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ABSTRACT

The thermal decomposition of furoxans has been
investigaﬁed using Flash V;cﬁum Pyrolysis (FVP)
apparatus and teqhnique. It has been established
- that thé decomposition proceeds via a retro-1,3-
dipolar cycloaddition to give nitrile oxides
(RCEﬁ-B). The above technique has enabled the
isolation of reactive nitrile oxides in solution where
previously their intermediacy in the decdmposition of
furoxans had been demonstrated by i.r. épectroscopy |
and by the isolation of the appropriate 1,3-dipolar
»cjcloadduct formed from reaction of the nitrile OXide
with»a suitable dinlarophile. In addition the
.sYhthetic utility of furoxans as a source of nitrile
ibkides hqs been greatly extended. Indeed; for
: aéétonitrile oxide'and_propionitrile oxide FVP of the
-éorresponding furoxans is probébly'the method of choice.

_An inVestigation into the thermal deéomposition of
furazans has been carried out and it has been demonstréted,
‘as was the case with furoxans, thaﬁ the thermolytic¢ ring
opening to nitrile oxides is a general reaction for furazans.
Nitrilé oxides and nitriles are formed in high yield both in-
éolution and in the vapour phase. In addition thermolysis
of unsymmetrically disubstituted fufazans suggests thét the
_fragmentgtion of the oxadiazole riné takes place in favour
of the}more stable nitrile oxide.

The thermal decompositipn‘of three related heterocycles

were also investigated. FVPAof diphenyl-1,2,4-oxadiazole



established that the compound was extremely stable4with
no evidence to support'a retro-1,3-dipolar cycioaddition
to nitrile oxide and nitrile. Similarly 2(H]-1,2,3-
triazole-l-oxides also exhibitgd considerablé therﬁal
S£ability and unlike t@e isoelectronic furoxans there
was no evidence to support the intermediacy of nitrile
oxides during their decomposition. An examination into
the thermolysis of'l,4,2,5~dioxadiaziﬁes reyealed that,
unlike the isomeric furoxans, nitrile oxides wereAhot
formed on pyrolysis. Rather'the decomposition was
 complex giving rise to many decomposition products.
Thgse products have been rationalised by a mechanism in
_>Whi§h initial fragméntation of the heterocyciié ring |
~gives rise to the correépoﬁding nitrile and nitrbso-

carbonyl compound (R.CO.NO).
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1. NITRILE OXIDES

1.1 Historical Background

Nitrile oxides are compounds containing the fulmido
gfoup - CNO. In general this functional group is bouna
directly to the carbon atomiof the oréanic moiety‘of the
moiecule, the parent of the family, formonitrile oxide
(fulminic acid), is the exception. As a consequence qf
the hydrogen atom bound directly to thé functional_group,'
the chemistry of formonitrile oxide differs in many ways
‘from that‘of its higher homologues and as a result will
‘not be discussed other than in the history of‘the nitrile
Qxides. |

The history‘of the nitrile oxides starts‘aﬁ the
beginning of the 19th century with Howard,l who in 1800
attempted to synthesize hydrochloric acid from the
reaction of ethanol, nitric acid ahd.mercury. Instead
vof mércu&ic chloride he'obtained, unknbwn to him, mercuric
fulminate which on subseqﬁent heating-to_iiberate thé
expected hydrochloric acid detonated violently. - This
was ﬁhe “spérk“_which prompted furthér investigations
by many ehinent“chemists,-including Gay Lussac,2 Liebig,2
‘and Kékulé,3 thtoughout'the 19th cenﬁury éna thé first
half of the 20th century, into the idehtification énd

structure elucidation of formonitrile oxide. The carbonyl'

oxime structure (la) suggested by Nef4 in 1894, which with



the small refinement added much later of including the
dipolar contribution (1b)5 to take account of the growing‘
understanding of chemical bonding was accepted until the

1960's.

H-0-N=C -~ &—» HO-N=C HC=N-0

(la)- (1b) _ (2)

Ley6 had proposed the dipolar structuré-(Z) in 1899,
but this was not generally accepted as it did not appear
'to account for the formation of (3) on treatment with.
hydrogeh halides (HX) . At the time these were only

expiicable in terms of 1,l-addition to the divalent carbon.

HON=C + H~X —» HON-CH-X

(1a) (3)

| Although not widely accepted, at the time, structure (2)
| gained sﬁpport from the experimentai studies of Quilico
énd co—workers7 and from theorefical studies of Pauling8
who calculafed the potential energies for all the possible

structures and concluded that (2) was favoured over (1).

