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SUMMARY

The nitrations cf 2,5 - diphenyl - 1,3,4 - oxadiazole

and 2,5-diphenyloxazole are investigated. Previously, there

have been problems associated with the separation of isomeric

products in such reactions. We have developed separation

methods for the products by using high performance liquid

chromatography.

In the nitration of 2,5 - diphenyl - 1,3,4 - oxadiazole,

considerable variations in the isomer ratios are found when the

acid strength of the nitrating medium is altered. In fuming

nitric acid alone the orientation is mainly para/meta but with

fuming nitric acid in concentrated sulphuric acid a large

enhancement in meta-orientation occurs. With nitronium

tetrafluoroborate an enhancement in ortho-substitution is found.

In an attempt to explain these results 2-nitrophenyl - 5 -

phenyl - 1,3,4 - oxadiazole isomers were nitrated under the same

conditions as above. With fuming.nitric acid the three mono-nitro

isomers give approximately 45% para-substitution. With fuming

nitric acid in sulphuric acid the p:m:o ratio is approximately

1:3:1 . With nitronium tetrafluoroborate there is a large increase

i



in ortho - substitution.

The first and second nitrations were found to be

consecutive for the nitration in fuming nitric acid and p:m:o

ratios for the first nitration are calculated.

Possible reasons for the variations in isomer ratios are

discussed. It is proposed that the oxadiazole ring is

protonated in concentrated sulphuric acid and that the

enhancement in meta-nitration in the second nitration is due to

a positive pole1 effect. It is proposed that N-nitration

accounts for the enhancement in ortho-nitration in nitronium

tetrafluoroborate. Analogous systems do not provide a good

comparison e.g. 2,5 - diphenyloxazole gives mainly para-

substitution.

The brominations of some 2,5-diphenyl - 1,3,4-

oxadiazoles, in oleum, are investigated. The products were

identified by hydrolysis of the brominated oxadiazole and

inspection of the esterified hydrolysis product by h.p.l.c.

Most of the esters were found to contain a bromine atom in the

meta-position. Mono- , di - , tri - 7 tetra - and pentabromo

species were identified by mass spectroscopy.

ii



CHAPTER 1

INTRODUCTION

The Synthesis, Reactions and some General Properties of

2,5-D-isubstituted-l, 3,4-oxadiazoles

There is now much experimental material on the chemistry of

1,3,4 - oxadiazole derivatives, which are widely used in pharmacy,

dyestuff pr-oduction, and scintillation technology, and for the

production of thermostable polymers. The latter are of

particular interest to I.C.I. Fibres Division, the industrial

sponsors of this project. It is known that unsubstituted

polyphenylene - 1,3,4- - oxadiazole can be spun from a dope to

produce strong fibres^.
When this project started, I.C.I, were interested in the

2
modification of these polymers by halogenation to produce

polymers of reduced flammability but with the fibre's other

characteristics unaffected. They have a patented method for

producing fibres from the bromination of polyphenylene - 1,3,4 -

2.
oxadiazoles or from the polymerisation of brominated

isophthalic acids with hydrazine sulphate . The bromine

content of these polymers could be measured (3-11%) but the actual

position of substitution was unknown. There is, in fact,

relatively little known about the electrophilic substitution

reactions of 2,5 - diaryl -1,3,4 - oxadiazoles and this project

was commissioned to investigate these further.

1.1 Synthesis

2,5 - Substituted - 1,3,4 - oxadiazoles were prepared before

1



1900 by Stolle ^ and Giinther , and there are new several reviews
6 7 8 Q

on this subject ' ' . Symmetrical 2,5 - diaryl - 1,3,4 -

oxadiazoles (3) are usually prepared by reacting 2 mole

equivalents of an aroyl chloride (l) with a mole equivalent of

hydrazine hydrate in dry pyridine"^. An alternative method uses

anhydrous sodium carbonate as the base,in dry N,N - dimethylacetamide

The diaroylhydrazine (2) is then heated in phosphorus oxychloride,

until the starting material is completely dissolved, to give (3)

(scheme l).

n2h4.h2o poci3 n n
2 ArCOCI —> ArCONHNHOCAr —> Ar-l^0JJ-Ar

(1) (2) (3)

Scheme 1

Heating (2) above the melting point (180-350°) ^'12 18 also gives

(3) as does the action of phosphorus pentoxide 1^~22> thionyl
16 17 23chloride ' ' or oxalyl chloride . Reacting (2) with

chlorinating agents such as phosphorus pentachioride gives (3)

as the major product with (4) as a by-product 17'24_27(scheme 2).
28If the aryl group is resistant towards sulphonation , fuming

2



pa5 /.N_ri
(2) —> (3) * Ar-C^ \:-Ar

CI CI

(4)

Scheme 2

sulphuric acid may be used to cyclise (2). Other cyclising
2Q 30

agents include chlorosulphonic acid, phosphoric acid ' and

its esters.

Unsymmetrical 2,5 - diaryl - 1,354 - oxadiazoles are

11 9i ,

generally prepared ' from (l) with monoaroylhydrazines (5).

The unsymmetrical diaroylhydrazines (6) are cyclised to the

oxadiazoles (7) in the normal way (scheme 3). Most of the mono-

N N

(l) + A/C0NHNH2—> ArCONHNHCCAr—JLa/
(5) (6) (7)

Scheme 3

3



and di-functionally substituted 2,5 - diphenyl - 1,3:, 4 - oxadiazoles

have been prepared by this method, with the reaction conditions and

yields being mostly independent of the position and type of

substituent. Contrary to some literature data the diaroylhydrazines

are formed in the cold; elevated temperatures produce significant

amounts of by-products, namely the symmetrical diaroylhydrazines

(2), particularly when the benzene ring contains electron-

accepting substituents.

At the cyclisation stage, the period of heating the

diaroylhydrazine with phosphorus oxychloride can be restricted

to the time necessary for its complete dissolution, instead of

the boiling for several hours recommended in the literature

The proposed mechanism of cyclisation in phosphorus oxychloride

involves conversion of the diaroylhydrazine to the imino-hydroxy

tautomer (8) (Scheme 4) which is in equilibrium with the cyclic

form (9). Elimination of water from (9) gives the oxadiazole.

32

HN-NH
I

Ar—C
II
O

c—Ar

N—NH
II I

Ar—C C—Ar
I II

HO O

-is.. Ar-

(8)

Scheme 4

N—NH

I <u
VIOH
(9)

-h2o

N N

Ar—Ji-Ar

The mechanism proposed for cyclodehydration of diaroylhydrazines
33

in thionyl chloride (scheme 5) involves the formation of a

4



1*2,3,4 - oxathiadiazole S-oxide (10) with the elimination of 2

molecules of hydrogen chloride. Sulphur dioxide is then eliminated

from compound (10) and the resulting charged species (ll)

undergoes ring closure.

XC\.
HN-NH N—N f Ar
I | SOCI2 II W

Ar—C C—Ar —-> Ar_C ,S^A —>
I! !! pyridine NC/ ® -S02
O O u -

A<~
N —N=C
II I
C+ -O
/
Ar

(10) (11)

1
Scheme 5

N N

Ar_Jj^ Jl—Ar

2,5 - Diaryl - 1,3*4 - oxadiazoles have also been prepared,

in good yield, by heating 5 - substituted tetrazoles with aroyl

chlorides in pyridine^, and from N - acylaminotriphenyl-

phosphinimines(l2) with aroyl chlorides in the presence of
35

triethylamine (scheme 6). This synthesis is general and very mild.

, , „ (C2H5)3NRCONHN=P(C6H5)3 <• RCOCI —> N N
C6H6 r-H. JLr'(12)

Scheme 6

5



Another general preparation is the reaction of aroylhydrazines

with imido esters or their hydrochlorides^. Benzoylhydrazine(l3)

heated with ethyl imidobenzoate hydrochloride (14) in

N-methylpyrrolidone for 1 hour at l60° gives 2,5-diphenyl -1,3*4-

oxadiazole (scheme 7). Two moles of (13) with diethyl

NHNH2 CI HJM

c6H5-c
%

c-c6H5 —>

(13)
c2H5o

(14)

/

O pC2H
^C-NHN=C

^6^5 CfiHc'6r*5

+

NH.CI

1 C2H5OH

Scheme 7
N M

C6H5Jl.0J-C6H5
imidoterephthalate hydrochloride (15) give 2,2 - p-phenylenebis-

(5-phenyl - 1*3,4 - oxadiazole) (16).

CI H2N 7NH2 CI
NS V

;c-c6h4-c
c2h5o nOC2H5

(15)

N N

C6H5A c6h5 (16)

Bis (1,3,4 - oxadiazolyl) compounds of type (lo) are generally

6



prepared by the action of aroyl chlorides on terephthaloyl

dihydrazide, followed by cyclisation.

The thermal decomposition of 5-substituted 2-acyl-tetrazoles,

as already mentioned, produces 1,3,4 - oxadiazoles. This forms the

basis for a method producing polyaryls containing up to nine rings

in the molecule by reacting 5-phenyltetrazole or 1,4 - di—

(tetrazol - 5~yl) benzene(l7) with acid chlorides (RCgH^COCl where
37

R=H, P-NO2 or p-CN ) (scheme 8). If the R groups are cyano these
can be reacted again with lithium azide to produce tetrazole rings,

^>yCN 3NaN3
—>
3LiCI

2RC6H4COC!

Scheme 8

which in their turn can be reacted with an aroyl chloride to

extend the molecule further.

1.2 Reactions at the heteroatoms

The direct introduction of functional groups into the 1,3,4—

oxadiazole ring is possible in only a few cases.

The protonation of the nuclear nitrogen in acid media reduces

extremely the possibility of electrophilic attack . Few pKa

values of 1,3,4 - oxadiazoles have been measured, partly because of

7



the poor water solubility of aromatic substituted oxadiazoles.

39Sokolenko et al. have determined the ionisation constant of

2,5 - diphenyl - 1,3,4 - oxadiazole by potentiometric titration

using hydrochloric acid in a medium of glacial acetic acid. They

quote two values for the pK of - 0.28 and -0.32.Si

Grekov has reported that 2,5 - diphenyl - 1,3,4 - oxadiazole

will form a double sulphate with concentrated sulphuric acid ^ and

a complex with bromine^*. Stolle reported, much earlier ^, that a

mixture of iodine and chlorine produces a 1:1 complex of the

oxadiazole with iodine chloride. In alcoholic solution 1,3,4- -

oxadiazoles also readily give complexes with silver nitrate and
d 12 1? 17 18

mercury (II) chloride ' ' ' 5 . These complexes, however, are

not stable towards aqueous media and with aqueous ethanol give the
43

original oxadiazole

Alkylation of 2-amino-l,3,4 - oxadiazoles in neutral media

occurs primarily at the ring nitrogen: thus the methylation of

2-amino - 5 - phenyl - 1,3*4 - oxadiazole (l8) with methyl iodide

gives 2 - imino - 3 - methyl - 5 - phenyl - 1,3*4 - oxadiazoline

(I9)^(scheme 9). Alkylation of (lg) with aromatic oc-haloketones

N N CH3! \* N.
Ph-il JL-NH2 —>' Ph-l!^

G O

(IB) (19)

Scheme 9

8



e.g. phenacyl bromide gives 2-amino - 3 - phenacyl - 5^- phenyl

- 1,3,4 - oxadiazolium bromide (20)^(scheme 10).

PhCOCH2Br
(is) N~

Ph-lf^
CH2COPh+/

"N

-NH.
Br

(20)

Scheme 10

There are no reports, in the literature, of nitration or

sulphonation of the oxadiazole ring and likewise none for

halogenation although the deactivating effect of the oxadiazole

nucleus is not so important in this case.

1.3 Electrophilic substitution reactions

2,5 - Diaryl - 1,3,4 - oxadiazoles and their derivatives

exhibit the known substitution reactions at the aryl residue, e.g. with
28

oleum a monosulphonic acid is obtained and with nitric acid

and sulphuric acid the aryl rings are nitrated^. This latter

reaction will be discussed in great detail later.

1.4 Reactions involving ring cleavage

In contrast to their high thermal stability, 1,3,4 - oxadiazoles

are susceptible to ring-opening by chemical agents. Ring cleavage

reactions of 1,3,4 - oxadiazoles can be achieved by the action of

reducing agents and by nucleophilic reagents. Although in reduction,

9



cleavage of the N-N bond takes place with amide formation, in an

attack by a nucleophilic reagent the C-0 bond of the 1,3,4 -

oxadiazole is opened. The most commonly used nucleophilic reagents

are aqueous hydroxide and water.

Grekov et al. ^6,47 j^yg investigated the acid hydrolysis

of alkyl - and aryl- substituted 1,3,4 - oxadiazoles and its

dependence on the substituents. The susceptibility to hydrolysis

increases with increasing solubility, therefore the 2,5 - dialkyl-

1,3;,4 - oxadiazoles are the easiest to hydrolyse and the 2,5 -

diaryl - 1,3?4 - oxadiazoles the most difficult. No hydrolysis is

observed when 2,5 - diphenyl - 1,3,4 - oxadiazole, which has a

solubility in water of 0.03%, is treated with mineral acids.

Neither concentrated nitric acid nor treatment with fuming

sulphuric acid at 100° for 4 hours attacks the oxadiazole ring.

However, as will be seen later, 2,5 - diaryl - 1,3,4 - oxadiazoles

are hydrolysed, when treated with 50%, hydrochloric acid under

reflux for 48 hours, to the appropriate acids and hydrazine

hydrochloride^. An attempt to obtain the free acid by treatment of
31

(21) with sodium hydroxide produces the hydrazine (22) (scheme 11).

Scheme 11

10



The acid hydrolysis of 2,5- diaryl - 1,3,A - oxadiazoles is

generally formulated in accordance with the following reaction

mechanism^ (scheme 12).

x h20,H+ ,
—>RCONHMHOCR —> NH2NH2 + RCOOH + RCOOH

Scheme 12

1.5 Vibrational and electronic spectra of 1,3,4 - oxadiazoles

In recent years the structures of 1,3,4 - oxadiazole derivatives

have been increasingly elucidated by use of vibrational , electronic

and nuclear magnetic resonance spectra. The infra-red spectrum of

an oxadiazole ring has been characterised primarily by the bands

at about 970 cm * and 1020 cm * due to the = C -0 - C =

stretching mode *'^0 and at 1560 - 1640 cm * due to the N

stretching mode *'^1. This latter region, however, also includes

the = CC. stretching mode and so the best region for identifying

an oxadiazole ring is around 970 cm * where there is little

interference from other vibrations.

The 1,3,4 - oxadiazole system has an electronic spectrum very

similar to that of benzene and therefore 2,5 - diaryl - 1,3,4 -

oxadiazoles have ultra-violet spectra very similar to those of

para-linked phenylene compounds. Thus, for example, biphenyl and

11



2-phenyl - 1,3*4 - oxadiazole absorb almost identically at 248 nm

and p-terphenyl and 2,5 - diphenyl - 1,3,4 - oxadiazole absorb at

276 and 280 nm respectively. The oxadiazole system is effective in

the conjugative transmission of the effects of substituents. An

extension of the system of conjugated TT- bonds leads, as

expected, to a shift of the absorption spectra to longer

wavelengths. The maximum for 2,2' - p-phenylenebis (5 - phenyl -

1,3,4 - oxadiazole) is at 312.5 nm and for 2 - biphenylyl - 5 -

phenyl - 1,3,4 - oxadiazole at 300 nm compared with the value of
27 ^2 ^3

280 nm for 2,5 - diphenyl - 1,3,4 - oxadiazole ' ' . Polymeric

1,3,4 - oxadiazoles which are linked by phenylene groups still

absorb in almost the same region, despite a colour change

(colourless to yellow-brown).

12



CHAPTER 2

NITRATION : RESULTS AND DISCUSSION

2.1 Nitration of 2,5 - diphenyl - 1,3,4 - oxadiazoles

There is relatively little known about the electrophilic

substitution reactions of 2,5 - diaryl - 1,3,,4 - oxadiazoles as

already mentioned (1.3). The only report of the nitration of

2,5 - diphenyl - 1,3>4 - oxadiazole (23) is by Grekov and Azen

By nitration in filming nitric acid (d 1.5) they claim to have

obtained the symmetrical di-nitro-derivatives (24)-(26) as shown

(scheme 13) . In concentrated sulphuric acid (d 1.34) with fuming

40

n n

Ph—iL-Ph
O ^

(23)

Scheme 13

N N

hno3 h p"

(25) 20%
NO, NO,

(26) 40%

13



nitric acid they claim to have obtained 2,5 - bis(m-nitrophenyl)-

1, 3,4 - oxadiazole (25) and 2-(m-nitrophenyl) - 5 - phenyl - 1,3,4 -

oxadiazole (27) (scheme 14 ). The di-nitro-compounds (24) - (26)

(23)
H2SO4/HMO,

NO;

N N

O

NO;'2 NO 2

(25) 33% (27) 31%

Scheme 14

were isolated by a fractional crystallisation procedure and

further purified by crystallisation until the melting points

corresponded to the literature values. Micro analysis of these

compounds was performed for nitrogen only.

We did not believe that the above results could be correct

because, if ortho-, meta-, and para-nitration all occur to a

significant extent, then one would expect that all six possible

di-nitro~isomers would be present (24) - (2o) and (28) - (30).

We needed a method of separating the six isomers to be able to prove

this and fortunately high performance liquid chromatography (hplc.)

proved successful. The product of the nitration of (23), in

fuming nitric acid, did in fact have six components (scheme 15).

