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The heights by great men reached and kept
Were not attained by sudden flight,
But they while their companions slept,

Were toiling upward in the night.

Henry Wadsworth Longfellow.
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ABSTRACT

The synthesis of cyanocarbonimidic dichloride was achieved and
the product was found not to dimerise to 2,4-dichloro-6-dichloro-
methylimino-S-triazine as suggested in the literature. The synthesis
of cyanoisocyanide was attempted using three different approaches,
in which the cyanide function, the isocyanide function, and both
functions were separately protected.

Three five-membered-ring heterocyclic azides have been synthesised.
3-Azido-5-phenyl-1,2,4-oxadiazole was prepared by heating the
corresponding bromo compound with either lithium azide in dimethyl-
formamide or potassium azide and 18-crown-6 in dimgthylformamide.
Heating 3-chloro- or 3-bromo-5-phenyl-1,2,4-oxadiazole with sodium
azide in dimethylformamide provided N,N'-dimethyl-N" -(5-phenyl-1,2,4-
oxadiazol-3-yl) formamidine in a novel reaction. The precise mechanism
is not yet fully understood although 3-azido-5-phenyl-1,2,4-oxadiazole
is probably the reactive intermediate. Decomposition of 3-azido-5-phenyl-
1,2,4-0xadiazole under flash vacuum pyrolysis conditions provided
unexpectedly benzoyl cyanide in high yield.

During the attempted synthesis of 3-azido-5-phenyl-1,2,4-thiadiazole
by diazotisation of the corresponding amino compound and addition of
sodium azide, benzonitrile was isolated presumably from the breakdown
of the azide. This may represent a possible synthetic route to thio-

nit¥oesyl cyanide.



3-Azido-4-pheny1—1,2;S-thiadiazole was prepared by diazotisation
of the corresponding amino compound followed by the addition of sodium
azide. Thermolysis of 3-azido-4-phenyl-1l,2,5-thiadiazole in m- or
p-xylene provided the Schiff bases, 3-(3'- or 4'-methylbenzyliden-
amino) -4-phenyl-1l,2,5-thiadiazole. These reactions represent the
first observed intermolecular insertions of heterocyclic nitrenes into
benzylic methyl groups with subsequent oxidation to the Schiff bases.

3-Azido-4-phenyl-1,2,5-oxadiazole was prepared by diazotisation
of the corresponding amino compound and addition of sodium azide, but

the decomposition of this azide remains to be investigated.
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1. INTRODUCTION

The synthetic target of the work described here is cyano-
isocyanide (1). It has a molecular formula C;N. and no synthesis
or attempted synthesis has apparently been reported to date. There
are three possible acyclic isomers on the C;N, manifold, cyanoiso-

cyanide (1), cyanogen (2), and diisocyanogen (3).

¥ = + + -
N=C-N=C N=C-GEN EN-N=C
(1) (2) (3)

Cyanogen (2) is a colourless, flammable, extremely toxic gas (b.p. -21°C;
m.p. ~28°C) first prepared by Gay-Lussac in 1815 by thermal decomposition
of silver cyanide.1 The chemistry of cyanogen has been well reviewed

by Brotherton and Lynn.1 Diisocyanogen (3) was reported to have been
synthesised by Thiele2 in 1898 by the treatment of tetrabromo-N,N'-

dimethylene hydrazine (4) with zinc or silver.

Br Br (1) - -
Ne=N-n=c” > C=N-N=C
Br \Br
(3)
(&)

(i) Zinc dust or silver



The reaction was repeated by Grundmann3 in 1965 who claimed without

experimental data that the hydrazine (4) cannot be reduced by metals

to give the diisocyanogen (3) as reported by Thiele.

Theoretical calculations have been computed by Rzepa4 on the

three isomers.

are shown in Table I.

The heats of formation, AHf, of the three species

The energies of the two unknown species relative

TABLE I.
C.N. calc. AHf/Kéal mol‘-1 obs. AHf/Kcal molm1
NCCN 65.9 73.8
NCNC 110.1 -
CNNC 168.6 -

to cyanogen in increasing order are thus 44.2 Kcal mol_1

and 102.7 Kcal mol—1 (diisocyanogen).

(cyanoisocyanide)

Isocyanides undergoes thermal isomerisation to cyanides.s’6 The

corresponding rearrangement of cyanoisocyanide (1) to cyanogen (2) is

calculated to require an activation energy of 65 Kcal mol-l, although

the figure may be as much as 40 Kcal mol-1 too high.

The theoretical calculations show that the target, cyanoisocyanide

(1), is not as stable as cyanogen but is not the least stable of the

three acyclic C,;N, isomers.
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Although ¢yanoisocyanide (1) has never been reported, Trompeu?
implicated its derivative, cyanocarbonimidie dichloride (5) as a
reactive intermediate. Since the dichloride (5) could serve as a
precursor to the target molecule (1), our initial work was concerned
with attempts to substantiate the claim by Trompen and, if necessary,
to find an alternative synthesis of dichloride (5). These syntheses
and our attempts to prepare cyanoisocyanide (1) form the first two

parts (2.0 and 3.0) of this Thesis.

al
N=C-N=C
\
a

(5)
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2.0. ATTEMPTED SYNTHESIS OF CYANOCARBONIMIDIC DICHLORIDE (5).

2.1. Introduction

The synthesis and properties of a large number of carbonimidic
dichlorides (isocyanide dichlorides) have been extensively studied.8’9’10
Recently carbonimidic dichlorides (6-9) have been isolated from a

natural source, the marine sponge Pseudaxinyssa pitys.11 This is the

first time that this funcdtionality has been found in natural products.

N=CCl,

\K\/\\ Cl

cl \

OH
N—CClz

(6) Cl
(7)

N=CCl

(8) (9)



The carbonimidic dichloride that we are interested in is cyano-
carbonimidic dichloride (5). Treatment of this dichloride with
iodide anion should give the target compound, ¢yanoisocyanide (1).

Thus, the dichloride (5) can serve as a precursor to isocyanide (1).

VAL ) 4 -
NeC-N:C ———— N=C-N=C
\
ol
(5) (1)

(i) T~

There has only-been one reported attempt at the synthesis of the
dichloride (5) by 'I‘rompen7 from the low temperature (-15°C) chlorination
of §,8'-dimethyldithiocarbonimidate (10) in anhydrous dichloromethane.
The product from the chlorination was, however, not the desired
dichloride (5) but 2,4-dichloro-6-dichloromethylimino-S-triazine (11)
(65%) . This was postulated as being formed by dimérisation of dichloride

(5) even though the latter was not trapped or identified as an intermediate.

ySMe . a0l
NeC-N=C ~ ——®|NsC-N:C | —— \©
NsMe N N\I/N
N=CCl
(10) (5) 2
(M)

. o
(i) Clz, CH2C12 , 15



8,9,10

General synthetic methods for carbonimidic dichlorides which

may be of use in the synthesis of dichloride (5) are as follows:

(a) Addition of halogen to isocyanides

¥ - Clz
R-NeC —————» R-NICCIZ
(b) halogenation of isothiocyanates
al 3t
RN=C=s —Ze RNC 2 RoNGCCL,
Cl

(¢) halogenation of dithiocarbonimidate derivatiyes

SK g
R-N=C 2 5 R N=Ccl,
sk



(c) halogenationof dithiocarbonimidate derivatives

/SMe Clz
R-N= C\ R R- NZCClz

SMe

(d) halogenation of isocyanates

Cl, OR
R-N=(=0 ———  R-N=CCl,

PClg

(e) halogenation of formimidoyl chlorides

SOClZ/ SOZElZ
R-NH-CHO — R-N=CCl

2

(f) from dichlorocarbene and nitreme precursors

3 €L, — R-N:C.C.l2



The list mentioned is not exhaustive but is relevant to the work

described here.

Thus, the required precursors to cyanocarbonimidic

dichloride (5) would be S,S'-dimethylcyanodithiocarbonimidate (10),

dipotassium cyanodithiocarbonimidate (12), cyanoisothiocyanate (13),

cyanogen azide (14), N-cyano diphenyliminosulphurane (15), cyanoiso-

cyanate (16) and N-formylcyanamide (17).

The only unknown precursors

are the target, cyanoisocyanide (1) and N-formylcyanmide '(17).

+ -
N=(- N=(C

(1)

N=C-N=C=S

(13)

N=C- N=C=0

(16)

N=C-N=C(SMe )

(10)

NEC‘N 3

(14)

N=C-NH-CHO

(17)

NEC“N:C( SK )2

(12)



As described earlier, chlorination of compound (10) provided
the dimeric species (11), and dichloride (5) was the proposed inter-

12,13 of dipotassium cyanodithioimidocarbon-

mediate. Chlorination
imidate (12)13 in dichloromethane at -40°C afforded 3-chloro-1,2,4-
thiadiazol-5-yl sulphenyl chloride (18) (86%) and brominationl> gave
bis~(3~bromo-1,2,4-thiadiazol-5-yl)disulphide (19) (87%). Therefore

compound (12) does not appear to be a suitable precursor for the

dichloride (5).

N
NS

: . Cl
(l) \>r__.N
NCNC(SK)2 — / )\
SCl

(12)
(18)

(i)

. o .
() 20, , CHZCIZ , =40, (i) 3 Brz , CH2Cl2 , =40

2

s

(o]
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The most favoured precursor is the relatively stable cyanoisothio-
cyanate (13)14 since most carbonimidic dichlorides are prepared by

8,9,10

chlorination of the isothiocyanates, (Scheme 1I).

() S
N=C-N=C=S —' & N=C=N=C ——= NG N:CCL
. N
(13) (5)
(20)

Scheme1 (i) Cl2

Cyanogen azide (14) is hazardous15 and thus . was undesirable as a
starting compound. However, other nitrene sources should serve equally
well and it was decided to investigate the reaction of N-cyano diphenyl-

iminosulphurane (15)16 and dichlorocarbene (Scheme 2).

Ph,SNCN  + :Cd, — Ph,S + NCNCCl

2 2 2 2

(15) (1)

Scheme 2

Cyanoisocyanate (16)17’18 was synthesised by Mayerl7 from silver

cyanate and excess cyanogen chloride as the polymer (CzNzO)n,
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AQUIN  +  OIN ———=  Agl +  (C,N,0)

(CzNgo)n depolymerises by heating in vacuum above 140°C into C,N,0
which is stable at room temperature for only a short time under low
pressures and polymerises again already at pressures of a few Torr.
Since polymerisation sets in in the liquid phase it is necessary to
carry out reactions below the melting point (at best < -63°C). This
makes cyanoisocyanate (16) an undesirable and an extremely difficult
precursor :for the synthesis of the dichloride (5).

N-formylcyanamide (17) is unknoww but its sodium salt (17a) has

recently been reported in a patent.19

I
NaOMe + NCNH2 + HCOzEf & NCN(Na)CHO

20 min

(17 a)

Liberation of the free cyanamide (17) may not be easy.
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2.2. Discussion.

Our first synthetic approach to cyanocarbonimidic dichloride (5)
was to repeat the chlorination of §S,S'-dimethylcyanodithiocarbonimidate
(10) at -15°C in anhydrous dichloromethane.7 2,4-Dichloro-6-dichloro-
methylimino-S-triazine (11) (657%) was indeed obtained as reported.7
However, when the chlorination was repeated with wet dichloromethane
and at temperatures varying from -78°C to -15°C, two different products

were isolated with no triazine (11).

. Clee AN Ll
NEC-N=C (SMe ), L - \@Y

N
(10)
(if) N=CClL, (1)
Y
0 0
TR /3He
HZN—C-NH-C-S:.e + Nz C=N=C
Cl
(21)
(22)
. e o (e]
(i) Clz , anhydrous CH2C12 , (i) Clz, wet CHZCI2 , =19 to -15
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These two products were methylthioallophanate20 (21) (50%) and
N-cyanoimino-S-methylthiocarbonate chloride (22) (7%). The latter
must have presumably hydrolysed to give the former product since
hydrolysis of carbonimidate (10) in aqueous hydrochloric acid at 40°c

provided the allophanate (21) (26%) as the only isolable product.20

(i) /SMe i 89
NEG-N=C(SMe), o NeC-N=C| ——a H,N-C-Ni-CoShe

Nt

(10) (22) (21)

. o o os
(i) Clz, CHZCl2 , =18 to =15, (ii) HZO

The chloride (22) was not very stable, and to assist in its characterisation
it was reacted with benzylamine to give yfbenzylﬁg'-cyano-§fmethyl-

isothiourea (23) (63%).

EfOH ,SMe
—  N=(-N=(C

\ NHCH, Ph
(23)

(22) + PhCHZNH2

The product (23) was identical with an authentic sample prepared directly

from carbonimidate (10) and benzylamine.21
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Chlorination of (10) at room temperature or in anhydrous carbon
tetrachloride under reflux provided polymeric material only. The
dichlotide (5) could not be isolated, nor observed by ir spectroscopy
nor trapped with benzylamine to give N,N'-dibenzyl-N"-cyanoguanidine
(24). An authentic sample of the latter compound (24) (44%) was
synthesised by heating carbonimidate (10) with excess of benzylamine

in ethanol over 24 h.

EtOH
N=(-N=C(SMe), +  PhCH,NH, ————— N=(-N=C(NHCH,Ph)
2 22 22
A , 24h
(10) (24 )

The second attempted synthetic route to the dichloride (5) was by
chlorination of cyanoisothiocyanate (13). The latter, (13), was prepared
from dipotassium cyanodithioimidocarbonimidate (12) and phosgene.14
Dry chlorine gas was bubbled into a solution of cyanoisothiocyanate (13)
in anhydrous dichloromethane at 0°c for 7.5 h to afford a solution of

N-cyano-1-(chlorothio) formimidoyl chloride (20).

(i), (ii)

NsC-N=C(SK), + COCL, » N=C-N=C=S + 2KCl
-C0S
(12) (13)
(i) COClzfor 5h, CHZCl2 (i) reflux , CHZClZ, 12h
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The chloride (20) was unstable and decomposed if neat; however, it

was reasonably stable for up to two days if kept in anhydrous dichloro-
methane solution. The structure of N-cyano-1l-(chlorothio)formimidoyl
chloride (20) was assigned, from the ir spectrum, Vpax (CH,C?,) 2220

(-CN), 1600 (C=N), 940 (C-Cf), 550 (S-Cf), and the mass spectrum which gave
mie 156, 154 (M+, two chlorine pattern), 119 (M-Cf). (Chlorothio)-
formimidoyl chlorides are well known intermediate products from

chlorination of isothiocyanates.B’g’lo

SCl

(1)
N=C=N=C=S$ > Ne(-N=C
N

(13)
(20)

o

(i) Cly for 7-30, 0 .+ CHy Oy

Possible cyclisation of the formimidoyl chloride (20) to 3,5-

dichloro-1,2,4-thiadiazole (25)22 did not occur since the cyano

stretching at 2220 cm_1 was present in the ir spectrum.

)

—N

Cl
, N
b, —— T\
l Cl \‘S Cl

N.
)S

H
(20) (25)
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Further chlofination of formimidoyl chloride (20) at room
temperature afforded a mixture of starting material (20) and cyano-
carbonimidic dichloride (5) after 13 h. The progress of the reaction
was monitored by ir spectroscopy and the reaction did not proceed
further even on reflux for another 16 h in dichloromethane. The ir
evidence for the formation of the dichloride (5) was the decrease in
thefinteﬁsity of Vs_cs at 550 cm_1 with an increase in intensity of a"

new absorption, v at 960 cm-1 and retention of the original v

c-cf c-ct

at 930 c:m‘-1 during chlorination. Attempts to remove the starting
material (20) by addition of raw linseed oil to the reaction mixture
followed by distillation was not totally successful. It was hoped that
the unsaturation in the raw linseed o0il would trap the sulphenyl chloride
by electrophilic addition. The mass spectrum showed that there were
still traces of the starting material (20). The dichloride (5) was best
stored in sealed vials as a solution in anhydrous dichloromethane

at 0°C, Attempts to react the dichloride (5) with benzylamine gave a
complex mixture on tlc, although one of the spots had the same Rf as

an authentic sample of cyanoguanidine (24), the expected product.

Isolation was not carried out because the scale was too small.

NiCNCCl2 + PhCHZNH2 —» NCNC(NHCHzPh)z

(5) (24)
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Comparison of the cyano stretching frequencies in the ir spectra

for analogous compounds, NCNCR;R, (Table II) showed very little change.

TABLE II
: -1
R; Rz \)CN/cm
-NHCH,Ph -NHCH,Ph 2160 (Nujol)
-NHCH,Ph. -SMe 2170 (Nujol)
-SMe -SMe 2180 (Nujol)
-cf -ct 2220 (CH,C?,)

It can be concluded that the cyanoimino function was present in dichloride
(5). The fragmentation pattern in the mass spectrum showed m/e 122,

119 CM%, two chlorine pattern), 84 (M-35) and 156, 154 (M&) 119 (M-35)

for the dichloride (5) and the formimidoy chloride (20) respectively,
provided supporting evidence that the dichloride (5) was present in

the distillate. The observed decréase in intensity of v at 550 cm—1

s-cf

and the appearance of a new v at 960 c:m—1 with increasing intensity

c-cf

besides the other v at 930 cm-1 was further proof for the dichloride

c-ct
(5).
The ir spectrum of the dichloride (5) was different from that of

the triazine (11). The obvious important difference was the presence

of the cyano stretching Yoy 3t 2220 cm.1 in the dichloride (5). 1If the



18

dichloride (5) was indeed the intermediate to triazine (11) at —15°C,
some of the latter should have been isolated. The molecular ion,
246 (M+), for the triazine (11) was not observed in the mass spectrum
of the product from the chlorination of formimidoyl chloride (20).
Therefore, the dichloride (5) is probably not the intermediate in the
formation of the triazine as postulated by Trompen.7

Our third synthetic approach to the dichloride (5) was to react
N-cyano-S-diphenyliminosulphurane (15)16 with dichlorocarbene generated
in situ. The fqrmer, (15), was prepared from diphenyl sulphide, mono-
sodium cyanamide and t-butyl hypochlorite in anhydrous methanol at -60°cC.
The phase transfer catalysis (PTC) method for generation of dichloro-
carbene from sodium hydroxide, chloroform and benzyltriethylammonium
chloride as PTC catalyst was Qsed. Diphenyl sulphide (trace) was the
only product identified. It was thought that perhaps another method
to generate the dichlorocarbene under anhydrous conditions would be
desirable in order to avoid possible hydrolysis of the product. Imino-
sulphurane (15) was stirred with phenyl(trichloromethyl)mercury23 in
boiling anhydrous benzene under dry nitrogen. After 15 h reflux, phenyl-
mercury chloride (74%) was filtered off. The filtrate contained a trace
of diphenyl sulphide and unchanged iminosulphurane (15) by tlc. To
this filtrate another equivalent of phenyl(trichloromethyl)mercury was
added and the mixture was heated under reflux for another 18 h. On
cooling, phenylmercury chloride (74%) was again filtered off. The ir
spectrum of the filtrate showed diphenylsulphide only. On addition of

benzylamine to the filtrate in an attempt to trap any dichloride
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(5) present only unreacted benzylamine and diphenyl sulphide could

be detected by ir and tlc. It is possible that the dichlorocarbene
generated had reacted with the iminosulphurane (15), hence the formation
of diphenyl sulphide. Perhaps the conditions used were too vigorous

for the isolation of the dichloride (5).

- + -
thgNCN T L ,—> thg—N—CN ——bPhZS + NCNCClz

(15) - 2 | (5)
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3.0. ATTEMPTED SYNTHESIS OF CYANOISOCYANIDE (1).

3.1. Introduction

The synthesis of cyanoisocyanide (1) can be described retro-
synthetically by three general approaches. The first approach (I),
is to start with a precursor containing a free isocyano group and the
cyano group 'masked' as part of a ring or as another group from which

the cyano functionality can be generated easily.

+ - $ -
N=C-N=(C ——= N=(-N=C
(1)
Approach (I)

The second approach, II, is the reverse of approach I, where now
the isocyano group is 'masked' as part of a ring or as another group

and the cyano group is present free in the precursor.

N= C-N=C —_— (1)

Approach (II)
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The third approach, III, is to have both the cyano and isocyano

group 'masked' separately.

(N:—}N"CO S
~N= (1)

Approach (III)

3.2. Discussion

3.2.1. Approach I.
3.2.1.1. Fragmentation of 3-isocyano-5-morpholino-4-phenyl-1,2,4-

oxadiazoline (28).

It has been shown recently that 1,2,4-oxadiazolines (26) in general

break down under mild conditions* to give a cyanide and a urea.2

X N
LN -
G —» X-CN + RNHCONRR

N \7
R/

H NRR

(26)

* Thermolysis in toluene solution or acid hydrolysis with T.F.A. or trityl
tetrafluoroborate in dichloromethane.
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The cyanide generated in this way is "masked' in the oxadiazoline (26).
If X = -NC, cyanoisocyanide (1) could possibly be generated under
relatively mild conditions. This route has the advantage that the cyano
group is part of the oxadiazoline ring and cannot interact with
reagents used to generate the isocyanide group, and the by-product, a
substituted urea, is not likely to react with the product.

Initially the substituent, X, should preferably be a halogen which
can be subsequently displaced by a variety of nucleophiles. Thus,
3-bromo-5-morpholino—4-phenyl-1,2,4-oxadiazoline (27) was chosen as

the early precursor to the target (1)

(27) (28)

Oxadiazoline (27) could presumably be synthesised by cycloaddition of
bromoformonitrile oxide (29)25 and the‘amidine, &4-(N-phenylformimidoyl)-

morpholine (30).
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Br—(%:ﬁ-Oj Br\/ N
(29) \_ > N b

Bromoformonitrile oxide (29) had to be generated in situ from dibromo-
formoxime (31). The latter was synthesised by bromination of mercury
fulminate25 in 1 M hydrobromic acid, and obtained as a (1:1) mixture

of dibromofuroxan (32) and dibromoformoxime (31)25 in 25-307% yield.

At least 45-557 of the mercury fulminate is destroyed in this process
by oxidation.26 The crude product, assumed to contain an equal mixture
of (31) and (32), by literature precedent,26 was not distilled to

prevent further decomposition of (31) to (32).
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(i)

H(CNO), +  Br, »| 2 Br-(=N-0
(29)
1
(i) (iii)
Br Br /
;/ \< Br. C=NOH
N N+ 2
N\~
0" Ny
(31)
(32)

Scheme 3 (i) 1M HBr, —HgClz . (i) =HBr (i) +HBr

The first attempted cycloaddition of bromoformonitrile oxide (29),
generated in situ with triethylamine and the crude dibromoformoxime (31),
to the amidine (30) failed. An attempt to purify the crude product by
column chromatography afforded N-formanilide (80%). The latter can be
formed either from the breakdown of the oxadiazoline (27) formed or from
acid hydrolysis of the amidine (30), if the latter had not reacted.

In order to determine the source of N-formanilide a blank reaction
was carried out. Hydrolysis of the amidine (30), with silica gel in

chloroform afforded N-formanilide (100%) at room temperature over 1 h.
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No decomposition was observed when this reaction was repeated without
the silica gel under identical conditions. The source of N-formanilide
was probably therefore unreacted amidine (30), although hydrolysis of
the oxadiazoline (27) cannot be ruled out.

A second attempt at the cycloaddition to form the oxadiazoline (27),
using similar conditions to those above, afforded a brown oil. The oil
contained a mixture of unreacted amidine (30),4-(N-phenylformimidoyl)-
morpholine hydrobromide and furoxan (32) among other unidentified products
from the ir, nmr, and mass spectrum. Attempts to purify the product by
precipitation with solvents of varying dielectric constants afforded
only the morpholine hydrobromide. No conclusive evidence could be
obtained to show that the desired oxadiazoline (27) was present in the
crude product.

Diphenylacetyleﬁe was chosen as an alternative dipolarophile to test
formation of the bromoformonitrile oxide (29) because the product 3-bromo-
4 ,5-diphenylisoxazole (33) should be stable. However, attempts to
synthesise isoxazole (33) from bromoformonitrile oxide (29) and diphenyl-
acetylene with triethylamine as the base failed. Triethylamine hydro-
bromide and diphenylacetylene (quantitative recovery) were the only

products isolated.

Ph Br

+
Br-C=N-0  +  Ph-(=(-Ph —p/—» [\
Ph O/N

(33)
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This work suggests that either bromoformonitrile oxide was not
generated or that it was formed but did not react. It has been
reported27 that chloroformonitrile oxide undergoes cycloaddition in
certain cases bﬁt failed in others. This route in Approach I was

therefore abandoned.