Finally, in 1961 Huisgen removed the last obstacle
to ﬁhe acceptance of (2), namely the aforementioned

addition reactions, with his concept of 1,3-dipolar



reactivity of nitrile oxides.9 This gave rise to the
resonance hybrid (2a) which readily explained the above

addition reaction.

HC=N-0 @t HE=N-0 + HX —p (3)

(2) (2a)

Final proof came in 1965 when Beck recorded the
infrared specﬁrum of gaseous fulminic acidlo and found
it only conéisienﬁ’with structure (2). |

The history of the higher homologues of formonitrile
oxide is much shorter. Béfore the first member of the
series was ever prepared it had been postulated in 1886ll
that the formation of phenyl isocyanate (6) from the
attempted distillation of 3,4-diphénylfuroxan (4) occurred

~via a nitrile oxide intermediate (Scheme 1).

/ \E—O ——»[Ph—C"‘N—- ] — Ph—N C"'O

~Nos
(4) (5) (6)

Schemé 1
‘However, benzonitrile oxide (5) was not identified until
1894 when Werner12 while attempting to synthesize a-nitro-
benzaldoxime (7) from benzaldoxime via the reaction of
silver nitrite with benzohydroximofl chloride (8) actﬁally

prepaied'(4) (Scheme 2).



Ph—C=NOH

|
AgNO,, X’ NO,
Cl ~ )

Ph—CH=NOH —— Ph—-C=NOH

|
. Cl \\\\‘
(8) AgNO,

Scheme 2

(4) NZO3

He demonstrated that in the presence of weak bases (8)
gave an unstable oil which solidified to give the furoxan
to thch he assigned thevdioxadiazine-structure (9).
N0 4 - Ph—(—G—Ph
8 —23 [Ph-c=N—0] ——= N N
| S

(9)

Werner did not attempt to purify or analyse this oil but
deduced its structure from its hydrolysis produdts; with
acid, hydroxylamine‘and benzoic acid were formed,'whereas
the action of alkali produced benzohydrokamié acid.
Benzonitrile oxide was obtained pure for the first time'

by Wieland in 190713

using Werner's procedure.
He also determined its molecuiar weight and established
some of its addition reactions. Initially, £he structure
of the nitrile oxides wés represented by the cyclic
structure (lO)14 but optical data15 and energy level
calculations'later indicated that the lin=2ar structure

(11) was preferred.



R—(C= — (=
C\ /N R—C=N-0
0
" (10) (11)

A further refinement was provided by Huisgen who

suggested that the structure was best représented as a
| 9,15

resonance hybrid of structures (1l2a-e).

+ - - + . +- w e
R—C=N—0 @— R—C=N=(: @ R—C=N—0:

(12a) (12b) _ ‘ (1.20)
- ..+ e e
<*¢——= R—(C=N-0' €= R—C—N=0

(124d) (12e)

'Among these mesteric structures, the octet formulae
(12a) and (12b) presumably represent the electronic
-distribution in the ground state, where (12¢) exbresses
best most reactions of nitrile'oxides,'especially_1,3—
dipoiar additions.

Over the whole series the stability of the nitrile
o#ides varies greatly. All simple aliphatic and most
aromatic nitrile oxides are only permanently étable at
femperatures far beiow 0%c. They are energy :ich
compdunds and as a result should be considered‘explosv;ive.16
However,‘the main difficulties in handling nitrile oxides

are not caused by their explosiveness but by their rapid

spontaneous dimerisation to furoxans. The stability of



nitrile oxides can be influenced by both steric and
electronic factors. However, the influence electronic
factors have on the stability of arométic nitrile oxides

is variéble and very weak17 and may be overshadowed by

. steric effects. | On the other hand a very pronounced
effect can be achievediby steric hinderance. Substitﬁtion
of aromatic nitrile oxides in the ortho positions with
bulky substituents inhibits the dimerisation to furoxans.18
For example, 2,4 ,6-trimethylbenzonitrile oxide is stable

" indefinitely at ambient temperatures, attempts to force

its dimerisation £o the corresponding furoxan by heating

it above its melting point or by refluxing in a high-
boiling solvent resulﬁs in a clean rearfangement to the
isomeric 2,4,6-trimethylphenyl isocyanate. ‘Despite its
jstability towards dimerisation it will undergo 1,3-dipolar
cYcloadditioné with several dipolarophiles.18 In similar
‘fashion di-t-butylacetonitrile oxide ((t-C4H9)2CHC§5)is
indefinitely stable at 25°¢ and rearranges to the corres-

ponding isocyanate on heating at 125-130° for five hours.19

1.2 Spectroscopic Properties

Although nitrile oxides have been studied by many
»techniques,zo the most widely applicable method has been
i.r;.spectroscopy. Almost all isolated oxides have.been
characterised by their i.r. spectré. Indeed, for many

of the less stable nitrile oxides it has been the solé
means of identification of the nitrile oxide‘intermediate.21
Both aliphatic and aromatic ﬂitrile oxides are characterised