14



The six di-nitro-isomers were synthesised by independent routes

(cf.section 1.1) and these compounds corresponded exactly with the

six nitration products. The total yield from the nitration in

fuming nitric acid was almost quantitative for a di-nitro-product and

the proportions of the isomers are reported in scheme 15.

0,N'

(24)
21%

N N

(23)
4

(25)
7%

(28) V
24% no2

N
i|

mo2
JL

-o^~[ 1
(30)
15%

OJM

(28)
5%

Scheme

An attempt was made to repeat Grekov's isolation method and

indeed the bis(p-nitrophen}rl) - isomer (24) was isolated (it being

the least soluble). The mother liquor, however, contained a

mixture of the other five isomers plus a trace of (24) and these

could not be separated into pure components by crystallisation.

Having obtained very different results from the Russian

workers for nitration in fuming nitric acid we decided to repeat

15



the nitration with fuming nitric acid in concentrated sulphuric

acid. The proportion of the bis(m -nitrophenyl) - isomer (25) was

indeed enhanced but we again observed all six dinitro-isomers, in

different porportions to those obtained in fuming nitric acid

alone. The starting material and mononitro-isomers are

detectable with hplc, and no mono-m-nitro-isomer (27) was observed

for the above reaction.

Two further sets of nitrating conditions were investigated:

fuming nitric acid in 2% oleum, and nitronium tetrafluoroborate

TABLE 1 Nitration of 2,5-Diphenyl - 1,3,4 - oxadiazole (23).

Isomer %

Nitrating

Agent 4,4'- 3,47- 3,3'- 2,4'- 2,3/- 2,2'-

HN03 (dl.5) 21 24 7 29 15 5
HN03 (dl.5) in 6 27 25 12 26 5
H2SO.(dl.84)

HN03 (dl.5) in 5 26 21 15 27 5
2% oleum

N°2+ BF4" 4 20 20 18 27 11

16



TABLE 2 Nitration of 2 - (m-nitrophenyl) - 5 - phenyl - 1,3,4- -

oxadiazole (27)

Nitrating

Agent

HN03(dl.5)
HN03(dl.5) in
H2S04(dl.84)
no2+ bf4 "

Isomer %

3,4y- 3,3/- 2,3'-

45 29 26

18 6o 22

29 36 35

TABLE 3 Nitration of 2 - (p-nitrophenyl) - 5 - phenyl - 1,3,4
oxadiazole (31)

Isomer %

Nitrating 4,4 - 3,4 - 2,4/-

Agent

HN03(d 1.5) 43 23 34
HN03(d 1.5) in 18 60 22
H2S04 (d 1.84)
n°2+ BF4" 30 19 50
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TABLE 4 Nitration of 2 - (o-nitrophenyl) - 5 - phenyl - 1,3,4 -
oxadiazole (32)

Isomer %

Nitrating 2,4-'- 2,3/- 2,2/-
Agent

HN03(d 1.5) 47 34 19
HN03(d 1.5) in 18 67 15
H2S04 (d 1.84)
N°2+ BF4- 41 20 39

in sulpholane, for comparison; the results of all four nitrations

are set out in table 1.

The nitration of (23), in the four different media, produces,

in all cases, the six possible di-nitro-isomers and there was no

evidence from the chromatogram, for the presence of unreacted

starting material nor of the mono-nitro-compounds (27), (31) and

(32) in the product mixture.

The results in table 1 show large variations in the isomer

ratios for nitration in the four different media, the most

obvious being the enhancement in meta-nitration, on going to

stronger acid or to nitronium tetrafluoroborate, at the expense

of para-nitration. The amount of symmetrical ortho-substitution

remains constant in acid media and is much less than the
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proportion of 40% reported by Grekov, but in nitronium tetrafluoro-

borate the proportion of bis (o-nitrophenyl) - isomer is doubled.

To try to understand more about these nitrations, the three

mononitro-isomers (27), (31) and (32) were synthesised by the

general method outlined in section 1.1 and then nitrated under

the same conditions as used for (23). The results of these

(31)

N N

riNV5)
(32)

nitrations are set out in tables 2-4. The most noticeable feature

of these results is the large increase in the amount of meta-

nitration in going from fuming nitric acid alone to fuming nitric

acid in concentrated sulphuric acid. In concentrated sulphuric

acid the position of the first nitro-group has little effect on

the isomer ratio for the second nitration.

The results of tables 2-4 are effectively the proportions of

the isomers from the second nitration of 2,5 diphenyl - 1,3,4 -

oxadiazole (the first nitration being the production of the three

mononitro-isomers) if it is assumed that the two nitrations are
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FIGURE 2 Nitration of 2,5-Mphenyl-l,5,4-oxpfliazole with Nitric Acid (d 1.5) :-

Formation of ?-Nitrophenyl-^-phenyl- and 2,5-M-(nitrophenyl)-

1,5,4-oxadiazole



consecutive and not concurrent. In order to test the validity of

this assumption, a semi-kinetic experiment, using the hplc.

system, was carried out for the nitration of (23) in fuming nitric

acid. This experiment showed (figures 1-3) that 95% of the

starting material is consumed within 10 minutes, and that mononitro-

compounds make up 75% of the product at the end of that period.

The dinitro-compounds make up the remaining 20% and slowly increase

thereafter (30% after 30 minutes). From these results we can

reasonably assume that the first and second nitrations can be

considered to be independent of each other and, therefore, using

the results in tables 1-4, "the isomer ratios for the first

nitration can be calculated (table 5) as detailed in the example

(figure 4).

TABLE 5 Mono-nitration of 2,5 - Diphenyl - 1,3,4 - oxadiazole

(inferred from the results of tables 1-4)

Nitrating

Agent

HN03(dl.5)
HNO (dl.5) in

H2S04(dl.84)

Isomer %

4- 3- 2-

50 25 25

33 41 26

15 58 29
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Having obtained these results for the nitrations of 2,5 -

diphcnyl - 1,3>4 - oxadiazole and the mononitro-isoraers we

decided to investigate the nitration of a structurally similar

compound^ 2,5 - diphenyloxazole (33), to see if the same pattern

was observed. We also searched the literature for examples of

nitration on other phenyl substituted heterocycles.

2.2 Nitration of 2,5 - diphenyloxazole and its mononitro-derivatives

Although 2,5 - diphenyloxazole (33) appears, at first sight,

to be a similar molecule to (23), the phenyl groups are now non-

equivalent and so different effects will be expected in the two

phenyl rings. This is borne out by the reported nitration of (33)
54 55

by Lister and Robinson and by Minovici . They obtained an

almost quantitative yield of 5-(p-nitrophenyl)-2-phenyloxazole (34)

from the nitration of (33) in fuming nitric acid for 0.5 hour at 0°.
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To identify the products of the nitration of 2,5 - diphenyloxazole

we synthesised 2-nitrophenyl-5-phenyl-, 5~nitrophenyl-2-phenyl-

and 2, 5-dinitrophenyloxazoles by the route indicated in scheme 16.

COCH2NHOCxx^\ POCI

^X-H,3-M02)4-N02
Y=H,2-N02,3-N02,4-N02.
The previous nitration results were confirmed by our

experiments, compound (34) being obtained as before in quantitative

yield. If, however, the reaction was left for 2 hours before

work up the product was a mixture of dinitro-isomers. The second

nitration interested us because the 2-phenyl group was in a

similar environment to the phenyl groups in 2,5-diphenyl - 1,3^4 -

oxadiazole. 5-(p-fJitrophenyl) -2-phenyl- and 5-(m-nitrophenyl)-2-

phenyloxazole were synthesised as detailed in the experimental

section and these compounds were further nitrated with fuming

nitric acid and with fuming nitric acid in concentrated sulphuric

acid. The results of these nitrations are presented in table 6.

As can be seen, the major product of the second nitration is

the 2-(p-nitrophenyl)- substituted isomer (36)or (37) although
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there are significant amounts of the other isomers present (38) -

(41). 2- (p-Nitrophenyl) -5-phenyloxazole (42) gave a 100% yield

of the bis(p-nitrophenyl)oxazole (36) in both fuming nitric acid

and mixed acid.

TABLE 6

Nitrating Agent HN09 HN0o/H9S0.3 3^4

Isomer p- m- o - p- m- o-

5-(p-Nitrophenyl)- 78 10 12 70 20 10

2-phenyloxazole

5-(m-Nitrophenyl)- 79 H 10 78 10 12

2-phenyloxazole

2-(p-Nitrophenyl)- 100 - - 100 - -

5-phenyloxazole

2,5 - Diphenyloxazole is nitrated mainly in the para-position

in both phenyl rings and therefore is not a good analogue of the

2,5 - diphenyl - 1,3^4 - oxadiazole system for the purposes of the

present investigation.

2.3 A literature survey of the nitration of phenylpyridines and

their N-oxides

56 57
Katritzky and Kingsland and De Sarlo and Ridd have

investigated the nitrations of 2-phenylpyridine(43j and its N-oxide
and 4-pbenylpyridine (44)- The former group found that the nitration

of (43) in 92% sulphuric acid gave 52% of the para-isomer,
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39% of the meta-isomer and 9% of the ortho-isomer. Nitration

the N-oxide of (43), in 8l% sulphuric acid, gave 17% of

the para-isoraer and 83% of the meta- and ortho-isomers combined

(of which <3% was ortho-isomer). De Sarlo and Ridd found

that nitration of (44) in 98% sulphuric acid gave 47% of the

para-isomer, 33% of the meta-isomer and 20% of the ortho-isomer.

The nitration evidently takes place on the conjugate acid.

The conclusions drawn by De Sarlo and Ridd are that the

rate of substitution at the para-positions of the 2- and 4-

phenyl- pyridinium ions exceeds that at one meta- position

and that all positions are strongly deactivated with respect

to benzene. To a good approximation, the deactivating effect

of a protonated pyridyl group to meta-substitution corresponds

to the effect of a positive charge at the appropriate position
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together with an inductive effect (- I).

Katritzky and Kingsland found that the partial rate factors

for nitration of (43) showed overall similarity with those for

the benzyltrimethylammonium cation and conclude that inductive

and/or direct-field effects are of predominant importance with

mesomerism playing a secondary role, probably because of the

non-coplanarity of the rings.

CO

In an earlier paper , Johnson, Katritzky and Viney

discussed, in general terms, the nitration of pyridines in

sulphuric acid solution. Their conclusions were that the

more basic pyridines (pKa >+l) are nitrated as cations
and very weakly basic pyridines (pK < -2.5) undergo nitrationcl

as the free bases, which nitrate more readily. Somewhere in

the range of pKa +1 to -2.5 a changing over in mechanism and

reactivity must occur.

59
Katritzky and Simmons have published values for the

pKa's of phenylpyridines and their N - oxides (table 7)-

Phenylpyridines have pKa7s between 4*5 and 5-5 whereas the

N- oxides are weaker bases with pK Ts approximately 0.8.
cL

Phenylpyridines, therefore, are nitrated as the conjugate acid
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TABLE 7 pK values

4 - Phenylpyridine 5.55

3 - Phenylpyridine 4.80

2 - Phenylpyridine 4-48

4 - p-Nitrophenylpyridine 4.87

4 - m-Nitrophenylpyridine 4.90

2 - p-Nitrophenylpyridine 3.63

2 - m-Nitrophenylpyridine 3.55

4 - Phenylpyridine 1-oxide 0.83

3 - Phenylpyridine 1-oxide 0.7

2 - Phenylpyridine 1-oxide 0.77

4 -p-Nitrophenylpyridine 1-oxide 0.58

4 -m-Nitrophenylpyridine 1-oxide 0.58

3 -p-Nitrophenylpyridine 1-oxide 0.47

2 -p-Nitrophenylpyridine 1-oxide 0.28

2 -m-Nitrophenylpyridine 1-oxide 0.26
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TABLE 8 pK^ increments caused by nitro-groups in
—. 3. ■ ■ • 1 ■

phenylpyridines and their oxides

p-no9 13 1 52o

4 - Phenylpyridine -0.68 -0.65

2 - Phenylpyridine -0.85 -0.93

4 - Phenylpyridine 1-oxide -0.25 -0.25

3 - Phenylpyridine 1-oxide -0.27 -

2 - Phenylpyridine 1-oxide -0.49 -0.51

m- and jo- refer to the phenyl rings

and the N - oxides,which fall into the 'grey area', could be

nitrated as the free base, or as a mixture of acid and base, to

account for the increase in meta-substitution. Later kinetic

work, however, indicates that the N-oxides are nitrated as their
5fi

conjugate acids .

The basicity of the pyridine nitrogen atom has also been

discussed ^ in the light of pKa values for phenylpyridines and

nitrophenylpyridines. The 3 - phenyl group decreases the pK ofct

pyridine whereas the 4-phenyl group increases it. The phenyl

group is weakly electron - withdrawing by the inductive effect and

can either withdraw or make electrons available by the mesomeric

effect. A 2-phenyl group decreases the basicity of pyridine,

probably because in the solvated ion (45) the angle between the
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(45) (46) (47)

planes of the rings is larger than in the free base. This

conclusion is supported by ultraviolet spectra ^.

A nitro-group in the meta-- or para - position of the phenyl

ring lowers the basicity in 2-, 3-, and 4- phenylpyridine

(table 8). The effect is larger in the 2 - phenylpyridine series,

but the meta- and para-nitro-groups are equally effective, which

indicates that the basicity is weakened by the inductive effect

of the nitro-gro\ip and that the mesomeric effect on the pyridine

ring is not important.

In the case of the phenylpyridine N-oxides the effects are

the same but smaller, due to the greater distance of the basic

centre from the phenyl ring. Also, the difference between the

amount of steric hindrance in the N -oxide (46) and the conjugate

acid (47) is less. This indicates that, as in the pyridine series,
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only the inductive effect of the nitro-group is important and

structures of type (48) are not favoured.

2.4 A literature survey of the nitration of other

phenyl-substituted heterocycles
fart

Lythgoe and Rayner 0 investigated the nitration of

2-phenyl- and 4-phenylpyrimidine with nitric acid (d 1.42) in

concentrated sulphuric acid. The product obtained from 2-phenyl—

pyrimidine (49) was identified as the 2-m-nitrophenyl-isomer, and

the product from 4-phenylpyrimidine (50) was assumed to be the

4-m-nitrophenyl - isomer, but only because it differed in melting

point from the known 4-p-ititrophenyl-isomer.
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Lynch and Poon were surprised at the apparently exclusive

meta-nitration in the above reaction, because the analogously

substituted 2,4 - dinitrobiphenyl undergoes ortho-/ para-nitration

of the unsubstituted phenyl ring ( 45% ortho-substitution

and 55%, para-substitution). Lynch and Poon nitrated 4-phenyl-

pyrimidine with fuming nitric acid in concentrated sulphuric

acid and obtained two isomeric 4- X - nitrophenylpyrimidines

which were identified as the o - and m-nitrophenyl isomers.

The ratio of ortho-: meta-isomer was established as 40 : 60 by

gas-liquid chromatography. No other products were detected.

When the nitration was performed with fuming nitric acid in

trifluoroacetic anhydride (which is equivalent to trifluoroacetyl nitrate

in, trifluoroacetic acid) ortho-, meta- and para-isomers were obtained

in the ratio 45 : 29 : 26.

Their explanation for these results is that the initial act

of a nitrating agent is the formation of a N - nitronium species

(51) and that this species is attacked by direct substitution at

the meta - piosition in the phenyl ring. Their evidence for a

N - nitronium species is taken from the work of Jones and Jones ^
and similar work of Olah and his co-workers ^ on the nitration of

pyridine by nitronium tetrafluoroborate in tetramethylene sulphone.
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(51)

Pyridine, under the above reaction conditions, apparently forms

a N-nitronium salt. These conditions are, however, of "relatively

low acidity" and it appears more likely that in strong acid (fuming

nitric acid and sulphuric acid) the protonated pyrimidinium compound

would be formed. In fuming nitric acid and trifluoroacetic

anhydride (or trifluoroacetyl nitrate in trifluoroacetic

acid) the picture is more complicated. The species formed, if

indeed there is substitution at a heterocyclic nitrogen atom,

will depend on whether trifluoroacetic acid is a strong enough

acid to protonate the nitrogen atom. If it is not, then the

pyrimidine will either undergo nitration as the free base or as

the N-nitronium salt. An analogy to 4-phenylpyrimidine,

substituted at the 3-nitrogen atom, would be a benzyltrimethyl-

ammonium ion , which yields 88% of the m-nitro-isomer.

The nitration of 2-phenylbenzimidazole (52) has been

investigated Compound (52) has a pKa of 5.23 and it is
67

known that it is the conjugate acid which is attacked.
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The results obtained show no variation in isomer ratio on

changing from fuming nitric acid alone to fuming nitric acid with

concentrated sulphuric acid. The major isomer is 5- nitro-

2-(p-nitrophenyl) benzimidazole (53) which makes up approximately

60% of the product. The remainder is made up of the meta- and

ortho-isomers in a ratio of 2 : 1.

2.5 Interpretation of the results of the nitration of

2,5 - diphenyl - 1,3;4- oxadiazole

The nitration of phenyl heterocycles has not been studied

in any depth, the phenylpyridine system being the only one

investigated in anything like a rigorous fashion. Even this

system has not been completely studied, there being little

mention of the nitration of 3-phenylpyridine in the literature.

The phenylpyrimidine system has been less systematically

investigated and the structures of the products have not been

established beyond doubt.
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The question is, can either of these systems be regarded as a

reasonable analogy for our 2,5-diphenyl- 1,3,4 - oxadiazole

system? The 2-phenyl- and 4-phenylpyridines are more basic

than 2,5-diphenyl - 1,3,4- oxadiazole and they also contain six

membered rings with only one basic centre compared to the five

membered ring and two basic centres of the oxadiazole ring.

