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INTRODUCTICN

Most of the aryl-substituted five membered hetercarcmatic
compounds are synthesised by condensations of the parent rings.
In a nunber of cases aryl and other substituents have been
intreduced into an existing heteroaromatic ring. However,
difficulties are met in the syntheses of scme compounds: for exemple,
1saryl substituted pyrazoles and 1=aryl substituted 1,2,4-triszeles
can be synthesised from the corresponding arylhydrazines, bubt in
cages such as o-(pyrazol-i=yl)benzonitrile and o=(1,2,4=triazolel=yl)-
benzonitrile one wopld require o-cyanophenylhydrazine. This
hydrazine had earlier been claimed to have been cbtained by the
reduction of dlazotized g-aminobenzonitrile (Ber., 36, 805 (1903))
or P-phentriszon-oxime with zinc chloride and hydrochloric acid
(Ber., 29, 626 (1896)), but recently it has been suggested that the
compound obteined in the two reductions wes 3-emineindezole (Chem.
and Inde, 1234 (1958)).

Difficulties are alsc met in gynthesising the 1-gubstituted
arylindoles, though the 2-gubstituted arylindoles have easily been
prepared bt the Fischer-indele synthesis. Also, C-aryl substituted

imidazoles can be prepared relatively easlly but again Nearyl
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substituted imidazoles are not easy to synthesise by routine
methods. A survey of literature revealed that most of the N-gryle
substituted five membered hetercaromatics with different
functicnal groups in the phenyl ring have not been described.

Only in the case of nitrophenyl compounds, some of the nitrophenyl=-
azoles had earlier been obteined by direct nitration of
corresponding phenylgzoles. As nitration or cther substitution
reactions of phenylazoles can lead to a number of isomers, some

of which could be difficult to isolate, such an approach could be
inconvenient, and thus methods were sought to prepare Ne and Ce

substituted five membered heterocarcmatics.

The Ullmann cendensation (using different cobper preparations)
vag earlier used in the Ne~arylaticn of carbazole and more recently
in the Nearylatien of imidazole, indazocle, benzimidazole etc.
This condensatien was extended to other azoles and aryl halides
carrying different subétituents wvere employed for N-arylation of &

nunber of azoles.

For the preparation of C=aryl heteroaromatics two arylation
reactions employing amino cempounds (Gemberg and Meerwein) have
been feund to give satisfactory results end were employed in a few

exploratory experiments. Accordingly, this thesis has been divided
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into three chapters: the Ullmann condensation, Meerwein arylations
and Gomberg arylations. A review of literature has been included
for the Ullmann condensation, while in the case of the other two
chapters references have been made to existing reviews and more
recent literature. Prevalent views as to the mechenism of these

reactions have glso been presented.

The practice of Chemical Abstracts has been followed for

the abbreviation of journals.
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THE ULIMANN CONDENSATIG

In the well=known Ullmann syntheses of biaryls two arcmatic
halides are condensed in the presence of a metallic asgent. Copper is

the most effective catalyst in these condensations 3

RX + R'X + M > RR! + MK,

This synthesis has been well reviewed by Fanta (1). Another review
by Bacon and Hill (2) covers a much broader area of coppsr catalysed

reactions.

Another discovery due to Ullmann (3) is the catalysis by small
amounts of copper of the condensation of aniline with o~chlorobenszoic

acid. This method of arylations of amines has been used as a general

COH O,H
+ —>
Cl H2N
H
method in the preparation of substituted amines (4, 5) and also in the
preparation of aryl ethers (5 - 9) and aryl thiocethers (8, 10). It is
often employed in the syntheses of natursl products (11), and is a

standerd route to derivatives of acridine (12). The process is carried

out in the presence of a base, usually potassium carbonate.
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In the present work the Ullmann condensation is applied to the
condensation of haloaryls with five-membered heterocaromatics which
have a free NH and undergo substitution at the N atom in the presence
of a copper catalyst. The heteroaromatic may be the parent cne (e.g.
pyrazole) or the part of a condensed ring system (e.g. benzimidazole).
& review of such reactions is presented here in a tabular survey
(Tab}f~l)‘ The probasble mechenism of the condensation will be discussed
in the light of this survey and the present work in a later section.
Only those reactions which involve the use of a copper catalyst for the
condensation have been included in the survey and thus those
condensations yielding N~arylhetercaromatics but not employing the
Ullmenn conditions (13, 14, 105) have been excluded.

Table Is N-ARYLHETRROCYCLES PREPARED BY THE ULLMANN CONDENSATION

ATH 4 AP'Y ————> Arar?

Conditiong™?
Eyrrole
N~pyrrylferrocene bromoferrocene A, 120 17 15
Indole
N-indolylferrocene " Ay H 35 15

N-phenyl indole bromobenzene Ay I 50 16



Table I (contd.)

Carbagzole
9-phenylcarbazole
n

n
n

9-(g-nitrophenyl)=-
carbazole

9=( 4! ~methyle=2 =
nitrophenyl)=
carbazele

9=( 4} =cyano=2! ~
nitrophenyl)-
carbazole

9=(4! ~acetyl-2" -
nitrophenyl)~
carbazele

9~(4'=chloro~2' -
nitrophenyl)-
carbazole

- 9=(2',4Y~dinitro-

phenyl)carbazole

9~(o~-chlorophenyl)=
carbazole

9=( p=carboe thoxy-
phenyl) carbazole

9«( o~carboxyphenyl)-
carbazole

9~(p-biphenylyl)=-
carbazole

Que( 4} =carbazol=t-
yl-phenyl)-
carbazole

9= (4 N~N~carbazolyl~
biphenylyl)=
carbagzole

2=( carbazol=guwyl)=
pyridine

2-( carbazol=-9myl)-
quinoline

bromobenzene

icdobenzene
n

bromobenzene

o-chloronitro-
benzene

2=chloro-5=nethyl-
nitrobenzene

2-chloro=-5=cyano-
nitrobenzene

F=nitrow~i~(X)-
acetophenone
X=Cl, Bror I

2,5-dichloronitro=
benzene

2,4~dinitrochloro~

benzene
p~chloroicdobenzene

ethyl, p-iecdo-
benzoate
o-iodobenzoic acid

/~bromobiphenyl

p~dilodobenzene

C,

180-220
190--200
I
J
240=250

220230

180-130

220-~230

170-180
200

220-230

4yt =dibromobiphenyl D,I

2=bromopyridine

2-chloroquinoline

D, J

D

&R

5060
50=60

15

35

50

70

10

54

13

13

10

17
18
19
20

18

18

18

18

18

18

18

_1

22



Table I (contd.)

9~(4! ~methyl=2'= 2-nitro~j~methyl-

nitrophenyl)- bromobenzene
carbazole

Ou (4t ~bromo=2= 245=dibromo=-
nitrophenyl)- nitrobenzene
carbazole

Om(4V =carbazol=9M=  Gu(4(!=~bromo=2e
yl=phenyl)- nitrophenyl)-
carbazole carbazole

C, 244

Cy R4

Cy 244

9~(4Y-bromophenyl)= p-bromoiodobenzene C, 244

carbazole

9-(o-nitrophenyl)=  go-chleronitrobenzene C,I

carbazole

9 (4 =N, NeGimethyl=  p-iodo,N,N-dimethyle E,K
aminophenyl)- eniline
carbazole

9=(21,4'=dicarboxy=- 2,/~dicarbomethoxy- C, I

phenyl)carbazole  iodobenzene

1=(carbozal-9t=yl)~ 1-iodoanthrequinone F, I

anthraquinone
3-Carboethoxycarbazole

3-carboethoxy=~9= o~chloronitro=
(g=nitrophenyl)= benzene
carbazole

3,6-Dicarboethoxycarbagzole
3,6=dicarboethoxy=9= "

(o~nitrophenyl)=-
carbazole

~Carbomethoxycarbazole
152" =dicarboxy=0= o=carbome thoxy=-
phenylecarbazole iedcbenzene

2=-Carbomethoxycarbazole
2,2 -dicarboxy=-9- "
phenylcarbazole

3~Carbomethoxycarbazole
392V =dicarboxy=9= "
phenylcarbazole

Cy, I

Cy I

50

78

60~65

26

3

34

23

23

23

23

25

26

27

18

18

26

26



Table I (contds)

=itrocarbazole
1=nitro-9-(o-tolyl)= p~iodotoluene Cs

carbazole

1=nitro-9-{p- methyl, p-iode= G,
carbomethoxyphenyl)- benzoate
carbazole

{=nitro-9=phenyl= iodobenzene C,
carbazole

3-ilitrocarbazole
3=-nitro=9=phenyl=~ " G,
carbazole

Pyrazolanthrone
3-chloro~5,8~dioxo- 2-(2',5'=dichloro- B,

naphtho (1,2, 3=cd] benzoylenthrone)
quin [3,2,1,hi] indazole

N-benzanthronyl- 3~halobenzanthrone B,
pyrazelanthrone

N,N'~«dibenzanthronyl- 3-bromobsnzanthrone B,
pyrazolo-
anthracenylpyrazole

2-ll=pyrazolanthronyl= 2~chlorobenz-1-nitro-
benzenthrone benzsnthrone

3-R,5,10-dioxobenz benz~i~bromo,6~R, B
6,7 indazolo[2,3,4= 8-aza~benzanthrone
gh] pyrido[3'y27,6,7]-

naphth[2,1,8-ma]-

acridine

R=N~-g~-amincanthra-
quinonyl or

Neg=aminopyrimidine
anthrone

5,10-dloxobenz[6,7]~ bz-i-bromo-bz-3 B
indazole[4y3,2=hij] = aza~benzanthrone
naphth [1*,2',3 ,1,8]-

isoquino [4,5,bc]~

gquinoline

2,10-dipyrazolan= 2,10=dichloronaphth~
thronyl-naphth= benzanthrone
anthrone

211 65
223 78
189 >70
189 bl
I -
I, L -
I -
B -
B -

23

23

28

30

AN

32

33

34



Teble I (contd.)

5 9 4, 1 B-trioxo-
pyrazolo| 3,4, S—klm] -
anthrazine

9,18-dioxo~-dipyra=
z010[ 554y 352-L£ghy
5'54%,3 :2""111’“]"
anthrazine

Indazole
1=phenylindazole
1=( p=tolyl)indezole
1=(p-dinethylanino-
phenyl)indazole

1-(a=naphthyl)-
indazole

1-(n~nitrophenyl)=
indazole

6-litroindazole

{=phenyl, é=nitro-
indazole

Imidagole

1-phenylimidazole

1-( g~-methoxyphenyl)=-
imidazole

1=(m~methoxyphenyl )=
imidazole
1=( pnethoxyphenyl)=
imidazole

1=(p~bromophenyl)=
imidazole
1=(p~dimethylemino=-
phenyl)imidazole

p~(imidazol=i=yl)=
benzzaldehyde

p-(imidazol=1=-yl)=
acetophenone

1~amino, 2-bromo-
anthraquincne or

2=bremopyrazol=
anthrone

2-bromopyrazols=
anthrone

bromobenzena
D-bromotoluene

R-bromodimethyl
aniline
a~bremonaphthalene

m~bromonitro-
benzene

bromobengene

o-bromoanisole
m=-bromoanisole
P-bromoanigole
p-dibremobsnzene

D=bromo, N, N-
dimethyl aniline

p-bromobenzaldehyde G,

b-bromoacetophenone G,

72
32
33

63

13

39

50

58

47

65

35

36

433

37

B 8 8 8 8 83

L
o«



Table I (contd.)

Benzimidnzole
1~phenylbemzinidazole bromobenzene Gy I

u ] Gy I

n~(benzinidezol=~1~yl)- m-bromotoluene Gy I
toluene

p~(benzimidezol=1-yl)- p~bromotoluene Gy I
toluene

1=(p=dimethylemino=  pebromo,N,N- Gy, I
phenyl)benzinidazole dimethyl aniline

1;&%—312%%%’@31) benz-  a~bromonaphthelene G, I

2=Mathylbenzimidazole
1-phenyl, 2-methyle bromobenzene Gy I
benzimidazols

2=Phenylbengzimidazole
152=diphenylbenze L Gy, I 7 37
imidazele

IR AN

2 B & 338
W

&
3

& The catalyst and the solvent used: A, cupric bramide; B, copper
powder; C, copper bronze; D, copper bronze plus icdine; E, phenyl
lithium and cuprous iodide; F, copper acetate; G, cuprous bromides
H, pyridine; I, nitrobenzene; J, light petroleum b.p. 190-210°;

K, isoamylether; L, "dichlorobenzene"; M, naphthalene.

b The temperature at which the reaction was conducted is given in c®.

The effects of different variables on the Ullmann condensation
are discussed below.

THE ARYL HALIDE. It is commonly observed that aryl halides under
Ullmann conditions react according to the usual order of reactivity of
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the helogens i.e. I > Br > Cl, but no systematic study appears to
have been cerried out. The literature refers to all three halides;
aryl bromides and aryl chlorides being more in common use. While
chlorobenzene has seldom been employed for the Ullmann condensations,
chloride activated by other groups such as nitre and carbexyl,
wnsubstituted iodobenzene (18, 19, 28) and bremobenzene (16, 17, 20, 37)
gave good yields of the desired products. WUhere a mixed eryl dihalide
1s used, the more resctive helogen is substituted. For example, in the
arylation of carbazole by p-iodobromobenzene, the product formed was
9~ p-bromophenyl)carbazole and not the corresponding iodophenyl
compound(23). Montmollin and Mentmollin (14) had earlisr obtained
9-(p=chlorophenyl) carbazole by heating a mixture of potassium salt of
carbazole and an excess of p-bromochlorobenzene at 210° in a closed

vessel; thus the bromo-group was replaced in preference to the chlorow

groups

The aryl halides used quite often carry other substituents
such as nitre, methyl, nitrile, acetyl, hale, carboxy, phenyl,
carbomethoxy, dimethylamino, methoxy or formyl groups. Some of these
groups meke the chloro-group reactive enough to be substituted by the
heterceycle moiety, while in the case of bromo- or iodo-groups these
gubstituents will enhsnce the reactivity of the already reactive halo-
group. However, Dunlop and Tucker (18) found that 3-nitro 4{X)-
acetophenonas (where X = chloro, brome or iedo) did not give
substituted products when reacted with carbazole under Ullmann

conditions.
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2-Bromopyridine, 2-chloroquinoline (22), iodoanthraquinone (27)
and o-bromonaphthalene (37) have alse been employed for the arylations
of some five-membered N-hetercarcmatics. In mest of the cases
reported in the literature both activated as well as unactivated
halearyls have been used, and thus the Ullmann condensation affords a

good route for the preparation of N-aryl-heteroaromatlcs.

THE CATALYST. In all the Ullmann condensations carried out so far,
copper, in one form or the other, has been applied as the catalyst.
Although a number of Ne-aryl hetercaromatics have been prepared by the
condensation af the heterocyclic compound with the aryl halide in the
presence of alkalis at elevated temperatures or high pressures in the
sealed tubes or in ethanolic solutions with more reactive halides
(eegs 2,/~dinitrohalobenzenes) (13, 14), the majority of heterocyclic
compounds arylate under Ullmenn conditions and in almost all the

cases studied give better yields than the uncatalysed condensations.

Dunlop and Tucker (18) have studied the arylations of carbazole
by 4~substituted 2~-chloronitrobenzene and by other halobenzenes.
These workers found that arylations performed under identical
conditions always gave better yields when a copper catalyst was
employed. The reaction between carbazole and ethyl, p-icdobenzecate
in the presence of a copper catalyst gave 80% yield of the desired

product while no condensation was observed in the absence of a catalyste.
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Similarly, 9-(2!-nitro,4-chlorophenyl)carbazole was obtained in 35%
yield in the condensation of 2,5-dichloronitrobengene and carbazole
in the presence of the catalyst; while the reaction failed when ne
catalyst was used. The condensation between carbazole and p-chloro-
iodobenzene gave 17% yield of 9=-p-chlorophenylcarbazole without a

catalyst end 70% when copper bronze was used.

Mogt of the early reactions were conducted using copper brongze
or copper powder as the catalyst. Gilman and Honeycutt (22)
employed copper bronze in the presence of a trace of iodine in the
arylations of carbazole. Other catalysts employed are cuprous iodide
(25), copper acetate (17, 36) and cuprous bromide (15, 16, 37, 38).
Simonov et al. (16, 37, 38) have successfully used cuprous bremide in

the Negrylation of a host of heteroarcmaties.

THE SOLVENT. Most of the early Ullmenn condensations were brought
about without the ugse of a solvent. The reacting components were
either heated at elevated temperatures between 170~250° in open
vessels (18, 21, 23, 28) or in an autoclave at 180-220°% (17). Since
it is easier to control the reaction temperature by using a high
boiling selvent, solvents like nitrobenzene found their way in these
condensations (19, 22, 24, 26, 27, 29, 30, 35, 36) and even at
present it is a favourite solvent for ithese Ullmann condensations

(16, 37, 38). The high boiling peint, relative inertnesgs under the
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experimental conditions, high solubility of the heteroaromatic and
erylhalide and the easy removel by steam distilletion seem to be

the factors in favour of this solvent. The side reaction of
niﬁrobenzene with the copper catalyst giving triphenylamine by
reduction and aryletion as observed in the Ullmann biaryl synthesis (39)
has not been reported in the Ullmann condensations of heterosromatics.

Relatively few other solvents have been used in these
condensations. These include light petrolews b.p. 190-210° (20, 22),
iscamylether (25), dichlorobenzene (30) end naphthelene (35).
Martsolha, Pozharskil and Simonov (37) have foumd nitrobenzene to be
a better solvent than other solvents they employed for condensations.
In the N~phenylation of benzimidazole by bromobengene in vardous
golvents the highest yield (73%) of Nwphenylbenzimidazole was obtained
in nitrobenzene. The yields of N~phenylbenzimidazole using other
solvents were found to be: N,N-diethyleniline, 57%; tetralin, 8%
and bromobenzene, 21 %

These authors aseribe the high efficiency of nitrobenzene to
its relatively high boiling point and censiderable polarity.

The aryl halide used in the condensation, if present in excess,
could also act as a solvent and perhaps most of the earlier reactions
using iodobenzene (28), p-iodotcluene (23), 2-chloroquinoline (22),

p-chloroicdobenzene (18) end o-chleronitrobenzene (18), were conducted



under these conditionsg. The yield of the preduct, however, is
reduced as in the vhenylation of benzimidazole by bromobenzene using
bromobenzene as the solvent (37). There is only one mention of the

use of pyridine as the solvent in the condensation (15).

Dimethylformanide has been found to be an excellent solvent
in the Ullmann biaryl synthegsis (1b) but so far there is no mention
in the literature of the use of this solvent for the Ullmann
condensation of heteroaromatics. Also, dimethyl sulphoxide, which
is quite an effective solvent for the nuclecphilic substitution of
activated arcmatic halides (40), has net yet fowmd application in

the Ullmann condensation.

IHE BASE. The most common and effective base in the Ullmann
condensations is anhydrous potassium carbonate, but a variety of
other bases have alsc been uged. FPhenyllithium was employed in the
N-arylation of carbazole by p-iodo, N,N-dimethyleniline (25). In
the condensation of caerbazole with 1-lodoanthraquinone copper
acetate performed the duel function of a catalyst and the base (27).
In preparations of some benzenthrones potassium or sedium acetate

(29, 36) or potassiun hydroxide has also been employed (32, 33).



RESULTS AND DISCUSSI

The Ullmann condensations between various {ive membered
N-hetercaromatics and aryl halides were carried out. The hetero-
aromatics used were all unsubstituted, either the parent or with
fused benzene rings, having a free NH. The aryl halides had a
funetion in the ring which helped activate the halogen of the aryl
halide and thus facilitated the condensation. A number of new
N~substitubed hetercaromatics were thus obtained and these are
listed in the table (II) below. The individual condensations will
be described separately following the table.

Table IT: NEW N=-ARYVIHETEROARCMATICS OBTAINED IN
CONDENSATIONS .

Anglyses %
Compd. R and %'a P :
To. Yield (%) C o c - .
[[N/“
l
R
1. o=Pyridyl 38=40 C 65.9 R 29.0
42.5 873 (@3 (e (390
2 . }3—Py1‘idyl 30"'31 n 66 . 2 5 -0 08

412 (6662) (448) (29.0)



Table II (contd.)

3.
by
5.
6.
7

8

10.

11.
12,
13.

14

-4 -

Pyridyl 8/~36 C.H,N
i &7
grgyanophenyi - & -
m-Cyanophenyl® 65-66 Cy BN
e 10773
;rﬂyanoPhenyic 89-91 "
4649
grﬂgftylphenyi 126-8/1+7mm 611H10H2
grﬁcetylphenyia 64=65 t
61.9
p-dcetylphenyl® 109-110 n
yPAN)
grcarbamoylphenylh’i 146=147 -
H: ;L/EF
R
e
Ergifgophenyi 97-98 CoH30,
n~Nitrophenyl® 112-112.5  ®
29.9
a~Byridyl 38-40  CoH,N
55 * ghigN3
p=Pyridyl® 5658 n
50.6

65.6
(66.2)

7049
(71.0)

71.3
(71.0)

0 70.5
(71.0)

70,7
(71.0)

70.3
(71.0)

57+5
(57.1)

5647
(5741)

66.0
(66.2)

66.1
(66.2)

501
(4.8)

-

le3
(4e1)
4e5
(4.1)
5./
(5.4)
5.3
(5.4)
544,
(544)

L]

L3
(3.7)

3.8
(3.7)

5.2
(4+8)

409
(4.8)

2749
(29.0)

2446
(2449)

24,8
(24.9)

15.0
(15.1)

1560
(15.1)

149
(15.1)

—

21.6
(22.2)

21.9
(22:2) -
2861
(29.0)
29.1
(29.0)



Table II {(contd.)

15,  y=Pyridyl® 115-116  GCuH,N 6641 49 29.2
30.1 873 (66.2) (4.'8) (29.0)
da

16. o-Cyanophenyl 147-148 C N 70.9 43 2447
C Taaa 073 ) @D (349)
17.  m=Cyanophenyl® 156=157 " 705 4eR 2kl
13.2 (71.0)  (4e1)  (24+9)

18.  p-Cyanophenyl® 154=155 " 71.5 4e3 2440
- 130 | (71.0)  (41)  (24.9)

h

19. g-CaEbomrphenyl 144~146 - - - -
0. '

20. _Q-Garbowphenylh 235-236 - - - -

21.  o-Acetylphenyl J C,,H, N0 70.5 5.8  13.7 -
3344 / 110°2° (7470) (5.4)  (15.1)
22. m-Acetylphenyl® 7273 n 704, 5.3 15.2 -
| 68.2 (71.0)  (5.4) (15.1)
]
Ljr/
R
23. a~Pyridyl® 92-93 CpH N 57 o 440 38.4
47,8 e (57:5) (1) (38.4)
24 P-Pyridyl® 8283 n 577 42 37.5
1101 (57.5)  (4e1)  (38.4)
25, y=Pyridyl® 120-120.5  ® 57.6 4e3 37.5
547 (57.5)  (4.1)  (38.4)
26.  o-Cyanophenyl® 120-121  CgHgh, 6344 3.8 32.5

2.8 (63:5)  (3.5) (32.9)



Table II (contd.)

27,

28,

294

303

31,

33.

3

35.

@_-Gyaqophenyle
8.4

_g-cya_.nophenyle
11.5

E-Caz_'bo:qphenylh
B—Carbamoylphenyle
3.8

_g-&ce‘bylphenylc
36.9

m~fcetyl phenylc

g—ﬁce‘hylphenylc

o1

g-NitroPhenylc’i

23.1
Y_Pyridylc’i
546

“16_

15415445 ColgN 4
166-167 !
2/8-250 -

289-290 (6N Q
decomp. ) ? 18H9

87-88 C, 0H9N30
3-114 "

153-154 "

J

R

110-111 G7I{6N4

62.9
(63.5)

63.5
(63.5)

57.1
(5744)

YA
(64.2)

63,9
(64,+2)

64,.2
(64.2)

5042
(50.5)

57.9
(57.5)

(4.8)
4e9
(4+8)

48
(428)

3.3
(3.2)

Le3
(4e1)

29,3
(29.8)

22.0
(22.5)

21,9 .
(22.5)

20.9
(22.5) ~

29.0
(29.5)

37,4
(38.4)



Teble IT (contd.)

36.

37.

38,

bles

454

46

47

48,

49.

50,

-17 -

E:
o-Hitrophenyl® §2-83 G, H, ¥,0, 70,1
50,0 147107°2°2(70.6)
n-Niirophenyl® 67-68 " 704
oM trophenyl® 133-134 n 7043
149 (70.6)
a~Pyridyl 167=169/0.5mn G, H, 0, 79:9
79.1 1371072 (g0.2)
P-Pyridyl PAL: o 35mp " 797
574, (80.4)
y-Pyridyl k - -
2.6
o-Cysnopheny1°® 109-110 G H. N, 82.0
e 1571072 (3%
gm_:.--t:‘yanopl:;ex:x,};rlf 37-38 it 82.5
5549 190=192/2mn (82.6)
p-Cyanophenyl® 95-96 " 82.6
7741 (82.6)
_q-carbamoylphenyle 181-182 0, .H,N,0, 73.3
6.6 éﬁgcﬁz & (7315)
£
o-Carboxyphenyl 164~165 C,.H,.N0, 75.7
30.0 157172 (2%.0)
‘gwcérboyyphenylh 192-207 - -
o-Acetylphenyl 163-164/0.25mm C, H, N0 81.3
. 167137 (84.7)
m=Acetylphenyl 181-182/0,25mm ¥ 80.0
o2 (81.7)
p-ficetylphenyl® 85-87 " 81.6
92, (81.7)

o3
(4e2)

43
(4.2)
4o
(4.2)

11.8
(11.8)

11.9"
(11,8)

11.6
(11.8)
1447
(14.4)

15.2
(14.4) *

12.9
(12.8)

12.8
(12.8)

12,7
(12.8)

1165
(11+4)

5.8
(5.9)

-«

6.0
(6.0)

6.0
(6.0)

549
(6.0)



Table ITI (contd.)

51

52

53

54-

554

56

57.

584

59

60.

a-Pyridyl®
4645

p~Pyrigyl®
33.3
c Y 1

y-Byridyl
20.8

grcyanophenylc
12.2
grcyanophenyif’n

o7

Q-Gyanophenylc
1.6

o~Acetylphenyl
46

L

gpﬁsetylphenylc

ErAcetylphenylc

y-Pyrigy1®d
73.5

- 18 =

v

|
R

59~60
107-108
119-120
110~-111

67-68
134-~135

m
71=78

136~137

G, ol N 733

it 73.3
(73.8)

U 73.3
(73.8)

BN,  Tel
Wl derhy

it -

n 7645
(76.7)

ChxHanN,0 76,7
1571272 (76.3)

n 7545
(76.3)

i 7 4.9
(76.3)

N
O

R

164-166

¢ 78.8
18435 (75.7)

46
(4.6)

b5
(4.6)

)
(4+6)

el
(4+1)

R
(4.1)
5¢4
(5.1)
542
(5.1)

504
(5.1)

545
(4+8)

211
(21.5)

21.4
(21.5)

21:4
(21.5)

19.2
(19.2)

-

19.0
(19.2)

10.7 .
(11.9)

117
(11.9)

11.8
(11.9)

15.6
(15.5) ~



Teble II (contd.)

| 72\

e

i
61, y=Byridyl®? 151=152  C N, 75.0 L7 19,9
50,2 17%42Y,, (75.0)  (4od) (20.6)<
)
R
62. m-Nitrophenyl® 132133 ©,qH, N0, The7 bk 9.9
53.7 181422 275.0)  (4.2) (9.7

be
Ce
ds
Qe
£e
e
h.

i.

Je
ke

1.

b.p. for liquids are underlined.
The figures in perentheses refer to the calculated values.

‘Orystallised from chloroform/light petroleim (bep. 40-607).

Crygtellised from benzene.

"Crystellised from ethencl.

Crystallised from aqueous ethanol.
fiquid gives the corresponding acid on hydrolysis.

Due to very small emownis elemental snslyses were not
obtained. The probeble structure was assigned on the basis
of spectra; see p.40 & 41,

Prepared as a reference compound.
Liquid gives the picrate m.p. 185+186° (from ethanecl).

Small amount of liquid, gave picrate mep. 212-213° (from
e'bhanol).

This compound was eaerlier prepared « Robinson aﬁd
Se Thornley (J.Chem.Scc., 2169 (1924)), but nec elemental
analyses vere reported.
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Table II (contd.)

m. ILdquid.
n. Hydrochloride m.p. 252-254°.

.In some cases, such as compounds No.21 end 57 in Table II, the
elemental analyses were not satisfactory due to impure samples. The
two compounds mentioned were liquids and were obtained in gmall
quantities and were difficult to purify. The picrates of these liguids,

however, gave satisfactory anaiyses (see experimentel section).

ARYLATTON BY HALCONITROBENZENES.

-In- addition te the new nitrophenylazeles listed in Table II
the follewing nitrophenylazoles were algo obtained from the Ullmann
condensatlion. These nitrophenylazoles were previously prepared by
differént routes. -

- TABLE IIIs N-NITROFRENYLAZOLES.-
Noe Nitrephenylazole % “‘45' %B‘ Ref.

G c

63, 1~(p-Nitrophenyl)pyrrole 1 185-186 181 A
6lys 1m(_g~Mita-o§henyl)pyrazole 6545 8587 288-39 42



Table III (con-td,)

65. 1=-(m~Nitrophenyl)pyrazole 31.2 7475 94=95 42,43
&
7475

66+ 1-(p-Nitrophenyl)pyrazole 24.3  171=173  169-170 42

67+ 1-(p-Nitrophenyl)imidazole 53,9  210-211  204~205 L4,

68+ 1=(g~Nitrophenyl)=- 68.2  113-114  103-105 45
1 -1 2 s’ 4.— ‘tri&EOle '

69. 1=(m~Nitrophenyl)- 6 146148 146=148 45
1,23d~triazole

70, 1~{p-Nitrophenyl)- 33,9  194~196 190 46
1 s 2 ] 4,—1‘;1‘5.&3018 N

71+ 1={o-Nitrophenyl)- 453 80=82 g2 47
benzimidazole

72¢ 1=(m-Nitrophenyl)- 841 151=152 14945 &7
benzimidazole

73s 1=(p=Nitrophenyl)- 27.5  181-183 182 47
benzimidazole

74+ 9=(0~Nitrophenyl)carbazole 89.7  156-158 156 13

75. 9-(p-Witrophenyl)carbazole 0.2  211=213  209-211 13

Gilman end Honeycutt (22) have earlier reported feilure in the
arylé.tian of carbazole by 2~bremopyridine in pyridine as the solvent.
Simonov et al, (16, 37) have effected l~phenylation of imidazole,



benzimidazoles and indszoles using cuprous bromide as the catalyst
and nitrobenzene as the soclvent. In the present investigations no
phenyl-1,2,.~triazole was obtained when an attempts was made o
phenylate 1,2,4~triazole by bromobenzene with cuprous bromide as the
catalyst and nitrobenzene as the solvent. Recently Tomita and his
workers have obtained diaryl ethers in goed yields when they employed
pyridine as the solvent and cupric oxide as the catalyst (9)e These
conditions were not adequate for the phenylation of 1,2;4~triszzole,
but good yields were obtained when these reaction conditions were
employed for the o=, and p-nitrophenylation of 1,2,4-triazole and
then extended for the Nenitrophenylation of other five-membered
N~heterocaromatics. Dimethylformamide was also used in the

Ne(m~nitrophenyletion) of some of the azoles.

The attempted H~arylaetion of pyrrele by g-chloronitrobenzene
in two experiments resulited in the formabtion of tar and most of the
o-chlorenitrobenzene was recovered unchanged. The Ne(p-nitro-
phenylstion) by p-chlorenitrobenzene resulted in only 15 yield of
{=( p=nitrophenyl) pyrrole. Ko attempt was made for the N-(m-nitro-

phenylation).

When pyrazole was condensed with g-, and p-chloronitrobenzene

in pyridine corresponding i-nitrophenylpyrazoles were obteined.



Two condensations of pyrazole with o-chloronitrobenzene under identical
conditions gave 65.5 and 61.9% yield of 1-(o=-nitrophenyl)pyrazole.
1-(m-Nitrophenyl) pyrazole was obtained in 31.2% yield in the

condensation of m-chloronitrobenzene with pyrazole in dimethylformamide.

1~g= and(p-nitrophenyl)imidezoles were obteined in the
condensations of the g~ and p-chloronitrobenzene with imidazole in
pyridine. Hewever, 1-(,rg~nitrophenyl)imidazole wes obtained on
condensing m~chlerenitreobenzene with imidazole in dimethylformemide.
411 three iscmeric 1-(nitrophenyl)imidazoles were degraded to the
corresponding nitreanilines when treated with dimethyl sulphate and J
sodiun hydroxide (44).

Similarly in the N-nitrophenylation of 1,2,4~triazole o~ and p-
chlorenitrobenzene in pyridine smoothly geave 1=-g- and (p-nitrephenyl)-—
1,2,/~triazole respectively. HNo 1-(m-nitrophenyl)-1,2,4~triazole
could be obtained on attempted condensation of mechlorenitrebenzene
and 1,254~triazole in pyridine or quinoline as a solvent with cupriec
oxlde or cupric chloride as the catalyst. In these attempted
m~nitrophenylations bright coloured products were cbserved tc be
formed which were perhaps copper complexes of 1,2,4~triazole.

However, 1-(u-nitrophenyl)-1,2,4=triazole was obtained when the
condensation was effected in dimethylformamide. No 4~(nitrophenyl)-

152y 4~triazoles were obtained in these nitrophenylations.



Indole wes eagily sarylated by o« and p-chlorenitrobenzene
giving 1=g~ and 1~(p-nitrophenyl)indole respectively. The
1-p-nitrephenylation by m~chloronitrobenzene in either pyridine or
dimethylformamlde failed, bul when m~bromonitrobenzene was replaced
for m-chlorcnitrobenzene a high yield (79.6%) of 1-(m~nitrophenyl)-
indole resulted con cenducting the experiment in pyridine with cupric
oxide catalyst.

{=g= and 1-{p-nitrophenyl)benzimidezoles were similarly
obtained in the condensation of benzimidazole with g~ and o=
chloronitrobenzene. The condensaticn of benzimidazole with
m-chloronitrobenzene in either pyridine or dimethylformamide were
unsuccessful, while m-bromenitrobenzene condensation with
benzimidazole in pyridine gave 8.1% yield of 1={m~nitrophenyl)-

benzinidazole.

Carbazole behaved similarly to the indole and bengimidazols
and gave 9=o= and (p-nitrophenyl)carbazole in the usual cendensation
reaction, though 9-p-nitrophenylation game‘ only 0.27% yield.
9-m-Nitrephenylation using m~chlorenitrobenzene in dlmethylformamide
failed, but when m~bromonitrobenzene condensation with carbazole was
corried out in pyridine 9-(m-nitrophenyl)carbazole resulted in
53.7% yleld.
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ARYIATION BY HALOPYRID .

In these condensations 2« and 3-bromopyridines and -chloro-
pyridine hydrochloride were employed to effect N-arylations.
_Almest all the N-pyridylazoles obtained in these condensations were

nev compounds and are listed in Table II above.

When Ullmenn condensations between pyrazole and 2~ and 3-
bromopyridine and 4~chloropyridine hydrochloride were effected, the
corresponding Neg-; P=, and y=pyridylpyrezoles were obteined. The
three isomeric pyridylpyrazoles were identical with those prepared
by the condensation of 131:3:3-tetramethoxypropane end hydrazino-
pyridines. The yields of the threec isomeric N-pyridylpyrazoles by
these condensetions were: 2-(pyrazol-1'<yl)pyridine, 44.9;
3-(pyrazol=1'=yl)pyridine, 36.4 and 4=(pyrezol=1t=yl)pyridine 20.5%.

