed in vacuo, light petroleum
(50 ml) was added to the residue, and o-nitroaniline (1.10 g, 80%) m.p.
and mixed m.p. 68—700, was filtered off, Concentration of the filtrate,
followed by seeding of the residue with authentic128 lI-benzylideneaniline
and recrystallisation from methanol gave N-benzylideneaniline (1,51 g,
83%), m.p. and mixed m.p. 47-49° (11t.}%® 52°).

Lower yields of o-nitroaniline and N-benzylideneaniline (73% and
71% respectively) were obtained from this reaction when the aniline
was used in excess (1.4 g) since additional purification steps were

necessary to free the products from the excess of aniline.

o-Nitroaniline,

No reaction was observed when a solution of equimolar guantities
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of N-benzylidene-o-nitroaniline and o-nitroaniline in dry benzene was
heated under reflux for 1 hr, The starting materials were recoverad
in high yield. The same results were obtained when o-nitroaniline
and MN-benzylidene-o-nitroaniline were heated together, in the absence
of solvent, at 100o for 1 hr, A solution of o-nitroaniline (0.69 g,
1 molar ~quivalent), benzoic acid (0.2 g) and N-benzylidene-o-
nitroaniline, (1.13 g, 1 molar equivalent) in dry benzene (20 ml)
was heated under reflux for 1 hr, The solution was allowed to cool
and the solvent removed by distillation in vacuo. Trituration of

the residue with light petroleum gave a vellow solid wnich wvecrystallised
from benzene-light petrolsum as gﬂ-benzylidenebis—gﬁnitroaniline
(1.45 g, 80%) m.p. and mixed m,p. 95~38°, i,r. spectrus jdentical
with that of an authentic sample,

p-Nitroaniline,

No reaction was observed when a solution of equiwolar quantities
of N-benzylidene-o-nitroaniline and p-nitroaniline in dry benzene
was heated under reflux for 1 hr. The starting materials were
recovered in high yield, Repeating this reaction in the presence
of benzoic acid failed to yield an adduct of the type obtained above
with o-nitroaniline,.

2-Aminopyridine

The same results were obtained as in the case of B-nitroaniline
when equimolar amounts of the amine and N-benzylidene-o-nitroaniline
in dry benzene were heated under reflux with or without the presence

of benzoic acid,



99

A suspension of !I-benzylidene-o—-ni‘roaniline (2.44 g) in water

(25 ml) was heated at 100  for 10 min,, cooled, and filtered. The
residue was recrvstallised from benzene-light petroleum, to give

NM-bmnzylidenebi~-o-nitroaniline, {1.34 g), m.p. and mixed m.p.
110—1120, thus accounting for 34% of the benzylidene portion of
N-benzylidene o-nitroaniline and 68% of the o-nitroaniline portion.
The filtrate was extracted with ether, the extract was dried and
concentrated and the residual o0il triturated with light petroleur
to give o-nitroaniline (0.44 g, 30%) m.p. and mixed m.p, 69-71°,
The petroleum was 2vaporated to yield »enzaldehyde (0,39g,34%),
identified by its i.r, and n,m r, spectra and as its 2,4-dinitrophenyl-

hydrazone, m,p, and mixed m.p, 237° (from acetic acid).
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Diethyl Malonate,

(1) With piperidine

A solution of lMbenzylidene-o-nitroaniline (1,0 g), diethyl
malonate (1,0 g) and piperidine (0.1 ml) in dry ethanol (25 ml)
was heated urder r=flux for 4 hr; the solution was concentrated
in vacuo, and the residue was chromatographed on silica gel,
Elution with benzene gave o-nitroaniline (0.39 g., 64%), m.p. and
mixed m.p. 68-700, and elution with chloroform gave diethyl
benzylidenemalonate (147) (0.84 g, 77%) identical (i.r., n.,m.r.)
with an authentic samplé?jg)max 1715 cm-l { broad: C=0),'Tj {0014)