The basicity of the phenylpyrimidines is not known but is

expected to be lower(the pK of pyrimidine itself being 1.3)
SL

and now there are two basic centres in the six membered ring.

On grounds of geometry and basicity the phenylpyridine and

phenylpyrimidine systems should be no better an analogy than the

diphenyloxazole system with its five membered ring and one

basic centre. It was decided, however to use the above systems

to try to gain some idea as to why 2,5-diphenyl-l,3,4- oxadiazole

gave the isomer ratios found.

Any proposed mechanism for the nitrations in section 2.1

must be capable of accommodating the following experimental facts

(a) There are appreciable variations in the isomer ratios found

for the nitrations under the three different reaction conditions.

(b) C-Nitration is, apparently, irreversible. Evidence for this

can be drawn from the nitration of the moncnitro compounds where

the product contains only three dinitro isomers.

(c) When the nitration of 2,5-diphenyl-l,3,4-oxadiazole is

carried out in fuming nitric acid alone, the second nitration

step is measurably slower than the first. (The two steps are
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assumed to be consecutive in every case, although this has been

verified only in the above instance.)

(d) In the reactions involving nitronium tetrafluoroborate there

is an ortho - effect.

(e) The pKa values for diphenyl -1,3,4-oxadiazoles are in the

range 0 —?»--2 i.e. they are not as basic as phenylpyridines

but are of the sarnie order as phenylpyridine -1-oxides.

(f) 2,5-Diphenyl-l,3,4-oxadiazoles and 2,5-diphenyloxazoles

give very different isomer distributions when nitrated in

strongly acidic media.

The above facts are used in the following argument but it

is also necessary to make some assumptions and to use analogies

in order to put forward a mechanism for the nitration of

2 ,5-diphenyl-l,3j4-oxadiazole.

The pKa values of 2,5-diaryl-l,3,4 - oxadiazoles (0 —-2)
lie within that "grey area" wherein they might be expected to

undergo nitration either as the free base or as the conjugate

acid according to the acidity of the reaction medium. It is

reasonable to suggest, therefore, that the variation in isomer

ratios obtained in these reactions may be accounted for, in part

at least, by a variation in the species undergoing nitration

under the different reaction conditions.

35



2.5.1 Nitration in sulphuric acid

It has been shown by other workers (section 2.3) that

2-phenyl- and 4-phenylpyridine, and 2-phenylpyridine - 1 - oxide

are all nitrated as their conjugate acids in sulphuric acid.

By analogy, therefore, we propose that 2,5-diphenyl-l,3j4-oxadiazole

is also nitrated as its conjugate acid in sulphuric acid even

though the oxadiaaole is a weaker base than any of these pyridine

derivatives. It is assumed that mono-protonation takes place

on one of the heterocyclic nitrogen atoms and for the duration of

the reaction the site of protonation does not change. This does

not take into account the fact that protonation is

reversible nor that N-nitration might be taking place. It is,

however, very unlikely that protonation of both nitrogen atoms

would occur due to the close proximity of two positive charges.

If one nitrogen atom is protonated (and for the purposes of

the first nitration either nitrogen atom will suffice ) then the

molecule loses its symmetry and the two phenyl rings are now

non-equivalent. Due to their non-equivalence, it is probable

that one phenyl ring or the other will be more reactive

towards electrophilic substitution and it is postulated that

the phenyl group further away from the positive charge on the

heterocycle will be the more reactive. The first nitration

should then resemble that of 3-phenylpyridine. Unfortunately the

nitration of 3-phenylpyridine has not been reported previously,

but the inferred results of table 5for the first nitration of (23)
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in sulphuric acid are not dissimilar from the results obtained
r7

by De Sarlo and Ridd (section 2.3) for the nitration of

4-phenylpyridine in sulphuric acid. The results from the

nitration of 4-phenyl- and 2-phenylpyridine show that, as the

distance of the 'positive pole' from the phenyl ring increases,

the directive effect of the heterocycle changes from mainly

para-meta to one which involves enhancement of ortho-substitution.

Further evidence for the 'pole' effect is put forward by
68

Knowles and Norman who show that the further the positive

charge is away from the phenyl ring undergoing reaction the

more ortho-/para-nitration there is, and the less meta-/para-

nitration.

For the second stage of the nitration we found (tables 2-4

and p.19) that, firstly, mixed acid gives a very different isomer

ratio from nitric acid alone; secondly, there is a preponderance

of meta - nitration in sulphuric acid; and thirdly, the

position of the first nitro-group has little effect on the isomer

ratio.

The difference in isomer ratios between the two nitration

conditions can be explained by the possibility of different species

undergoing nitration in the second stage. Although the mono-

nitro-compounds are slightly less basic than the parent oxadiazole,

we suggest that it is still the protonated species undergoing

reaction in the second nitration in sulphuric acid.
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The large amount of meta-substitution in the second

nitration could be due to the'positive pole'effect, postulated by

Knowles and Norman, or to a negative mesomeric effect, or to a

combination of these effects. If this is a'positive pole'effect,

the isomer ratio is consistent with the'positive pole'being closer

to the phenyl group than in the first nitration. This gives weight

to the idea that the site of protonation remains unchanged during

both nitrations. One of the heterocyclic nitrogen atoms in

compound (31) is, apparently, more nucleophilic than the other
1 ?

(ref. C spectrum of the N-methyl salt which indicates the

presence of a single compound) but whether it is sufficiently

more basic to minimise proton transfer to the other nitrogen is a

matter for conjecture. It is possible, for instance, that the

second nitration may involve two protonated species, one giving the

strong positive pole effect (and mainly meta-nitration) and the

second giving isomer ratios similar to those of the first

nitration.

A negative mesomeric effect would imply an element of

coplanarity of the phenyl and oxadiazole rings. There is no

evidence for coplanarity reported in the literature and therefore

the mesomeric effect cannot be commented upon further except

to say that there is a hint (from the ultraviolet spectra) of

a certain measure of extended conjugation in the para-isomer

relative to the meta-isomer (and the ortho-isomer which is

presumably unable to achieve coplanarity for steric reasons).
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The fact that the position of the first nitro-group has little

effect on the isomer ratio for the second nitration suggests that

the effect of the nitro-group is possibly inductive (if indeed

there is any effect at all).

If it is assumed that the second nitration takes place on

the phenyl group adjacent to the 'positive pole' then analogies to

this would be 2-phenylpyridine (40% meta-substitution),

2-phenylpyridine-l-oxide (80% meta-substitution), 4-phenylpyrimidine

(60% meta-substitution), 2-phenylbenzimidazole and 5-(£-nibrophenyl)—

2-phenyloxazole (both of which give mainly para-isomers).

These latter compounds highlight the problem in the analogy

approach in that, on paper, one would expect similar isomer

ratios for all these compounds.

2.5.2. Nitration in nitric acid

When 2,5-diphenyl-l,3,4-oxadiazole is nitrated in fuming

nitric acid alone the results obtained are very different from

those in sulphuric acid. If the results for the second nitration

(tables 2-4) are compared with those inferred for the first

nitration (table 5), the para-:meta-:ortho- ratios in each

nitration stage are seen to be of approximately the same order,

which suggests that it is the same species which is being

nitrated in both cases or more strictly it is a combination of

orientation effects in each case which add up to give the same

substitution pattern for each stage. The amount of para-/ortho-
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nitration suggests that the nitration could be taking place on the

free base to some extent ( e.g. the nitration of 4-nitrobiphcnyl,

in fuming nitric acid, gives 63% 4,4' - dinitrobiphenyl and

37% 2,4' - dinitrobiphenyl ^). . If the oxadiazole ring is not

protonated under these conditions then the first and second

nitration stages might be expected to give similar isomer ratios

(since the first nitro-group evidently has little effect on the

position of substitution of the second). If the oxadiazole ring

is protonated then it is likely that nitration is taking place on

the phenyl ring remote from the site of protonation.

2.5.3. Nitration in tetramethylene sulphone

Nitration of 2,5-diphenyl-l, 3,4-oxadiazole in a non-acidic

medium (sulpholane) using nitronium tetrafluoroborate gives

overall results very similar to the overall results of the

nitration in sulphuric acid except that there is an enhancement

of the ajmount of 2,5-bis(o-nitrophenyl)-l, 3,4-oxadiazole with

nitronium tetrafluoroborate. In the second step however, there

is no enhancement of meta-nitration. This takes place in the first

step so the first step in nitronium tetrafluoroborate is similar

to the second step in sulphuric acid.

As the reaction is carried out in almost an aprotic medium

an explanation for these results can be given if it is assumed that

nitronium tetrafluoroborate quaternises one heterocyclic nitrogen

atom. An analogy can be made here with the N-nitro-4-phenylpyridinium

ion The N-nitro-oxadiazolium ion could then undergo

intramolecular transfer to the ortho-position of the nearest phenyl
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ring which would account for the increase in ortho-

substitution (scheme l6A, facing page 40). The N-nitro-

oxadiazolium ion, postulated, should also act in the same

way as the N-protonated compound although it appears that

in the first stage (with nitronium tetrafluoroborate)

nitration takes place on the phenyl ring adjacent to the 'positive

pole'.

In the second stage of the nitration of (23) with nitronium

tetrafluoroborate the influence of the nitroniuin ion (if it is

still attached to the heterocyclic nitrogen atom) is less

(although there is still an ortho-effect) and the nitration

proceeds similarly to the second step nitration of (23) in fuming

nitric acid. i.e. possibly through the unquaternised molecule.

It is worth noting that acetyl nitrate (prepared by mixing

70% nitric acid with acetic anhydride) had little effect on (23),

a small amount of 2--(j3-nitrophenyl)~5-phenyl-l, 3,4-oxadiazole

being produced.

Any conclusions to be drawn from the preceding argument must

be tentative. We suggest that 2,5-diphenyl-l,3,4-oxjtdiazole is

nitrated as the conjugate acid in mixed acid, that, in fuming nitric

acid, (23) .is nitrated either as the free base or as both the

free base and conjugate acid, and in a non-acidic medium nitration

takes place through a quaternised heterocyclic nitrogen atom.

There are, however, probably several other factors involved in

each nitration which produce the unusual results. For example, it

may not be the nitronium ion which is the effective nitrating
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species in each case. In the nitrations with nitronium

tetrafluoroborate it could be that a N-nitronium species nitrates

another molecule intermolecularly.

Much more work needs to be done on the nitration of

2,5-diphenyl-l,3,4-oxadiazole, especially accurate kinetic

experiments which should now be possible using the h.p.l.c.

system.

2.5.4 Nitration of 2,5-diphenyloxazoles

When 5-(p-nitrophenyl) - and 5-(m-nitrophenyl)-

2-phenyloxazo"le were nitrated with both fuming nitric acid alone

and with fuming nitric acid in concentrated sulphuric acid, the

isomer ratios of dinitro compounds were found to be very similar

for the two different acids. Similarly, 2-(]>-nitrophenyl)-5-

phenyloxazole gave the same product in both acids namely 2,5-bis-

(p-nitrophenyl)oxazole. These results suggest that, with the above

starting materials, the same species is involved in the nitration

in each acid medium. Since the heterocyclic nitrogen atom is

more basic than a corresponding oxadiazole nitrogen atom we

suggest that it must be protonated in concentrated sulphuric

acid. If this is the case then 5-(p-nitrophenyl)- and 5-

(m-nitrophenyl)-2-phenyloxazole are probably nitrated as their

conjugate acids and give very different isomer ratios to the

corresponding second nitrations of 2-nitrophenyl-5-phenyl-l,3,4-

oxadiazoles.

The biaryl-like behaviour of the 5-phenyl ring towards

nitration suggests that the effect of the 'positive polef at
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the oxasole nitrogen atom is not transmitted through to the

5-phenyl ring.

The results of the nitrations of 2}5-diphenyloxazole

derivatives again highlight the problem of using the analogy

approach to explain the nitration of 2, 5-diphenyl-l,3^4-

oxadiazole.
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CHAPTER 3

BROMINATION : RESULTS AND DISCUSSION

3•1 Bromlnatlon of 2,5- diaryl - 1,3,4 - oxadiazoles

There are no reports in the literature on the bromination

of 2,5-diphenyl - 1,3,4 - oxadiazole or 2,2* - ja - phenyl enebis-

(5-phenyl-1,3,4 - oxadiazole) at the phenyl or phenylene rings.

As mentioned previously (section 1 ), however, I.C.I. Fibres

Division have patented methods for the bromination of

polyphenylene - 1,3,4 - oxadiazoles. The position of bromination

is not known and only the bromine content is quoted.

At the beginning of this project the reactivity (or lack of

reactivity) of these oxadiazoles was not fully appreciated and

attempts were made to brominate 2,5 - diphenyl - 1,3,4 -

oxadiazole using liquid bromine in a variety of solvents

(chloroform, acetic acid, trifluoroacetic acid, concentrated

sulphuric acid) but in each case the starting material was

recovered unchanged. Polyoxadiazoles have been brominated,

by I.C.I., by dropping liquid bromine into a solution of the

polymer in oleum at room temperature followed by a period at a

2
higher temperature . Our small molecules, however, are prone to

sulphonation under these conditions, thus rendering water soluble

products which were not isolated. The polymer is probably not

sulphonated, in oleum, because the terminal phenyl rings will be

carboxyl - substituted.
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A successful bromination method was obtained by adding a

solution of the oxadiazole in concentrated sulphuric acid to a

mixture of liquid bromine and oleum at 90°C. Several compounds

were brominated by this method.

A white crystalline material (which analysed approximately as

C14H2N20Br8) was Stained from the product of 2,5-diphenyl-
1,3,4 - oxadiazole (1 mole) with bromine (2 mole = 4 equivalents:

cf. p.50). 3 There is evidence from the mass spectrum of a

pentabromobenzoyl species (C^Br^CO+) and therefore it must be
assumed that under these bromination conditions the

diphenyloxadiazole will fully brominate if there is sufficient

bromine present.

The discovery that 2,5-diphenyl - 1,3,4 - oxadiazole can be

brominated fully in both phenyl rings led us to look for a

simpler system. We thought that if one phenyl ring was

substituted with a p-nitro group this should deactivate that ring

towards bromination. The bromination of 2-(p-nitrophenyl)-

5-phenyl - 1,3,4- oxadiazole (31), with 4 mole equivalents of

bromine in 25% oleum, was investigated. A. mass spectrum of the

product showed that one or more tetrabromo compounds

(01411^3031^4) were present in the mixture but that the major

products were dibromo compounds (Ci4ll7N303Br2)- Mono - and

tribromo derivatives were also detected.

The total product of this reaction was hydrolysed by the

method mentioned in sections 1.4 and 4-13- The mass spectrum of

the hydrolysis product showed a peak corresponding to p-nitro-

benzoic acid and there was no evidence of any brominated

p-nitrobenzoic acids. This appears to bear out our theory that
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the nitro-substituted ring should be resistant towards

electrophilic bromination.

The next step was to try to simplify the reaction further

by brominating 2-(p-bromophenyl)-5-(£-nitrophenyl) - 1,3,4 -

oxadiazole with 2 mole equivalents of bromine. The same type of

product mixture was obtained as before, however, although now

at least, we knew where one of the bromine atoms was in the di-,

tri- and tetrabromo-compounds. The analysis of the product

showed that there was an average bromine content of between

3 and 4 atoms per molecule(the theoretical content would be

5" atoms per molecule) .

Attempts to brominate these oxadiazoles using less bromine

(1 mole equivalent) failed. The products obtained were water

soluble and it was assumed that sulphonation had taken place.

Having seen that the above bromination experiments give

complicated products we decided to investigate the bromination

of 1,2" ~2-phenylenebis-(5-£-nifrophenyl-l,3,4 - oxadiazole)

with bromine (4 mole equivalents). The product of this reaction

when analysed, was shown to contain between three and four

bromine atoms per moleciile. The products, however, were too

involatile to give a mass spectrum and were resistant to

hydrolysis in 50% hydrochloric acid because of lack of

solubility of the brominated oxadiazole in 50% hydrochloric

acid. If it is assumed that 2,2' -j3-phenylenebis-(5~j>-nitrophenyl-

1,3,4-oxadiazole) completely brominates in the p-phenylene ring,

as the preceding results would suggest, then if this is
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extended to the polymer situation, one would expect the polymer

to take up as much bromine as could be incorporated in the

phenylene rings given that enough time was allowed for the

reaction.

3.2 Analysis of bromination products

Brominated 2,5-diaryl - 1,3,4-oxadiazoles could not be

separated by h.p.l.c. However, it has previously been mentioned

(3-1) that the brominated products from 2,5-diaryl-l,3,4-oxadiazoles

can be hydrolysed to the corresponding benzoic acids using 50%

hydrochloric acid. These benzoic acids are very easily esterified

and the resulting esters could be examined using gas-liquid

chromatography. A suitable column for these compounds was found

(by I.C.I.) to be 5%> XE 60 silicone gum on Diatomite MQ 70/80.

With g.l.c., however, it was necessary to have a temperature

programme facility to be able to elute the higher molecular weight

compounds from the column.

A better method of separating the esters was found by using

a reverse phase column in the h.p.l.c. system. A solvent

composition of 50% acetonitrile and 50% water flowing through the

reverse phase column gave very good separation of several brominated

benzoic acid and terephthalic acid methyl esters. These authentic

compounds were obtained either from I.C.I, or were synthesised by

well known literature methods. One synthetic route of note is

the Beech reaction ^ (section 4.14) which involves the

conversion of an aniline to the aldehyde. For example, the

diazonium salt of 2,4-dibromoaniline reacted, with 10%

formaldoxime solution to give a complex which on addition of
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hydrochloric acid liberates 2,4-dibromobenzaldehyde. The

aldehyde is easily oxidised to the acid with alkaline

permanganate.