3.2.1.2. Base-induced fragmentation of 2-isocvano-1l,3,4-thiadiazole (35).
28,29

Recently, Olofson had shown that base-induced fragmentation
of five-membered heterocycles provided some inaccessible cyanamides.

From his work, there are two general fragmentations formalised as

equations A and B.

Equation A
E E
//L\\ + + //l\\ E.+
W \/Z -— v</ 77— W=(=Z 4
Xx=Y X=Y
W,Z=0,S,NR
X,Y = N, CR
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Equation B
E
A &
W \/z —— = X=Y 4+ W-(=Z «——& \W=C=7
X==Y

W=0,S ,NR
X,Y,Z=N, CR

An example of Olofson's fragmentation occurs when 2-phenyl-1,3,4-

oxadiazole (34) is treated with the " H+érpoon“ base, lithium

2,2,6,6-tetramethylpiperidide (LiTMP).BO’31

NN (i) -
/ 0\ — NCO 4+  PhCN
HAO/\Ph
(34)
(ii)
N—N

\
D /40)\%

Scheme &4 (i)LiTMP (i) 0-4M piperidine , MeQD , T1/ 19 min
2
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Thus, in principle we could use base induced fragmentation of 2-iso-
cyano-1,3,4-thiadiazole (35) to provide the target, cyanoisocyanide

.

—N _
) 7\ ——= . NCS +  NCNC
BB-H%S)\NC

+ BH (1)

(35)

It is assumed that the thiocyanate ion generated will form a salt with
the base and will not interact with the desired product (1). It was
established by Olofson29 that the proton on the heterocyclic ring of
oxadiazole (34) could be exchanged with deuterium under mild conditions
(q% : 19 min at 31°C in 0.4 M piperidine/MeOD). In our heterocyclic
system, 2-amino-<l,3,4-thiadiazole (36), under identical conditions

exchanged the proton in the 5-position with a half-life Cté) of

3 h 35 min. This established that this proton can be removed easily.
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29

N . N
H/<s)\NH2 D/ks/\\m)2

(36) (36a)

0-4M piperidine / MeOQOD

The deuterium exchange experiment did not show that the thiadiazole ring

in (36) could be fragmented with piperidine. Attempted fragmentation

by triethylamine or piperidine of the thiadiazole (36) at room temperature

in diethyl ether afforded quantitative recovery of starting material

(36) . Thus, a much stronger base (pka > 11.1), e.g., LiTMP will be

required to fragment the thiadiazole rings (35) and (36).
2-Isocyano-1,3,4~thiadiazole (35) is an unknown isocyanide and can

be envisaged to be synthesised by formylation of the amine (36)32 followed

by dehydration of the resultant 2-formamido-1,3,4~thiadiazole (37).
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N—N

I\ -y N —=
ks)\NHZ QS/\\NHCHO <s)\Nc

(36) (37) (35)

The first step was formylation of the amine (36). Acetoformic anhydride33’34

in pyridine gave the acetylated product.35 No formylated product was

32,33 for the preparation

obtained even though two different procedures
of acetoformic anhydride were used. TFormylation failed with methyl
formate in boiling ethanol for 24 h and sodium methoxide/DMF mixture>
gave only poor yields (< 10%) of the product (37). The best method
for formylation of the amine (36) was found to be by azeotroping the
amine (36) under reflux with 90-1007 formic acid for 48 h in benzene.
Periodical addition of formic acid to the reaction mixture was essential
to ensure complete reaction.

Dehydration of 2-formamido-l,3,4-~thiadiazole (37) was first attempted
with phosgene and triethylamine.5 This method failed to provide the

desired product (35), and gave diethylcarbamoyl chloride as the only

product isolated. This is the product of the reaction of phosgene with
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triethylamine;37 The next method of dehydration was to use p-toluene
sulphonyl chloride and anhydrous pyridine. This method is recommended
as a method for dehydration of formamides to isocyanides on a small
scale.5

Dehydration of formamide (37) with p-toluene sulphonyl chloride
and pyridine for 6 h at room temperature provided the unexpected product
(38) (21%) with no isocyanide (35). An ir spectrum of the crude product

showed no bands in the isocyanide region.

N—N
LN »

57~ “NH, Amax(MeOH) 215(767), 256 (1414 )
(36)

N—N
45»\NHCH0 Amax (MeOH) 208(826), 252(1860)
(37)

?

(38) Amax (MeOH) 242(6139), 274 (5745)
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On comparison of the uv (methanol) of the two thiadiazoles (36)
and (37) with the unexpected product (38), it could be seen that the
chromophore of (38) was different from that of the amine (36) or
the formamide (37). The pmr spectrum showed that there were two
p-toluene sulphonyl groups with the two methyl groups in different
environment . The pmr spectrum of pyridinium tosylate, a by-product
in the reaction, was different from the product (38). The mass
spectrum gave a mass ion of 410 (protonated in the mass spectrum) and
the elemental analysis showed a molecular formula of C;¢H;sN30,Ss. From

the spectral evidence, the two possible structures are (38a) or (38b).

/Ts
N—N N—N

QSANTS QSXN/TS

(38a) (38b)

The fact that the two methyls in the pmr spectrum are in different

environments suggests the structure (38a). However, if free rotation
about the C-N bond between the heterocyclic ring (38b) and the ditosyl
groups is restricted, the methyl groups will also appear in different

environments. The uv spectra also supported structure (38a) since its
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absorption pattern was different from both thiadiazoles (36) and (37).
This could be explained by the presence of an exocyclic double bond

in (38a). 1If the product had structure (38b), the uv spectrum would
be expected to be similar to (36) and (37). p-Toluene sulphonic

acid absorbs at 220 nm (MeOH). In a literature precedent,38 tosylation
of 2-monosubstituted amino-1,3,4-thiadiazoles (39) occurred in the
presence of triethylamine on the nitrogen in the 3-position of the

ring to give A*-1,3,-4-thiadiazoline (40).

//TS
N—/N (1) N—N
PN [N
Ph S NHR Ph S NR
(39) (40)
(1) TsCl, EfaN , C6H6 , 12h , A

Therefore, the structure of the unexpected product (38) from
all spectral evidence and literature precedent is probably 2-tosylimino-
3-tosyl-A“~1,3,4~-thiadiazoline (38b). The proposed mechanism for its

formation is shown in Scheme 5.
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KT- CHO S )
H Ts=Cl
' \’
E;B

N—N/TS 0
(38a) = _ KS/KF)]Q_HB
Ts

Scheme 5

This approach to the synthesis of cyanoisocyanide (1) was thus

abandoned since the precursor (35) could not be synthesised.
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3.2.2. Approach II.
3.2.2.1. Synthesis of 1,4-dicyano- and l-phenyl-4-cyano-1,4-diazabuta-

1,2,3-triene (42) and (48).

It is known39 that attempted formation of 1,4-diphenyl-l,4-
diazaButa—1,2,3-triene (41) generates two moles of phenyl isocyanide.
By analogy, 1l,4-dicyano-1,4-diazabuta-1,2,3-triene (42) could generate
two moles of cyanoisocyanide (1), and so we attempted to synthesise the

novel compound (42).

Ph—=N=C=C=N-Ph —_— 2 PhANC

(41)

N=(-N=C=C=N-C=N —_— 2 N=(=N:=C
(1)

(42)

The first synthetic route to precursor (42) followed closely the

existing method40 for triene (41) as shown in Scheme 6 (R=Ph).



0o
— R-NH-C-C-NHR

(COCI)2 + 2 RNH2

(i)

(i)
2 R-N=C <@—— R-N=(=(=N-R *— R—NS(%—-'C:N-R
ct a

Scheme 6 R=Ph (i) PClS (ii) Zn

If R is -CN, i.e., the amine is cyanamide, precursor (42) can
hopefully also be synthesised in this way. However, the reaction of

oxalyl chloride and cyanamide (R=CN) in Scheme 6 is known not to give

the desired product, N,N'~dicyanooxamide (43) but parabamic acid (44).

36

41
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o H
(i) a
NHCN  + (COC), ——
0/ N cl
H
7 (il
H
' N
NCNHCOCONHCN /\:o
0
(43) H
(44)

(1) dioxan, 20o (ii) moist air

This reaction was repeated and found to give the same results even if
an ethereal solution of oxalyl chloride was added to an excess of
cyanamide in anhydrous diethyl ether. Thus an alternative method for the

first step of Scheme 6 (R=CN) was required.
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The first attempt was to use monosodium cyanamide instead of
cyanamide. The former was known to react cleanly with acyl chlorides

42,43

to give the sodium salt of the acyl cyanamide. When the reaction

Et,0
2 RCOCU  + 4 NaNHCN —2 . 2 RCON(Na)CN + 2NH2CN + 2 NaCl

was repeated with oxalyl chloride and monosodium cyanamide in anhydrous
diethylether, the presumed disodium salt (45) was filtered off and
washed with anhydrous diethyl ether to remove any cyanamide formed

during the reaction. Attempts to liberate sodium-free amide (43) by

Et.0 . A
(COC, +  4NaNHCN —2——  NCN(Na)COCON(Na)CN + 2 NH, CN

(45)

Gerlich's method,43 viz. formation of the disilver salt (46) with silver

nitrate followed by acidification with hydrogen sulphide, failed.
Although this method had proved satisfactory for acetyl cyanamide,az’43

it failed to afford oxamide (43) in this case. Since this reaction is
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. i
(NCN(Nu)CO-)z-i)——b (NCN(Ag)CO-), — e (43)

(45) (46)

(i) AgNOy, (i) H,S

heterogenous it 1is possible that formation of the disodium salt (45)
had not occurred so that the filtered solid would have been only
unreacted sodium cyanamide.

An attempt to synthesise oxamide (43) by stirring cyanamide and
diethyl oxalate in ethanol at room temperature for 76 h gave no reaction.
It is known that on heating at 130°C a complex reaction results in which

a possible product is formylmelamine (47).[’4

o

130 HN NYNHCHO
NHoCN  +  (COyEH), ——* : Y
2 2 N\[/N

NHz

A\

(47)

(43)
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An attempted synthesis of the oxamide (43) by stirring oxamide
with cyanogen bromide in anhydrous diethyl etﬁer for 6 h at room
temperature also failed. Oxamide was recovered quantitatively.

Since the synthesis of precursor (42) proved to be unsuccessful
by known methods, it was felt that replacement of one of the terminal
cyano groups by a phenyl group would be more successful. Thus, the
intermediates should be more stable, more soluble in organic solvents
and should be readily detected because of the presence of the phenyl
group. The new precursor to the target (1) would be l-phenyl-4-cyano-
1,4-diazabuta-1,2,3-triene (48) which would give one equivalent of
phenyl isocyanide and one equivalent of cyano isocyanide (1). The
detection of the former in the final step would be indicative of

success even if cyanoisocyanide (1) proved too unstable to isolate.

5
Ph-N=(=C=N-GEN — PhNC + NCNC

(49) (1)

The first step (Scheme § ) was to synthesise the unknown N-phenyl-
N'-cyanooxamide (49). The initial attempt to synthesise oxamide (49)
from oxanilic acid choride (50)45 and cyanamide afforded two products
but not the expected product (49). These two products were oxanilide (51)

(15%) and oxanilic acid (52) (56%).



® PhNHCOCONHPh

(51)

+ PhNHCOCOOH

(5.2)

Et,0, A
PANHCOCOCI  +  NH,CN
(50)
z
'
PhNHCOCONHCN
(49)

If chloroform was used as the solvent for the above reaction, oxanilic

acid ether ester (53) (63%) and oxanilide (51) (8%) were obtained but

again no oxamide (49).

()

(50) + NH (N —— = PhNHCOCOOEr +  (51)

(53)

'
(49)

(i) NaHCO3 , CHCly

41
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The ester (53) was presumably formed from the 17 ethanol used to
stabilise chloroform.

Reaction of the ester (53) with cyanamide in the presence of
sodium ethoxide as base in absolute ethanol afforded after 15 min at
room temperature a high melting solid (m.p. > 300°C) with no nitrile
stretching in the ir spectrum.

Since cyanamide did not give the desired product, monosodium

cyanamide was used in the reaction with oxanilic acid chloride (50).

Et, 0
(50) + 2 NaNHCN ——2—= PhNHCOCON(NQ)CN + NH,CN + NaCl

(54)

A solid, presumed to be the monosodium salt (54) was obtained as before.
Since Gerlich's method43 for liberation of the amide failed in previous

attempts, a new and different method according to Brigl46 using

tartaric acid was tried. Unfortunately, this method failed too, to give
the 'free' cyanamide (49). This approach from 1,4-diaza-buta-1,2,3-

trienes was therefore abandoned.
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3.2.2.2. Extrusion from 7-cyanoimino-1,2, 3,4,5-pentaphenyibicyclo[2.2.1]-

hept-2-ene (58a).

A new method for the synthesis of isocyanides by the decomposition
of 9-(substituted phenylimino)-1,4-dihydro-1,2,3,4~tetraphenyl-1,4~
methanonaphthalenes (55) was reported by Atkinson and Harger.47 The
thermolysis of (55) in toluene at 120°C resulted in elimination of aryl
isocyanides (56) and the other very stable product,1,2,3,4-tetraphenyl-

naphthalene (57).

X
N
Ph
X
e (i) "
7ty — +
Ph
Ph PR
Ph NC
(55) (57) (56)

()120°, toluene X=H, p-OMe, p-Me, p-Cl, p-CO,Ef, o-Me



This suggests another possible approach to the synthesis of cyano-
isocyanide (1) by dehvdrogenation and/or thermolysis of a suitable
precursor (58) giving an inert by-product, a pentasubstituted dihydro
benzene or benzene (59), and the target (60) (1; X = NCN). The
decomposition at high temperatures of bicyclo-[2.2.1.]-hepten-7-ones

(58b; X = 0, R¢, R = H) is well known for the extrusion of carbon

monoxide.48

Ry
g CX
Rg +
Rg (60)
R,
(58) (59)

(1) A, R6=R7=H or R6=R7=TTb0nd

The proposed scheme for the synthesis of precursor (58a, X = NCN) by

two routes, A and B, is outlined in Scheme 7,

44
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Ph Ph

7N,
Sk

(58b)
(1) (i1)

Ph

Ph Ph
Ph

(58a)

Scheme 7 (i) NHZCN (ii) styrene
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The first route, A, was the condensation of tetracyclone49 (61)
with cyanamide followed by the Diels Alder reaction with styrene to

50 The second route, B, is the reverse in

give the precursor (58a).
this sequence.
The attempted condensation of tetracyclone with cyanamide in
Route A failed using the following conditioms.
(a) concentrated sulphuric acid (catalytic amount)
in dioxan under reflux for 1 h.
(b) concentrated sulphuric acid (catalytic amount)
in benzene azotrope for 3 h.
(c) glacial acetic acid (catalytic amount) in
dioxan under reflux for 24 h.
Tetracyclone was recovered quantitatively in all the above conditions.
Concentrated sulphuric acid was found to be the wrong choice of acid
although it was successfully used by Sonntag51 for other condensation

reactions with tetracyclone. Cyanamide reacts with concentrated sulphuric

acid to give ammelide (63).52

N, N

AL,

(63)

H-2.N

Even if ammelide (63) was the amine present for condensation instead
of cyanamide, no Schiff base was obtained since the tetracyclone (61)

was recovered quantitatively in each of the three different conditioms.
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There was no reaction even when glacial acetic acid was used. This
acid does not react with, but stabilises cyanamide.52 Route A in
Scheme 7 was therefore abandoned.

The second route, B, was attempted with the advantage that the
adduct (58b) was a known compound and had a normal ketone carbonyl
reactive towards nucleophiles. Tetracyclone (61) has a positively
charged oxygen in the carbonyl and its reactivity is altered from 'true’
carbonyl groups. 1,2,3,4,5-Pentaphenylbicyclo[2.2.1.]-2-hepten-7-one
(58b)50 was synthesised easily from tetracyclone and styrene in anhydrous
benzene under reflux for 24 h. The following conditions for condensation
of (58b) with cyanamide were attempted but all failed.

(a) in dichloromethane under reflux for 72 h

(b) in dioxan under reflux with a catalytic amount

of glacial acetic acid and magnesium sulphate

for 24 h

(¢) in dioxan under reflux with a catalytic amount

of PTSA for 24 h.
The ketone was recovered quantitatively in all three conditions. The
failure of both these routes, A and B, was the condensation. Cyanamide
was probably the wrong choice of amine for the condensation. The amino
group is much more acidic than normal amines due to the electron with-
drawing cyano group. When cyanamide reacts with aldehydes, particularly
lower aldehydes, the addition compounds formed will polymerise readily
to give resinous products.53 The earlier reported reaction of cyanamide

34,55 was showed to be

with ketones to give alkylidene cyanamides (64)
incorrect. A later paper56 suggested that the correct structure for the
product of the reaction of ketones (65) with cyanamide to be 2-cyano-

1,2,3,4-tetrahydropyrimidines (66).



CN + RRCO //—» RRCNCN  + H,0

NH,

(65) (64)

R=R= Me; R:CZHS R=Me

v
; H
o
R R
(66)

R=R=Me ; R=C2H5 , R=Me

8y
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3.2.2.3. Fragmentation of 3-phenyl-4-cyanoimino-isoxazol-5-(4-H)-

one (70).

Wéntrup57 had recently reported a new synthetic method for the
preparation of aryl and heteroaryl isocyanides. 3-Phenyl-4-(substituted
imino)isoxazol-5(4H)-ones (67), easily obtained by condensation of a
nitroso compound (68) with 3-phenylisoxazol-5 (4H)-one (69),58 decompose
at between 90° to 110°C with the formation of benzonitrile, carbon

dioxide and an isocyanide.

Ph Ph N-R
/ + R-NO ——— //

(68)
(67)

(69)

PRCN + CO, + RNC

Isocyanides (e.g., 67a, 67b) were obtained in near quantitative yields.
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CHy
R= ‘QN(Me)Z [\
HaC” Ny
3
H
(67a) (67b)

By analogy, with R = CN (70), our target compound (1) could be
synthesised in the same way, with the very inert benzonitrile and

carbon dioxide as by-products.

Ph NCN A
/ - Ph(N + (O, + (1)
NG A
(70)

The required precursor, 3-phenyl-4-cyanoimino-isoxazol-5(4H)-one (70),
is unknown. One proposed route to this precursor (70) was from 3-phenyl-
4-oximino-isoxazol-5(4H) -one (71)59 which can be easily prepared by

nitrosation of the parent (69). It was hoped that nucleophilic attack
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by cyanamide on the 4-position of the oxazol-4(4H)-one (71) to displace
@ydroxylamine would take place. Reactions of the oxime (71) with
cyanamide or monosodium cyanamide failed to afford the precursor (70)
but gave either polymeric material or a complex mixture without any
identified products under the following conditioms.
(a) with cyanamide (1 eqv.) under reflux in THF for 48h.
(b) with excess cyanamide under reflux in THF for 15 h.
(¢) with cyanamide (1 eqv.) and PTSA (catalytic amount)
under reflux in THF for 48 h.
(d) with monosodium cyanamide (1 eqv.) under reflux in THF
for 48 h.
(e) with monosodium cyanamide (1 eqv.) and PTSA (catalytic

amount) under reflux in THF for 48 h.
Ph (0) Ph NOH Ph NCN
n N/ 1 N/ 1
07 N0 o N0 o7 X0
(69) (71) (70)

Scheme 8 (i) HN02
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3-Phenyl-4-0-acetyloximino~isoxazol-5(4H)-one (72) was synthesised
from the oxime (71) with acetic anhydride. It is known that treatment
of O-acetyloximes with chromium(II) acetate in anhydrous ar°? can cause
fission of the weak N-O bond to give an imine. The latter, if obtained,
on treatment with cyanogen bromide could afford the desired precursor
(70) by a von Braun type of reaction. However, there is another N-O
bond in the heterocyclic ring, so that fission of one or both of the
N-O bonds may occur. A further problem in this route is that the desired
imine (73) may be hydrolysed to give the ketone (74). 1In this case,
Wentrup has shown that 3-phenyl-isoxazol-4,5-dione (74) breaks down very
easily to benzonitrile, carbon monoxide and carbon dioxide. However,
this latter problem may be overcome provided the conditions remain
anhydrous.

The reaction of the O-acetyloxime (72) with chromium(II) acetate6o
and attempted reaction with cyanogen bromide on the imine (73) generated,
failed to give the required precursor (70). The products isolated from
the reaction were benzonitrile (17%), possibly from dione (74), and other
unidentified products. Timms and Wildsmith61 had used aqueous titanium(III)
chloride successfully on oximes (e.g., erythromycin oxime and methyl
mesityl ketoxime) to give the imines and the latter were stable enough
to be isolated. They also claimed that this method is better than the
chromium(II) acetate method because

(a) the reaction proceeds readily with oximes themselves and

thus prior acetylation is not necessary,
(b) the reaction is usually carried out at room temperature

and is complete in 1 h,



Scheme 9

0
(72)
(iv) (iii)
'
Ph NCN Ph 40
] }i
{ { )
(70) (74)

PhCN + CO + (O

(i) Ac20 (i) Cr(OAC )2 (iii) H20 (iv) BrCN

€S
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(¢) the reaction is successful in cases where the chromium(II)

acetate method fails,

(d) commercially available TiCf; solution may be used and the

reaction can be followed by the loss of the dark colour
of it complexes.

However, treatment of our oxime (71) with aqueous TiCf; gave a very
complex mixture with no loss of the dark colour of the T13+ complex. This
route to the precursor (70) from the oxime (71) was therefore abandoned.

Since the easy oxidation of a cyanoamino functionality to a cyano-
imino one can be envisaged it was decided to synthesise 3-phenyl-4-
cyanoamino-isoxazol-5(4H)-one (75). The first attempt to (75) was via
the 3-phenyl-4-amino-isoxazol-5(4H)-one (76) by cyanation, but reduction6
of the oxime (71) to the amine (76) with tin and hydrochloric acid always

gave a complex mixture,

(i) Sn/ HC
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Al ternatively, displacement of halide in the 4-position of the
isoxazol-5(4H)-one ring by cyanamide or its derivatives might lead to

63,64 of (69) provided

the formation of 4-cyanoamino (75). Bromination
3-phenyl-4-bromo- or 4,4-dibromo-isoxazol-5(4H)-one, (77) and (78)
respectively, depending on the amount of bromine used. Reaction of

4-bromo (77) with either cyanamide or monosodium cyanamide in THF under

reflux for 96 h gave a complex mixture including a trace of benzonitrile

(detected by tle).

Ph Br :
i
N/ Y - (75 )
= 0
(77)

(1) NH,CN , THF, A, 96h

2

Attempted synthesis of 3-phenyl-4-bromo-4-cyanoamino-isoxazol-5(4H)-one
(79), another possible precursor, to (70), from dibromide (78) with

cyanamide in THF under reflux for 96 h also gave a complex mixture.
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(1)

(i) NH,CN ,THF, A, 96h

2

Recently Kemp65 had reported a new method for generating cyano-
nitrene from cyanamide and iodosobenzene diacetate in dichloromethane
or diethyl ether. It was hoped that the cyanonitrene would insert into
the acidic protons in the 4-position of isoxazol-5(4H)-one (69).
Attempted reaction of (69) with cyanamide and iodosobenzene diacetate in
anhydrous dichloromethane at 30°C for 0.5 h gave benzonitrile (62.5%).
This indicated that the heterocyclic ring had fragmented under these
reaction conditions. A possible explanation for this was competitive
oxidation of (69) to the dione (74) which had decomposed. This seems
unlikely since Kemp65 did not obtain DMSO or triphenylphosphine oxide

when dimethylsulphide or triphenylphosphine was treated with cyanonitrene



57

/ —= Ph(N + (O

+ NCNC

(70) (1)

(o}
(i) NHZCN , (PhIOAC)(OAC) , (IHZCl2 , 30 , 0-5h

generated under these conditions. A blank experiment carried out under
identical conditons without cyanamide failed to provide benzonitrile.
Tlc and ir spectrum of the reaction mixture showed starting materials
only. This suggests very strongly that the precursor (70) was formed
but it was unstable under these reaction conditions and fragmented to
give benzonitrile.