2,42 (1H, s, PhCH=), 2 67 (5H s, arcmatic), 5,78 (4H, q, J=7Hz,

OCH?CHa), 8,62 and 08,76 (6H, two overlapping triplets, J=7Hz, 2'q),

(2) With the sodium salt of diethyl malonate

Diethhylmalonate (0.9Y3 g.slight oxcess) was added to a
solution of sodium ethoxide[}from sodium 70.12 g) in dry ethanol
(25 mli]and the mixture was warmed gently on the steam bath fox a
few minutes, I[I-benzylidene-o-nitroaniline (1.2 g) was then added,
the mixture was heated under reflux for 4 hr, the solvent was
distilled »>ff, and the residue was chromatographed on silica gel.
Elution with benzene gave a fraction which, on trituration with light
petroleun, yielded o-nitroaniline (0,30 g, 41%), m.p. and mixed
m,p. 68—700, traces of benzaldehyde were detected (i,r,, n.m,r.) in
the petroleum washings, Elution with chloroform gave first diethyl
benzylidenemalonate (0.30 g, 23%) identical with the product of (a)

(i.r., n,m.r,) and then diethyl e{N-o-nitroanilino)benzylmalonate (148)



101

(0.10 g, 5%), m.p. 94-96° (from benzene-light petroleum), (Found:

M.0. requires C, 62.2; H, 5,7;

Cc, 62,4; 4, 5,8; N, 7,0. C20H22-2 6
/'\./
L

N 7.25%).\)mx 3330 e (N-H), 1740 and 1720 cm * (C=0) (cDC1,)
0.70 (1H, broad doublet, J=8Hz,NH), 1,85 (11, 2d, J=8.5 and 2Hz, o-
to Nu,’, 2.6-2,C0 [3H) and 3.2-3.5 (3:) @romatic), 4.61 (1H, 2d,

J=8 and 6Hz, PhCH-IMH-), 5.80 and 5,88 (44, 2 overlapping gquartets,
J=6Hz, -OCH,CH,), 6.07 (i, d, J=6hz, CH(CO,Et),), 8.7 and 8,85

(6, 2 overlapping triplets, J=6Hz, C§3). Vhen the sample was

—~ L laad
irradiated at 4,61 L the doublets at 0,7C b and 6.07{/ collapsac

to singlets, thus confirming the above assipgnments.

Dieth§1 mefhylmalonate.

(1) With the sodium salt of diethyl methylmalonate.

Diethyl methylmalonate (0,51 g: slight excess) was added to
a solution of sodium ethoxide (from sodium 0,0€,g) in dry ethanol
(25 ml1), and the mixture was warmed gently on the steam bath for a
few minutes, il-benzylidene-o-nitroaniline (0,60 z) was then added,
the mixture was heated under reflux for § hr., and then the solvent
was distilled off, The residue was dissolved in ether (25 ml)
and the ethereal solution was washed with two 25 ml portions of
water, then dried over anhydrous sodium sulphate, and the ether distilled
off, The residue was cooled and triturated with light petroleum
to give a yellow solid which was recrystallised from benzene-light
petroleum as o-nitroaniline (0.26 g, 70%) r.p. and mixed m.p. 63—?00.

Redistillation of the reaction solvent gave a liquid residue,
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the n.,m,r, spectrum of which showed the presence of benzmldehyde

and diethyl methylmalonate in approximately 1:] molar ratio

. ™, =
(based on the comparison of the intCgrals of [ cc1,) 0.1 (1%, s,
PhCHO) and 5,35 (4H, q, OCH,CH,). The benzaldehyde was recovered
as its 2,4-dinitrophenylhydrazone (0,5l g, representing 68% of the
benzylidene portion of N-benzylidene-o-nitroarni ine), m,p, and mixed
m,p. 237° ffrom acetic acid)

f2) With piperidine,

A solution of MN-benzylidene-o-nitroeniline (0.60 g) diethyl
methylmalonate 70.53 g) and piperidine /0.1 ml) in dry ethanol (25 ml)
was heated under reflux for 5 hr. and then the solvent was distilled
from the mixture. Recrystallisation of the residue from ber.zene-
light-petroleum yielded o-nitroaniline (0.2 g, 76%). The
solvent was then evaporated; t.l.c. and the n.m.r, spectrum of the
residue showed it to be a mixture of benzaidehyde and diethyl
methylmalonate.

Sodium toluene-p-sulphinate,

Equimolar quantities of lM-benzylidene-o~nitroaniline and sodium
toluene-p-sulphinate in dry methanol were heated under reflux
overnight. Both reactants were recovered in high yield.