The bromination product from 2-(p-nitrophenyl)- 5-phenyl-

1,3,4 - oxadiazole was hydrolysed and the mixture of benzoic

acids converted into their methyl esters. The esterified

product was chromatographed (using h.p.l.c.) and the main

compounds of the mixture were identified as methyl o-,m- and

jo- bromobenzoate, methyl 2,5-dibromo-, 3,4-dibromo- and

3,5-dibromobenzoate, methyl 3,4,5-tribromobenzoate, and methyl

£-nitrobenzoate.

The esters identified from the bromination of 2-(p-bromophenyl)

-5-(£-nitrophenyl)-lJ3,4-oxadiazole were methyl _g-nitro-,

p-bromo-, and 3,4-dibromobenzoate. The liquid chromatograph

gave no indication of the presence of methyl o-bromo-,, m-bromo-,

2,5-dibromo-, or 3,5-dibromobenzoate.

These are only qualitative results due to the lack of

sufficiently pure standards to allow quantification to be made.

3.3 Interpretation of the results of the bromination

of 2,5-diaryl - 1,3,4 - oxadiazoles

As mentioned previously, there are no reports in the

literature on the bromination(at the phenyl rings) of 2,5-

diphenyl -1,3,4-oxadiazole). There have also been no rigorous

studies carried out of the brominations of other phenyl

heterocycles unlike the corresponding nitrations. Without any
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guides therefore, several assumptions have to be made in order

that some conclusions may be drawn from this work.

The experimental facts determined from the bromination

studies were that firstly, the phenyl rings can be completely

brominated provided a sufficient excess of bromine is supplied,

secondly, there is no bromination in a phenyl ring already

substituted in the para-position with a nitro-group, and

thirdly, bromination is apparently irreversible.

Two assumptions are now made. Firstly, the only comparison

we have for aromatic electrophilic substitution of these

arylated oxadiazoles in strong acid is our nitration study in

concentrated sulphuric acid. The electrophic species in that

case was the nitronium ion (NC>2+) and we assumed that 2,5-
diphenyl-1,3,4-oxadiazole was nitrated as its conjugate acid.

The assumption, for the brominations, is that the oxadiazoles

are brominated as their conjugate acids and that the brominating

species is the bromonium ion (Br+).
It has not been established, beyond doubt, that the

bromonium ion is present in oleum. Extensive work on iodine in
70

oleum has been carried out by Arotsky and his co-workers and
71

by Aynsley and his co-workers . They have established that the

cation present in 65% oleum is either the iodonium cation (I) or

the adduct of this with sulphur trioxide (ISO-'). Both sets of

workers are in favour of the iodonium ion rather than the adduct

with sulphur trioxide.
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Since the iodonium ion and sulphur trioxide are both extremely

powerful electrophiles it is unlikely that they will bond

strongly together. It is presumed, therefore, that in oleum the

bromonium ion is the brominating agent although the cation could

also be the bromonium ion - sulphur trioxide adduct (BrSO^)-
72

Work carried out by den Hertog and his co-workers , on

the bromination of pyridine in oleum, has shown that molecular

bromine (1 mole) in oleum provides 2 equivalents of bromine for

substitution. They found that pyridine (4 moles) with bromine

(1 mole) in oleum gave almost pure 3-bromopyridine (1.6-1.8 moles).

The first bromine atom (either as Br+ or BrSO„+) is presumably
o

formed in the usual way by ionisation of the bromine molecule.

The substitution of this in an aromatic nucleus produces a

molecule of hydrogen bromide which is then oxidised to give the

second bromine atom as a cation.

Den Hertog and his co-workers have also put forward a

theory that pyridine, in oleum, forms a'neutral7pyridine -

sulphur trioxide complex rather than a positive pyridinium ion.

The sulphur trioxide complex will be more reactive towards

bromine, the more so as the oleum probably contains a fair

amount of bromonium ions. Their evidence for two different

species in oleum and 90% sulphuric acid !,the latter presumably

protonating pyridine to form the pyridinium ion) is that further

bromination of 3-bromopyridine in oleum produces mainly 2,5-

dibromopyridine due to the influence of the original bromine

atom in the para- position whereas 3-bromopyridine in 90%
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sulphuric acid is further brominated to give mainly 3,5-

dibromopyridine (presumably due to the influence of the cation).

It is possible, therefore, that 2,5-diphenyl-l,3,4-oxadiazole

does not undergo bromination as its conjugate acid but as a

'neutral1 complex with sulphur trioxide or as a combination of

both.

The second assumption we make is that bromination. like

nitration, is not reversible. The kinetics of aromatic

bromination ^ scheme 17) indicate that the rate

determining step for this mechanism is step 1, the formation of

the charged intermediate. The second step is very fast

and therefore kinetically insignificant. One assumes,

therefore, that the second step does not favour reprotonation

of the halogen bearing aromatic carbon atom. Therefore, it is

unlikely, that in the bromination of 2- (ja-bromophenyl)-5-

(p-nitrophenyl)-l,3,4-oxadiazole, the bromine atom in the

para-position would be removed as the formation of the Q-complex

is not favourable. Further evidence for this is the lack of

any ortho-bromo- or meta-bromo-isomers in the product, whereas

the para-isomer is present.

The above assumptions form a basis for a similar argument,

Scheme 17
fast

,+
> Ar Hal + H
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for the bromination of 2-(_g-nitrophenyl)-5-phenyl-l, 3,4-

oxadiazole (31), to that put forward for the nitration of the

isomeric mononitro-compounds (section 2.5). In strong acid

protonation is presumed to take place on the heterocyclic

nitrogen atom further away from the nitrophenyl group i.e.

on the nitrogen atom adjacent to the 'reactive' phenyl group.

This means that the predominant substitution of the first

bromine atom should be meta to the heterocycle. Most of the

benzoic acids
, identified in the hydrolysis product, contained

a meta-substituted bromine atom but this does not necessarily

mean that the first bromination takes place at the meta-position

The position of the second substitution by bromine can

be fairly easily explained. The protonated heterocyclic

group will still direct further substitution to the vacant

meta-position which would account for a 3,5-dibromo-isomer.

The other dibroino-isomers are explained by the ortho/para

directing effect of the first bromine atom which could mean that

the heterocyclic nitrogen atom is complexed with sulphur trioxide

and is not protonated in this case.

In the absence of quantitative results these bromination

results can not be expanded upon further. The bromination of

2,5-diaryl-l,3,4-oxadiazoles is obviously a more complicated

case than the corresponding nitration due to the multi-
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substitution possible in each phenyl ring (cf. mono-nitration

in each phenyl ring). It appears that to brominate 2,5-diaryl-

1,3,4 - oxadiazoles very strong conditions are needed to start

the reaction off but once started the only limitations on the

amount of bromination are the amotmt of bromine used and the

number of available sites for bromination.
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CHAPTER 4

EXPERIMENTAL

4.1 Materials and apparatus

Melting points were determined in open capillaries and

are uncorrected. Ultraviolet spectra were recorded on a

Pye Unicam SP 800 spectrometer with cells of 1 cm path length.

Infrared spectra were recorded for nujol mulls on a Perkin-

Elmer 257 Grating Spectrophotometer. Proton n.m.r. spectra

were recorded at 60 MHz on a Varian EM 360 spectrometer and at

100 MHz on a Varian HA 100 spectrometer for 10% solutions with

tetramethylsilane as internal reference except for spectra in

D^SO^ where sodium 3-(trimethylsilyl)propanesulphonate was
used. Carbon-13 n.m.r. spectra were recorded on a Varian CFT 20

spectrometer. Mass spectra were obtained on an AEI MS-902

spectrometer operating at 70 eV with a source temperature of

200°C. Samples were introduced by means of a direct insertion

probe.

Liquid chromatographs were recorded with a Pye Unicam LC3

system using an ultraviolet spectrophotometric detector and a

chart recorder. Normal phase chromatography used a Reeve Angel

Partisil 10 pm silica column (25 cm x 4-6 mm internal

diameter) and a solvent system of 1,4-dioxan (Fisons SLR grade,

dried over calcium hydride and redistilled) and n-hexane

(redistilled). Reverse phase chromatography used a Reeve Angel

Partisil - 0DS 10 pm column (25 cm x 4.6 mm) and a

solvent system of acetonitrile and water. The variable
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wavelength detector was generally set at 254 nm.

4.2 Determination of product ratios

The h.p.l.c. system, although essentially a qualitative

means of separation, can be converted into a quantitative method

by calibrating the system using standards. Pure samples of the

isomers of 2,5-bis(nitrophenyl)-l,3>4-oxadiazole were accurately

weighed out and dissolved in pure dioxan to give a standard solution.

A sample (l pi) of the solution was injected on. to the column.

The areas under the peaks on the chart were measured using a

fixed arm planimeter (the average of twenty measurements was

taken for each area). A Dupont curve resolver was also used to

measure peaks but this was found to be less accurate.

The "correction factor " for each compound was then

calculated as follows I'¬

ll^, mole fraction of X relative to compound (25)

_ no. of moles of compound X
no. of moles of compound (25)

Area under peak X
"Correction factor" for compound X = " ~ " /<•> r\

mx x Area under peak (25)

(Compound(25) was chosen as the reference peak because it

happened to be the largest peak on the chart).

This procedure was repeated four times with one standard

solution and four times with another standard solution, of

different composition, to check for reproducibility.

55



The "correction factors" obtained from each run agreed to

within 5%.

The total product from the nitration of 2,5-diphenyl-

1,3,4-oxadiazole in fuming nitric acid was then analysed

quantitatively. The area under each peak divided by the

appropriate "correction factor" gave the relative amounts of

each component.

4.3- Abbreviations

s , singlet

d , doublet

t , triplet

q > quartet

m , multiplet

br , broad

decomp, decomposition

d , specific gravity

DMSO , dimethyl sulphoxide

TFA , trifluoroacetic acid

DMF , dimethylf0rmamide

aq , aqueous

m.p. , melting point

b.p. , boiling point
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4-4 Synthesis of 2,5-diphenyl - 1,3,4 - oxadiazoles

73
4.4-1 1,2- Dibenzoylhydrazine

To a 11 flask, cooled to 0° , were added sodium hydroxide

(250 ml; 2.4M) and hydrazine sulphate (32.5 g; 0.25 mole)

with stirring. Benzoyl chloride (77-3 g; 0.55 mole) was added

dropwise to the stirred solution over a period of 45 minutes

and concurrently aq. sodium hydroxide (55 ml ; 10M) was added

dropwise. After stirring for 2 hours the solution was

saturated with carbon dioxide. The white solid was filtered

off and ground to a paste with 50% aq. acetone. This paste

was filtered and dried. 1,2-Dibenzoylhydrazine, recrystallised

from acetic acid, had mp 232-234° (lit7^ 234-238°); yield

42g (70$). V max (cm-1) 3210 (NH), l635(C=0).

4*4.2 2,5 - Diphenyl - 1,3,4 - oxadiazole ( 23 )

To thionyl chloride (150 ml) were added 1,2 -

dibenzoylhydrazine (20 g; 0.0833 mole) and pyridine (0.5 ml).

The mixture was refluxed for 1 hour after which the thionyl

chloride was removed in vacuo on a steam-bath. The residue,

recrystallised from petroleum (bp 60-80°) had mp 135-137°
(lit.12 138°); yield 14.4 g (78%). V max (cm 1) 7^ 960

(oxadiazole ring). Amax (dioxan) 282 nm, log £ max 4-395-

S(CDC1 7-4-7-6 (6H, m, aromatic), 8.0-8.2 (4H, m,

aromatic), m/e 75 222(M+, 4350, 166(14), 165 (43), 105 (85),

77(100), metastable 56.5 (105 —5*77, m = 56.47).
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4-4.3 1,2 - Bis-(p-bromobenzoyl)hydrazine
This was prepared as ill 4-4.1 from hydrazine sulphate

(1.17 g; 0.009 mole), sodium hydroxide (75 ml; 2M) and

p-bromobenzoyl chloride (4g; 0.018 mole). 1,2-Bis(]>-bromobenzoyl)-

hydrazine, recrystallised from acetic acid, had mp 300-310° (not

sharp, decomp; lit. 21 -^ 300°); yield 1.52g (42%). V max

(cm-1) 3200 (NH), 1605 (C-0).

4.4.4 2,5 - Bis~(p-bromophenyl) - 1,3.4 - oxadiazole

This was prepared as in 4.4-2 from bis—(p-bromobenzoyl)-

hydrazine (l g; 0.0025 mole). 2,5-Bis(j>-bromophenyl)-l,3,4-

oxadiazole, recrystallised from ethyl acetate, had m.p. 248

(lit. 21 249°; 29 249-250°) ; yield 0.6g (63%). V max (cm 1)
965 (oxadiazole ring). Amax (dioxan) 295 log £ max 4-56.

6(TFA) 7.77 - 8.17 (8H, 2x AA/BB/p-disubstituted benzene).
m4 380 (M+, 68%), 324(3), 243 (32), 183 (100), 164 (11),

155 (38), 104 (11), 88 (15), 76 (30), 75 (26), metastable 276.5

(380 —■> 324 , m * = 276.26).

4.4.5 1,2 - Bis-(p-nitrobenzoyl)hydrazine

(a) Hydrazine hydrate (0.54 g ; 0.011 mole) was dissolved in

pyridine (75 ml). To this stirred solution was added p-nitrobenzoyl

chloride (4-27 g ; 0.023 mole) in portions. The initial red

colouration changed through orange to yellow. The reaction

mixture was stirred for 4 hours at room temperature after which

time the pyridine was removed and the residue washed with

methanol and recrystallised from acetic acid/DMF. It had m.p.
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290-2920 (lit. 11 296-297°); yield 1.35 g (1950.

(b) To a stirred solution of hydrazine hydrate (l g ; 0.02 mole)

and anhydrous sodium carbonate (2.33 g ; 0.022 mole) in DMF

(50 ml) was added p-nitrobenzoyl chloride (8.0 g ; 0.044 mole)

with cooling. After 4 hours the suspension was added to water

(50 ml) and the precipitate filtered off. The crude product,

washed with methanol and recrystallised from acetic acid/hMF,

had m.p. 294 - 296°; yield 2.75 g (42%). V max (cm *) 3190 (NH),

1615 (C = 0), 1520 and 1345 (N02).

4.4-6 2,5 - Bis-(p-nitrophenyl) - 1,3,4 - oxadiazole (24)

This was prepared as in 4-4-2 from bis-(p-nitrobenzoyl) —■

hydrazine (2.5 g; O.OO76 mole). 2,5 - Bis—(jD-nitrophenyl)-

1,3,4-oxadiazole, recrystallised from dioxan, had m.p. 310 - 312°
(lit. 29 314-5 - 316.5°, 30 307 - 308°); yield 1.65 g (70%).

\? max (cm-1) 1520 and 1345 (N02), 960 (oxadiazole ring).
Amax (dioxan) 317 nm, log £ max 4-45- S(TFA) 8.5

(8H, br.s, aromatic), m/e 312 (M+ , 30%), 256(5), 210 (10),

164 (15), 150 (100), 120 (15), 104 (90), 76 (95), metastables

72 (312 —>150 and 150 —>104 , nT = 72.11), 96 ( 150 —>120,

m* = 96.0), 55-5 (104 ->76 , m* = 55-54)-

4-4-7 1,2 - Bis-(o-nitrobenzoyl)hydrazine

This was prepared as in 4-4-5(b) from hydrazine hydrate

(1 g ; 0.02 mole) and o-nitrobenzoyl chloride (8.0g ; 0.044 mole).

1,2 - Bis—(o-nitrobenzoyl) hydrazine, recrystallised from acetic
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acid/DMF, had m.p. 296 - 297° (decomp.) (lit. ^ 298°) ; yield

3.1 g (47%). V max (cm-1) 3150 (NH), 1620 (C=0) , 1520 and

1350 (NO2).

4.4.8 2,5 - Bis-(o-nitrophenyl) - 1,3.4 - oxadiazole (26)

This was prepared as in 4-4-2 from bis-(o-nitrobenzoyl)-

hydrazine (0.9 g ; 0.0027 mole). 2,5 - Bis-(o-nitrophenyl) -

1,3;4 - oxadiazole, recrystallised from ethanol/acetic acid,

had m p 192 - 1940 (lit. 2/1 195°) ; yield 0.5 g ( 59%). V max

(cm *) 1520 and 1340 (N02), 965 (oxadiazole ring). /Wax
(dioxan) 252 nm , log £ max = 4.22. §(TFA) 7-95

(8H , s , aromatic). ^e 150 (47%) , 134 (67) , 120 (10) ,

104 (100) , 76 (80) , metastable 55-5 ( 104 ->76 , m"~ = 55-54).

4.4.9 1,2 - Bis-(m - nitrobenzoyl) hydrazine

This was prepared as in 4-4.5(6) from hydrazine hydrate

(0.5 g 0.01 mole) and m-nitrobenzoyl chloride(4-08 g ;

0.022 mole). 1,2 - Bis(m-nitrobenzoyl) hydrazine, recrystallised

from acetic acid/DMF, had m.p. 240 - 242° (lit. 11 245°, ^ 242°)•
yield 1.3 g (40%). V max (cm"1) 3180 (NH), 1610 (C-0),

1520 and 1345 (N02).