Imidazole gave the three Nepyridylimidazoles under the usual
Ullmann condensations in the yields between 30~50%,

The erylation of 1,2,4~triazole by the halepyridines gave both
1= and the J-(pyridyl)=1,2,i~triazoles and are listed in Teble IV
below. The twoe pyridyltriazoles 2-(1',2',4'~triazol-4'-yl)pyridine
and 3=(1',2',4'~triezol=4'~yl)pyridine were earlier prepared by
Wiley end Hart (48) by a different method.



Table IV:

ARYLATION OF 1,2,/4~-TRIAZOLE BY HALOPYRIDINES.

Halopyridine:  Compde fTriagole R Yield map. Llt.m.p, Ref.

To. gl
2~Bromopyridine 23 w\ I )\' Q 28.5 92-93 - -

N

76 U\N L R.7 167-168 169 48

3-Bromepyridine QA[U\N :l'] @- 11.1 82-83 - -
B ,
Wk ]] " 0.4 162 162 48

4=~Chloropyridine
hydrochloride

25 ’H\I*/ﬂ‘ @ 5.7 120-120.5 =
35 tﬁ\*_N_J‘ " 2.1 108110 =
3
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4=(11,2% .4V ~Triazol=4 =yl) pyridine (compound No.35) was also
prepared in 5.6% yield by the condensation of j~sminepyridine and
N,N'~diformylhydrazine using Wiley and Hart's method (48).

Although 2- and 3~(indol-1'-yl)pyridines were obtained in 79.1
and 57.4% yields respectively in these arylations under usual Ullmann
condensations, the arylation of indole by 4~chloropyridine
hydrochloride proved teo be difficult. The following reaction
eonditions gave either umreacted indole or intractable tars:

(2) normal Ullmenn condensation conditions with a reflux peried of
20.5 hrs.; (b) ususl conditions with a reflux peried of 4 hrs.; and
(e¢) liveration of A~chloropyridine prior to condensation and
carrying the condensation wmder reduced pressure (aspirator vacuum)
on a water bath for 20 hrs. A very small amount (2.6%) of
4=(indol-{'~yl)pyridine (compound Wo.4]) was obtained when

condensation wes performed in dimethylformamide.

Benzimidazole gave the three isomeric N~(benzimidazol=1?~yl)e
pyridines in good ylelds. 4~(Benzimidazol=1'=yl)pyridine (cempound
No.53) was also prepared in 63.8% yield using Robinsen and Thornley's
methed (49).

Gilman and Honeycutt (22) had earlier obtained 2~(carbazol-

9t=yl)pyridine when they performed the condensation in
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light petroleum (be.p. 190=210°) using copper bronze as the catalyst
plus icdine. In the present dinvestigations this 2-(carbazol=9'=yl)=-
pyridine has been obteined in 59.3% yield.

ARYTATION BY HAL.OBENZONITRITFES.

The N-cyanophenylations of various azoles were performed using
2=chloro, 3= and 4-bromobenzonitriles. All the Neazolylbenzonitriles
obtained from the Ullmaenn condensations are new compounds and are

listed in Teble II.

The Ullmann condensation of pyrazole and 2«~chlorobenzonitrile
‘gave 6.2% yield of 2«(pyrazol=1'=yl)benzoenitrile, a liquid which was
characterised by hydrolysis in polyphosphoric acid to the
corresponding acid: o~(pyrazol-i=yl)benzoic acid. From the seme
condensation 3.8% yield of o-(pyrazol-t=yl)benzoic acid was also
obtained. Condensations with 3=, and 4~bromobenzenitriles gave the
corresponding pyrazolylbenzonitriles in good yieldse

Imidazole gave 2-(imidazol=1'=yl)benzonitrile on condensatien
with 2-chlorcobenzonitrile. 3-Bromobenzenitrile on condensation with
imidazole afforded the corresponding 3-(imidazol-1!=yl)benzonitrile
together with a small amount of m-(imidazol~-1-yl)benzoic acid.
/~Bromobenzonitrile and imidazole gave /~(imidazol-1'-yl)benzonitrile in -



ia: yield of 73% in addition to a small amount of the corresponding

p=-(imidazol~1=yl)benzoic acid.

15254~Triazole on condens.atim with 2~chlorobenzonitrile gave
2-(1t,2', AV =triazol-1'=yl)benzenitrile and with 3-chloreobenzonitrile
3-(1%,2! , A ~triazol-1Y=yl)benzenitrile and a suell amount of
m=(1,2,4=triazol=1~yl)benzoic acid were cbtained. The Ullmann
condensation of 1,2,4~trlazole with J~bremobengzonitrile gave
4=(1%,2' 4 ~triazol~1'=yl)benzonitrile in 11.5% yield together with
p~(1,2,/~triazol=1=yl)benzanide (3.8%j and a small amount of
P=(1,2,4~triezol=1~yl)benzoic acid (50).

2-(Indol-1'=yl)benzonitrile was obtained in the Ullmenn
condensation in a very small yield (3.6%), while 3~(indol-1'=yl)
benzenitrile was obtained in 55.9% yleld, together with 6.6% yield
of m-(indol-1-yl)benzamide. The Ullmann condensation of 4~=bromo=
benzonitrile gave 4—(indol-1'-yi)benzcnitrile in 77% yield and a very

small amount of impure p-(indol-f=yl)benzoic acid.

The N-cysncphenylation of benzimidazoles by halobenzonitriles
gave the expected (benzimidezol-1¥-yl)benzonitriles in ylelds
ranging from 12.2% (2-(benzimidazol-1'-yl)benzonitrile) to 41.6%
(4~(benzimidazol=1'=yl)benzonitrile).



-:-30 -

ARYLATICN BY BROMOACETOFHENCNES.

N-Acetylphenylazoles were obtained in the condensations of various
N~hetercarcomatics by o=~ m= and p~bromoacetophenones and these are
listed in Table II. Some of the derivatives of these acetophencnes were

prepared and are described in the experimental section.

When pyrazole was condensed with the three isomeric o-, m=~, and
p-bromoacetophenones, corresponding o=, m- and p-(pyrazol-i=-yl)-

acetophenones were obtained in yields of >50%'.

From the condensation of imidazole with g-bromocacetophenone, after
refluxing for 48 hrs., a compownd CyqHqgla0 mepe 182-183° in 65% yield
was obtained which gave a negative icdoform test and lacked a]}c=0 in its
infrared spectrum. When the experiment was repeated at a reflux peried of
7 hrs. o=(imidazol-1-yl)acetophenone was obtained in 33.4% yield together
with the compound mep. 182-183" in 47.7% yield. The m~ and p-(imidezol-
1-yl)acetophenones were obtained in the condensation of imidazole and m=
and p-bromeacetophenones in 63.2 and 82.1% yield respectively. Sitkina
and Simonov (38) bad earlier obtained p-(imidazol-1~yl)acetophenone in
65% yield by effecting the condensation in nitrobenzene with cuprous
bromide catalyst.

All the three isomeric imidazolylacetophencnes were degreded to the
corresponding smincacetophenones, when treated with dimethylsulphate and
sodiun hydroxide.

In the condensation of o~bremoacetophenone and 1,2,4-~triazole, o-

(1,2,4~triazol-1~yl)acetophenone was obtained in 36.9% yield together with



a compound, C,Holiz0y meps 158-159° in 23.3% yield. This compound
lacked ) .., in infrared spectrun and gave a negative iodoform test. The
condensation of m- and p-bromoacetophenones gave m= and p-(1,2,4~triazol-
1-yl)acetophenones in 10.6 and 5.1% yield respectively and comsiderable
amounts of m- and p-bromoacetophencnes were recovered unchanged from these

experiments.

The Ullmann condensations of indole with g-, m- and p-bromo-
acetophencnes gave g-, M~ and p-(indol-i=yl)acetophenones in yields of
74e0, 60.2 and 92.8% respectively.

Benzimidazole was condensed with g-bromocacetophenone giving a
compound, CqgH,oN,05 meps 223-224° in 83.1% yield when the reflux time vas
46 hrs. Performing the condensation at a reflux peried of 3 hrs. gave
o~(benzinidazol~1-yl)acetophenone in 46.0% yield accompanied by a very
small amount of compownd mep. 223-224°; some a~bronoacetophenone (37.3%)
was alse recevered unchanged. The condensation of benzimidazole with m=-
and p-bromoacetophencne afforded the expected m= and p-(benzimidazol-i=yl)=

acetophenones.

The analytical results for most of the azclylacetophencne semi-
carbazones were satisfactory. However, some of the semicarbazones of
azolylacetophenones (e.g.cempounds 7,8:9,33,48 and 49) gave low values for
nitrogen. Compounds £ and 42 had carbon and hydrogen analyses within the
range of 0.1-0.4%. The discrepancies in analytical figures suggest the
loss of one nitrogen from most of these compoundg. Low figures for nitrogen

analyses could alsc be attributed to either impure analytical samples or



the inaccuracies of analyses. Unfortunately it was not possible to
repurify or repeat anclyses performed on these samples. Obher possibilities
of loss of nitrogen by hydrolysis or by some rearrangement taking place
during semicarbazone formation cannet be ruled out at this stage.

ARYLATION BY HALOBENZOIG ACTIDS.

In two exploratory experiments condensation of pyrazole with fd
chlorobenzoic acid and indole with g~icdobenzoic acid was effected.
Pyrazole gave 26.9% yield of o-(pyrazol-~i~yl)benzoic acid accompanied by
2041% yield of 1-phenylpyrazole. g=~(Indol-1-yl)benzcic acid was obtained

from the condensation of indole and g-iodobenzoie acld in 307 yield.

INFRARED SPECTRAW

The characterisetion of various N-srylazcles was based on
comparison with the known compounds where these have already becn reported
in the literature. The three isomeric N-nitrophenyl-imlidazoles were
degraded to the corresponding nitroanilines and the Neacetylphenyl=
imidazoles to the corresponding amincacetophencnes. All the new compounds
listed in Table II gave satisfactory elemental analyses. The infrared
spectra of all the compounds wers recorded end the characteristic NeH peak
of the starting azoles was found to be absent and the various peaks
characterigtic of the groups intreduced by N-arylation appeared in the
apectra.' The pesition of infrared absorption bands due to various groups
in the compounds obtained from the Ullmann condensation have been grouped

in the various tables below.
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The aromatic nitre group has twe identical N=0 bonds which

vibrate asymmetrically causing strong absorption at 1500-1560 cmd1

and symnetrically causing scmewhat weaker absorption at 1300-1400 cm'1.
A1l the nitrophenylazoles, isolated during the present werk
displayed strong bands at these N~0 stretching frequencies. Strong

1

bands in the region 650-1000 cm” ' attributeble %o the C-H deformation

medes of the substituted phenyl groups (51) were also observed. 4

strong band near 740 en !

obgserved in the infrsred speetra of most
of the nitrephenylazeleg could be attributed to C=l stretching of

the nitrosramatics (82f),

Teble V lists the strong infrared absorption bands of the

vericus nitrophenylazoles obtained in the Ullmann condensatione

Table V: INFRARGD ABSORPTION BANDS OF NTITROPELNYLAZOLES.

Infrared ebsorption regions (cm“1)
Gompound

V=0 'agyms Y N=0 sym. G~ defornation
(1500-1560)  {1300-1400)  (650=1000)

a

1~(o-Nitrophenyl) pyrazole 1545 1371 750,754,760,941
1=({n-Nitrophenyl) pyrazole® 1535 1355 738,762,940
1-(p-Nitrophenyl) pyrazole® 1527 1341 765,852,928

1-(g-Nitrophenyl)imidazole 1508 1352 738,789,842,854
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Table V (contd.)

1=(m=Nitrophenyl)imidazole
1=( p=Nitrophenyl)imidazole
1=(o=Nitrophenyl)~1,2,.-triazole

1=(m-Nitrophenyl)=1,2, 4~triazole

1=(p-Nitrophenyl)=1,2,4~triagole
/=(o=Nitrophenyl)=1,2,4=triazole
/~(m=Nitrophenyl)=1,2,4~triazole
/~(p=Nitrophenyl)=1,2,4~triazole
1=( o-Nitrophenyl)indole
1=(m~Nitrophenyl)indole

1=(p-Nitrophenyl)indole
1=(o-Nitrophenyl)benzimidazole

1=(m=Nitrophenyl)benzimidazole
1=-(p-Nitrophenyl)benzinidazole
9-( o-Nitrophenyl)carbazole
9-(m~Nitrophenyl)carbazole

9-(p-Nitrophenyl)carbazole 1500,1516

9-( p~Nitrophenyl) pyrrole

3-Mothylel-(p-nitrophenyl)=  1492,1505
indazoleP 1530 (sh.)

1525

1501,1525

1510

1510

1506
1518
1515
1515
1524
1520

1503
1527

1525
1501
1520
1520

1500

132451376 650,734,816

1358
1361

1360

1336
1348
1318,1345
1345
1363
1345

1333
1353

1350
1350
1357
1345

1333,1351

1312

1320,1335

(she)

720,750,855

74957845852,953,
989

662,730,804,872,
882,955,988

748,855,975
735,782,842,992
748,850

750,855

T4y 1744853

670,720,738,760,
770,860,880

736,856
746,767,793,857,
892

740,750,762
730,856,869
726,752,782,850
678,718,740

690,720,743,845,
857,919

745,850,921
T4t s848




& M.a. 1({13;1613)33.14. Lynch and Y. Hung, Can.J.Chem., 41, 1540
1963) .

A.R. Frasca, Tetrahedron Letters, 1115 (1962) reports 840,
1530 (shouldey® and 1320 em™' (broad band).

b

Pyridines and substituted pyridines displey strong bands in the
general region of 1415-1610 e~ due to pyridine ring C=C and C=N
stretching vibrationg, In the region of C-H out of plane bending
vibration bands typical of the number of adjacent hydregen atoms, cccur
in substituted pyridines (82z).

The pogition of high intensity bands, oceurring in the various

pyridylazoles in the regions 14501600 on™ ' end 650-1000 cu™ ' are

listed in Table VI below.

Table VI: INFRARED ABSORPTION BANDS OF PYRIDYIAZOLES.

Infraved sbsorption regions (em™)

Compound
C=C and C=N stretching C=H out of plane
bending
(1450-1600) (650~1000)

2-(Pyrazol-1'-yl)pyridinea 1458,1472,1521,1580,1594  716,758,780,940

3-( Pyrazol-1'=yl)pyridine®  1458,1480,1492,1520,1528 ;02,750,805,918
3

L= Pyrazol=1'=yl) pyridine 1575,1596 694,,760,820,943



Table VI (contd.)

2~(Imidazol~1'=yl)pyridine®
3-( Imidazol=-1'~yl)pyridine
4~(Imidazol-1'=yl) pyridine

2-(11,2Y , 4 ~Trigzol-1'=yl)=
pyridine

3=(11,2' ,4'=Triazol=1'=~yl)=
pyridine

L=(11,21 4" =Triazol-1"=yl)-
pyridine

R=(11,2',4'~Triazol=4'-yl)=
pyridine

3=(1,21 y 4V ~Triazol-4! =yl)=
pyridine

4=(1%,2" ;A ~Triazol=4'~yl)=-
pyridine

2~(Indol~-1'=yl) pyridine® _

3-(Indol~11~yl) pyridine®

4~(Indol=1'=yl) pyridine®

2-(Benzimidezol=1'=yl)-
pyridine

3-(Benzimidazol=1'=yl)-
pyridine

/~(Benzimidazol~1"=yl)=
pyridine

4=(2'~Phenyl,benzimidazol-
1'=y1l) pyridine

1480,1595
1490,1578
1505,1570,1588
1452,1470,1500,1595

1510,1578,1582

1510,1590

1462,1480,1500,1510
1595

1512,1590

1460~70,1520, 1584
1450,1480,1510,1580

1590

1462,1470 (sh.),1482
(sh.),1578,1588
1450,1490,1580
1490,1500 (sh.),1582

1575

650,770
698,748,800,956
680,815,990
780,890,988,998
660,694,808,518,
952,975

660,688,820,982,
995

790,880
690,805,998
660,688,830,982,
990

712,740, 758,775
7045740,760,805
700,715,740,760,

768,824,992
730,795
710,740,760,818
970

702,740,830

690,718,734,758
765,838



Table VI (contd.)

152, (y=Pyridyl) benzimidazole 1575 715,735,848

2-(Carbazol=9'~yl)pyridine  1465,1478,1575,1585 718,724, 742,758,
775
& Liquid [ilm.

Benzonitriles are characterised by the C=N stretching frequency
which occurs at 2220~2240 cmf1 (82n). A1l the azolylbenzonitriles
listéd in Teble VII displayed bands in this region together with the

bands, in the region 650~1000 cm ', charecteristic of substitution
pattern on the benzene ring.

Teble VII: INFRARGD ABSCRPTION BANDS OF AZOLYLBENZONITRILES.

Infrared absorption regions (em™ )

Compound
C=N stretching C~H out of plane bending
(2220-2240) (650-1000)
2-( Pyrazol=1'=yl)benzonitrile® 2228 7555930
3-( Pyrazol-1'=yl)benzonitrile 2225 725,780,792,940

/={ Pyrazol-1'=yl)benzonitrile 2225 740,828,930
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Table VII (contd.)

2=( Imidazol=1'«yl)benzonitrile
3-(Inidazol=1'=yl)benzonitrile
4=(Inidazol=1'=yl)benzonitrile

2e(11,2% At =Triagol=it=yl)=
benzonitrile

3“(1 ' » 2' ,4‘ “Triaz°1-1 ' '-yl)'-
benzonitrile

4=(11,2' , [V =Triazol=1'=yl)=
benzonitrile

2~(Indol=1'=yl)benzonitrile
3«(Indol=1'-yl)benzonitrile

4~(Indel=1'=yl)benzenitrile

2-(Benzimidagol=1"=yl)-
benzonitrile

3-(Benzimidazol=1"'=yl)=- a
benzonitrile

/=(Benzimidazol=1'=yl)=-
benzonitrile

2230
2232
2225
2235

2235

2234

2232
2232

2224 & 2235
2222

2232

2232

728,732,772,820
670,754,790,884
722,810(sh.) ;828

668,762, 868,884,958,
980

670,802,872,988

660,835 & 844 (doublet),
872,952,978
7204735,760,770
680,718,736,758,794,

890

728,748,770,838

678,735,758,762,792,
882

740,760,855

& Liquid film.

The agolylacetophenones obtained from the Ullmann condensations

had strong bands in the region of 1670-1700 cﬁ-1 which could be ascribed



to the 0=0 stretching of an aralkyl ketone. These bands in
conjunction with strong bands in the region 650-1000 c.'.rtf""I Por various

azolylacetoohenones are listed in the following table (VIII).

! !

Table VIII: INFRARED ABSCRPTION BANDS OF AZOLYLACETOPHENONES.

Infrared absorption reglons (cm71)

pompound C=0 stretching C=H out of plene bending
(1670~1700) (650~1000)

2=( Pyrazol=1t=yl)= a 1695 760,938
ecetophenone

3=(Pyrazol=1t=yl)= 1672 680,765,790,915,940
zcetophenone

4= Pyrazol=1t=yl)= 1672 760,828,838,934
acetophenone

2-(Inidazol=1'=yl)= _ 1690 652,764,
acetophenone

3-(Imidazol-1'=y1)= 1674 650,680,758,790,908 &
acetophenone 914 (doublet),990

4=( Imidazole=1t=yl)= 1670 650,740,820,900,955
acetophenone

2=(1",2' ,4'~Trigzol=1'=yl)=- 1689 ‘ 672,765,879,950,982
acetophenone

3-(17,2', [V ~Triazol=1 =yl)~ 1686 662,952,988
acetophenone

L=(1",21 4V ~Triazol=1"=yl)= 1670 664,,832,955,980

acetophencone



Table VIII (contd.)

2=(Indol~1'=yl)acetophenone & 1682 738,756,775 -

3-(Indol~1t-yl)acetophenone > 1682 685,712,735,758,790

/=(Indol=1® =yl) acetophenone 1670 T28,740,760,840

2-(Benzimidazol~1t=yl)- . 1695 740,760,782
acetophenone

3-(Benzinidazol=1%-yl)- 1675 675,742,762,790
acetophenone

/=(Benzimidezol=1'=yl)~ 1680 745,752,830
acetophenone

& Liqpia £ilm.

The azolylbenzsmides and benzolc aclds obtained from some of the
Ullmsnn condensations possessed strong bands characteristic of these

functional groups end are listed in Tables IX and ¥ Delow.

Teble IX: AZOLYLRENZAMIDES.
Infrared absorption regions (mﬁ'1)

Gempound . (N-H stretching) Amide I Amide II C-H oubt of
(c=0 (v-H plane bending
stretching) bending)  (650-1000)

o~(Pyrazol-1~yl)~ 3400,3180(bre) 1648  1595,1615 748 & 752
benzanide (doublet),
932
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Table IX (contd,)

p=(1,2;,4~Triazol-i=yl)= 3360(br.),3170 1664 1605 778,850,952,
benzamide 980

a-{ Indol~1=yl)= 3395,3180 1648  1600,1610 715,726,742,
benzamide 892(m)

Table X: AZOLYLBENZ0TC ACIDS.

Infrared absorption regions (cm-1)

Compound 0-H gtretching G=0 stretching C=-H out of
plane bending
(650-1000)

c~(Pyrazol=1syl)~ 2440~2632(w) 1700 689,750,950
benzoice acid (broad band)

p-(Inidezol=l=yl)=- 2558,2670(w) 1685 662,698,748 ,940
bengoic acid (broad)

o~ Imidazol=j=yl)~ 2670,2725(w) 1670(br. ) 752,850,928
benzoic acid (broad)

n~(1,2,4=Triazol-1=y1l)= 2620,2675(w) 1695 662,698,750,975
benzeic acid (broad) 990

0={1,2,4~Triagol=1=yl)= 2620,2730(w) 1670(br.) 664, 768,850,958,
benzole acid (broad) 970

o~(Indol=1=yl)=- 2530,2570,2650(w) 1680 700, 712,740,750,
benzeic acid (broad) 7745795,930

p~(Indol-1=yL)- 2550,2670,2730(w) 1675 718,752,850,930

benzoic acid (broad) (m} (m)




As can be seen from the results presented in Tables II, III
and 1V; the Ullmann condensation is a satisfactory reaction for the
preparation of most of the five-membered Nearyl heterocaromatics.
Except in the case of condensation of o-bromoacetophenone with‘
imidazole,1,2,49t:iazole and with benzimidazole no abnormal
substitutions, such as the von Richter reaction (52), has taken place
in these condensations. The orientation of the substituted azoles
are compatible with the infrared spectra. In some cases the
coempounds cbtained from the present condensation were found to be
identical in mepe, mixed m.p. and the specirs with the compounds
already described in the literature (for example 1-nitrophenyl-
pyrazoles and 1-nitrophenyl=1,2,/~triazoles). A few compounds were
also prepared using unambiguous routes (such as 1-pyridylpyrazoles
from pyridylhydrazines and 1,1,3,3-tetramethoxypropane) end compared
with the products isolated from the Ullmann condensation, and found
to be identical in &ll respects. Bacon et al. (55) report the
formaticn of biaryls in the reaction of aryl halides with cuprous
oxlde catalyst in pyridine. In the present work no blaryls were

isolated from eny of the reactions studied.
MECHANTISM
The Ullmann condensation of +the five-membered N-hetero-

aromatics, being a copper catalysed reactlion, falls in the same class

as the Ullmenn blaryl and diarylethers sgynthesis. This condensation
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af the hetercarcmatlcs with halearyls in the presence of a cabalyst
is esgentlally a nuclecophilic substitution at an aromatie earﬁon

atom Dy the nitrogen of the heterocarcmatic ring and as such can be
regarded ag an extension of nucleophilic substitution of haloaryls
by emines. The aromatic nucleophilic substitutiens have been
deseribed in a review by Bunnett and Zahler (53). The clear mechanism
for thece ccpper catalysed nucleophilic substitutions is obscure.
However, it has been éroposed that the catalysis inveolves the joint
agscciation of the aryl halide and ﬂhe nucleophile with the surface

of cuprous oxide (or cupric oxide) or other species employed (54).

Bunnett and Zahie} pr?gose tﬁe following scheme for Ullmann
U

densationss Cu
con ?sa ne >|<@ Y @X V4 Y
C Y
___u_e —_ _ +Cu X

Cu
y &/

Cu
y &
@@H @6

Representation of the copper compound as cu’ and of the
nuclecphilic reagent (Y) as an anion are for the purpose of cenvenience

only. Thig mechanism assigns to bthe copper catalyst the role ef



increesing the replaceability of the halogen atom by converting it
to an oniun~compound., This is similar to increasing the

replaceability of an amine group by quaternisation.

The results of the present work are in agreement with the
nucleophilic substitution mechanigm. The uwnactivated helearyls (e.g.
bromebenzene, iodobenzene end p~bremoenisele) failed to arylate
19254~triazole under the Ullmann conditions. Similer difficulty was
met in the arylation of the azoles by m-nitrochlorobenzene in
pyridine solvent. In all the cases g~ and p-nitrochlorcbenzenes
gave good yields of the products, g-nitrochlorobenzene giving higher
yield than the p-isomer. The copper assisted reactions are frequently
very variable in rate, and are sonetimes completely inhibited,
depending e.g. upon what anion, reagent, or solvent molecules, or
specific complexing agents are present in the gystem te compete as
ligands for the metal. This fact could well explain the failure of
some of the reactlons of azoles (e.g. m-nitrophenylation) under
Ullmenn conditions. Some of the azoles (e.g. benzimidazole,
imidazole and 1,2,4~triazoles) are known to form complexes with
copper salts (56). ‘This may be a source of competition in the
reection of o relatively inactive haloaryl and some of the azoles.

In those cases where an arylated product could not be iseclated in

the arylation of 1,2,4-triazole, bright coloured solids were noticed
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in the reaction mixtures pointing to the possibility of formation of
some sort of copper complexss. The higher ylelds obtained in the
arylation by g- and p~haloaryls also suggest the pessibility that
some kind of nucleophilic substitution is taking place in these
Ullmenn condensations. For instance, in the arylation of azcles by |
o~ and p-nitrochlorobenzene, the negative charge in the hypotherical
intermedlate can ecasily be accommodated by oxygen of the nitro group
by resonance (53) and thus will help stabilise this intermediate.
Thus in a simple case the following intermediates will facilitate
the substitution:

5
YX!

Y X
_N—0
«—> etc.and «——>etc.

[1
N+
VN
0 0
The better yields of the arylated preducts in the o-nitro-
phenylation of most of the azoles seem to be due to some special
effect of the gc-substituent. An o-nitro group seems to facilitate
the substitution of the halogen more than the p-nitre group. If
steric and mescmeric effects were more important the p-nitro group

would have been more resctive in these substitubions. However, the
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present results indicate that in these substitutions the inductive
effect of the nitro group seems to be playing a major role in the
crtho position and also the g-nitre group seems te have scme
favoureble effect on the substitution. Bunnett and Morath (57)
studied the reaction of piperidine with ge and p-nitrochlorobenzene
and found g-nitrochlorobenzene te be more reactive than the p-iscmer.
The transition states postulated were I and II for the two isomers.
Small change in rate, energy of activation and entropy of activation
indicated that the transition state II, in spite of its zwitterionic

character, is legs extensively solvated than the transition state I,

I I

In the transition state II the sites of positive and negative charge

in the zwitterion, the piperidine nitrogen atom and a niitre oxygen
atom, are ideally located for direct electrestatic interaction. This
mutual interaction amounts te a "bullt=-in' seolvation and largely

satisfies the itendency of the charged atoms to gather solvent molecules
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about them. It is stated that three [factors play important roleg
in the substitution of halides by amines. First, the inherent
preferentially ortho-activating effect of the nitro group; second,
steric interference with coplanarity in the orthe transition state,
tending to retard ortho-substitution; and finally, "built~in
solvations® in the ortho~transition state which restores the
predominence of ortho substitution. The ortho-carboxylate group
(=000") has also been found to be ortho-activating in a similar
nucleophilic substitution reaction and this was found to £it in well
with this "built-in solvation" concept (58). Other explanations like
hydrogen bonding have also been forwarded to explain the acceleration

by ortho groups (59).

The most recent mechanism of the Ullmenn biaryl synthegis is
suggested by Fanta (1(b)). It is suggested that the particular role
of an crtho-electronegative group in promoting the reaction may be
due to the possibility of chelation as well as electron withdrawsl
from the arematic nucleus, which will facilitete nucleophilic atback
of copper as shown below in (a) for +the hypothetlicel complex formed

by the reaction of copper and g~bromenitrobenzene.
L.,
% N02




In tilze second stage (b) nucleophilic atback of the complex
takes place on a second melecule of aryl halide. It would appear
necessary for the complex (a) to first release the bromide ion while
remaining atbached to the copper surface. The nucleophilic attack
of the residue can be maintained by a further flow of electrons
from the copper. In the finel step (¢) of the reaction, the covalent

biaryl bond is formed with release cf the iedide ione.

A similar mechenism has been put Forward by Weingarten (7) for
the related copper salt promoted Ullmann diarylether synthesis. It
is proposed thalt cuprous bromide and net the cupric bremide, ig the
reactive catalyst species resoonsible for the diarylether formation.
The follewing scheme gives the mechanism. (Pctassiun phenoxide is
denoted by K0g.)

CuBr + KOf === Culff -+ KBvl tjcb
guop + Ko =====t2 K*% \0,91)2
u-—OCb

Ko (ot )+ B ===




Weingarten suggests that the catalytic influence of the
copper arises through the interaction of the catalytic species
with theqT’electrons of the sromatic system rather than with those

of the leaving halogen atom.

No mechanism, as yet, has been proposed for the Ullnann
condengations of N-hetercaromatics and arylhalides, but it is not
unlikely that it may be proceeding by a mechenism very similar to
that of bieryl or diarylether syntheses. From the observed facts
arising fram the synthetic experiments of the present work and the
findings of the other investigators only a tentative mechanism
could be proposed at this stage. Howvever, an elaborate and move
conclusive mechanism could enly be postulated from the kinetic and
other data which 3is beyond the scope of the present work. The
investigations reported in this thesis mainly deal with the synthetic

applications and scope of these condensations.

Thovgh & majority of the Ullmann condensations have been
carried out on the Nehelercaromatics with a free NH, in the presence
of a base such as anhydrous potassium carbonate, a few condensations
have been effected by using the metallic salts such as N-potagsium
carbazole (17) and N-sodiopyrrole (15), and good yields of Nearyl
substituted preducts have been obtained from these rcactionse.

Thus it is quite likely that metallic salts which could be formed
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in situ in these condensations be of the reactive species. All
the N=hetercarcmatics employed in the present work - pyrazcle,
imidazole; 1,2;4~triazele, indole, benzimidazole and carbazcle -
have been found to give the metallic derivatives (60). These
potassiun derivatives of varicus heteroercnatics can then take pard
in the condensation vie conversion into the corresponding copper
selt and this copper heteroarcmatic cen possgibly react aceording
to a scheme gimilar to that proposed by Weingarten (see p. 48).

The copper galt of 1,2,4~triazole had earlier been prepared by
Strain (56c) by the actleon of 1,2,/~trieszole on cuprous amide.

This copper salt has also been prepered by other workers (56b; 61).
Gopper salts of pyrazole (56b), imidazole (56b, 62) and
benzimidazele (56b, d, 63) have also been reported.

Internediates such as copper phenoxide (and z 7-complex with
copper phenoxide) and aryl copper have been postulated to take part
in the Ullmann diarylether (7) and biaryl synthesis (64)
respectively, and as mentioned in the preceding ovaragraph that
verious azoles form copper galts, it is more likely that in the
Ullmann condensgaticns of hetercarematics such en intermediate can
also be responsible for the arylatlons. However, another mechanism,
where the potassium salt of a hetercaromatic is reamcting via its

anion in a copper catalysed nucleophilic substitution on the



haloaryl, can also explain the formation of N—arylazoles.l The
latter mechanism would be similar to that for the formation of
Nealkyl heteroaromatics via thelr elkali salts such as the
alkylation of 1,2,4~triazole by alkyl halides (65). |

It has been observed that solvenis containing heterocatons,
such as pyridine, dissolve copper salts to form complexes which
are catalytic in the Ullmann diarylether synthesis, thus allowing
use of lower temperatures (66). Gilman end Straley have earlier
reported the solubility of phenyl copper in pyridine (67).
Furthermore, copper salts are also known to form stable complexes

wvith nitrogen heterocycles (68).

These cbservations could explain the high efficiency of
pyridine as the sclvent in our investigabtions and perhaps its
additiongl catalytic effect somewhat similar to that exhibited by
pyridine in the nucleophilic substitution of eyanuric chloride by
aryl amines (69). There is only one reported instance of the use
of vyridine as solvent in the Ullmann condensation of carbazole
with 2-bromopyridine and 1t was found te be ineffective in the
preparation of 9-(a~pyridyl)carbazole (22). There is virtually
no mention of the use of dimethylformamide in the Ullmann

condensationg though it has been successfully employed for Ullmann
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biaryl synthesis and other reacticns (70). Dimethylformamide is
reported to act through its complexing action towsrds copper selts =
thus prometing various reactions (71). Another advantege of the

use of pyridins and dimethylformemide in our investications was the
high solublility of the two reactants - hetercarcmatic and aryl

halide = in these sclvents.

The copper cataelysts used in the condensaticons are either
Cu (I) or Cu (II) salts and are effective in these arylations.
Williams, Kinney and Bridger (66) have found that in the Ullmann
dlarylether syntheses oxidation-reduction of copper ions takes
place in the system, end both cupric and cuprous salts can be used.
Thése workers investigated the reduction of complexed cupric icns
to cuprous ions by ceopver powder which indicates that the active

catalyst contains cuprous copper. Evidence that the catalyst acts
through the eromatie ring was also obtained by them,

The results of present investigations are In agreement with
the tentative mechanism suggested and could be explained in the
light of the properties of different hetercaeromatics. Cuwr failure
in attempts to arylate pyrrole was preobably due to the decomposition
end polynerisation of pyrrole giving intractable tars. These
decompositions and tar formations could take place in the presence

of small amounts of acids (72).
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Methylation of the sodium salt of indole by methyl iedide
gives N-methylindele as the principal preduct, together with some
2-methyl-indcle and skatole (73). In our experiments the only isomer
formed in the verious arylations was the Nesubstitubed indole.
There was no evidence of the Fermation of any of the 2=, or 3= aryl
indoles in these condensations, 411 the K~aryl indoles except
N~{o=pyridyl)indcle, formed in our experiments, were new compounde.
N-{a=pyridyl)indele had earlier been prepared in a very small
quantity (74) but our preocedure affords this compound in 79% yield.
In the attempted arylation of indole by 4~chleropyridine
hydrechloride difficulties were met and only a small amount of the
product could be obtained. This could be due to the two well dmowm

observations: (a) that /~chlorepyridine z2s a free base is subject

to dimerization giving Ne(4!=pyridyl)-i~chloropyridinium chloride (75),

and (b) the polymerisation of indole under acidic conditions (73).

L)
XN~ el

~
o



Ls the erylation of indole was conducted using 4~chloropyridine
hydrechloride the presence of acid in the salt would help

polymerisation of indole and prevent arylation.

The Nearylation of indole by 3J-bromobenzonitrile and of
152y4~triazole by L~bromcbenzonitrile gave the corresponding azolyl-
benzamides together with the expected benzonitriles. These amides
probably are produced by the metel catalysed hydration (76) of the
nitriles formed in the aryletion. Also in the arylations of
various hetercaronatics by helobenzonitriles small smounts of
agolylbenzolc acids were formed. These ecids are perhaps the
preducts of hydrelysis of the nitriles by a small amomnt of water
libsrated during the reaction.

nly a few experiments were conducted using carbazole and
good yields of 9-(g-nitrophenyl)carbazole and 9-(a~pyridyl)carbazole
were obbtained. lartsokha, Pogzharskii and Simonov (37) reported
feilure in the arylstion of carbazole under Ullmann conditions and
asceribed this to the strong steric hindrence effect; owr own
experiments with carbazole are in disegreement with this explanation.
In our experience condensations with g-chloronitrobenzene and
2-bremopyridine with carbazole gave products in yields of 89.7 and
59.3% respectively. Here acceleration, due t0 the crtho-nitro group

rather than steric hindrance was observed. This is incompatible



with the explanation of Simonov et al. (37) bubt in agreement with

the concept of "built in solvation" (p. 46).