NN-Dimethylaniline,

No reacticn was observed when l-benzylidene—-o-~nitroaniline
was heated with the above amine in dry benzene for 1 hr,

N-kcnzylidene-o-nitroaniline was recovered in high yield.
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E. The Tormation of Benzimidazoles and Benzimidazole-ll-oxides

from o-Nitroaniline and its Derivatives.

(a) Triethyl Phosphite Reduction.

N-Benzylidene-v-nitroaniline

A solution of N-benzylidene-o-nitroaniline 71,38 g) and
triethy® phoaphite (1,3 ml, 1:4 molar ratiof) in dry t-butylbenzene
was heated under reflux, in an atmosphere of dry nitrogen for 6.5 hx,
The solution was cooled and the crystalline product was filtered off,
The solvent and triethyl phosphite and phosphate were then removed from
the filtrate by distillation under reduced presswe. The residue was
chromatographed on silica gel, and elution with ether gave a colourless
solid, identical (i,r, srectrum) with the previously obtained precipitate,
and with authentic 2-phenylbenzimidazole, The solids were coabined
and recrystallised from ethanol-water to give 2~phenylbenzimidazole,
(0.40 g, 47%), m.p. and mixed m,p. 286-2907

N-Berzylidene-4-methyl-2-nitroaniline.

A solution of MN-benzylidene-4-methyl-2-nitroaniline (2.4 g) and
triethylphosphite (7 ml, 1:4 molar ratio) in dry t-butylbenzene (20 ml)
wes heated under reflux in an atmospherec of dry nitrogen, for 6 hr. The
solution was cooled but no product crystallised out, The solvent,
triethyl phosphite and phosphate were then removed by distillation
in vacuo and the residue chromatographed on silica gel. Elution with
etner pave 5/6)methyl-2-phenylbenzimidazcle (0.7 g, 33%) m,.Dp. 244-246°
(from benzene-light petroleum), identical (mixed m.p., i.r. spectrum)
with + the authentic compound.
¥ The amount of triethyl phosphite used in excess does not appear

to be critical.
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N~-Benzylidene-4-chloro-2-nitroaniline

N-Benzylidene-4-chloro-~2-nitroaniline (2.7 g) was sinilarly
reacted with triethyl phosphite (7 ml) with a reaction time of 7 hr,
The crude reaction product obtained after removal of solvant,
triethylphosphite and phosphate by distillation in vacuo) was shown
(t.l,c.. i.r,) to contain 5(6)-chloro-2-phenylbenzimidazole, but the
crude product could not be further purified, either by recrystallisation

or by column chromatography.

2'-Nitrobenzanilide

A solution of 2'-nitrobenzanilide (2.42 g) and triethylphosphitc
(7 ml 1:4 molar ratio) in dry t-butylbenzene was heated under reflux
in an atmosphere of dry nitrogen, for 7 hr, The solution was cooled
and the sclvent, triethyl phosphite and phosphate were removed by
distillation in vacuo, Chromatography of the r=sidual black
viscous liquid (5.5 g) gave on elution with ether, impure 2-phenylbenz-

imidazole [(0,06 g, 3%), identified by t.l.c. and i.r. spectruml,
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(b) Cyanide-Induced Cyclisation of o-IMitroanils,

Reaclion of N-Benzylidene-o-llitroaniline and Potassium Cyanide

in Methanol.

Potassium cyanide 71,1z, :2.5 molar equivalents) was added to a
solution nf N-bhenzylidene-o-nitroaniline (1.5 g, 1 molar equivaisant)
in dry mecthanol (12 ml) and the mixture was heated under reflux for
5 hr,

Alcernative procedures, (A) The reaction mixture was cooled, ddddd

to water, and acidified with concentrated hydrochloric acid. The
precipitated solid (1,3 g) recrystallised from methanol-benzene, had
m,p. 228—310 (deconmp,), 1Its mass spectrum was identical with that

of l1-hydroxy-2-phenylbenzimidazole 781); although the i.r. and n.m,r,
spectra were not completely identical with those of (81), and the
mixed m,p., was depressed, The identification of this compound as the
hydrochloride (157) was based on:’1) analysis ‘found: C. 585.,8;