4.4-10 2,5 - Bis-(m-nitrophenyl) - 1,3,4- oxadiazole (25)

This was prepared as in 4-4.2 from bis-(m-nitrobenzoyl)-

hydrazine (l.Og ; 0.003 mole). 2,5 - Bis-(m-nitrophenyl) - 1,3,4 -

oxadiazole recrystallised from acetic acid had m.p. 225 - 227°

(lit. 35 228-229°, 29 222-223°); yield 0.55g (58%). V max
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(cm ) 1515 and. 1350 (N0„) y70 (oxadiazole ring). A ^2 7 0 max

(dioxan) 267 run, log £ max 4.49. S(TFA) 8.00 (2H , t ,

J = 8Hz, 2 x 5 - H's) , 8.70 (4H, d , J = 8 Hz, 2 x 4,6 - H's) ,

9.20 (2H , s , 2 x 2 - H's). m4 312 (M+ , 44$), 256 (2) ,

210 (14) , 164 (8) , 150 (100), 104 (46), 76(52), metastables

72 (312 -> 150 and 150 ->104, m* = 72.11), 55-5 (104 —j> 76 ,

m* = 55.54).

4.4.11 l-(p-Nitrobenzoyl) hydrazine

To a solution of hydrazine hydrate (40g; 0.8 mole) in

ethanol (80 ml) was added ethyl ja-nitrobenzoate (52g ; 0.27 mole).

After refluxing for 1 hour the solution was cooled and the crude

product filtered off, dried and recrystallised from water to give

l-(]3-nitrobenzoyl)hydrazine, m.p. 209-210° (lit ^ 210°);
yield 42.lg (87%). V max (cm-1) 3310 (br , NH, NH2), 1620 (0=0),
1510 and .1350 (N02).

4.4.12 l-(m-Nitrobenzoyl)-2-(p-nitrobenzoyl)hydrazine

A mixture of jo-nitrobenzoylhydrazine (2.0g; 0.011 mole),

anhydrous sodium carbonate (I.17g ; 0.011,mole) and DMF (8 ml)

was stirred while a warm solution of m-nitrobenzoyl chloride

(2.05 g ; 0.011 mole) in xylene was added dropwise. An ice-bath

was used to keep the mixture below 100°. After 2 hours, water

(30 ml) was added to the reaction flask together with enough

hydrochloric acid to make the contents slightly acidic. The white

solid, filtered, washed with boiling water and recrystallised from
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acetic acid had m.p. 251-252° (lit. 11 250-251°); yield 1.6 g

(44%). ^max (cm-1) 3170 (br, NH) , 1605 (br, 0=0), 1520 and 1345

(no2).

4-4.13 2-(m-Nitrophenyl)-5-(p-nitrophenyl)-!,3,4-oxadiazole(28)

This was prepared as in 4-4.2 from l-(m-nitrobenzoyl)-

2-(ja-nitrobenzoyl)hydrazine (l.Og ; 0.003 mole). 2-(m-nitrophenyl)-

5-(p-nitrophenyl)-l,3,4-oxadiazole recrystallised from acetic acid

had m.p. 248-249° (lit. 11 251.5-252°); yield 0.54g (57%).

%tax (cm *) 1515 and 1345 (N02), 960 (oxadiazole ring). ^max
(dioxan) 259 nm , log £ max = 4-20. 6(TFA) 7-95

(lH , t , J = 8Hz, 5-H (2-Ph)) , 8.55 (4H, s, 5-Ph),
8.67 (2H , d , J=8Hz, 4,6-H's (2-Ph)) , 9-1 (1H , s,

2-H (2-Ph)) . m/e 312 (M+) , 210 , 164 , 150 (100$),
120 , 104 , 76 , metastables 96 (150 —>120 , m-x- = 96.0),

72 (312 —> 150 and 150 —> 104 , m* = 72.11) , 55-5 (104 > 76 ,

m* =55-54).

4- 4-14 l-(o-Nitrobenzoyl)-2--( p-nitrobenzoyl)hydrazine

This was prepared as in 4-4.12 from p-nitrobenzoylhydrazine

(2.0g ; 0.011 mole) and _o-nitrobenzoyl chloride (2.05g ; 0.011 mole).

l-(o-Nitrobenzoyl)-2-(p-nitrobenzoyl)hydrazine, recrystallised from

acetic acid, had m.p. 280-282°, yield 2.3g (63%). (Found: C,

50.7 ; H , 2.9 ; N , 17.0. c14h10n4°6 requires c , 50-9 1 H ,

3.05; N , 17.OJ&). V max (cm-1) 3190 (NH), 1640 (C=0), 1515 and

1345 (N02). 5(TFA) 7.9 (8H , s , aromatic). m/e 151 (63%) ,
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150 (100) , 135 (3) , 134 (13) , 121 (13) , 120 (16) , 104 (42) ,

76 (47) , metastables 97 (151 —^ 121 , nr* •= 96.96) , 96 ( 150 —^
120 , m*= 96.0), 72 (150 —> 104 , m* = 72.11).

4.4.15 2-(o-Nitrophenyl)-5-(p-nitrophenyl)-l,3,4-oxadiazole (29)

This was prepared as in 4-4-2 from l-(o-nitrobenzoyl)-2-

(_p-nitrobenzoyl)hydrazine. (1.0 g ; 0.003 mole). 2-(£-Nitrophenyl)-

5-(]>-nitrophenyl)-l,3,4- oxadiazole, recrystallised from ethanol/
acetic acid, had m.p. 220-222° (lit. 224-225°); yield 0.65 g

(69$). V max (cm ) 1510 and 1335 (N02), 960 (oxadiazole ring).
Xmax (dioxan) 294 nm , log £ max = 4-30. §(TFA) 8.05

(3H , br. s, aromatic), 8.3-8.6 (5H,m, aromatic ).

m/e 312 (M+ , 3%), 150 (74), 134 (89), 120 (16) , 104 (100) ,

76 (63) , metastables 96 (150 —>- 120 , m* — 96.0) , 80.7

(134 -> 104 , m* = 80.72) , 72 (312 —>• 150 and 150 —> 104 ,

m* = 72.11) , 55-5 (104 -> 76 , m* = 55.54).

4.4.16 l-(m-Nitrobenzoyl)hydrazine

This was prepared as in 4.4-H from ethyl m-nitrobenzoate

(13 g ; O.o67 mole). l-(m-Nitrobenzoyl)hydrazine, recrystallised from

water, had m.p. 150-152° (lit'7'7 152°) ; yield 10.4 g (86$).

Vmax (cm_1) 3280 (br, NH, NH2), 1630 (C = 0), 1525 and 1340

(no2).

4.4.17 l-(o-Nitrobenzoyl)-2-(m-nitrobenzoyl)hydrazine

This was prepared as in 4-4.12 from m-nitrobenzoylhydrazine

(2.0 g ; 0.011 mole) and o-nitrobenzoyl chloride (2.05 g ; 0.011
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mole). l-(o-Nitrobenzoyl)-2-(m-nitrobenzoyl)hydrazine,

recrystallised from ethanol/acetic acid., had m.p. 236-238° ,

yield I.76 g (48%). (Found : C , 50.6 ; H , 2.9 • N , 16.7.

C14H10N4°6 re(luires C, 50.9 ; H , 3.05 ; H , 17.0$).
Vmax (cm_1) 3150 (NH) , 1620 (C 0) , 1520 and 1340 (N02).
6(TFA) 7.7-8.1 (5H , m , aromatic) ,8.25-8.7 (4H , m ,

aromatic and N - H ) , 8.9 (1H , br. s, aromatic). m/e 151

{61%) , 150 (100) , 134 (13), 121 (11), 104 (43), 76 (43),

metastables 97 (151 —->121 , riT = 96.96 ), 72 f 150 —> 104 ,

m-x- = 72.11).

4.4.18 2-(o-Nitrophenyl)-5-(m-nitrophenyl)-l,3,4-oxadiazole(30)

This was prepared as in 4-4.2 from l-(o-nitrobenzoyl)-2-

(m-nitrobenzoyl)hydrazine (l.O g ; 0.003 mole).

2-(o-nitrophenyl)-5-(m-nitrophenyl)-l,3,4-oxadiazole,

recrystallised from ethanol/acetic acid, had m.p. 166-168°,
yield 0.48g (51%). (Found : C, 53-6; H , 2.5 ; N , 18.0.

C14H8N4°5 re!ui-res 0 , 53.8 ; H , 2.6 : N , 17.9$). ^ max
(cm ■*") 1525 and 1345 (N09) , 960 (oxadiazole ring). Xmax
(dioxan) 256 nm , log £ ma-x 4.34- §(TFA) 7.8 - 8.1

(5H , s superimposed on t , 2 - Ph H's and 5—H (5-Ph) ),

8.55 - 8.7 (2H , d , 4,6-H's (5-Ph) ) , 9-1 (1H , s , 2-H (5-Ph) ).

m/e 312 (M+ , 1.5$) , 150 (85) , 134 (97) , 104 (100) , 76 (79) ,

metastables 80.7 (134 —> 104 , m* - 80.72) , 72 ( 312 —> 150

and 150 -> 104 , m* - 72.11) , 55-5 (104 —>76 , m* = 55-54).
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4-4-19 l-Benzoyl-2-(p-nitrobenzoyl)hydrazine

This was prepared as in 4-4-12 from

£-nitrobenzoylhydrazine (30g ; 0.165 mole) and benzoyl chloride

(23g ; 0.165 mole). l-Benzoyl-2-(p-nitrobenzoyl)hydrazine,
o 7S o

recrystallised from acetic acid, had m.p. 234-235 (lit 236 ) ;

yield 31-6g (67%). Mnax (cm 1) 3200 (NH) , 1610 (C = 0),

1510 and 1345 (N02).

4-4-20 2-(p-Nitrophenyl)-5-phenyl-l,3,4-oxadiazole(31)

This was prepared as in 4-4-2 from l-benzoyl-2-

(£-nitrobenzoyl)hydrazine (20.Og ; 0.07 mole). 2-(j>-Nitrophenyl)-

5-phenyl-l,3,4-oxadiazole, recrystallised from acetone, had m.p.

205-206° (lit. 206.5 - 208°); yield 13-6g (73%)- Vmax (cm *)
1505 and 1335 (N02)j 960 (oxadiazole ring). ^max (dioxan) 312 nm,

iog £ max =4-41- 5(TFA) 7-8 - 8.0 (3H , m , 3,4,5 - H's

(5-Ph)) , 8.25 - 8.45 (2H , m, 2,6-H's (5-Pb) ), 8.6 (4H , s , 2-

Ph H's ). m/e 267 (M+) , 165, 150, 120, 105 (100%), 104, 77, 76,

metastabl.es 96 (150 —>120 , m* = 96.0), 56.5 (105 —> 77, m*
- 56.47), 55-5 (104 —> 76 , m* = 55-54)-

4-4-21 l-Benzoyl-2-(m-nitrobenzoyl)hydrazine

This was prepared as in 4-4-12 from m-nitrobenzoylhydrazine

(4g ; 0.022 mole) and benzoyl chloride (3-lg ; 0.022 mole).

l-Benzoyl-2-(m-nitrobenzoyl)hydrazine, recrystallised from ethanol/

acetic acid, had m.p. 220-222° (lit. ^ 216°) ; yield 2.5g (40%).

Vmax (cm" ) 3200 (NH) , 1640 (C = 0), 1525 and 1350 (N02).
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4.4.22 2-(m-Nitrophenyl)-5-phenyl-l, 3,4-oxadiazole(27)

This was prepared as in 4-4.? from l-benzoyl-2-

(m-nitrobenzoyl)hydrazine (lg ; 0.0035 mole). 2-(m-Nitrophenyl)~

5-phenyl-1,3,4 - oxadiazole, recrystallised from ethanol, had m.p.

151-152° (lit?1 147°) ; yield 0.65g (6950. V max (cm-1) 1515

and 1345 (N02), 960 (oxadiazole ring). Amax (dioxan) 276 nm,

log £ max = 4-40. 6(TFA) 7-75-8.4 (6H, m, 5-Ph H's and 5-H

(2-Ph) ) , 8.6 - 8.73 (2H, d, 4,6-H's (2-Ph) ), 9.1 (1H , s ,

2-H (2-Ph) ). m/e 267 (M+ , 19$) , 165 (27) , 150 (23) ,

105 (100) , 104 (31) , 77 (77) , 76 (46) , metastables 72

(150 -> 104, m* - 72.11) , 56.5 (105 77 , m* = 56.47).

4-4.23 l-Benzoyl-2-(o~nitrobenzoyl)hydrazine

This was prepared as in 4-4.12 from benzoylhydrazine

(4g • 0.03 mole ) and £-nitrobenzoyl chloride (5.56 g ; 0.03 mole).

l-Benzoyl-2-(o-nitrobenzoyl) hydrazine, recrystallised from

ethanol, had m.p. 214-216° (lit.79 212-213°); yield 4-8g (5750.

V max (cm-1) 3230 (NH), 1635 (C = 0) , 1520 and 1345 (N02).

4-4-24 2-(o-Nitrophenyl)-5-phenyl-1,3,4-oxadiazole(32)

This was prepared as in 4-4-2 from l-benzoyl-2-

(o-nitrobenzoyl)hydrazine (lg ; 0.0035 mole). 2-(c>-Nitrophenyl)-

5-phenyl-l,3,4-oxadiazole, recrystallised from aqueous ethanol, had

m.p. 119-121° (lit 52 121-122°) ; yield 0.68g (72$). Vmax

(cm-1) 1520 and 1350 (N02), 960 (oxadiazole ring). A ma;x; (dioxan)
258 nm , log £ max = 4-15 . 6(TFA) 7-7-7-95 (3H, m, 3,4,5-H's
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(5-Ph) ) , 8.O-8.5 (6H, m, 2,6-H's (5-Ph) and 2-Ph H's).

m4 267 (M+, 2%), 150(8), 134 (24), 105 (100), 104 (24),

77 (56), 76 (24), metastables 80.7 (134 —> 104, m* = 80.72) ,

72 (150 104, m* - 72.11), 56.5 (105 —>71, m* = 56.47).

4.4.25 l-(p-Bromobenzoyl)-2-(p-nitrobenzoyl)hydrazlne

This was prepared as in 4-4.12 from p-nitrobenzoylhydrazine

(9.05 g ; 0.05 mole) and ^-bromobenzoyl chloride (I0.98g ; 0.05

mole). 1-(p-Bromobenzoyl)-2-(p-nitrobenzoyl)hydrazine,

recrystallised from DMF, had m.p. 292-294°, yield 11.4 g (63%).

(Found : C , 46.0 ; H , 2.7 ; N , 11.6. C^H^BrN^O^ requires
C, 46.2 ; H , 2.8 ; N , 11.556). Mnax (cm"1) 3200 (NH) , 1610

(C = 0) , 1520 and 1345 (N02).

4.4.26 2-( p-Bromophenyl)-5-( p-n.itrophenyl)-l, 3,4-oxadiazole

This was prepared as in 4.4.2 from l-(_g-bromobenzoyl)-

2-(]>-nitrobenzoyl)hydrazine (lOg ; 0.027 mole). 2-(p-Bromophenyl) -

5-(p-nitrophenyl)-!,3.4 - oxadiazole, recrystallised from DMF,

had m.p. 240 - 242°, yield 6.3g (66%). (Found : C, 48.8 ;

H , 2.3 ; N , 12.4. C^HgBrN^O^ requires C, 48.6 ; H , 2.3 ;
N , 12.1%). V max (cm 1) 1520 and 1340 lN09) , 960 (oxadiazole

ring). X max (dioxan) 314 nm, log £ max = 4.25. S(TFA)
7.8 - 8.2 (4H , m , 2-Ph H's ) , 8.5 (4H , s , 5 - Ph H's ).

345 (M+ , 20%), 183 (100), 155 (35) , 150 (50) , 104 (52),

76 (67) , metastables 133 (185 —> 157 , m* = 133-24),

131 (183 -> 155 , m* = 131.28), 98.5 (347 —> 185 , m* = 98.63),
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97.2 ( 345 -> 183 , m* - 97.07 ) , 72 (150 —> 104 ,

m* = 72.11) , 55.5 (104 -> 76 , m* - 55-54).

4-5 Nitration of 2,5 - diphenyl - 1, 3, 4 - oxadiazoles

(a) with nitric acid (d 1,5 )

2,5 - Diphenyl - 1,3,4 - oxadiazole (2.0g ; 0.009 mole) was

added to nitric acid (d 1.5 , 25 ml) at 0°, with stirring.

The addition caused the internal temperature to rise to 20°C.
After stirring for 2 hours the reaction mixture was poured on to

crushed ice, the solid material filtered off, washed with

saturated sodium bicarbonate solution (until neutral), then with
o

water and dried in an oven at 100 C. The yield was quantitative

for bis(nitrophenyl) - 1,3,4-oxadiazole (2.8 g ; 0.009 mole).

The total product was dissolved in dioxan and a sample of this

solution chromatographed using the h.p.l.c. system with a

solvent composition of 15% dioxan/85% hexane. The dioxan was

then removed on a rotary evaporator and the solid product boiled

with acetic acid (20ml) (method of Grekov and Azen^ ). A small

amount of the solid (0.36g ; 13%) was insoluble in acetic acid and

this residue on further purification from dioxan gave 2,5-bis-

(]3-nitrophenyl)-l, 3,4 - oxadiazole (0.25g : 8%), m.p. 304 - 306°.
This compound was shown to be pure by chromatography. The acetic

acid solution, when cooled, gave a precipitate which was found

to contain all six dinitro isomers by h.p.l.c. Further

recrystallisations failed to separate these isomers which is
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contrary to the results reported by Grekov and Azen.

(b) with nitric acid (d 1.5) and sulphuric acid (d I.84)

2,5 - Diphenyl - 1,3,4 - oxadiazole (2.0 g ; 0.009 mole) was

dissolved in sulphuric acid (d I.84 , 5ml) at 0°, with stirring.