Since all the synthetic routes to the precursor (70) starting from
4-mono or disubstituted isoxazol-5(4H)-one had failed, it was decided that
the original Wentrup route using the condensation of isoxazol-5(4H)-one
(69) with a nitrosyl compound should be investigated. In our case, the

65,66,67

required nitrosyl compound is nitrosyl cyanide a highly reactive

blue-green gas at -25° generated from silver cyanide and nitrosyl cyanide.
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(i) o Eh
+ NOCN ——* /
N\\
0 0
(69) (70)
(ii)
AgCN  +  NOCl > NOCN

(i) base (i) =78 to -25 , CHCls

There is of course, the possibility that the condensation with nitrosyl
cyanide may not give the desired products (70) but the oxime (71) instead
by elimination of hydrogen cyanide rather than water.

Attempted condensation of heterocycle (69) with nitrosyl cyanide
generated in situ failed to provide the product (70) but gave a complex
mixture on five occasions. The generation of nitrosyl cyanide 13_§152§7’68

from silver cyanide and nitrosyl chloride seemed unsatisfactory since

it is known that impurities such as nitrosyl chloride, hydrogen cyanide,
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water and considerable amounts of cyanogen chloride, nitric oxide and

64,69 and these can lead to formation

nitrogen dioxide are always present,
of troublesome by-products. Kirby69 stated that purification on a small

scale for spectroscopic studies can be carried out readily by vacuum line
techniques. However, this is inconvenient for preparative work and may be
hazardous. Kirby had observed rapid decomposition of impure nitrosyl cyanide
in the condensed state and explosions may occur, expecially on bulb-to-bulb
distillation. An alternative method of generating nitrosyl cyanide was devised
by Kirby-69’7o Treatment of 9,10-dimethylanthracene (DMA) with the impure gas
gave the expected [m, + m.] adduct (80). This adduct (80) was readily chromato-

graphed and recrystallised. Samples have been stored at room temperature

for extended periods without decomposition. However, the reversal of the
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(1) NOCN

Diels—Alder reaction with the regeneration of DMA was achieved in
refluxing benzene (800) and the rapid and quantitative transfer of nitrosyl
cyanide on to a number of diene substrates were observed.68

Attempts to repeat the Diels—Alder reaction using DMA and nitrosyl
cyanide generated in situ consistently gave a very complex mixture

(> 15 spots on tlc) and it was impossible to isolate the adduct (80).
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3.2.3. Approach III.

3.2.3.1. Extrusion/fragmentation in 1,2,3,4,5-pentaphenyl bicyclo(2.2.1]-

hept-2-ene-7-one (58c¢) anils.

Since the two routes A and B to synthesise the precursor (58a) in
Approach II failed, mainly because of the special reactivity of cyanamide,
it was decided to use a heterocycle containing the cyanamide fragment as

a 'masked' cyanamide. Thus cyanamide could be released by thermal

71,72,73

decomposition of 5-amino-1,2,3,4-thiatriazole (81) or by base-

induced fragmentation of 2-amino-1,3,4-thiadiazole (36).28’29

) T - > N S NH.,CN
+ +
2 2

(81)

N—/N Base

+ -
o\ ® BHNCS + NH,CN
(AN, 2

(36)
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N—N

\\

A X

v Ph <
+ V7 —
2
Ph Ph
Ph
( X=CH, 36 )
(58b) (X=N, 81 ) (58¢)
(1ii)
i N—N N (i) or (ii)
. .. —_— |
“)¢(|)or(u) /< \}(
CN s~
I —
Y
NCN
i)  Ph h
(1 ) + ( 59 ' R1 =fR2='R3=‘R4=RS: Ph) *—
Ph Ph
Ph
(58a)

(A, (X=N) (i) base , (X=CH) (i) A
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Although condensation reactions of the amine (81) with aldehydes or
ketones are unknown, this amine (81) should be more nucleophilic than
cyanamide. The other amine (36) is known to react with aldehydesu’75
but not with ketones. The general scheme to the synthesis of the target
(1) is represented over.

1,3-Diphenylacetone was chosen as a model ketone for trial condensation
with both amines (36) and (81l) to obtain optimum conditions. Attempted

condensations of 1,3-diphenyl acetone with amine (81) failed to give the

desired Schiff base (82) under the conditions listed below.

N—N -H,0 N—N
»\ + (PhCH,) (0 —=—= )\
(81) A (82)

N + S+ (PhCHZ)ZCNCN

(83)



(a)

(b)
(e)

(d)

(e)

(£)
(g)

with titanium(IV) chloride (1.5 eqv.) in THF at 60° for

12 n’®

stirred over potassium hydroxide pellets in THF overnight77
shaken with ground activated molecular sieves (5A) in
cyclohexane at room temperature for 24 h78

shaken with ground activated molecular sieves (5A)

in THF for 18 h78

azeotroped in benzene with a catalytic amount of PTSA
for 4 h

under reflux in THF over dry magnesium sulphate for 24 h
in anhydrous pyridine at 450 over dry magnesium sulphate

for 24 h.

1,3-Diphenyl acetone was recovered almost quantitatively in all seven

cases.

Sulphur was obtained in methods (a) to (f) and cyanamide from

method (g), probably from fragmented amine (8l). This suggested that

the amine (81) was too unstable for formation of the Schiff base (82).

64

This led to the attempted condensation of 1,3-diphenyl acetone with

the amine (36).

to provide the Schiff base (84).

(a)
(b)

(c)

(d)

with titanium(IV) chloride (1.5 eqv.) in benzene76
under reflux in pyridine over dry magnesium sulphate
for 48 h

azeotroped in benzene with a catalytic amount of PTSA
for 18 h

with triphenylphosphine and DEAD under reflux in THF

for 48 n’/2»80

The following reaction conditions were used but failed
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BN B\
/ + (PhCH,)(0 ——>
: 2 2 _
s NH2 S N—C(CHZPh)2
(36 ) (84)
Base
v
(83)

In all cases a complex mixture was formed from which only 1,3-
diphenyl acetone was recovered in near quantitative amounts.

Since all the above methods for the condensation failed, amine (36)
and benzophenone were heated at 150o for 18 h. A product, formed in
very low yield (4%), was identified as the Schiff base (85) from ir,
pmr and mass spectral evidence. The other compounds isolated were a
yellow unidentified solid (2%) and unreacted benzophenone (507%). The

remaining residue in the reaction mixture was polymeric material.

N—N

(LA

0 150" N—N
+  Ph-(-Ph ———» ( »\
S 8h s “N=C(Phl,

2

(36) (85)
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Since the model systems failed to provide any information on the
conditions for condensation, the last attempt was to carry out the
condensation of the actual ketone (58b) with amine (36) using the
titanium(IV) chloride method.76 Three attempts at this condensation

consistently gave a complex mixture.

0
n o Ph Ph
B - L\
LY Ph Ph 7 N
Ph Ph  ‘OH
(36)
(58b) 86)
(h Ticl, . CH,

In the last attempt, two solids and a yellow oil were isolated. The
yellow oil and one of the solids were unidentified. The structure (86)
was proposerd for the other yellow solid (18%) on the basis of the ir

spectrum where there was an NH at 3540 cm—1 and a hydrogen bonded OH at
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3250 t:m-1 (broad). The pmr spectrum showed aromatic protons only (8 7.75)
as a multiplet. The other protons on the thiadiazole ring, NH and OH
groups could not be observed probably overshadowed by the twenty
aromatic protons. The mass spectrum showed a molecular ion (M+) at 486.
The position of the hydroxyl group in (86) is uncertain. No further

reactions were carried out on this compound and this route was abandoned.

3.2.3.2. Fragmentation/dehydration of 3-phenyl-4-carbamoylimino-

isoxazol-5(4H)-one (87).

A modification of the Wentrup-nitrosyl cyanide route57 would be to
'mask' the cyano group as an amide. Thus, dehydration of 3-phenyl-4-
carbamoylimino-isoxazol~-5(4H) —-one (87) may lead to the precursor (70)

sought earlier.

0
Ph -'c'—NH2 Ph NON
/ — / — (1) +PhCN + CO,
NG -H,0 NQ
0~ 0 2 0~ YN0

(87) (70)

The amide (87) could be envisaged to come from oxidation of hydroxyurea

(88) to the unknown, perhaps unstable, g;nitrosoformamidé (89) followed
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by condensation of the latter with isoxazol-5(4H)-one (69) to afford

the desired product (87).

(i) (ii)

H=O-~NH-C.0--N=H2 — O=N—C.O-NH2 — (87)

(88) (89)

(i Ef,}ué,’ (i) (70), base

Hydroxyurea (88)81 can be easily prepared in high yield from urethane
and hydroxylamine hydrochloride in aqueous sodium hydroxide. Kirby69
had shown that addition of benzo- or aceto-hydroxamic acid (90) (R = Ph
and Me respectively) at 0° to a solution of thebaine (91) and tetraethyl-
ammonium periodate gave the corresponding adduct (92) in high yield. This
tetraethylammonium periodiate was used to oxidise hydroxyurea (88).
Treatment of hydroxyurea (88) with tetraethylammonium periodate82

followed by condensation with isoxazol-5(4H)-one (69) using Wentrup's

method57 gave a very complex mixture. It was therefore decided to use DMA
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R-CO-NHOH +

(90)

(91) (92)

. * iy
(1) E.fLNIOA

to trap C-nitrosoformamide (89), if generated, to give the corresponding
adduct (92) since thebaine (93) was not available.

Attempts to obtain the adduct (93) failed and DMA was recovered
almost quantitatively. This route was abandoned. It is not certain
whether the nitroso compound (89) was generated or whether the adduct

was too unstable to be isolated.

(') .
HO-NH-CO-NH,, —— &N-CO-NHZ:I L

(88) (89)

+ -
(i) EfANIOA (i) DMA



4.0. SYNTHESIS AND REACTIONS OF SOME FIVE-MEMBERED-

RING HETEROCYCLIC AZIDES
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4.0. SYNTHESIS AND REACTIONS OF SOME FIVE-MEMBERED-RING HETEROCYCLIC

AZIDES.

4.1. Introduction.

Since the synthesis of nitrosyl cyanide by Kirby's method70 proved
to be extremely difficult and other approaches to the precursor, 3-phenyl-
4-cyanimino-isoxazol-5(4H) -one (70) were not successful, it was decided
to attempt generation of nitrosyl cyanide by fragmentation of heterocyclic
azides such as 3-azido-5-phenyl-1,2,4-oxadiazole (94) or 3-azido-4-phenyl-

1,2,5-oxadiazole (95). Both of these azides were unknown compounds.

N—j(NB . N——vé
Ph/ALO/N /At/

L 1 (94a)

(94) PRCN + NCNO

B ] )

(95) (95a)
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Previous work86 on five-membered-ring heterocycles had shown that in

general when a nitrene was generated in the B-position (equation A)
fragmentation of the ring occurred whereas generation in the a-position
(equation B) led to ring opened products. The positions A, B and Y

in the ring can be N or CH and X can be 0, S, or NH.

Equation A
A—C(;N
11~ \\) _— A=B + X=Y-(=N
B Y
O
Equation B
=Y A=Y-(=N
/. g
B\LK/<E;\N Q?x

The ring cleavage reactions of five-membered-ring heterocyclic nitrenes

in general were well reviewed up to 1973 by Pearson.86 The following



72

brief review covers the literature on the reactions of nitrenes derived
from five-membered-ring heterocyclic azides from 1973 to early 1981.

There have been very few cleavage reactions involving five-membered-
ring heterocyclic azides reported since 1973. Gronowitz and co-worker388_90
have been extensively studying the synthetic utility of heterocyclic
azides. 3-Azido-2-vinyl derivatives of furan (96a), thiophen (96b)
and selenophen (96c) were decomposed in xylene at 120-130° to give
[3,2-b] fused pyrrole systems (97a-c) in 54-90% yield.88 No fragmentation

was observed.

(97)

R= COCH3 , COCH,NO,

A similar approach was adopted for the synthesis of the isoxazole-fused
systems (98a-c) starting from 3-azido-2-formyl-furan (99a), -thiophen
(99b) and selenophen (99c). These azides (99a-c) were decomposed by
heating in xylene until no more asymmetric azide stretching was observed

in the ir spectrum of the reaction mixture.89
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nd:
X
(99) a:X=0 (98) a:X=0
b: X=S b:X=S
c: X=Se c: X=Se

This gave furo[3,2-clisoxazole (98a) (3%), thieno[3,2-clisoxazole (98b)
(227%) and selenolo[3,2-clisoxazole (98c) (40%).89 The reactions were
accompanied by the formation of a large amount of resinous materials.
Efforts to increase the yields by working at higher dilution were not
successful.

The synthetic utility of these azides (99a-c)90 was further illustrated
by Gronowitz by synthesising unsubstituted furo- (100a), thieno- (100b)
and selenolopyrazoles (100c). 3-Azido-2-formylthiophen (99b) was treated
with hydrazine hydrate in boiling ethanol containing a small amount of
acetic acid to give the thieno[3,2-c]pyrazole (100b) (10%) and the azine
of 3-amino-2-formylthiophen (51%) (101). The yield of pyrazole (100b)
could not be increased by altering the reaction conditions. When

3-azido-2-formylselenophen (99c) was treated in the manner described
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N
N
I\ /o
X
(99) b:X=S (100) b: X=S (101) b:X=S
c: X=Se c: X=Se c: X=Se

. +
(1) N~H2NH2.H20, EtOH, H

above selenolo[3,2-c]pyrazole (100c) was obtained in 10% yield with no
azine (101) in the crude reaction product. No unsubstituted furopyrazole
(100a) was obtained when 3-azido-2-formylfuran (99a) was subjected to
the reaction with hydrazine hydrate. In this case, the crude product
consisted mainly of 2-amino-furo[3,2-clpyrazole (102) in very low yieid
(not specified). When 3-azido-2-formylfuran (99a), -thiophen (99b) and
selenophen (99c¢c) were tfeated with aniline in slightly acidic ethanol,
the corresponding imines (103a-c) were formed in 49-967% yield. These
azido compounds,‘(103a—c), which contained the necessary azomethine
linkage, were decomposed by heating in 1,2-dichlorobenzene at 130-140°
until the evolution of nitrogen gas had ceased. This gave 2-phenyl-
substituted furo-, thieno- and selenolo.3,2,c]pyrazoles (104a), (104b)

and (104c) respectively in 58-667% yield.90



(99a) — = [ \__
(102)

. +
(1) NHZNHZHZO , EYOH , H

75

N N
SO0 @ (ii) [LJN Ph
X CH=N-Ph X

a:X=0

s 103) a:3e0
C: X=Se c: X=Se

(104) a:X=0
b: X=S
c: X=Se

+
(1) PhNHZ , EtOH , H (ii) 1,2-dichlorobenzene , A
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Recently thermolysis of the 4-azido-3-methylisoxazole (105) (n = 1)

in decalin over 1 h provided the fragmentation product, cinnamoyl

cyanide (106) (n = 1) (90%).91

This result is in agreement with the general observation that when the
azide is in the B-position (equation A) fragmentation occurs. An example
of the ring opening reaction (equation B) can be seen in the reaction

of 2-azido-5-formylfuran (107) with phenyl hydrazine followed by the

decomposition of the azide to give a nitrile (108).90



(107)

(i) PRNHNH

2

(i)

ﬂ
 PhNHN=C 07 Ny

AN
PhNHNzc/ZS_:;(ﬁ

{H 0

—

17



Rees and co-—workers93 recently showed that thermolysis of the
3-azido-2-vinyl derivative of thiophen (109a) in toluene or xylene
provided ethylthio[3,2-clpyridazine-3-carboxylate (110), ethyl-5-

cyanoisothiazole-3-carboxylate (111) and acetylene.

78

(1)
- [/ \ /0, Et
or (i) S
(110)
(109) CI:R=N3 CoLEt
b:R= COZEf 2
+ / +  H-(=C-H
NC S
(1)
Table III. Results of decomposition of (109a).
Conditions Time Solvent (110) (111) Acetylene
(1) 0.5h toluene 17% 19% 15%
(ii) 0.5h xvlene 26% 27% 217
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The suggested mechanism for formation of (111) involves initial
decomposition of the vinyl azide to give a vinyl nitrene, presumably
in equilibrium with the azirine, and coordination of the nitrene to
the thiophen sulphur, thereby weakening the ring. Loss of acetylene

and isothiazole (111) may then occur simultaneously.

(109a) —»

H-C=G-H + N

+ (1)

No acetylene was observed when the 3-azido-2-vinyl derivative of thiophen

(109b) was decomposed in toluene but only diethyl thieno[3,2-blpyrrole-

5,6-dicarboxylate (112) (76%).%°

Ao
B\

S COzEf

(109b)

(112)
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Examples of photolytic decomposition of five-membered-ring

heterocyclic azides are also rare in the literature from 1973.

Recently, Court_e_l:__a__]_._.g4 photolysed the a-azidolactone (113) in

methanol using a Hanovia 100W lamp and Vycor filter for 7 h at -25°

to give a mixture of 4-methyl-5,6-dihydro-1,3-oxazin-2-one (114) and

4-methoxy-4-methyl-tetrahydro-1,3-oxazine-2-one (115) in the ratio

2.5:1.0. Variation of the photolytic conditions gave

ratios (Table IV).

different product

CHy \ hv /(\o . 0
N (i) or (ii) or (iii)  HC \N/ko CH N/J\o
3 3 %1 H

e(
0

(113) (114) (115)
Table IV
Conditions Temp/°C Solvent Time (114):(115)

(1) =25 MeOH 7h 2.5:1.0

(ii) -25 MeOH 10h 1.5:1.0

(iii) -25 CH,C?, 7h only (114)

detected
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Photolysis of the 3-azido-2-vinyl thiophene (116a,b) in acetonitrile
over 0.5 h provided 6-phenyl- or 6-methy1-thio—4§7thieno[3,27E]pyrrole

(117a,b) and the cyclic sulphimide (118a,b).95

N
- CO,Et
— [
S SR
(116) a:R=Ph (117) a:R=Ph ( 41%)
b:R=Me b:R=Me (52 %)
N\g/R
+
I\ O, Et
S
(i) hV 350nm , MeCN, 05h (118) a:R=Ph (56 %)

b:R=Me ( 40%)

From the aboyve review coyvering the literature from 1973, it can be
seen that photolytic decomposition of five-membered-ring heterocyclic
azides gave no ring fragmentation and the two examples of thermal

decomponsition led to ring opening, one of which was a fragmentation.
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4.2. Synthesis and reactions of 3-azido-5-phenyl-1,2,4-oxadiazole (94)

and 3-azido-4-phenyl-1,2,5-oxadiazole (95).

4.2.1. 3-Azido-5-phenyl-1,2,4-oxadiazole (94).

4.2.1.1. Synthesis.
The unknown 3-azido-5-phenyl-1,2,4-oxadiazole (94) was one of the

two heterocyclic azides required in order to study possible fragmentation
to give nitrosyl cyanide. The latter was required for condensation with
3-phenyl-isoxazol-5-(4H) -one (69) as described in Approach II (3.2.2.3).
Three known precursors to the heterocyclic azide (94) may be considered
namely, 3-amino-5-phenyl-1l,2,4-oxadiazole (119) and 3-bromo- or 3-chloro-

5-phenyl-1,2,4-oxadiazole, (120) and (121) respectively.

X

i
Ph/l\O/N

(120) X=Br
(121) X=Cl
N
N— '3
/Q_«
o/N

?—-\<NH2 / Ph
on A

g (94)

(119)



83

() (ii) NHHCU NCN

PNCN ———e Ph-(-NH., ——— &  Ph-(—NH

(122) (124)

(iv)

Cl NH
: — 2
’7 \ - (vi) /(N \
Ph

Ph /N O/N

(121) (119)

(v)

N_«Br
Ph /QO/N
(120)

Scheme 10 (i) EtOH, HCl gas (ii) NH3 in EFOH (iii) NaNHCN, H, 0

2

(i) NH,OHHCL, EfOH, pyridine (v) NaNO,, , 0, HBr

2

(vi) NaNO,, , 0 ° Hcl
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Nucleophilic displacement of a halogen by azide ion and diazotisation

of an amine followed by addition of an inorganic azide, usually sodium

azide, are well known and common methods for the synthesis of azides.96
The three precursors (119), (120) and (121) were prepared according

to the literature as shown in Scheme (10). Benzamidine hydrochloride

dihydrate (122) (95%)97 was easily prepared by bubbling a steady stream

of dry hydrogen chloride into an ethanolic solution of benzonitrile to

give the imido ethyl ether hydrochloride (123) and by treatment of the

NHHCI
Ph-(- OEt

(123)

latter with an ethanolic solution of ammonia. N-Cyanobenzamidine (124)
(70%) was obtained by stirring an aqueous solution of benzamidine
hydrochloride (122) with monosodium cyanamide.98 N-~Cyanobenzamidine
(124) was heated under reflux with hydroxylamine hydrochloride in
ethanol and pyridine for 0.5 h to provide the amine (119) (31%).99 This
reaction had been investigated by Eloy99 since there are two possible
pathways, A and B, which may result in two isomeric 1,2,4-oxadiazoles

(119a) and (125).
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NH., NOH - NH NH
| 2 | 3 N 2
R-C=N-C=NH - ) {
(A) 2 R/( N
0
(i)
(119a)
NCN
R-C-NH,
(124)

(i)
( B ) N(nﬁ N"“‘(R
lL— = | R-CNHCN | ———» /« \N

HyN o~

(125)

Scheme 11 (i) NH,OH

2

When R is aliphatic, pathway B is preferred and when R is aromatic,

pathway A is preferred (Scheme 11). The chloride (121) (65%) and the

bromide (120) (65%) were obtained by diazotisation of the amine (119)

in concentrated hydrochloric and hydrobromic acid respectively.loo
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The first attempted synthesis of azide (94) by diazotisation of the
amine (119) followed by addition of sedium azide under varying reaction

49,58,101 The crude reaction product was consistently

conditions failed.
a mixture including starting material but no azide (94). Thus, the
other two precursors, the chloro compound (121) and the bromo compound
(120) were used. The usual conditions for the synthesis of azides from
halides, as shown below, were employed but without success.
(a) chloride (121) and sodium azide in anhydrous DMF
at 50° for 48 h,
(b) chloride (121) and sodium azide in DMSO on the
steam bath for 0.5 h,
(¢c) bromide (120) and tetrabutylammonium azidelo3 in
anhydrous acetonitrile heated under reflux for 24 h,
(d) bromide (120) and lithium azide in methanol heated under
reflux for 48 h,
(e) bromide (120) and sodium azide in dichloromethane/water
with tetrabutylammonium iodide and/or bromide as the
PTC catalyst over 24 h.
The starting materials were recovered quantitatively in all the five
attempts. The azide (94) (50%) was finally synthesised by heating the
bromide (120) either with lithium azide in anhydrous DMF at 90° for
45 h or with potassium azide, 18-crown-6 in anhydrous DMF at 90° for
72 h.
It is known that azide-tetrazole tautomerism96 exists but the ir
spectrum of the azide (94) in chloroform and in the solid state both
showed a very strong azide stretching at 2140 cm—l. This suggested

that for this azide (94) the equilibrium lies in favour of the azide

form both as a solid and in solution.
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N_(Bl‘ \ N3
(i) or (ii) ;
/ \ » / \
PhAO/N Ph AO/N
(120) (94)

(i) l.iN3 ., DMF , 900, 45h  (ii) KN3 , 18-crown-6, DMF, 90° , 12h
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4.2.1.2. Novel Reactions of 3-halogeno-5-phenyl-1l,2,4-oxadiazoles

(120 and 121) with sodium azide and DMF.

One of the reactions carried out in the attempted synthesis of
3-azido-5~phenyl-1,2,4-oxadiazole (94) involved heating 3-chloro-5-
phenyl-1,2,4-0oxadiazole (121) with sodium azide in anhydrous DMF at
120-130°. After heating for 30 h, two products, N,N',-dimethyl-N" -
(5-phenyl-~1,2,4~0oxadiazol-3~-yl) formamidine (126) (26%) and 3-dimethyl-
amino-5-phenyl-1l,2,4~oxadiazole (127) (8%) were obtained with no azide
(94). When the reaction was repeated with 3-bromo-5-phenyl-1,2,4-
oxadiazole (120) under identical conditions, the reaction was complete
in 3 h to give the same products as had been obtained with the chloro
compound (121) but in higher yields, 34% of (126) and 397 of (127), and

again with no azide (94). The bromo compound (120) reacted very much

Ny NMe, NMe.,
N—< (I ) 7 \ . /2_—\(
A N Ph N g

P Ph 0~

(120) X=Br (126) (127)
(121) X=0

(i) NaN , DMF 120-130°
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faster than the chloro compound (121) as expected. The starting chloride
(121) was present (by tlc) even after 30 h whereas the bromo compound
(120) had been completely used up after 3 h. The formation of the
dimethylamino compound (127) could be explained by N,N-dimethylammination
of the chloro (121) or bromo (120) compounds by DMF under these reaction
conditions. Such aminations by DMF are known in the literature with,
for example, 1-chloroanthraquinone104’105 and l-chloro~4-nitrobenzene.106’107
Two possible mechanisms for this process can be envisaged.