H, 4.9; N, 10,5, C 0. ICl.H,0 requires C, 59.0 1, 4.9; N, 10,86%) :

137102
(ii) the compound 70,1 g) was neutralised with 0.1 I sodium hydroxide
(3.78 ml, 1 molar equivalént) give l-hydroxy-2-phenylbenzinidazole
C0-0b 2, 7/ %) m.p. and mixed m,p. 218-20" (dec.). The filtered
solution from this reaction, on treatment with silver nitrate solution
gave a white ammonia-soluble precipitate indicating the presence

of chloride ion: ‘iii) a suspension of the compound (0.2 g.) and
benzoyl chloride (1 ml,) in 10% sodium hydroxide solution 73 ml,)

was stirred at room temperature for 0.5 hr., The resultant whice

precipitate was recrystallised from benzene-light petroleum to give

1-benzo yloxy-2-phenylbenzimidazole 70,17 g., 71%) m,p. and mixed
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57

m.p. 109-112° 71it.”', 116-118°) (Found. C, 76.4; H, 4.5; N, £.9.

Cale, for C Cc, 76.05; 4, 4,5; N, 8.8%): (iv) Catalytic

20 1472%"
hydrogenolysis of the l1-benzoyloxy-2-phenylbenzimidazole (0.15 g.)
obtained above in ‘iii), in methanol (5 ml,) over palladium-charcoal
gave 2-pPonylbhenfinidazole (0,07 g., 76%) m,.p. and mixed n.p.
285-290°,
(B) The reaction mixture was concentrated in vacuo and the residus
was chromatographed on a column of silica gel, Elution with benzene
gave o mitroaniline (0.06 g., 7%) m.p. and mixed m.p. 63-70°, Elution
with methanol gave l-hydroxy-2-phenylbenzimidazole (1.10 g., 79%), n,p.
and mixed m,p, - 215- 2180 {dec.,). The bar graph of the mass spectrum
of l-hydroxy=-2-phenylbenzimidazole is included (cf p.{26?Graph 3y

The yield of l-hydroxy-2-phenylbenzimidazoie was not diminished
appreciably (72% isoiated) when ll-benzylidene-o-nitrcaniline and potassium
cyanide were reacted in equimolar amounts, The reaction mixture was
tested for cyanide ion by the "Prussian Blue Testagabut the
test failed to show the presence of cyanide icn in the reaction

mixture.

Reaction of N-Benzylidene-o-nitroaniline with a Catalytic Amount of

Potassium Cyanide,

Potassium cyanide (0,014 g,, 0.1 molar equivalents) was added to
a wolution of N-b~snzylidene-o nitroaniline (0.5 g., 1 molar equivalent)
in dry methanol (12 ml,) and the mixture was heated under veflux for
5 hr. The reaction mixture was then cooled, concentrated in vacuo,
and the residue chromatographed on silica gel, ZElution with benzene

gave first benzaldehyde [(0,17 g., 75%) identified by i.r. spectrum]
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and then o-nitroaniline 70,25 g., 81%) m.p. and mixed m.p, 68—700.
Mo other products were isolated,

Attempted identification of Cyanate Ion

It was found (cf p. &8) that small quantities (0.075 g., of
potassiur cyanate were detected) of cyanate ion could be detected by
reaction with p-toluidine in acetic acid solution to give p-tolylurea,
N-EBenzylidene-o-nitroaniline (0.4 g,) was reacted, as above, with
an equimolar amount of potassium cyanide, The solvent then was
evaporated and the reaction mixture (agueous solution) was treated
with p-toluidine in acetic acid. The only result of this treatment,
however, was to precipitate l-hydroxy-2-phenylbenzimidazole. No
p-tolylurea was found either in the precipitated solid, or in the
resicdual solution,

A solution of potassium cyanate (0.16 ) and an equimolar amount
of l-hydroxy-2-phenylbenzimidazole in dry methanol was heated under
reflux fcr 5 hr., Again no cyanate ion could be detected in tae
reaction mixture.