1

by two strong absorption bands at ca. 2300 cm ~ (C=N stretch)



and at gg; 1370 cm--l (-N=0 stretch). The band at 2300 cm

is well sﬁited for the identification of monomeric nitrile

oxides; the corresponding nitriles absorb strongly in the

same region, but usually ca. 70 cm-'l lower. The intensity ‘

of the nitrile oxide band is also normally stronger and

broader than the corresponding nitrile. The isomeric

isocyanates also absorb in this region but they lack the

band at 1370 cm—l.

1.3 Preparation of Nitrile Oxides

1

The most common routes to both aliphatic and aromatic

4ni£rile oxides start from the corresponding aldoxime.
Thé'aldoximé can in many instances be converted directly
‘to'fhe nitrile oxide by oxidétion with hypohalités.or
more commonly via chlorination to thé corresponding

_ hydrokimoyl chlorides ana.subsequent dehydrochlorination

by the action of base.

1.3.1 Dehﬁdrqéenation of Aldoximes

| ‘Aliphatic and aromatic aldoximes can usually be
dehydrqgenatéd-to the nitrile oxidé b& the action of
potassium ferficyénide or sodium hypohélites in alkaline

solution.18r19722

: , L . _ _
RCH=NOH — [RCH:NO] — RC=N-0 + OH + Hal



"The reagent of choice is an alkaline solution of
sodiuﬁ'hypobromite with the oxidation proceeding in high
yield at ca. o°c. In coﬁtrast, the reaction of éodium
hypochlorite, first studied by Ponzio in 1906,23 usually .
vields only a small amount of the nitrile oxide plus a
dimeric compound derived from the abstraction of one
hydrogen atom per molecule. The exact structure of the
dimer is still unknown but it is believed to be either

an oxime anhydride N-oxide (13)24(a)

24 (b)

or an aldazine

bis-N-oxide (14)

0
i
Ar—CH=N-o~ﬁI=CH—Ar Ar-CH=$—§{=CH-Ar
o~ | B
(13) (14)

Although oxidation of the aldoxime by hypdbromité
is an extremely useful route to nitfile oxideslit is
restricted tq those aldoximes which are stable to the
‘"oxidising agent and have no alkali—labile-functional
groups. A milder and more selective dehydrégenation
can be achieved with N-bromosuccinamide in the presence
of alkali alkéxides or tertiary bases.25 This modification
is probably the most generally applicable route for the
synthesis of nitrile oxides enabliﬂg heterocyclic amino,

substituted aromatic and polyfunctionél nitrile oxides to



bé synthesised. Direct oxidation is particularly useful
where the nitrile oxides cannot be prepared by the older
route from the hydroximoyl chloride because of side
reactions during chlorination of the oxime. Aldoximes
cén also be dehydrogen?ted with lead tetra-acetat’e,26 thé
reaction products being dependent upoﬁ the stereochemical
conformation of the aldoxime and the temperature at which
the feaction occurs. At low temperature (778°C), all
syn-—-aldoximes behave similarly and give nitrile oxides in
high yield. | In éontrast, reaction above -78°C and with
anti-aldoximes at‘all temperatures gives rise td various
prqduéts;v the main products from reaction with aliphatid
aldpximes are nitrosoacetate dimers (15) and acetylhydrbxa—
mates (17). It would appear that (15) is in eduilibrium

with the gem-nitrosoacetate monomers (16) which rearrange

. easily to (17), Scheme 3.

R 0O R | " OCOCH
+ / : / 3
, F;iC-4¢=§f-C H = R—%k:H :
H.COCO & OCOCH3 - NO

(15) . / (16)

R—CO—NH—0—COCH,

(17)

Scheme 3
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The mechanistic proposals for these reactions are built
around the presence of iminoxy radicals and nitrile oxide
intermediates in the system. The mechanism put forward

by Just and Dahl26 is outlined in Scheme 4.
R
R /OPb(OAc)3

R—CH=NOH ——s H >0 and - \:N

/

M)_' b AC)Z H (18b)
/ (18a) BC .