In the arylation of pyrazole, imidazole ‘and benzimidazole
only one Nearyl azole was obtained since for Nearylations the two
N~pesitions were identical in the unsubstituted compounds. In the
case of benzimidezole and imidezole the two nitregens are equivalent
and the same product is preduced irrespective of the nitrogen
attacked, while in 1,2,4~trlazole the molecule is capeble of giving

two isomers, 1= and 4=aryl triazole (R = aryl).

N —_uj N—™/N
lkr\]/ h lkN/IJ
: ;
= 4-
The alk:;rlation of 1,2,4=triazole under basic conditions was
found to give exclusive 1malkyl=1,2,4-triazoles (65). Rkerblom (77)
in a recent study of the methylation of 3-amino=5-(2Lfuryl)e1,2,4=
triazole has demonstz:ated that methylation in elkaline solution gave
a mixture of 1= and 2-methyl-3-amino~5-(2V~Turyl)-1,2,i~triazole.
Methylation in neutrel sclution gave 3=amino-5-{2'-furyl)-/-methyl
1,;’2,4-t.riazole as shown in the following scheme.



CHy

CHy
L &J-
+
Hy o0~ L\N NH,

s L
N ‘

U\o/ljl]\N HNHZ - N
c% H\OJ_L”\IJJ‘ NH,

toy
CHy

Other products of di~ and trimethylstion and methylation
on amino groups were elso formed in small emounts. These
observations by Tcerblon were in agreement with the calculated
values of 7electron densities at the nitrogen centres of the neutral
molecule and ¢f the anionic form of 1,2,4-~triazecle. The
calculations had earlier predlcted the highest eleciron density at
4=position in the neutral molecule while in the anionic form
1= and 2= positions had higher electron density than the 4= position
(78).

Although Jacquier, Roumestant and Viallefent (105) have
obtained both 1~ and 4=p-nitrophenyl-1,2,/~triagele and 1= and
A=p-nitrophenyl=3-methyl=1;2,4~triazole in the nucleophilic
substitution of p-flucrcnitrobenzene with 1,244~triazole end 3-methyl-

14R244=triazole respectively, in ocur experiments of N-arylation of



15254~triazole by nitrohalebenzenes, halobenzonitriles end halo-
acetophenones only j-substituted Ne-aryl 1,2,4-triazoles were formed.
However, in the Nearylation with halepyridines both 1-, and
l~pyridyl~1,2,/4~triazoles vere formed, e.g. in the arylation by

2« and 3-bromopyridines both the 1=~ and /-N-substituted triazoles

C
N T)[L N~ N
4 = 2-Bromopyridine “\ + “\ N/’J
B = 3-Bromopyridine 7~ =
C = 4~Chloropyxridine N I ~ I

hydrochloride N
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vere formed, elthough the 4~isomer was formed in a very small yield.
In the arylation by 4-chloropyridine hydrochloride the main product
formed was /-N-substituted triazole. All the j-substituted pyridyl-
triazoles were prepared by unambiguous routes using Wiley and Hart's
diformylhydrazine methed (48) and were found to be identical with
the compounds isolated from the reaction. The 4~(a=-, P~ and y=
pyridyl)triazoles formation perheps takes plece in a similar manner
as the electrophilic attack in azoles at a multiple bonded (pyridine
type) nitrogen stom which is then followed by a loss of proton from
the NH group (79a).

Py Py

| |
PYX + “\H_/A N ?“\H_)ﬂ _—HX 'LN_/H

X

Pyx = Helopyridine

The analogy can be drawn between the above-menticned reaction
and the reaction between benzimidazoles or N~substitubed benzimidazole
with 2,4=~dinitrochlorobenzene (80). When benzimidazole and N=-
subgtituted benzimidazoles were treated with 2,4-dinitrochlorobenzene



in the presence of sedium acetate and ethanol or just fused together,

onium salts of the following type were formed.

+

/h\l NO,
N _
Lo o,

"Abnormal" products of lation g-bronoacetophenone.

In the reaction of bromoscetophenone with different
heteroaromatics "normel" substitution products i.e. various N-
azolylacetophenones were obtained. While in the condensation
between o-bromoacetophenones and imidazole and benzimidazole prolonged
heatings gave products which did not give the icdoform test and
lacked the characteristic ) o=g bands of eralkyl ketenes in their

infrared spesctra in the region 1670-1700 en™ !

» These products,
however, analysed for the same empirical formula as the cerresponding
acetophenone of the azole. 152,4=Triazole on the other hand gave

a mixture of preducts enalysing for triazolylacetophenone. The

lower melting compound hed a})a=0 band at 1689 cmf1, while the higher
melting cempound lacked the ) =0 Pend and gave a negetive icdoform

test. The condensations of imidazole and benzimidazole with



o~bromoacetophenone at a lower reflux pericd geve the expected
acetophenone together with the "abno: " product. The following
teble gives the reaction time for these condensations and the yield
of the two preducts obtained together with infrared spsctra bands
in the region 3000-3500 cm™ !

Table XI: CONDENSATION OF O-BROMOACETOPHENONE WITH IMIDAZOLE,
BENZIMIDAZOLE AND 1,2,/=TRIAZCLE.

Yield of products %

Infrarved bends in g
Azole Iipe  gzolyl- "gbnormal region 3000=3500 cm™

hrs. acetophenone  produch for abnormal® product

Imidazole 48 - 65 3070-3090(br)s 3125
" 7 334 4747

152, 4~Trizzole 48 3649 23.3 3160(br)

Benzimidazole 46 - 83.1 3225, 3340(sh);

3385(br) strong bands
n 3 46 b a

& A emell quantity admized with benzimidazole was obbained;
37.3% of o-bromoacetophencne was also recovered unchanged
from the reaction mixture.

® 73.4% on the basis of recovered o-bromoacetophenone.




o=(Imidazol=1-yl)acetophencne on heating under reflux was
found te change inte the higher melting product.

Table XI shows the effect of reflux time on the formation
of "normal" azolylacetophenones. The shorter reflux periods favour
the formation of 'mermel® azolylacetophenones while carrying oub
the condensations over a long veriod results in the unexpected
compounds. The failure to isolate the expected acetophenones from
the condensations of imidazole and benzimidazole with g-bromo-
acetophenone at reflux times of 48 and 46 hrs. respectively, and
formation of these acetophencnes together with the "sbnormallf
products at ahorter‘reflux period indicates the possible initial
Pormation of the'normal'expected acetophenone followed by its
conversion into the"abnormalproducts. It is also not unlikely that
these "abnormal" preducts sre formed simultaneocusly with the
expected acetophencnes though in a small quantity. The conversion
of the normal acetophenones to these products under the reaction
condition provides evidence for the possible initial formation of
the" normal” reaction product which is converted into the" abnormal®

products.

Since the'"abnormal'products were formed only in the case of
imidazole, 1,2,4~triazole and benzimidazole, and not in the

condensation of pyrazole and indole,it is believed thet these reactions



take place with the compounds containing structure of the kind\N eg.,

l

In the case of imidazole the product cbtained in the
condensation with o-bromoacetophenone can be tentatively assigned
the structure as below (I) where the H of (H can also take place in
hydrogen bonding as shown in II.

[Q ~OH ”\T)I/E

C C
“N\CH; ./ NCHs

In this case the 0-H stretching vibration is shifting to lower
frequencies (see Table XI). This could probably be due to the
formation of & strong intermolecular hydrogen bond. The higher



melting point of I cen also be due to such a hydrogen bonding. At

this stage the possibility of hydrogen bondings of the type—O—H ~N—
cannot be ruled out, but the bands at lewer frequencies perhaps ll
arlse from very strong intermolecular hydregen bonding. Recently

the infrared spectra . of compounds III and IV hawve been reported

(81) and as can be seen that the) o o, in IV appeers at lower

frequencies than in III, this could be due to intensive hydrogen

1 in IV has been

bonding in IV. The broed bend at 3333=3320 cm
ascribed as characteristic of a polymeric aleochol (51b)., Structures
like II can perhaps give rise to intramolecular bonds.

x?r
C—AF

III, R=H
Ar=Ph

v

R

IR. 3333-3320 cu |
P (bread band)
IR, 3356 & 3570 em” ' (KBr)

3448 & 3600 cn”™ (GHOL,)
The infrared spectrun of I also displayed strong bands centred
at 745 en™' with shoulders at 725 and 758 cm™ ', which could be
attributed to an o~disubstituted benzene ringe.



The abnormal products from imidazole, 1,2,4-triazole and
benzimidezole have been tentetively assigned the structures I, V
and VI respectively. Since in the condensations of g-, m= and

p-bromeacetophenones with pyrazole and indole and in the condensation

Nﬂ\rxl—/’tk/o*‘ N-\ OH ”\—N_J C|)H

N\CHs \CH; Ot
L
v VI VII

of m- and pebreomoacetophenones with imidagzole, 1,2,4-triazole and
benzimidazole, only normal products were obtained, structures such as
VII can be ruled oub.It is believed that if a simple reductien has
teken place during the condensation giving rise to compound VII,

such products could also be formed in other condensations. This is
not compatible with the experimental observations and points to a
reaction gpecific of position 2~ of imidezole and benzimidazole and

position 5- of 1,2,4~triazole. The presence of a hydroxyl group in



the product I was also established by its esterificetion with benzoyl
chloride. The benzeate ester which was obtained as a low melting

s0lld lacked O-H absorption in the infrered spectrum. A strong

1

absorption band at 1720 cm ' appeered and this could be assigned to

the carbonyl stretching frequency of a benzoate ester (82). In

addition to the) ., strong bands at 702 and 750 cm 1

1

with shoulders
at 684 and 730 em ' were also observed; these bands could be
attributed to an o-disubstituted benzene ring of I together with the
mono substituted benzene ring introduced during esterification.
Badger and Moritz (83) have reported a diffused band appearing at
3300-3100 em™! in the spectrun of &~hydroxyquineline at higher
concentration which they ascribe to intermolecular hydrogen bonding
of structure VIII, while intermolecular hydrogen bonding due to IX

wes found to give rise to a band at 3416 cm™ \.

VIII IX

Imidazole undergoes electrophilic substitubtions at 2-, end 4=~

pesitionse The nitration of imidazole tekes place at A=~position and



the diazo~coupling occurs at 2-position; benzimidezole also is
iodinated at 2~position (84), though the reactive species taking
part in these substitutions could be different. Earlier it was
found that Nevinylimidazole and Ne~vinylbenzimidezole hydroxylate at
2~-position when heated with formaldehyde or paraformaldehyde (85).

Nesubstituted imidazoles alsc underge thermal condensation
with aldehydes to give N-imidazol-2-yl-carbinols (86).
2-Iithioimidazoles carrying substituents at N atom were obtained by
the treatment of N-substituted imidazoles with N-bubtyl Lithium.
These lithioimidazoles,; when treated with benzophenone gave the
2-substituted carbinol (X) in over 75% yield (87).

Tithium ”: H: /“*C"'—CGHS

éz R R CBF%

R = CH3 or 06H5
In view of the foregoing facts it is assumed that product I
can arise in a similar fashion by the electrophilic thermal
condensation at 2-position of the imidazole ring, possibly by scme
kind of intraemolecular catalyst assisted reaction. The reaction

giving rise to I could possibly be envisaged as follows ¢



This is reminiscent of the electrophilic substitution of thiophene
(790).

‘j —_— H «— & Hh - |
I‘ i‘ —_— '—~—4;| ll
v ‘18 —Br g /< Eg /<Br Br g ~Br
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No further attempts, at this stage, have been made to
synthesise or investigate further these "abnormel" reaction

productse

The infrared spectra of various Nearyl hetercaromatics have
been recorded in the tables V=XI. Only strong bands have been

listed in the region 650-1000 en™ 1

characteristic of C~H deformation
modes and other regions characteristic of the various substituents
present in the N-aryl group, intreduced into these N~heteroaromatics
through various arylations. The infrared spectra are quite

compatible with the structures assigned to these compounds. All

the compounds prepared lacked the absorption attributable to an

;>N-H (bonded or non-bonded) in the spectrum which rules out any
possibility of substitution at the carbon atems of the hetercarcmatics
either as the main reacticn or by thermal rearrangement from

nitrogen to carbon as has been observed in the case of Nesubstituted

pyrroles {79¢) and N-methylimidazole (84).

It has previously been observed (28) that a strong band in
the region 925-960 e~V is associated with the C-H vibretion of the
pyrazole carbons, and ‘that its position in substituted 1-phenyle
pyrazoles is diagnostic of substitution in the pyrazcle rings

absorption in the range 925-942 en~V is noted for compounds without



substituents in the pyrazole ring, while absorption in the region
950-960 cm™ | is observed with compounds carrying substituents.

A11 the Nearylpyrazoles prepared in our present work show strong
absorption bands in bhe region 925-942 cn ! attributsble to a free
C-H vibration of a pyrazecle ring while no bands in the region
950-960 com™ ! were observed. This is in agreement with the previous
suggestlon. & tentative assignment for the different substituted
H=arylazoles infrared absorption bands could be made as

1

o-distbstituted 735770 au” '3 m-disubstituted 770-795 cui |

and
o-disubstituted 795-850 en) (all strong bands) (82b). The
characteristic strong bands at ca. 740 en™! due to 1,2-disubstituted
benzene in indole and benzimidazole were also observed in addition
to the bands attributable to other substitution patterns mentioned

earlier.

The strong infrared bands of various N-nitrophenylazoles are
tebulated ebove (Table V) for the), . asym. and ) . , sym. It was
observed that N-0 asymmetric stretching frequencies of the pars-
substituted nitrophenylazoles were lower than the corresponding meta-
isomers due to the conjugation between the hetercarcmatic and the
aryl ring. The -0 asymmetric stretching frequencies of the orthoe
lagomer de not differ very much from the mete~-isomers perhaps due to

the lack of coplanarity between the two rings caused by the ortho-



nitro-group. As can be scen from Table V the frequency for the

absorption due to H=0 sym. is also affected.

The pyridylazoles show strong bands in the region 1450~1600
en”! characteristic of C=C and C=N stretching frequencies of
pyridines. The different substituted pyridines can be characterised
by observing the out of plane vibrations in the region 690850 cm™ |
(82¢).

The bengonitriles absorb in the region 2220-22/0 cm™| and
can . easily be characterised. In heteroaromatic substituted
benzonitriles the bands attributable to CG=N stretching in the regicﬁ

1

2222-2235 cm ' were observed and could be attributed to this stretching

medes

All the heteroarcomatic substituted acetophencnes displeyed a
strong band in the carbonyl stretching frequency reglon (1670-1700
cm'1) of aralkyl ketonesy strong to medium bands due to symnetric

CH, deformation were elso observed in the region 1350-1370 en™ 1,

In the case of amides two bands in the region near 3350 end 3180

1 1

em '3 strong bands at 1620-1670 cm ' attributed to asymmetric and
symmetric NHz gtretching frequencies, end G=0 stretch and NH
deformation respsctively are observed (82d). Azolylbenzemides were

found to have bands attributable to N=i stretching frequencies at



T; =0 streteiing 1648-1664 ca ' end

li-H deformation (Amide II) 1595-1615 cm™ 1.

3170-3180 and 3360-3400 cm

The azolylbenzoic eclds displayed bread bands in the O-H
stretching region due to strong hydrogen bonding. These bends were
accompanied by the usual C=0 stretching bands in the region

1670-1700 e
o-(Pyrazol-1-yl)benzoyl chloride.
In an attempt to prepare o-(pyrazol=-i=yl)acetophenone from

o-~(pyrazol-1=yl)benzoic acid following the general method of Klein
and Bergmann (89) for the preparation of substituted acetophenones,
the acid chleride of {g-pyrazol-1-yl)benzolc acid was needed. Vhen
thionyl chloride was added to the acid a brisk reacticn set in
with the evolution of heat and the recaction mixture solidified.
This was kept at room temperature for 12 hours and then heated
wnder reflux for two hours on a steam bath. The solid initially
formed on the eaddition of thionyl chloride to the acid did not seem
to react further. When the reaction mixture was freed of thionyl
chloride a solid mep. 238-242° (decomp.) was obtained. This solid
was gubjected to distillation wnder reduced pressure but failed to
distil and intensive decomposition was noticed %o be taking place.
The distillation was abendoned and the solid in the crude form was

used for further reaction giving the desired acetophenome.



This acld chloride has not been described in the literature.
On treatment of this acld chloride with ammonie the correspending
amide was obtained. Uhen dissolved in celd water this acid chloride
immediately gave o-(pyrazol-i-yl)benzoic acid, identical in m.p.,
mized m.p. and infrared spectra with the authentic sample. The
infrared spectrum of this acid chloride showed twe strong bands of
oqual intensity at 1705 and 1788 cm™| with shoulder at 1808 cu'e
Aromatic acid chlorides are known to absorb strongly at 1765-1785
en”! and a second weaker band at 1735-1750 cm™' (82e). The unusual
properties of this acid chloride cen be explained if the charged
structure XI is assumed to represent the acid chloride. The chloride

could easily be precipitated by silver nitrate. The easy hydrolysis
cl Cl
+ +NH
-~ E N~ O
—0

XI XII

of the acid chloride possibly takes place as follows:
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CJ
=0 ———> : /————a
cl @j

The emide is probably formed in & similer manner. The somewhet
unusuel infrared absorption due to the C=0 stretching frequency
could also be abttributed as due to the effect of +ve nitrogen
atom next to carbonyl C=0 reducing the tendency for oxygen to
draw electrons and thus resulbting in absorptions at higher wave

aunbers. Structure XII arising frem the protenation of pyrazole

nitrogen by HC1 liberated in the reaction can also be put forward.

The elementel analysis, however, is compatible with structure XI
and not XII. (See p.90 for analysis.)

H
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It has previously been observed that the reaction of an
acid chloride or anhydride with pyridine yields an N~gcyl-
(or aryl)-pyridiniun salt (XIII, R = alkyl or aryl) which can
be stebilised by resonance (107).

= | Reox = |
SN N
=0
XIII ’
R
- + + -




= 75 ea

The compound (XI) most likely srises from a similar facile
intramolecular atback on the pyridine type nitregen of the pyrazele
ring. This compound can also be rescnance stabilised through the

contribution of structures such as XIV and XV.

ﬂ\—&k_ U\_NJ\’ N

The condensation of pyrazole with g-chlorobenzoic acid resulted
in the formation of g-(pyrazol-i-yl)benzoic acid together with 20.1%
yield of 1-phenylpyrazole. 1-Fhenylpyrazole undoubtedly is produced
by the copper catelysed decarboxylation of ¢~(pyrazol=i-yl)benzoic
acide 'The decarboxylation of o~(pyrezol-i=yl)benzoic acid under the
Ullmenn condensation conditions is very gimilar to the decarboxylation
of arcomatic acids with copper catalysts (106).
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Alley and Shirley (96) had earlier cbtained 4~oxopyrazolo=
[1)5-a] indorine (XVII) by an intramoloculer cyclisation of

1~phenylpyrazole-5-?earbowlic acid (¥VI) using polyphosphorie acid
as the condensing agent.

Polyphosphoric Polyphosphoric acid N/N
HOzc/[Nj Polyphosphe ZRyyphosp [[

acid 0=C .
or Sulphuric ﬁ:’;& C

XVI XVII XVIII

Abtempls to vrepare XVII by intramoleculer condengation of ‘
_q-(pyrazol—-?_-»yﬂl‘.)benzoic acid (XVIII) in either polyphosphoric acid
or concentrated sulphuric acid failed. This failure is
under_standable in the light of the facts that all such intrémnlecular

cyclisation could be carried out by itypical Friedel-Crafts catalyste
(108) and are essentially electrophilic arcmatic substitutions.
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The electrophilic subgtitution.. reactions occeur only at the 4~
position of pyrazole {109) and 4~, 2"« and 4'=position of {-phenyl-

pyrazole as demonstrated by the nitration of 1-phenylpyrazele . .

4
4 3 . ,
5[[ , | EZ | ]
H 6 2
: ,

with mixed acids at 100° (42). While in the cyclisation XVI ——> XVII
the attack of acylium ion would take place on the 2'-position of the
phenyl ring, which is reactive towards electrophilic reasgents, the
substitution XVIII =~ XVII would involve position 5~ which is

not reactive towards electrophilic substitution and so the failure

observed in cyclisatlon XVIII =~——> XVII,
ULTRAVIOLET SPECTRA.
The following Table XIII lists the ultraviolet spectra of

various arylazoles cbitained during the Ullmann condensation.



Table XIII: T SPECTRA OF ARYLAZOLES IN METHANOL.
R Nmax "M(loge)

:“n’:

R
p-Nitrophenyl 225 (3.55)5 328 (3.66)

R
g-Nitrophenyl % 238 (418); 300 (3.27)
m~Nitrophenyl * 250 (3.88)
p-Nitrophenyl 2sb 318 (4.29)
o~Cyancphenyl 222 (4+37)3 254 (3.99)3 292 (3.48)
n~Cyenophenyl 226 (5.44)3 260 (4428)3 294 infl.

(3.28)

D-Cyenaphenyl 214 (4e42)3 278 (4.72)
o-hcetylphenyl 215 infl. {4.09); 226 (4.17); 248

(3494)3 284 infl. (3.25)
mhcetylphenyl 2/0 (4.01)3 300 (3.18)



Table XIII (contd.)

p~Acetylphenyl 215 infle (3.79); 288 (4.17)
2-Pyridyl 250 (4403)3 280 (4.01)
3=Eyridyl 212 (3.64); 256 (4.03)
/=Pyridyl 214 (3:79)5 265 (4e21)
o~Carboxyphenyl 217 (3.65); 246 (3.52)
o=Carbemoylphenyl 214 (3.97)3 246 (3.75)
qﬂ
o-Nitrophenyl 215 (4e3); 254 she (4.07)
m~Nitrophenyl 237 br. (4.19)
=i trophenyl 217 (4e41)3 293 (Lo46)
o-Cyanophenyl 211 (4e14)3 233 infl. (3.75); 284
‘ (2.99)
n-Cyanophenyl 215 (4.31); 246 infl. (3.85); 284
(2.96) -
p-Cyeanophenyl 209 (3.88); 260 (3.97)
o-Acetylphenyl 213 (4.20);5 280 (3.04)
m~Acetylphenyl 215 infl, (4+21)3 228 (4.28); 291
(3.10) : :
p-Acetylphenyl 215 (4408); 270 (4.21)

2-Pyridyl . 225 br. (3.71); 272 (3.58)



Table XIII (contd.)

3-Pyridyl
l~Pyridyl
m=~Carboxyphenyl

p-Carboxyphenyl

o~-Nitrophenyl
m=Nitrophenyl
p-Nitrophenyl
o~Cyanophenyl
n-Cyanophenyl
2~Cyanophenyl
2-Pyridyl
3-Pyridyl
4=FPyridyl
o~Acetylphenyl

m=~Acetylphenyl
p-Acetylphenyl
m-Carbegyphenyl

~ 80 =

225 br. (3.76); 270 (3.37)
250 very br. (4.21)

214 (3.65);
239 (4.02)

218 (4.85)3
237 (4.26)

217 (4.50)3
214 (4e34)3
219 (3.74);
212 (3.83);
237 (3.99)3
237 (3.93);
242 (4.02)

218 (3.96);
(2.98)

229 (4.16);
211'(3.96);
219 (3.86);

225 br. (3.62)

284, infl. (426)

285 (4.59)

235 (3.91); 282 (3.24)
245 (3.35)

258 (4+14)

272 (3.79)

270 sha (3.49)

237 ch. (3.81); 278

292 (2.82)
267 (4.21)
242 infl. (3.66)



Table XIII (contd.)

p-Carboxyphenyl
Dp~Carbamoylphenyl

N

N

o=Nitrophenyl
m~Nitrophenyl
p-Nitrophenyl
2-Pyridyl
3~FPyridyl
~Pyridyl

o~Nitrophenyl
m=-Nitrophenyl

p=Nitrophenyl

o=Cyanophenyl

J

|
R

210 (3.50);
213 (3.78);

209 (4.17)3
222 (3.94);
219 (3.68);
226 (3.92);
223 (3.81);
244, (4.00)

215 (4095)3

218 (3.99);
(3.78); 298

211 (4.94;;
355 (4.70

223 (3.92);

256 (3.70)
257 (4.07)

53 (3.61)
256 infl. (3.50)
276 (3.89)
267 (3.63)
264, (3434)

256 (4e74)3 347 (3.65)

259 (4.,16} 5 290 she
sh. (3.78

233 (4.80); 263 (4.68);

230.5 infl. (3.85); 262

(3.82); 290 (3.40); 318 (3.34)
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Table XITI (contd.)

n~Cyanophenyl

p~Cyanophenyl
2-Pyridyl ©
3=-Pyridyl
4=Fyridyl
o~icetylphenyl

m=Acetylphenyl

p-Acetylphenyl
m=GCarbamoylphenyl
o~Garboxyphenyl

p~Carboxyphenyl

c-Nitrophenyl ©

m=Nitrophenyl ©
p-Nitrophenyl ©

21845 (4e40)3 229 infl. (4.06); 262
(4+00)3 298 (3.75)

216 (4.22); 270 (3.88); 316 (3.95)
21248 (4035)5 255 (4432); 308 (4.12)
215 (4.40)5 260 (4415); 300 (3.84)
213 (4.16)3 263 (3.99); 308 (3.87)

215 (5.33); 262 (4.09); 284 infl.
(3.88); 291 infl. (3.72)

217 (5.12)3 242 (4.96); 260 infl.
(4s86)3 288 (4e52)

220 (4420); 271 (3485)3 325 (3.96)
21845 (4+36)3 260 (4+00)5 294 (3.67)

297 (4e54)3 262 (4e14)s 286 sho
(3.88)

217 (3.92); 240 (3.79)3 270 sh.
(3.50); 310 (3.44)

211 (4e59); 244 (4+50)3 273 infl.
(4+27)3 281 she (4420)3 330 (3.72)

249 (43)

210 (4e23)3 250 (4.00); 273 (3.89);
313 (3.99



Table XIII (contd.)

o~Cyanophenyl
m-Cyanophenyl
p-Cyanophenyl
2-Pyridyl
3-Fyrigyl

4~Pyridyl
‘o-Acetylphenyl

m=Acetylphenyl

p-Acetylphenyl

e

=

g

Phenyl
4~Fyridyl

223 (4e14)3 250 (3.90); 274 (3.56)3
281 (3.54)

223 (5.27)3 252 (5.14); 276 sh.
(4.67); 282 she (4465)

209 (4422)3 222 infle. (4.11); 263
(4032)3 288 (4.07)

213 (4e24); 245 (4.15)5 263 sh.
(3.96); 286 (3.91)

248 (5.14)3 275 she (4.88)5 279 sh.
(4.81)

213 (405)3 254 (465); 283 (3.93)

213 (4+13)3 230 (4.16); 275 she
(3.66); 282 ghe (3.62)

235 (4e03)3 275 sh. (3.37); 282 sh.
(3.33)

218 (3.583; 225 (3.58); 267 (3.83);
292 (3.68

211 (4e28)3 267 (3.95); 290 (3.93)

212 (4.33); 245 infl. (3.99); 270
she (4408)3 296 (4417)



Table XIIT (contd.)

|
R
o-Nitrophenyl 221 she (4.43)5 234 (4.51)3 269
(4+05)3 320 (3.48)5 332 (3.45)
n-Nitrophenyl 237.5 (4+61)3 290 (4.23); 321 (3.57);
334 (3.60) _
p-Nitrophenyl 211 (4e14)3 2345 (4e43)5 246 she
(4.18); 282 (3.83); 334 infl. (3.46)
2-Pyridyl 238 (4+60)3 290 (4.05); 306 sh. (3.81);
v 319 (3.81); 332 (3.76) ’
H3
|
R
p-Nitrophenyl & 234 (4.10); 254 infl. (3.70)3 302

infl. (3.45); 350 (4.12)

Mehe Khan, B.e. Lynch and Y. Hung, Can.J.Chem. 41, 1540 (1963).

In chloroform solution.

J+C. Powers (J.Org.Chem. 30, 2534 (1965)) reports 210 (4.0);
255 (3495); 309 (3.67) in ethencl.

AR. Prasce, Tetrahedron Letters, 1115 (1962) re;ports 232 (4.30)
and 355 (4-25).
See also Ref,.111.
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EXFPERIMENTAL

GENERAL

Analyses are by the Australian Microanalytical Service,
Division of Organic Chemistry, C.S.I.R.0., and the University of
Melbourne, Parkville, Victoria.

Melting points (m.p.) were observed using a Gallenkamp melting
point apparatus and are uncorrected. Boiling points (b.p.) are also
uncorrected. The asbbreviation "lit." refers to valuss reported in
the literature.

Infrared spectra were recorded for the 600-3500 ca ! region
using a Perkin-Elmer double beam spectrophotometer Ne. 221. Solid
samples were examined as mulls; Nujel end hexachlorobutadiene werse
used as nulling agents. Liquid samples were examined as thin films
between plates.

Ultraviolet spectra were recorded in methanol (A.R.) using
& Perkin-Elmer 4000 2 spectracord.

Orgenic extracts were dried with anhydrous megnesium sulphate.
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Unless otherwise stated, light petroleum refers te fractions
of bep. 40-600‘

Alumina (type H; Light and Co. Ltd.) was used for adsorption

chromatography.

Analyses for all the new compounds have been listed in Table
II.

The following starting materials were obtained commercially
and used without further pﬁrification: pyrrole (Hopkins and Williams);
pyrazole, imidezole, indole and 4=~chloropyridine hydrochloride
(Fluka); 1 ,é,4~triazole s o=chlorenitrobenzene, me=chloronitrobenzens,
and Q-Chloroniutrobenzene (brs Th. Schuchardt, Munich); carbazole
(B.D.H.); o~thlorobenzonitrile, m-bromobenzonitrile, p~bromobenzo-
nitrile, m-bromoacetophenone and p-bromoacetaphencne (4Aldrich & Co.)s
and 2- and 3-bromopyridine (Halewood Chemicals). Anhydrous
potassium carbonate used was from Hopkins and Williams. The A.R.
cupric oxide used was from General Chemical and Pharmaceutical Co.

Sudbury, Middlesex. A.R. pyridine was dried over potassgium hydroxide.

Benzimidazole mep. 174-176° was prepared by the method of
Wagner and Millet (90). m~Bromonitrobenzene m.p. 55-56° was prepared

from m~bromoaniline via a Sandmeyer reaction (91a) and purified by



chrematography on alunina with benzene. o¢-Bromoacetophenone bepe
113~115° (aspirstor vacuum); semicarbazone m.ps 160-164°, was
prepared in 88.7% yield by the method of Klein and Bergmann (89).
N,N*~diformylhydrazine mepe 156-160° was prepared following the
method of Ainsworth and Jones (92) using hydrazine hydrate and
formamide. A~{a=Pyridyl)=1,2,4~triazole m.p. 169° and 4~( B-pyridyl)=-
1,2 4~triazole mePe 154~158° were prepared by Wiley and Hart's
method (48) and 2,2'~dinitrobiphenyl m.p. 125-126° according to

Vogel (91b).

o~Tolylhydrazine m.p. 190° (decomp.) was prepared in 79%
yield by the method of Bullock and Hand (93).

1-(o=Tolyl) pyrazole. This was prepared by the general method of
preparation of 7-substituted pyrazoles (42). 1,1,3,3-Tetramethoxy=-
propane (100 g) and o~tolylhydrazine hydrochloride (94 g) in 95%
ethanol (500 ml) were heated under reflux for 3.5 hrs., ethanol

was evaporated under reduced pressure. The residue was dissolved in
water and treated with solid sedium carbonate, and filtered. The
filtrate was extracted with ether and the residue was washed several
times with ether. The combined ether extracts were dried, filtered
and the ether was removed from the filtrate., The residue was
distilled giving 1-(g=-tolyl)pyrazole b.p. 238—2460, yield 59.5 g3
63¢3%. 1it. bepe 246.5/754.1 mn (94).
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o-(Pyrazol-i~yl)benzoic acid was prepared in 66.3% yield by the

oxidatien of (o-tolyl)pyrazole by alkaline potassium permanganate.
mepe 140-142% 1it. m.p. 138-139% (95); 140-142° (96).

1-Phenylpyrazole b.p. 245-2460, lite bepe 246.50/765.4 mn (94) was
prepared in 69.8% yield using the method employed for 1-(o-tolyl)-

pyrezole.

4~{o-Nitrophenyl)-1,2,4~triazole. This was prepared following

Wiley and Hart's method (48). A mixture of g-nitroaniline (13.8 g)
and N,N'=-diformyl hydrazine (8.8 g) was heated at a tempsrature of
120° for 18 hrs. and then the temperature was slowly reised to 180°
end maintained at 180° for 7 hrs. The reaction mixture after
cooling at recom temperature was dissolved in benzene and
chrometographed on alumina., Uslng benzene as eluting selvent, 6.3 g
of unchanged g-nitreanliline m.p. 71-72° was recovered from the
column. The solvent was then changed to chloroform when {rom the
eluents 4-(g_—nitrophenyl)-1,2,4—triazole MeDe 127-129° was obtained
after removing the solvent. This was recrystallised from
chloroform/light petroleum giving crystals m.p. 131-132%. Yield:
438 g3 23.1%.



4={o-aminoohenyl)}=1,2,4~triazole. 4-(o=Nitrophenyl)-1,2,4i~triazole

(4438 g) vas reduced with tin (5 g) end hydrochloric acid (15 ml)
taking usval precsutions. ' The mixture was heated for 12 hrs. on a
water bath, cooled, made strongly alkeline with 337 sodium hydroxide
solution and then extracted with ethyl acetate. The ethyl acetate
extract was washed with water, dried and then filtered. The
solvent was evaporated from the filtrate leaving 4~(o-aminophenyl)-
1,2, /=triazole m.p. 131=132°. Yield: 3.54 g; 96%. A small portion
was crystellised from ethyl acetate, m.ps 135-6°, Anal. caled. for
CSHBNJ,: Gy, 60.0; Hy 5.03 Ny 35.0%. Founds C, 60.8; H, 5.3; N,
347% Ultraviolet ebsorption: ) . 215, 239, 296 nlh,, log€3.84,
3.85, 3.35. The infrared spactrwn:)) NE,? 3400, 3340 e asym. and
syme; 3230 cu” ' bonded NH; N, bending 1630 en” '3 1:2-disubstituted
benzene 1602, 1490, 1508, 1522 and 760 an s

o=( Pyrazol-1-yl)acetophenone. The general method of Walker and Hauser

(97) as modified by Klein and Bergmenn (8%) was used for this

compound..

Thionyl chloride (60 ml) was added to o~(pyrazol~1-yl)benzoic
acid (20 g), an excthermic reaction set in, the reaction mixture was
cooled and then kept at room temperature for 12 hrs. and heated
under reflux for 2 hrg. on a water bath. The excess thionyl chloride
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vas removed and the solid was subjected 1o distillation under reduced
pressure vhen slight decomposition of the solid was observed and
the attempt to purify the product was sbendoned. The crude material
M. 2368-242° (decomp.) was used in the next step. The infrared

spectrums strong bands 1705 end 1788 e

1

, 1808 cu™) (sh.) in the
carbonyl region and 770 cm = for 1:2-disubstituted benzene. Anal.
calcd. for C10H7N2001.H20: G, 53.5; H, 4403 ¥, 12,5; C1, 15.9%., Found:

Gy 53483 Hy 4433 N, 12.3; C1, 15.9%. (See discussion p. 71.)