Reaction of N-Benzylidene-4-methyl-2-nitroaniline with Potassium

Cyanide in pMethanol,

Potassium cyanide (0.7 g., 2.5 molar equivalents) was added to a
solution of N-benzylidene-4-methyl-2-nitroaniline (1.0 g., 1 molar
equivalent) in dry methanol (12 ml,) and the mixture was heated under
reflux for 5 hr. The reaction mixture was then cooled, concentrated
in vacuo, and the residue chromatcgraphed on silica gel. Elution with

methanol gave l-hydroxy-—-6-methyl-2-phenylbenzimidazole [(159), 0.60 ¢.,
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64%} m.p. 231-233° (lec,) from dimethylformamide-water as the only

product (Found: C, 74.6; H, 5.52; N, 12i8. C 1, i1,0 requires C, 75.0;

14712 2

H, 5.4; N, 12,5%).

Attempted Preparation of ¢ -cyanobenzyl)-o-nitroaniline 7168)

A solution of N-benzylidene-o-nitroaniline (2,26 g,) and
hydrogen cvanide (0.5 ml,) in dry methanol (20 ml,) was stirred overnight,
The solvent was removed on the water bath under reduced pressure, The
residue was an intrectable oil, the i.r., spectrum of which was
identical with that of the product of reaction of the anil with
methanol alone (i,e. N-(a-methoxybenzyl)=o-nitroaniline., There was
no evidence of any C=N absorption, A solution of N-bengylidanc-o-
nitroaniline (2,26 g.), hydldrogen cyanidce (0.5 ml,) and potassium
carbonate (0.2 g.) in dry methanol (20 ml.) was stirred overnight.
The solvent was removed uniler reduced pressure and the residue
chromatographed on silica gel, Elution with benzene gave o-nitroaniline
(0.53 g, D n,p. and mixed m,p, 67—'?00, and elution with methanol gave
1-hydroxy-2-phenylbenzimidazole (0,59 g, 28 %) m,.p. and mixed m.p.
216-219° (dec.). No other products were identified.

Reaction of N-Benzylidene-o-nitroaniline with Potassium Cyanide in

Dimethyl Sulphoxide.

A solution of N-benzylidene-o-nitroaniline (1.0 g.) and potassium
cyanide (0,29 g,, 1:1 molar ratio) in dry dimethyl sulphoxide
(20 nl,) containing dry methanol 70.14 g,, 1 molar ecuivalent) was
heated at 1000 for 1 hr, and then stirred overnight at room temperature,
The solvent was distilled off under reduced pressure and the residue

absorbed on a column of silica gel, Elution with benzene gave first
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2'-nitrobenzanilide (0.11 g., 11%) m.p. and mixed m,p. 92-94° and
then o-nitroaniline (0.08 g., 13%) m.p. and mixed m.p. 68-70°, No
other identifiable products were isolated,

N-Benzylidene-o-nitroaniline with Dimethyl Sulphoxide alone,

A solution of N-benzylidene-o-nitroaniline (1,0 g.) in dry
dimethyl sulphoxide (20 ml,) was heated at 100° for 1 hr, and then
stirred overnight at room temperature. The solvent was distilled
off under reduced pressure to give & yellow solid which was - -
rectrystallised from benzene-light petroleum as N-benzylidene-o-

nitroaniline (0,93 g.) m,p. and nixed m.p. 72—750.



110

(¢) Cyclisation of o-Nitroaniline and its Derivatives with Benzaldehyde.