+ - . . ,
R—C=N—0 R—(l',‘:N.—O + OAc + I'-’b(OACl2

+ H |
CH3002H F‘?)(OA(:)2 (19)

Scheme 4

Their postulate invokes the formation of the.organo'lead
epecies (18a, 18b); the §X§—isomer (18a) of which could
- readily give aenitrile oxide. As the temperature is
ralsed free 1m1noxy radicals (19) could be formed along
-w1th acetoxy radicals, and combinations of these could
“yield the products isolated. However, the experimental
evidence.is.not conclusive '‘and an alternative mechanism
involving a cationic intermediate has been suggested.27
The conditions employed to synthesize nitrile oxides
are ee'mildvthat aromatic and aliphatic aldoximes
'conteining funetional grOups which_would not normally
. permit the use of more conventional methods,18 can be
converted to nitrile oxides. The main limitations of -
the reaetion are the stereochemical requirement that
only gzg—aldoximes can be used, and the reactivity towards

lead tetra-acetate exhibited by certain functional groups

conteining‘labile hydrogen atoms.
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1.3.2 Dehydrochlorination of Hydroximoyl Chlorides

Dehydrochlorination of hydroximoyl chlorides is the
oldest known route to nitrile oxides and was utilised by
Wieland in 1907 for the original preparation of benzo=

13

nitrile oxide. Typiéally, hydrokimoyl chlorides are

prepared from the corresponding aldoxime by direct
chlorination or by the action of nitrosyl chloride.28
Direct chlorination is usually carried out in an inert
solvent at low temperatufé (< 0°) and many aromatic and
aiiphatic hydroximbyl chlorides are prepared by this.
method. The reaction proceeds via the geminal chloro-
nitroéo compound (20) or its dimer (21) which rearranges
29

to the desired prodhét on warming to room temperature,

~as outlined in Scheme 5.

_ N
o | R cl
RCH=NOH +  ClL, ——e R—{:H —
o I ~
L. -
(20)
H\ + 9 / H " RT -
RICN=N-CR | ——= R—=NOH
T+ N | »
< 0 & a
u ]
(21)

Scheme 5
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The major disadvantage of this synthatic route is often
the formation of products from unQanted side reactions.
For example, direct chlorination.of thiophene-2-carbald-
oxime (22) gives 5fchlorothiophene;z—carbohydroximoyl
chLoride (23). ‘Howevar, by employing nitrosyl chloride
as the chlorinating agent this problem is avoided and

thiophene-2-carbohydroximoyl chloride (24) is produced in

excellent yield.30
@-CHiNOH .
: X | o
| | 'NOCI/ (22) wz_ - -
[\ N A\
Q—?—NOH | cl C=NOH
Cl Cl
(24) ' (23)

Deapite this refinement the main limitation-of the method
;émains the chlorination of the aldoximesf Unsaturated
aldoximes add chlorine across the double bondz1 ana

in addition mahy subsﬁituted aromatic aldokimes undergo

. electrophilic aromatic substitution producing'inseparahle~
'mixtares of hydroximoylchlorides.18 This property has-
been utilised in the synthesis of stable nitrile oxiaes.
By using three moles of chlorine'2,4,6-tfimethylbenzald—
oxime (25) is aleanly'canverted into 3,5—dichloro—2,4;6-
trimethylbenzoﬁydroXimoyl'choride (26) which may be
converted to the correspondiﬁg nitrile oxide (27) by

treatment with base.3l
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CCI=NOH
(26)

Despite the difficulty in preparing some hydroximoyl
chlorides it.is still an extremely important route td
nifrile'oxiaes. - In particular it permits the preparation
of nitrile oxides at low temperature ana in situ in the

v»presence of the dipolarophile, thus enabling a facile
synthesis of many cycibadducts;32
It is also claimed tha£ nitrile oxides can be
. generated from' the thermal dehydrochlorination of

hydroximoyl_chlotides.20

When thé hydroximoyi chloride
.is refluxed in an inert solveht,.(e.g. toluene), in the
presence 6f a dipolarophile the same  cycloadduct as
that prepared from the action of base, is.isolatéd;

Howéver, Sasaki and Yoshioko33

have suggested that the
hydroximoyl chloridé undergoes a 1,3—aipolér cyclo-
.addition directly and that nitrile oxides take no part in
the reaction. They also claim that the cycloadducts are
formgd in much higher yields than when prepared by the
action of base on the hydfoximoyl chloride. For exaﬁble,
as illustrated in Scheme G;Rrefluxing ﬂuranocarbohydroximoyl
cﬁloride (28) in toluene in éhe presence of phenylacetylene

gave the expected isoxazole (29) in 64% yield whereas

reaction of (28) with triethylamine in the presence of
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phenylacetylene yields only the corresponding furoxan (30).