In o 500 ml flask "super dry" ethanocl (2.5 ml) and carbon
tetrachloride (0.3 ml) was added to magnesium turnings (3.9 g). 4s
goon ag the reaction started chlorobenzene (25 ml) was added and then,
dropwise, a mixture of diethyl melonate (25, g) and ethanol (10 ml)
was added. The temperature was not allowed to rise above 70° during
this period. At its end the mass was heated atb 75° for 4 hrs.,
cooled to room temperature and chlorobenzene (42 ml) was added. To
this mixture, at a temperature not exceeding 35%, crude “acid
chloride" m.p. 238-242° (decomp.) was added in small portions. After
12 hrs. at room temperature 25% sulphuric acid (33 ml) was added.

The mixture was heated on a water bath for 1.5 hrs., cocoled and the
organic layer separated., The latter was concentrated under reduced
pressure (aspirator vacuum) at 100° and the residue heated under

reflux for 10 hrs. with a mixture of glacial acetic acid (33 ml) and



20% sulphuric acid (33 ml). The reaction mixture was chilled in an

ice bath, made alkaline with 33% sodium hydroxide solution, and |
extracted with several portions of ether. The combined ethereal
extract was washed with water, dried, filtered end the solvent was
distilled off. The residue was dlstilled in vacuo and fraction

bepe 126-128°/1.7 mm was collected. Yield: 6.67 g3 33.7% (based on

the sterting acid). Semicarbazone m.p. 174~175° (from aqueous
ethanol). Anal. caled, for Gy.H N;0s G, 59.3; H, 5.4; N, 28.8%, -
Found: G, 60.9; Hy 5.7 N, 23.9%. (Cq,H; N, 0.8H,0 requires: G, 60.5;

Hy 5.95 N, 23.5% (see p.31 ).

2~Hydrazinopyridine m.p. 42-.640 was prepared in 58.1% yield by the
method of Gregory emnd Wiggins (98).

3-Hydrazinopyridine. This hydrazine was prepared by the diazotization
of 3-aminopyridine and subsequent reduction of the diazonium chloride

by stennous chloride. The yield of 3-hydrazinopyridine was 21.9%.
MePse 50-529. 1lit. MePs 53“550 (99)0

{-Hydrazinopyridine hydrochloride. 4~Chloropyridine hydrochloride
(10 g) and hydrazine hydrate (50 ml) were heated together for 17 hrs.,
cooled, and the reaction mixture extracted with ether, the ether

extract was dried and filtered. The solvent was evaporated from the
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extract giving residue which was redissolved in ether and dry HCL
gas was passed through the ethereal solution to give & small

amount of 4~hydrazinopyridine hydrochloride m.p. 228-234° (decomp.).
The reaction mixture left after ether extraction was concentrated

in vacuo on a water bath and the solid obtained was chilled in an
ice bath and treated with 50 ml of 33% scdium hydroxide solution.
This besic solution was extracted with ether. Through this ethereal
solution dry HCl gas was passed and the precipitated A=hydrazino-
pyridine hydrochloride filtered off. Yield: 2.4 g3 24e4%. MmePe
236-240° (decomp.) lit. m.p. 238° (decomp.) (100).

The hydrazinopyridines thus obiained were condensed with
1,1,3,3-tetranethoxypropane in a similar way as used for 1=(o-tolyl)-
pyrazole and the following 1-pyridylpyrazoles were obtained after
treating the crude pyridylpyrazole with charceoal and chromatography
on alunina using benzene as elubting solvent.

Table XIV: 1-PYRIDELPYRAZOLES. [[ r| ﬂ’

R Yield % meps C°
2~Fyridyl 44e9 38-40
3-Fyridyl 36.4 30-31

/~Pyridyl 30.5 84-85
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All the pyridylpyrazoles thus obtalned were identical in
MepPsy Mmixed mepe and infrared spectra, with the pyrazoles obtained
from the Ullmenn condensation of halopyridines with pyragzole.

~(19,2! , A ~Triazol-4'~=yl)oyridine. Wiley and Hart's methed (48)
was used with slight modificstion in the product isolation procedure
for this preparation. A mixture of 4-amino§yridine (2.2 g) and
diformylhydrazine (2 g) was heated slowly to 130° and kept at this
temperature for 9 hrs. and then the temperature was slowly reised
to 175° and kept at this temperature for 6 hrs. The reaction
mixture was cooled te room temperature, dissolved in 20 ml of
ethanol and the ethanolic solution was treated with charcoal end
filtered. Ether (75 ml) was added to the filtrate and kept
overnight at 0° but no praduct could be isolated. The solvent was
then removed and the residue thus obtained was subjected to
chromaetography over alunina. The colum was eluted with a mixbure
of 50% chloroform/benzene and the various fractions eluted were
collected. These fractions were combined and the solvent was
evaporated from the combined fractions giving 80lid me.pe 105-112°,
This was crystalliged from chlqrofomﬂight petroleun and thus
needles of /~(1',2',4'=~triazol-4!-yl)pyridine m.p. 110-111° were
obtained. Yield: 0.2 g3 5.6%.
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Further elution of the column with 50% chloroform/benzene

gave unreacted J~eminopyridine.

N-(4=pyridyl)-o-phenylenedismine. The amine wes prepared by the
following modification of Robinsen and Thornley's method (49).

A-Ghioropyridine hydrochloride (10.8 g) was neutralised with a 5%
sodium carbonate solution and immediately extracted with chleroform.
The chloroform extract wes dried and filtered. To this filtered
solution o-phenylenediamine (6 g) was added amnd the mixture heated
under reduced pressure (aspirator) at 98° on an oil bath for 1.5
hrg.; chloroform was allowed to escape during the reaction. The
temperature wags then slowly raised to 11.ﬂ° and the reaction mixture
was kept at this temperature for an additional 1.5 hrs. The reéction
mixture was dissolved in hot dilute HCl, filtered and the filtrate
wes made alkaline with sodium hydroxide solution. The brown
preclipitate obtalned was [iltered off and crystallised from boiling
vater after treating with animal charcoals Ne(4=-pyridyl)-o-
phenylenediamine (elongated prisms) mep. 175-178° was obtained.

1ite meps 173.5° (49). Yield: 1.96 g; 19%

4~(Bengimidagole'~yl) pyridine., A mixture of N~(4=pyridyl)-o-
phenylenediamine (0.88 g) end formic acid (1 ml) was heated on a



water bath for 15 hrs. The reaction mixture was made alkaline
with sodium hydroxide solution (5%) and extracted with chloroform.
The chloreform extract was dried, filtered and the solvent was
evaporated giving residue m.p. 109-1120, recrystallisation from
chloroform/Light petroleun giving 4=(benzimidazol-1'-yl)pyridine
mop. 121-123%  1it. mop. 123° (49). Yield: 0.6 g; 63.8%.

/=(2! ~Phenyl-benzimidazol-1'~yl) pyridine. Th:i:s compound wag prepared
by the method of Hein et als (101). N=(4-pyridyl)-o-phenylene-
dismine (0.3 g) and benzoic acid (0.3 g) was mixed with poly-
phospheric acid (5 ml) to e paste and heated at e temperature of

250 + 5° with stirring for 25 mins. The reaction mixture was

added to 200 ml of cold stirring water and let gtand ff.)r 1 hr.

This mixture was cooled in an ice bath end treated with 337 sodium
hydroxide solution. The basic solution was extracted with chloroform.
The exbtract was drled, filtered and chloroform evaporated leaving

a solid which was crystallised from chleroform/Light petroleum
giving the product m.p. 164=166°. Yield: 0.3 g5 73.5%.

1,2-Di(Yy-pyridyl)benzimidazole was prepared following the method

of Bower, Stephens and Wibberlgy for the preparation of 2=substituted
benzimidazoles from aldehydes (102). A mixture of Ne(4-pyridyl)-
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o=phenylenediamine (0.3 g) énd igonicotinoylaldehyde (0.17 g) in
glaciel acetic acid (5 ml) was heated under reflux for 5 min., cooled,
poured into water end basified with emmonia. The ammoniacal

solution was extracted with chloroform. The chloroferm extract was
dried, filtered and the solvent evaporated from the filtrate. The
residue was dissolved in benzene and the benzene solution was

treated with charcoal and filtered. The filtrate was freed of the

solvent giving the product. Yield: 0.2 g3 50.2%.

A portion of this product was chromatographed over a]:umina;
benzene was used as the eluting solvent. The first few fractions
gave a s0lid m.p. 151=152° which on recrystallisation from chloroform/
light petroleum gave 1,2-di(y-pyridyl)benzimidazole m.p. 151-152°.

o-{ Pyrazol-1-yl)benzamide. A mixture of the acid chloride (1.8 g)

from o-(pyrazol-1-yl)benzoic acid (see p.89 ) and 0.88 ammonia

(15 ml) was stirred for 0.5 hr. The reaction mixture was extracted
with ether. The ether extract was dried and filtered. The sgolvent
was removed from the filtrate leaving a very small amount of solid

mep. 146=147° which displayed strong bands in the infrared spectrum

attributed to an aryl emide (see p.40).



THE ULTMANN CONDENSATICNS.

The Ullmann cendensations between azoles and different
haloaryls in pyridine with cupric oxide as the catalyst were carried
oute In a typical experiment a mixture of 0.05 mole of the azole,
0.05 mole of the haloaryl, anhydrous potassium carbonate (7 g) and
cupric oxide (0.25 g) in pyridine (10 ml) was heated under reflux
for 16 hrs. After cooling, the reaction mixture was filtered. The
residue was extracted either with benzene or chloroform. The
solvents were remgved from the combined filtrates and the residus
obtained was chromatographed over almmina glving the desired products.
The individual reactions are described below.

Ullmenn Condensaticn of Pyrrole.

The Ullmenn condensetions of pyrrole were carried out with the
following chloronitrobenzenes (underlined).

(i) o-Chloronitrobengene. A mixture of pyrrole (3.5 g),
o=chloronitrobenzene (7.85 g), anhydrous potassium carbenate (7 g) end
cupric oxide (0.25 g) in pyridine (10 ml) was heated wnder reflux for

7 hrs. The reaction mixture was extracted with benzene and the
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regidue obtained on removel of the solvents was chromatographed
over alumina. Only o-chloronitrobsnzene could be cbtained. There

was no evidence of ‘the presence of 1-(g-nitrephenyl)pyrrole.

(ii) p-Chloronitrobenzens. Pyrrole (3.5 g) was condensed
with pechloronitrobenzene (11.9 g) in the manner described above
for g-chloronitrobenzene. The total reaction time was 11 hrs. The
regction mixture was extracted with benzene and the benzene
solution was chrométographed over alunina wvhen only the starting
p-chloronitrobenzene could be obtained. This pechloreonitrobenzene
obtained from the chromatography was redissolved in benzene and
chromatographed when p-chloronitrobenzene (9 g) was recovered on
elution with benzene followed by 1~(p-nitrophenyl)pyrrole mep.
185-186% 1ite mepe 181% (41). Yield: 0.1 g5 1%

Ullmann Condensation of Pyrazole.

The Ullmann cendensations of pyrazole wers carried out using

the following halobenzenes (underlined).
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(1) o-Chloronitrobenzenme. A mixture of pyrazole (3.4 g),

o=chloronitrobenzene (11.9 g) and anhydrous potassium carbonate in
pyridine (10 ml) was heated under reflux and to this refluxing
solution cupric oxide (0.25 g) was added end the mixture allowed to
reflux for 12 hrs. end cooled. The reaction mixture was filtered
and the residue extracted with benzene (300 ml). The solvent was
evaporated from the combined filtrate and extract. The residus
cbtained was dissolved in benzene. The benzene solution was treated
with charcoal and filtered. The solvent was evaporated from the
filtrate leaving behind the crude product. This crude meterial

was chromatographed over alumina using benzene as the eluting
solvent. The first few fractions on evaporation of benzene gave
wreacted g~chloronitrobenzene (4.2 g)s Further elution with benzene
gave 1-(o-nitrophenyl)pyrazole m.p. 85-87°. 1it. 88-89° (42).
Yield: 642 g; 6545 %

(ii) m~Chloronitrobenzene. A mixture of pyrazole (3.4 g),
m~chlorenitrobenzene (7.85 g) and anhydrous potassium carbonate (7 g)
in dimethylformamide (15 ml) was heated wnder reflux and to this
refluxing mixture cupric oxide (0.25 g) was added and then let
reflux for 46 hrs. The reaction mixture was cooled, filtered and
the residue was extracted with benzene. The combined filtrate and

the extract was freed of the solvents. The residue thus obtained
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was chromatographed over alumina using benzene as the eluting

solvent. The first few fractions alforded unchanged m-chloronitroe
benzene (1.6 g) mep. mixed meps 43~44°, followed by 1=(m~-nitrophenyl)=-
pyrazole mepPe 74—750 (mixed mep. with pyrazole 45-52%), TYield:

2.95 g3 31.2%.

(iii) p=Chloronitrobenzene. The reaction between pyrazole
(344 g) and p-chloronitrobenzene (7.85 g) was carried out as in the
‘case of o-chloronitrobenzene. Chromatography over alumina using
benzene as eluting solvent gave unchanged p-chloronitrobenzene
(4,02 g) followed by 1-(p-nitrophenyl)pyrazole. m.p. 171=173°.
Yield: 1.2 g; 244335 (based on the recovery of p-chloronitrobenzene).

(iv) 2-Bromopyridine. The reaction between pyrazole and
2-bromopyridine (7.9 g) was carried out aver a reaction period of
16 hrs. The reaction mixture was worked up as deseribed for the
reaction (ii) sbove. Chrometography over alumina using benzene gave
1=(a=pyridyl) pyrazole mep. 38-40°. This was identieal in all
respects (mep., mixed mep. and infrared spectrum) with a sample
synthesised through an wambiguous route (described on pe R ).
Yields 3.1 g3 42«57
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(v) 3-Bromepyridine. The reaction was carried oub as usual
between pyrezole and 3~bromopyridine over a reaction period of 60 hrg.
The reaction mixture was worked up as described previously giving
1-( B~pyridyl)pyrazole mep. 30-31°. This wds identical (mep., mized
MepPe, inlrared spectrun) with the ssmple synthesised from

3-hydrazinopyridine (dsscribed e¢n p. 92). Yield: 3 g; 41.2%.

(vi) /=~Chloropyridine ochioride. A mixture of pyrazole
(3.4 g)» 4=chleoropyridine hydrochleride (7.5 g) and anhydrous
potagsium earbonate (14 g) in pyridine (25 ml)} was heated under
reflux, Cupric oxide (0.25 g) was added to this refluxing miiture
and heating continued for 16 hrs. The reaction mixture was cooled
and filtered. The residus was extracted fron the filirate with
benzene. The sclvents were removed from the combined filbtrate and
the extract and the residue thus obtained was chromatographed over
alumina with benzene. The benzene eluents did not efford any
product and the eluting solvent was changed to 10% chlercform/benzene
when 4~(pyrazol-1'-yl)pyridine, m.p. 84862 was obtained. This was
identical in all respects (m.p., mixed m.p., infrared spectra) with

o synthetic sample (see p. 92.). Yield: 0.45 g3 6.2%

(vii) 2-Chlorobenzonitrile. A mixture of pyrazole (3.4 g),
2-chlorobenzonitrile (6.85 g), anhydrous potassium cerbonate (7 g)
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in pyridine (10 ml) was heated under reflux and to this refluxng
solution cupric oxide (0.25 g) was added. The heating was
continued fer 24 hrs. The reaction mixture was cooled and then
extracted with chloroform. The combined filtrate and ext‘raét:,was
freed of the solvent. The residue thus obtained was chromatographed
over alumina. UWith benzene as elﬁ’oing solvent® 'unchangeld 2a:cﬁloro-
benzonitrile (4.6 g) was recevered followed by a liquide This
liguid was identified as 2~(pyrazol-1'~-yl)benzonitrile. Yield:
0.52 g5 6.2% On washing the column with chloroform c-(pyrazol-
1-yl)benzoic acid wes obtained. Yields 0.37 g; 3.8%. This was
found to be identicsl (mepe, mixed mep. znd infrared spectra) with

an authentic sample.

The method of Snyder and Elston (103) for the hydrolysis of
nitriles te the corresponding amides by polyphogphoric acid was
used. The product obtained en hydrolysls was the acid and not
the expected amide. The hydrolysis was carried out as follows:
A smell amewnt of the liquid (2-(pyrazcl-1'=yl)benzonitrile) obtained
frem the preceding experiment was mixed with 10 ml of the
pelyvhesphoric celd and stirred ab 110=120% for 15 minutes, cocled
and poured into 50 ml of stirring water. This mixture was zllowed
to stand for a few minutes before .extracting the mixture with
threi 100 ml portions of ether. The combined ethereal extracts

s
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were dried, filtered and the ether was rcmoved, leaving a solid
mepe 134=136% (Mixed m.p. with o=( pyrazol-1-yl)benzoic acid m.p.
134~138%). The infrared spectrum was also identical with thet of
o-(pyrazol-i-yl)benzoic acid. No amide was isolated from this

hydrolysis.

(viii) 3-Bromobenzonitrile. A mixture of pyrazole (1.7 g),
3-bromobenzenitrile (4455 g) and anhydrous potassium carbenate (3.5 g)
was heated under reflux with the addition of G.25 g of cupric oxide,
for 25.75 hrse The reaction mixture was filtered and the residue
extracted with chloroform. The sclvent was removed from the
combined filtrate and extracts. The residue thus obtained was
chrometographed over cluninae Denzene wes used es the eluting
solvent giving unchenged 3-bromcbenzonitrile (1.5 g) from the first
few fractions followed by 3-(pyrazol-1'-yl)benzonitrile m.p. 63=64°.
Yield: 1.75 g3 41.5% Recrystellisation from chloroform/light
petroleum reised the mepe. of 3~(pyrazole=1'~yl)benzonitrile to
65664

(ix) A=Bromobengenitrile. The reaction of pyrazole (1.7 g)
and /=~bromobenzenitrile (4.55 g) was carried out as in the case of
3~-bromobenzonitrile over a reflux period of 90 hrs. The reaction

mixture was worked up as in the preceding experiment and from
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chromatography with benzene as eluting solvent 4-(pyrazol~it=yl)benzo-
nitrile m.p., 89-91° was obtained (from chloroform/light petroleum). Yields
1.98 g3 46.9%.

(x) o-Bromoacetophenone. 4 mixture of pyrazole (1.7 g) o-bromo-
acetophenone (5 g) and anhydrous potassium carbonate (3.5 g) in pyridine
(10 ml) was heated under reflux, with the addition of cupric oxide (0.25 g),
for 18 hrs. The reaction wasg extracted with benzene and the benzene
extract was treated with charcoal. The residue obteined after removal
of the solvent wag subjected to chromatography over clumina using benzene
as eluting solvent. 4n oll was obtained on evaporation of benzene from
the eluents. This was identical (infrared spectrum, semicarbazone) with

a gynthetic sample of o-(pyrazol=i-yl)acetophenone, Yield: 2.65 g; 56.6%.

(xi) m-Bromosgetophenone. The reaction between pyrazole (1.7 g) end
m~bromoacetophenone was carried out as in experiment (x) over a period of
48 hrs. The reactlion mixture was extracted with chloroform and worked up
as usval. Chromatography over alumina with benzens gave a small amount of
unchangéd m-bromoacetophenone followed by m-(pyrazol-i-yl)acetophenone m.p.
64~65° (chloroform/light petroleum)., Yield:s 2.88 g 61.9%. Semicarbazone,
mep. 197-198° (aqueous ethanol). Oaled. for Oyl gifs08 C, 59435 H, 5.4s
N, 28.8%. Found: C, 59.7; H, 5.5; H, 27.5%. (See p.31.)

{xii) p=-Bromoacetophenone. The reaction of pyrazole (1.7 g) with p-

bromoacetophenone (5 g) was carried out over a reflux period of 48 hrs.as in

the case of m-bromoacetophenone, After this period the reaction mixture was
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extracted with chloroform. The solvents were removed leaving a solid

which was crystall:.sed from benzene snd thus p-(pyrazol-i —yl)acetophenone
MePe 105-107 was obtained, Thisg was twice recrystallised from
chloroform/light petroleum when shining plates m.p. 109-110° of p-
(pyrazol~l=yl)acetophenone were obtained., Yisld: 3.5 g3 74.0%. Somi-
carbazone m.p. 199-200° (£rom aqueous ethanol). Anal. calcd. for

C4ily 31503 G, 59.33 Hy, 5043 Ny 28.8%. Founds C, 60,95 H, 5.3; I, 25.2%.(p.31)

(xiii) g=Chlorobenzoic acid. Oupric oxide (0.25 g) was added to
a refluxing mixture of pyrazole (3.4 g), o-chlorobenzoic acid (7.83 g)
and anhydrous potassiwm carbonate (14 g) in pyridine (30 ml) and
heated under reflux for 24 hrs, The reaction mixture was cooled and
filtered (the pyfi:iine solution). The residue from the filtration of
the reaction mixture was extracted several times with water and this
aqueous extract was acidified with hydrochloric acid. The acidified
solution on kecping for two days deposited crystals mep. 135-1 37° which
depressed the m.,p. of g=-chlorobenzoic acid (mixed m.p. £2-96°) but not
the m.p. of o=(pyrazol-l~yl)benzoic acid, ‘This product m.p. 135=137°
was identical with g-(pyrazol-l-yl)benzoic acid. Yield: 2,53 g3 26.9%.
Unreacted g-chlorobenzoic acid (0.458 g) vas also obtained from the
aciaified aqueous extract.

The pyridine extract after removal of the solvent left residue
which on distillation gave 1~phenylpyrazole, identical (infrared
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spectrun) with an authentic sample preparéd from phenylhydrazine

and 1,1,3,3,te‘brameth0:-wpr0pane. Yields 1.45 g3 2001%.

An attempt te prepare j-oxopyrazole~ [‘1 ,A,a]indcline MePe
107-110° (96) by the cyclisation of o-(pyrazel-1~yl)benzoic acid
either by concentraled sulphuric acid or by ovelyphosphoric acid
failed.

Ullnann Condensation of Imidazole.

Variocus condensations of imidazole were carried oub with the

following haleobenzenes (underlined):

(1) o=Chloronitrobenzene. The reaction between imidazole

(344 g) and o-chloronitrobenzene (11.9 g) was carried out in a
similer manner to that for pyrazole (p. 99). The total reflux period
was 11 hrs. The chromatography over alumine with benzene as

eluting solvent efforded some unchanged o~chloronitrobenzene followed
by 1-(o-nitrophenyl)imidazole mep. 97-98°. Recrystallisation from
chloroform/light petroleum gave crystals with the same m.p. Yield:
61 g3 647%.
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1=(o~Nitrophenyl)imidagole obtained from the Ullmenn
condensation was subjected to degradetion by the method of Forsyth
and Pyman (44). 1=(g-Nitrophenyl)imidazole (0.3 g) and
dimethylsulphate (0.3 ml) was heated at 100% for 30 mins., then
boiled with a solution of 5% sodium hydroxide (15 ml) for a few
minutes. On ceoling needle shaped crystals were deposited. These
crystals were identical in m.ps and mixed mepe 68-70° with an
authentic sample of g-nitroaniline. The infrared spectra were also
identicel. The product was recrystallised from water. An
additional quantity of g-nitroaniline wag obtained on ether
extraction of the basified filtrate. Yields 0.07 g; 31.1%.

(ii) m-Chloronitrobenzene. To & refluxing mixtuwre of imidazole
(3.4 g), m-chlorenitrobenzene (7.85 g) and anhydrous potessium
carbonate (7 g) in dimethylformamide (15 ml), cupric oxide (0.25 g)
was added and allowed to heat under veflux for 19.5 hrs. The reaction
mixture was cooled and filtered. The residue frem the filtration
wag oxtracted with benzene. The combined filtrate and extracts
vere freed of solvents leaving a residus. This residue was
chrematographed over alumina with benzene as eluting solvent.
Unchenged m-chloronitrobenzene (1.64 g) was recovered from the
eluting fractions. The solvent was changed to 50% chloroform/benzene
and from the different fractions collected 1-(m~-nitrophenyl)imidazole
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MePe 109-111° was obtained on removel of the solvent. A sample
was crystallised frem chloroferm/light petroleum m.p. 112-112.5°,
Yield:s 2.83 g5 29.9% “

A smell sample (0.3 g) on degradation with dimethylsulphate
and sodium hydroxide gave m-nitroaniline m.pe 110—111°, mixed mepP.
113-114° with an authentic sample of m-nitrosniline (identicsl
infrared spectra). Yield: 0.32 g; 14.6%

(iii) p-Chleronitrobenzene. The procedure employed wes the
same as for the condensation with . gechloronitrobenzene (experiment

(ii)). Total reflux period 10 hrs. The reaction mixture was
worked up as usuel. The chromatography of the crude material over
alumine using benzene as the elu'ting solvent afforded unchanged
p-chlorenitrobenzene (6.1 g). The solvent was changed to chloroform
when the different chromatographic fractiens were obtained. On
removal of the solvent from these fractions i=(p-nitrophenyl)-
imidazole m.ps 210-2117 was obtained. lite meps 204=205° (44).
Yields 5.1 g3 53.9% |

A small amount of 1-(p-nitrophenyl)imidezele was treated with
dimethylsuilphate, end sodium hydroxide solution (as for the
degradation of 1=-(g-nitrophenyl)imidazole. p-Nitrcaniline (identicel
MeDoy mixed mepe 150-152° and infraved spectra) was obtained.



(iv) 2-Bromepyridine. The reaction between imidazole (3.4 g)
andé—bromopyridine (7.9 g) was carried out in the ususl manner over
a total reflux period ofl19 hrs. The combined_i‘iltré.te and benzene
extract was treated with charcoal, filtered end the solvents removed
from the filirate. The residue thus obtained on chrematography over
elunina with benzene as. eluting solvent gave 2-(imidazol=1'~yl)- .
pyridine m.p. 38-40°. Yield: 2.7 g3 37%

(v) k&nmémiggne. The reaction between imidazole (3.4 g)
and 3~bromopyridine (7.9 g) was carried out ever a reflux period of
24 hrs. The residue from the combined filtrete and extract was
chromatographed over alumina. Elution with a mixture of 50%
chloroform/benzene gave 3—(imidazoi—1'-yl)pyridine meps 51-53°% A
small portion of the imidazolylpyridine was distilled at 125°/5 mm
and from the distillate crystals m.p. 56m58° (chloroform/light
petroleun) were obtained. Yield: 3.7 g3 50+67%.

(vi) 4=Chloropyridine hydrochloride. The reaction between
imidazole (3.4 g) and 4~chloropyridine hydrochloride (7.5 g) was
carried out in the seme way as for pyrazole and 4=-chloropyridine
hydrochloride (p.101) described earlier. Totel reactich time was
12 hrs. The reaction mixture was cooled, filtered and the residve

thus obtained was extracted with benzene and then chloroform
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(extract A)s The combined filtrate and benzene exbtracts were
treated with charcoal and filtered. The residue obtained after
removal of the solvent was chromatographed over alumina using
benzene as eluting solvent. 4~(Imidazol-1'=yl)pyridine (1.7 g)
meps  113-116° vas obtained after removal of the solvents from
the eluents.

The extract A was treated with charcoal, filtered and the
solvent removed from the filtrate giving an additional crop of
l={imidazol=1'=yl)pyridine m.ps 110-112° A small portion on
crystallisation from chloroform/light petrolsum gave eolowlesé
crystals mepe 115=116". TYield: 2.2 g; 30.1%

(vii) 2-Chlorcbenzonitrile. Imidazole (3.4 g) and
2=chlorobenzenitrile (6.85 g) was condensed in the usual menuer
over a reaction time of 50 hrs. The reaction mixture was filtered
alter cooling and the residue was extracted with chloroform. The
solvent was removed from the combined filtrate and the residue
thus cbtained was dissolved in benzene. The benzene solutlon was
treated with charcoel end [iltered. The filtrate was concentrated
giving 2=~(imldazol~1'wyl)benzonitrile, clusters of needles, mepe
147-148° (1.35 g). An additionel smount (2,25 g) was obtained
from the mother liguor. Yield: 3.6 g3 42.7%.
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(viii) 3-~Bromobenzonitrile. Imidazole (1.7 g) and 3-bromo-
benzonitrile (455 g) was reacted over a peried of 50.5 hrs. The
reaction mixture was extracted with chloroform. The solvent was
removed from the extract and the residue thus obtained was dissolved
in hot benzene and treated with charceel end filtered. The solvent
was removed {rcm the flltrate and the residue was chromatographed
over alumina. On elution with benzene unchanged 3-bromcbenzonitrile
(1.85 g) map., mixed m.pe 38407 was obteined. The solvent was
then chenged to 50% chloroform/benzene when from the different
fractions ?(imidazol-—‘l'-yl) benzoaitrile e ps 152-156° was obteined.
A small portion was orystallised from chloroform/light petroleum
raising the m.p: to 156-157% Yield: 0.56 g5 13.2%

The residve left after filtering the reaction mixbure of the
benzonitrile and imidazole was extracted with water and the agusous
extract was acidified with hydrochleric acid and extracted with
ether. The ether extract on removal of the solvent left m-(imidazolw
1-y1)benzoic acid meps 144~146". Tield: 0.03 g3 0.6%.

(ix) 4=Bromcbenzonitrile. The reaction was carried out over
a pericd of 50 hrs, as with 3-bromcbensenitirile. The chloroform
extract on removal of the solvent left a selid mep. 143-14'?0. This

solid was f{irst washed with a little benzene to remove unreacted
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l~bremebanzonitrile and wes then crystailised Proz benzuone {chorcosl)
aiving crystels of /e-(iaidozoletteyl)benzonitrile MeDe 1541557,
Reerystallisation frem chloroferm/light pelrolewm gave meDs 154~155%%
Yields 3e1 g3 73%

The agueous extract of the reaidus fron the reaction mixture
on acidifiestion and exiractien with other gave pe(imidazel~tieyl)e
benzoic acidy meps 235-236°. Yield: 0.03 g3 0.6%

(x) c-Broncoscteshenone, The rescticn betwsen imidazole (1.7 g)
and g=bromegestophencne (5 g) was carried out over a Teflux pericd
of 43 hrs. The reschion mixbwre was cseooled, flitered and the
realdus extracted with chloroforms The solvent was removed frem
the combined {iitrate ond extraet and the regidue thus obtzinsd was
digselved in ethannl and treanted tulce with charcosd aad ethanol
removed giving product aeps 179=173% A emall pertion of this product
was diegolved in ethanol end treated with charcosl, filtered and the
Tilirete concentreted. & mioll amount of water sdded and lefd teo
crystallise and filtered. Orystals mepe 182-183° were obtained, This
compound lacked bands in the reglon of carbomyl absorptien in the
infraved spectrun (gee pe59 ). Yield: 3.2 g3 65%, Thls product did
not give the iodoform tesbt. Anels caled. for Gﬂﬂwﬂzm Cp . 71,03
Hy 5443 H, 15413 O B.6%. Pounds Cp 70.45 By 5655 ¥y 1485 0, 9.0%
Ultraviolet ebserptions) . 217 and 262 nue  loge 4«31 and 3463,
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A small sample of this product was dissolved in 5 ml of
pyridine and treated with 0.5 ml of benzoyl chloride; heated on a
hot plate for a [ew minubes and then added to water with.stirring .
and left.for 2 hrs.,, then 20 ml of 5% sodium carbonate solublon wes
added end leflt for 0.5 hrs. The olly layer was extracted with
chloroform. The extract was dried and flltered., The solvent was
evaporated leaving an oil which was chromgtographed over alumina with
a mixture of 25,;“5 chloroform/benzene, giving the eéter. This ester

solidified on cooling.

The reactlion between imidszole and o-bromoacetophencne was
repeated and the heating time was reduced from /8 hrs. to 7 hrs.
The residue from the chloroform extract ‘of the reaction mixture was
chromatoegraphed over alumina. With benzgene as +the eluting sclvent
a small amount of unchanged g-bromoacetophencne was recovered. The
solvent was then changed to 507 chloroform/benzene. Removal of the
solvent frem the varlous fractions left a gyrupy liquid,
o~-(imidazol-1~yl)acetophencne. This was rechrometographed and was
found to analyse for an imidazolylacetbophenone. Yield: 1.6 g3
33645

This syrupy liquid gave a picrate m.p. 185-‘-186o (ethanol).
g-(Imidazolﬂ-l-yl)acetophenone pierate @ﬂ. eai!l.éd. gor C,.H, anosz.
Gy 49023 Hy, 3413 N, 1609%0 Founds G, 49.1; H, 335 Ny 16.6%0
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In the chromatography of the reaction mixture the column was
eluted with chloroform. The»eluents obtained left product mepe
180-183°. This was identical with the product (mep., mixzed meDe
and infrgred spectra) obtained in the reaction of imidazole and

o~bromoacetophenone at a higher reaction peried. Yield: 2,2 g3 L7%.

A small amount of g-(imidazol-i-yl)acetophenone was heatad
for 24 hrse. in the presence of anhydrous petassium carbonate and
cupric oxide in pyridine. The reaction mixture was cooled and
filtered and the residue extracted with chloroform. The solvents
vere removed from the combined filtrates and the residue thus
obtained was pagsed through a colum of aluminas Oan elution with
benzene o very small smount of o-imidazolylacetophenone was
recovereds Changing the eluting seolvent to chloreform afforded
product mep. 160-172° (recrystallised,chloroform/light petrolgum
mep. 181=182°). This was identical with the product m.p. 182-183°
obtained in the arylation of imidazele with o-bromeacetaphenone

over a regction period of 48 ‘hrs.

 (xi) m-Bromoacetophenong. The reaction was carried oub as
usual over a period of 4% hrs. and extracted with chloroform. The
residue from this extract was chromatogrephed over alunina. A small

amount of unchanged m~bromoacetophenone was recovered when the column
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wes eluted with benzene. The solvent was then changed to 253
chleroform/benzene and m-(imidazol-1-yl)acetophenone m.p. 68-70?
was obtained after removing the solvent from the vardous fractions
collected. On twice recrystallisation from chloroform/light
petroleﬁm a purer product m.p. 72_730 was obtalned. Yield: 3.2 g3
68.2%, Semicarbazone m.p. 201-202° (aqueous ethanol). Anal. calcd.
for 012H133503 Cs 59433 Hy, 5.43 N, 28.8%. Found: C, 59.33 H, 5.4}
N, 28.1%

(xii) p~Bromoacetophenone, The reaction between imidezole
(1.7 g) and p-bromcacetophencne (5 g) was performed over a peried of
48 hrs. The reactlion mixture was cooled and then extracted with
chloroform. The solvent was evaporated and the residue subjected
to chromatography ever alumina. With benzene as eluting solvent a
small emount of unchanged p-bromoscetophenone wes obtained. Changing
the solvent to 50% chloroform/benzene gave p=(imidazol=1=yl)-
acetophenone m.p. 119-120°%,  Vield: 3.9 g; 82.1%. Semicarbazone
MeDe 237-238° (aqueous ethanol). lit. m.p. 118-—1190, semicarbazone
mep. 2327 (39).

Ullmenn Condensation of 1,2,4~Triazols.

152y4~Triazole was allowed to condense with the following
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haloeryls (underlined):

(1) o-Chloronitrobenzene. A mixture of 1,2,4-"&1'1;12,016 (345 g)
o~chlorenitrobenzene (11.9 g) and anhydrous potassium carbenate (7 g)
in pyridine (10 ml) wes heated under reflux for 16 hrs., ccoled end
{iltereds The residue was éxtracted with chloroform and the ;;olvent
was rémwed from the corlnbined extract. The residue tﬁus obt;sined w;zs
chronatographed over alumina. On elubting with bengene the first
few ﬁacﬁms geve unchanged o-chloronitrebenzene. Further elution
with benzene gave a preduct m.p. 113—-1140 which depressed the Mepe
of 2,2'-dinitrobiphenyl (mixed map. 90-92°). fThis product was fownd
10 be identical in all respects (m.p., mixed m.p. and infrarved
spectra) with an authentic sample of 1-(g~nitrophenyl)=1,2,4~triazole
mepe 113=114° (45). TYield: 6.48 g; 69.2%

(1i) m=Chloronitrobenzene. The reaction using m=chloronitrobenzene
was perforaed as for e-chloronitrobenzene in the preceding experiment.
The heating time was proloﬁged to 21 i:rs. The working up of the
reaction mixture gave only unchanged g,-cﬁloronitrohenzene. In another
exp;ariment the heating time was extended to 36 hrs. but again unchanged
m-chlorenitrobenzene was recovered. Another experiment was oerformed

with quinoline instesd of pyridine as the solvents no arylation



- 117 -

product could be isclated. Similarly using cupric chloride instead
of cupric oxide as the catalyst failed to arylete 1,2,4~triazole.
In all these experiments bright coloured residus, inscluble in

benzene, were obgerved to be formed in the reaction mixtures.