The first mechanism involves the nucleophilic displacement of the
halogen by DMF, followed subsequently by neutralisation of the charge

on the nitrogen with loss of carbon monoxide to give the dimethylamino

compound (127) as the product.
4 -
(Tk N———<§M92 Br
— \
/1\ NMe2 /ﬁi N
Ph | Ph" N\ g~
CHO

(120, 121)

NMe
(" 2
o\ + (0 + HBr
h O/’N

(127)
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The second mechanism for the formation of dimethylamino compound
(127) could be a break down of DMF into dimethylamine and carbon
monoxide108 on heating and displacement of the halogen by the amine.

An authenfic sample of the previously unknown 3-dimethylamino-5-phenyl-
1,2,4~-0xadiazole (127) (837%) was synthesised by heating the bromo
compound (120) with dimethylamine (33% w/w) in ethanol for 27 h. The
product obtained from the DMF reaction had identical m.p., ir, pmr

and mass spectral properties to those of the authentic sample.

In order to prove conclusively the structure of the amidine (126)
an independent synthesis was carried out. There are two possible ways
to synthesise the amidine (126) from the amine (119). The first method
involves the direct reaction of the amine (119) with dimethylformamide
dimethyl acetal. The alternative method is to react 3-ethoxy-formylimino-
5-phenyl-1,2,4-oxadiazole (128), a known compound obtained from the
amine (119)-.and triethyl orthoformate,lo9 with dimethylamine. It was
decided to use the second method since the independent synthetic route
thereby totally excludes DMF or its derivatives.

Ruccia had synthesised the precursor (128) to the amidine (126) by
heating the amine (119) with triethylorthoformate at 150° for 3 h.lo9
It was found that prolonged heating, for 8 h, was required to obtain
the same yield (74%). The amidine (126) was obtained in 91% yield
by stirring the ethoxy-formylimino compound (128) with dimethylamine
(33% w/w) in ethanol for 48 h at room temperature. Chromatography had
to be avoided for both compounds, (126) and (128), since they decomposed
by acid hydrolysis to give 3-formamido-5-phenyl-1,2,4-oxadiazole (129).
The amidine (126) obtained from the chloro or bromo compound (121) or
(120) with sodium azide in DMF had identical m.p. and ir, pmr and mass
spectral properties to those of the authentic sample prepared by the

independent synthesis.



(i) CH(OEt)5

, 150

(o]
, Bh

N\/OE? N\/NMe
(u) <
/ \N /4
Ph o~
(128) (126)
Si0, Si 0,

'

N_(NHCHO
AN

(129)

(i) MezNH ,EfOH , 48h , room temperature

16
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There are a number of possible mechanisms for the formation of the
amidine (126). One of these, mechanism A, involves the formation of the
azide (94) from either of the starting materials (120) or (121). The
azide (94) then decomposes to give a nitrene (with the loss of nitrogen)
and the nitrene abstracts hydrogens from the solvent to give 3-amino-
5-phenyl-1,2,4-oxadiazole (119). The amine (119) could then react

with DMF under these reaction conditions to give the amidine (126).

Mechanism A

N L N—(3 N—<N
AN AN —

(120, 121) ( 94) (94a)

.. NH
(126 - (ii) < 2
phk
(119)

(i) Nt:tN3 , OMF (i) DMF
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A blank reaction was carried out by heating the amine (119) in anhydrous
DMF at 140° (no reaction takes place below this temperature) for -3 h.
The product from this blank was not the amidine (126) but an oil
identified tentatively as 2-methyl-3-phenyl-2,4,6-triazahex-3-en-5-one

oxime (130) (76%) from its ir, pmr and mass spectra.

NOH
" Y
y“q 2 (i) N NH,
Ph/é\o/N

Ph NMe2

(119) (130)

(i) DMF, 140° 3h

The mechanism for the formation of this oxime (130) probably involves
the attack of dimethylamine, from the decomposed DMF, on to the
5-position of the oxadiazole ring, followed by ring opening to give

the product (130).
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NH
- 2
(19) —l o X ( (130)

Me N
(i) Me ,NH

The second mechanism, B, proposed for the formation of the amidine
(126) is, again, the displacement of halogen (121) or (120) by sodium
azide to give the azide (94) followed by nucleophilic attack on the
carbonyl of DMF, elimination of nitrogen, rearrangement of the resultant
oxaziridine (131) and deoxygenation of (132) to the amidine.*

Alternatively, a third mechanism, C, may be postulated where, instead
of the azide (94) as in mechanism, B, a nitrene from the azide adds to DMF
to give oxaziridine (131) in one or two steps.* The remaining steps in
this mechanism proceed as in mechanism B. Thermal deoxygenation of
N-oxides as postulated in mechanisms B and C is not unreasonable under
these reaction conditions. Rees et al. have reported an intramolecular

interaction of an azide with amides in the thermal decomposition of the

*
See Appendix 6.0.



Mechanism B

;; ?
|2 N NMe.,
g — N
/ \N NMe, Ph g7 \ O
Ph 0~
(94)
0
L*\/NMe _<N\' NMe
2 N 2
i — JNK
phAO/N ph/ko/N O)
(132) (131)
Ph/L\o/N

(126)
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Mechanism C

N—(N Ciite, N—(NQﬁl

\ \

Ph /QO/N T Ph/<o/N cNMez
(94a)

. N—( N
(126) - _\<\/‘
- Ph/< N

l-amino-8-azido-naphthalene derivatives (133) which gave rise to oxazoles

(134) and perimidines (135).110

The former were thought to arise via
an intramolecular acid-catalysed reaction (amide N-H), and the latter
" via a concerted reaction of an azide and a carbonyl group. The

mechanism proposed for the formation of perimidines (135) (Scheme 12)

is similar to mechanisms B and C.



. ) B,
TN R, @\'MRZ
o — QI
(133)

(135)

Scheme 12
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R

R

(133) (134) (135)

N

The fourth possible mechanism, D, involves the cycloaddition of the
azide (94) to the carbonyl group of DMF, with the loss of nitrous oxide

from the adduct (136) to give the amidine (126).%

Mechanism D

NMe
0’ 0~ NMe2
(94 ) (136)
v
(126) + N20

*
See Appendix 6.0
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Cycloadditions of azides with carbonyl groups of amides are unknown.
The closest analogy to mechanism D is the reported reaction of phenyl
azide with monosubstituted cyanothioformamides (137) to give cyano-
formamidines (138) at 100° over 12-18 h.111 The mechanism proposed
for the formation of the cyanoformamidines involves the cycloaddition
of phenyl azide to the thiocarbonyl group as shown in Scheme (13).
The proposed intermediate in all the mechanisms A,B,C, and D
is the azide (94). A blank experiment carried out by decomposing the
azide in anhydrous DMF with one equivalent of dry sodium bromide at
140° for 31 h provided the amidine (126) (47%). This blank showed

that postulated mechanisms involving interaction of the azide (94) with

DMF are reasonable.

N . N NMe
N 3 N
Ph“ g~ Ph
(94) (126)

(i) NaBr , DMF, 140", 31h



100

3 =N

CN
(137) u
OR
B -N |
Ph—N—7<CN -2 Ph -N
5/ NR, R
s HBg Ry NC” g, R
1R
-S
v
CN
Ph-N
NR; R,
(138)

Scheme 13
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The role of sodium bromide in the thermolysis is not exactly
understood but its absence reduces the yield of the amidine (126) to
about 107. The rate and yield of the reaction was not increased if
the thermolysis of the azide (94) was carried out with excess sodium
azide in DMF.

Although the mechanism of the reaction is not clear, this discovery
is the first demonstrated example of the intermolecular reaction of an
azide with the carbonyl group of an amide and represents a new route

to amidines.

4.2.1.3. Decomposition of 3-azido-5-phenyl-1,2,4-oxadiazole (94).

4.2,1.3.1. Flash Vacuum Pyrolysis (F.V.P.).

When the azide (94) was decomposed by F.V.P. at 500° to 550° and
7.5 x 10-2 Torr, the crude product isolated from the cold finger (-780)
showed a nitrile stretching band in the ir spectrum at 2200 cm_l but
also a carbonyl stretching band at 1680 cm-l. After distillation, the-
0il (70%) was identified as benzoyl cyanide, presumably formed by the loss
of two molecules of nitrogen. 1In order to prove conclusively the
structure of the product, an authentic sample of benzoyl cyanide was
prepared from benzoyl chloride and sodium cyanide in dichloromethane/
water using tetrabutylammonium bromide as the phase transfer catalyst.ll3
The m.p., ir, pmr and mass spectra of the authentic sample of benzoyl
cyanide were ideﬁtical to those of the benzoyl cyanide from the F.V.P.

experiment. A proposed mechanism for the formation of benzoyl cyanide

in this novel rearrangement is shown over.
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(i) N— "3 (i)
PhCN + NOCN <—//—— /« \N — = PhCOCN
Ph

0"
(94)

0 -2
(i) 500-550 , 75x 10 torr

N
N‘(B N/, ZN
Wi )

//
P Ph UN@
- -
(94)
— ] _
Ny
" -y 4
PhCONC  =— Ph - C-N=X NQ\“'
- i

PhCOCN
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The first step is the formation of the tetrazole. The weakest
bond, N-0, in the resultant oxadiazolo-tetrazole breaks to form the
benzoylimino—-tetrazole, which being unstable under the F.V.P. conditionms,
rapidly . loses two moles of nitrogen to give benzoyl isocyanide.
Oxidative cleavage of arylidene-5-hydrazino-~tetrazoles is known to
produce isonitrile dihalides with the loss of two moles of nitrogen.Ms_151
The mechanism of this conversion is postulated to involve a 5-imino-
tetrazole analogous to (94c).148 Benzoyggganide is known to give the

o 112

trimer (139) at temperatures above 14 but this trimer (139) was not

observed in the crude reaction product by ir spectroscopy.

NCOPh
14 ) 0
3 PhCONC » Ph | /l\
0 ~
N~ Ph
(139)

The last step of the mechanism is the isomerisation of benzoyl isocyanide
to the more stable benzoyl cyanide. Isomerisation of heterocyclic iso-
cyanides to heterocyclic cyanides was recently observed at ca. 500° under
F.V.P. conditions by Wentrup.57 Such isomerisations are well known to

occur at temperatures above 4000.6’57
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4.2.1.3.2. Photolysis.

In the course of our study on the fragmentation of the azide (94)
the latter was photolysed at 254 nm in degassed anhydrous acetonitrile.
Tlc indicated that the reaction was complete in 1 h. On evaporation
of the solvent an orange residue was obtained. When chloroform was
added to this residue an insoluble yellow solid precipitated out.

Tlc indicated that the insoluble yellow solid was a mixture of two
compounds and that the filtrate after removal of this solid was also

a complex mixture. One component in the yellow solid was shown to be
azo-3,3"-bis-(5-phenyl-1,2,4-oxadiazole) (140) (8%). The other minor
component in the mixture was shown to be azoxy-3,3'-bis-(5-phenyl-1,2,4-
oxadiazole) (141) (27%). This azoxy compound (14l) was identified mainly
by mass spectra evidence since thére was very little difference between
the ir and pmr of the azo (140) and the azoxy compound (141). The
filtrate, on work up, provided recovered azide (94) (6%), another crop

of the azo compound (140) (2%) and polymeric material (12%). Benzonitrile
could not be detected (tlc) or isolated on work up. There is a possibility
that benzonitrile could have reacted with one of the species formed in
solution during photolysis since the major product was polymeric material.

The formation of the azo compound (140) was most likely a result of
reaction of the nitrene intermediate formed during the photolysis with
another molecule of azide, followed by loss of nitrogen. This process

87,96 The

is one of the pathways in which nitrenes are known to react.
azoxy compound (141) could be formed by cycloaddition of the azide with
oxygen, presumably singlet oxygen being formed in the photolysis,

followed by the loss of nitrous oxide to give 3-nitroso-5-phenyl-1,2,4-
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N—\<N3 (i) (N
Ph/QO/N Ph/< AN >\Ph

(94) (140)

(141)

(i) AV, 254nm , MeCN, N,. th

N, N—(N (sha) —<N )
\
(91’) - Ph/QO/N /4

OR(9L)

(94a) (140)
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oxadiazole (142). The latter could react with the heterocyclic nitrene
or the heterocyclic azide to give the azoxy compound (141). The other
possible pathway could be reaction of singlet oxygen with the azo
compound formed under the photolytic conditionms.

The source of oxygen could be either from the suﬁp;sedly oxygen—-free
nitrogen gas bubbling through the solution during photolysis or the
intake of air while taking aliquots for tlc every 5 min over 1 h. The
reaction of aryl azides with singlet oxygen resulting in the formation
of azoxy compounds has been thoroughly investigated by Abramovitch.ll4

Since both the azo (140) and the azoxy compounds (141) were unknown,
it was decided that authentic samples of each should be synthesised
for comparison with the products from photolysis.

The attempted synthesis of the azoxy compound (141) by oxidation
102,115

of the amine (119) with peracetic acid in glacial acetic acid failed.

Thus it was decided to synthesise the azo compound (140) first, followed

0
NH N=N
N—< 2 (i) N—< +7—N
/( \N || — /« \N N/ )\
(119) (141)

(i) CH{CO5H , CHLCO,H

3773 3772
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by further oxidation to the azoxy compound (141). Oxidation of
the amine (119) to the azo compound (140) failed when the following
oxidising agents were used:
(a) lead tetraacetatelo2
(b) sodium perborate in boric acid and acetic acid117

(¢c) iodosobenzene diacetate

(d) tetraethylammonium periodiate

However, when the amine (119) was stirred in excess sodium hypochlorite
as solvent for 2 h at room temperature, the azo compound (140) was
obtained in 76% yield. This oxidising agent usually gives low yields
(less than 30% in most cases).102 Commercial bleach can also be used

but the reaction is not as clean, possibly due to additives.

NH . N=)
N—-\< 2 (i) N——< 2
I3 = A

Ph

(119) (140)
(1) NaOCl, 2h, room temperature

Oxidation of the azo compound (140) using MCPBA in anhydrous
dichloromethane at room temperature failed to provide the azoxy compound

(141).118 When the azo compound (140) was heated in hydrogen peroxide

102
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(30%) and glacial acetic acid102 at 80°-90° for 36 h the starting
material was recovered unchanged (> 90%) by filtration after cooling
the reaction mixture to room temperature. Neutralisation of the
filtrate with sodium carbonate to pH 7, extraction of the aqueous
solution with dichloromethane and on work up provided the previously
unknown 3-nitro-5-phenyl-1l,2,4-oxadiazole (143) (8%), identified

by its ir and mass spectra.

|
. N=)
(i) N—<+ 2
(140) ——w /( \
Ph NN

(144)

B SU
Ph/4 Ph /40/N

(143) (162)

. o
(i) H202 (30 %) , CH3C02H , 80-90 , 36h
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The formation of the nitro compound (143) was probably a result of
the over-oxidation of the azo compound (140) to give the nitroso
dimer (144) followed by cleavage of the N-N bond to give the highly
unstable 3-nitroso-5-phenyl-1l,2,4-oxadiazole (142). The latter (142)
would be immediately oxidised to give the more stable nitro compound
(143) as the product.116
When the azide (94) was photolysed at 254 nm in anhydrous THF
over 15 min the amine (119) (22%) was the only product isolated from
a complex mixture of unidentified products. When the amine (119) was
photolysed under identical conditions over 2 h, no reaction was observed
and the starting material was recovered quantitatively. Thus, we
could safely suggest that no further decomposition of the amine (119)
could be possible in 15 min under these photolytic conditions. The
formation of this amine can be explained by hydrogen abstraction from

the solvent by the nitrene, the latter formed from the azide (94) on

decomposition..

— —

N N NH
N 3 - 2
6 (1)
o/N

N N
/ \ e - \
Ph A LPh /(O/N Ph /(O/N

(94) (94 a) (119)

(i hV , 254nm, THF N, . 15min
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4.2.1.3.3. Thermolysis.

Fragmentation of azide (94) by thermal decomposition in solution

failed under the follo_wing conditions.

(a) heating under reflux in anhydrous bromobenzene for
21 h gave a complex mixture and tlc showed azide (94)
to be present as the major component,

(b) heating under reflux in anhydrous toluene and xylene
for 2 h and 2.5 h respectively led to quantitative
recovery of the azide (94),

(c) heating under reflux in anhydrous decalin failed
to give any identifiable products or recovered starting
material, and only base line material was observed on

tlc.

An attempt to trap the possible intermediate, the nitrene (94a), by
thermal decomposition of the azide (94) in DMSO in the presence of
copper(II) penta-2,4-dione at 180° for 0.5 h failed to provide the
sulphoximide (145), starting material or any identified products.

Benzonitrile was not present in the crude reaction mixture by tlc.

0
1
N . N=S (Me)
N—L 3 (i) N— .
e / - A
Ph 0/’ Ph O/’
(94) (145)

o

(i) DMSO , Cu(AcAc)Z , 180, 0-5h
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4,2.2. 3-Azido-4-phenyl-1l,2,5-oxadiazole (95).

4.2.2.1. Synthesis
3-Azido-4-phenyl-1,2,5~oxadiazole (95) was chosen for synthesis

since it is a possible alternative precursor for generation of nitrosyl
cyanide by fragmentation. It would also provide a comparison with

3-azido~5~-phenyl-1,2,4-oxadiazole (94).

r —
Ph\) :N3 Ph: (‘S: PhCN
N/ \N - N// \N - 7
NAS
0 CCD NOCN
(95) (95 )

The usual precursors for the synthesis of the azide (95) are
3-amino~, 3-chloro- or 3-bromo-4-phenyl-1,2,5-oxadiazole, (146), (147)
and (148) respectively. Although the amine (146) is known,]'l9 the

3-halogem derivatives of this oxadiazole are not known.

(146) (147) (148)
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The amine (146) can be synthesised in two steps very easily from
acetophenone. Treatment of acetophenone with amyl nitrite and sodium
ethoxide at room temperature for 48 h provided ®w-oximino-acetophenone
(149) (507.).120 The amine (145) (31%) was obtained by heating (149)
under reflux with hydroxylamine hydrochloride and potassium hydroxide

in water for 8 h.ll9

. . Ph NH
(i) (ii) 2
PhCOCH; ———= PhCOCH=NOH —= 7\
N N
0
(149)
(146)
(i) EtONa, CH,\ NO,EtOH (i) NH,OHHCL ,KOH , H,0, A 8h

Although the yield is not high, this method nevertheless presents a short
and simple route to the amine (146) from readily available and simple
starting materials.

The attempted synthesis of the azide (95) by diazotisation of
the amine (146) in 2 M hydrochloric acid at 0°C followed by the addition
of sodium azide provided the azide (95) in very low yield (2%) after
recrystallisation. An increase in acid strength or variation in the
temperature above 5° resulted in complex mixtures. The starting

material (146) was usually recovered in substantial amounts (30-50%).
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An alternative route122 to the azide (95) would be by diazotisation
of the corresponding 3-hydrazino-4-phenyl-1,2,5-oxadiazole (150).
Treatment of amine (146) and hydroxylamine-O-sulphonic acid with
potassium hydroxide at 180° for 1 h failed to give the hydrazine (150).
A quantitative recovery of the amine (146) was obtained from this

attempted amination.

Ph NH . Ph NHNH
2 (i) 2
[\ /| —— ;/ \(

N N N N
\\O/’ \\0,/

(146) (150)

Ph N
>——< 3
[\
N
(95)

(i) H,NSO3H , KOH



4.3. Synthesis and Reactions of 3-azido-4-phenyl-1,2,5-thiadiazole

(151) and 3-azido-5-phenyl-1,2,4-thiadiazole (152).

4,3.1. Introduction.

Following the interesting, initial results from 3-azido-5-phenyl-

1,2,4-oxadiazole (94), it was decided to study the chemistry of two

other heterocyclic azides which would provide thio-analogues of the

oxadiazole system, i.e., 3-azido-4-phenyl-1l,2,5-thiadiazole (151) and

3-azido-5-phenyl-1,2,4-thiadiazole (152).

It can be envisaged that

fragmentation of these two azides, (151) and (152) might provide a

new species, thionitrosyl cyanide (153), and the inert benzonitrile.

(152)

\
Ph A v

(152a)

PhCN +

NCNS

(153)
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The presence of benzonitrile in the reaction mixture resulting
from the decomposition of these azides (151) and (152), would provide
an indication of the formation of the possibly highly reactive,
unknown species (153).

The synthesis and decomposition reactions of the azide (151) will

be discussed first, followed by those of azide (153).

4.3.2. 3-Azido-4-phenyl-1l,2,5-thiadiazole (151).

4.3.2.1. Synthesis.

The two known precursors of 3-azido-4-phenyl-1l,2,5-thiadiazole (151)
are 3-chloro- and 3-amino-4-phenyl-1,2,5-thiadiazole (154) and (155)
respectively. Both precursors have been synthesised by entirely different
routes. Interconversion of the chloro (154) and the amino (155) compounds
is unknown.

The chloro compound (154) (527.)123 can be synthesised from 2-phenyl-
glycinonitrile hydrochloride (156)124 by treatment with sulphur mono-
chloride in DMF at room temperature for 16 h. The hydrochloride (156)
(15%) was prepared by using a modified procedure from benzaldehyde,
sodium cyanide and ammonium chloride.49

Attempts to synthesise the azide (151) by heating the chloro
compound (154) with potassium azide and 18-crown-6 in anhydrous DMF at
140° for 6.5 h gave a complex mixture. The only product isolated was

the amine (155) (22%). The ir spectrum showed that azide (151) was

not among the six unidentified products.



. IEIHZ.HCl
PhCHO + NH,CL  +  NaCN ﬂ—’ Ph-CH-CN

(156)

(i)

Ph)/__\(tl .

N N
N

(154)

(i) MeOH, HCl (ii) Sztlz, DMF, 16h , room temperature

91T
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— =
Ph) (u (i) Ph\/ (N Ph-; (NHZ
N/ \N . N/ \N T N/ \N
N g7 g7
(154) (151q) (155)
(i) KNy , 18-crown-6 , DMF, 140°, 65h

The production of the amine (155) suggested strongly that the
azide (151) had indeed been formed. There is no other more likely
way in which a C-N bond can be formed with cleavage of the C-Cf bond
of the thiadiazole except than by nucleophilic displacement of the
chloride by the 'naked' azide ion in the aprotic solvent. The azide
(151) presumably decomposed with the loss of nitrogen under these
reaction conditions to the nitrene intermediate (15la) which under-
went hydrogen abstraction to give the amine (155). This method of

preparation of the amine (155) provides a useful alternative to two
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(i Ph H Ph: l/NHZ

N N N N
S/ \S/

(157) (155)

Ph-C=C-H (i)

(i) SANA' xylene , A, 6h (ii) SLNI’ , toluene , A , 6h

125,126 o amine (155) was reported

known literature methods.
to have been synthesised from 2vphenethylamine125 or phenylacety-
lene126 on heating under reflux with tetrasulphur tetranitride in
xylene and toluene for 6 h. The reported yield of the amine (155)
varied from 57 to a maximum of 157 compared to 227 obtained from

the chloro compound (154) by the method described above. We found:
that reactions with tetrasulphur tetranitride constantly gave complex
mixtures of at least 15 spots on tlc. These reactions either
proceeded extremely slowly or not at all if the temperature ﬁés
lowered to that of boiling benzene. Attempts to alter the azide
displacement reactions conditions to favour azide formation by heating
the chloro compound (154) with sodium azide in aqueous DMSO (DMSO: |
water, 5:1) at 125° for 6 h provided an improved yield of the amine

(155) (50%). Neither the azide (151) nor the sulphoximide (158) were
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[ ]
Ph S Ph N Ph N
L >/ \( — ]\
N AN M NN
_ —
(154) (151) (151a)
;/ \( -—
(155) N\S/N

() NaNy , DMSO:water(5:1), 125° . 6h

“isolated. This reaction was very clean compared to the three methods
mentioned above and it was routinely used for preparing the amine "(155).
The formation of the amino compound (155) from the chloro compound
(154) in both cases, i.e., with potassium azide, 18-crown-6 in DMF at 140°
for 6.5 h and with sodium azide in aqueous DMSO at 125° for 6 h probably
occurred through hydrogen abstraction by nitrene intermediate (15la), the
latter coming from the decomposition of the azide (151). However, it was
rather surprising to observe the production of the amine (155) in the
latter case rather than the formation of the sulphoximide (158) since

87, 96, 127 A possible

DMSO is usually an extremely good nitrene trap.
explanation for the formation of thé amine (155) in this case
could be hydrolysis of the sulphoximide (158), if this is formed under

the vigorous reaction conditions with the elimination of water soluble

dimethyl sulphone. The hydrolysis has yet to be tested since sulphoximides
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(154)

(Me),S0, + (155) +———

(151)

0?1



are usually stable compounds.127 An explanation for the formation
of the amine (155) invoking hydrogen abstraction from water by a
nitrene is very unlikely since the species generated ('OH or +OH)
in the process would be extremely reactive. Hydrogen abstraction
from DMSO by nitrenes is also unknown and unlikely since DMSO
usually traps nitfenes very efficiently as sulphoximides.