O?—NOH +  PhC=CH
(28) o
\ ICH)N

) R

/- \ | |
Q@Ph | A/\O>N+—6 0

(29) (30)
Scheme 6

They proposed that the reaction proceeded via a
complex (31) formed directly from the hydroximoyl

-chloride and the dipolarophile to giVe the cycloadduct

'~ as outlined in Scheme 7.

. Cl :

R—C=NOH . -4 R
| R—C==N TN\
' — é »"}P-H — N + HCI
+ %Cf” \O

—C=C— i (31 N

Scheme 7
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In support of this hypothesié only starfing material was
recovered when 5—nitrofurhydroximoyl chloride was heated
in toluene in the presence of ethanol. Under these
conditions any nitrile oxide (32) formed would have under-
gone a 1,3-addition to.yield ethylf5—nitrofuranohydroxamic

acia>{33).

0 N—@—C—N—O + EtOH —— 02N :

(32)

Moreover, the only isolated products from the pytolysis
of benzohydroximoyl chloride (8) were phenyl isocyanaté'and
Q—benzoylbenzohydroximoyl chloride.35_ Chiang suggested,

'since no furoxan was isolated, that the intermediacy of

benzonitrile oxide was,excluded.

1.3.3 Nitrile Oxides from Primary Nitroalkanes

Primary nitroalkanes can be converted into the éprres-
ponding nitrile‘oxides by three different méthods.
Reaction of nitroalkanes with hydrogen chloride under
" anhydrous conditions yields hydroximoyl chlorides, which-
‘readily lose HCl1l to give nitrile oxides,36 as discussed
in the preceding section 1.3.2. However, hydfoximbyl'
chloridés are generally_more accessible by the routes
discussed above and as a consequence this route offerg

no advantage. Reaction of primary nitroalkanes with
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nitrous acid yields the corresponding nitrolic acids,24,a
which on gentle heating eliminate nitrous acid to givé '
nitrile oxides. Although several nitrile oxides have -
been obtained by this route the reaction has not been fully
investiéated. | )

More recently it has been established that nitrile _
oxides can be prepared directly from primary nitroalkanes.37
This is achieved by dehydration of the nitrpélkane with
phenyl isocyanate in tﬁe presence of catalytic amounts of
triethylamine.

The direct déhydration proceeds well with several
_primary nitroalkanes and is particularly useful in the -
lower aliphatic series as £he primary nitroalkanes are
ofteﬁ more easily accessible than the corresponding

hydroximoyl'chlorides. The mechanism proposed by

Mukéiyama and Hoshino37 is outlined in Scheme 8.

Et,N PhNCO

' )
R-CH,-NO, —3 - R-CH=N0§ — R—CH=$—O-Ci—N-Ph
o O
l g
[R-CzN-0] + PhNHCO,H ~ @—— R-CH=$—O-%-NHPh
A “ -
>=Z PhNCO

Furoxan . Cycloadduct . PhNHCONHPh + co,

'~ Scheme 8
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vAlthough the method~ié widely'used,,nitrile.oxides
have never been isolated during the course of the reaction.
Rather, the existence of the nitrile pxide'is established
by isolation of ﬁhe furoxan dimer dr by the formation of
- the 1,3-dipolar cycloa@duct.

The three methods described above, namely the dehydration
of aldoximes, dehydrochlorination of hydroximoyl chlorides
and dehydration of primary'nitroalkanes are the most commonly
used and the most synthetically useful preparations of
nitrile oxides. However, recent investigations by seVefal
groups of workers'hasjgivenirise to some novel and intereéting

routes to nitrile oxides.3i1744

'1.3.4 Nitrile Oxides from 1,3,2,4-Dioxathiazole-2-Oxides

Although it has been known since 1906 that the
reaction between a hydroxamic acid and thionyl chloride
gave rise to the corresponding isoCyanate38 it is only

‘recently that it was established that it occurred via

'1,3,2,4-dioxathiazole-2-oxide (34) intermediates39.