To a refluxing mixture of 1,2,4~triazole (3.45 g), m-chloro-
nitrobenzene (7.85 g) and enhydrous potassium carbonate (7 g) in
dimethylformamide (20 ml) cupric oxide (0.25 g) was added and the
mixture was allowed to reflux for a peried of 14 hrs. The solvent
was removed from the reaction mixbure by distillation. The regidue
from the distillation was extracted with benzene and this extract
was treated with chavccal and filtered. The solvent was removed
from the filtrate. The residue thus obtained was dissolved in ether
end dry HCl gas passed through the ethereal solution. The precipitate
foraed was filtered off and made alkaline with 5% sodiua hydroxide
solution. This sodium hydroxide extract was exhaustively extracted
with ether. The ether extract was dried and filtered. The solvent
was evaporated from the extract and thus 1=-(m~nitrophenyl)-1,2,4~
triazole m.p. 146-148° (from chleoreform/light petroleum) was obtained.
Yield: 0.58 g; 6%. This was identical (m.p., mixed m.p., infrared
spectra) with en authentic semple (45). m-~Chloronitrobenzene (2.65 g)

was also recovered unchanged from the reaction.
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(iii) g:Chlarani&rﬁbengege. The reaction between 1,2;4-trizzole
(3445 g) and p-chloronitrobenzene (11.9 g) was carried out over a
period of 16 hrs. The reaction mixture was worked wp in a manner
gimilar to that of g-chlorenitrobenzene reaction (experiment (i)).
The chromatography on alunina with benzene asg eluting solvent afforded
unchanged p-chloronitrobenzene (8.8 g). Elution with 25% chloroform/
benzene gave unchanged 1-(p-nitrophenyl)=1,2,4~triazole, mep. 194-196°
(ethanol) 1lit. mep. 190° (46). This was identical with an authentic
sample obtained from p-nitrophenylhydrazine by the aza=-salt metheod
(110). Yield: 1.27 g5 13.4% (33.9% on the basis of recovered

p-chloronitrobenzene) .

(iv) 2-Bromopyridine. The reaction between 1,2,4~triazole (3.45 g)
end 2-bromopyridine (7.9 g) was cerried out over a period of 16 hrs.
The combined filtrate and chleoroform extract was treated with charceal
and filtered. The solvents were removed from the filtrate. The
residve thus obtained was chromatographed over slumina. On using
benzene as eluting solvent 2-(1!,2!,/'~triazol=-1'~yl)pyridine m.p.
91-92% was obteined. Recrystallisation from chloroform/light
petroleum gave crystels mep. 92-93°, Yield: 2.1 g3 28.5%

The eluting solvent was changed to 50% chloroform/benzene and

2=(11,2' , 4V ~triazol=4'~y1) pyridine m.p. 167-168° was obtained. This



was identical in all respects (m.p., mixed m.p., infrared spectra)
with an authentic semple. Yield: 0.17 g; 2.7%.

(v) 3=Bromopyridine. The reaction between 1,2,4~triazole
(3.45 g) and 3~bromopyridine (7.9 g) was carried out as for
2-bromopyridine . (: the preceding experiment) over a reflux period
of 17 hra. The combined filtrate and chloroforn extract was freed
of golvents and the residue obtained was chromatographed Ofvar
alumina, Eluting with benzene 'ga.ve 1 g of unchanged 3-bromopyridine.
On changing the solvent to 507 chloroform/benzene residue mepe
81-83° was obtained which was recrystellised from chloroform/light
petroleun giving 3-(1",2' oy =triazol=1'=yl)pyridine m.p. 82-83°.
Yields 0.81 g5 11.1%.

Further clution of the chromatography colum with 50%
chloroform/benzene gave 3~(1',2',4'~triezol=4!~yl)pyridine m.p.,
mixed mepe 154~158° identical with an authentic sample. The infrared
spectra of the two compounds were also identical Yields 0.03 g3
0.42%.

(vi) 4=Chloropyridine hydrochloride. A mixture of 1,2,4~
triazole (3.45 g) 4~-chloropyridine hydrochloride (7.5 g) and

anhydrous potassium carbonate (14 g) in pyridine (25 ml) was heated
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under refluc and to this refluxing mixture cupric oxide (0.25 g)

was added. The reaction mixture was allowed to reflux for 22 hrs.,
cooled and filtered. The residue extracted with chloroform and

the combined filtrate and extract treated with charceal, filtered
and the solvent was evaporated from the filtrate. The residue (dark
browm) was chromatographed over alumina. The eluting solvent used
was 25% chloroform/benzene and 50% chloroform/benzene. Various
fractions were coliected and on removal of the solvent ylelded O.41 g
of a compound m.p, 118-120%. This was crystellised from chloroform/
light petroleum giving 4~(1',2!,4'~triazol~1'~yl)pyridine m.p.
120-120.5% Yield: Q.41 g3 5.7%

On continuing elution with 50% chloroform/benzens a small
amount of material was obtained. This was rechromatographed over
alumina with 50% chloroform/benzene and A~(1',2',4V=triezol=4'~yl)-
pyridine was obtained. This was identical with & synthetic sample
prepared from diformyl hydrazine and 4~amino pyridine (see p.93 ).
Yield: 0.16 g5 2.1%.

(vii) 2-Chlorobenzonitrile. The reaction between 1,2,4=
triagole (1.725 g) end 2-chlorobenzonitrile (3.44 g) was carried out
as usual over a period of 165 hrs. The reaction mixture was cooled,
filtered and the residuc was extracted with hot benzene. The
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solvents were removed from the combined filtrate and extracts. The
reagidue thus obtained was chromatographed cver alumina. On elution
with benzene 2-chlorobenzonitrile (0.3 g) was recovered unchanged.
The solvent was changed to 50% chloroform/benzene giving solid mepe.
114-115% (mixed m.p. with 1,2,4-triazole 90~98). This was
recrystallised from chloroform/light petroleum giving 2~(1%,2',4%=
triazol-1'~yl)benzonitrile m.p. 120-121%. Tield: 0.42 g5 9.8%

(viii) 3-Bromobsnzonitrile. The reaction between 1,2,4-
triazole (1,725 g) and 3-bromobenzonitrile (4.55 g) was carried out
over a . reflux period of 64 hrs. as with 2-chlorcbenzonitrile above.
The residue obtained after removal of the solvents from the combined
filtrate and chloroform extracte was chrometographed over alumina.
On elution with benzene wnchenged }bromobenzlmitrile (1+42 g) was
recovereds Changing the solvent to 50% chloroform/benzene afforded
a solid m.p. 146—1490.5 This, on further crystallisation with
chloroform/light petroleun gave 3-(1',27,4} ~triazole=1'=yl)benzenitrile
MeDe 184-15445% Tields 0436 g3 8e4%

The residue (left after the reaction mixture was extracted
with chloroform and the filtrate) was extracted with water. The
aqueous extract was acidified with hydrechloric acid and extracted

with chloroform. On removal of chloroform a very small amount of
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801id mep. 248-250° was cbtained vhich is believed to be
m~(1,2,4~triagol-1=~yl)benzoic acid.

(ix) 4=Bromobenzenitrile. The veaction between 1,2,4-triaszole
(1.725 g) and 4~bromobenzonitrile (4.55 g) was carried out as with
3-bromobenzonitrile. The reaction time was 50 hrs. The reaction
mixture was cooled and filtered. The residus was extracted with
geveral portions of hot chloroform. The combined filtrate and
extracts were freed of the aolmi_; leaving behind a solid residue.
This selid residus was dissolved in chloroform when a small portion
vas found to be insoluble in cold chloroform and wes filtered off (4).
The chloroform solution was chromatographed over alumina. When the
eluting solvent was bénzené tnchanged 4-bromobenzonitrile (2.8 g) was
obtained. The solvent was changed to 50% chloroform/benzene giving
4=(1% 427 y 4} =triazol=1'~yl)bensonibrile mep. 1=6§=1'6?° and was
recrystallised fron éhlomform/liéht petroleum, mepe 166=1677. Yield:
05 g3 1145%s

4 smell portion of the residue (4) mep. 280-286° was
disselved in ethanol and treated with charccal, filtered and the
filtrate concentrated giving crystals m.p. 289~290° (decomp.)s A
tentative structure p-(1,2,4~triazol=1-yl)benzamide is assigned on
the bas;s of elsmentel enalysis and infrared spectrum. Yields 0.18 g3
3.8%.



The aqueous extract of the residue from the reaction mixture
gave & very small amcunt of material on acidification o6f the
aqueous extract with hydrochloric acld and extraction of this
acidified solution with chloroform. This compound m.p. 278-282°% 1s
presumed to be p=(1,2,/~triazol~1-yl)benzoic acids 1it. m.pt>>2700(50).

An earlier reaction between 1,2;4~triszole and 4-chlorcbenzo-
nitrile failed to give eny arylation product. Unchanged j=chlorow

benzonitrile was recovered.

(x) o~Bromoacetophenone. The reaction between 1,2,4~triazole
(1,725 g) and o-bromoacetophenone (5 g) was carried out over a
reflux pericd of 48 hrs. in a menner similar to that deseribed for
imidazole and g~bromcagetophenone, The reaction mixture was cooled
end filtered. The residue wes extracted with chloroform. The
solvents were removed from the coubined fiitrate and extract and the
residue thus obtained was chromatographed over alumina. Elution of
the column with benzene affcrded a very small amount of wnchanged
o-bromecacetophencne. Elution was continued with benzene folleowed
by 25% chloroform/benzene when freom these twe solvents g=(1,2,4~
triazol-1-yl)acetophenone m.p. 84-86° wag obtained on removal of the
solvents from the eluents. Yield: 1.69 g; 36.9%. o-(1,2,4~Triazol-
1-yl)acotophenone picrate m.p. 121-122° (cthanol), depressed the mep.
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of picric acid (mixed mep. 82-95%). inal, caled. for Gy il ol gt
C, 4.602; H, 2-9; N, 2002%‘ medi G, 4.605; H} 302; N’ 19'9%‘

On eluting the chromatography colum with 50% chlorofora/
benzene a solid m.p. 148-151° was obtained on removal of.f t}J:e
solvent from the eluents. This was recrystallised from chloroform/
light petroleum giving crystals meps 158-159%. This material lacked
infrared absorption in the carbonyl region and gave a negative
iodoform teste Yield: 1.07 g3 23.3%. Anal. caled. for G1OH9H30=
Cy 64e2; Hy 4oB3 Ny 22,53 O, S46%, Found: C, 63.83 Hy, 4e93 N, 22.73

Oy 9+2%. Ulitraviclet absorptiansﬂm 214, 260 and 282 infl. mAL

x
(Log€ 44205 3475 3.25)

(xi) m=Bromoacetophenone. The reaction was carried out as
usual between 1,2,4~trizzole (1.725 g) and m-bremoace tophenone (5 g)
over a reflux period of 50 hrs. Chrometegraphy over alualna with
benzene gave unchanged m~bromoacetophenone (3.63 g)e Elution with
25% chloroferm/benzene gave residus m.p. 109-1110 on removal of the
solvent. On crystallisation with chloroform/light petroleum
m=(1,2,4~triazol~1=yl)acetophenone m.ps. 113=114° vas obbeined.
Yield: 0.49 g; 10467,

(xii) p-Bromeacetophenone. Total reflux pericd of this reactioch
between 1,2,4-triazole (1.725 g) and p~bromoacetophenone (5 g) wes
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48 hrs. The reactlion mixture was worked up in the usual manner and
subjected to chromatography over alumina, unchenged p~brcmoacetophenone
(3.7 g) was eluted with henéene. Elution with 50% chloroform/benzene
afforded a residue m.p. 145-1470 on removal of the solvent. This
residw was crystallised from chloroform/light petroleum giving
p=(1,2,4~triazol-1=yl)acetophenone meps 153=154°, Yield: 0.2/ g;

5.1%. Semicarbazone mep. 249-250° (from aqueous ethanol)s. GCalcde for
Cq4HioNg 08 Cy 54413 Hy 4e95 Ny 34e4%. Founds Gy 51.45 Hy 5.45 Ny 27.1%
(0“5121\150.1-@20 'requirea: Cy 51e4; Hy 5.8; K, 27.2%, see pe31 ).

Ullmann Condensation of Indole.

Ullmann condensations of indole were performed with the
following haloaryls (underlined):

(1) o=Chloronitrobenzene. 4 mixture of indole (5.85 g),
o=chloronitrobenzene (7.85 g), anhydrous potassium carbonate (7 g) in
pyridine (10 ml) was heated under reflux and to this cupric oxide
(0.25 g) was added. The reaction mixture was allowed to reflux for
18425 hrs., cooled and filtered. The residue was extracted with
benzene., The combined filtrate snd extract was treated with charcoal
and filtered. The solvents were evaporated from the filtrate leaving

a residue which was dissolved in benzene and chromatographed over



alunina. The first few fractions from benzene gave a small mixture
of unchanged g-chlorenitrobenzene and indole followed by a product

Me Pe 81-82% This product mep. 81-82° was crystallised from
ehloroform/light petroleun giving 1-(g-nitrophenyl)indole mep. 82-83°,
yellow needles. Yield: 5.96 g3 50%.

(ii) m-Bromonitrobenzene. The reaction of m-chloronitrobenzene
was carried out with indole in dimethylformemide in a mauner similar
to that for pyrazole and imidazole, but no i-(m-nitrophenyl)indole
could be igelated.

The reaction between indole (2.92 g) and m-bromonitrobenzene
(505 g) in pyridine (10 ml) and cupric oxide (0.125 g) was carried
oubt over a pericd of 48 hrs. as with g-chloronitrobenzene. The vesidue,
obtained on removal of the solvent from the combined filtrate and
chloroform extract, was chrnmatfographed over alumine with benzene as
the eluting solvent. The first few fractions on removal of the solvent
left a residue mep. 59-61% This or crystellisetion frem ethanol gave
yellow needles of 1~(m~-nitrophenyl)indole m.p. 67-68°. Yield: 5.14 g3
79.6%.

(ii1) p-Chloromitrobenzene. The reaction between indole (5.85 g)
end p-chloronitrobenzene (7.85 g) was carried out in the same fashion
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ag with o-chloronitrobenzene. The total reflux period was 19 hrs.
GMﬂa@aphy over alumina with benzene ag the sluting solvent
gave & mﬂdué which was crystallised twice frem chloreform/light
petrol;aum g:.v:.ng 1-Lg-nitrop;19nyl)indale, yellow crystaels mep.
133-134%  Yield: 1.78 g5 14.9% |

Indole (1.6 g) was also recovered from the chromatography.

(iv) 2-Bromepyridine. The reaction between indole (2.93 g)
and 2-bromopyridine (4 g) was carried out over a resction peried of
17 hrs. in the usual mammer, Chromatography over alumina with benzene
as eluting solvent gave & residue when the eluents were freed of
the solvent. The residues from the @ioua fractions were collected
together and distilled under reduced pressure gi_vin.g 2~{indol=1'=yl)-
pyridine bep. 167-169°/0.5 mm. Yield: 3.83 g; 79.1%

(v) 3-Bromopyridine. The reaction between indole (5.85 g) and
3=bromopyridine .(7.9 g) was cerried out over a reflux pericd of
2 hrs, The reac-l;.ion mixture was worked up as in the case of the
reaction of indole and 2-bromopyridine. The Idis'billatd.on of t.he
product gave 3-(indol=1'=-yl)pyridine b.ps 141=143/0.35 mm. Yield:
5656 g3 T5+4%
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(vi) /=Chloropyridine hydrochloride. A& mixture of indole ‘
(5:85 g), 4~chloropyridine hydrochloride (7.5 g) and anhydrous

potassium carbeonate (14 g) in pyridine (25 ml) was heated wnder
reflux and to this cupric oxide (0.25 g) wes added. The nixture was
alloved to reflux for 20.5 hre., cooled and filtered. The residue
was extracted with benzene and chloroform. The combined extract.was
treated with charcoel, filtered, and the solvenis removed from the

filtrete. Chromatography over alumina gave only tars.

The reaction was repeabted with a veaction time of only 40 hrs.
erkiné up of the reaction‘mixture left tars and no clean identifiable

product was isolated.

In snother experiment 4-chleoropyridine was liberated from its
salt (7.5 g) by 5% sodium cerbonate solution and taken up in
chloroform. This chleroform solution was dried and filtered and to
this solution indole (5.85 g), pyridine (10 ml), cupric oxide {0.25 g)
and avhydrous poﬁassium carbonate (7 g) was added and heated wnder
reduced pressure (aspirator vecuum) on & water bath for 20 hrs.
Chioreferm was allowed to escape during the'reactian. The resction
mixture was cooled, filtered, and extracted with chloroform. The
solvent was removed from the combined extract and filtrate. The

residue thus obbtained was distllled under reduced pressure when only
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indole was recovercd from the distillate bepe 95-06°/5 mme m.pe
52+54° (mixed mepe 52-54° with indole).

The reaction of indole (5.85 g), 4~chloropyridine hydrochloride
(7.5 g), cupric oxide (0.25 g) in dimethylformemide (50 ml) wes
carried out in the usual manner over & period of 22 hrs. The reaction
mixture was coocled and ﬁltered. The filtrate was added te stirring
water (250 ml), allowed to stand for a few hours and filtered off.
The precipitate obtained was dissolved in chloroform and mixed with
the chloroform extract of the residue fram the reaction mixture. The
combined chloreform extracts were dried and filtered. The solvent
was removed from the flltrate and the residual liquid distilled under
reduced pressure, when from the distillate only indole was obtained
(identical m.p. and mixed m.p.). The residue from this distillate
was taken up in chloroform and treated with charceoal and filtered.
On removal. of the solvent a small smount of viscous liquid was
obtained. This was ve:cl'y glmilar o the 2=, and 3-(indol—1"-yl)-l-
pyridines in its infrared =nd ultraviolet spectra. This small amownt
of the sticky substance was chrematographed over alunina using benzene
as the eluting solvent. The first fraction gave a very small amount
of indole b.p. 76~78%/0.7 i (identical m.p. and mixed m.p.j followed
by a few fractions which left a syrupy liquid on evaporatién of
benzene from the eluents. The various fractions were combined giving
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4~(indol=1'=yl) pyridine. Yield: 0.25 g; 2.6%. Plcrate m.p. 209-211°,
recrystallised from ethancl, needles mep. 212;213°. Anal. celed. for
019HH3N5Q73 Cy 54405 Hy 3.13 N, 16.6%, Founds G, 54.13 H, 3.3; N, 16.3%

The reaction in dimethylformamide was repeated but, ageain a very
small amount of 4~(indol=1'<yl)pyridine was obtained.

(vii) 2-Chlorobenzonitrile. The Ullmann condensation between
indole (5.85 g) and 2-chlorobenzonitrile (6.85 g) was carried oub over
a reflux period of 50 hrs, The reactioh mixture was cooled and
filtered. The residue was extracted with chlereform. The solvenis
were evaporated and the residue was chromatographed oﬁar alumine. The
first few fractions obtained on elution with benzene were combined.

The latter fracticns gave unreected indole. The first few fractions
obtained,from'cﬁromatOgraphy‘wére rechronatographed over alumina using
benzene ag eluting solvent. The frsctions which eluted first vere

freed of benzene and then treated with hot light petroleum (te remeve any
indole) and Filtered. The residue mep. 106-108° left after extracting
with light petroleum was crystallised from chloroform/light petroleum

to give 2-(indol~19=yl)=benzonitrile m.p. 109-110% Yield: 0.2 g; 3.6%

(viii) 3-Brouobenzonitrile. The reaction of indole (R.925 g)
end 3-bromobenzonitrile (4.55 g) with cupric oxide (0.125 g) was cerried
out as usual in pyridine (10 ml) over a period of 113 hrs. After this



pericd the reaction mixture was cooled and filtered. Thexresidue was
extracted with chloroform and the selvents were removed from the
combined f£iltrate. Ths residue thus left was disselved in benzene
when a portion of the residue m.pe 175-177" was found to be
insoluble in benzene and this (Residue A) was filtered off. The
benzene scluble portion was chromatographed over aluminag and the
residues from the different fractions, obtained after removal of
benzene, were ccllected together and distilled under reduced pressurs.
Distillation geve 3-(indol=1'=yl)benzonitrile bap. 190-192°/2 mm
cerystallised from aqueous ethenol in colourless need;es MePe 37--38%,

Yield: 3.04 g3 55.9%

Residue A, mep. 175-177% was crystallised from ethanol glving
erystals, mep. 181=-182%  Yields 0.4 g; 6.6%., This was agsigned the
structure m~(indol-1=-yl)benzamide on the basls of its elemental

analysis and infrared spectrume

(ix) A~Bromobenszonitrile. The reaction between indole (2.925 g)

and 4~bromobenzonitrile (4.55 g) was performed in a similar manner to
the reaction of 3-bromobenzonitrile. leating wnder reflux was cerried
oubt for 39 hrs. Chromatography over alumina was performed with benzene
as the eluting solvent when a ééry gmall amount of unchanged A-bromo

benzonitrile was recovered. PFurther elution with benzens gave a



residue mep. 89---‘;’:‘,?.o on evaporation of the solvent from the eluents.
This was crystallised from chloroform/light petroleum giving 4~(indol-
1'~yl)benzonitrile mepe 95-96% (This depressed the mep. of A=bromo-
benzonitrile)e Yields 42 g3 7795

The residue, left after the extraction of the reaction mixture
with chloroform, was extracted with water. This aqueous extract was
acidified with hydrochloric acid and then extracted with ether. The
ether extract was dried and filtered. The solvent was removed from
the extract giving a very smell smount of impure acid m.p.)192-207°,
probably p~(indol-1-~yl)benzoic acid.

(x) o-Bremoacetophenone. The reaction between indole (2.925 g)
and grbromoaéetophénone (5 g) was carried out in pyridine (10 ml) in
the presence of anhydrous potassiun carbonate (7 g) end cupfic oxide
(0.25 g)« The mixture was heated under reflux for 24 hrs. The
reaction mixture was worked up as usual and the residue thus cbtained
was chromatcegraphed on alumine with benzene as eluting solvent. The
eluents on removal of benzene left a syrupy liquid which was distilled
under reduced pressure. o-(Indol-l-yl)acetophencne, pale yellow liquid
bepe 163-164°/0.25 mm wes obteined. Yields 4.35 g3 74%. Semicarbazone
m.p. 198-199° (aqueous ethanol). Anal, calod. for G H, (N, O: G, 69.93

17
H’ 5-5; N’ 1902%. FPounds O,' '?0.0; H’ 5-5; N’ 17-5%0 (See P‘31°)
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(xi) m=Bromoacetophenone. The reaction of indole (2.925 g) and
g-brmnoa{cefophenone (5 g) was carried out as for o-bromoacetophenone
over a perind of 30 hrs. and worked up in the same way. The liquid,
Iobtained £rom the chromatogra@ over alunina with benzene as
eluting solvent, was diétillad undé:c reduced pressure when
n-(indol-1-yl) acetophenone bepe 181-182°/0.25 mm was obtained. Yield:
3.5 g3 60.2% Semicarbazone m.p. 171-172° (aqueous ethanol). Anal.
caled. for Cqnliy N 0: G, 69.9; H, 5.5; N, 19.2%. Found: C, 63.5;

4
H’ 5.3; N, 2000%. (369 p.31v)

(xii) p-Bromoacetophenone. The reacticn between indole (2.925 g)
end p-bromoacetophenone (5 g) was carried out over a periecd of 45 hrs.
in a gimilar manner to that for the meta iscmer. From the
chromatography ueing benzene as the eluting selvent, residue meps
72-75° was obtained on removal of the solvent from the eluents. On
erystallisation from chloreform/light petroleum p-(indol-i-yl)acetophenone
Mepe 85-87° was obtained. Yield: 5.45 g; 92.8%. Semicarbazone m.p.
214~-215° (aqueous ethanol), idnel. caled. for Oyl 00 5 €9.9;

Hy, 5453 Ny 19.2% [Found: G, 69.53 I, 5.75 N, 18+4%

(xiii) o~Icdobenzoic seid. A mixture of indole (2.925 g),
o-iodobenzoic acid (5.7 g) and enhydrous potassium carbonate (7 g) in
pyridine (30 ml) was heated under reflux and to this refluxing mixture
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cupric oxide (0.125 g) wes added. The reaction mixture was ellowed
to reflux for 50 hrs., cooled and filtered. The residue was extracted
wit-l:'; chloroform and the combined filtrate and extract freed of the
solvent. No identifiable products could be obtained from this.

The residue, left after extraction with chloroform, was extracted with
hot water and the aqueous extract treated with charcosl, filtered and
the filtrate cooled and acidified with hydrochloric acid. The
precipitated scid was crystellised from hot water when crystals mep.
161-163° (mixed m.p. with g-iodobenzoic acid 110-128°) of g-(indol-i~yl)-
benzoic acid were obtained. Recrystallisation from agueous ethanol
gave crystals me.p, 164=165%, Yields 1.8 g; 30%.

An attempt to cyclise o-(indel-1-yl)benzeic acid with poly-
phogphoric acid failed.

Ullmann Condensation of Benzimidazols.

Ullnann condensations of benzimidezole with various haloaryls
(underlined) are described below.

(1) e=Chloronitrobenzene. The reaction between benzimidazole

(5.9 g) and o~chloronitrobenzene (7.85 g) was carried out over a reflux
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period of 7 hrs. in a manner gimllar to that of other azoles described
previously. The reaction mixture was worked up in the ususl menner.
The extracts were treated with charcoal end filtered. The residue
obteined from the evaperaticn of the selvent froem the filtrate was
chrometographed over alunina. When benzene was used as elubing solvent
scme o~-chloronitrobenzene (2.9 g) was recovered unchanged from the
colunn., Elution with 50% chloroform/Uenzene geve a sticky residue on
removal of the solvent. This sticky residue on trituration with light
petroleun gave 1~(o-nitrophenyl)benzimidazole m.pe 80-320, 1it. m.p.
82° (47). Yicld: 5.4 g; 45.3%

(ii) m-Bromonitrobenzene. The reaction between benzimidazole
and m=chloronitrobenzene in either pyridine or dimethylformamide under
the usual conditions falled to produce i=(m~nitrophenyl)benzimidazole.
The only product isolated was unreacted m~chloronitrobenzene.

The reaction of benzimidazole (2.95 g) and m~bromonitrobenzene
(5.05 g) was carried out over a period of 46 hrs. The reaction
mixture was processed in the usual way. Chromategraphy on alumina
with benzene as eluting solvent gave unchanged m-bromonitrobenzene
(1.73 g). Elution was continued with 50% chloroform/benzene and on
evaporation of the solvent from the variocus fractions solid mepe

148=1 50° was obtaineds This on erystallisation from chloroform/light



petroleun gave 1-(m-nitrophenyl)benzimidazole meps 151~1 52%,  1lit.
mep. 149457 (47). Yield: 0.48 g3 8.1%.

(iii) p=-Chloronitrobenzene. The reaction between benzimidazole
(5.9 g) and p-chloronitrobenzene (5.9 g) was carried out as with
g-chloronitrobenzene for a totel reflux peried of 3.5 hrs. The
regction mixture was worked up in the usual menner. Chromatography
over alumina with benzene as the solvent gave unchanged p-chloronitro-
benzene (4 g). The eluting solvent was then chenged to 50% chloreform/
benzene. On evaporatlon of the solvent from the eluents 1=( p=nitro-
phenyl)benzimidazole mep. 181=183° (mixed m.p. with benzimidazole
140-160°) wes obtained. 1ite m.p. 182° (47). Yield: 3.28 g5 27.5%
Elution of the column with ethyl acetate gave unchanged benzimidazole
(0.55 g)e

(iv) 2-Bromopyridine, A mixture of benzimidazole (5.9 g),
2-bromopyridine (7.9 g) and anhydrous potassivm carbonate (7 g) in
pyridine (10 ml) with cupric oxide (0.125 g) was heated under reflux
over a period of 19 hrs. The reaction mixture was worked up as usual.
The chloroform extract and the filtrate were treated with charcesl and
filtered. The solvent was removed from the filtrate, giving a residue.
This residue was chromatographed over alumina. The chromatography
colum was eluted with 50% chloroform/benzene and various fractions
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collscteds The solvent was rvemoved from these eluents and the
fésidues obtained were combined and diétilled under reduced pregsure.
The fraction b.p. 186-188°/31.5 mn was collected. This fraction was
redistilled giving 2-(benzimidazol=1'~yl)pyridine bep. 177-178°/1 mm,
shining plates mepe. 59-60° (chloroferm/light petroleum). Yields
be5b g5 46450

(v) 3-Bromopyridine. The reaction between benzimidezole (5.3 g)
and 3~bromopyridine (7.9 g) was carried out over a reflux pericd of
24 hrse as in the case of 2=-bromopyridine. The reaction mixture was
allowed to cool and filtered. The residue was extracted with
chloroform. The solvents were removed from the combined filtrate and
extractss The residue thus obtained was extracted with hot benszene
and filtered, the residue from this filtration was found o be identical
with benzimidazcle (identical meDe, mixed mepe.)e The filtrate (benzene
extract) on removal of benzene gave solid ma.p. 105-107°. This was
crystallised from chloroform/light petroleun giving prisms of 3-
(benzimidazol~1'~yl)pyridine m.p. 107-108%. Yield: 3.25 g; 33.3%.

(vi) 4=Chloropyridine hydrochloride. The reaction between
4~chloro§yridine hydrochleride (7.5 g) and benzimidazole (5.9 g) was

carried out over e reflux peried of 19.5 hrs. in the presence of
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anhydrous. petassiun carbonate (14 g) and cupric oxide (0.25 g) in
pyridine (25 ml). The reaction mixture was ceoled end filtered.

The residue cbtained was extracted with chloroform. The filtrate and
the chloroform extracts were ccmbined and the solvents removed from
it leaving a residuc which was dissolved in hot benzene. The benzene
solution was treated with charcoal and filtered. DBenzene was
evaporated from the filtrate and the residue thus obteined was
chromatographed over alumina. The chromategraphy column was eluted
with 25% chloroform/benzene. The solvent was removed from the
eluents leaving a residue. This residue gave 4-(benzimidazol=1'-yl)-
pyridine m.p. 119-120° (chloroferm/light petroleum) ,idént.ical with a
synthetic sample. Yield: 2 g; 20.8%.

(vii) 2-Chlorebenzenitrile. The reaction was carried out es
ususl with benzimidazole (5.9 g), and 2~-chlorcbenzenitrile (6.85 g).
The total reflux pericd was 52 hrs. The reaction mixture was worked
up as usual by extrecting with chloroform. The selvent was removed
from the extracts. The regidue thus obtained was subjected to
chromatography over alumina with benzene as the eluting solvent. A
small amount of unchanged 2-chlorobenzonitrile was obtained. The
eluting solvent was then changed from benzene through 25-50% chloroform/
benzene. The different fractions obteined were combined and the
solvents evaporated giving & solid m.p, 106-109°. This solid en



erystallisetion from chloroform/light petroleum gave 2-(benzimidazcle
1)=yl)benzonitrile m.p. 110~111° Yield: 1.34 g5 12.2%

(viii) 3=Bromobengonitrile. The reaction between benzimidazole
(2495 g) and 3-bromobenzenitrile (4455 g) was carried out over &
reflux peried of 89 hrse. in the ususl mamner. The residue obtained
on removal ofl the solvent from the chloroform extract and filtrate
was chromatographed over alum_ina. A gmall amount of 3=-bremobenzonitrile
was obtained on elution with benzene, Elution with 507 chloreform/
benzene gave a gyrupy liquid which on crystallisation from aqueous
ethanol gave 3-(benzimidazol=1'~yl)benzonitrile m.p. 67-68%.  Yields
1068 g3 20,74 Anal. caleds for Gy Hol,t Gy 76.75 Hy 4e 3, 19.2%,
Founds C, 73.13 H, 4e73 N, 17.9%. Plcrete mep. 205-207° (from ethanol).
Anal. caleds for CugH eyt G, 53.65 Hy 2,75 N, 18.8%. Pound: G, 53.03
H, 2.8; N, 18.3%.

A small portion of the benzenitrile wes dissolved in benzene and
dry HCl gas was passed through the solution when the hydrochloride was
precipitated. This was crystellised {rom ethenol giving 3-(benzimidazol~
19yl)benzonitrile hydrochloride mep. 252-254°. Anal. celed. for
0141-1101@361: C, 65.85 H, 3.95 N, 16.43 Cl, 13.9%. Found: C, 65.1;
Hy 4ol N, 16.25 C1, 13.7%.
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(ix) 4-Bromobenzonitrile. The reaction wes carried out over
a period of 101 hrs. in a manner similar t0 that of 3-bromobenzo~
nitrile. Benzimidazole (2.95 g) and 4-bromobenzonitrile (4.55 g) was
used. Chromatography over alumina was performed with benzene as
eluting solvent. Some unchanged 4~bromcbenzonitrile (1.1 g) was
cbteined. The solvent was then changed to 50% chloroform/benzene and
the various fractions obteined were cellecteds The solvent was
remeved leaving a residue Mepe 132-1330. This residue was crystallised
from chloroform/light petroleun giving 4~(benzimidazol=~1'-yl)-

benzonitrile mepe 134=135". Yield: 2.3 g; 41+6%.

(x) o-Bromoacetovhenone. The reaction between benzimidazole
(2.95 g) and g-bromoacetophenone (5 g) was carried out over a reflux
vericd of 46 hrs. The reaction mixture wes extracted with chleraform.
On removal of the solvents from the extract a solid m. pe 184-186°
(mixed mepe with benzimidazole 140-1457) was obteined. A small sample
crystallised from hot water giving crystals me.p. 223—2240. This gave
& negative iodeform test and lacked the usual carbonyl absorption of
en acetophenone in the infrared absorption spectrum. Yield: 4.9 g3
83.1%. The compound analysed fer G4 5512N20. Anal. caled.s G, 76.33
Hy, 5.13 N, 11.9; 0, 6.8%. Found: C, 76.1; H, 5.1; N, 11.8; 0, 7.3%.
Ultraviolet absorption:ﬂ 236,287 sh., 323 end 335 mM(loge ¢ 4.31,
3457, 3+96 and 3.98).

max



The reaction was repested with a heating time of only 3 hrs.
The reaction mixture was worked up as for the preceding experiment.
The residue on chromatography over alumina with benzene as eluting
solvent gave some unchanged ¢-bromoacetophenone (1.86 g). The
solvent was then changed to 25% chloroform/benzene and from the
various fractions o~(benzimidazol-1-yl)acetophenone, & syrupy liquid
was obtained. Yield: 2.7 g; 46%. (73.4% based on the recovery of

o~bromoacetophenone)

Further elution of the column with 50% chloroform/benzene and
chloroform gave solid residue on evaporation of the solvents. This
residue gave benzimidazole (probably mixed with a small amount of

material; mepe 223—2240, obtained in the previous reaction).

¢~Benzimidazol=1=yl)acetophenone semicarbazone m.p. 212-214°,
(agueous ethanol). 4nal, caled. for C6Hy 50508 Cs 65.5;3 Hy 5.13 N,
23.93. Found: G, 64.13 H, 5.43 Ny 22.6%, (016;;151\350.,%1{20 requiress
Cy 6363 Hy 5433 Ny 23.2%). Plerate mep. 182-183° (from ethanol).
Anal. ecalcd. for 012H15N508= Cy 54.23 Hy 3423 N, 15.1%. Found: C,
54+3; H, 3.5; N, 15.0%.