The formation of the amine (155) by hydrogen abstraction of the
nitrene generated when DMF was used seemed reasonable. The formation
of an amidine corresponding to that of 1,2,4-oxadiazole azide was not
observed with azide (151). When phenyl azide was heated under reflux
in anhydrous. DMF for 24 h a complex mixture was obtained and aniline
(4%) was the only product identified. The formation of the aniline
must be by hydrogen abstraction of the nitrene generated by the loss

of nitrogen from phenyl azide.

(i "
PhN ;’ PhN: —  PhNH

(i) DMF, A , 24&h

There are two recent reports of similar reactions involving the
formation of primary amines from the corresponding chloro- or bromo
compounds by using sodium azide in DMSO. The first report was the

conversion of the bromo compound (159) to the amino compound (160).128

121



Br Ph
Et

N
0 H 0

(159)

(i) NuN3 , ag. OMSO

(160)

The mechanism for the formation of the amine was claimed to be

a nitrene insertion into a C-H bond.

intermolecular hydrogen abstraction in our case.

was the conversion of the aryl-halogeno derivatives shown in Table V

This compares with the presumed
129

to the corresponding primary arylamines.

The second report
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Table V.
Substrate temp/°C time/h Yield of ArNH./%
p-chloronitrobenzene 140 2.5 60
m-chloronitrobenzene 170 20 40
p-chloroacetophenone 170 16-18 30
4~chlorobenzofurazan 140 14-15 35
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The direct procedure for this synthesis of primary aromatic amines
seems to be of synthetic interest and far shorter than other routes
which start from the corresponding halogen compound. Thus, the best
route to the amino compound (155) is from heating the chloro compound
(154) with sodium azide in aqueous DMSO as described earlier.

Diazotisation of the amine (155) in 2 M hydrochloric acid at
-10° followed by the addition of the solution of the diazonium salt
over 0.5 h to a solution of excess sodium azide in water and dichloro-
methane at -10° provided the azide (151) (50%). Any variation of these
reaction conditions or of the procedure results in a complex mixture.
Azido-tetrazole tautomerism was not observed with this azide since
the azide stretching band at 2120 cm-1 was still very strong in

solution (chloroform).
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4.3.2.2. Decomposition.

4.3.2.2.1. Thermolysis.
An attempted fragmentation of 3-azido-4-phenyl-1l,2,5-thiadiazole

(151) by thermal decomposition was carried out to see if thionitrosyl
cyanide (153) could be generated. When the azide (151) was heated

under reflux in anhydrous toluene for 10 h, tlc indicated that the
reaction mixture contained mainly the starting material. However,

on heating the azide (151) under reflux in anhydrous m-xylene for 14 h
an unexpected product, 3-(3'-methylbenzylidenamino)-4-phenyl-1,2,5-
thiadiazole (161) (52%, based on azide consumed) was obtained together
with recovered starting material (151) (27%). The structure of the
Schiff base (161) was elucidated from its mass spectrum and pmr spectrum.
As additional evidence, an authentic sample of this Schiff base (161)
(75%) was synthesised by condensation of 3-amino-4-phenyl-1,2,5-thia-
diazole (155) with m-tolualdehyde. The m.p. and ir, pmr, and mass spectra
of the Schiff base obtained from thermolysis were identical to those

of the authentic sample.

Ph N ) Ph N=CH CH3
/L

N\S/N N\S/N

(151) (161)

(i) m-xylene , A, 1&4h
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When the thermolysis of the azide (151) was carried out by heating
under reflux in anhydrous p-xylene for 16 h the corresponding 3-(4'-
methylbenzilidenamino)-4-phenyl-1,2,5~thiadiazole (162) (65%, based on
the azide consumed) was obtained together with some recovered starting
material (151) (25%). An authentic sample of this Schiff base (162)
(75%) was prepared by condensation of the amine (155) with p-tolualdehyde
and had identical m.p., ir, pmr, mass spectra to those of the product
from the azide thermolysis.

These Schiff bases, (161) and (162) were presumably formed by
nitrene insertion into one of the methyl groups of the xylene, followed
by hydrogen abstraction from the resultant amine (163) by air oxidation
or by a second nitrene molecule.

This explanation for the formation of the Schiff bases (161) and
(162) seems reasonable since oxidation occurs at a reactive benzylic
position. In order to test this hypothesis an authentic gample of the
proposed and previously unknown intermediate, 3-(4'-methylbenzylamino)-
4-phenyl-1,2,5~-thiadiazole (163) was required. Attempts to synthesise
this amine (163) from the chloro compound (154) by heating with benzyl-
amine at 145° for 6.5 h gave a complex mixture. When 3-amino-4-phenyl-
1,2,5~thiadiazole (155) was heated under reflux in anhydrous toluene
with benzyl chloride and potassium carbonate, no reaction occurred
after 14.5 h. The amine (163) (93%) was finally synthesised by
sodium borohydride reduction of the Schiff base (162) in anhydrous

me thanol.
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IO
Phy__ /N=Gjj ) ph NHCHZ@-—CHB
N/ \N N/ \N
\S/ \S/

(162) (163)

(1) NaBH, ,MeOH, A

I

" e | T —

N\S/N N\S/N

(151) (151a)

'

Ph\/ \/N:CI-T@ - ph NHCHZ-@
[\ CH ;/ \(

CH
Ng/ N\S/N 3

-

(161,16 2) (163)

(i) m-or p-xylene
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Having synthesised the proposed intermediate (163), a blank experiment
was carried out by heating this amine (163) in anhydrous p-xylene
under reflux in air for 18 h. A quantitative recovery of the amine
(163) was obtained on work up and no Schiff base (162) was present
in the reaction mixture by ir and tlc. This strongly suggested that
benzylic oxidation by air of the amine (163) did not take place.

The other explanation for the formation of the Schiff bases,
(161) and (162), by hydrogen abstraction by the heterocyclic nitrene
from the intermediate (163) also seemed to be reasonable. If the
reaction did occur by this mechanism, the primary amine (155) will be
a by-product of this reaction. However, the presence of this amine
(155) could not be inferred by tlc since the Schiff bases, (161) and
(162) , were hydrolysed extremely easily on silica gel, and did themselves

show a spot for the amine (155).

\S/N N\S/N
I —
(151) (163)
(ii)
v
(162)

(i) p-xylene (i) (151a)
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Intermolecular insertion of a nitrene into one of the methyl
groups of xylene is not known to date. Thermolysis of various

azides in xylene (ortho or para) resulted either in no insertion

at all or insertion of the nitrene into a ring C-H of the xylene

leaving the two methyl groups intact.87’96

The first reported
thermolysis of an azide in xylene was carried out by Curtius in 1915
when he heated bis(sulphonylazide) (164) with p-xylene and obtained
four unidentified products of molecular formula, CgH,3iN, CgHsN,

CgHsN (m.p. 112°) and CeH,N (m.p. 850) after alkaline hydrolysis.130

CH
3 CH3
—_—
N3502 N3 + NH
CH3
(164) CHB
Four oH CH3 __
Unidentified Products - NH
=
CH3

Seven years later Curtius reported that on thermolysis of benzyl azide

(165) in xyléne, N,N'-dibenzylbenzamidine (166) was obtained.131
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(i) A, xylene

The mechanism was not given by the author but reaction of the benzyl
azide (165) with xylene was ruled out. Two years later, Berthol32
described the thermolysis of phenyl azide in p-xylene under pressure
at 150-160° for 7-8 h to give aniline (857%) and small amounts of

azobenzene (dimerisation product) (167) and p,p'-ditolylethane (168).

The latter was presumably formed from the dimerisation of the two

p-xylene radicals after hydrogen abstractian by the nitrene.

(1)
PhN3 — PhNH2 + (PhN.—.)2 * (Me—@—CHZ-)Z

(16 7) (168)

(i) A, p-xylene
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Thermolysis of bis(carbonyl azide) (169) with p-xylene was
reported in 1926 by Curtius and the insertion products were 2,5-
lutidine (170) and p-xylidine (171) produced in small amounts, with
" Humuskérper" , a brown amorphous substance of undetermined composition

being the major product of the reaction.133

CH, CH,
CH NH
3 >
N CH.
3
CH, (169) (170) CH,
(171)

Thermolysis of cyanogen azide (172) in p-xylene to give p-xylidine
(171) on acid hydrolysis of the cyanamide (173) was reported by
Marsh in 1965 (Scheme 14).134 A list of insertion products derived
from reactions of arylsulphonyl azides wi;h o- and p-xylene is shown
in Table VI.135-14O In all the cases where insertion of the nitrene
into the xylene took place, both the methyl groups were still present
in the products.

This brief summary of intermolecular insertions into xylene by a
variety of nitrenes showed thaf preferential insertion into the ring
C-H bond occurred. In general, the order of insertions by nitrenes

into aliphatic and aryl C-H bonds are in the exrd.c~ CH > CH, > CH3.87’96



Table VI

Solvent RSO,;Ns, R = Insertion Product Yield/% Reference
o-xylene p~-CH3CONHCgH, RSO,NHCeH4-3,4—(Me) 2 25 139
p-xylene PhCH, RSO,NHCcHs~2,5-(Me) » - 135
p-xylene Ph RSO,NHC¢H3-2,5-(Me) , 67 136
p-xylene p-CHsCeH, RSO,NHC¢H3-2,5-(Me) 2 53 (crude) 138
p-xylene p-CfCeH, RSO,NHCcH3-2,5-(Me) . 51 (crude) 139
p-xylene 0-ICgsH, RSO,NHC¢H3-2,5-(Me) 2 Trace 136
p-xylene 0-NO,CsH, RSO,NHCsHs-2,5-(Me) 2 33 136
p-xylene p-CHsCONHC¢H,, RSO,NHCecH3=2,5-(Me) 50 137
p-xylene 2-C,0H> RSO,NHCgH3-2,5-(Me) » 12 140

T€T
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(CH

NCN3

— 3'2
(ii)
Q/ —

CH
[NCN] 3

3 (i)

jo¢
7

(173)
(172 a)

NH
2 1)
CH

+
Scheme 1&_ (i) p-xylene (i) H (i) & , H,0’

From this discussion, we can see that the reaction discovered
in the course of this work is a unique example of intermolecular
nitrene insertion into one of the methyl groups of m- and p-xylene,
proceeding in moderately good yields, though the mechanistic details

still need to be unravelled.
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4.3.2.2.2. Photolysis.

Attempts to fragment the azide (151) by photolysis at 300 nm
in anhydrous, degassed, acetonitrile over 15 min provided a complex
mixture of five different compounds by tle (dichloromethane: petroleuﬁ
ether; 1:1). The only products isolated were 3-amino-4-phenyl-1,2,5-
thiadiazole (155) (26%) and an unidentified yellow solid (14.8%), the
latter being the major component among the four other products which

could not be identified.

(151) (155)

(i) A¥ 300nm , MeCN, N 15 min

2 !

When the azide (151) was photolysed at 254 nm in anhydrous,
degassed acetonitrile in the presence of DMSO (50:1) for 0.5 h in
an attempt to trap the nitrene, a complex mixture of at least five
spots was observed on tlc. The sulphoximide (158) could not be
identified in any of fractions after chromatography and no benzo-

nitrile could be detected in the crude reaction mixture.
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4,3.3. 3-Azido-5-phenyl-1,2,4-thiadiazole (154).

4.3.3.1. Synthesis and decomposition

This azide, 3-azido-5-phenyl-1,2,4-thiadiazole (152) represents
an alternative source of the unknowrny thionitrosyl cyanide if the
corresponding nitrene undergoes fragmentation of the heterocyclic

ring as in equation A, the nitrene being in the B-position (see 4.1).

NS %)
AN — | V| — ao

4 ) *
L _—
©NONS
(152) (152 a) (153)

Thionitrosyl compounds, R-N=S, are rare, but have been reported
as reactive intermediates in the decomposition of N,N'-thiodianilines
(174). The latter were prepared from substituted anilines (175) and
piperidine-l-suighyi chloride (176) in anhydrous diethyl ether at
-20°. The intermediate N-thioanilines (177), were trapped with
dimethylbutadiene to give the adducts, 2-aryl-3,6-dihydro-4,5-dimethyl-
1,2-thiazines (178),141 (Scheme 15).

The two possible precursors to the required azide (152) viz.,

3-amino- and 3-bromo-5-phenyl-l,2,4-thiadiazole, (179) and (180)



SCl

NH2 |
N NHSNH
. X X X '

{175) (176) A (174)
| J
y - + ArNH2
S
X
X > CHy | _
(178)
(177)
Scheme 15 X=H,C,Br, NO

2

GET
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respectively, are known compounds. The bromo compound (180) (22%)
can be synthesised by diazotisation of the amino compound (179) at
0° in concentrated hydrobromic acid.142 The synthesis of the amino
compound (179) starting from cyanamide or dicyanamide is shown in

Scheme (16).

(i) NH (ii) NH
NH,CN ——  H,NCNHCN ——  PhCONHCNHCN
(181) (iii) (182)
NH
N—< 2 (i) -
/4 \N - PRCONHCNHENH,,
Ph s~ S
(183)
(179) (v)
Br
) \<
PhAS/N
(180)

Scheme 16 (i) aqueous NH3 (ii) PhCOCL (iii) HZS , EtOH

(iv) H,0 EtOH (v) NaNO

20, , Cu , HBr

2
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Dicyanamide (181) was readily synthesised in quantitative yield by
dimerisation of cyanamide in aqueous ammonia.143 Benzoylation of
the dicyanamide (181) in the presence of potassium hydroxide in
acetone at 10° provided N-benzoyldicyanamide (182) (90%).144 The
latter was not isolated but was reacted immediately with a saturated
ethanolic solution of hydrogen sulphide to give N-(benzoylamido)thio-
urea (183) (50%)144 as yellow crystals after two recrystallisations
from ethanol. On heating the thiourea (183) in hydrogen peroxide (6%)
and ethanol under reflux until the yellow colour of the solution was
completely discharged, the amino compound (179) was obtained in 80%
yield.145

It was decided to attempt initial synthesis of the azide (152)
from the amine (179). The first attempt by diazotisation of the amine
(179) in 6 M hydrochloric acid at Oo, followed by thé addition of

sodium azide did not give the azide (152) but gave benzonitrile (18%)

instead.

N‘—<NH2 i N—("2 | i)
N ///\ \N N /4—« ——  PhCN

S/’

(179) (184)

(i)
/1

. o .o o
(i) NaNOz, 0 (i) NclN3 'HZO , CHZCIZ, 0
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Benzonitrile could have been obtained from either the breakdown
of the diazonium salt (184) in some unknown fashion or of the azide
(152) once formed. A blank experiment showed that btenzonitrile was
not present after diazotisation of the amine (179). Tlc showed base-
line material only. Benzonitrile (Rf 0.85) was obtained only on
addition of sodium azide when rapid evolution of gas occurred. This
observation strongly suggested that the azide (152) was formed but
was too unstable under these reaction conditions and fragmented to
give benzonitrile. The other fragment could well have been thionitrosyl
cyanide (153) but it was probably too reactive and unstable to be
isolated under these reaction conditions. This could present a synthetic
method to generate this new highly reactive and unstable species (153)
if sufficiently mild conditions could be found for its isolation or
trapping,

Geordeler and Merten3146 claimed that the diazonium salt (184) was
relatively unstable. This could have accounted for the low yield of
the benzonitrile obtained. Benzonitrile was not detected when they
diazotised the amine (179). This substantiated the blank experiment
and the supposition that the benzonitrile was a fragmentation product
of the azide (152). The synthesis of the azide (152) from the bromo
compound (180) was not attempted since this azide appeared to be too
unstable to survive the vigorous conditions which may have been required.
It is just possible, however, that the rapid decomposition of azide

(152) is acid catalysed and the azide (152) is thermally fairly stable.
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4,4, Concluding remarks to 4.0.

The study of the decomposition reactions of five-membered-ring
heterocyclic azides provided some very interesting and novel reactionms.
Although 3-azido-5-phenyl-l,2,4-oxadiazole (94) did not provide nitrosyl
cyanide on decomposition as expected nevertheless the F.V.P. of this
azide (94) gave the unexpected benzoyl cyanide in high yield and its
thermolysis in DMF provided N,N'-dimethyl-N" -(5-phenyl-1,2,4~oxadiazol-
3-yl) formamidine (126) in moderate yields. This new and novel reaction
was first observed in the attempted synthesis of azide (94) from the
corresponding 3-bromo and chloro-5-phenyl-1,2,4-oxadiazole (120 and
121) with sodium azide in DMF. Subsequently, the azide (94) was
postulated and proved to be the intermediate in the reaction. It is
unfortunate that the corresponding 3-azido-4-phenyl-1,2,5-oxadiazole
(95) could not be synthesised in substantial émounts for decomposition
reactions. Comparison of these two oxadiazole azides, (94) and (95)
will be interesting.

The sulphur analogues, 3-azido-4-phenyl-1,2,5-thiadiazole (151)
and 3-azido-5-phenyl-1l,2,4-thiadiazole (152), also provided some very
interesting decomposition reactions. 3-Azido-5-phenyl-l,2,4-thiadiazole
was believed to be very unstable even at 0-5° since benzonitrile, a
fragmentation product, was obtained during its synthesis by diazotisation
of the corresponding amine (179). This reaction provided a possible
synthetic route to a new and highly reactive species, thionitrosyl

cyanide (153) and was the only azide that fragmented as expected for
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NX~NMe
N—\<N 2

Ph /Qo/

i (126)
(i / ' | (v)

N .. X
N 3 (i) or (iii) N-(
N N
PhAO/ (94) ph/ko/
I’ (120) X=Br
1 {iv) (121) X=Cl
PhCN + NOCN

PhCOCN

(i) NaBr, DMF (ii) LiN,,DMF, 90o(iii) KN3 , 18-(:r‘own-6,DMF,90°

(iv) 500-550°. 7-5x 19"~ torr (v) NaN, , DMF 120-130

B-substituted heterocyclic azides. The decomposition product of azide
(151) in m or p-xylene provided 3(3'- or 4'-methylbenzylidenamino)-4-
phenyl-1,2,5-thiadiazole (161 or 162) in moderately good yields, These
reactions are the first observed intermolecular insertions of heterocyclic
nitrenes (15la or 152a) into one of the methyl groups of xylene with
subsequent hydrogen abstraction by the excess nitrene to provide the

Schiff bases (161 or 162).
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R
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N
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_
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v
PhCN + N2 + NCNS
(153)

CH3

(161,162)
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All three azides (94), (95) and (151) remained mainly in the
azido form both in the solid state or in solution and cyclisation to
the tetrazole form was not observed. It is interesting to note that
azide (94) was not decomposed in boiling xylene but the sulphur analogue
decomposed at 0-5°. Comparison of the stability and reactivity of these
four azides (94, 95, 151 and 152) will be interesting but a very much
better synthetic route to azide (95) will be required to provide the

'missing link' in this study.



EXPERIMENTAL
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5.0. EXPERIMENTAL

Spectra.

Infra-red spectra (ir) were recorded in the range 200-4000 c:m-'1 and/or
600-4000 cm—1 using Perkin-Elmer 257 and 298 spectrophotometers and
calibrated against polystyrene. Spectra of solids were taken as Nujol
mulls or potassium bromide disc and liquids as thin films between sodium
chloride plates or in solution cells with the appropriate solvents.

All values quoted are medium to strong stretching bands in the spectra.

Ultra-violet and visible spectra (uv) were recorded in the range
200-700 nm using a Pye Unicam SP 800 or SP 1800 ultraviolet spectro-
photometer using cells of 1 cm path length. Solvents used are indicated
in the experimental data.

Proton nuclear magnetic resonance spectra (pmr) were recorded using
Varian T60 (60 MHz), EM 360 A (60 MHz), Perkin-Elmer R 32 (90 MHz), or
Bruker WM 250 (250 MHz) instruments, with tetramethylsilane as internal
standard and reference. Signals are quoted as singlets (s), doublets (d),
triplets (t), quartets (q), multiplets (m), or broad (br). Solvents are
indicated in the experimental data.

Low and high resolution mass spectra were recorded on A.E.I. MS 12
and VG Micromass 7070 B instruments. Spectra were recorded at 70 or

12 eV using a direct insertion probe or septum inlet.

Melting points.

Melting points were carried out on a Kofler Hot Stage apparatus

and are uncorrected.
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éolvénts.

Petroleum ether b.p. 40—600, 60-800, 80-100° were distilled before
used. Petroleum ether in the experimental referred to 60-80° b.p. range.
Dichloromethane was distilled prior to use and dried by refluxing over
phosphorus pentoxide. Acetonitrile, dimethylformamide, and dimethyl
sulphoxide were dried over calcium hydride and distilled directly
into the reaction vessel. Pyridine, triethylamine and piperidine were
dried over potassium hydroxide. Hydrocarbon and diethyl ether were dried
by standing over sodium wire. Tetrahydrofuran and dioxan were dried over
sodium wire and benzophenone and distilled directly into the reaction
vessel under dry nitrogen. Carbon tetrachloride was dried over calcium
chloride and distilled before use. Ethyl acetate and bromobenzene
were distilled before use. Ethanol in chloroform was removed by passing
through a column of basic Alumina (Brockmann Grade I) when necessary.
Acetone, ethanol and methanol were used as supplied commercially in AR

grade.

Chromatography.

Column chromatography was carried out on silica gel H Art. 7736
(Merck) or neutral alumina 'H' (Laporte Industries Ltd.) under pump
pressure or nitrogen at 7 p.s.i. Thin layer chromatography (tlc) were
used extensively as an analytical technique for following the progress
of reactions and assessing the purity of compounds. Silica gel GF,s,
(Merck) on 20 x 5 cm plates and commercial tlc plates Art. 5554 (Merck)
were also used. All commercial tlc plates were developed once in the

appropriate solvents before use.
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Preparative layer chromatography (plc) was carried out on 20 x 5,
20 x 20, or 20 x 40 cm glass plates coated with a layer of silica gel
GF,s, (Merck) or Alumina 60 PF,s, (Type E) (Merck). All plates were

observed under ultraviolet light (254 nm) or in an iodine tank.

Photolysis.

Photochemical reactions were carried out using a Rayonet photo-
chemical reactor of lamps 253.7 or 300 nm wavelength. The solvent used
was degassed with dry nitrogen or argon. Nitrogen was bubbled into the

reaction mixture throughout photolysis.

Drying agents.

Anhydrous sodium sulphate or magnesium sulphate were used extensively

for drying solutions in organic solvents.



EXPERIMENTAL TO 2.0.
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7

S,S'-Dimethylcyanodithiocarbonimidate (10) m.p. 52-53° (lit.’ 53-54°).

Chlorination of S,S'-dimethylcyanodithiocarbonimidate (10).