Reactions of o-Nitroaniline with Benzaldehyde giving 2-Phenylben-

zimidazole,
(1) A solution of o-nitroaniline (3,45 g,, 0,025 mole) and benzaldehydeE
(26.6z,, 0.25 mole) was heated under reflux for 1 hr,, water (0.45 ml.,
0.025 mole) being collected in an attached Dean and Stark apparatus.
The solution was then cooled and the precipitate was filtered off and
washed with ether to give a white solid (4.23 g.) m.p. 146-160°,
the i,.r, spectrum of which showed the probable presence of benzoic acid
‘\7 max (C=0) 1630-1720 em ™t (broad)!. The precipitate was washed with
10% sodium bicapbonate solution {2 x 50 ml,) to give a residual white
solid (2,90 g.) m,p. and mixed m,p. with 2-phenylbenzimidazole 208~
2900 (dec.). Acidification of the bicarbonate wash with hydrochloric
acid gave benzoic acid (0.C1 g,.) m,p. and mixed m.p. 118—1200. The
ethereal wash was extracted with 10% sodium bicarbonate solution
(2 x 50ml,), Acification of this bicarbonate extract with hydrochloric
acid gave benzoic acid (1.04 g.) m.p., and mixed m.p. 118—1200. The
ethereal layer was dried over anhydrous sodium sulphate, then
concentrated in vacuo and washed with light petroleum to remove
excess aldehyde, The residihe was a brown solid (1,25 g.) m.p.
170-185° which recrystallized from ethanol-water as 2-phenylbenzimidazole
(0,50 g.) m.,p., and mixed n,p,. 202-290°, The mother liqudr was concen-
trated but yielded only an intractable bdblack tar. The total weight
of 2-phenylbenzimidazole obtained was 3,41 g, (70%).
¥ The term "benzaldehydéjis used in this experimental section to
denote benzaldehyde which has been purified by the method described on

p. 85 .
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(2) A solution of o-nitroaniline (6.9 g,, 0.005 mole) &nd benzaldehyde
(5.3 g., 0,05 mole) in p-cymene (50 ml,) was heated under reflux for

5 hr.,, water being collected in a Dean and Stark apparatus, The
solution was cooled to give & precipitate which was washed with ether
and then with 10% sodinm bicarbonate solution 72 x 50 ml) to zive
2-phenylbenzimidazole (2.21 g., 23%) n.p. and mixed m,p. 288—290{

The ether wash was concentrated and combined with the filtered
p-cymene solution and diluted with light petroleun (50 ml.) to give
lIN-benzylidenebis-o-nitroaniline [(1.81 g., 20%) mn.p. and mixed
m,p. 105—1(N?from benzene-lizght petroleum] i.r. spectrum identical

an
with that of/authentic sample,
(3) Repeating reaction (2) in the pressnce of benzoic acid (17% by
wiiht of the benzaldehyde) zave 2-phenylbenzimidazole in 31% yield.
(4) Repeating reaction (3) with a 2.5:1 molar ratio of benzaldehyde
save 2-phenylbenzimidazole in 62% yield,

Reaction in p~Cymene without Water Removal,

(1) A solution of o-nitroaniline (6.9 g.) and benzaldehyde (5.3 7.)
in p-cymene (50 ml.) was heated under reflux for U hr,, without water
removal, The solution was cooled to give an orange precipitate
which dissolved in ether without leaving a residue. The ethereal
solution was concentrated in vacuo and the residue recrystallised
from benzene-light petroleunm as o-nitroaniliine (21,7 =.) m.p. and
mixzed m,p, 68-?00. The p-cymene solution was diluted with an equal
volume of light petroleum to give further o-nitroaniline (3,43 g)
which was recrystallised from benzene-light petroleum:m.p. and mixed

m,p. 68—?0O [total recovery of o-nitroaniline 6.13 g ‘89%].
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(2) The above experiment was repeated, with a 2,5:1 molar ratio of
henzaldehyde to o-nitroaniline in the prescnce of benzoic acid (17%
by weight of the benzaldehyde) 2-Phenylbenzimidazole (7%) was obtained,

and 83% of the o-nitroanilinc was recovered.

Attemp*od roaction of !I-Methyl-o-nitrcaniline with Benzaldehyde,

A sclution of N-llethyl-o-nitroaniline (3.6 g), benzaldehyde
‘25,2 g) and benzoic acid (4.3 g) was reated under reflux for 5 hr,
in an apparatus attached to a Dean and Stark trap. !No water was
collectea and the N-lMethyl-o-nitroaniline was recovered ’3.%2 g) by

chromatographing on silica gel,

Reactions giving both 2-Phenyl and l-Hydroxy-2-phenylbe nzimidazole

(1) A solution of o-nitroaniline /6,9 g) and benzaldehyde (12,25 g)
in mesitylene (50 ml) was heated under reflux for 5 hr, water 70.9 ml)
being collected in a Dean and Stark trap., The solution was cooled to
give a white solid (1.2 g) m.p. 150-160°, the i.r. spectrum of which
indicated the presence of benzoic acid [\)nmx C=0 1630-1720 G;H.ThiS!blid
was filtarsdoff and washed once with 10% sodium bicarbonate solution