(xi) m-Bromoacetophenone. The reaction of benzimidazole (2.95
and m~bromoacetophencne (5 g) was carried out in & similar menner as

for o-bremoacetophenone. The totel reaction period was 45 hrs. The

g)



reaction mixture was worked vp as usugl by extraction of the reaction
mixture with chloreforms. The resldue obtelned on removal of the
golvent wag subjected to chrometography on elumina. With benzene as
eluting solvent unchanged m-bromoacetophenone (2.4 g) was obtained.
The solvent was then changed te 25 chloreform/benzene and from the
various fractions collected the solvent was removed snd thus a semi
solid material was obteined. The seml solid meteriel from the different
fractions was combined and dissolved in benzene., The benzene solutien
was treated with charcoal and filtered. The solvent was evaporazted
Frem the filtrate. The residue thus obtained was chromategraphed on
elunina with 25% chloroform/bengzene as eluting solvent. The residues
from these chromatographic fractions gave p-(benzimidazol-l-yl)=
acetophenone Mepe 7’?-'?8°, needles from chloroform/light petroleuns
Yield: 1.1 g; 18.8%.

(xii) p-Bromoscetephenona. The reaeticonm of benzimidazole (2.95 g)
with p-bromoacetophencne (5 g) was carried out in the same manner as
the ebove two reactions. The totel reactien time was 80 hrs. From
the chromatography over alumine with benzene as eluting solvent
unchanged p-bromoacetophenone (2.1 g) mepe, mized m.p. 50=51° was
recovereds (n elution with 25% chloroform/benzene fractions were.

obtained which on removel of the solvent gave a solld mep. 127—131°.
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From this p-(benzimidazol-i-yl)acetophencne mep. 136=137° was obteined
as shining plates (chloroform/light petroleum). Yield: 2.8 g3 47.9%.
Semicarbazone Mm.p. 229-230° (decomp.) (from agueous ethanol). Anal.
celeds for CygH, Ns0: G, 6553 H, 5413 N, 23.9%. Found: C, 64.73

Hy 5435 N, 23.2%

Ullmann Condengation of Carbazole,

Some condensatiens of carbazole were carried out with the

following haloaryls (underlined):

(1) o-Chloronitrobenzene. The reaction between carbazole (4.18 g)
and o-chlorenitrobenzene (3.9 g) was carried out over a period of 16
hrg. under the usual conditions. The reaction mixture was cooled
and filtered. The residue was extracted with hot benzene. The combined
filtrate and the benzene extract was treated with charceal, filtered
and the solvents evaporated leaving behind a residue m.p. 138-1400.
This residue was reerystallised from chloreform/light petroleum giving
9-(o-nitrophenyl)carbazole mep. 156-158%. 1it. 156° (12). Yields
6.5 g3 89.7%.

(ii) m—Bromonitrobenzene. From the reaction between carbazole
and m~chloronitrobenzene in dimethylfermamide no 9—(grnitropheny1)—

carbazole could be obtained.
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A mixture of m~bromonitrobenzene (5.05 g), carbazole (4.175 g),
anhydrous potassium carbonate (3.5 g) in pyridine (10 ml) was heated
under'reflux and to this refluxing mixture cupric oxide (0.25 g) was
added. The mixture was allowed to reflux over a peried of 26 hrs.
The reaction mixture was cooled and filtered. The residus was
extracted with chloroform. The sclvents were removed from the
combined filtrate and extract. The residue thus obtained was
chromatographed over alumina with benzene as the eluting solvent. The
firpt few fractlions obtained were combined, the latter fractiens
yielded unchanged carbazole. The coumbined fractions were rechromato-
graphed over alumina using benzene ag golvent. The first few eluents
gave unchanged m~bremonitrobenzene (1.5 g) followed by a mixture
which after removel of benzene was washed several times with light
petroleum to remove m-bromonitrobenzene (present as impurity). The
residue on crystalllsation from chloroform/light petroleum gave
9-(m=-nitrophenyl)carbazole, yellow needles, m.p. 132~133°. Yield:s
349 g5 53.7%

(iii) p-Chleoronitrobenzene. The rgaetien between carbazole
(4.18 g) and pechloronitrobenzene (3.9 g) was carried oub over a
period of 18 hrs. The reaction mixture was worked up as usuel and
chromatographed over alumina. Unchanged p-chloronitrobensene 62.85 g)’

was obtained on elution with benzene. Further elution with benzens
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gave 9-(p-nitrophenyl)carbazole meps 211-213% (from chloroform/light
petroleum), lite mepe 209-211° (13). Yield: 0.015 g; 0.2%

(iv) 2~Bromopyridine. The Ullmann condensation between carbazole
(4.175 g) and 2~bromopyridine (4 g) was cerried out in the usual
menner in pyridine (10 wl) over a period of 26 hrs. The reaction
mixture was cooled and filtered. The residue was extracted with
chloroform and the combined extract and filtrate was freed of the
solvents. The residue thus obteined was exhaustively extracte& with
light petroleum, The solvent was removed from the combined extracts
giving a residue. This residue was chromatographed over alumina using
benzene as the eluting solvent. On removal of benzene from the
eluents a material me.p. 70-73° was cbteined, which on crystallisation
from light petroleun gave 9-(a-pyridyl)carbazole mep. 73=74°. Yield:
3¢6 g3 59.3%. Anale calcds for 017H12N2: Cy 83.63 Hy 4e93 Ny 11.5%
Founds G, 83.43 Hy 5.1 Ny 11.5%

The material m.p. 70-73° was left for 3 weeks and the MePe WES
redetermined when it was found that the m.p. has raised to 92-93°.
This was identical in all respects (m.p., mixed m.p., infrared and
vltraviolet spectra) with a sample of Gilman and Honeycutt (22). It
seems that the material m.p. 72-73° is either onc of the polymorphic
formg of 9-~(a-pyridyl)carbazole or retained some solvent which evaporated

on keeping for three weekse



Intramolecular Condensation of o—Brbmoaceto@enona-g_-_Ni‘brop_hanxl-

(a) e-Bromoacetophenone=p-nitrophenylhydrazone.

A mixture of o-bromoacetophencne (1 g) and p-nitrophenyl-
hydrezine (1 g) in ethanol (20 ml) with five drops of acetic acid was
heated under reflux for 0.5 hrs A few drops of water were added and
the mixture cooled in an ice bath. The crystallised p-nitrophenyl-
hydrazone of o-bromeacetophencne, meps 1 62-1640 was filtered off and
dried (mixed m.p. with p-nitrophenylhydrazine 130%). TYield: 0.88 g3
5244, %

{b) 1=(p-Nitrophenyl)-3-methylindazole.

A mixture of o-bromoacetophencne-p-nitrophenylhydrazone (0.88 g)
and anhydrous potassium carbonete (0.5 g) in pyridine (5 ml) was
heated under reflux and to this refluxing mixture a very small amount
( a few milligrams) of cupric oxide was added. The mixture was
allowed to reflux for 7 hrs. The reaction mixture was allowed to cool
and filtered. The residue was extracted with benzene and the solvents
were removed from the cembined filtrate and extracts. The residuve

obtained was dissolved in ethyl acetate, treated with charcoal and
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filtered. The filtrate was concentrated giving 1-(p-nitrophenyl)-
3-nethylindazole mep. 147-148°. Yield: 0.17 g5 24.9% 1lit. m.p.

150° (104). This compound showed absorption in the infrared and
ultraviclet spectre, identical teo thet reperted for 1-(2-nitr09heny1)-
3-methylindazecle (104).

UNSUCCESSFUL CONDENSATIONS,

The following condensations under Ullmenn conditions (as
exploratory experiments) were attempied, but only starting materials
could be isclateds 1,2;4~trlazole with bromobenzenej 1,2,4~triazole
with iodobenzene; 1,2,4-triazele with p-bromoanisols; 1,2,/~triazole
with 4=chlorobiphenyl in dimethyl formamide, and 1,2,4=triazole with

l=bromenaphthalene.
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MEERWEIN ARYLATICNS

-

Meerwein and his co-workers (1) discovered the arylation of
alkenic compounds by the decomposition of diazonium salis in acetone
in the presence of a copper salt. This reection has recenily been
reviewed by Rondestvedt jr. (2). The Meerwein arylation is favoured
when the double bond is activated by an electron attracting group X,
such as carbonyl, cyano or aryl. The aryl group. from the diazonium
selt ls subsbibubed al the [=carbon atom either directly or by
addition of Ar and Cl to the double bend :

copper
salt

ATN,CL + ROH=CRX - ArCR=CRX » ArCHR=C(R)CIX

Both ionic end free radical mechanisms have been postulated

to explain the preducts of the reaction. However, the cationic

ﬂl‘l‘f RCH=CRZX

; > "o,
o+
&r® + ROH=CRX > ArCH(R)CRX
+ e
AYCH(R)CRX + O1 > ArCH(R)CCIRX

/\

ArC(R)=CRX + H"

mechanism f£fails to account for some features: +the double bond must

be sctivated by an electron-attracting group and the diazenium salts



bearing electron-attracting substituents usuvelly give better results
than those possessing electreon releasing substituents. The normel

polarisation of the alkenes renders the fS-carben positive,

cH?_:cﬁ-?:o > [Eaz'éﬂ-'-?:o > 51[2-01«1:?-0"]
R R R

as denonstrated by the following sdditions :

Base

ROH + CEL/=CHON > ROCH,CH,ON

+ -

B Gl + CHy=CHCQH —=————> CICH,CH,CO.H

Alternatively, one must invcke an abnormal polarisation
“GH,CHCGR to explain why the hypothetical cation attacks the f-carbon
aton, An ionic mechanism involving an aryl anion is equally difficult
to accept, for the existence of aryl anions in the aqueous acid

mediun is highly unlikely (1).

& redical mechanism was proposed by Koelsch end Boekelheide (3)
and by Mbller (47). It is suggested that at pH 3-5, the diezcnium
salt solution is in equilibrium with the covalent diazcacetate (from
the acetate buffer) or diazochleride, either of which may decompose
to give an aryl radical which subsequently adds to the double bend.
The alkyl radical is thought to be oxidised by cupric ion to a cation

which in turn either acquires a chloride ion or loses a proton to
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give the product. The cuprous ion is reoxidised by the acetate (or
chloride) radical to cupric ion.

AN +  CCOCH > ArN=N-CCOCH
2 3 3
ArN=N-0C CCH, > At o+ N, + *0COCH,
Ar*® + RCH=CRX > ArCH(R) CRX
4+
ATCH(R)GRX + Cu'" > ArCH(R)CRX + Cu’
ou’ + *0COCH, > cu' + 000K

The radicel mechanism expleins the direction of addition to
ungymmetricael alkenese It 1s belleved that the copper salt or another
component of the medium functions as an efficient chain transfer egent
to prevent the growth of moncmer radical ArGHngX, which is converted
efficiently to ArCHZCHCIX or ArCH=CHX., Olefins, which are vinyl
monomers and are readily polymerised by authentic radicals, were
found to give good yields of products in the Meerwein arylations
without eppreciable formation of polymers. This led te the inference
of the presence of a chain transfer agent in the reaction medium. 4
more conclusive proof of the aryl radical participation in the Meerwein
arylations came from the work of Dickerman et al. (4s; 5, 6). It was
found that arylation of some arenes under Meerwein conditions gave
the seme isomer ratio of arylarenes as other reactions of established

homolytic character.
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Although both cupric and cuprous chloride have successfully
besn empleyed in the Meerwein arylationy it has been suggested by
Kochi (8) that the cuprous chloride is the effective catalyst. To
support thls suggestion, experiments were conducted with acetons/cupric
chloride system, and it was found that cupric chleride is easily
reduced to cuprous chloride by acetons, which is the most commonly

employed golvent in the Meerwein arylation.

2 Gucl, + CHy00CH, > 2 GuCl + C1GH,COCH, + HOL

Since cuprous chloride is a powerful catalyst for the Sandmeyer
regction and also for Meerwein arylation of styrene and acrylonitrile,
it is concluded that the reaction is catalysed by univalent copper,
not by divalent copper. This is supported further by the fact that
chlorecacetone and aryl helides together with normal Meerwein products

are formed during the course of many reactions (1).

Rondestvedt and Vogl (7) had earlier suggested that in the
Meerwelin arylation initially a cemplex ig Cormed between diazonium
salt, olefin and copper chloride which wmdergoes decompesition by an
internal one electron transfer process to give the products. Recently
Schrauzer (13) has presented experimental evidence for the
significance of copper (I) chloride complexes in the Meerwein
arylation reaction: (CH2=CHCN)Ni reacted with p-chlorobenzene~

diagonivmchloride giving the normal Meerwein product; copper (I)



chloride and copper (I) bromide form complexes with acrylonitrile;

and metal carbonyls can also function as catalysts in the reaction.

In most of the Meerwein arylations acetone gave the best
results. Cther solvents, such as acetonitrile, N-methylpyrrolidine,
dimethylsulphoxide, sulphelane and dimethylsulpholane have alse been
successfully employed. In many reactions {(as with acrylic acid,
malele acid and furfural) acetone has been found t6 be harmful (9-12).
These compounds are better arylated in agueous solutions. This
suggests that acetone is a useful bub not altegether indispensible

solvent for Meerwein arylations.

Since 1958 (2) investigations centred on the following
compounds: "a, f-unsaturated compounds! (14); diiscpropenyl (15);
1,3 pentadiene (16); vinyl and isopropenyl aryl ketones (17);
cycloheptatriene (18); eldoximes (19); vinylchlorides (20); styrenes
(21); acrylonitriles (19b, 22); acrylic acids end their derivatives
(23, 24); furfural (25); 2-furoic acid (26) and some arenes (5, 6).

Diemines have also been used in some Meerwein arylations (27).

A number of olefinic compounds have been used as the wnsaturated
component and a great variety of aromatic amines employed for
diazoniun salts in the Heerwein arylation reaction (2). There are
only a few cases where hetercaromatic amines have been employed (19a,
28) for diazonium spalts, or hetercaromatics used as the "unsaturated

compenent" (11, 12, 24, 29). Although the Meerwein arylation of
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2-furcic acid has been deseribed in the literature (2, 26) only a

small nunber of arcmatic emines have been used to effect erylation.

In all the reported Meerwein aryletions of 2-furcic acid, S5~substituted
2=furoic acid was found to be the only preduct formed together with
some S-aryl-furan arising from decarbexylation of the corresponding
acid formed during the reaction (26).

The studies reported in thls thesis aimed at the preparation
of some hitherto wnreported 5-aryl-2-furoic acids and then t¢ extend
the arylation reaction by using heteroaromatic amines. No werk om
the Meerwein arylation of methyl 2-fuwrcate has been reported in the
literature. Since the arylation and subsequent hydrolysis of the
R-furoic acid esters can also be used as an effective roubte to
Swaryl-2-furoic ecid, Meerweln srylations of methyl 2-~furcate were
also underteken. It was alse attempted to effect arylation of scme
of the other "unsaturated components", such ss acrylic acid, cinnamic
acid, benzoquinone and coumarin, with diazonium salte derived from

some heterosromatic amines.



RESULTS AND DISCUSSION

ArNEGl- N J_
X Gusl, Hr O~ X

X = CO{I}HB or 002H

vWhen the arylations of methyl-Z-furoate and 2-furcic acid.
vere performed under Meerwein conditions verious new compounds were

obtained. These compounds are listed in the following table (I).

Teble I¢ XNEW CQIPOUNDS OBTAINED IN MEERWEIN REACTIONS.

. o . ' ﬁnalxgesg (%)
Oﬂlﬁo & an MeDa
No.  Yield (% T_;g Formula 5 y  Other
] = elementg
RUCOOC Hy
1. . o-Nitrophenyl®  78-79 G, HgNO, 58,4 3.8 N 6.0
8 (58.3)  {3.6) (5.7)
2. g_a‘ﬂitrcphenyla 140~142 " 581 347 549 -
3.9 (58.3) (3.6) (5.7)
3. g-Chlorophenyl®  68-69 Cifg00L 60,7 4.0 Gl 15.2

38.5 (60.9) (3.8) (15.0)
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4+ m-Chlorophenyl® 8182 Cyolg0s01 €046 3.9 1 15.0
1044 (60.9) (3.8) (15.0)
5. p-Chlorophenyl® 131-132 n 6146 3.9 Cl 14.8
R—L_ o —CO,H
6. o-Nitrophenyld 223-224 CBMOs 568 34 N 5.9
461 (56.7)  (3.0) (6.0)
7. ©-Chlorophenyl® 220-221 CiqH,01  59.3 3.4 C1 15.9
410 (decomp.) (59.3) (3.1) (16.0)
8. m~Chlorophenyl® 170171 " 5849 3.4 Cl 1643
13.1 (59.3) (3.1) (16.0)
R ;
9. o~Chilorophenyl £ GygHnGl0  67.2 4u3 Ol 20.1
51.1 (67.2)  (3.9) (19.9)
& (Crystallised from methanol.
b Crystallised from aqueous methanol.
¢ Grystallised from light petroleun.
4 Grystellised from ethyl acetate.
e Crystallised from aguecus ethanol.
£ Bup. 110-112%/6mn and  91-92°/0.7mm.
g calculated values.

The figures in perentheses refer to the




- 164, -

Arylstions of methyl-2-furoate were carried out in agueous
acetone with cugric chloride as the catalyst. Trom the wveaction
mixture 5-substituted methyl-2-furcates were obtained together with
small quantities of the corresponding acids. These acids were most
likely formed dgring the resction by the acid hydrolysis of the
esters. The yields of these esters varied from 3.9 to 38.5% for
different aryl groups. The 5~aryl-2-furcic acids in comparison were
obtained in better yields (see Table I). The poor yields of scme of
the furclic esters obtained in the arylation reactions could be ascribed

as due to the separation of methyle2-furcate during the reactlon.

In the case of methyl-5-m-(nitrophenyl)-2-furcete the orientation
of gubstitution was established by the hydrolysis of the esgter te the

known 5~-(m-nitrophenyl)-2-furoic acid (26).

5-(o~Chlorephenyl)=2-furoic acld was found to melt with
decomposition, A small amount of this acid was heated in a saussge
flask and the liquid which diegtilled was found to be identicel with a
sample of 2-(o-chlorophenyl)furan, ovrepared by Gemberg arylation of
furan. The evidence thus obtained peints to the thermal

decarboxylation of the acid 3

/N \OJ-COZH—AeQ \O/U+C02
— \Cl

—Cl
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LINFRARED SPRCIRA.

The esters and acids listed in Teble I displayed strong bands
in their infrared abserption spectra. These bands could be ascribed
to the carbonyl absorption of the esters and acids and the
substitution patterns of the benzene rings introduced into the furan

ring during arylation. The bands in the region 650-1000 Pl

may be
difficult to assign definitely, due to C-H deformation modes of the

benzene ring as the furan also gives absorption peaks in this region
(30a). 411 the esters showed strong absorption in the region

1715=1740 e

s due to the C=0 gtretching frequency of a methyl ester
having a C=0 group conjugated with C=C bonds. The furan=2-carboxylic

esters have been found to absorb et higher freguency (1717-1723 cm-1)

ag compared to their thiophene anslogues which absorb et 1704=1707 cm

This is believed to be due to a direct field effect of furan oxygen

atom on the G=0 of the ester which is clese to the oxygen of furan, and

this essumption was supported by the fact that the corresponding
2=thienyl and 2-furyl-ascrylic esters (where the C=0 is eway from the

1

furan oxygen atom) all absorb at 1703 + 2 ecm ' as expected (30b). It

has also been known that esters conjugated with an aromatic ring
usually have a strong band near 1280 cm-1
of primery alcohols near “1120 en~! due to ester G0 stretching
frequency (31a). All the esters obtained from the arylation of
methyl-2-furcate daispleyed bands due to these frequencies. The
characteristic bands for different esters are listed in the following

Table Il.

and a second band for esters

1
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Table II: INFRARED ABSORPTICN BANDS OF VARIOUS FURCIC ESTERS.

R— o —Cco0CH,

Infrared absorption regions.(cm‘1)

R 1715-1740 1300-1100 650-1000
(C=0 stretching) (Ester C-0 stretching) (C=H out of plame
deformation)
H 1727 by, 1307 1120 763
(1iquid film)
c~Nitrophenyl 1722 1298 1130 750,760,730,982
n-Nitrophenyl 1710=1718 1300 1142 675;730;7389760:
805,828
g~Chlerophenyl 1738 1300 1145 755
m~Chlorophenyl 1710~1718 1302 1140 630,752,780,790
g~Chlerophenyl 1722 1295 1135 752,790,800,818,
830

In the 5-substituted 2-fureic acids characteristic bands appear

between the region 2500-2700 cm™ |

due to the O-H gtretching frequency
of the hydrozen bonded dimer. The carbonyl stretching frequency due to
0=0 absorption in the regien of 1680-1715 cm”1 was also observed as
strong bands (31b), except in the case of 5~(gp-chlorephenyl)-R-furcic

acid which was found to absorb at 1667 cm—1. This acid was prepared



- 167 =

fellowing the procedure of HMathur and Mehra (26). The bands between
2500-2700 were observed as weak breoad bandse The strong bands in the

regions are listed in Table IIT below.

Table IIT: INFRARED ABSCRPTION BANDS OF VARIQUS FUROIC 4GIDS.

Infrared abscrption regions (e~ 1)

. v 2500=2700 1680=1715 650-1000
R (0-H stretching) (0=0 stretching) (C~H out of plane
all weak bands deformation?

o-Nitrophenyl  2580,2665,2710 1690-1700 br. 696,742,75%,780,810,
852

g~Nitrephenyl — 2564,2667 1681 675,738,760,805,812
o-Chlorophenyl 2580,2650~2710 1680-1690 br. 745,758,795
m-Chlorophenyl 2580,2670~2730 1692 686,758,784
g-Chlorophenyl 2570,2660 1667 758,805,315

The inlrared absorption spectrun of 5-(g-nitrephenyl)-2-

furaldehyde (prepered according to Oda (11) ) was also recorded and
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found to give strong bands at 1662 and 1680 en™' due to C=0 stretching
of en aromatic aldehyde. This pattern is similar to that of the
carbonyl stretching frequency of furfural observed by Allen and
Bernstein {32). The two peaks at 1675 and 1690 en™1 in the infrared
spectrun of furfural arise due to the two rotabtional isomers, say, A and
B, that would arise if cenjugation keeps the C=0 in the plane of the

ring.

C/H C%‘O
%Q H
(R) (B)

Additional streng bands in the region of C=H deformatimn (682,

748, 805, 850 and 962 cm'1) were also cbserved in the infrared

spectrun of 5-{p-nitrophenyl)~2-furaldehyde.

4 few experiments were performed using heterocyclic amines.
Recently Filler and his co-workers (24) attempted arylation of
ascrylonitrile, acryliec acld end methyl acrylate with various arcmatic
and hetercarcmatic emines with a view to find a suitable route to
eromatic c~gminoscids. These weorkers found that although aromatic
amlnes gave good yields of the Meerwein crylation products, hetero
arcmatic amines e.g. 3-aninopyridine, 2-amincothiczele, 8-aminoguinoline
and 3=amino=1,2,/4~triazole could not be used for Meerwein arylations.
The heterosromatic emines sither failed to react or gave tars or

abnormal products (e.ge 3=-chloro-1,2,4~triazole when 3-amine=1,2,/-
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triazole was employed). In the present studies poor yields of products
in impure forms were obtained. It is believed that with some
variations on experimental methods end iselation procedures, most of
the heterosrcmatic amines cowld satisfactorily be used for arylation.
As the experiments with hetercaromatic amines were only of exploratory
nature further attempts were not made to purify the products or
establish unambiguously their identities. Further progress in that

direction may be made in future weork.

When 3-amino-1,2,/~triazole was diagotized in hydrochloric
acid and edded to an agueous soluticn of acrylic acid under Meerwein
conditions, the only product isolated was 3=chloro=i,2,i-triazole.
This 3-chloro=1,2,4-triazoele undoubtedly arises either by a fast
competitive Sandmeyer reaction ¢r by the decomposition of unstable
diazonium chloride during the diazotization of the amine. Thiele and
Manchot (33) had earlier obtained 3-chloro=-1,2,/=-triazole by the
diezotization of 3~amino=1,2,/~triagole in conc. hydrochloric acid.

The reaction of 2-thlazolediazeniunchloride with acrylic acid
wag performed wnder Meerweln conditicns. 4 very small amount of solid
MePe 192-1940 was obtained; 2~thiazoleascrylic acid, lit. mape
182-183°% (34) and 187-190° (35). The product cbtained from the
reection is believed to be 2-thiazoleacrylic acld (mep. end infrared.
spectrun). The various bands in the infrared spectrum could possibly
be attributed as follows: 1707 cm ) (s) WC=0 stretching for
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a, p~unseturated acid) and a doublet at 964975 cm™' (m) (C~H bending,
trars-disubstituted olefinic double bond) (36)3 1533 em! (thiszole II
bend, ring stretching), 1052 ca” ! (w) '(2-monosubstituted thiazole),
780 em~! (m) (C-H out of plane deformetion, thiazole ring breathing?)
(30e, 37).

In enother experiment diazotized 3-amino-1,2,/i=-triazole (in
sulphuric acid) was allowed to decompose in an acetone solution of
p-benzoquinone, using acetate buffer. On working up the reaction
mixture a very dark brown coloured solid ma.pe. >300° was obtained
which could not easily be crystallised from various solvents.

Analysis of the compound showed it to be an impure triazélylbsnzaquinme.

It has been shown that in the Meerwein arylation end other
related arylation reactions with coumarin the only product formed is
3~aryl=coumarin (38) and thus the Meerwein aryletien could prove %0 be
an excellent procedure for preparing 3-hetercaromatic substituted
coumarins. Rondestvedt and Vegl (39) have made a detailed study of
the arylation of coumarins under Meerwein conditions, using diezenium
salt derived from p-nitroaniline. Different variables were changed,
These included catalysts, solvents, pH and buffers. The mosgt
effective catalyst was found to be cupric chloride, acetone the best
solvent, pH range of 2-~4 and acetate the best buffer for Meerwein
arylation. The presence of halide ion is believed to be of great
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importence in Meerwein aryletions (2) and cupric chloride the best
catalyst, but since diagotized 3-amino~1,2,4-triazole in the presence
of halide ions gives 3=-chloro~1,2,4~trizazole (see p.183), diagonium
salt prepared [rom 3-amino=1,2,4~triazele and hydrochleric acid

could not be used. Also, it has been observed that the replacement
of chloride ion by sulphate slows down the reaction, thus needing
vigorous conditions (such as heating the reaction mixture to 60° in
some cases (40)); the yields obtained in some of the present
experiments were very low. Another factor responsible for low

yields of Meerwein arylation producte, when diazotized 3-asmine=1,2,4~
triazole was employed, could be the formastion of complexes between
cupric chloride or other copper salts with triazole ring. This complex
formation will withdraw the catalyst from the reaction mixture, as it
is well knowm that trlazeles even under mild conditions give complexes
with cupric chloride and other copper salts (41). 3=Anince1,2,4=
triazole was diazotized in sulphuric acid and reactlon of the
diazonium. salt with courarin under Meerwein conditions using copper
sulphate gave 3=(1%,2',4'=triazel=3'~yl)counarin. The analysis of the

product showed it te be impure.

An attenpts was mede to react diazonium salt derived from
3=amino=1,2,4~triazole with cinnemic acid, with a view to prepare
3=styryl-1,2,4~triazole, bubt no pure preduct could be isolated.
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drylation of coumarin using 3-azminopyridine under Meerwein
cenditions gave 3~(3'-pyridyl)coumerin. VWhen cinnamic acid was used
as the substrate, pyridine-3-diszonium chloride gave a small amount
of pPestilbazole. An attempts Vo prepare a-stilbazole from 2~zmino-

pyridine and cimmamic acid failed.
ULTRAVIOLET SPECTRA.,

Ultraviolet ebsorption spectra of various products obtained
from the Meerweln reaction were recorded and are giveﬁ in Table IV

below.

Table IV: ULTRAVIOLET ABSORPTION SPEC OF MEFRWEIN

ARYLATION PRODUCTS (IN METHANOL).

R X Apar WA (Loge)
AL
o-Nitrophenyl  GOCCH, 215 (4.025 278 (4.08)
n~ld. trophenyl o 213 (4.34)5 296 (4.54)
o~Chlorophenyl 217 (4+31); 226 infl.(4.12); 234 sh.
(3:92);5 297 (4.57)
m-Chlorophenyl ™" 216 (4.16)3 228 infl. (3.87); 233 sh.

(3.84)3 298 (4.34)5 312 she (4.25)
p-Chlorophenyl " 218 (3.89); 304 (4.18)



Table IV (centd.)
c=Nitrophenyl
m-Nitrophenyl
o~Chlorephenyl
m=Chlorophenyl)

p-Chlorophenyl

b=-Nitrephenyl

o~Chlorcphenyl

3-Pyridyl

3-Fyridyl
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CcocH

chHo

i

218 (4.03); 280 (4.14)

217 (423)3 296 (4.21)3 308 sh. (4.10)
216 (4.05)5 227 sh. (3.96); 235 she
(3.91)3 288 sh. (4.35); 295 (4.40);
310 sh. (4022)

216.5 (3.94); 228 infl. (3.78); 234 sh.
(3.69); 290 sh. (4.17); 297 (4.22);

312 she (4.09)

218 (3.82); 300 (4.20); 315 sh. (4.09)

217 (3.96)3 236 infle. (3.68)3 342
(4.29)

21745 (4e21)5 223 (4424); 230 (4e17)3
278 (4.37) ’

R
~0

216 (4.15); 236 infl. (3.78); 300
(4.06)5 325 (4.00)

|
= —C—R

|

226 (4.04); 292 (4.32)3 305 (4.32)
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L iNTAL

General conditions were the same ag in the previous chapter

(p. 85).

The following starting materials were obtained commercially and
used without further purification: furan, m-chloroaniline, 2-amino-
pyridine and 3-aminopyridine (Halewood Chemicals); 2-furoic acid,
cinnemic acid, g-nitreaniline, m~nitrosniline, p-nitreaniline,
acrylic acid, 2-amincthiazole and 3-amino-1,2,4-triazole (Light and Co.);
o-chloroaniline, p-chloroaniline and counarin (B.D.H.); and
benzoquinone (May and Basker). Furfural (Hopkins and Williams) was
redistilled before using. OCupric chloride (B.D.H.) and copper sulphate

(May and Baker) were also obtained commercislly.

Methyl 2-furcate b.p. 181% was prepared in 78.5% yield from the
- esterification of 2-furoic acid by methanol following the methoad of
Afrikian end Grigorian (42). 5=-p-Chlorophenyl-2-furoic acid m.p.
191-192% was prepared by the method of Mathur and Mehrs (26) and
5-p~(nitrophenyl)-2-furaldehyde m.p. 209-211° ~(33.59 by the method
of Gde (11)3 1it. meps 203-204° (11).

2-{ocChlorophenyl)furan. The method used was due to Johnson (43).

o=Chloroaniline (12.8 g) was dissolved in cone. hydrochloric acid
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(32 ml) and water (18 ml) and then diazotized in the usual manner by
‘the eddition of & solution of sodium nitrite (9 g) in water (20 ml).
The filtered diazonium salt solution was added to furan (50 ml) and
stirred vigorously at 0-50 while a solution of sodium scetate (32 g
in 80 ml water) was added. The stirring was continued for 48 hrs. at
ambient temperature. The furan layer was separated and the aqueous
leyer was extracted with benzene. The combined fursn and benzene
extract was washed with water, dried and filtered. The filtrate was
treated with charcoal and filtered. The solvent was removed frem the
filtrate under reduced pressure (aspirator) en a water bath. The
residue was distilled under reduced pressure when 2-(g¢-chlorophenyl)-

furen b.p. 90-92%/0.7 nnm wes obtained. Yield: 9.1 g3 51.1%.

ARYLATTIONS OF 2-FUROIC ACID,

Meerweln arylaticns of 2-fureic acid were cerrled ocub with the

following amines (underlined)s

(1) o~Nitreaniline. c-Nitreceniline (9 g) was diazotized in
hydrochloric ecid (20 ml) end water (20 ml) at 0-5° by the addition of
a solution of sodium nitrite (6 g) in water (12 ml). The diazetized

solution was added to a solutlon of 2-furcic acid (9 g) in water



<176 -

(100 m1) at 20-30° followed by the additien of a solution of cupric
chloride (3 g). The mixture was stirred for 12 hrs., and then

distilled in steam. The residus from this steam distillation gave a
selid (11 g) meps 219-220°, This crude material was dissolved in ethyl
acetatey; treated with chercoal and filtsered. The filtrate was
concentrated and allowed to crystellige. Crystels of 5-(g-nitrophenyl)-
2-fureoic acid mepe 223-224.0 were deposited (5.3 g). The mother liquor
yielded enother crop (1.7 g) of crystels mep. 223-224°, Yield: 7 g3
A P

(ii) o-Chloresniline. o-Chlorosniline (& g) was diazotized
in a similar menner to that used for the diezotlizatlion of o-nitro-
sniline in the preceding experiment. The diazotized solution was
filtered through glass weol and added to a solution of 2-furoic aeid
(9 g) in acetone (100 ml) ab 20~30° followed by the addition of cupric
chloride (3 g) in water. The mixture was stirred for 21.5 hrs. and
distilled in steem. The residus was teken up in ether and the etheresl
solution extracted with a 5% solution of sodium bicarbenate and the
extract was acidified with hydrechloric acid. The precipitated acid
was filtered off and dried (vacuum dessiccator) giving 5-(o~
chlorephenyl)-2-furoic acid mepe. 212-213° (decemp.). 4 portien was
recrystallised from aqueous ethanol raising the meps to 220-221°

(decomp.). Yield: 5.73 g3 41%.
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A small amouwnt of the acid was heated in a saugage [lask when
the acid melted with decomposition. Heating was continued and the
liquid which dﬁstilled over wag collected In the side arm. This
liquid was fouand te be identical (infrared and ultraviolet spectra)

with 2 synthetie ssmple of 2-(g-chlorophenyl)furan (see p.164).

(111) m-Chloroaniline, The diazotized solution from m~chloro-
aniline (8 g) was added to a solution of 2-furoic acid (9 g) in
acetone followed by & solution of cupric chloride as déscribed in the
previous experimente The mixture was stirred for 13 hrs. and then
distilled in steam. The residue from the steam distillation was
extracted with ethyl acetate. The extract was dried and filtered.
The filtrate was treated with charceoal and filtered. The solvent was
removed frem the filtrate and the residue teken up in ether. The
ethereal solution was extracted with a saturated solution of sedium
bicerbonate., The sodium bicarbenate extract was scidified with
hydrochloric acid and the precipnltated scid was filtered off end
dried. 5-(n~Chloraphenyl)~2~furoic acid mep. 159-160° was obtained.
4 smell portion was crystallised from aquecus ethanol giving pure
oroduct mep. 170-171%. TYield: 1.84 g5 13.1%

The filtrate left after removal of precipitated 5-(m-chloro=
vhenyl)=2~furcic acld, was extracted with ether. On removal of ether

from the extract unchenged 2-fureic acid (4 g) was recovered.



(iv) 3-Aminopyridine. A preliminery reaction was carried out
using diazotized 3-aminopyridine bubt ne identifiable products could
be obtained.

ARYLATIONS OF METHYL, 2-FUROATE.

Arylations of methyl 2-furcate under HMeerwein conditiins Jere

carried out for verious emines (underlined) and are deseribed below.