S,S'-Dimethylcyanodithiocarbonimidate (19 g, 0.13 mol) was dissolved
in dichloromethane (75 cm®) and treated with chlorine (21 g, 0.3 mol) at
-15° over 1 h. The reaction mixture was allowed to warm up to 0°
and stirred for another 2 h. The excess chlorine in the reaction mixture
ﬁas removed by bubbling nitrogen through the solution for 1 h at room
temperature. The solvent was evaporated under reduced pressure to give
a yellow oil. This yellow oil on standing at room temperature provided
a white solid, (8.7 g, 50%), m.p., 210-212° ( sublimed at 125°/4 mmHg)
(methylthiollophanate, lit.20 2050); Vhax (nujol) 3380, 3350, 3320 (NH
and NH.), 1690 (C=0), 1670 (C=0), 1170, 1090, 1045, 970, 950, 890, 790,
740, 720, 625; & (CF5CO.H), 2.5 (s, 3H, SMe); m/e, 134 (M'), 87 (base),
48, 44, 28. After filtering, the filtrate was chromatographed on silica
gel with petroleum ether: ethyl acetate (3:1) to provide an unstable
white crystalline solid, N-cyanoimino-S-methylthiocarbonate chloride,
(1.3 g, 7%), m.p. 34-36°, v . (nujol) 2210 (-CN), 1580 (C=N) 960, 725;

§ (CDCs) 2.7 (s, 3H, SMe); m/e 136, 134 (M', one chlorine pattern), 99
(M-C¢, base), 73, 18 (Found: C, 25.65; H, 2.10; N, 19.82; Cf, 26.45;
S, 24.53. C3H3N,SC¢ requires C, 26.73; H, 2.40; N, 20.78; Cf, 26.30;

S, 23.78%). Due to the instability of this product, better analysis

figures could not be obtained.
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Reaction of N-cyanoimino-S-methylthiocarbonate chloride (22) with

benzylamine.

N-Cyano-S-methylthiocarbonate chloride (100 mg, 0.7 mmol) and
benzylamine (160 mg, 1.48 mmol) were stirred in ethanol (20 cm?®) at
room temperature for 0.5 h. The white solid which precipitated on
staning at 2° overnight was filtered, dried (96 mg, 637%), m.p. 158-159°
(N-benzyl-N'-cyano-S-methylthiourea, lit.21 157-158°), Vnax (nujol) 3290
(NH), 2170 (-CN), 1550, 1520, 1465, 1380, 1290, 965, 700; § (CDCfs)
7.5-7.1 (m, 5H), 4.5 (d, 2H), 2.5 (s, 3H); m/e 205 (M+), 190, 158, 116,
106, 91 (base), 65, 48, 47, 32, 28.

2

N-Benzyl-N'-cyano-S-methylthiourea (23) m.p. 157-158° (lit. 1 157-158%).

N,N'-Dibenzyl-N"-cyanoguanidine (24).

ngenzylfg'—cyano-§fmethy1thiourea was prepared in situ by treating
S,S'-dimethyl-N-cyanodithiocarbonimidate (2 g, 13.7 mmol) with benzylamine
(1.5 cm®, 13.9 mmol) in ethanol (40 cm®). Excess benzylamine (5 cm?,
46.6 mmol) was added to the reaction mixture wher. tlc (petroleum ether:
ethyl acetate (1:2)) indicated the absence of the starting material. The
reaction mixture was heated under reflux for 32 h (Rf of the product and
Ejbenzyljg'—cyano-§jmethylthiourea was identical). The solvent was
removed under reduced pressure to provide the product (1.6 g, 44%), m.p.

140-141° (ethanol), Voax (nujol) 3410, 3290 (NH), 2160 (-CN), 1580, 1500,

1425, 1365, 1355, 1275, 1260, 1075, 1030, 970, 810, 730, 700, 670; & (CDCZs)
7.2 (s, 10H, Ph), 5.8 (s, br, 2H, NH), 4.3 (d, 4H, CH,); m/e, 264 ("), 106,
91 (base), 28 (Found: C, 72.77; H, 6.13; N, 21.35. C;¢H,6Ns requires

c, 73.73; H, 6.10; N, 21.217%).
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2

Dipotassium N-cyanodithiocarbonimidate (12) m.p. 218-219° (1it.1 215°).

Cyanoisothiocyanate (13)14 v

nax (CH,C?,) 2240 (-CN), 1970 (br, -NCS).

N-Cyano-1-(chlorothio) formimidoyl chloride (20).

To cyanoisothiocyanate in anhydrous dichloromethane (100 cm?®),
prepared according to the literature from dipotassium N-cyanodithiocarbon-
imidate (19.4 g, 0.1 mol), was added freshly distilled anhydrous dichloro-
methane (100 cm®). Dry chlorine was bubbled through the reaction mixture
at 0° for 7.5 h. The excess chlorine was removed by bubbling dry
nitrogen through the solution for 1 h at room temperature. The volume
of the solvent was reduced from ca. 200 cm® to 20 cm® on a rotary
evaporator at room temperature. The product showed vmax (CH,C?,) 2220
(-CN), 1600 (C=N), 940 (C-Cf), 550 (-SCf); m/e, 156, 154 (M&, two chlorine
pattern), 119 (M-C¢), 117, 103, 88, 87, 86, 84, 83 (CH,Cf.), 51, 49, 48,
47, 42, 41, 35. It was unstable neat but would be stored for two days in

anhydrous dichloromethane at °.

Cyanocarbonimidic dichloride (5).

A ‘solution of N-cyano-1-(chlorothio) formimidoyl chloride in anhydrous
dichloromethane (100 cm®) was chlorinated at room temperature for 12.5 h.
The progress of the chlorination was monitored by taking aliquots every
hour for examination by ir spectroscopy where the Yooy (550 cm_l)

intensity decreased as the new v, ., (960 cm-l) increased in intensity.

R " -1 =1 .
The intensity of vg., (550 em ) and v,_., (960 cm ) remained constant

after 12.5 h of chlorination at room temperature and even during chlorination
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in dichloromethane under reflux for another 15.5 h. The reaction
mixture was cooled to room temperature and the excess chlorine was
removed by bubbling dry nitrogen through the solution for 1 h at room
temperature. Raw linseed oil (1 cm®) was added to the product mixture.
Distillation at 200/1 mmHg into a liquid nitrogen trap provided a
colourless solution of the product which showed Voax (CH,C?,) 2210 (-CN),
1600 (C=N), 960 (C-Cf), 930 (C-Cf); m/e 156, 154, 122 (M+), 119, 117, 84,
51, 49, 48, 28. The ratio of the peak heights at 122:124:154:156 was
8.8:4.0:1.5:1.0 in the product and 1.0:1.0:2.2:1.6 in the starting
material.

Excess benzylamine (0.3 cm®, 2.7 mmol) was added to a solution of
the product in anhydrous dichloromethane (0.5 cm®) and the mixture was
stirred for 5 min at room temperature. Tlc (chloroform) showed a mixture
but repeated development on the same plate showed that one of the spots
had the same Rf as the authentic N,N'-dibenzyl-N" -cyanoguanidine after

each development.

N-Cyanodiphenyliminosulphurane (15) m.p. 59-60° (lit.16 60-62.5°).

23

Phenyl (trichloromethyl)mercury m.p. 117-118° (lit. 115-116°).

Reaction of N-cyanodiphenyliminosulphurane (15) with dichlorocarbene.

A. Generation of dichlorocarbene by base treatment of chloroform.

To a solution of N-cyanodiphenyliminosulphurane (2.3 g, 10 mmol) in
chloroform (10 cm®) was added benzyltriethyl ammonium chloride (20 mg,

0.1 mmol) at 0-5°, A freshly prepared solution of sodium hydroxide (1.6 g,
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40 mmol) in water (2.5 cm®) was cooled to 5° before adding to the reaction
mixture. The reaction was monitored by tlc (ethyl acetate). The

starting material was still present after stirring at 0-5° for 192 h.

A white solid (1.0 g) m.p. > 270° was filtered off and the filtrate was
extracted with chloroform. Diphenyl sulphide (trace) was the only

product by tlc.

B. Generation of dichlorocarbene from phenyl(trichloromethyl)mercury.

N-Cyanodiphenyliminosulphurane (0.2 g, 0.88 mmol) was added to phenyl-
(trichloromethyl)mercury (0.4 g, 0.88 mmol) in anhydrous benzene (25 cm?®).
The mixture was refluxed for 15 h. On cooling, phenyl mercuric chloride,

83 248-250%) (0.2 g, 74%), was filtered off and the

m.p. 247-250° (lit.
ir spectrum of the filtrate showed a mixture of the starting material,

vmax (CeHg) 2260 (-CN), and diphenyl sulphide, Voax (CeHs) 1620, 1580,

1030. Another equivalent of phenyl(trichloromethyl)mercury (0.4 g, 0.88
mmol) was added to the filtrate and the mixture was refluxed for another

18 h. Phenyl mercuric chloride, m.p. 247-250° (0.2 g, 74%), was filtered
off on cooling. Tlc (carbon tetrachloride) indicated diphenyl sulphide

was the main product in the filtrate; no starting material could be
detected. Excess benzylamine (1.5 cm®, 13.9 mmol) was added to the reaction
mixture to trap any cyanocarbonimidic dichloride present. Tlc (carbon
tetrachloride) failed to show a spot whose Rf corresponded to that of

an authentic sample of y,ﬁ'-dibenzylﬁg" -cyanoguanidine. The ir spectrum
of the mixture showed only diphenyl sulphide (trace), Vhax (film) 3090,
308&; 1920, 1820, 1780, 1580, 1480, 1025, 735, and benzylamine, vmax (film)

3380, 3300, 2920, 2860, 1610, 1500, 1455, 700, 680.



EXPERIMENTAL TO 3.0.
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4-(N-Phenylformimidoyl)morpholine (30) was a gift from Dr. D.G. McCarthy.

Mercury fulminate25 was prepared acccrding to the literature using

mercury (5 g), concentrated nitric acid (60 g) and absolute alcohol

(55 g).

Dibromoformoxime (31)25

1 M Hydrobromic acid (48 cm®) and bromine (3.2 cm®) were used
for bromination of the mercury fulminate prepared above. The product
was not distilled but was used directly assuming a 1:1 mixture of
dibromofuroxan (32) and dibromoformoxime (31) on the basis of the

literature.2

Attempted synthesis of 3-bromo-5-morpholino-4-phenyl-1,2,4-oxadiazoline

@27.

A. A solution of the dibromoformoxime mixture (ca. 0.5 g,
2.5 mmol) in anhydrous diethyl ether (30 cm®) was added dropwise over
0.5 h to a solution of 4-(N-phenylformimidoyl)morpholine (0.94 g,
5.0 mmol) in anhydrous diethyl ether (30 cm®) maintained at 0°Cc. The
mixture was allowed to stir for another 0.5 h at 0°C before it was
warmed up to room temperature and stirred for another 19 h. A white
solid (possibly a hydrobromide salt) was filtered off and the filtrate
was evaporated to dryness to give a yellow oil (1 g). Chromatography
on silica gel with dichloromethane provided N-formanilide (0.24 g, 80%),

m.p. 46-48° (1it.%>

46.5547.50), v__. (aujol) 3360, 3300, 3120 (NH),
1675 (C=0), 1620 (C-N), 1600 (Ph), 1545, 1490, 1440, 1400, 1310, 1250,
750 (Ph), 680 (Ph), 650} & (CDCfs) 8.7 (s, 1H), 8.25 (s, 1H), 7.75

(m, 5H): m/e, 121 (M), 93 (base), 92, 66, 65.
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B. A solution of the crude dibromoformoxime mixture (ca. 1.0 g,
5 mmol) in anhydrous diethyl ether (50 cm®) was added dropwise over
15 min to an ice-cooled solution of 4-(N-phenylformimidoyl)morpholine
(0.94 g, 5 mmol) in anhydrous diethyl ether (50 cm®). When the
addition was complete, the mixture was allowed to warm up to room
temperature over 2 h with stirring. A white solid (0.3 g) was
filtered off and the filtrate was evaporated to dryness to give a
brown oil (0.8 g), Y oax (film) 3400 (br), 1665, 1590, 1490, 1110, 1065,
1030, 860, 720, 700, 660; & (CDCfs) 9.1 (s), 8.3 (s), 7.1-7.7 (m),
5.3 (s), 3.0-4.3 (m), 2.8 (m), 1.3 (t); m/e, 273, 271 (one bromine
pattern), 233, 231, 229 (two bromine pattern), 205, 203, 201 (two

bromine pattern), 121, 103 (base), 84, 75, 47.

Silica gel-promoted hydrolysis of 4-(N-phenylformimidoyl)morpholine (30).

4-(N-Phenylformimidoyl)morpholine (0.1 g, 0.5 mmol) and silica
gel (5 g) were stirred in dichloromethane at room temperature for 1 h.
The silica gel was filtered off and the filtrate was evaporated to
dryness to give N-formanilide, m.p. 46-48° (64 mg, 100%). N-Formanilide

was not obtained if silica gel was absent.

Attempted synthesis of 3-bromo-4,5-diphenylisoxazole (33).

A solution of the crude dibromoformoxime mixture (ca. 2.0 g,
0.2 mmol) in anhydrous diethyl ether (20 cm®) was added dropwise over
0.5 h to an ice-cooled mixture of diphenylacetylene (0.73 g, 4.1 mmol)
and dry triethylamine (0.6 cm®, 4.1 mmol) in anhydrous diethyl ether

(20 cm®). After the addition was complete, the reaction mixture was
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allowed to warm up to room temperature and stirred for another 2 h.
The triethylamine hydrobromide (0.25 g) was filtered off, and the
filtrate was evaporated to dryness to give a solid (1.65 g). Tlc
(petroleum ether) indicated the presence of diphenylacetylene only.
More triethylamine hydrobromide (0.3 g) was obtained by dissolving
the residue from the filtrate in dichloromethane and adding petroleum
ether. The total amount of triethylamine hydrobromide obtained was

85

0.55 g, m.p. 251-254° dec. (1it.°” 248°%), & (CDC¢s) 3.2 (q, 2H), 1.5

(t, 3H). The remaining filtrate was evaporated and the residue was
chromatographed on silica gel (10 g) with dichloromethane to give crude

diphenylacetylene (1.05 g), m.p. 50-55° (lit.S>

o -
59-617); Voax (CHC? 5)
3000-3060 (br), 2220 (-C=C-), 1600 (Ph), 1490, 1440; & (CDCf3) 7.4 (m);
m/e 234, 232, 230, 204, 180, 179, 177, 153, 152, 151, 103, 89, 76, 75.

32

2-Amino-1,3,4-thiadiazole (36) m.p. 196-197° (1it.>~ 195-198°)

Formylation of 2-amino-1,3,4-thiadiazole (36) with acetoformic

anhydride.
2-Amino-1, 3,4-thiadiazole (0.5 g, 5 mmol) was dissolved in anhydrous

pyridine (20 cm®) and the solution was cooled to 0°. The acetoformic
anhydride (8 cm®) was added dropwise over 8 min with stirring. The
reaction mixture was allowed to stir at 0-10° for 1 h and to warm up
to room temperature overnight. The white solid which had precipitated
was filtered off and, on evaporation, the filtrate provided a second

crop of the white solid (total yield 0.48 g, 68%), m.p. 277-279°
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(2-acetoamino-1, 3,4-thiadiazole 11:.35

275-277°), Voax (nujol) 3150
(NH), 1690 (C=0), 1560, 1310, 1270, 1250, 1210, 1150, 960, 790, 720,
660; & (DMSO-d®) 9.0 (s, 1H), 2.1 (s, 3H, CHs-); m/e, 143 (1), 115,

101 (base).

2-Formamido-1, 3, 4-thiadiazole (37).

2-Amino-~1,3,4-thiadiazole (2.1 g, 20.7 mmol) and 90-100% formic
acid (2 em®, 41.4 mmol) were azeotroped with benzene (50 cm®) for 48h.
Formic acid was added periodically until there was no further increase
in the volume of water collected. Hot filtration gave the product as
a white solid (1.55 g, 58%), m.p. 225-229° (ethanol); Vo (ujol)
3150 (NH), 1675 (Cc=0), 1550, 1310, 1140, 1030, 845, 820, 720, 680;
§ (DMSO-d®) 10.4 (br, s, 1H exch. D,0), 9.0 (s, 1H), 8.0 (s, 1H);
Aan (MeOH) 208 (826), 252 (1860); m/e, 129 ('), 101 (base), 74, 60,
45, (Found: C, 27.943 H, 2.29; N, 32.55; S, 24.39. CsH3N30S requires

C, 27.86; H, 2.33; N, 32.48; S, 24.78%).

Deuteration of 2-amino-1,3,4-thiadiazole (36).

A sample of 2-amino-1,3,4-thiadiazole (10 mg, 0.1 mmol) was
dissolved in piperidine (0.1 cm®, 1 mmol) and deuterated methanol
(1.0 cm®) with tetramethylsilane as the internal standard. The pmr
spectrum was taken at intervals of 5-15 min. The height of the peak
at § 8.4 (s, 1H, C5 of the ring) decreases to one half of its original

height after 3 h 35 min at 30°.



ho and ht are heights of peaks at § 8.4 when the time is zero and (t)

(h) height/ log (ho-'-ht)/ (t) time/

cm at § 8.4 cm min
3.3 0.52 0
3.3 0.52 10
3.0 0.47 15
3.0 0.47 20
3.0 0.47 25
2.8 0.45 38
2.8 0.45 50
2.7 0.43 60
2.6 0.41 75
2.4 0.38 90

respectively.

correlation coefficient (r) = 0.96

slope

kr
2.303

. The half life, 't,
z

where kr is the

0.693
kr

(a3
M
]

rate constant

0.693
2.303 x slope

0.693
2.303 x 1.4 x 10 ®

215 min or 3 h 35 min
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of the half-life of the deuteration of 2-amino-1,3,4-thiadiazole(36)
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Attempted synthesis of 2-isocyano-1,3,4-thiadiazole (35).

A. Phosgene/triethylamine method.

2-Formamide-1, 3, 4~-thiadiazole (0.2 g, 1.5 mmol), ground to a fine
powder, dried and freed from formic acid, was suspended in anhydrous
dichloromethane (50 cm®). Anhydrous triethylamine (0.5 ecm®, 3.6 mmol)
was charged into the vessel and dry phosgene was bubbled into the
mixture for 1 h. The excess phosgene in the mixture was removed by
bubbling dry nitrogen through for 2 h at room temperature. Dry ammonia
gas was bubbled in slowly (caution) and immediate precipitation of
ammonium chloride was observed. The solid was filtered off and ammonia
gas was bubbled through the filtrate.. This process was repeated until
no further precipitation occurred. On evaporation, the filtrate gave
a yellow oil containing a white solid. The o0il was extracted with
dichloromethane and the extract was dried. The drying agent was removed
and the extract was evaporated to dryness to give diethyl carbamoyl
chloride (1.8 g), Voax (film) 2970, 1730 (C=0), 1445, 1400, 1380, 1245,
1200, 1100, 835 (Cc-Cf); & (CpCfs) 3.6-3.1 (q, 4H), 1.3-1.0 (t, 6H),
m/e, 137, 135 (M+, one chlorine pattern), 122, 121, 100 (base), 92,

86, 84, 72, 56, 49, 44, 29.

B. p-Toluenesulphonyl chloride/pyridine method.

A mixture of 2-formamido-1,3,4-thiadiazole (0.3 g, 2.3 mmol),
powdered, dried and freed from formic acid, and p-toluenesulphonyl
chloride (0.61 g, 3.2 mmol), recrystallised and dried, in freshly
distilled anhydrous pyridine (6 cm®) was stirred at room temperature

for 6 h. A white crystalline solid began to precipitate from the green
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solution after 4 h. The reaction mixture was cooled in ice/water for
10 min before pouring into ice/water (ca. 100 cm®). An immediate

white coloration was observed. The aqueous mixture was extracted

with diethyl ether (2 x 50 cm®). The ethereal extract was washed

with distilled water (2 x 50 cm®) dried, filtered and evaporated to
near-dryness to afford a white solid, 2-tdsylimino—3—tosyl-A“—l,3,4—
thiadiazoline, (0.2 g, 21%), m.p. 133-135° (chloroform-cyclohexane),
Voax (nujol) 1595, 1535, 1500, 1310, 1300, 1190, 1180, 1150, 890, 810,
780, 720, 680, 660; Voax (CHCfs) 1600 (Ph), 1560, 1400, 1315, 1150, 1115,
1080, 905, 875; & (Cbpcfs) 8.3 (s, 1H), 7-8 (m, 8H), 2.3 (d, 6H, CHs-);
Amax (MeOH) 242 (6139), 274 (5745); m/e, 410 (M+ protonated in the mass
spectrum), 345, 281, 190, 155, 139, 132, 105, 91 (base), 65, 45. (Found:
C, 46.80; H, 3.68;, N, 10.25. Cy6H15N30,Ss requires C, 46.94; H, 3.66;

N, 10.26%).

Reaction of oxalyl chloride with monosodium cyanamide.

A solution of oxalyl chloride (5 em®, 58.7 mmol) in anhydrous
diethyl ether (25 cm®) was added in one go to a boiling mixture of
dried monosodium cyanamide (15.0 g, 0.23 mol) in anhydrous diethyl
ether (150 cm®) and the suspension was stirred at 50° (bath temperature)
for 5 h. The reaction was cooled to room temperature when the mixture
turned from pale yellow to white. The white solid was filtered off and
washed with anhydrous diethyl ether. The ir spectrum of the filtrate
showed mainly unreacted oxalyl chloride, Voax (Et,0) 3550, 1850-1800
(br, C=0), 740 (br, C-Cf). Silver nitrate (10 g, 58.7 mmol) was added
slowly to the filtered solid dissolved in distilled water (150 cm®) and

the mixture was stirred slowly for 2 h at room temperature. The reaction
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flask was protected from light with aluminium foil. The yellow solid
which precipitated was filtered and dried in vacuo in the dark and
charged into a 500 cm® round-bottom flask containing anhydrous diethyl
ether (200 cm®). A steady stream of hydrogen sulphide was bubbled
into the suspension (protected from light) for 12 h for complete
precipitation of silver sulphide. The excess hydrogen sulphide can
be seen by the colour change in an aqueous iron(III) chloride trap
Placed after the reaction vessel. The solid was filtered and the
ethereal filtrate was dried. On evaporation the ethereal solution gave
a solid (0.2 g), m.p. 35° (cyanamide m.p. 45-46°); v . (nujol) 3330
(NHz), 2260 (-CN), 1640, 1585.

45

Oxanilic acid chloride (50) m.p. 82-83° (1it. 82-5°).

Reaction of oxanilic acid chloride (50) with cyanamide.

A. A solution of oxanilic acid chloride (0.5 g, 2.73 mmol) in
anhydrous diethyl ether (25 cm®) was added dropwise over 5 min to a
stirred solution of cyanamide (0.11 g, 2.73 mmol) in anhydrous diethyl
eLJer (10 cm®). The mixture was heated to reflux on a steam bath for
0.5 h after the addition, and stirred for 1 h at room temperature after
reflux. A yellow solid was filtered off, (0.1 g, 15%), m.p. 250-254°

(oxanilide,lit.85

254°), v___ (ujol) 3350 (NH), 1780 (C=0), 1715, 1690
(C=0), 1660, 1440; m/e, 240 (M+), 190 (base), 120, 119, 103, 77, 76.
The filtrate was evaporated to dryness to give a white solid which
turned yellow on exposure to air, (0.25 g, 56%), m.p. 150° (oxanilic

85

acid, 1lit. 148-150°), Yoas (nujol) 3350 (NH), 3100 (br, OH), 1780

(C=0), 1660 (C=0), 1600, 720; m/e, 165 (M+), 120 (base), 92, 91, 77.
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B. To a solution of oxanilic acid chloride (0.5 g, 2.73 mmol)
in AR chloroform (25 ecm’), sodium bicarbonate (0.1 g) and cyanamide
(0.11 g, 2.73 mmol) were added and the mixture was stirred at room
temperature overnight. The inorganic solid was filtered off and
the filtrate was evaporated to give a solid. Addition of anhydrous
ether (25 cm®) left an insoluble solid, m.p. 250-255° (oxanilide,
lit.85 2540) (0.05 g, 8%). After removal of this solid, the filtrate
was evaporated to dryness and the residue was chromatographed on silica
gel (20 g) with dichloromethane to give a white solid (0.33 g, 627),

m.p. 58-60° (oxanilic acid ethyl ester, lit.85

(o] :
66-67"), Vooax (nujol),
3340 (NH), 1725 (C=0), 1710 (C=0), 1600 (Ph), 1550, 1290, 1235, 1170,
1160, 770 (Ph), 730 (Ph) & (CDCfs) 8.7 (br, s, 1H, NH), 7.0-7.5 (m,
SH, Ph), 4.2 (q, 2H, -CHp-), 1.3 (t, 3H, CHs-)} m/e, 193 (M") 120

(base), 93, 92, 77.

Reaction of oxanilic acid chloride (50) with monosodium cyanamide.