RO R—N=C=0
c—0 -
//

R—C—NHOH + S0Cl, | — I\KO/ ;0  — +

|
(34) 4 '502

O—



Since their isolation the thermal decomposition of (34)

has~attracted considerable atténtion,39'40{41

but at
present the exact nature of the mechanism remains
unresolvea. Scheme 9 illustrates the three possible
mechanisms:- (a) decomposition to the acyl nitrene (35)
with subsequent fearrangement, (b) a concerted process

and (c) decomposition via the nitrile oxide followed by

rearrangement.

g
_ (a)/' : (35) | \
AN/AR (b)

N__5=0 >  R—N=C=0

'(34) \c\) , /

- [Rrc=t0 ]

Scheme 9

Recént studies have-given‘some‘insight into the.mode
of decomposition. | -

It is known that the analogous 1,3,4—diéxazole-2-
oxides'(36),decompose through an acyl nitrene'intermgdiafe
'(35); path (a).  Thermolysis of (36) in the presence of
dimethyl sulphoxide (DMSO) -results in the isolation 6f the
N-acylsulphoximine adduct (37),derived from(35), and N,N'-

39

diphenylurea (38) derived from the isocyanate. Howéver,
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attempts to isolate the N-acylsulphoximine adduct from
‘the thermolysis of (34) in the presence of DMSO faile_d.-39
The only isolated product was the isocyanate derived urea

(38) , Scheme 10.

Y owso 8

N =0 —— Ph—C—N=S=0 -+ PhNHCONHPh
0 |

150°C L |
(36). : , 3 (38) (18%)
N / (37)  (57%)
0.
Ph—C—N
(35)
(34 —*> (38) (78%)

Scheme 10

. A positive indication as to the mode of decomposition of
(34) was obtained by Franz and Peatl in‘1976.41 They.

_.fopnd that thermdlysis of (34) in the presence of highly
reactive dipolarophiles, such as dimethyl écetylenedicar-

. boxylate (DMAD) and norbornene, produced mixtures of the
corresponding isocyanates’and the correspondiné 2—iéoxa-
zole (39) and 2—iéoxazoline (40) respectively. The
i§olation of the l,3-dipolarcycloadducts..is consistent
with the formation of nitrile oxide intermediates. As

a result of_these observations they proposed  the decompo-

sition mechanism outlined in Scheme 11.



(34)

(40)

,‘Scheme 11

1.3.5 Nitrile Oxides from the Potassium Salts of Dinitro-
-~ alkanes
The thermal deComposition~of the potassium salts of

dinitroalkanes in polar solvents such as dimethylformamide

-(DMF') and DMSO at.SOOC gives rise to carboxylic acids

(>75%) and potassium nitrite. However, in the presence
of a suitable dipolarophile under the same conditions an
isoxazoline‘and potassium nitrite are formed. It has
been proposed that the reaction proceeds via a nitriie'

oxide intermediate as outlined inVScheme 12.42



- +
//NOZK OMF /o\ e -
R—C —_— R—c:_r;l_—_c_)] — [R—C:N—O ]
NO,  80°C” | |
(R=Ph,Me,Et) o ,
- " RHC=CHR
no dipolarophile '
v | - : v
R R
. : y .
+ .
- .RCOA KNO, . | N\O R+ KNQ3.

Scheme 12 -

Although the reaction appears to be quite general
and several isoxazolines have been preparéd, this route
offers no advantage over the more conventional routes

- described. earlier.

-1;3.6 Nitrile Oxides from Furazans and Furoxans

It has recently been established that nitrile oxides

can be generated from the fragmentation of both disubsti-

tuted fur,azans‘_(4l)43 and “furoxans (42).44 A detailed

account of these reactions will be presented later.

R | " R————R
N/\O/\N —-Récf;r [R—fzﬁ—ﬁ]- 2 N‘QN‘ -—_5

(41) T : (42)
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1.4 Reactions of Nitrile Oxides

An authoritative review on the reactions of nitrile
oxides is given by Grundmann and Grilinanger in their book,
'The Nitrile Oxides'.20 Although extensive, with many
applications, the reactions of nitrile oxides fall into
four main categofies:-

1. iéomerisation to Isocyanates.

2. Dimerisation.

3. 1,3-Dipolar Cycloadditions.

4. 1,3-Dipolar Additions.

1.4.1 1Isomerisation to Isocyanates

When a nitrile oxide is heated above its limits of
.thermal stability two competing reactions occur:
(a) dimerisation to the furoxan; (b) rearrangement to the

isocyanate.

R—N=C=0.