To this solution was added nitric acid (d 1.5, 1.8 ml). After

3 hours, the mixture was poured on to crushed ice, the precipitate

filtered off, washed (until neutral) with saturated sodium bicarbonate

solution and then with water and dried in an oven at 100°C.

The yield was quantitative for bis(nitrophenyl)-l,3,4-oxadiazole

(2.8g ; 0.009 mole). The product was chromatographed as in

(a) above. There was no evidence for the presence of mononitro

compounds from the chromatograph, nor were we able to isolate

2,5-b.is(m-nitrophenyl)-l, 3,4 - oxadiazole as described by the

Russian workers.

The same method was used for the nitration of 2,5-diphenyl-

1,3,4- oxadiazole with nitric acid (d 1.5) in 2% oleum.

(c) with nitronium tetrafluoroborate

2,5-Diphenyl - 1,3,4-oxadiazole (1 g ; 0.0045 mole) was

added slowly to a stirred suspension of nitronium tetrafluoroborate

(3.0 g ; 0.0225 mole) in dry,redistilled sulpholane (tetramethylene

sulphone) (10 ml) at 30°C. The reaction was then stirred at

100°C for 2 hours, after which time, the mixture was poured into

water and the product filtered off, washed with water and dried.
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The yield was almost quantitative for bis(nitrophenyl)-l,3,4-

oxadiazole (1.37g ; 0.0044 mole, 98%). The product was

chromatographed as in (a) above.

The following compounds were also nitrated by methods

(a.), (b) and (c) : 2-(j>-nitroph.enyl)-5-phenyl-; 2-(m-nitrophenyl)-

5-phenyl - and 2-(o-nitrophenyl)-5-phenyl - 1,3,4 - oxadiazole.

The products were chromatographed as before.

4.6. Semi-kinetic study of the nitration of

2,5-diphenyl-l,3,4-oxadiazole with nitric acid (d 1.5)

This study was carried out using the method in 4-5 (a).

At selected intervals (0.5 - 40 minutes) an aliquot (2 ml) of the

reaction mixture was taken out of the flask and poured on to

crushed ice to stop the reaction. These samples were worked up

and chromatographed as described previously. Various plots of

isomer proportions against time are shown in figures 1-3-

4.7 Measurement of the basicity of 2,5-diphenyl-

1,3,4- oxadiazoles

4.7-1 Determination of basicity

The approximate basicities of 2,5-diphenyl-, (23),

2-(j>-nitrophenyl)-5-phenyl~, (31), and 2-(o-nitrophenyl)-5~phenyl-

1,3,4-oxadiazole (32) were deterermined using a spectroscopic

a 80method.

The pK of a base ( i.e. the negative logarithm of the
Si

dissociation constant, K, of the protonated base) is represented
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by the relationship : pKa pH + log
£ - £

M

_£l - £
where £T

is the extinction coefficient of the protonated base (ion) at the

analytical wavelength, £Vj is the extinction coefficient of the
base (molecule) at the same wavelength, and £ is the extinction

coefficient of the mixture of ion and molecule at the same

wavelength. £ changes with the pH, which must be varied to solve

the equation at various degrees of ionization. When the base is

weak, as in the case of 2,5-diphenyl - 1,3,4- oxadiazole, strong

acid is required to protonate the basic centre. In this case

the pH term in the above equation is replaced by the Hammett

acidity function, Hq. The extinction coefficient, £, is
related to the optical density of the species, d, by the equation

d = £cl. If c, the concentration of the species, and 1, the

path length of the cell, are kept constant then the extinction

coefficient can be replaced by optical density and the pK
"~d - d.

equation becomes : pK = H + log
3. O

M

& - d

The spectoscopic method, therefore, involves the

determination of the relative amounts of free base and ionised

species when the base is dissolved in a series of solutions of

accurately known acid strengths (Hq's).
Ultraviolet spectra of the three oxadiazoles, (23), (31) and

(32), under investigation,were recorded on a Unicam SP 800

spectrophotometer using cells of 1 cm path length. For each

compound, the spectra in dioxan and acetic acid were found to be

71



identical and the spectrum in sulphuric acid (d I.84) was found

to be different. The greatest difference in optical density

between the two sets of spectra was found to occur at 300nm

and this wavelength was taken, therefore, as the analytical wave¬

length.
8l

Hall and Spengeman have determined Hq values for mixtures
of sulphuric acid and glacial acetic acid where the Hq values lie
between 0 and -6. Using their data, series of solutions of the

oxadiazoles in sulphuric acid/acetic acid were prepared such that

the concentration of oxadiazole was kept constant and the Hq
value of each solution was known.

The results of these determinations are presented in

graphical form (figures 5-7) as plots of optical density against

Hq. The pK& of the base is taken to be the Hq at half protonation
with this graphical approach (the Hq value halfway between the
horizontal portions of the curve). The results, with two values

for each compound corresponding to the first and second 'steps',

are set out below :

2,5-Diphenyl - 1,3,4-oxadiazole -1.20,-2.45
2-(o-N.itrophenyl)-5-phenyl-l, 3,4-oxadiazole -1. 70,-2.50
2- (£-N-itrophenyl) -5-phenyl-1,3,4-oxadiazole -1.80,-2.45

4.7-2 Comment on the basicity results

As can be seen from the curves, as the acid strength of

the solution increases,the optical density of the solution
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FIGURE5pKaDeterminationof2,5-Dipheny!-1,3,4-oxadiazole



FIGURE6pKaDeterminationof2-o-Nitrophenyl-5-phenyl-1,3,4-oxadiazole



FIGURE7pKaDeterminationof2-p-NitrophenyI-5-phenyl-1,3,4-oxadiazole



increases in a stepwise fashion. Each 1 step1 must correspond

to a change in the species present and so the protonation of

2,5-diphenyl-l,3,4-oxadiazoles, in acetic acid/ sulphuric acid,

either involves an intermediate and ultimately forms a mono-

protonated compound, or the first 'step1 is the formation of a

mono-protonated compound and the second 'step1 is the formation

of a di-protonated compound as stated by the Russian workers,
39

Sokolenko, Suchilina and Drupp.

The interpretation of these results is obviously not straight¬

forward because one would expect the molecule to protonate only once

at a heterocyclic nitrogen atom. If the heterocyclic ring was

protonated on both nitrogen atoms the two stages of protonation

would be expected to occur at least 6 Hq units apart (cf. the
diazines), and if the oxygen atom was protonated along with one

nitrogen atom one would similarly expect the two pK values3.

to be more than the observed 0.65 - 1.25 units apart.

The Russian workers quote two values (-0.28.and -0.32)

for the pK of 2,5-diphenyl - 1,3,4-oxadiazole, measured by
Si

potentiometric titration using the pH scale for acidity.

It is very unlikely that these two pK 1 s correspond toct

diprotonation at the heterocyclic nitrogens.

We have two theories to put forward. The first is that,

initially acetic acid is added across the carbon-nitrogen

double bond (scheme 18). The acetate anion is then eliminated

(by protonation at the carbonyl oxygen atom) in the second 'step'
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to give a protonated 1,3,4-oxadiazole ring. The second theory is

that the first 'step' on the curve corresponds to the genuine

}{ II
N N ') jO-C—CH3

Ph I' 1

H H+

O
-Ph

h+/ch3cooh

1" Q f
N N:-, lh-^

_ || lt/Ov-CCH3
> Ph-1^ 3° Ph

Scheme 18

V
H+

H

N N+

Ph-i. jLph

protonation of a heterocyclic nitrogen atom (scheme 19)- We

propose that the second 1 step1 could correspond to a second

protonationjOn carbon (as in structure 54) or to proton transfer

from nitrogen to carbon (perhaps as shown in structure 55).

H+

H

Scheme 19
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These theories cannot be substantiated without further

evidence e.g. protonation on carbon could be investigated by-

looking for hydrogen-deuterium exchange in the C-13 spectrum.

Although our results are difficult to interpret, there

are two facts that stand out. Firstly, the introduction of a

nitro group into the 2,5-diphenyl-l,3,4-oxadiazole molecule

causes a negative shift in the Hq value of the first 1 step'.
It is known (table 8) that the introduction of a nitro group

weakens the basicity of 2-phenyl- and 4-phenylpyridine which

is evidence to suggest that our first ''step' is the genuine

protonation of an oxadiazole nitrogen atom. Secondly, for all

three compounds studied, there are no changes in the ultraviolet

spectra for Hq values -4 (the Hq value for concentrated
nitric acid). This suggests that, in solutions of higher acid

strength than concentrated nitric acid, all three molecules

would be fully protonated.

It must be pointed out that our results differ from those

of Sokolenko and co-workers by more than 1 unit. Their

determination of the pK of 2,5-diphenyl -1,3,4-oxadiazole was
ci

carried out by potentiometric titration in hydrochloric acid/acetic

acid mixtures using the pH scale for acid strength. The difference

between pH and Hq probably accounts for the discrepancy in the
two sets of results.

4.8 Methylation of 2,5- diaryl - 1,3,4 - oxadiazoles
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4.8.1 Methylation of 2,5 - diphenyl - 1,3,4 - oxadiazole

2,5 - Diphenyl - 1,3,4 - oxadiazole (lg ; 0.0045 mole)

was dissolved in dry, redistilled methylene chloride ( 25 ml).

Trimethyloxonium tetrafluoroborate (l.33g 0.009 mole) was

added rapidly (due to the hygroscopic nature of this material),
with stirring. A white precipitate formed gradually and after

6 hours this was filtered off, washed with dry methylene chloride

and dried under vacuum. The product, 3-methyl-2,5-diphenyl-l,3,4-

oxadiazolium tetrafluoroborate, recrystallised from butan-2-one,

had m.p. 208-210°; yield 1.43 g (0.0044 mole ; 98%). (Found : C,

55.4 ; H , 4.2 ; N , 8.6. C^H^BF^O requires C, 55-6 ;
H , 4.0 ; N , 8.6%). V max (cm *) 1040 (large broad peak,

BF~ ). 6(CD3CN) 4.3 (3H, s, CH3), 7.5 - 7.95 (6H, m, aromatic),
8.0 - 8.3 (4H, m, aromatic). m^e M+ absent, 222 (6.5%), 165

(16.5) , 105 (100) , 77 (67).

4.8.2 Methylation of 2-(p-nitrophenyl)-5-phenyl-l,3,4-oxadiazole

2 - (_g-nitrophenyl) -5-phenyl -1,3,4 - oxadiazole

(2.67 g ; 0.01 mole) was dissolved in dry, redistilled methylene

chloride (75 ml). Trimethyloxonium tetrafluoroborate (2.96 g ;

0.02 mole) was added rapidly, with stirring. A precipitate

formed gradually and after 18 hours this was filtered off and

recrystallised from butan-2-one to give 1.5 g of material (40%

based on the monomethyl adduct), m.p. 260-262° (decomp.).

(Found : C, 50.1 ; H , 3-3 N , 12.1. C^H^BF^N^O^ requires
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C, 48.8 ; H , 3-3 ; N , 11.4%). V max (cm 1) 1040 (BF^ ).
6(DMSO-d6) 3.2 (3H, s, CH3) , 7.2 - 8.4 (9H, m, aromatic).

This material was assumed to be 3-methyl - 2-jo-nitrophenyl -5-

phenyl - 1,3,4 - oxadiazolium tetrafluoroborate (further evidence

is presented in Al.2.2 , C-13 spectrum). No satisfactory

analysis was obtained due to contamination, presumably by

starting material.

4.8.3 Attempted methylation of 2,5-bis-(p-nitrophenyl)-
1,3,4 - oxadiazole

2,5-bis - (jg-nitrophenyl) - 1,3,4 - oxadiazole

(1.25 g ; 0.004 mole ) was dissolved with gentle warming, in

dry, redistilled methylene chloride (150 ml). Trimethyloxonium

tetrafluoroborate (1.2 g • 0.008 mole) was added rapidly with

stirring. After 24 hours the solution was allowed to cool and the

resulting precipitate was filtered off and washed with methylene

chloride. This solid was found to be unchanged starting material ;

yield 1.25 g ( section 4-4-6).

4.9 General preparation of substituted 2,5- diphenyloxazoles

(ref, scheme 16 )

The appropriate phenacylamine hydrochloride (0.01 mole)

(prepared, if necessary, from the phenacyl bromide and

hexamethylenetetramine followed by hydrolysis with aqueous

82
hydrochloric acid ) was dissolved in water (20 ml) at

approximately 5°G. This solution was treated with an excess of a
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benzoyl chloride and, immediately, with solid sodium

bicarbonate (5g, in portions). The solution was stirred and

allowed to warm to room temperature. When the effervescence had

ceased (1-2 hours) the mixture was diluted with water and

filtered. The product was recrystallised from a suitable solvent

(usually ethanol) and was obtained in 70-85% yield.

Note : m-nitrophenacylamine hydrochloride (step 1, scheme 16,

X = 3-NO2) is soluble in water and so the washing procedure,
described in the literature for the _g-nitro-isomer, was

omitted. The product was recrystallised from ethanol in

which ammonium chloride is only sparingly soluble.
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The following compounds were prepared by the above general

method :

COCH2NHOCv^\

4.9.1 X = H , Y = £ - N02 ; m.p. 190-192° (ethanol)
(lit. 54 197°). V max (cm-1) 3330 (NH), 1690 and 1640

(C = 0) , 1520 and 1340 (N02).

4.9.2 X — H , Y = m-N02 ; m.p. 145-146° (ethanol)
(lit. 54 151°). Vmax (cm"1) 3330 (NH) , 1685 and 1635

(C = 0) , 1515 and 1345 (NO,).

4-9-3 X — H , Y = o-N02 ; m.p. 122-124 (ethanol)
(lit.54 128°). V max (cm-1) 3320 (NH) , 1690 and 1650

(C = 0), 1510 and 1340 (N02).

4-9-4 x - £-N02 , Y — H ; m.p. 191-193° (DMF/ethanol)
(lit. 83 195-197.5°). VmaJ,
(C = 0) , 1510 and 1340 (NO,).

(lit. 83 195-197.5°). Vmax (cm 1) 3320 (NH) , 1710 and 1640
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4.9-5 X — ]>-N02 } Y — m - N02 ; m.p. 163-165° (ethanol/
acetic acid). (Found : C , 53-6 ; H , 3-7 ; N , 11.9.

C15HnN306 requires C , 54.7 ; H , 3.4 ; N , 12.8$.
C15H11N3°6* 2 CHgCOQH requires C , 53-5 ; H , 3.6 j
N , 11.7$ )• VrajUc (cm _1) 3300 (NH) , 1700 and

1635 (0=0), 1510 and 1340 (N02).

4.9.6 X = £-N02 , Y = o-N02 j m.p. 168-171° (ethanol).
(Found : C , 54-5 ; H , 3.4 N , 12.7.

C15H11N3°6 re9uires c J 54.7 ; H , 3.4 ; N , 12.8$ ).
V max (cm _1) 3300 (NH) , 1700 and 1655 (C = 0) ,

1520 and 1345 (N02).

4.9.7 X = Y = p - N02 ; m.p. 192-194° (acetone/water)
(lit. 83 194-196.5°). Vmax (cm-1) 3400 (NH) ,

1700 and 1650 (0=0) , 1510 and 1340 (N02).

4.9.8 X = m - N02 , Y = H ; m.p. 153-155° (ethanol).
(Found : 0 , 63.1 ; H , 4.1 ; N , 9.9. Ci5Hi2N?°4 reluires
C , 63.4 ; H , 4.2 ; N , 9.8$). Vmax (cm _1) 3390 (NH) ,

1700 and 1650 (0=0) , 1520 and 1345 (N0?).

4.9.9 X = m-N02 , Y = o-N02 ; m.p. 175-178° (.acetic acid).
(Found : C , 54-6 ; H , 3-4 ; N , 12.9. requires

C , 54.7 ; H , 3-4 j N , 12.8$). Vmax (cm _1) 3380 (NH) ,

1700 and 1650 (C = 0) , 1520 and 1345 (N02).
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4-9-10 X — Y = m-N02 ' m'P* 162-164° (ethanol/acetic acid).
(Found : C , 54.4 ; H , 3.3 ; N , 12.9. C15H11N3°6 re9uires
C , 54.7 ; H , 3.4 ; N , 12.8%). V (cm _1) 3330 (NH) ,

illcLX.

1700 and 1635 (C = 0) , 1510 and 1340 (N02).

4.9.11 X = m - N02 , Y = £ - N02 ; m.'p. 202-204° (acetic
acid). (Found : C , 54-7 J H , 3-3 ; N , 12.7.

ci5HilN3°6 re9uires c j 54-7 ; H , 3.4 ; N , 12.8$).
V

m V (cm _1) 3330 (NH) , 1690 and 1640 (C - 0) , 1515 and 1345ina,x

(N02).

Substituted 2,5 - diphenyloxazoles were obtained by heating

a suspension of the substituted N - phenacylbenzamide (2g) in

phosphorus oxychloride (10 ml) at 100° for 4 hours, after which

time the mixture was cooled and added to crushed ice. The

filtered solid, recrystallised from a suitable solvent, gave the

appropriate 2,5-diphenyloxazole in 70-90$ yield.
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4.9-12 X = Y ■= H (33) , commercial sample m.p. 70-72°.