(0 ml) to give a solid 71,15 g) m.p. 180—1900, the i.r. spectrum of
which showed no acidic C=0 absorption. Fractional recrystallisation
from ethanocl gave l-hydroxy-2-phenylbenzimidazole (0.43 g 4%)

m,p. and mixed m,p. 212-220° {dec.), i.r. spectrum identical with that
of authentic l-hydroxy-2-phenyl benzimidazole, and from cthanol-

water 2-~phenylbenzimidazole (0,51 g, 5%) m.p. and mixed m,p. 288—2900.
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(2) A mixture of go-nitroaniline 76,9 g) and benzaldehyde (5,3 g)
was refluxed for 3 hr. The reaction mnixture was stood overnight,
extracted with benzene, filtered and washed with benzene to give

2 brown solid (2,29 g) m,p. 168"1750. The solid was further washed
with 10% sodium bicarbonate solution (50 ml) and the wash acidified
with hydrochloric acid to give benzoic acid (0.21 g) m.p. and

mixed m,p. 118-120°. Recrystallisation of the remaining solid from
ethanol gave l-hydroxy-2-phenylbenzimidazole -ﬂx,p- and mixed m.p.
220-222° (1ec. The benzene Wish wasconcentrated in vacuo, cooled and
triturated with a little benzene to give mmcff-white solid which
was recrystallised from ethanol-water as 2-phenylbenzimidazole

(0.41g, 4%) m.p. and mixed m.p, 288-290°

Reaction of 1-iydroxy-2-phenylbenzimidazole with Benzaldehyde

A mixture of l-hydroxy-2-phenylbenzimidazole 1.0 g) and benzaldehyde
(¢ ml) was hLeated under reflux for 1 hr. The reaction mixture was
cooled to give a precipitate which was filtered off and washed with .a
little ether to give a white solid (0.64 g) m,p. 150—1600, the i.r.
spectrum of which showed the presence of benzoic acid, The solid was
then washed with 10% sodium bicarbonate solution (20 ml) to give a
residue: of 2-phenylbenzimidazole (0,46 g) m.p, and mixed m.p.
283-2920 The ether wash and the original filtrate were combined,
extracted with 10% sodium bicarbonate solution 720 ml) and cooled to
precipitate a white solid which was filtered off and washed with a
little ether to give 2-phenylbenzimidazole (0,13 g) m.p. and nixed
m,p. 288-2900 The total amount of 2-phenylbenzimidazole

isolated was 0.59 g 764%)., Both sodium bicarbonate solutions were
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combined and acidified with hydrochloric acid to give benzoic acid
(0.32 g) m.p. and mixed m,p. 118-120°,

Thermal Stability of N-Benzylidene-o-nitroaniline

» solution of N-benzylidene-o-nitroaniline (1.0 z) in dry p-
cymene (25 ml) was heated under reflux in a nitrogen atmosphere for
1 hr, The solution was cooled and diluted with light petroleum
(25 ml) to give a precipitate which recrystallised from benzenerlight
petroleum as I/~benzylidene-o-nitroaniline (0.8 g, 82%) m.p. and mixed
n.p. 75~77°,

Thermal Stability of IMN-Uenzylidene bis-o-nitroaniline.

A solution of NN-benzylidenebis-o-nitroaniline in deuterio-
bromoform was subjected to variable temperature n.m.r. spectrum
analysis, Spectra were run at intervals of 200 from 40° to lea
but showed no change from that of gg—benzylidenebistg-nitroaniline.
The sample was maintained at 180o for 2 hr but at the end of this time

its spectrum still remained unchanged.

Reaction of N-Benzylidene-o-nitroaniline with Benzaldehyde

A solution of !-benzylidene-o-nitroaniline 71,13 g, 1 molar
equivalent) and benzaldehyde (4.7 g, 9 molar equivalents) was
heated under reflux for 1 hr., The reaction mixture was cooled to
give a precipitate which was filtered and washed with ether to give
an off-white solid (0.67 g) m.p. 150—1500. This solid was washed with
10% sodium bicarbonate solution (20 ml) tn give 2-phenylbenzimidazole
(0.38 g, 39%) m.p. and mixed m,p. 288-290°. The organic filtrate

was extracted with 10% sodium bicarbonate solution /20 ml portions)
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until there was no further evolution of carbon dioxide, The sodium
bicarbonate solutions were combined and acidified with hydrochloric
acid to give benzoic acid (0,5 g, 42% on the assumption that 2 moles

of benzoic acid are formed per mole of 2-phenylbenzimidazole).