The behaviour of aromatic nitrile oxides of moderate
stability strongly suggests quite different activation

energies for both reactions. For example, benzonitrile
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oxide gives diphenylfuroxan almost quantitately at room
temperature whereas rapid heating in xylene to 110%
results in 10% conversion to the isocyanate while the

45,46

rest dimerises to the furoxan. In contrast, when

path (a) is blocked by steric hindrance around the
fulmido group, nitrile‘oxides‘follow path (b) to iso-
'cyanates with éxcellenﬁ to qﬁantitative yield. For.
example, 2,4,6—trimethylbenzonitrile oxide is indefinitely
stable at room temperature, while attempts £o fofcé its
dimerisation only results in a clean rearrangemenf to the
corresponding isééyanate with no furoxan formation.lsflg'

' The mechanism of the thermal isomerisation of nitrile
oxides to isocyanates has been investigated, in depth, by

46,47 who established that the isomerisation

Gruﬁdmann et al.
occurs Xi§>an intramolecular concertéd mechanism. The
VIevidenée.for such a mechanism is two-fold. The rearrange-
ment of (—)—2-methyi-z-phenyi—butyronitrile oxide.(43)-and
fgggg—2—me£hyl—2—norbprnyl-2—nitrile oxide (44) demonstrated
that the isomerisation occurs with completelretention of
optical asymmetry and stereochemicai configuration aé
iliustfated-in'Scheme 13.

Additional eVidence»in support of an intramdlecular,
‘rather than an intérmolecular, mechahism came from the

rearrangement of p-deuteriobenzonitrile oxide (45) in ..

the presence of [a—l3C]benzonitrile oxide46 (46) (Scheme 14).
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CHy I CH,
A A : ¥
C,H—C—C=N—0 _ . > C,H—C—N=C=0
Ph , ‘ ' Ph
(43) - |
+ - L
C=N—0 | N=C=0
> L
(44) : '
. + Furoxan
) Scheme 13

The phenyl isocjanate thus formed was isolated as the
unsymmetrical urea by reaction with o-toluidine. |
Analysis by mass spectrometry established that only the
sing;y labeiled products (47) and (48) were present.

As the £wo nitrile oxides (45) and (46) would be expected
ﬁo isomerise at very similar rates the absence of the
urea (49) from the reaction of p—aeuterio-[a—l3C]phenyl
-isocyanate and g—toluidihe strongly supports the intra-

molecular mechanism.
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i+ = u L3.=%_5
(p)D-C H,-C=N-0 CgHg~""C=N-0
(45)  (46)
A
- [Ar-N=C=0] o ‘ Mixed furoxans
(4) -
(o)CH3—06H4NH2 : _ . _
' J N 13 ¥ ‘
(P) D=C ¢H ,NHCONHC ¢F ,~CH 3 (o) - CgHgNH ~CONHC H,~CH, (0)
(47y - o -0 ' o - (48)
13 P
(p)D=C H,NH CONHC gH 4=Ci3 (o)
(49)

Scheme 14
.jHHaving demonstrated experimentally that the isomerisation
occurs by an intramolecular mechanism Grundmann et al.

. considered the reaction paths illustrated in Scheme 15.

R—N=C=0

Scheme 15
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Path (a) via an oxazirine (50) and an acyl nitrene (51)
was eliminated as attempts to trap the acyl nitrene with
cyclohexene to give the corresponding-acylaziridine
failed. In addition, ultra-violet (u.v.) and i.r.
spectroscopy failéd td.produce evidence fof the transient

. 2
existence of the oxazirine. o

Similarly, path (b) was
considered unlikely as no adducts were observed from tﬁe
expected carbeneAtype addition of the nitrone-cafbene
(52) or the oxaziridine-carbene (53) interﬁediates across
the.double bond of cyclohexene.47 Therefore, path (c)
which proceeds via the activated complex (54), in which
bond bfeaking and bond making are eséentially synchro_nous,47
is considered to be the mechanism which best.éatisfies the
experimental data.

Nitrile oxides also isomerise to isocyanates on
photolysis. Thevmechanism of the photochemical isomeris-
ation of nitrile oxidés to isocyanates differs from that
deécribed above for the thermalvisomerisation in that the
products ‘derived from acyl nitrene intermediates (path (a),
Scheme 15) have been isolated. Photolysis of 2,4,6-
trimethylbenzonitri;e oxide (55) in pentane gave a fivé
membered lactam (56) and the symmetrical urea (57).
'Ifradiation in méthanol gave equimolar amounts of (56)

and the methyl carbamate (58),48 Scheme 16.
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+ RNH-ﬁLNHR

H, hv
+ - C_5H12 (57)
H,C =N-—0
3
CH, .= «
D MeOH
(56) '
+  RNH-CO-OCH,
Scheme 16 (58)
In addition, photolysis of o-methyl podocarponitrile
oxide (59) in pentane and methanol gave the lactam (60).48
OCH, | ' | OCH

‘These results have been rationalised in terms of the

pathway illustrated in scheme 17.

0 0
—  hv /\ i1 :
-0 —2 & R-C=N —&R-C-N: + R-N=C=0

.