4.9.13 X = H , Y = p - N02 (42 ); m.p. 202-204° (acetic acid)
(lit. 54 202-204°).

4.9.14 X = H , Y = m - N02 m.p. 142-145° (ethanol)
(lit. 54 149°).

4.9.15 X = H , Y — o - N02 ; m.p. 110-112° (methanol)
(lit. 54 118°).

4.9.16 X = £ - N02 , Y = H (34) ; m.p. 188-189° (ethanol)
(lit. 55 185°).

4.9.17 x = £ - N02 , Y — m - N02 (38) ; m.p. 264-265°
(DMF/acetic acid, 1:1) (lit. 84 254°). (Found : C , 57*6 ; H ,

2.9 ; N , 13.4. Calc. for : C , 57-9 ; H ,

2.9 J N , 13.5^).

4.9.18 X = £ - N02 , Y = o - N02 (39) ; m.p. 218-220°
(DMF/acetic acid , 1:2 ) (lit. 84 214°). (Found : C , 57*7 J

H , 2.7 ; N , 13.5. Calc. for : C, 57-9 ; H , 2.9 j

N , 13.5/).

4.9 -19 X — Y — £ -N02 (36) ; m.p. 228-230°( acetone)
(lit. 85 228-232°).

4.9.20 X = m - N02 , Y = H (35) ; m.p. 153-155° (ethanol/
acetic acid) (lit. 8^ 156-157°).
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4.9-21 X — m — NO2 , Y — 0-NO2 (41) j m.p. 187-189 (acetic
acid). (Found : C , 57-7 ; H , 2.7 ; N , 13-7. Gi5H9N3°5
requires C , 57-9 ; H , 2.9 ; N , 13-5$).

4.9.22 X = Y = m - NO2 (40) ; m.p. 238-239° (acetic acid)
(lit. 85 238°)

4.9.23 X = m - N02 , Y - £ - N02 (37) ; m.p. 253-254° (DMF/
acetic acid). (Found : C , 57-7 ; H , 3.0 ; N , 13-5.

C15H9N3O5 requires C , 57.9 ; H , 2.9 ; N , 13-5^).

All the above oxazoles gave a single peak when

chromatographed using the h.p.l.c. system with a solvent

composition of 7•5% dioxan/92.5% hexane.

4.10 Nitration of 2,5 - diphenyloxazoles

(a) with nitric acid (d 1.5 )

2,5 - diphenyloxazole (4.9-12) (l.Og ; 0.0045 mole) was

added to nitric acid (d 1.5, 10 ml) at 0° , with stirring.

After 2 hours the reaction mixture was poured on to crushed ice,

the solid material filtered off, washed with saturated sodium

bicarbonate solution (imtil neutral) and then with water, and

dried in an oven at 100°C. The yield was quantitative for

bis-(nitrophenyl)-oxazole(1.4g)• The total product was dissolved

in dioxan and a sample of this solution chromatographed using the

h.p.l.c system with a solvent composition of 7-5% dioxan/92.5%

hexane.
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Also nitrated by this method were 5-(]3-nitrophenyl)-2-

phenyl- , 5-(m_ni'troP^lenyl)_2-phenyl - and 2-(p-nitrophenyl)~5-

phenyloxazole.

(b) with nitric acidjd 1.5) method of Minovici^^
2,5 - Diphenyloxazole (5-0g) was added to nitric acid

(d 1.5, 20 ml) at 0° , with stirring. After 30 minutes the

reaction mixture was poured on to crushed ice and worked up as

above. The yield was quantitative for nitrophenyl-phenyloxazole

(6.Og). A sample was chromatographed as before.

(c) with nitric acid (d 1.5) and sulphuric acid (d 1.84)

5 - (ja-Nitrophenyl)-2-phenyloxazole (0.27 g 0.001 mole)

was dissolved in sulphuric acid (d 1.84 , 3 ml) at 0° , with

stirring. To this solution was added nitric acid (d 1.5, 0.25 g).

After 4 hours the mixture was poured on to crushed ice and worked

up in the usual manner, yield 0.31g (98%)' A sample of the

total product was chromatographed.

Also nitrated by this method were 5- (m-nitrophenyl)-2-

phenyl- , and 2-(p-nitrophenyl)-5-phenyloxazole.

(d) with nitronium tetrafluoroborate

5 - (]a-Nitrophenyl)~2-phenyloxazole (0.27g ; 0.001 mole)
was added to a suspension of nitronium tetrafluoroborate

(0.27g ; 0.002 mole) in sulpholane (5 inl) , at 30°C, with stirring.

The mixture was then heated to 90° and after 1 hour poured into

water. The filtered product was washed with water and dried.
A sample of the total product was chromatographed.
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5-(m-Nitrophenyl)-2-phenyloxazole was also nitrated by this

method. The further nitration of 2,5-bis-(jo-nitrophenyl)-oxazole

was attempted using nitronium tetrafluoroborate (2 mole equivalents).

2,5 - bis-(_p-nitrophenyl)-oxazole was recovered, unchanged.

4.11 Synthesis of 2,2' - p-phenylenebis-(5-phenyl- 1,3,4 -

oxadiazoles)

4.11.1 Benzene-1,4 - dicarboxylic acid bis-(2-benzoylhydrazide)

To a solution of 1-benzoylhydrazine (13.6g ; 0.1 mole) in

DMF (150 ml) were added anhydrous sodium carbonate (5-3g ; 0.05

mole) and terephthaloyl dichloride (10.15 g ; 0.05 mole), the

latter as a solution in warm xylene (15 ml). The reaction mixture

was stirred for 20 hours after which time the precipitate was

filtered off, washed with water and dried. Benzene -1,4-

dicarboxylic acid bis-(2-benzoylhydrazide), recrystallised from

acetic acid, had m.p. 325-326°, yield 14.3g (71%)- (Found : C ,

65.4 ; H , 4.4 ; N , 13-9. C22Hl8N4°4 re9uires c > 65.7 ;
H , 4-5 J N , 13.9$). V (cm-1) 3210 (NH) , l605 (C = 0).

Illct-X.

4.11.2 2,2' - p-Phenylenebis (5-phenyl-l.3.4-oxadiazole) (l6)

This was prepared as in 4-4-2 from benzene - 1,4-

dicarboxylic acid bis-(2-benzoylhydrazide) (8.1g ; 0.02 mole).

The period of reflux was extended to 8 hours to allow for the

low solubility of the hydrazide. 2,2' - £-Phenylenebis-(5-phenyl-

1,3,4 - oxadiazole), recrystallised from acetic acid, had m.p.

314-3160 (lit. 34 322°) j yield 4-4g (60$). V ;ax (cm J)
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960 (oxadiazole ring). 5(TFA.) 7-74- 7-90 (6ll, m, aromatic),

8.25 - 8.35 (4H , m, aromatic), 8.56 (4H, s, _£-phenylene- H's).
m/e 366 (M+ , 66%), 310 (3), 253 (12) , 252 (6) , 249 (41) ,

193 (23) , 192 (6) , 165 (23 ) , 164 (9) , 105 (100) , 77 (100) ,

metastables 263 (366 -—^*310 , m -» — 262.6) , I69.2

(366 —► 249 , m* = 169.4) , 141 (193 —> 165 , m* = 141.1) ,

56.5 (105-77, m* = 56.47).

4.11.3 Benzene - 1,4 - dicarboxylic acid bis - (2-p-
nitrobenzoylhydrazide)

This was prepared as in 4-11.1 from p-nitrobenzoylhydrazine

(,4.8g ; 0.027 mole) , terephthaloyl dichloride (2.7g i 0.0133 mole)

and anhydrous sodium carbonate (2.8g). Benzene-1,4-dicarboxylic

acid bis-(2-p-nitrobenzoylhydrazide), recrystallised from BMF,

had m.p. > 360° ; yield 2.75g (42%). (Found : C , 53-5 ;

H , 3.2 ; N , 17.2. C22Hi6N6°8 re(luires c } 53 .7 ;

H , 3.3 J N , 17.1$). v (cm _1) 3160 (NH) , 1605 (C = 0), •
IIlctA.

1500 and 1340 (N02).

4.11.4 2,l' -p-Phenylenebis(5-p-^itrophenyl-1,3,4-oxadiazole)

This was prepared as in 4.4-2 from benzene -1,4-

dicarboxylic acid bis-(2-p-nitrobenzoylhydrazide) (2g).

2,2' - p-Phenylenebis-(5-Jg-nitrophenyl -1, 3,4-oxadiazole),

recrystallised from nitrobenzene (redistilled), had m.p.

> 360° (lit. 37 405-406°). (Found : C , 57-7 ; H , 2.6 ;

N , 18.3. Calc. for : C , 57-9 ; H , 2,6 ;

N , 18.4$). 6(D2S0 ) 7.9 (12H , s , aromatic).
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4.11.5 Attempted preparation of benzene -1,4-dicarboxylic acid

bis-(2-p-methoxycarbonylbcnzoylhydrazide^

Terephthaloyl dihydrazide (2.5g ; 0.013 mole) was

dissolved in hexamethylphosphoramide (40 ml), under nitrogen,

by heating to l60°. The solution was cooled to 0° (the hydrazide

remained in solution) and p-methoxycarbonylbenzoyl chloride (5-l6g ;

0.026 mole) added with stirring. The mixture was left stirring

overnight and then poured into water (375 ml). The solid product

was filtered off, washed with water until the filtrate was

neutral and then with ethanol and dried in vacuo over sodium

hydroxide. The crude product (6.25g) could not be recrystallised

and was assumed to be polymeric material.

4.12 Brominations of 2,5-diaryl - 1,3,4-oxadiazoles and

2,2' -p-phenylenebis—(5-aryl-l,3,4-oxadiazoles)

4.12.1 275-Diphenyl - 1,3,4-oxadiazole treated with bromine
in chloroform, acetic acid, trifluoroacetic acid or sulphuric

acid (d 1.8-4) gave unchanged starting material on work-up.

4.12.2 Bromine (5-76g ; 0.036 mole) and iodine (catalytic amount)

were added to oleum (25% free S0^ ; 10 ml) and the mixture heated
to 90° with stirring. 2,5-Diphenyl -1,3,4-oxadiazole (2g ;

0.009 mole) was added carefully and the mixture stirred for

24 hours, after which time the solution was allowed to cool
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before it was carefully poured on to crushed ice. The white

precipitate obtained was washed with saturated sodium bicarbonate

solution until neutral and then washed with sodium metabisulphite

solution (to remove traces of bromine), and finally washed with

water and dried. The product obtained had m.p. 206-208° ;

yield 5-4 g (70%). (Found : C , 19-4 ; H , 0.2 ; N , 3-1.

C14H2Br8N2° reciuires C , 19.7 J H , 0.2 • H , 3.37?)- ^ max

(cm *) 970 (oxadiazole ring). e 854 (Bi4B2Br8^2B'
774 (CuH3Br7N20, 9%), 696 (C14H4Br6N20, 18%), 499
(C^Br^CO , 40/0, 421 (C^HB^CO, 100%), 341 (C^Br^O , 13%).
(m/e values are for the most abundant ion in the cluster or,

in the case of an odd number of bromine atoms, the lower mass

of the two most abundant ions).

The following compounds were also brominated by the above

method:

4.12.3 2-(j)-Nitrophenyl )-5-phenyl -1,3,4-oxadiazole

(2.7g } 0 •01 mole) with bromine (3-lg ] 0.02 mole).

The product had m.p. 190-192° ; yield 3.8 g (65%).

(Found : C , 36.5 ; H , 1,6 ; N , 9-8. C^H^N^O^Br,-,
requires C , 39.6 : H , 1.7 ; N , 9.9.

requires C , 36.8 ; H , 1.5 ; N , 9.2%). V (cm )
iucLA.

m/
1540 and 1335 (N02) , 965 (oxadiazole ring) . Ye 583
(CuH5N303Br4 , 1%), 503 (C14H6N303Br3^ 1%), 425
(CuH7N303Br2, 23%), 345 (C14HgN303Br , 8%) , 289 (C^HgNO^r, 3%)
263 (C6H3Br2CO, 50%), 235 (C6H3Br2, 12%), 183 (C^BrCO, 14%),



150 (C6H4N02C0, 75%), 104 (C6H4C0 , 100$). (See 4-12.2 for
comment on m^e values).

4.12.4 2-(£-Bromophenyl)-5-(£-nitrophenyl)-l,3,4- oxadiazole

(3- 5g 0.01 mole) with bromine (l.6g ; 0.01 mole). The product

had m.p. 248-254° ; yield 3.5g (69$). (Found : C , 31.5 ;

H , 0.9 J H , 7.9. C14H6N303Br3 requires C , 34.2 ; H , 1.2 ;
N , 8.6. C1.H N O.Br . Q14 5-7 3 3 3-3 requires C , 31-o ; H , 1.1 5

N , 7.8$). m/e 583 (CuH5N303Br4, 11$) , 503 (C^H^O^, 19$),
425 (CuH7N303Br2 , 22$) , 341 (C^B^CO, 31$), 263
(C6H3Br2C0, 41$), 235 (C6H3Br2, 19$), 150 (C^NO^O , 100$),
104 (C6H4C0 , 94$). (See 4-12.2 for comment on m^e values).

4.12.5 2, 2 - £ - Phenylenebis-(5-phenyl - 1,3,4 - oxadiazole)

(l.83g ; 0.005 mole) with bromine (2.4g ; 0.015 mole).

The product had m.p. > 360° ; yield 2.8g (67$ based on

C22H8Br6N4°2 -1

4.12.6 2,2' - £ - Phenylenebis-(5-£-nitrophenyl-l,3,4 -

oxadiazole) (0.9g 0.002 mole) with bromine (0.64g ; 0.004 mole),

The product had m.p.>360° ; yield l.lg (72$). (Found : C ,

29.8 ; H , 0.7 ; N , 8.9- C22H8N6°6Br4 re9uires C > 34-2 ;
H , 1.0 : N , 10.9. C22H6 5N6°6Br5 5 re9uires 0 , 29.7 ;
H , 0.7 J N , 9-4$)- The product was analysed for bromine

(by I.C.I. ). (Found : Br , 39-9- C22H8N6°6Br4 re9.uires
Br , 41.45. C22H8 2N6°6Br3 8 re9uires Br, 40.2$).
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4.13 Hydrolysis of bromination products

48
The following method , for the hydrolysis of

oxadiazole rings, was used on the bromination products from

4.12.3, 4.12.4 and 4.12.5-

A sample of brominated 2,5-diaryl-l,3,4-oxadiazole (lg)

was added to hydrochloric acid (6M, 50ml). A small amount of

acetic acid (5 ml) was added to ensure that the solid dissolved

completely. The mixture was heated, under reflux, for 48 hours,

after which time the solution was evaporated to dryness on a

rotary evaporator and the solid residue dried to constant weight.

The product (a mixture of carboxylic acids and hydrazine

hydrochloride) was esterified in methanol (20 ml), containing

concentrated sulphuric acid (2 drops) as a catalyst, by heating

under reflux for 2 hours.

A solution of the esters, in methanol, was chromatographed

using a reverse phase column in the h.p.l.c. system, with a

solvent composition of 50% acetonitrile and 50% water. The esters

were identified, as far as possible, by reference to authentic

compounds (see section 4-14).

Note : Although this method for the hydrolysis of diaryl-1,3,4-

oxadiazoles is general, we were unable to hydrolyse the product of

4.12.6. The solid appeared to be completely insoluble inaqueous

acid.
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4.13.1 Hydrolysis of brominated 2-(p-nitrophenyl) -5- phenyl -

1,3,4 - oxadiazole

The brominated oxadiazole mixture (lg) was hydrolysed

to yield a mixture of carboxylic acids and hydrazine hydrochloride

(lg ). m/e 499 (C^Br^CO , trace), 421 (C^HBr CO , trace),
341 ( C6H2Br3CO , trace), 280 (C^B^COOH , 38%) ,

263 (C6H3Br2C0 , 69%) , 235 (C6H3Br2 , 11%) , 200 (C^BrCOOH , 15%),
183 (C^BrCO , 15%), 167 (C6H4N02C00H , 6l%), 121 (46%) ,

75 (100%) , 74 (85%). (See section 4.12.2 for comment on m/e values).

The mixture of carboxylic acids was esterified to give

a mixture of methyl esters. The following esters were positively

identified using liquid chromatography: methyl £- , m - , £ -

bromo- , 2,5- , 3,4- and 3,5-dibromobenzoate, and methyl

p-nitrobenzoate.

4.13.2 Hydrolysis of brominated 2-(n-bromophenyl)-5-

(p-nitrophenyl)-l,3,4 - oxadiazole

The brominated oxadiazole mixture (lg) was hydrolysed

to yield a mixture of carboxylic acids and hydrazine hydrochloride

(0.95 g)> Tbe carboxylic acids were esterified to give a mixture

of methyl esters. The following esters were positively identified

by liquid chromatography : methyl £-nitro-, £-bromo- and

3,4-dibromobenzoate.
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4-13-3 Hydrolysis of brominated 2,2/ - p-phenylenebis(5~

phenyl - 1,3,4 - oxadiazole)

The brominated oxadiazole mixture (lg) was hydrolysed

to yield a mixture of carboxylic acids and hydrazine

hydrochloride (l.2g). The mixture of carboxylic acids was

esterified to give a mixture of methyl esters. m/e 352

(C6H2Br2(COOCH3)2 , trace), 294 (C^Br^OOC^ , 55%) ,

272 (C6H3Br(COOCH3)2 , trace), 263 (C^B^CO, 90%),
235 (C6H3Br2, 25%) , 214 (C6H4BrC00CH3 , 10%) , 194
(C6H4(COOCH3)2 , 15%) , 133 (C^BrCO, 15%), 162 (OCC^COOC^ ,

40%), 130 (C6H2(CO)2 ,105O, 103 (C6H3CO , 20%) , 75 (C6H3 ,

100%) , 74 (C5H2 ' 65%)* (See section 4-12.1 for comment on

m/
'e values). The following esters were identified using liquid

chromatography : methyl o- , m - , jo - bromo -,2,5-,

3,4—,3,5 - dibromo - , 3,4,5 - tribromobenzoate, and dimethyl
benzene - 1,4 - dicarboxylate and dimethyl 2,5 - dibromobenzene -

1.4 - dicarboxylate.