A solution of oxanilic acid chloride (1.0 g, 5.46 mmol) in anhydrous
diethyl ether (50 cm®) was stirred with monosodium cyanamide (0.7 g,
10.9 mmol) at room temperature overnight. The solid (0.8 g) was filtered
off, washed with anhydrous diethyl ether to remove excess cyanamide and
dried. A portion of the solid (0.65 g) was dissolved in distilled water
(15 cm®) and the solution was covered with diethyl ether (150 cm?®).
Tartaric acid (45 g) in distilled water (50 cm®) was added portionwise
over 5 min and the mixture was stirred vigorously. The top ethereal

layer was decanted and the aqueous layer extracted four times with
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diethyl ether. The combined ethereal extracts were dried over calcium

chloride. TFiltration and evaporation of the solvent gave a purple

85 171-174%;

solid (0.1 g), m.p. 155-160° (d-tartaric acid lit.
Voax (nujol) 3400, 3300, 3000 (br, OH), 1730 (C=0), 1315, 1250, 1220,
1185, 1125, 1080, 990, 935, 870, 825, 790, 730, 660.

58

3-Phenylisoxazol-5(4H)-one (69) m.p. 151-153° (1it.”° 151-152°).

59

3-Phenyl-4-oximino-isoxazol-5(4H)-one (71) m.p. 130-131° (1it. 1300).

3-Phenyl-4-0-acetyloximino-isoxazol-5 (4H) -one (72).

3-Phenyl-4-oximino-isoxazol-5(4H) -one (0.2 g, 1.05 mmol) was
dissolved in acetic :2:&?%gbvcm3) at room temperature and left to stand
for 10 min. Excess ice was charged into the beaker containing the
reaction mixture and the aqueous suspension was basified (litmus) with
sodium carbonate solution (30% w/v). The mixture was stirred until all
the ice had melted and the yellow oil had solidified to give the product
as a yellow solid which was filtered and dried in vacuo, (0.24 g, 98%),
m. . 156-1570; Ve (nujol) 1810 (C=0), 1800 (C=0), 1620 (C=N), 1600
(Ph), 1580, 1530, 1510, 1400, 1175, 1155, 1125, 1101, 1000, 990, 940,
880, 770, 650; & (CcpCfs) 7-8 (m, 5H, Ph), 2.5 (s, 3H, CHg-); m/e,
232 (M*), 205, 190, 119, 103, 43 (base). (Found: C, 57.14; H, 3.50;

N, 12.07. C;,HeN,0, requires C, 56.89; H, 3.45; N, 12.07%).
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Attempted synthesis of 3-phenyl-4-cyanoimino-isoxazol-5-(4H)-one (70).

A. From 3-phenyl-4-O-acetyloximino-isoxazol-5(4H)-one (72) with

chromium(II) acetate and cyanogen bromide.

To a solution of 3-phenyl-4-0O-acetyloximino-isoxazol-5(4H)-one
(1.85 g, 7.96 mmol) in anhydrous tetrahydrofuran (100 cm®) was added
anhydrous sodium acetate (10 g), followed quickly by chromium(II) acetate
(7.8 g, 39.8 mmol). The reaction mixture was allowed to stir at room
temperature for 22 h. The chromium(III) acetate was filtered off.
Cyanogen bromide (0.84 g, 7.96 mmol) was added to the filtrate and the
mixture was stirred at room temperature for another 23 h. The solvent
was evaporated to give a dark brown oil (2 g) which on tlec (dichloro-
methane) showed five spots. Chromatography on ple (20 x 40 cm) " (silica
gel) with dichloromethane provided benzonitrile (8 mg, 17%) the ir

spectrum of which was identical to that of an authentic sample.

B. From 3-phenylisoxazol-5(4H)-one (69) and 'cyanonitrene'.

3-Phenylisoxazol-5(4H)-one (2.0 g, 12.4 mmol) and cyanamide (1.0 g,
23.8 mmol) were dissolved in anhydrous dichloromethane (50 cm?®).
Iodosobenzene diacetate (7.68 g, 23.8 mmol) was added portionwise over
10 min to the reaction mixture at 30° which was allowed to stir for
another 20 min. The solid was filtered off and the filtrate was
evaporated to dryness to give a residue which was chromatographed on
silica gel (20 g) with chloroform. The only identified product isolated
besides iodobenzene was benzonitrile (0.8 g, 62.5%) the ir spectrum of

which was identical to that of an authentic sample.
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Blank experiment

3—Pheny1isoxazol-5(45)—6ne (0.5 g, 3.0 mmol) and iodosobenzene
diacetate (1.92 g, 5.96 mmol) were dissolved in anhydrous dichloro-
methane (25 cm®) and the mixture was stirred at 30° for 1 h. On
work up only the starting materials were present with no trace of

benzonitrile by tlc (dichloromethane) and ir spectroscopy.

C.” By condensation of 3-phenylisoxazol-5(4H)-one (69) with nitrosyl

cyanide.

Dry silver cyanide (2.66 g, 0.02 mol) was suspended in AR chloroform
(30 cm®) and nitrosyl chloride was bubbled through the solution at -78°
for 5 min. The temperature was raised to--300 and, after 3 min stirring
at this temperature, a solution of 3-phenyl-isoxazol-5(4H)-one (0.8 g,
5 mmol) in AR chloroform (30 cm®) was added dropwise over 10 min
followed by a few drops of piperidine. The reaction mixture was allowed
to warm up to -20o for 0.5 h and finally to room témperature. Tlc

(ethyl acetate) indicated the presence of mainly the starting material.

Condensation of 2-amino-1,3,4~-thiadiazole (36) with benzophenone.

2-Amino-1,3,4-thiadiazole (150 mg, 1.5 mmol) and benzophenone (200 mg,
1 mmol) were heated at 150° for 18 h. The reaction mixture was cooled
and treated with chlorcform (30 cm®). The supernatant was decanted
from the polymeric material and was evaporated to dryness. The residue
from the supernatant was chromatographed on silica gel with chloroform

to give unreacted benzophenone (100 mg, 50%), an unidentified yellow
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solid (15 mg, 27), m.p. > 300% v__ (CHC¢5) 3400, 2920, 1600, 1590,
1570, 1450, 1320, 1140, 1100; & (CDCf3) 7.5-7.8 (m); m/e, 430 (M+),

297 (base), 165, 77 and a colourless solid (15 mg, 4%), m.p. 190—1950;
Voax (CHC?5) 2980, 1610 (C=N), 1600 (Ph), 1575, 1450, 1320, 1290, 1140,
1110; § (CDCZs) 8.8 (s, 1H), 7.5 (m, 10H, 2Ph); m/e, 265 (M"), 182, 120,
105, 84 (base), 82, 77. The polymeric material obtained was insoluble
both in water and all organic solvents.

Tetraphenylcyclopentadienone (tetracyclone) (61) m.p. 217-220° (lit.49

217-220%).

1,2,3,4,5-Pentaphenylbicyclo[2.2.1]-hept-2-ene-7-one (58b).

Styrene (1.14 cm®, 0.0l mol) was added dropwise to a solution of
tetracyclone (3.84 g, 0.01 mol) in anhydrous benzene (50 cm®) and the
reaction mixture was heated under reflux for 24 h. Tlc (petroleum
ether: chloroform (1:1)) showed only tetracyclone. The reaction
mixture was evaporated to dryness and the residue was treated with
methanol (25 cm®). The product precipitated out immediately as colourless

48

crystals (3.0 g, 61%), m.p. 188-190° (Lit. '° 191°).

Condensation of 2-amino-1,3,4-thiadiazole (36) and 1,2,3,4,5-pentaphenyl-

bicyclo[2.2.1]hept-2-ene-7-one (58b) using the titanium(IV) chloride

method.
A solution of titanium tetrachloride (1.0 cm®) in anhydrous benzene
(20 cm®) was added over 20 min to a solution of 2-amino-1,3,4-thiadiazole

(0.2 g, 1.98 mmol) and 1,2,3,4,5-pentaphenylbicyclo[2.2.1]hept-2-ene-7-one



(0.27 g, 0.66 mmol) in anhydrous benzene (20 cm®) at 0° under dry
nitrogen. When the addition was complete, the reaction mixture was
allowed to warm up to room temperature and was stirred overnight.

The mixture was filtered, the filtrate was evaporated to dryness and
the residue was chromatographed on silica gel with dichloromethane:
petroleum ether (1:1). A yellow solid was obtained (62 mg, 18%),

m.p. 281-286° (dec); Voax (CHC?3) 3450, 3250 (br), 3000 (OH and NH),
1625 (C=N), 1600 (Ph), 1490, 1450, 1360, 1300, 1140, 1105; & (CDC’s)
7.75 (m); m/e, 486 (M#), 409, 391, 331, 302, 205, 105, 87, 77. Two
other unidentified minor pfoducts, obtained from subsequent fractions,
were a yellow oil (0.02 g), Voax (CHCfs) 1700, 1650, 1600, 1490, 1460,
1150, 1100; & (CDCf3) 7.0-7.5 (m) and a yellow solid (0.02 g), m.p.

> 300°, Voax (CHC?¢3) 1710, 1650, 1600, 1490, 1290, 1150, 1100;

8§ (CDCf3) 7.75 (m).

Hydroxyurea (88) 138-140° (1it.Sl 137-141°).

Tetraethylammonium periodate m.p. 175-177° (lit.82 176—1770).

165

Attempted synthesis of 3-phenyl-4-carbamoylimino-isoxazol-5(4H)-one (87).

Hydroxyurea (0.5 g, 6.6 mmol) was added over 30 sec to a stirred,

cooled (0°) mixture of 3-phenylisoxazol-5(4H)-one (0.46 g, 2.8 mmol) in

distilled ethyl acetate (40 cm®) and tetraethylammonium periodate

(1.33 g, 4.2 mmol) in aqueous acetic acid-sodium acetate buffer (pH 7)
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(75 cm®) and piperidine (10 drops). The reaction mixture was stirred
at room temperature for 1 h. The solid was filtered off, the aqueous
layer was separated and the organic layer was washed with saturated
sodium sulphite solution to remove excess iodine. The organic layer
was dried, filtered and evaporated to dryness (no heat) to give a red
oil (0.25 g) which was a complex mixture by tlc (diethyl ether).

84

9,10-Bis-(chloromethyl)-anthracene m.p. 258-259° (1it. 258—2600).

5

9,10-Dimethylanthracene m.p. 182-184° (lit.8 182—1840).

Attempted trapping of C-nitrosoformamidine (89) with 9,10-dimethylanthracene.

Hydroxyurea (0.1 g, 1.3 mmol) was added to a stirred mixture of
9,10-dimethylanthracene (0.12 g, 0.57 mmol) in anhydrous dichloromethane
(30 cm®) and tetraethylammonium periodate (0.27 g, 0.8 mmol) in aqueous
acetic acid-sodium acetate buffer (pH 7) at 0°. The reaction was stirred
for 4 h at room temperature. The organic layer was separated, dried,
filtered and evaporated to dryness. The residue was chromatographed
on silica gel (22 g) with dichloromethane. petroleum ether (4:1) to
give mainly dimethylanthracene (0.1 g, 837% recovery) and a mixture of

unidentified products.
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97

Benzamidine hydrochloride (122) m.p. 70-72° (1it.” ' 70-73%).

9

N-Cyanobenzamidine (124) m.p. 140-142° (1it.°° 141-142°).

9

3-Amino-5-phenyl-1,2,4-oxadiazole (119) m.p. 160-161° (1it.’° 156-160°).

100

3-Chloro-5-phenyl-1,2,4-oxadiazole (121) m.p. 35-37° (lit. 359).

3-Bromo-5-phenyl-1,2,4-0oxadiazole (120) m.p. 50-51° (1it.100 510).

147

Lithium azide m.p. 208-209° (lit. 208.5-209°).

3-Azido-5-phenyl-1,2,4-oxadiazole (94).

A. Lithium azide/DMF method.

3-Bromo-5-phenyl-1,2,4-oxadiazole (0.1 g, 0.4 mmol) and dry lithium
azide (0.2 g, 4 mmol) were dissolved in distilled anhydrous DMF (20 cm?>).
The mixture was heated at 90° for 45 h protected from atmospheric moisture.
The reactfon was followed by ir spectroscopy. When the reaction was
judged to be complete, the mixture was cooled, treated with dichloromethane
(100 cm®) and washed twice (2 x 100 cm®) with brine (1%). The aqueous
layer was extracted once with dichloromethane (100 cm®). The combined
organic solutions were dried. The drying agent was removed by filtration
and the filtrate was evaporated to dryness to give a residue which on
Plc (Aluminium oxide) (petroleum ether) provided the azide as a white

crystalline solid (0.04 g, 50%), m.p. 66-68° (ethanol-water), Re 0.45.
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B. Potassium azide and 18-crown-6/DMF method.

3-Bromo-5-phenyl-1,2,4-0oxadiazole (2.1 g, 0.01 mmol), potassium azide

(2.0 g, 0.02 mol) and 18-crown-6 (0.1 g) were dissolved in distilled
anhydrous DMF (70 cm®) and heated at 90° for 72 h. The reaction mixture
was protected from atmospheric moisture and the progress of the reaction
was followed by ir spectroscopy. The mixture was cooled, diluted with
dichloromethane (100 cm®) and the resultant suspension washed twice with
brine (1%) (2 x 100 cm®). The aqueous layer was extracted once with
dichloromethane (100 cm®). The combined organic solutions were dried,

the drying agent was filtered off and the filtrate evaporated to dryness.
The residue was chromatographed on silica gel H (15 g) with petroleum

ether., The starting material, R_ 0.78, eluted first followed very

f

closely by the product, R. 0.57, as a white crystalline solid, (0.9 g,

£
51%) m.p. 66-68° (ethanol-water); v .. (CHCfs) 2140 (Ns), 1610, 1560,
1500, 1450, 1380; v__ (KBr) 2140 (Ns), 1600 (Ph), 1545, 1500, 1445,
1380, 1270, 1200, 910, 780, 730, 685; & (CDC£5) 7.3-8.0 (m); m/e 187
o, base), 129, 77; A (EtOH) 210 (18,868), 240 (21,698), 258 sh
(20,755) 3 (Found: C, 51.11; H, 2.65; N, 37.43. CgHsNsO requires

C, 51.33; H, 2.67; N, 37.13%).

Reaction of 3-chloro-5-phenyl-1,2,4-oxadiazole (121) with .sodium azide

in DMF.

3-Chloro-5-phenyl-1,2,4~-oxadiazole (0.13 g, 0.72 mmol) and sodium
azide (0.05 g, 0.72 mmol) were stirred at 120-130° in distilled anhydrous
DMF (20 cm®) for 30 h. The reaction mixture was cooled and charged into

distilled water (100 cm®) and the aqueous mixture was extracted with
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dichloromethane (3 x 50 cm®). The organic extract was dried, the drying
agent was filtered off and the filtrate evaporated to dryness to give a
residue which was chromatographed on silica gel H (12 g) with chloroform.
The starting material (trace) was eluted first, Rf 0.85, followed by
3-dimethy1aminq-5-phenyl—l,2,4-oxadiazole, (0.01g, 872), Rf 0.56, m.p.
40-42° (ethanol-water); v___ 1600, 1565, 1400; & (CDC£5) 7.5-8.0 (m, SH,
Ph), 3.1 (s, 6H, NMe,); m/e 189 (M&), 165, 147, 105, 93, 86, 77,

and N,N'-dimethyl-N''-(5-phenyl-1,2,4-oxadiazol-3-yl) formamidine,

(0.04 g, 26%), m.p. 113-115° (ethanol-water), Vax (CHCfs) 1635 (C=N),
1610,1590,1565, 1530, 1450, 1410, 1360, 1115; & (cbcfs), 8.5 (s, 1H, CH),
7.5-8.4 (m, 5H, Ph), 3.2 (s, 6H, MMe,); m/e 216 (M), 161, 139, 105,

104 (base), 83, 77.

Reaction of 3-bromo-5-phenyl-1l,2,4-oxadiazole (120) with sodium azide

in DMF.

3-Bromo-5-phenyl-1,2,4~-oxadiazole (0.02 g, 0.13 mmol) and sodium
azide (0.02 g, 0.13 mmol) were stirred in distilled anhydrous DMF (7 cm®)
at 120-130° for 3 h. The reaction mixture was worked up as for the
reaction of the corresponding 3-chloro derivative. 3-Dimethylamino-5-
phenyl-1,2,4-oxadiazole (0.0l g, 39%) and N,N'-dimethyl-N" -(5-phenyl-
1,2,4-0oxadiazol-3-yl) formamidine (0.0l g, 347%) were obtained. The m.p.,
ir, pmr and mass spectra of these two compounds were identical to the

corresponding ones obtained previously.



170

3-Dimethylamino-5-phenyl-1,2,4—oxadiazole (127).

3-Bromo-5-phenyl-1,2,4-0oxadiazole (0.1 g, 0.44 mmol) was dissolved
in absolute alcohol (20 cm®) and a solution of dimethylamine in ethanol
(33% w/w, 1 cm®, 0.25 g, 5.5 mmol) was added dropwise over 30 sec. The
reaction mixture was heated under reflux for 27 h protected from
atmospheric moisture. The mixture was cooled, treated with charcoal
and filtered. The filtrate was evaporated to dryness to give the product
as a white solid (0.07 g, 83%), m.p. 40-42° (ethanol-water) ; vmax (CHC? 5) ,
1600, 1565, 1400; & (cpcfs) 7.5-8.0 (m, 5H, Ph), 3.1 (s, 6H, NMe,); m/e
189 (M+, base), 165, 147, 105, 93, 86, 77 (Found: C, 63.36; H, 5.94,
N, 22.03. 'C30Hy3:Ns0 requires C, 63.49; H, 5.82; N, 22.00%).

1
3-Ethoxyformylimino-5-phenyl-1,2,4-oxadiazole (128) m.p. 96-98° (lzi.t."09

95-98°) was prepared (62%) by the literature method but with the reaction

time extended from 3 h to 8 h.

N,N'-Dimethyl-N" -(5-phenyl-1,2,4-oxadiazol-3-yl) formamidine (126).

3-Ethoxyformylimino-5-phenyl-1,2,4-oxadiazole (0.22 g, 1.0 mmol) was
dissolved in hot absolute alcohol (20 cm®) and a solution of dimethylamine
in ethanol (33% w/w, 0.5 cm®, 1.1 mmol) was added by means of a syringe.
The mixture was protected from atmospheric moisture and left to stir
at room temperature for 48 h. The white solid which had precipitated
was filtered off and the filtrate was evaporated to dryness to give the
product as a yellow crystalline solid, (0.2 g, 81%), m.p. 113.5-114.5°

(ligroin); - (CHCfs) 1635 (C=N), 1610, 1590, 1580, 1565, 1530, 1450,
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1410, 1360, 1115} § (CDC¢»), 8.5 (s, 1H, C-H), 7.5-8.4 (m, 5H, Ph), 3.2
(s, 6H, NMep); m/e 216 (M"), 161, 139, 105, 104 (base), 83, 77, (Found:
C, 61.48; H, 5.62; N, 25.82. CyyH;.N,0 requires C, 61.11; H, 5.55;

N, 25.92%).

3-Formamido-5-phenyl-1,2,4-oxadiazole (129) obtained as a white crystalline

solid from (126) or (128) on chromatography on silica gel H, m.p. 125-
1270, (dichloromethane-petroleum ether) Voax (cHC?3), 3400, 3200-3000
(NH), 1720 (C=0), 1610, 1600 (Ph), 1580, 1560, 1470, 1450, 1400, 1330,
1305, 1110; & (cpcfs), 9.4 (s, br, 2H, NH, CHO), 8.4-7.6 (m, 5H, Ph);
m/e, 189 (M), 161, 104 (base), 77), (Found: C, 57.05; H, 3.73; N, 22.14.

C9HsN30, requires C, 57.14; H, 3.703 N, 22.227).

Thermolysis of 3-amino-5-phenyl-1l,2,4-oxadiazole (119) in DMF.

A solution of 3-amino-5-phenyl-1,2,4-oxadiazole (0.2 g, 1.2 mmol)
in distilled, anhydrous DMF (10 cm®) was heated at 140° for 3 h protected
from atmospheric moisture (below this temperature no reaction was observed
and the amine recovered quantitatively). The reaction mixture was
cooled, treated with dichloromethane (100 cm®) and the mixture was back
washed twice with brine (1%) (2 x 100 cm®). The organic solution was
dried, the drying agent was filtered off and the filtrate evaporated
to dryness to give an oil. Chromatography on silica gel H (25 g) with
diethyl ether gave an oil tentatively identified as 2-methyl-3-phenyl-2,4,6-
triazahex-3-en~5~one oxime (0.19 g, 76%), Vo ax (cHC?3) 3520, 3440, 3400,

3340, 3260, 2950 (NH,, NOH), 1610 (Ph),1570, 1450, 1430, 1380, 1360, 1330,
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1300, 900; v__  (film) 3430, 3210, 3060, 2990, 2960, 2860, 2820, 2780
(NHz, NOH), 1610-1540 (br), 1450, 1430, 1400, 1300, 1240, 1215, 1165,
1090, 1065, 1025, 1010, 900, 860, 815, 750, 710, 690, 660; & (CDC?s)
8.7 (s, br, 1H, -NOH), 8.2-7.2 (m, 5H, Ph), 2.2 (s, 6H, NMe.); m/e,

206 (M+, protonated in the mass spectrum), 162, 122, 105 (base), 77.

Thermolysis of 3-azido-5-phenyl-l,2,4-oxadiazole (94) in DMF.

A solution of 3-azido-5-phenyl-l1l,2,4-oxadiazole (50 mg, 0.26 mmol)
and anhydrous sodium bromide (20 mg, 0.26 mmol) in distilled anhydrous
DMF (10 cm®) was heated at 130-140° for 31 h. The mixture was treated
with dichloromethane (100 cm®) and brine (1%) (2 x 100 cm®). The organic
layer was separated and dried, the drying agent was filtered off and the
filtrate was evaporated to dryness. The residue was chromatographed on
silica gel H (13 g) with chloroform to give N,N'-dimethyl-N" -(5-phenyl-
1,2,4-oxadiazole~3-yl) formamidine as a white crystalline solid, (26.7 mg,
47%), the m.p., ir, and pmr spectra of which were identical to those

of the authentic sample.

Flash Vacuum Pyrolysis of 3-azido-5-phenyl-1l,2,4-oxadiazole (94).

3-Azido~5-phenyl-1,2,4~-oxadiazole (50 mg, 0.26 mmol) was dissolved
in anhydrous dichloromethane (100 cm®) in a 50 cm® round bottom flask
and the solvent was evaporated to dryness under reduced pressure to provide
a film of the azide around the inner surface of the flask. The cold
finger of the FVP apparatus was filled with dry ice/acetone and a

constant flow of nitrogen was introduced to stop atmospheric
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mpoisture condensing on to the cold finger while the pyrolysis oven was
heated to 500-550°. When the temperature was reached and stabilised,
the flask containing the starting material was connected to the FVP
apparatus, the nitrogen was turned off and the system evacuated to

7.5 x 10'-2 Torr. The flask containing the starting material was heated
to 85° in a small oven for 10 min. The product was collected on the
cold finger. The pyrolysis oven was switched off, and allowed to cool
to ca. 50° before turning off the vacuum. Nitrogen was introduced to
equalise the pressure in the apparatus. The product was collected from
the cold finger by rinsing the latter with dichloromethane (20 cm?).

On evaporation to dryness, an oil with a strong smell of benzonitrile

was obtained. On distillationm, beﬁébyi'cyanide was obtained as a “white

,crystélline solid (25 mg,’70%), m.p. 30° (lit.113

30-319), v__ (CHCCS)
2200 (CN), 1680 (€=0), 1600 (Ph), 1580, 1450, 1315, 980; & (CDCf5)

7.3-8.0 (m, Ph); m/e 131 (M"), 122, 105 (base), 77.

Benzoyl cyanide m.p. 30° (lit.113 30-310), Voax (CHC?s), 2200 (CN), 1680

(C=0), 1600 (Ph, 1580, 1450, 1315, 980; & (CDC{s) 7.3-8.0 (m, Ph); m/e

131 M), 122, 105 (base), 77.

Photolysis of 3-azido-5-phenyl-1l,2,4-oxadiazole (94).