(i) o-Nitrcaniline. o-Witreoaniline (9 g) was diazotized in the
usuel menner in hydrochloric acid (20 ml) and water (15 ml) at 0-5°
with sodium nitrite (6 g in 12 ml water). The diazotized solutién
wvas added to a solution of methyl 2-furcate (10 g) in acetone (50 ml)
end water (25 ml) followed by dropwise addition of a solution of
cupric chloride (3 g) at 20-20°. The mixture was allewed to stir for
11 hrg. at ambient temperature and then distilled in steam. The
regidue from the steam distilletion was extracted with methanol.

The methancl extract was concentrated aend allowed to crystellise.
Crystels of methyl 5-(g-nitrophenyl)-2-furcate m.p. 78-79° (0.98 g)
were cbbteined. A further crop of 0.32 g was iscleted from the mother

liquor, Yield: 1.30 g; 8%



The mother liquoer left after isolation of the ester was further
concentrated. 5-(o-Nitrophenyl)-2-furoic acld m.p. 217-219° was
cbtained. This was identical (mixed m.p. end infrared spectrum) with
a sgample of the acid obtained in the Meerwein arylation of 2-furcic
acid by diazotized g-nitroaniline. Yield: 0.28 g; 1.8%.

(ii) m-Nitroaniline. The reaction between diazotized
m-nitroaniline (9 g) and methyl 2-furcate in the presence of cupric
chloride (3 g) was carried out as described for the reaction of
o~nitroaniline. The reaction mixture was stirred for 18 hrs. at
20-30° and then distilled in steem. The first fraction from the
steam distillate was found to be unchanged methyl 2-furcate since it
afforded 2-furoic acid meps 124-126° on hydrolysis with ethanelic
potassium hydrexide. The steam volatile material was rejected and the
residue was extracted with ethyl acetate. The ethyl acetate extract
was treated twice with charcoal and filtered. The solvent was
evaporated from the filtrate giving a residue. The residue on
crystallisation from methanol gave methyl 5=-(m~nitrophenyl)-2-furcate
mepe 146=148°. Tield: 0.63 g3 3.9%

From the mother liguor 5-(menitrophenyl)~2-furocic acid mep.
235-236° was obtained, which was recrystallised from methanol mep.
249-2500. This was identical (mixed m.p., infrared spectrum) with the

hydrolysis product of the ester. Yield: 0.13 g; 0.8%.
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Methyl 5=(m-nitrophenyl)-2-furcate (0.435 g) was heated under
reflux for 1.5 hrs. with an ethanolic solutien of petassium
hydroxide (0.28 g in 7 ml ethanol). The alcohel was removed under
reduced pressure (aspirator) on a water bath. The residue thus
obtained was extracted with ether and the ether extract discarded.
The residue left after extraction with ether was dissoclved in water
and acidified with 5% hydrochloric acid. The acidified solution
was extracted with ether (250 ml). The ether extract on removal of
the solvent gave 5-(p-nitrophenyl)-2-furcic acid m.p. 250-251°.
Lite meps 2447 (26), and 245-246° (25). Yields 0.26 g; 63.9%

(13i) p-Nitrosniline. The reaction between diazotized
penitroaniline and methyl 2-furcate was carried cut but ne identifisble

product was isolated.

(iv) e=Chlorocaniline. The reaction of methyl 2-furoate (10 g)
and diazotized g-chlorceniline (8 g) in the presence of cupric chloride
was cerried out as described for the reaction of ge-nitroaniline. The
reaction mixture was stirred for 18 hrs. eb a temperature of 25-35°
and then digtilled in steam. First 200 ml of the steam distillate
(containing mainly g-dichlorobenzene) was rejected. The next 560 ml
of the steam distillate was extracted with ethyl acetate (“Extracl’b An),
The residue from the steam distillation ﬁas extracted with ethyl
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acetate ("Extract B'). UExtract B" was washed with 5% sodium
bicarvonate solution and then water. The "Extract B" after washing
with scdium bicerbonate and water was dried and filtered. The
Piltrate was treated with charcoal and filtered. The filtrate was
freed of the solvent giving methyl 5~(g-chlorophenyl)-2-furcate

mep. 68=-69° (5.1 g). The "Extract A" on removal of the solvent gave
& further yield of the ester m.p. 68-69°. 1 small amount wae
crystallised from agqueous methanol giving ester m.p. 68-69°.

Yields 5.72 g; 38.5%.

The sodium blecarbenate extract from the "Extract B was
acidified with hydrochloric acid giving impure 5-(o-chlorophenyl)=
2-furoic scid m.ps 206-208°. This was identicel (mixed mep. and
infrared spectrum) with e sample of the acid obtained in the
erylation of 2=fureic acid by diazotized o-chlorcaniline. Yield:
0«1 g3 0.7%

(v) m=Chloroaniline. The reaction between methyl 2-furcate
(10 g) and diazotized mechloroaniline (8 g) was carried out as with
g-chloroaniline. The mixture was stirred for 20 hrs. and then
distilled in steem. The residue freom the steam distillation was
extracted with ethyl acetate. The sthyl acetate solution was washed
with 5% sodiun bicarbenate solution. The ethyl acetate extract was

treated with charcoal and filtered. The solvent was evaporated



from the filtrete. The residue thus obitained was subjected to
digtillation under reduced pressure and the fraction b.p.
132-138%/0./, mn was collected and left in the freeszer. After two
days it was Ffound to have solidified. This was triturated with a
small smount of light petroleum giving crystals m.ps 74~7?°. A
smell portion of this crystalline material was dissolved in benzene
and trezted with charcoal, filtered and benzene was evaporated from
the filtraete. The residue was recrysbtallised from light po?releum
giving methyl 5-(m~chlorephenyl)~2-furcate, needles, m.p. 81-82°,
Yield: 1.55 g3 10.4%.

The sodium bicerbonate washings were acidified with hydrochloric
acid and extrected with ethyl acetate. The ethyl acetute extract
was filtered. The filtrate was freed of the solvent. The residue
thus obtained was digsolved in hot water and filtered. On cooling,
the filtrate gave a small amount of crystals m.p. 163~164°,
identicsl (mixed mepe, infrared spectrum) with a sample of 5=

{m~chlorephenyl)2-furcic acid.

(vi) p=Chlorogniline. The diezonium salt selution from
p~chloroaniline (8Ig) was allowed to react with methyl 2-furocate
(10 g) in a similar menner to that used for the g-chlerocaniline
reaction. The resction mixture was stirred for 22,5 hrs. and then

distilled in steam. The residue froﬁ the steam distillation was
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dissolved in ethyl acetete. The ethyl acetate solution was
extracted with sodium bicarbonate solution {5%). The ethyl acetate
extract was treated twice with charcoal and filtered. The solvent
wvas evaporated from the filtrate giving erude material which was
vashed with a smell amount of methanol giving crystels of methyl

5= p~chlorophenyl)-2-furcate mepe 12/~126%.  On vecrystallisation
from methenol the m.p. was raised to 131-132°. Yield: 1.71 g3 11.4%.

The sediuvm bicarbonate extract on acidification yielded a
suell amount of a little impure 5-(p-chlorophenyl)=~2-furoic acid mep.
174-178%  Lit. m.p. 194° (26).

ARYLATICON COF ACRYLIC ACID.

The arylation reactions of acrylic acids were performed with

the following two amines (underlined):

(1) 3-Amino=1,2,4=~triazole. The method used was due to Rai and
Mathur (9)e 3~Amino~1,2,/~triazole (2.1 g) was diezotized et 0-5° ny
treatment with 25 ml of 1:1 hydrochloric aeid, 15 g of ice and 7 ml
of 30% aqueous sodium nitrite. The filtered diazonium solution was
added to a solution of acrylic acid (2 g), sodium acetate (5.8 g) and

cupric chloride (1 g) in water (80 ml). The reaction mixture was
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stirred at ambient temperature for 12 hrs. and then extracted with
ethyl acetate ("Extract A"). "BExtract A" was washed with 5% sodium
bicarbonate solution. The sodium bicarbonate washings were
acidified with dilute sulphuric acid and extracted with ethyl
acetate ("Extract B"). "Extract B" was dried and filtered. The
solvent was evaporated from the filtrate leaving residue M. pe160-162°.
The "Extrect A" was dried and filtered. The solvent was evaporated
from the Filtrate leaving a solid identical (m.p., mixed m.p. and
infrared spectrum) with the residus m.p. 160-162°  of "Extract Bi.
The infrared spectra of the two residues lacked absorption dus to
carbonyl of an acid. Thus 3-chloro-1,2,4-triazole was obtained.
Lit. meps 167° (33). This was found to be identical with a sample
prepared according to the method of Thiele and Manchot (33).

Yield: 1.45 g3 56.3%.

(ii) 2-Aminothiazole. 2-Aminothiazole (5 g) was diazotized at

5-10° as in the preceding experiment by treatment with 50 ml of 1:1
hydrochloric acid, 20 g of ice and 14 ml of 307 aqueous sodium nitrite.
The filtered dlazonium solution was added to a solution of acrylic
acid (4 g), sodium acetate (11.6 g) and cupric chloride (2 g) in

water (150 ml). Stirring was continued fer 10 hrs. at ambient
temperature. At the end of this neriod the reection mixture was

extracted with ethyl acetate, and the extract was dried and filtered.
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The solvent was eveporated from the filtrate, under reduced pressure,
on a water bath. The 1liquid residue thus obtained could not be
crystallised and was left in the freezer. After standing for two
mnenths & small amount of 2=~thiazoleacrylic acid meD. 192—1940 was
deposited. Lit. m.p. 187-190° (35).

ARYLATION OF BENZOQUINOWNE WITH 3-AMINO-1,2,4-TRIAZOLE.

The method used was essentially of EKvalnes (44). 3-fmino-
1,2,4~triazole (4.2 g) was diazotized at 5-10° by treatment with
20 ml 1:1 sulphuric acid and 30% aquecus sodium nitrite solutlon
(20 ml). The diazonium solution was added to a cold (100) stirring
golution of p-benzoguinone (6 g) in acetone (100 ml) and water (60 ml)
containing 15 g sodium acetate, 4 vigorous reaction set in and the
temperature rose to 20°. It was cooled and stirred at room
temperature for 3 hrs. The solvent was removed at room temperature
under reduced pressure and the reaction mixture was [iltiered. The
residue was washed thoroughly with water followed by a little ethyl
acetate (to remove wnchanged benzoquinene). The residue (3.5 g) was
darls brown in colour end did not melt 411 »300%  2-(17,27,41-
Triazol=-3'=yl)benzoquinone 08}15N302 caledes Cy 5493 H, 2.9 and
N, 24.0%. Found: G, 38.3; H, 3.9; N, 19.4%. The product could not

be purified and was left impure.
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ARYLATTION OF COUMARIN.

Arylation of coumarin with 3-amine-1,2,4~triazole and 3-amino-
pyridine was carried out. These arylations are described below,.

(1) 3=Amino=1,2;A=~triazoles 3=Amino=1,2,/~triazole (4.2 g) was
diegzotized in sulphuric acid as in the preceding reaction. The
diazonium solution wes added to a cold (5°) solution of counerin
(7.7 g) in acetone (120 ml), followed by a saturated solubion of
godium acetate (15 g). The temperature of the resction rose to 15°.

A few crystals of copper sulphate were added and the mixbture was
stirred ot embient temperature (20-22°) till the evolution of nitrogen
ceased (18 hrs.). Acetonc was removed by evaporation under reduced
pressure. Tho residue thus obtained was treated with 5% sodium
bicarbonate solution and filtered. The residue was thoroughly washed
with benzene. Thege benzene weshings were used to extract the
filtrate. The benzene washings were collected, dried and filtered.
The sclvent was evaperated from the filtrate. The residue thus
obtained was crystallised {rom chloroform/light petroleun giving
erystals mop. 206-208°. 3-(1',2', 41 ~Triazol~3' ~yl) counarin
C“H7N302 calede: ©, 6R2.0; H; 3.3 and N, 19.7%. Found: C, 58.33

I, 3.5 and N, 18.2%. Yield: 0.31 g; 2.9%.
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(1i) 3-Aminopyridine. 3-Aminopyridine (4.7 g) was diagotized
by treatment with 1:1 hydrochloric acid (28.5 ml), ice and a
saturated aqueous solution of sodium nitrite (10 ml), taking the usual
precautions. The pH was brought to 3«4 by the addition of a
saturated sclution of sodium acetate. This solution of diazotized
3-aminopyridine was then added to a cold solution (5°) of coumarin
(7.7 g) in acetone (120 ml) follewed by cupric chloride (1.33 g).
The resction mixture was stirred at ambient temperature for 18 hrs.
and then filtered. The solvent was evaporated from the filtrate.
The residue thus obtained was dissolved in a minimum quentity of
benzene and passed through a column of alumina. The column on
eluticen with benzene gave unchanged coumarin. The eluting solvent
was then changed to 25% chloroform/benzene and fractions were
collected. On removal of the solvent from these combined eluents
o residue m.pe 157-159° was obtained. The residue from the
filtration of the reaction mixture was repestedly extracted with
boiling benzene. On eveperation of the solvent a further crop of
8011d mepe. 157=1 59° was obteined. This meterial was combined with
that obtained from the chromatography. The solid mep. 157-1 59° vas
dissolved in chloroform; treated with charcoal and filtered. The
solvent was evaporated from the filtrate and the residue was
erystallised from chloroform/light petroleun giving 3=(3'-pyridyl)=-
counarin meps 165-165.5% ILit. mep. 167.7=169° (45) and 163-164°
(48). Yield: 1.2 g; 11 %
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ARYLATION OF CINNAMIC ACID.

The arylation of cinnemic acid was carried out with the

following amines (underlined):

(i) 3-Aminopyridine. 3-Aminopyridine (4.7 g) was dlazotized
in the same manner as uged for the preceding experiment. The
diezonium solution was added to a cold stirring solution of cinnamic
acid (7.4 g) in acetone (400 ml), followed by a saturated solution of
sodiun acetate (20 g) and cupric chloride (2.1 g). The reaction
mixture was stirred for 24 hrs. at ambient temperature and then for
3 hrs. at 320. After this pericod the reaction mixture was filtered
and the solvent evaporated from the filtrate. The residue thus
obtained was made alkaline by treatment with 5% sodium hydroxide
golution and extracted with five 100 ml portions of benzene. The
benzene extract was dried and filtered. The solvent was evaporated
leaving a small esmount of residue. The residue was extracted with
light petroleum. Removal of the solvent left crystals mepe 77=79°,
On recrystallisation from light petroleum the melting point was
raised to 78-80%. The residue left from the benzene extract after
extraction with Light petroleum was chromatogrephed over alumina, n
elubion with 25% chloroform/benzene an additional amount of material
mep. 78-80° was obtained. This was identified as B-stilbazole m.p.

78-80°. Lit. mep. 80° (46). Yield: 0.02 g3 0.2%.
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(i1) 3-fmino-1,2.4~triazole. 3-Aminc-1,2,4~triazole wes
diazotized in sulphuric ecid and the reaction was carried out with

cimmanic acid in a similer menner to that used for pyridine. Copper
sulphate was used as the catalyst in place of cupric chloride. The
reaction mixture was stirred for 45 hrs. The reaction mixture was
worked up in a manner similar to the preceding experiment, but no
arylation product could be isclated.

(iii) 2-Aminopyridine. 2-Aminopyridine was diazobized in
sulphuric acid in the usual menner. The diazotized solution was edded
to an acetone solubion of cinnamic acld. Cepper sulphate was used
as the catalyst for the reaction. The reaction was carried out in
a similar mammer as that for the reaction of cinnamic acid with
3-aminopyridine. The reaction mixture was alse worked up in a similaer
manner, but no c-stilbazole could be obtalned.
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CHAPTER IIT

GMMBERG ARYLATICNS




GOMBERG ARYLATIONS
o — ]

The literature on homolytic aromatlce substitution has been
extensively documented (1-3) and recently a review on free radical
substitution in heteroaromatics has also appeared (4). It has
previously been establighed that the free radical arylation of benzene
and other aromatics by diaroyl peroxides proceeds through arylcyclo=-
hexadienyl radicals which undergo disproportionation and dimerization
to give the arylation products (5, 6). The arylation follows the

scheme:
(a) In moderately concentrated solution -
s \ L3
° N .
AxCO, > AP+ 0O,
ArGO,* + PhH > (AzC0,PhH) *
. . AY .
(ArGOQPhH) * AI'GOE v &rGOzPh + ArGOzﬂ
Ar® + PhH > (ArPhm)*
(ArPhH)* + ArCO,* >  ArPh + ATCOLH
Ar  H
(b) In dilute solution =

Ar*® + PhH

WV
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Various methods have been used to effect arylations (3);
of these the Jomberg-Bachmamn reaction, commonly referred to as the
Gomberg reaction, is one of the oldest. The reactlon was developed
by Gomberg and Bachmenn (7) and bas been reviewed by Bachmann and
Hoffmann (8), and by Dermer and Edmison (2). The reaction is carried
out by diazotizing an aromatic amine at a temperature of 0-5°, and
allowing the diazotized amine to decompose in a liguid aromatic

compound, in the presence of alkali or sodium acetate. A diaryl
compound is produced thuss

ATN,X™ + HNaOH + Ap'H ———=> ArAr' + I, + HaX + H0

The reaction is heterogenous and the success of the reaction
depends on the diazobydroxide (oz; diazoacetate) « formed during the
reaction = being extracted from the aqueous into the organic phage
as fagt ag 1t is formed., The yields of diaryls are low; ravely
above 30% (8). The process is more efficient when the organic
compound (Ar'H) is water soluble, for exzample pyridine (9). 4
modifled reaction condition has also been employed for Gomberg
arylation where the diazotization is effected by amyl nitrite, thus
providing a homogenous system (59). It has already been established



that the entity effecting arylation during the Gomberg reaction is
an aryl radical, since the isomer distribution of substituted
diaryls obtained is the same as that observed when aryl radicals are
produced by other means (10). Recently Gragerov and Turkine (11)
have confirmed the radical nature of the reaction by decomposing
benzenediazonium chloride in an aqueous solution of a base in the

The reactlon hag been known for more than forty years and
various mechanisms have been proposed., It has been suggested that
& covalent diazohydroxide is formed during the reaction and this
diazohydroxide decomposes into radicals in the non aqueous phase.
This mechanism (15) could not account for the production of the °OH

radical during the reaction:

AL=NZwO > Ar® + i, + "0H

since no products arising from hydroxyl radicals have been isolated.

Since in the Gomberg and in the related acylarylnitrosamine
reaction no dibydrobiaryls or their dimerisation products could be
detected, 1t was belleved that the reaction takes s different courss.
i "cage reaction" was suggested to be operating (14), but later this
concept was dropped as evidence against such a reaction was

accumulated (16, 17). Recently Riichardt and his co-workers (18, 19)
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have postulated o mechanism of acylarylaitrossmine decomposition
and the Gomberg reaction, They propose (19) that, instead of
decomposing directly to eryl and hydroxyl free radicals, the
diazohydroxide loges & protor, forming the corresponding diazotate
ion., This diazotate ion in turn reacts with unchanged diazonium
salt to yield dlazoanhydride. It is the diagoanhydride thalt is the
source of the aryl free radical (and nitrogen); hydroxyl radicals
are not involved, instead the radical Phi=HQ® is produced in the
decompogition of a diagonium salt under Gomberg conditions (20, 70).
The latter radical Ph-li=li-0® is rather stable and thus, like PhBG',
accumulates in quite higher stationary state concentration., This
radical (Ph-i=li-0®) acts as an efficient scavenger for the
arylcyclohexadienyl radicals, produced by the attack of aryl
radicals on to the aromatics (e.g. benzene), and thus prevents
dimerization and disproportionation of arylcyclohexadienyl radicals.
Aryleyelohexadienyl radicals are comnverted to arylbenzene and
Ar~li=H-0H, The latter then losesg a proton to give the diazotate lon
thus propagating & chein reaction. The uvhole mechaniem ig depicted

in the following schemes



1

+ - -
N=EN+OH — @N:N—OH — 3
N

N—O
/ N—N—OH

SCHEME I

The kinetic study of the reaction was carried oubt by
Rlichardt and his co-workers (20). The rate of nitrogen evolution
vas followed and the reaction was found to be of second order. These
workers maintain that if the diazonium salt decomposition followed
the path where the dlazohydroxide forms aryl and hydroxy radicals,
the reaction would be unimolecular, They found that the rate of
nitrogen evolution is fastest when the equilibrium mixture contains

equimolar quantities of the diazonium and diazotate ions.



Diazoanhydrides, postulated as the aryl radical generators,
have previously been isolated (21) and characterised (22) and found

to decompose violently on attempted dissolution in organlc solvents.

Recently Lkliel and Saha (23) have supported this mechanism,
These workers proposed that if the mechanisgm of ifichardt and his co-
workers is operative it would lack the following criterias
dihydrobiaryl formation, apparent isotope effects, and the appearance
of dideuterated biaryls. =Eliel and Saha carried out Gomberg
reactions of benzene~d with pemethyle, p-methoiy- and p-chloro-
benzenediazonium salts. Thelr results suggested the presence of an
efficient radical scavenger in the intermediate stages of the reaction
and thus were in complete agreement with Rilchardt's postulated
mechanism,

Grieve and Hey (12) had earlier developed decomposition of
acylarylnitrosamines as source of aryl radicals. That the decomposition

proceeds via rearrangement to the diazoesters:

> Ar® + 1

2 ¥ *OCOCH

arza(no)-cocl-xjﬁ Ari¥=ii--0COH 3

3

hes been demonstrated by Hulsgen and his co-workers (13). A puzzling
feature of the decomposition of the nitrosamines by this mode, however,
is that the presumed acyloxy radical fails to evolve 002, and can

generally be recovered as the corresponding acid rather than becoming
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involved in furither radical processes (24). A "cage reaction” was

also postulated for this reaction (14), but was later rejected (16, 17).
The mechanism proposed by Rilcherdt and Freudenberg (18) seems to be

the most plausible one since it incorporates all the experimental
observations (for example lack of dihydrobiaryl formation and

formotion of acetic acid). The mechanism of Rilchardt and Freudenberg
proposes diazoanhydride as the radical producing entity similar to

that of the Gomberg reaction. The diazchydroxide (Ar~fi=N--OH) produced
during the formation of biaryl from the arylcyclohexadienyl radical
reacts with the nitrosamine (or rather its rearrangement product (25),

the diazoacetate) to give acetic acid and regenecrates Ar-N=N-O-N=N-ir,

Bingeh and Riichardt (60) determined the esr spectrum of the
stable radical, obtained in the decomposition of Nenitroso-acetanilide
in benzene and interpreted that radical (I) is respongible for this

spectrum, Rfichardt and his co-workers had earlier postulated (I) to

N=—N—-Or

I

be the radical responsible for scavenging {cf. Scheme I p.198)., MHore
recently Chalfont and Perkins (61) have redetermined the esr spectrum
of the stable radical produced in the decomposition of

FBe-nltrosoacetanilide in benzene and found it to be identical in all
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respects with the gpectrum of the product obtained by ulxing benzcne
solutions ol nitrosobenzens ond H—bromoacatanilide. This evidence
has led Chalfont and Perkins to propose that the radical respongible
for the esr spectra from the two reactions is (II) and not (I) as

had been proposed eavlier (18, 60).

N—COC H3
[I

In the reaction of aitrosobenzene and H-bromoacetanilide, II
is considered to arise by the addition of the nitrogen centred
radical PhHGOGH3 1o nitrosobenzene

PhHGOCH, + Phi=0 w=——w———> ]I

3
The reaction of N-bromo-p-chlorozcetanilide with nitroso-
benzene was also found to give a radical whoseé esr gpectrum was found
to be indistinguishable {rom that of II (61) and is consistent with
the hypothesis of negligible splitting by the ring 3 protons. In the
light ol the sbove evidence Chalfont and Perkins bave postulated a
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modified mechanism for the Nenitrosoacetanilide reaction (Scheme II).

PLI=HOCOCH, . >  Ph® + Ny 'OGUGHB
N=0
‘ ' N
Ph* + Phell-COCH, > II
Ph
Ph® + Phi >
H
Ph
+11 > Ph, + Po-i-OH
H Ph-li~COCH
3
Phe=l-0H -
PRU=HOCOCH, + o b oo > II + Ph' + W, + ACOH
oy 3

SCHEME I1

In a very recent communication (71) Cadogen and his co-wovkers
have reported the formation of an adduet with 2,3,4,5~tetraphenyl~
cyclopentadienone (t.p.c.pe) in the decomposition of N-nitroso-
acetanilide in benzene in the presence of b.p.C.p., only 0.02% of
biphenyl was formed. _Hhile in the absence of t.p.cepe. the same

reaction gave 50% yield orf biphenyl without any adduct formation,
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it is believed that the intermediate in the decomposition of
fi-nitrosoacetanilide 4....e..i5 not benzyne itself but that it is
benzynoid in the scnse thalt it gives 'benzyne adduets' with the more

reactive dienes, but not with furan.® (71)

The substituent effects on the rclative rates of arylation
have been studied (26, 27). It was found that in a Comberg reaction
vwhen benzene competes with chlorobenzene or nitrobenzene for pnenyl
rgdicals, the substituted benzene reacts nore readily than the
ungubstituted one, 4vgood, Hey and Williams (28) studied the
competitive phenylation of benzene, nitrobenzene, chlorobenzene and
pyridine. The activabing or deactivating influence of the group X
wes expressed by the quantity gﬁﬁ , the rate of attack of the phenyl
racdical on PhX compared with the rate of attack on benzene (PhH),

The relative rate for the phenylation of nitrobenzene and benzene on

d 2\ was foun e . I e phe radical is subgtitute
ﬁ:ﬁoK d to be 4 (28). If the phenyl al betituted

by an electron wlthdrawing group, the relative ratio igﬁ is
decreased. The decrease in this ratio is explained by assuming that
as the radical nucleus becomes more eleciron deficient 1t becomes

more Aifficult for it to react with the electron deficlent substitubed
benzene. 7The reverse, of course, is true if one oi the subsbituents

either on benzene or on the aryl radical is clectron donaoting and the

other electron withdrawing, This postulate was supported by the
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experimental observations of Weingarten (27), when he obtained the
following relative rates for the arylation of a mixture of benzene
and chlorobenzene by different radicals: phenyl, 1.35; g-chlorophenyl,
1.02 and 3,4~dichlorophenyl, C.73 x 0.03.

The steric effects in the Gomberg reaction have also been
investigated (29). It was concluded that, while ortho-~halo-
subsbtitution in a Gomberg reaction might give rise to an wnfavourable
dipolar repulsion in the transition state, steric effects were
relatively unimportant. g=-, and pe-Dichlorobenzenes were used as the
substrates and the radicals used were phenyl, p~chlorophenyl,
o-chilorophenyl, g-~bromophenyl and go-tolyl. A transition state with
a long *1/~-like! bond was proposed where the direction to the
forming C-C bond is nearly perpendicular to the plane of g-dichloro-
benzene ring. The plane of the radical bearing ring approximately
bisects the g-dichlorobrnzene ring at the carbon to which it is
becoming attached. The direction of the C-H bond at the carbon,
undergoing substitution is only slightly modified., In this transition
state the carbon halogen dipoles are able to inbteract, while sterie
interaction between the substituent groups is minimal. The
substituent X is pictured as being away from the g~-dichlorobenzene

ring.
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A

The influence of electronic and gteric effects mentioned

in the éreceding paragraphs has also been observed by Abramovitch
and Ssha (30) who support Weingarten's suggestion of the mode of
attack of aryl radicalg. They further observed that the ratio of
igomers formed in the Gomberg arylation of pyridine was relatively
unaffected by the presence of oxygen.

Because of the easy aceessibility of arometic amines and
the comparatively simpler technigue of arylation, the Gomberg arylation
reaction has been widely used, A number of aromatic and heteroaromatic
amines have been employed (2, 4), The yields are usually low due
to the heterogenous character of the reaction, and rarely exceed

30% (8).

Gomberg arylations and nitrosoamine reactlons of hetero-
aromatics have been reviewed eerlier (2,4,8). & very brief review
of the literature on these reactions of hetercaromatics (appeared
since the last review (4)) is attempted in the following. The
arylations were accomplished either by the reaction of dlazotized

(or nitrosated) heteroaromatic amines on aromatics or by the reaction
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of diazotized (or nitrosated) aromatic amines on hetercaromatics.
The Gomberg arylation of hetercaromatics followed the general

pattern of Gomberg arylation of aromatic compounds.

Byridines. The Gomberg arylation of pyridine was effected by phenyl
and ortho-substituted phenyl radicals (30). In the g-nitrophenylation
of pyridine 3-(go-nitrophenyl)pyridine was found to be the main isomer
(50% of total arylated product). A new type “ortho-effect? was
postulated to rationslise the product formation: a repulsion

between the ortho-methyl group of the abtiacking radical and the

lone pair of electrons of pyridine nitrogen in the transition state
takes place. OSimilarly an attraction between the ortho-nitre group
of the attacking radical and the pyridine nitrogen lone pair in the
transition state takes place. The effect of diazonium salt solution
concentration on the arylation of pyridine has also been studied (63).
It was found that the arylation of pyridine with a dilute solution
of diazonium salt from p-nitroaniline gave the following isomer

ratios 2=, 44.6f3 3=, and 4=, 45.4%. In concentrated solution the
ratio was found to be: 2=, 27.5%; 3-, 55.5% and 4=, 17%5. In the
phenylation of 3-~, and 4-picoline under Gomberg conditions (62) the
methyl group of the two picolines was found {0 activate the nucleus

towards phenylation. The most abundant isomer obtained in these
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phenylations was found to be the ome in which the phenyl group

enters ortho- to the methyl group.

Thiophenes. The Comberg reaction of diazotized aniline with
thiophene gave 2-phenylthiophene as the main product of phenylation
(31)s Other products isoleted were: 3-phenylthiophene; 2,3-
diphenylthiopherne; 2,5~diphenylthiophene; 3-xzenylthiophene and 5-
phenyl-2-xenylthiophene, The reaction of N-nitrosoacetanilide with
thiophene was found to give the same products (31). The Gomberg
reactlon of diagotized methyl S-amino-2-thencate with benzene gave

8% yield of methyl 5~phenyl-2-theonate (64).

Thiazoles. J. Vitry (32) obtained phenylthiazoles only in 2% yield
by the Gomberg reaction of benzenediszonium chloride on thiazole.

The series of reactively was found to be 2‘>> 4 ;) 5 with 2~is§mer
predominating., The same pattern of substitution was obtalned when
phenylation of thiazole was carried out by benzoyl peroxide (32).
Arylation of 4,5-~dimethylthiazole by p-nitro-benzenediazonium
chloride and grmethoxybenzenaéiazonium chloride under Gomberg
conditions gave respective yields of 35% and 12% of the corresponding

2-arylated isomer. Vernin and Metsger, in addition to 2, 4=, and



= 208 -

S-phenyl-thiazole, obtained 2,2-dithlazolyl, biphenyl, phenol and
isomeric 2-dithiazolyl in the Gomberg phenylation of thiazole by
benzenediazonium chloride., The isomer ratio wag found to be 2-,

803 4=, and 5=, 205 and the reactivity of position 2 > 5> e

Isothiazoles. The reaction of diazotized 4-smino--3-methylisothiszole
and S-amino-3-methyliscthiszole with benzenc zave the corresponding
b=, ond 3-phenyl-3-methylisothiezole in ylelds of 36% and 26%
regpectively (36). The diszotization of the amines was effected by

isopentyl nitrite.

1-iethylpyrazole, The reaction of 1-methbylpyrazole with H~nitroso-
ecetanilide at 400 was found to give phenylated products in a yield
of 12-20% (34). The isomer ratio was 5=, 94%; 3=, 5% and 4=, 1%.

1-Methylimidazole., 1-Melhylimidazole when reacted wibh Neniirogo-
acotanilide at 40° gave 10-207 yield of 1-methyl-(X)-phenylimidazoles
(34). The isonmsr ratic was found to be: 2=, 67% and 5=, 33%.
Competition oxperiments with benzens showed the reactivity of
1-methylimidazole towards phenylation to be 1.2 * 0.2 times that of
benzene (34). FPhenylation of 1-methylimidazole with benzenediazonium
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tetrafluoroborate was also carried out (35) and it was observed that
low concentration of diazonium salt gave phenylation closely similar
to those obtained using other phenylating sources. When the
concentration of diazonium salt was increased the isomer ratio was
found to change appreciably. Using a molar ratlo of diazonium salt
13250 the isomer ratio of 1-methyl-(X)-phenylimidazole was 2~, 61%;
Ly and 5=, 39%. Changing the molar ratio to 1329 and 1:4 gave

2=, 80p; 4= and 5=, 20% and 2=, 81%; 4=~, and 5=-, 19% respectively.
The abnormal igomer distributions and enhanced reactivities are
agscribed to the occurrence of aittack of phenyl radical on thie
3~phenylazo~i=-methylimidazolium ions inltlally formed by the
electrophilic addition of the diazonium ion to a ring nitrogen similar
to that demonstrated earlier (30) in the Gomberg phenylation of

pyridine.

RESULTS AND DISCUSSIO

During the course of present investigations some new
compounds were synthesised., These compounds are listed in the

following table (I).
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Table Is Nt COMPOUNDS OBTAIHED IN GOMBERG ARYLATIONS.
o Analyses *
Gompd. and Yie MeDeC Formula
ko, g B u
N— IJQ
1. -G .cn}ld D1 1624164 G, HN 435 4o 503
R 686 (31)  (u9)  (51.2)
16.9
2, o-Biphenylyl 9° 7172 i 0 7549 5, 18,9
10. s 2 Gl (19.0)
3. m-Biphenylyl ¢ 83-84 n 76.3 4e8 1944
14.3 (76.0)  (5.0) (19.0)
4. p-Biphenylyl £ 130-131 " 76,0 5,0  18.6
2.3 (76.0)  (5.0) (19.0)
5. o-Aminophenyl 208-210  C,HN,CL 488 4e7 282
h;;'droohloride’ gh (decomp, ) 8H9N4 (48.9) (4s6) (28.5)
L
|
R
6. o-Biphenylyl T 160-162 Oy H N, 75.8 49 19.7
6.0 (76.0)  (5.0) (19.0)
7. m-Biphenylyl ¥ 137-138 v V06 5.0  18.6
20.3 (76.0) (5.0) (19.0)
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Table I (contd.)

8. p-Biphenylyl © 21222 Gy Tyl 75¢5 5.0 18,8

19.0

(76.0) (5.0) (19.0)

% grﬂginophenyl 135-136 GSHSY{4 60.8 5.3 347
9

(60,0)  (5.0) (35.0)

The figures in parentheses refer to the calculated values.
1,2=Di(11,2, 4 ~triazol=1 =yl )ethane.

Crystallised from ethylacetate,

Crystallised from light petroleum(b.p. 40-60°).

Cbtained from the Gomberg arylation reaction. (See
experimental p.235,)

Crystallised from chloroform/light petroleum (b.p. 60-80°).

The crude amine wag obtained as a syrupy liquid (Yield
56.8%) .

Crystallised from ethanol.
Crystallised from chloroform/light petroleum (bap.40-60°).

In the present study of Gomberg arylations, helerosromatic and

aromatic amines were used. As diazotisation of 3-amino, 1,2;4~

triagole gives 3=-chloro, 1,2,4~trlazole (37), it was found necessary
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to avold the presence of any halide ions in the reaction medium.

The diazotizations of 3-&mino—1,2,4«triazole were carried out either
in sulphuric acid or in nitric aclid. The results are shown ;n the
following Table II.

Table I1s GOMBERG ARYLATIONS.

field o
Amine Substrate arylated  Zroductg and Remarks
=
S=Amino-1,2,4~ Benzene 15.4  3=Phenyl=l,2,4~triazole
triazole :

Nitrobenzene 38.8 3=(o-Nitrophenyl)=1,2,4=
triazole (25.8%) and
3={pg~nitrophenyl)=1,R,4=
triazole (8.6%) isolated;
rest not identified.