Reaction of guﬁﬂenzylidenebis—o—nitroaniline with Denzaldehyde,

(1) A mixture of NN-benzylidenebis-o-nitroaniline (2,13 g, 1 molar
equivalent) and benzaldehyde (5.5 g, 9 molar equivalents) was heated
under reflux for 1 hr, The reaction mixture was cooled to give a
precipitate which was filtered and washed with ether to give an
off-white solid (1.09 g) m.p. 130-140°, The solid was then washed
with 0% sodium bicarbonate solution 720 ml), A further precipitate
(0.22 g) m,p. 135—145D was obtained frcm the above organic solutions;
this was similarly washed with ether and sodium bicarbonate solution,
The total organic filtrate was washed with 10% sodium bicarbonate
solution (20 ml portions) until the evolution of carbon dioxide ceased,
end the bicarbonate extracts combined with the previous bicarbonate
washings end acidified with hydrochloric acid to give benzoic acid
(1.14 g, 79%, assuming % moles of benzoic acid are produced for each
mole of 2-phenylbenzimidazole) m.p. and mixed m.p. 118—1200. The
organic laycr was dried over anhydrous sodium sulphate, concentrated
in vacuo, and then triturated with a little ether to give a solid
{0.285 g) m.p. 270—2800. This solid was combined with the other two
solids obtained from the organic solution ‘the i,r, spectra of

all threc were essentially identical wiil that of 2-phenylbenzimidazole)
and recrystallised from ethanol-water to give 2-phenylbenzimidazole

(0.21 g, 71%, assuming 1 mole IlN-benzylidenebis-o-nitroaniline gives
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1 mole 2-phenylbenzimidazole) m,p. and mixed m,p. 288—290o
The ether wash was concentrated in vacuo and washed with light pe“roleun
to remove unreacted henzaldehyde, The residue was a black
intractable tar,
(2) A solution c¢f equimolar amounts of benzaldehyde and Nll-benzylidenebis-
o-nitrozniline in deuteriobromoform was subjected to variable
temperature n.,m.r, spectrum analysis. The solution was heated to
1800 without any apparent change in its spectrum, IHowever, when the
spectrum of the sample was taken after several hours' heating at 180U
—~
it was observed that the benzaldehyrle PhCIl singlet at 0.01 L had
R e

disappeared while a singlet at 5.08 [, had appeared. The initial
spectrum of the sample (pectrum 1) and that after heating for

20° 7 ¢ AI2Z)
several hours at 130 /Spectrum 2) are shown {p,|2|andl
and discussed on p. 22 and Si

Attempted fddition of i-lfethyl-o-nitroaniline to il-Benzylidene-o-

nitruvaniline

A solution of l-benzylidene-o-nitroaniline ’2.26 g, 0.0l mole)
and [I-methyl-o-nitroaniline 71.52 g, 0.0l mole) in dry benzene
(25 m1) was heated under reflux for 1 hour, The solution was then
cooled and Adiluted with light petroleum (25 ml) to give -
benzylidene-o-nitroaniline (1,93 g, $5% recovery) m.p. and mixed m.p.
74-?60. Similar results were obtained when the reaction was repeated
in xylene and in both xylene and p-cymene in the presence of acetic
acid. Vhen the reaction was repeated i~ p-oymene in the presence of
toluene-p<sulphonic acid [I-benzylidene-o-nitroaniline was not precipi-

tated by the addition of lizht petroleum to the cooked solution,



1.7

However, ll-methyl-o-nitroaniline (1,35 g, 89% recovery) was

(<R ]

isolated by column chromatography on silica gel,.

Attempted Reaction of ITitrobenzene with Denzaldehyde

Equimolar quantities of nitrobenzene and benzaldehyde
were heated under reflux for 1 hr, No apparent reaction occurred
and a high recovery of starting materials was made by column

chrometography on silica gel,
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