4.14 Synthesis of bromobenzoic and bromobenzene - 1,4 -

dicarboxylic acids

4.14.1 £ -Bromo- , m - bromo-, £ - bromo-, 3,4 - dibromo- and

3.5 - dibromobenzoic acid were obtained from I.C.I. Fibres

Division, as were 2,5 - dibromobenzene - and 2,3,5,6- tetra-

bromobenzene - 1,4- dicarboxylic acid.
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4-14-2 Dibromoanilines as precursors for the synthesis of

dibromobengaldehyd.es

86
(i) 2,4-Dibromoaniline was prepared from acetanilide

(27g ; 0.2 mole) and bromine (64g ; 0.4 mole) in acetic acid

(400 ml) , the resulting 2,4 - dibromoacetanilide being

hydrolysed with alcoholic potassium hydroxide (10%) to give
OZ.

2.4 - dibromoaniline, m.p 80° (lit . 79-5-80.5°) yield 17-2g

(35%)- Vmax(cm_1) 3400 (NH2). 5( (CD3)2C0 )
5.1 (2H , br , NH2 ) , 6.7-7.3 (2H , modified AB quartet,

Jab = 9Hz, JBX = 2Hz ) , 7-5 (1H , fine doublet , 3-H ,

JBX = 2Hz ) .

(ii) 2,6- Dibromoaniline

To a solution of sulphanilamide (50g ; 0.29 mole)

in water (850 ml) was added hydrobromic acid (48% , 75 ml ,

0.68 mole) and the solution heated to 70°C. Hydrogen peroxide

(30% , 59 ml, 0.58 mole) was added with rapid stirring and a

precipitate formed within 5 minutes. After 30 minutes the

precipitate was filtered off and recrystallised from 95% ethanol.

3.5 - Dibromosulphanilamide had m.p. 235-236° (lit. ^ 239 -240°) ;

yield 45g ( 47%)- 3;5 - Dibromosulphanilamide (20g ; 0.06 mole)

was dissolved in 80% sulphuric acid (160 ml) and heated, on an

oil-bath, to 175°C- Steam was passed rapidly through the

solution for 2 hours after which time the oil-bath was removed

and 2,6-dibroinoaniline isolated by steam distillation.

93



2,6 - Dibromoaniline, recrystallised from 70% alcohol, had

m.p. 86-87° (lit. ^ 87-88°) ; yield 11.4g {76%).

6( (CD3)2 CO ) 4.6 (2H , br , NH2) , 6.3-6.6
(1H , t, 4-H, JAB = 8Hz ) , 7.3 - 7.4 (2H , d , 3- and 5-H ,

Jab = 8H» ).

4.14.3 Synthesis of dibromobenzaldehydes from
88 69

dibromoanilines (the Beech reaction )

The dibromoaniLine (lOg ; 0.04 mole) was dissolved in a

mixture of concentrated hydrochloric acid (10 ml), water ( 6 ml)

and crushed ice (20g). A solution of sodium nitrite (3g) in

water (4 ml), cooled to 0°, was added dropwise with stirring

to form the diazonium salt. The solution was then buffered with

a solution of sodium acetate (4g) in water (6 ml) at 0°.
The diazonium salt solution was added, dropwise, below the

surface of a 10% solution of formaldoxime (prepared by dissolving

paraformaldehyde (2g), hydroxylamine hydrochloride (4>5g) and

sodium acetate (8.75g) in water (28 ml) and adding cupric

sulphate (1.75g), sodium sulphite (0.2g) and further sodium

acetate (26.75g) to the solution). Vigorous stirring was

required, on addition of the formaldoxime, to prevent frothing as

nitrogen was evolved. The mixture was stirred for 1 hour, after

which time, concentrated hydrochloric acid (25 ml) was added and

the mixture heated under reflux for 2 hours to hydrolyse the

oxime to the aldehyde. The aldehyde was isolated by steam

distillation.
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The following syntheses were carried out :

(i) 2,4-dibromobenzaldehyde from 2,4-dibromoaniline (lOg ;

0.04 mole). 2,4-Dibromobenzaldehyde, recrystallised from

ethanol/water, had m.p. 77-78° (lit. ^ §0°); yield 5g

(47% ). SlCDCl^) 7.5 - 8.2 (2H , modified AB quartet,
5- and 6-H, Jab = 9Hz, JfiX = 2Hz ) , 8.6 (1H , s, 3- H) , 10.2
(1H , s , CHO ). m/e 264 (M+ , 50% ) , 263 (76) ,

235 (C6H3Br2 , 22) , 154 (C^Br , 18 ) , 75 (100).
(ii) 2,6 - dibromobenzaldehyde from 2,6 - dibromoaniline (lOg •,

0.04 mole ). 2,6 - Dibromobenzaldehyde , recrystallised from
O Q

ethanol/water, had m.p. 88° (lit. 90.5°) ; yield 2.3g

(2256). 5(CDC13) 6.4 - 6.7 ( 1H , t , 4-H , JAB = 8Hz) ,

7.5 - 7.6 (2H , d , 3 - and 5 - H, JAB = 8Hz ) , 10.0 (1H , s, CHO).

4.14-4 Oxidation of dibromobenzaldehydes to dibromobenzoic acids

The dibromobenzaldehyde (l-5g ; 0.0057 mole) was added

to a mixture of sodium hydroxide (2M , 5ml) and potassium

permanganate solution (0.2M , 8 ml) and the solution heated,

under reflux, for 2 hours. It was then cooled, sulphur dioxide

bubbled through (until the solution became colourless) and

acidified with hydrochloric acid (5M). The dibromobenzoic acid

was filtered off, dried and recrystallised from water.

(i) 2,4-Dibromobenzaldehyde gave 2,4 - dibrcmobenzoic acid,

m.p. 166 - 168° (lit. 168-169°) ; yield 1 g (63%).
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(ii) 2,6 - Dibromobenzaldehyde gave 2,6-dibromobenzoic acid,

m.p. 144-145° (lit. 90 146-147°) ; yield 0.7g (44%)

4.14.5 Synthesis of 2,5 - dibromobenzoic acid

2,5 - Dibromobenzoic acid was obtained from the

bromination of o-bromobenzoic acid by the method of Derbyshire &

Waters

Bromine (4g 0.025 mole) was added to a solution of

o-bromobenzoic acid (5g ; 0.025 mole) in a mixture of acetic

acid (75 ml), concentrated nitric acid (l6 ml) and water

(13 ml). To this solution was added, dropwise with vigorous

stirring, a solution of silver nitrate (4.25g ; 0.025 mole)

in water (25 ml). After 15 minutes the reaction mixture was

filtered and the filtrate reduced to half volume on a rotary

evaporator, diluted with water and the precipitate collected

by filtration. 2,5 - Dibromobenzoic acid, recrystallised from

water, had m.p. 153-155° (lit. 158-160°) ; yield 2.7 g

(38%).

4.14.6 Synthesis of methyl 3.4.5 - tribromobenzoate

This ester was prepared by the bromination of methyl
93

benzoate (using the method of Pearson for the synthesis of

methyl 2,5 - dibromobenzoate).

Methyl benzoate (27g ; 0.2 mole) was added, dropwise over

30 minutes, on to powdered anhydrous aluminium chloride

(66.7g • 0.5 mole). The addition caused an exothermic reaction
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and a mechanical stirrer was required to mix the reactants.

Bromine (l60g-; 1 mole) was added dropwise over 40 minutes and

the reaction mixture stirred for a further 1 hour. After this

period, crushed ice was added to the mixture followed by

concentrated hydrochloric acid (30 ml) to dissolve the

aluminium salts. The mixture was then extracted with ether

(100 ml) and the ether extract was washed with water (20 ml) and

then with a 5% solution of sodium bicarbonate. The ether solution

was dried over anhydrous sodium sulphate and the ether removed

on a rotary evaporator. The product (a waxy solid) was

distilled in vacuo. A fraction (b.p. 88-105° at 1.5 mm )

was collected and found to be a mixture of methyl m-bromo-,

3,4-dibromo - and 2,5 - dibromobenzoate (by h.p.l.c.).

The mixture also contained some tribromo-compound (identified

from the mass spectrum, m/e 372 (M+) ). The residue,

recrystallised from methanol, gave a compound which was

identified as methyl 3^4^5 - tribromobenzoate, m.p. 150-151°

(lit. 94 154°) J yield 5g (7%). V max (cm _1) 1730 (C = 0).
6(CDC13) 3.9 (3H , s, - CH3) , 8.2 (2H , s, 2- and 6-H ).

m//e 372 (M+ , C6H2Br3C00CH3) , 341 (C^B^CO) , 313 (C^Br^ ,

234 (C6H2Br2) , 153 (C6H2Br ) , 74 (C^ , 100^ ). (See section
4.12.2 for comment on m/e values). The product gave a single

peak when chromatographed using the h.p.l.c. system.
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APPENDIX 1

Spectra of 2,5-diaryI - 1,3,4- oxadiazoles

A 1.1 Proton n.m.r. spectra

The proton-n.m.r. spectrum of 2,5-diphenyl- 1,3,4-

oxadiazole exhibits a low-field multiplet equivalent to 2H

(the deshielded ortho - protons in each phenyl ring) and a

higher-field multiplet equivalent to 3H (the meta- and para-

protons). When a phenyl group is substituted in the para-position

by bromine (e.g. 2,5-bis(jo-bromophenyl)-l,3,4-oxadiazole) the

spectrum then exhibits an AA'BB' splitting pattern, as would be

expected. If the para-substituent is a nitro-group, the

spectrum collapses into a singlet (broadened at the base) which

suggests that the nitro-group is equivalent in deshielding effect

to the 1,3,4-oxadiazole ring.

When the nitro-substituent is ortho to the oxadiazole

group the spectrum again exhibits a 4-proton singlet broadened at

the base, i.e. the two substituents do not separate the ortho-

protons from the other two.

For a nitro-substituent meta to the oxadiazole ring

the proton n.m.r. spectrum exhibits an ABC splitting pattern for
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the three adjacent protons (C = 5-H) , where J.r = J ,

resulting in an asymmetric triplet for the C nucleus and an

asymmetric doublet for the A and B nuclei. The doublet was not

split further in the 60MHz spectrum which suggests that meta-

coupling is small ( <1 Hz). The singlet due to the isolated

proton is shifted downfield from the other three protons.

The proton n.m.r. spectra of nitro-phenyl substituted

1,3^4-oxadiazoles indicate, therefore, that the nitro-group and

the 1,3,4- oxadiazole ring are almost, if not exactly,

equivalent to each other in deshielding effect.

A 1.2 Carbon-13 n.m.r. spectra

A 1.2.1 2,5-Diphenyl - 1,3,4-oxadiazoles

The 2,5-diphenyl -1,3,4-oxadiazole system contains

14 carbon atoms (12 phenyl carbon atoms and 2 heterocyclic

carbon atoms). Each carbon atom is numbered as indicated in the

formula below. The chemical shifts ( 6 ) are presented in

table A-l.
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TABLEA-l

X=Y=HX=H
Y=4' -NO.

Hetero2167-73168-76 5167-73165-88
1120.22120-48 2

2-Phenyl

6

129.83,131.72130.11,131.86
4137.68137.83 5

129.83,131.72130.11,131.86
1120.22128.11 2" 3'

5-Phenyl0
129.83,131.72126.56,.130.69

4'137.68152.67 5' 6'

129.83,131.72126.56,130.69
X=H

Y-3" -N02
X=HX=4-N02

Y=2" -N02Y=4' -N02
X=3-NO2

Y=3' -N02

168.81

168.98

163.04

162.82

166.00

165.22

163.04

162.82

120.33

120.64

129.39

125.14

130.39

125.14

130.35,132.06
129.93,131.68

126.90

150.81

138.26

137.47

152.90

133.28

126.90

135.53

130.35,132.06
129.93,131.68

130.87

130.12

124.80

117.67

129.39

125.14

124.55

149.41

130.87

124.61

150.75

127.51

126.90

150.Si

133.35

152.90

133.28

136.42,136.59
135.44

126.90

135.53

130.35

134.28

130.87

130.12



ittDijiLa—±eta.
X=2-N02X=4-N02 Y=2' -N02Y=3' -N02

2165.13163.46
Hetero

5165.13163.24
1118.64129.29 2149.54130.81

„m,3127.77126.772-Phenyl 4152.63 136.49,136.70
5126.77 6134.66130.81

l'118.64125.14 2'149.54124.54 3'127.77150.77
5-Phenyl

4'133.25 136.49,136.70
5'135.46 6' 134.66130.08

x=4-N02 Y=2' -N02 163.70 165.80 129.24 130.89 126.74 152.67 126.74 130.89 118.63 149.66 127.76
136.56,136.64 134.41

X=3-NO2 Y=2" -N02 163.03 165.25 124.94 124.56 150.64 133.19 135.50 130.06 118.50 149-53 127.73 136.54,136.64 134.37

X=4-Br Y=4' -Br 168.10 168.10 119.76 131.03 135-56 133.50 135.56 131.03 119.76 131.03 135.56 133.50 135.56 131.02



The chemical shift data can be summarised as follows

a) The heterocyclic carbon atoms appear downfield from

the phenyl carbon atoms (deshielded).

b) The 1 and l' carbon atoms appear upfield from the

phenyl carbon atoms (shielded).

c) A nitro-group produces a downfield shift of the signal

of the carbon atom to which it is attached (deshielding).

This causes the chemical shifts of the adjacent carbon atoms to

move upfield, slightly, with respect to the corresponding

carbon atoms in 2,5-diphenyl-l,3,4-oxadiazole.

d) A bromine atom produces an upfield shift of the

signal of the carbon atom to which it is attached (shielding).

This causes the chemical shifts of the adjacent carbon atoms to

move downfield (deshielding).

Al.2.2 3-Mefhyl-2,5-diphenyl-l,3,4-oxadiazolium tetrafluoroborates

The chemical shifts of each carbon atom are presented in

the following table (A-2). Each carbon atom is numbered as

indicated.
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TABLE A-2

Hetero

5-Phenyl

X = Y = H X = H, Y = 4' -N02

2 172.52 171.81

5 165.73 163.81

1 117.83 ?

2 127.55, 128.91 127.18, 128.77
3

2-Ph6nyl 4 130.88

5

6

130.20

127.55, 128.91 127.18, 128.77

1' 120.33 ?

2' 127.87
130.38, 132.47

3' 123.75

4' 135.39 149.58

5' 123.75
130.38, 132.47

6' 127.87

3-Methyl 36.40 36.06

The assignments of the chemical shifts, as shown in

table A-2, indicate that the 2-phenyl ring is adjacent to the

'positive pole'. The chemical shifts of the carbon atoms in this

ring are not the same as the values for those in the 5-phenyl ring
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or those in 2,5-diphenyl-l,3,4-oxadiazole. It is reasonable to

assume, therefore, that these different values must correspond to

the ring adjacent to the Tpositive pole7.

The chemical shift of a heterocyclic carbon atom, in

2,5-diphenyl - 1,3,4-oxadiazole, is at approximately 8 168.

The positive charge on the nitrogen atom causes further

deshielding of the adjacent carbon atom and the chemical shift

changes by 4-5 ppm. Similarly the chemical shift of the methyl

group ( 8 36) is changed by 22 ppm (cf a methyl group

attached to carbon).

The carbon-13 spectrum of 3-nethyl-5-(p-nitrophenyl)-2-

phenyl-1,3,4-oxadiazolium tetrafluoroborate shows two sets of

chemical shifts, one which corresponds to the chemical shifts

of carbon atoms in a phenyl ring adjacent to a positive pole

and the other corresponding to a ]3-nitrophenyl ring, such as

those in 2,5-bis-(]>-nitrophenyl)-l,3,4-oxadiazole, except that

the chemical shifts of the six carbon atoms are all 3 ppm

downfield corresponding to a small amount of deshielding.

The conclusion we draw from the above data is that the

'positive pole' in 3-methyl-5-(p-nitrophenyl)-2-phenyl-1,3,4-

oxadiazolium tetrafluoroborate is adjacent to the 2-phenyl ring

rather than to the 5-p-nitrophenyl ring.

Al.2.3 2,5-Diphenyloxazoles

The carbon atoms of 2,5-diphenyloxazoles are numbered as
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2

4

5

l

2

3

4

5

6

1'

2'

3'

4'

5'
6'

X = Y = H X=H, Y=£-N02 X=Y = £-N02

163.69 165.33 162.89

138.01 138.76 137.91

157.03 154.28 155.74

120.69 120.44 127.01

129.51, 131.86 130.06, 132.07 127.01, 131

133.58 131.76 153.56

129.51, 131.86 127.01, 131

113.6b

126 .54, 131.16 126.58, 128.00 126.73, 128.3i

125.09 150.93 151.18

126.54, 131.16 126.58, 128.00 126.73, 128.3.
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shown below. The chemical shift data are presented in table A-3.

A.1.3 Mass spectrum of 2,5-diphenyl-l,3,4-oxadiazole
75

Cotter has described the fragmentation of 2,5-

diphenyl-1,3,4-oxadiazole. The fragmentation process is shown

below.

Ph-CO

m/e 105

Ph 4
migration

P/T rn/e 222

Ph

-H + /Ph
N2 + CO + Cvph

nye 165 m.r/e 166

in



We found that this fragmentation process was repeated

for all the 1,3,4-oxadiazoles studied.
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