Bromobenzene 1545  3=((x)3romophenyl)~1,2,4~
triazole, Not identified,

ZeAMiNno=s- Benzene 6 3,5=-Diphenyl=1,2,4~

phenylel 2,4 triazole

triazole

S-Aminotetrazole Benzene 29.1  5~Phenyltetrazole
T=tiethyl~1,244= - lio reaction

triazole
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Table II (eontd.)

Aniline 1,244~Triazole - No reaction

in acetone

1-Methyl-1,2,4= - No reaction

triazole
p-liitroaniline 1,244~Triazole - No reaction
4=(o-Aminophenyl)~ Benzene 0.5  4=(o=Biphenylyl)=1,2,4=~
1,2,4~trlazole triazole
1=({g~Aminophenyl)~ Benzene 10,0  1=(g~Biphenylyl)-1,2,4=
1,2,4~triazole triazole
1=(p=-Aminophenyl)- Benzene 23.9  1-(p-Biphenylyl)=1,2,4=
1,2,4~triazole triezole
B-Amino;A—phenyl- Benzene - No reaction
1,2,4~trigzole

In some of the reactions F-nitrosocacetanilide was used as a
source of phenyl radical. Using l-methyl-1,2,4~trlazole as substrate
a small amount of 1-methyl-5-phenyl-1,2,4-triazole was oblained.
Reaction of H~nitrosoacetenilide with A~phenyl-1,2,4-triazolc elther
in ethylacetate or in acetic acid failed, only uuchanged 4—ppen3rl—

1,2,4=triazole was recovered from the reaction mixtures.



The above results show that 1,2,4-triazole-3-diazonium
salts behave like typical eryldiazonium salts in their decomposition
and possibly decompose by a gimilar mechanism as depiected in

Scheme I (p, 198), where

It has been shown (3) that in homolytic aromatic substitution
all substituents regardless of their polar nature activate the
aromatic ring, especlally alt the ortno- and the para-position, The
substitution patbern for the arylation of nitrobenzene by diazotized
3=anino-1,2,4~triazole in the Gomberg reaction is in keeping with
the above mentioned facts and is quite different from that found in
the electrophilic subsgtitution of nitrobenzene. The isomer ratio in
the present study 1s on the basis of isolable products, and no
attempts was made to determine the accurate isomor ratlo, wvhich would
conclusively support the homolytic pattern of substitution. However,
the isolation of isomers in the arylation; of nitzobensens (g~, 37.1
and p=, 12.5% of the mixture) indicates the homolytic nature of the
reaction, The generally observed ortho-pare orientation suggests
that the major factor controlling the orientation of the entering

group is the degree of stabilisation of the transition state due to
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the delocalisation of the odd electron. Thus when the addition of
an aryl radical occurs at the ortho or the para position to a
substituent, the odd clectron, in the transition state, can conjugate
with the substituent group through the electron sysiem of the
aromatic nucleus; consequently the substituent contributes to the
stebllisation of bthe transition gtate., Rondestvedy and Blanchard
(38) propose that since the greatest electron density, in the
substrate with electron withdrawing substituents, is et the
substituent itself (e.g. nitro-), the assoclation of the incoming
radical with the substituent sets up a preliminary complex which

can most readily rearrange to the ortho- scomplex.

The non-availability of the isomeric 3«bromophenyl=1,2,/-

triazoles hag prevented the identification of the reaction products.

1-Hethyl~5=-phenyl-1,2,4~triazole was the only product (in
low yield) isolated in the phenylation of 1-methyl-1,2,4-triazole,
Thig can be rationalised in the light of findings of Lyach and
Chang (34). In the free radical phenylation of 1-methylpyrazole
and l-methylimidazole, by benzoyl peroxide and by N-nitrosoacetanilide
or diazouminobenzene, they obtained 94% of i-melhyl-5~phenyloyrazole
and 674 of 1-methyl-2-, and 33% of 1=-methyl-5-phenylimidazole,

They explain the formation of these selective phenylationg on the
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basis of reponance concepls. Thus species III, resulbing from the
attack adjacent to the l-nitrogen atom, is stabilised by conventional
odd electron delocalisation (as IIla), while for species IV,
delocalisation necessarily iavolves z structure (as IVa) which

involves charge separation and this is of higher energy.

N \\\FJ
N
S

IV Ph IVa Ph

Lyanch and Cheng (34) further suggest that these considerations
should hold for sll five-membered heteroaromatic compounds, and the
radicals formed by maclear attack of phenyl radlcals on such
compounas should have energies which are markedly dependent upon the
position of attack. The resulis of plhenylation of other hetero-
aromatics, furan (39), pyrroles (40), thiophens (31, 41) and
thionaphthene (42) support this suggestion since attack of the
radicals takes place predominantly at alpha-positiong, while the
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pattern of phenylation of thiazole (43) closely resembles that of
l-nmethylimidazole.

In a similar way the sttack of a phenyl radical on 1-methyl-
1,R,4=triazole can lead to species (V), which can be stabilised by

N\/N j<H N\/N H
“ N Ph © Ph
=___'_N
©
i Va

delocalisation of the odd elsctron (Va).

A few more experiments on the phenylations of 1,24
tilazole and better isolation technigues will help to understand
the pattern of homolytic substitution in 1,2,/-~triazole. The
evidence so far obtained points to the behaviour of the triazole
nucleus towards free radical attack as being "normal®,

In the Gomberg arylation of bromobenzene with diazotized
3-amino~1,2,4~triazole some dibromobenzene m.p. 86~88° was
igolated. Of the three isomeric dibromobenzenes (g-dibromobenzene
m.p. 6.7°; m-dibromobenzene, m.p. =7° and p~dibromobenzene mep.
86.9° (66) only p-dibromobenzene is a solid and has a mep. (86.9°)
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comparable to dibromobenzene isolated from the Gomberg reaction.
This compound m.p. 86=-88° analysed for Gl A_Brz. The formation of
p~dibromobenzene in the Gomberg arylation is not surprising since
removal of a halogen in radical reactions with halobenzenes has
recently been observed: diiodobenzene was formed in the decomposition
of o-iodonitrosoacetanilide in benzene (67), 3<thenoyl peroxidels
reactlon with chlorobenzene leads to the formation of & small amount
of phenyl=3=-theonate which also shows the displacement of a halogen
from halobenzene (64); Bunnet and Wamser (68) obtained p-chloro-
iodobenzene as the main product from decomposition of bis(p~chloro-
benzoyl) peroxide in a benzene solution of iodobenzene; also
iodobenzene was the major product from the thermolysis of benzoyl-
peroxide in benzene solution of m~chloroiodobenzene. The formation
of these products has been accounted for by direct iodine atom

abstraction from aryliodides by aryl radicals.

TNFRARED SPECTRA.,
In Table III below various bande observed in the infrared

spectra of biphenylyl triszoles in the region 650-3100 em"1 are

listed. All the biphenylyltriazoles had medium bands in the region

]

3000-3100 cm ~ which could be ascribed to aromatic C-H stretchings

(65), Strong bands appearing in the region 650-900 on) could be

attributed to the followlng substitution pattern of the benzene ring:

690-710 e (s) and 730-770 em™! (s) (monosubstituted); 735-770 em™)



(s) (1,2 disubstituted); 680-725 o™ (m), 750-810 el (s), 860~

900 c:mm‘z (s) (1,3 disubstituted) and 800-860 cm-1 (s) (1,4 disﬁbsti‘butad).

Table III: INFRARED ABSORPTION BANDS OF BIPHENYLYL ‘I‘RIAZOLES.a

R Infrared sbsorption bands, @"1
”
N
N~
R
9~Biphenylyl

m~Biphenylyl

p~Biphenylyl

65558), 670(s), 702(s), 740(m), 754(s), 765(s)
786(sh), 860(93, 888(1-:5, 930(1.:5 s %O(ms, 982(1115 s
1030(w), 1060('1#), 1080(w), 1142(s) 1162(811),
1190(“)1 1210(1&)3 1280(111), 1348(3113: 1360(1“)3 1442
(8), 1460(s), 1478(m), 1505(s), 1532(w), 1580(w),
;?gg?r;, 1715(w), 1768(w), 1840(w), 3070(w),

f)e

6’?5Evs), 694(vs), 758(vs), 792(s), 808(s), 890(s),
969(m), 971(m), 992(s), 1028(s), 1070(m), 1102(w),
1158(s), 1175(sh), 1237(s), 1283 & 1298 (doublet,
8), 1327(m), 1356(w), 1365(w), 1440(m), 1478(m),
1513(s), 1578(m), 1592(s), 3100(m), 3120(w).

697(s), 720{s), 765(s), 843(s), €85(m), 922(w),
965(w); 987(m), 1013(u), 1062(w), 1082(w), 1119(u),
1152(m), 1225(), 1249(w), 1260(8), 1329(w), 1355
& 1365 {(doublet, w), 1410(w), 1428(w), 1481(m),
1497(m), ‘1527(3115, 1597 & 160/ (doublet, w), 3041
(w), 3096(m).
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Table III (contd,)

9=Biphenylyl 667(s), 703(.&:;, 740(8), 765(s), 779(sh)
869(m), 922(x); 930(w), 1001 (u), 1089(n},
1127(n), 1223(n), 1251(w), 1264{w), 1311(w),
1508(m), 3112(n).

m-Biphenylyl 670(sh), 691(vs), 753(vs), 794(s), 861(m),:
893 & 903 (doublet, s), 920(m), 961(m),
982(w), 1013(m), 1029(m), 1105(vs), 1158(w),
1187, 1259(vs), 1268(sh), 1296(m),
1377(w), 1453{w), 1481(w), 1518(vs), 1578(m),
1594 (sh), 1610(s), 3070(u), 3108(m)

p~Biphenylyl 705(8), 720(m), 772(s), 842(n), 876(w),
947(w), 999(m), 1087(s), 1233(s), 1254(w),
12790, 1296(w), 1336(w), 1371(m), 1420(w),
1497(n), 1530{m), 3117{n), 3137(u).

a Wy weak; m, medium; s, strong; vs, very strong; sh, shoulder.

ULTRAVIOLET SPECTRA.

Ultraviolet absorption spectra of various compounds obtained
during these investigations were also recorded and are presented in
the following Table IV,



™

Table IV: ULTRAVIOLET ABSORPTION SPEGTRA OF VARTOUS
TRIAZOLES (in Methamol),

R Amazt M (loge )
N l.
U\N/
R
o-Biphenylyl 221 br.(4.21)3 242 infl.(3.97)
m-Biphenylyl 212 (4.86)5 241 (5.05)
p-Biphenylyl 214 (4e04); 270 (4.25)

g=iminophenyl, hydrochloride ®

o~Biphenylyl
m-Biphenylyl
p~Biphenylyl

o~iminophenyl

213 (4.06)3 290 (3.28)

J
FL

214 (4.07); 240 sh. (3.88)

230, br,(4.20); 250 infl.(4.12)
218 (3.78)s 261 (4.37)

215 (3.84); 239 (3.85); 296 (3.35)



Table IV (contd.)

Phenyl
o~litrophenyl

p-litrophenyl

Phenyl

222 -

240 (3.95)
225 (3.86); 290 infl. (3.40)
217 (3.82)3 292 (3.99)

N7T=N
I

210 (3.64)3 240 (4.05)

a In water.




EXPERIMENTAL

General conditions wers the same as in Chapter I (p. 85).

3-Amino=-1,2,4~triazole used was obtained from Light & Co.;
1,2y4=triazole m.p. 118-120° from Dr. Th. Schuchardt, Munichj
samples of 3-phenyl-l,2,4=triazole; 3;5-~diphenyl=1,2,4~triazole,
3y4=diphenyl 1,2,4~triazole, 1,3~diphenyl-1 ,2,4—-‘:{1'1&2019, 1;5m
diphenyl-1,2,4~triazole and 3-(o-, and p-nitropaenyl)-1,2,4~triazole
were kindly supplied by Dr, E.J. Browne of this department,
1=liethyl=1,2,4~triazole b.p. 178° vas prepared following the method
of Atkinson and Polya (44). S5-Aminotetrazole m.p. 206° was prepared
by the method of Herbst and Garrison (45).

In the preparation of N~nitrosoacetanilide m.p. 51 -53°
(decomp,.), Bechmann and Hoffmenn's improved method (8) was used and
the nitroscacetanilide was obtained in 82% yield. This was used

without further purification.

1-Benzyl~1,2,4~triazole mep. 57-59° was obtained using Jones

and Ainsworth's method (46).

§,N',Diformylhydrazine m.p. 156~160° was prepered following
the method of Ainsworth and Jones (47) using hydrazine hydrate and
formamide, 3,4'=Bitriazole m.p. 295-296° vas prepared in 48.8% yield
by Wiley and Hartls method (48).



2-iitrobiphenyl (m.p. 33-34°); 3-nitrobiphenyl (m.p. 56-58°)
and 4-nitrobiphenyl (m.pe. 112—1140) were prepared by the Gomberg
reaction of isomeric nitroanilines and benzene (49). I=Amino=5-
phenyl-1,2,4~triazole mep. 188-190° vas obtained using the method of
Atkinson, Komzek, Parkes and Polya (50). 2-Aminobiphenyl m.p.
46=48°, 3=aminobiphenyl m.p. 30°, and 4~aminobiphenyl m.p. 61-62°
were obtained in nearly theoretical yield by the reduction of thé
corresponding nitrobiphenyls by tin and hydrochloric acid (51).
3~hmino=4-phenyl~1,2,4=triazole m.p. 214~21 59 vas prepared in small
yield by the method of Raison (52),

Phenyl-l,2,/~triazole., A mixture of diformyl hydrazine (105 g;
1.2 mole) and aniline (111 g, 1.2 mole) was heated in an oil bath
at 120° for 1 hour and then at 180-185° for 3 hours. -The material
was distilled under reduced pressure (aspirator vacwm) and the
fraction bepe 224-234.° was collected and recrystallised Lrom
chloroform/light petroleum. 4~Phenyl-l,2,4~triazole m.p. 122° was
thus obtained. Yield: 85.8 g, 49.5%. 1it. m.pe 121° (53).

In another experiment when a mixture of diformyl hydrazine
and eniline was heated on a heating mantle, the major product
isolated was 1,2,4~triazole, whie.‘tjl is probably formed by self
condensation of diformyl hydrazine with its breakdown products.
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1,2=Di(1,24, At=triazol-1tuyl)ethane (VI). A mixture of 1,2,4=
triazole (6.0 g), sodium (2.2 g) and 1,2-dibromoethane (12.6 g) in

ethanol (18 ml) was heated under reflux for 19 hrs., The mixture

was allowed to cool to room temperature and filtered. The filtrate
wag freed of ethanol and the residue thus obtained was recrystallised
from ethylacetate. 1,2-Di(17,2!',4=triazol~1%=yl)ethane m.p.
162-164° was obtained. Yield: 1.2 gj 16.9%.

1~Phenyl-1,2,A~triazole was prepared according to the method of
He Gold (54). OCyanuric chloride (18.5 g, 0.1 mole) was added to

dimethyliormamide (60 ml, 0.2 mole). The reaction started within
ten minutes with the evolution of heat, The temperature of the
reaction was controlled at 50-60°. The adduct thus formed lost
carbon dioxide when heated to a temperature of 90°, The reaction
mixture was cooled and stirred with cool acetone (150 ml) and
filtered through e Blichner funnel at 15°, The residue was washed
with a little cool acetone and the "aza salt! (3~dimethylamino-2-
azaprop=2=-en-1=ylidendimethylammonium chloride) thus obtained wes

dried in vacuum over activated charcoal and sodium hydroxide.



A mixture of "aza salt" (16.3 g, 0.1 mole) and phenylhydrazine
(10.8 g, 0,1 mole) vwas heated on a water bath at 60° for 10 minutes
and then at 90° for 30 minutes. Dimethylamine was evolved during
heating. The reaction mixture on coollng was extracted with ether
(200 ml, 50 ml portions); the ether extract was washed with water and
dried. %he solvent was eveporated and the residue thus obtalned vas
distilled. The fraction b.p. 260-270° was collected and this, on
chilling, gave l=-phenylet,2,4i=triazole m.p. 46-48°. Yield: 5.4 g3
37.1%.

1=(x)-Biphenylyl-1,2,4-triazoles. These were prepared by a method
gimilar to that used for the preparation of 1~-phenyl-1,2,4-triazole.
The appropriate aminobiphenyls were diazotized and reduced to the
corresponding hydrazinobiphenyls using stannous chloride (55). The
hydrazines were then condensed with the "aza salt" (as obtained in
the previous reaction (p.225)) on a water bath at 90° for 1 to 3
hours, and extracted with ether. The ethereal extract was dried and
filtered and the solvent was eveporated from the filtrate., The
product was isolated from the residue either by distillation under
reduced pressure or by chromatography on alumina., The biphenylyl-
1,2,4~trinzolos were recrystallised from chloroform/light petroleum.
A small amount of biphenyl (identical m.p., mixed m.p. and infrared
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spectra with an authentic sample) was obtained in a1l three reactions.
R-ilydrazinobiphenyl failed to give 1=(o=biphenylyl)-1,2,4~triazole.
Instead, carbazole (identical m.p., mixed m.p. and infrared spectrs
with an authentic sample) and biphenyl were obtained. The two
blphenylyl-1,2,4~triazoles obtained from these syntheses are listed
in Table I (p.210).

4=(x)-Biphenylylel,2,4~triazoles. These were prepared from the

condensations of respective aminobiphenyls with diformyl hydrazine as
employed in the preparation of 4-phenyl-1,2,/-triszole. A mixture

of C.1 mole of aminobiphenyl end 0.1 mole of diformylhydrazine was
heated at 100° for 1 hr. and then the temperature was raised to 180°
and kept at this temperature for a further peried of two hours, On
cooling, the reaction mixture was boiled with 20% solution of sodium
hydroxide for 1 hr.; cooled and extracted with ethyl acetate; the
ethyl acetate extract was treated twice with decolorising charcoal and
filtered. The solvent was eveporated and the regidue thus obtained
wag either crystallised directly from chloroform/light petroleum

(m-, and p-isomers), or distilled under reduced pressure, subjected
to chromatography on alumine and recrystellised from benzene/light
petroleum. In the case of the g-isomer the chromatography on alumina,

with benzene ag eluting solvent, gave a small quantity of carbazole.
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4=(o=~Biphenylyl)=1,2,4~triazole was eluted with 50% chloroform/

benzene, The results are listed in Table I (».210).

3minino=1,2,4~triazole (4.2 g, 0.05 wole) was diazotized in sulphurie
acid (131, 20 ml) at 5°. The solution of the diazonium salt was
stirred at 7° with chilled benzene (200 ml) while a saturated
solution of sodium acetate tri-hydrate was added to bring the pH of
the reaction mixture to nearly 5. The stirring was continued for
20 hrs. and the reasction mixture was allowed to come to room
temperaturs, It was then heated for 4 hrs. on a water bath. The
benzene layer was separated, dried and filtered. The solvent was
evaporated (reduced pressure) from the {iltrate. Thus a residue was
obtained. Yield: 1.1 g; 15.4%. 4 small amount of this reslidue was
chromatographed on alumina, with 5% ethanol in bengzene. On removal
of the solvenlt from the eluenits a residue was obiained which was
orystallised twice from light petroleun (b.p. 100-120°) giving
3-phenyl=l,2,4~triazole, m.p. 118° s identical with an authentic
sample of J-phenyl~i,2,4~lriazvole, Thig, however, depressed the
m.p. of triazole (mixzed m.p. 80°).

Using nitric acid instead of sulphuric acid for the

diazotization of 3=amino-1,2,4~triazole similar resulis were obtained.
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Decomposition of diszotized

3-imino~1,2,4~triazole (4.2 gy 0.05 mole) was diazotized in a similar
manner as used for the diazotization in the preceding experiment.

The resulting diazotized solubtion was gtirred with chilled nitro-
benzene (200 ml) at 7° while buffering the reaction mixbure with sodium
acetate, The stirring was conbinued for 21 hrs. during which period
the reaction mixture ceme up to room temperature. This wes further
heated on a water bath for 3 hrs, with stivring. The reaction mixture
vas allowed to cool and then acidified with sulphuric acid and
distilled in steam to remove excess nitrobenzene, The residus was
made alkaline by sodium hydroxide and then extracted wiih benzene
giving 3-(p-nitzophenyl)=1,2,4~triczole (0.54 g), mep. 216-221°, mixed
m.pe With an authentic sample 220°, The alkaline solution was
neutralised with dilute sulphuric acid and extracted with benzens.

The benzene extract on standing overnight deposited a further amount
(0.3 g) of 3=(p~nitrophenyl)-1,2,4~triazole., The benzene extract,
freed of the solvent by evaporation under reduced pressure, gave a
residue (1.2 g), which on crystallisation from benzene gave crystals
MeDs 142-14905 the msp. remained unchanged even after five
crystallisations., The basic solution of the residue was also
extracted with ether giving 0.7 g of residue after cvaporation of

ether and from this residue another small amount of crystals m.p.218°
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was obtailued. Thus a mixture of erylation products was obtained.
Yield: 3.7 gy 38.8%. From this mixture 0.3 g (8.6% of 3-(p~
nitrophenyl)=-1,2,4~triazole and 0.9 g (25.8%) of compound I.p.

142-149° wag isolated. The compound MePa 142-149° analysed for a
mononitrophenyltriazole, Anel. caled. for 08H6§402: G, 50.5;

Hy 3.23 ¥, 29.5%. ¥ound: G, 50.0; H, 3.2 and li, 28,68, Thig was
identical with an authentic sample of 3-(go-nitrophenyl)-1,2,4~triazole,
The identity of the rest of the residue was not established,

Decomposition of diazotized 3J-aminowl,2,/-triaszole in bromobenzene.

3-Amino-1,2,4~triazole (8.4 g, 0.1 mole) was diazotized in sulphburic
acid and allowed to decompose in the usuel menner using chilled
bromobenzene (300 ml). The reaction mixture was allowed to stir for
70 hrs. and then extracted with benzene., The benzere extract was
dried and filtered. The solvent was cvaporated on a water bath
(reduced pressure). Excess bromobenzene uas removed by distillation
at 54°/8 mm and the residue thus obtained 4.2 g (15.5%) was
fractionally distilled giving 0.7 g of material b.p. 80°/7 mm. This
gave crystals m.p. 86u38° vhich analysed for a dibromobenzene,
p-dibromobenzene m.p. 86.9° (66). Anal, celed. for Ogll,Bryt G, 30,53

H, 1.7; Br, 67.8%. Found: G, 31.2; H, 2,03 Br, 65.6%.
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The other two fractions bepe. 196-200°/6 mm and 206-210°/
6 mm gave crystals m.p. 11 5-132°, These fractions were combined
and twice recrystallised from acetone/light petroleum giving crystals
mepe 160-164°, which analysed for a monobromophenyltriazole, A4nal,
caled. for CgHe M Br: O, 42.9; H, 2.7; K, 18.8; Br, 35.7%. Founds:
G, 43.8; H, 2.8; N, 19.1; Br, 33.3%. Ko other compound could be
isolated from the mixture.

3=Amino=5-phenyl=1,2,4~triazole (5 g, 0.031 mole) was diazotized in

sulphuric acid (1:1, 35 ml) at 5-10° by the addition of sodium nitrite
(2.2 g) in water (10 ml). The diazotized solution was filtered
through a sintered glass funnel (the residue in the funnel exploded
on dryingl). Chilled benzene (200 ml) was added to the filtered
solution followed immediately by sodium acetate (10 g) in water (25 ml).
The mixture was stirred vigorously for & hrs. at room temperature.

The benzene layer was separated and the aqueous layer was repeatedly
extracted with benzene (100 ml) and ethyl acetate (500 ml in 100 ml
portions). The combined extract was dried and filtered. The solvent
was evaporated from the filtrate giving 3,5-diphenyl-1,2,4-triazole
m.p. 201-203° (from ethyl acetate), 1it. m.p, 189-191° (56). Yield:
0e4 g3 6%. Anal, calcd. for GMH”FLEIB: C, 76.03 H, 5.03 N, 19.0%.
Found: G, 75.1; H, 5.0; N, 18,8%.
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2co ition of zotized tetrazole in benzene. S-imino-
tetrazole (5 g, 0.035 mole) was diazotized at <5° in sulphuric
acid (5%; 100 ml) with a saturated solution of sodium nitrite.
Chilled benzene (250 ml) was added to the diazotized solution
followed by a sabturated solution of sodium acetate and the mixture
was stirred for 24 hrs. at room temperature. The benzene layer was
gseparated, dried and filtered. The filtrate on removal of the
solvent gave a small amount of residue. The aqueous layer was
extracted with ethyl acetate (500 ml in 3 portions). The ethyl
agetate extract was dried and filtered., The filitrate was Ireed of
the solvent leaving the residue. Yield: 1.5 g; 29.1%. From this
residue needle shaped crystals of 5-phenylietrazole (from water)
were obtained, m.p. 216%,  1it., mep. 217-218° (57). Anal. calcd.
for G7H6N4= C, 57.53 Hy 413 W, 38.4%., Found: C, 56.8; H, 4.23
Hy 37.2%.

1-p-litrophenylel,2,4=triazole, The method of Gold (54) was used.
A mixture of the "aza-galt" (32.6 g) and g-nitrophenylhydraziﬁe
(30.6 g) was heated at 60° for half an hour and then at 90° (water
bath) for two hours. The reaction mixture was extracted with

5ot ethyl-acetate (200 ml). The ethyl acetate extract was treated
with chercoal and filtered. The solvent was évapomtéd from the |
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filtrate and the residue thus obtained crystallised from ethanol
glving l=p-nitrophenyl=1,2,4~triazole m.p. 192~195°; 1it. m.p.
190° (58). Yield: 14.3 g3 37.6%.

{=p=iminophenyl-l,2,4=triazole., Hydrochloric acid (conc. 25 ml) was
added with caution to a mixture of l-p-nitrophenyl-l,2,4-triazole
(4e5 g) and granulated tin (5.5 g). The mixture was cooled in an
ice bath since the reaction became too vigorous. The mixture was then
heated under reflux for 8 hrs., cooled and then neutralised with
sodium hydroxide (60 ml; 333 solution). The basified solution was
extracted with ethyl acetate, The ethyl acetate extract was washed,
dried and filtered. The solvent was evaporated from the filtrate
leaving 1-p-aminophenyl=-1,2,4~triazole m.p. 140—1420. lit. m.p.
140° (58). Yield: 3.5 g5 92.9%. Ainsworth et al, (58) had obtained
1~-p~amino-phenyl 1,2,4~triazole in 50% yield by reduction of
1-p=nitrophenyl~1,2,4~triazole with Raney nickel. The infrared

1 -l

spectrum:))Nﬂg, 3450, 3320 em @ asym. and sym.; 3207 cm = bonded NH;

NH, bending, 1639 cmf1; 114 disubstituted benzene, 1614, 1521 and
827 Gmu“ .

Decomposition of diszotized i-p-aminophenyl-l,2,/-triazole in benzene.
1=p=Aminophenyl-1,2,4~triazole was diazotized in sulphuric acid (1:1;

23 ml) by sodium mitrite (1.7 g in 10 ml water) at 0-5° with the
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usual precautions. Chilled benzene (2SQ ml) was added to the
diazonium solution folloved by a saturated solution of sodium acetate
(110 g). The mixture was stirred for 34 hrs. at room temperature.
The benzene layer was separated and the aqueous layer was extracted
with more benzene (300 ml; 100 ml portions). The combined benzene
extracts were treated with charcogl and filtered. The solvent was
evaporated from the filtrate giving residue m.p. 120-122°, Yield:
1.1 g3 23.9%. The residue on crystallisation from ethyl acetate
afforded crystals mep. 130-1319, identical (m.p., mixzed m,p. and
infrared spectrum) with 1=p-bipheylyl-1,2,4~triazole m.p. 130-131°
obtained {rom the reaction of 4-hydrazinobiphenyl and the "aza=salit®
(pe226). A portion was recrystallised from chloroform/light
petroleun giving shining plates m.ps 130~131°, Anal. caled. for
0141:111{‘333 Gy 76.0, Hy 5,05 N, 19.0. Found: G, 75.3; H, 4.9; N, 18.9%.

1-o-Aminophenyle1.2,4=triazole. 1=(g-litrophenyl)~-1,2,4~triazole was
reduced following the method of Petrow and Saper (69)., 1-(o-Nitrophenyl)-
1,2,4=triazole (1.7 g), degreased iron filings (3.7 g), ethenol (18 ml),
water (4 ml) and cone. hydrochloric acid (0.25 ml) were heated under
reflux for 1.5 hrs. on a water bath, The mixture was filtered hot and
the residue was washed with hot ethanol, The filtrate and the

washings were combined and from thia ethanol was removed under reduced



pressure (aspirator vacuum). The residue thus obtained wes extracted
with ether. 'The ethereal extract was freed of the solvent leaving
1~(g=aminophenyl)=-1,2,4~triazole as a viscous liguid. Yield: 0.8 g;
56.6%. This viscous liquid was identical (infrared spectrum) with

the product obtained(in 91.6% yield) from the reductiox; of 1-(o-nitro=
phenyl)-1,2,4~triazole with tin end hydrochloric acid. The infrared
spectrun (liquid £ilm) :j)Nﬁz, 3425, 3333 cm"1 asym. and sym.; 3205
bonded HH ; 1:2-disubstituted benzene, 1613, 1493 and 746-752 (br.)

-1
cil .

The viscous liguid could not be induced to crystallise and
was dissolved in ether and dry HOl gas passed through the ethersal
golution when a white solid precipitated out. This solid was filtered
off and crystellised from ethanol giving white shining plates of
1~(g-aminophenyl)=1,2,4-triazole hydrochloride, m.p. 208-210°(decomp. ).

Decompogition of digzc’cized 1=(o=aminophenyl )=1,2,4=triazole in benzene.
1=(g~Aminophenyl)=1,2,4=trizzole (6414 g) was diazotized in hydrochloric
acid (15 ml) and water (10 ml) as usual by the addition of sodium
nitrite (2.7 g) in water (7 ml). The diazonium salt solution was

added to precooled benzene (200 ml) followed by sodium acetate (20 g

in 25 ml water). The mixture was stirred for 20 hrs, at ambient

temperature. The benzene loyer was separabed and the agueous layer
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was extracted with more benzene. The combined benzene extracts

wvere dried, filtered and the filtrate was treated with charcoal and
filtered. The solvent was evaporated from the filtrate. The
viscous residue thus obtained was dissolved in a minimum quantity

of benzene and subjected to chromatography on alumina, The eluting
golvent was gradually changed from benzene to 25% chloroform/benzene.
The eluents left a white solid on removal of the solvent. This
solid was twice crystallised from chloroform/iight petroleum giving
1=(g~biphenylyl)~1,2,4-triazole m.p. 71-72°. Yield: 0.85 g3 10.0%.

Decomposition of diazotized A-(o-—sminophenyl)=1,2,4-triazole in benzene.
4=(o=Aminophenyl)=1,2,4~triazole (3.36 g) (p. 89) was dissolved in
hycrochloric acid (10 ml) and water (10 ml) and diazotized in the
usual manner by the addition of sodium nitrite (1.6 g) solution in
wvater (5 ml), ‘the diazonium salt solution was added to precooled
benzene (200 ml) followed by a saturated solutlon of sodlum acetate
(R5 g). The reaction mixture was stirred at ambicnt temperature for
14 hrs. The benzene layer was separated and the aqucous layer was
extracted with several portions of benzene., The combined benzene
extracts were treated with charcoal and filtered. The filtrate was
freed of benzene and the residue thug obtained wes chromatographed

on alumina. The eluting solvent was gradually changed from benzene



to 50% chloroform/benzene. From the eluents (from 50% chloroform
benzene) the solvent was evaporated giving a amall amount of residue
m.p. 150-152°, On recrystallisation from chloroform/light petroleum
the m.p. vas raised to 159-~160°, This residue was identical with
an authentic sample of 4-(o-biphenylyl)-1,2,/-triazole., Yield:

0.23 g5 0.5%,

Further elutlon of the column with 50% chloroform/benzene

yielded 4~phenylel,2,4=triazole (0.11 g).

Decomposition of l~nitrosoacetanilide in l-methyl-i,2,4i-triazols.
N=tiitrosoacetanilide (5 g) was sllowed to decompose in l-methyl-

1,254~triazole (17.3 g) for 70 hrs. at room temperature and then for
2 hrs, at 70°. The reaction mixture was allowed to cool and then
T~methyl=1,2,4~triazole was distllled off under reduced pressure.

A small amount of triazole was obitained from the distillate at

128%/3 mm, The residue from the distillation was subjected to
chromatography on alumina using 50% benzene/light petroleum (bep.
60-800) for developing the columnj elution with benzene gave a few
orystals of unidentified material m.p, 50°. Using 1% ethanol in
benzene, crystals mep. 52-54° were obtained (11 mg) on evaporation of
the solvent from the eluenis. This material was identified as

1-methyl~5=-phenyl=-1,2,4~triazole as it did not depress the m.p. of
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an euthentic sample of 1-methyl-5-phenyl-1,2,4~triazole (m.p. 57-58")
(56), The infrared spectrs were also identical. Ansl. caled. for
Oolighly ¢ G, 67.9; H, 5.7; 1, 26.4%. Founds C, 68.45 H, 5493

W, 2475

lo other identifiable product was obtained,
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SUMARY

0« and = arylations of various hetercarometic compounds
were effected using Ullmann condensation and Meerwein and Gomberg

arylation reactiong.

The Ullmann condensation between pyrazele, imidazole,
1,254~briazole, indecle, benzimidazole and carbazeole were effected
by using various aryl halides. Aryl halides employed were:
halenitrobenszenes, haleopyridines, halohenzonitriles, bromecacetophenones
and halobenzoic acids. All the condensations gave normel Nearyl
substituted azoles in good yiclds. In the arylation of pyrreole
by p-chloronitrobenzene 1~-(p-nitrophenyl)pyrrole was obtained in
only 1% yield; arylation by :q-chloronitrobenzene failed. In the
arylations of 1,2,4~triazole by all the aryl halides except
halopyridines only 1-substituted aryltriazoles were obtained.
Arylation of 1,2,4~triazole by halopyridines gave predominantly
the 1-isomer together with small quantities of the corresponding
(~igsomer. Arylation by halobenzonitriles gave Ne~azolylbenzonitriles
accompanied by very small amounts of the correspending acid and in
the case of two arylations (1,2,4~triazole with A-bromobenzonitrile
and indole with 3~bromobenzonitrile) azolylbenzamides were alse
obtained.



Cupric oxide was used’ as catalyst and pyridine ag sclvent
in +these condensations. Dimethylformemide was also found to be a
useful solvent in these condensations. A number of hitherto
unreported compeounds vere obtalned from these condensations and
are reported in this thesis. The product formation in these
condensations has been rationalised in terms of a tentative

mechanism,

The Meerwein arylation of 2=furcic acid and methyl 2-furoste
by varicus arcmatic amines was also carried out and the corresponding
S5-grylfuroic acids and esters were obtained. The aryletion of
methyl 2-furcate also gave corresponding acids in small yields.
Arylation of acrylic acid was effected by diazotized 2-aminothiazole
and of benzoquinone by diazotized 3-amino=1,2,4=triazele. Coumarin
and cinnemic acid wers alse arylated by diagotized 3-aminopyridine

under Mesrwein conditions.

The Gomberg sryletion of benszene, nitrobenzene and bromo-
benzene was carried out using diazotized 3weamine=1,2,/=triazole and
the arylated products isolated. Deccmposition of the fellowing
diazotized amines in benzene was algoe carried oub: 3-aminowS-phenyl=
152y 4mtriazole; S-amino~tetrazole; 1=(o-aminophenyl)-1,2,4-triazole;

1=(p~aminophenyl)=1,2,/=triazole; and j=(o-aminephenyl)-1,2,4~-triazole,



and the corresponding phenylated products were isolated. In the
phenylation of {~methyl=1,2,4~triazole by N-nitrosgoacetanilide
the only product isclated was 1-methyl-5-phenyl=1,2,4~triazcle.

Infrared and ultraviclet absorption spectra of all the
new compounds obtained during the present investigations are also
reported.
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