A. In acetonitrile.

3-Azido-5-phenyl-1,2,4-oxadiazole (250 mg, 1.3 mmol) was dissolved
in freshly distilled anhydrous acetonitrile (100 cm®) in a 44 x 2.5 cm
quartz tube. The solution was degassed with nitrogen for 20 min before
being photolysed at 254 nm for 1 h with nitrogen bubbling through during

photolysis. The reaction was monitored by taking aliquots every 5 min
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for tlc (dichloromethane: petroleum ether, 1:1) on silica gel. On
evaporation of the solvent to dryness, the residue on tlc (dichloromethane:
petroleum ether) (neutral alumina) showed two major components at Rf
0.6 and 0.4 with minor components at Rf 0.9. Addition of AR chloroform
to this residue provided a yellow solid (25 mg) which was filtered off.
The filtrate on tlc (dichloromethane: petroleum ether, 1:1) (neutral
alumina) showed a complex mixture with components at Rf 0.98, 0.95, 0.9,
0.6, 0.4 and base line material. The yellow solid, a mixture, was
chromatographed on silica gel H (22 g) with dichloromethane: petroleum
ether (1:1). The first component (Rf 0.37) was azo-3,3'-bis-(-5-phenyl-
1,2,4-oxadiazole) (20 mg, 8%), m.p. 290-291°, v__ (CHiCf2), 1610, 1565,
1475, 1360; m/e, 318 (M+, base), 257, 248, 173, 145, 129, 106, 105, 103,
77, and the second component (Rf 0.25) was azoxy-3,3'-bis-(-5-phenyl-1,2,4-
oxadiazole) (5 mg, 2%) as a white solid, m.p. > 300°, Voo (CHaCC2),
1610, 1560, 1485 (br), 1390, 1360; m/e, 334 (M+), 318, 234, 173, 145,
129, 105 (base), 77; Amax (EtOH) 212 (1670), 260 (2388).

Polymeric material (30 mg, 127%) precipitated on addition of dichloro-
methane (10 cm®) followed by petroleum ether (20 cm®) to the residue
from the filtrate after evaporation of the chloroform. This was filtered
6ff and the filtrate was evaporated to dryness. The residue was chromato-
graphed on silica gel H (30 g) with dichloromethane: petroleum ether
(1:1) to give the recovered azide, Rf 0.9, (7 mg, 3%) and more azo

compound, R_ 0.36, (5 mg, 2%).

f
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B. In THF.

A solution of 3-azido-5-phenyl-1,2,4-oxadiazole (50 mg) in freshly
distilled anhydrous THF (100 cm®) in a 44 x 2.5 cm quartz tube was
degassed with nitrogen for 20 min. The mixture was photolysed at
254 nm for 15 min following the reaction by tlc (dichloromethane: petroleum
ether, 1:1). The solvent was removed and the residue was chromatographed
on plc (neutral alumina) with diethyl ether. 3-Amino-5-phenyl-1,2,4-
oxadiazole (Rf 0.8) (8 mg, 19%) (by ir) was the only identified product

isolated.

Azo-3,3'-bis(-5-phenyl-1,2,4-0oxadiazole) (140).

Aqueous sodium hypochlorite solution (50 cm®) was added to 3-amino-
5-phenyl-1,2,4-oxadiazole (200 mg, 1.24 mmol) and the mixture was stirred
for 2 h at room temperature. The yellow solution containing a fine
suspension of solid was treated with brine (107) and the solid was filtered
off and washed thoroughly with water. The yellow solid was chromatographed
on silica gel H (10 g) with dichloromethane to give the bright yellow
crystalline product (150 mg, 75%), m.p. 290-291°; Voax (nujol) 1610, 1565,
1490, 1470, 1365, 1270, 1150, 1065, 940, 840, 760, 740, 720, 700, 680;

Voax (CH,C?f,) 1610, 1565, 1475, 1360; Xmax (CH.Cf,) 235 sh (17,515),
265 (37,579), 294 sh (6369); m/e, 318 (M+, base), 257, 248, 173, 145,
129, 106, 105, 103, 77, (Found: C, 60.72; H, 3.29; N, 26.01. 'CyeH30NeO2

requires C, 60.38; H, 3.14; N, 26.417%).
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Oxidation of azo-3,3'-bis-(-~5-phenyl-1,2,4-oxadiazole) (140).

Glacial acetic acid (20 cm®) and hydrogen peroxide (30%) (20 cm?®)
were added to azo-3,3'-bis-(-5-phenyl-1,2,4-oxadiazole) (50 mg, 0.15 mmol).
The mixture was heated at 80-90° for 36 h behind a safety screen. The
yellow solid (45 mg, 90%) was filtered off on cooling and shown to be
starting material by ir and tlc. The filtrate was brought carefully
to pH 7 with saturated sodium carbonate solution and the resultant
solution was extracted twice with dichloromethane (2 x 50 cm®) and the
organic extracts were backwashed twice with distilled water (2 x 50 cm?®).
The organic extracts were dried, the drying agent filtered off and the
filtrate was evaporated to dryness. The residue was chromatographed (plc)
(silica gel) with dichloromethane: petroleum ether (1:1) (developed twice)
to provide a white solid, 3-nitro-5-phenyl-l,2,4-oxadiazole, Rf 0.55,

(4.2 mg, 83%), m.p. 82-850; Voax 1610 (Ph), 1570, 1560 (NO.), 1500, 1470,
1390, 1300, 1290 (NO,); m/e, 191 (M+3, 149, 145, 115, 105 (base), 77, 51;
lmax (EtOH) 210 (7449), 252 (10, 218).

120

w-Oximinoacetophenone (149) m.p. 126-128° (lit.™ "~ 126-127°).

119

3-Amino-4-phenyl-1,2,5-oxadiazole (146) m.p. 98-99° (lit. 98°).

3-Azido-4-phenyl-1,2,5-oxadiazole (95).

3-Amino-4-phenyl-1,2,5-oxadiazole (400 mg, 2.5 mmol) was dissolved
in 6 M hydrochloric acid (50 cm®) on a steam bath and any insoluble solid

was filtered off. The filtrate was cooled to -100 and a solution of



177

sodium nitrite (500 mg, 7.2 mmol) in distilled water (3 cm®) was added
dropwise maintaining the temperature below -5°.  After 20 min, a solution
of sodium azide (1.0 g, 15.4 mmol) in distilled water (5 cm®) was added
over 5 min at a temperature maintained below 2°. The mixture was

allowed to warm up to room temperature over 1 h and the aqueous solution
was extracted with dichloromethane. The organic extract was dried, the
drying agent was filtered off and the filtrate was evaporated to dryness.
The residue was chromatographed on silica gel H (27 g) with dichloromethane
to give the product, (10 mg, 2%), m.p. 43-45° (ethanol-water) ; Voax (CHC?3)
2140 (Ns), 1580, 1550, 1510, 1460, 1380, 1310, 1290, 990, 880; m/e, 187

™", base), 129, 103, 77.

2-Phenylglycinonitrile hydrochloride (156).

To sodium cyanide (10 g, 0.2 mol) in distilled water (40 cm®) was
added ammonium chloride (11 g). A solution of freshly distilled benz-
aldehyde (20 em®, 0.2 mol) in methanol (40 cm®) was added and the mixture
was shaken vigorously for 5 min and then left to stand at room temperature,
with occasional shaking, for 2.5 h. To the light yellow mixture, distilled
water (100 cm®) was added and the mixture was extracted twice with
toluene (2 x 50 cm®) and the combined extracts were dried. After removal
of the drying agent, dry hydrogen chloride was passed into the filtrate
until precipitation of the yellow solid stopped. Dry nitrogen was
bubbled into the solution for ca. 15 min to remove excess hydrogen
chloride. The yellow solid was filtered, washed with anhydrous diethyl
ether (200 cm®) and dried in vacuo overnight to provide 2-phenylgly-

124

cinonitrile hydrochloride (5 g, 15%), m.p. 164-166° (lit. 164-165°).
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3-Chloro-4-phenyl-1,2,5-thiadiazole (154) b.p. 120°/1 mmHg (lit.123

110°/1 mmHg).

3-Amino-4-phenyl-1,2,5~thiadiazole (155).

A. Potassium azide and 18-crown-6 in DMF.

A solution of 3-chloro-4-phenyl-1,2,5-thiadiazole (1.0 g, 5.1 mmol),
potassium azide (1.0 g, 12.3 mmol) and 18-crown-6 (0.5 g, 1.9.mmol) in
anhydrous DMF (3 cm®) was heated at 140° for 6.5 h. On cooling, the
mi#ture was treated with brine (10%) (500 cm®) and the aqueous solution
was extracted twice with dichloromethane (2 x 100 cm®). The combined
organic extracts were backwashed with distilled water twice (2 x 100 cm®).
The extract was dried, the drying agent filtered off and the filtrate
was evaporated to dryness to give an o0il (0.6 g) which on tlc (dichloro-
methane:! petroleum ether, 1:1) showed six spots and baseline material.
Chromatography on silica gel H (35 g) with dichloromethane: petroleum
ether (1:1) gave 3-amino-4-phenyl-1,2,5-thiadiazole (Rf 0.4) (0.2 g,

125

227), m.p. 100-102° (1it. 101-1020) as the only identified product.

B. Sodium azide in aqueous DMSO.

A solution of 3-chloro-4-phenyl-1,2,5-thiadiazole (5.0 g, 25.4 mmol)
and sodium azide (5.0 g, 77 mmol) in aqueous DMSO (DMSO: water, 5:1)
(60 cm®) was heated at 125° for 6.5 h. On cooling the mixture was
treated with brine (10%) (500 cm®) and the aqueous solution was extracted
twice with dichloromethane (2 x 100 cm®). The extracts were backwashed
with distilled water (2 x 100 cm®), dried, the drying agent was filtered

off and the filtrated was evaporated to dryness. The residue was
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chromatographed on alumina H (150 g) with dichloromethane. The first
component eluted was an unidentified product with some starting material,
R. 0.98, followed by 3-amino-4-phenyl-1,2,5-thiadiazole, Rf 0.45,

f
125

(2.2 g, 50%), m.p. 100-102° (1it. 101-102°), ir spectrum identical

to that of an authentic sample.

C. Benzyl cyanide, tetrasulphur tetranitride in toluene.

A mixture of benzyl cyanide (2.5 g, 21 mmol) and tetrasulphur
tetranitride (1 g, 5 mmol) in anhydrous toluene (12 cm®) was heated under
reflux for 5.5 h under nitrogen. The solvent was removed after cooling
and the residue, a complex mixture (> 15 spots) by tlc, was chromatographed
on alumina H (150 g) with dichloromethane to provide 3-amino-4-phenyl-
1,2,5-thiadiazole (100 mg, 37%), m.p. and ir spectrum identical to those

of an authentic sample.

Thermolysis of phenyl azide in DMF.

A solution of phenyl azide (1 cm®, 0.01 mol) in anhydrous DMF (6 cm®)
was heated under reflux for 23 h. The mixture was treated with brine
(2 x 100 cm®) (2%) and the aqueous solution was extracted twice with
dichloromethane (2 x 100 cm®). The extract was dried, the drying agent
filtered off and the filtrate was evaporated to dryness. The residue
was chromatographed on silica gel H (25 g) with dichloromethane. The
only identified product was aniline (31 mg, 4%), ir spectrum identical

to that of an authentic sample.
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3-Azido-4-phenyl-1,2,5-thiadiazole (151).

3-Amino-4-phenyl-1,2,5-thiadiazole (60 mg, 0.33 mmol) was dissolved
in 2 M hydrochloric acid (20 cm®) and the solution was cooled to -10°.
A solution of sodium nitrite (500 mg, 7.2 mmol) in distilled water (5 cm®)
was added dropwise maintaining the temperature below -8°. The mixture
was allowed to stir for 15 min before diazotisation was complete. A
solution of sodium azide (1.0 g, 15.4 mmol) and sodium acetate (30 g)
in the minimum amount of water.(20 cm®) was added dropwise at -8°. The
mixture was extracted immediately with dichloromethane (100 cm®), the
extracts were dried and the drying agent was filtered off. The filtrate
was evaporated to dryness and the residue was chromatographed on silica
gel H (15 g) with dichloromethane: petroleum ether (1:1l) to provide the

product, R. 0.8, (31 mg, 50%), m.p. 60-65° (ethanol-water), Y oax (nujol)

£
2120 (Ns), 1410, 1365, 1260, 1145, 895, 860, 775, 720, 690; v__. (CHCLs),
2120 (Ns), 1600 (Ph), 1470, 1405, 1260, 890 m/e 203 (M), 175, 129, 103
(base), 77, 76, 723 A___ (EtOH) 210 (1975), 218 (1700), 259 (2200), 300

(1775),

Thermolysis of 3-azido-4-phenyl-1,2,5~-thiadiazole (151).

A. In m-xylene.

A solution of 3-azido-4-phenyl-l,2,5-thiadiazole (20 mg, 0. 098 mmol)
in anhydrous m-xylene (15 cm®) was heated under reflux for 14 h excluding
atmospheric moisture. After cooling,the reaction mixture was evaporated
to dryness and the residue was chromatographed on silica gel H (15 g)

with dichloromethane to give the recovered starting material, Rf 0.75,
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(9.2 mg, 27.5%) and 3-(3'-methylbenzlidenamino)-4-phenyl-1,2,5-thiadiazole
Rf 0.58, (10.5 mg, 52.5%) as a red oil; v oox (CHC?s) 1620 (C=N), 1600
(Ph), 1580, 1480, 1460, 1435, 1405, 1340, 1290, 1265 (br), 1117, 1115,
985, 890; & (cpcfs) 9.1 (s, 1H, CH), 8.4~7.1 (m, 9H, Ph, Ce¢H.-), 2.4

(s, 3H, CHs), m/e 279 (M+), 188, 177 (base), 134.5, 104, 91, 74.

B. In p-xylene.

A solution of 3-azido-4-phenyl-1l,2,5~thiadiazole (20 mg, 0.098 mmol)
in anhydrous p-xylene (15 cm®) was heated under reflux for 16 h excluding
atmospheric moisture. The solvent was removed and the residue was
chromatographed on silica gel H (10 g) with dichloromethane to give the

recovered starting material, R_. 0.69, (5 mg, 25%) and 3-(4'-methylbenzy-

£
lidenamino)-4-phenyl-1,2,5-thiadiazole, Rf 0.28, (13 mg, 65%), m.p.
80—850, Voax (CH,Cf,;), 1610 (C=N), 1600 (Ph), 1560, 1430, 1340, 1160,
§ (ccf,) 9.0 (s, 1H, CH), 8.3-7.1 (m, 9H, Ph, CeH.), 2.4 (s, 3H, CHs);

m/e, 279 (M"),278, 188 (base), 175, 103, 105, 77.

Authentic Samples.

A. General procedure.

A mixture of 3-amino-4-phenyl-1l,2,5-thiadiazole (0.1 g, 0.56 mmol),
the appropriate aldehyde (1 equiv.) and a catalytic amount of PTSA were
azeotroped in anhydrous benzene (25 cm®) for 16 h. The solvent was
removed and the residue was chromatographed quickly on silica gel (10 g)
with dichloromethane. The Schiff base eluted first, followed by the

aldehyde and the amine.
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B. 3-(3'-Methylbenzylidenamino)-4-phenyl-1,2,5-thiadiazole (161),

as a red oil, Rf 0.6, (0.15 g, 75%),vmax (CHC?3) 1620 (C=N), 1600 (Ph),
1580, 1475, 1430, 1340, 1150, 980, 885; & (CDCfs) 9.1 (s, 1H, CH), 8.4-
7.1 (m, 9H, Ph, CeHu-), 2.4 (s, 3H, CHs), m/e, 279 (M), 188, 177 (base),
134.5, 104, 91, 74; lmax (EtOH) 214 (14,508), 237 (11,160), 300 (15,903);
(Found: m/e 279.0830. 'Cy¢H;sNsS requires 279.0830). Accurate analysis

figures could not be obtained because the product was unstable.

C. 3-(4'-Methylbenzylidenamino)-4-phenyl-1,2,5-thiadiazole (162), as a

yellow crystalline solid, R_. 0.46, (0.15 g, 75%), m.p. 80-85°; Voax (CHC? 5)

£
1610 (C=N), 1600 (Ph), 1560, 1430, 1340, 1160; & (CCf,) 9.0 (s, 1H, CH),
8.3-7.1 (m, 9H, Ph, CeHu-), 2.4 (s, 3H, CHs); A (EtOH) 230 (36,270),
290 (44,640), 340 sh (29,016) 3 m/e, 279 (M"), 278 (base), 188, 175;
(Found: C, 68.88; H, 4.793 N, 15.02; S, 10.42. C,¢H,3NsS requires

C, 68.82; H, 4.663 N, 15.05; S, 10.46%).

3-(4'-Methylbenzylamino)-4-phenyl-1,2,5-thiadiazole (163).

3-(4'-Methylbenzylidenamino)-4-phenyl-1,2,5-thiadiazole (30 mg,
0.11 mmol) was dissolved in anhydrous distilled methanol (10 cm®) and
sodium borohydride (0.1 g) was added over 30 sec at room temperature.
The mixture was heated under reflux, protected from atmospheric moisture
for 50 min. Additional sodium borohydride (2 x 0.05 g) was added during
this period. The mixture was evaporated to near dryness, distilled
water (20 cm®) was added and the precipitated product was filtered.off

as white crystalline solid (28 mg, 93%), m.p. 87-890; L (CHC?5), 3420,
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(NH), 3000 (br), 1600 (Ph), 1575, 1535, 1505 (br), 1305} & (CDCZs) 7.8-
7.0 (m, SH, Ph, CeHs), 5.1 (br, s, 1H, NH), 4.5 (d, 2H, CHa), 2.2 (s,
3H, CHs); m/e, 281 (M), 120, 105 (base), 32, 28; A___ (EtOH), 216
(17,574), 240 (15,114), 326 (13,356) ; (Found: C, 68.063 H, 5.46;

N, 14.79. ‘C16H1sNsS requires C, 68-32; H, 5-34; N, 14-94%)-

Photolysis of 3-azido-4-phenyl-1,2,5-thiadiazole (151).

3-Azido-4-phenyl-1,2,5-thiadiazole (54 mg, 0.25 mmol) was dissolved
in anhydrous freshly distilled acetonitrile (100 cm®) and the solution
was deoxygenated for 20 min. The solution was photolysed at 300 nm for
15 min with nitrogen bubbling through the mixture during photolysis.
The reaction was followed by tlc (dichloromethane: petroleum ether, 1:1)
of aliquots taken every 5 min. An unidentified yellow solid (2.5 mg,
4.67%) was filtered off after 15 min and the filtrate was evaporated to
dryness. Plc (silica gel) with dichloromethane: petroleum ether (1:1)
of the residue provided 3-amino-4-phenyl-1,2,5-thiadiazole (14 mg, 26%),
Rf 0.08, ir spectrum identical to that of an authentic sample, and an

unidentified yellow solid, R. 0.6, (8 mg, 14.8%), m.p. 105-110°, v

f
(CHCf,) 2210, 1720 (br), 1590, 1460, 1440, 1370, 1310, 1270, 1005}

max

§ (cpcfs) 8.0 (m, 2H), 7.6-7.5 (m, 3H); m/e 290, 289, 220, 205, 196, 182,
171, 156, 155 (base), 141, 57, 55, 43, 41.

143

Dicyanamide (181) m.p. 205-208° (1it. 208-209°) .

144

N-(Benzoylamido) thiourea (183) m.p. 168-170 (lit. 170-171%).
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3-Azido-5-phenyl-1,2,4-thiadiazole (152).

3-Amino-5-phenyl-1l,2,4-thiadiazole (100 mg, 0.56 mmol) was dissolved
in 6 M hydrochloric acid (25 cm®) at room temperature. The mixture was
cooled to 0-5° in an ice/water bath. A solution of sodium nitrite
(500 mg, 7.25 mmol) in distilled water (2 cm®) was added dropwise,
maintaining the temperature below 5°. The reaction mixture was allowed
to stir for another 3 min before the addition of a solution of sodium
azide (1.0 g, 15.38 mmol) in distilled water (4 cm®) maintaining the
temperature below 5°. The mixture was stirred for another 15 min at this
temperature before it was allowed to warm up to room temperature over
1 h. The product was extracted from the aqueous solution with dichloro-
methane (50 cm®) the extracts were dried, the drying agent was filtered
off and the filtrate was evaporated to dryness. Chromatography on silica
gel H (15 g) with diethyl ether provided benzonitrile, Rf 0.99, (11 mg,

187%), ir identical to that of an authentic sample, as the only identified

product.

Diazotisation of 3-amino-5-phenyl-1l,2,4-thiadiazole (179).

The diazotiéation of 3-amino-5-phenyl-l,2,4-thiadiazole (100 mg,
0.56 mmol) was carried out under identical conditions to those used above.
On extraction of the aqueous mixture with dichloromethane (50 cm®), the
organic layer showed on tlc (dichloromethane) baseline material only and
no trace of benzonitrile. When sodium azide (0.5 g, 7.7 mmol) was added
to the aqueous solution of diazotised amine at 0-50, immediate evolution
of gas was observed. On work up as described before, benzonitrile was

detected on tlc (dichloromethane) at Rf 0.7.



6.0. APPENDIX



185

6.0. APPENDIX.

6.1. High resolution mass spectrometric (HRMS) determination of

gaseous components in the novel reaction (4.2.1.2.).

There are two possible gaseous components which may be extruded
from the reaction of 3-halogeno-5-phenyl-1l,2,4-oxadiazole (120, 121)
with sodium azide in DMF, namely, oxygen, as suggested in mechanisms
B, C, and nitrous oxide, as in mechanism D. Current chemical methods
for the detection of oxygen extruded from a reaction are not satisfactory
since an oxygen-free system required before and during the reaction
is very difficult to achieve. Nitrous oxide is a very unreactive
gas and its only known complex is with [Ru(NHs)s(Hzo)]2+. However,
this method is not suitable for our purpose because the complex
[RU(NH3)5N20]2+ decomposes rapidly. Thus, HRMS was chosen as the tool
for the detection of oxygen or nitrous oxide. The absence of a
peak m/e 44.0011 (N,0) and the presence of a peak enhancement at m/e
28.00615 (N,) suggested that nitrous oxide is not a product of this

reaction for which mechanism D can be ruled out.

6.2. 3-Bromo-5-phenyl-l,2,4-oxadiazole (0.5 g, 2.2 mmol) and sodium
azide (0.3 g, 4.6 mmol) were dissolved in anhydrous DMF (8 cm®) in a
25 cm® round-bottomed flask (F;). This flask (F,) was connected to a
gas cell (C;) which was in turn connected to an oil pump. There was

a tap (Tp;) between the flask (F;) and gas cell (C,) and a tap (T:)
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between C, and the pump. The system was evacuated for 10 min with

the reaction mixture in F, cooled (—780) to prevent loss of DMF.

T, was closed while T, remained opened. Flask (F,) was lowered

slowly into a preheated Woods metal bath (1300). The reaction mixture
which boiled vigorously initially for 15 min, was‘heated for 3 h

with stirring. The flask was cooled down to room temperature after
removal from the Woods metal bath, T, was closed, T was opened to
allow the gases into the gas cell (C;). The gas cell (C,) was
disconnected with T, and T, closed; HRMS of the gases in C; showed

no trace of nitrous oxide (44.0011), with carbon dioxde (43.9898) as

reference; there was a peak enhancement for nitrogen (28.00615).

6.3. Reaction of azo-3,3'-bis(5-phenyl-1,2,4-oxadiazole) (140) with

singlet oxygen.

In section 4.2.1.3.2., photolysis of 3-azido-5-phenyl-1,2,4-
oxadiazole (94) provided azoxy-3,3'-bis(5-phenyl-1,2,4~oxadiazole)
(141) (2%). Two reaction mechanisms were postulated for the formation
of the azoxy compound (141). One mechanism is thought to be the cyclo-
addition of the azide (94) with singlet oxygen and the other the
reaction of singlet oxygen with the azo compound (140) to give the
azoxy compound (141). To test the latter mechanism, the azo compound
(140) was photolysed in a quartz tube in anhydrous acetonitrile at
254 nm under a constant stream of oxygen for 20 min. On work up,

a quantitative recovery of the azo compound was obtained and no azoxy
compound (141) could be seen on tlc. This ruled out the latter

and 3ugperte the mechaniam
mechanism involving cycloaddition of the azide (94) with singlet oxygen.

There is precedent for this from Abramovitch's work.114
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6.4. Azo-3,3'-bis(-5-phenyl-1,2,4-oxadiazole (20 mg, 0.06 mmol) was
dissolved in freshly distilled anhydrous acetonitrile (100 cm®). The
solution was photolysed in a quartz tube for 20 min at 254 nm with
oxygen bubbling through the solution. The solvent was evaporated to
give a quantitative recovery of the starting material. Tlc (dichloro-
methane) indicated only the starting material Rf 0.45 and no azoxy-

3,3"-bis(~5-phenyl-1,2,4-0oxadiazole).
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