- lactams . ureas

R-C=

- Scheme 17
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Cohfirmation that the acyl nitrene is the inter-
mediate giving rise to the lactams came from the
synthesis of (60) from the photolysis of the corres-

ponding acyl azide (61), a known nitrene precursor.49

1.4.2 Dimerisation of Nitrile Oxides

The most commonly observed reaction of nitrile
oxides is dimerisation to furoxans. This reaction
. occurs at ambient temperature for all but the most
sterically hindered nitrile oxides; 2;4,6-trimethyl-
benzonitrile oxide (55) for exampie, is indefinitely’
stable at room temperature.' In general the rate of
dimerisation is dependent on the nature of the nitrile
oxide. At room temperature the lower aliphatic nitrile
’roxides dimerise instantaneously whereas the half-life of
most aromatic nitrile oxides is of the order of hours toh
days. Although dimerisation to furoxans was one of the
first observed reactions of nitrile oxides little attention
was paid to the reaction mechanism. Detailed examination
of this”topic began in the 1960's and resulted in two
alternative mechanisms being proposed.

- It has been demonstrated for several aromatic nitrile
-oxides that the dimerisation proceeds with clean second
order ki_netics.50 Further, Dondoni's study into this
reaction can be summarised as follows; (1) the reaction
rate is increased by electron-withdrawing groups in the
phenyl'ring and decreased by electronfreleasing groups
(m-Cl > p—-C1 > H > p—-CH3 > o—OCH3), the effect being
small with a Hammettp-value of +0.86; (2) the reaction

rate is largely unaffected by the polarity or solvating
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- 7/ \ ‘
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0
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- . -
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R/C'%iy'
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R—C=N—0 » ) (42)
(12) | 3
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@ /0
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(63)
R-C—N=0 (c) - R-=--=N=O
' > H
. R—C—N=0
R—C—=N=0
(12a) . (65)

Scheme 18
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power of the solvent; (3) the dimerisation is character-
ized by a large negative value (ca. 20 e.u.) for the
activation entropy, which is substanfially unmodified by
change of solvent; (4) the addition of tertiary amines
does not influence the rate. The overall features of
the kinetics parallel those for 1,3-dipolar cycloaddition
reactions,l,5 the general mechanism éf which has been
estabiished as a one-step concerted formation of two new
bonds. Therefore, the dimerisation to furoxan has been
postulated50 as a‘1,3-dipolar cycloaddition where, because
of the non-synchronous formation of o-bonds, a'partially
polarised transition state (62) is involved,.(route (a)
ihrséheme 18). On the other hand, a zwitterionic
intermediate (63) (route (b)) is considered far less
probable because of the negligiblé effect increasin§ the
soivent polarity has on the reaction rate.

However Huisgen considered that this céncefted
mechanism contravened the prinéiple of maximum gain in
o-bond enérgy,15 most generally found valid iﬁ all the
other types of 1,3-dipolar cycloadditions. Huisgeh's
principle states that, "the driving force behind the
1,3-dipolar addition is the stronger, the more the loss
of 7-bond energy in the reactants is overcompensated by
the energy of the two new o-bonds. A part of this
o-bond energy contributes to the transition state of
the concerted cycloaddition".15 To satisfy this

. principle,the dimerisation should lead, not to the furoxan

(42), but to the isomeric 1,2,4-oxadiazole-4-oxide (64).
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| ,h,‘/o“
347 kT R—//C— \ C N 306kT

{ /\Qf(? ‘rigzzz N C-R CO
- 2 — 356 *
\O - 569 " . O/ 662 "
(42) ' .- (64) -

However, although 1,2,4-oxadiazole-4-oxides are accessible:
by varioug routes, some starting with nitrile oxides,59
they have only been observed as products of the spoptaneous
dimerisation of nitrile oxides in one instance: namely

4~chlorobenzonitrile oxide and even in this case'the |
furoXan is the major product‘?l

It haé been suggestedSZthat the formation of the

furoxan‘might occuf in a two_stepAreaction Xigva 1,2-
dinitrosoethylene intermediate (65) which would then
immediately stabilize itself by regrouping electrons to
form the furoxan (path (c), schemé 18). This hypotheéis
is supéorted by the fact that the interconversions of.A
asyﬁmetric furéxané occurs via an analogous transient 1,2-

dinitroso intermediate.sz’53'54

However, there is no
definitive evidence to support the existence ofAsuch an
intermediate in the acyclic case.

The exact nature of the mechanism is still unproven.
However, despite the fact that it contravenes the principle

of maximum gain in o-bond energy, a true 1}3—dipolar

éycloaddition seems the most probable mechanism. This
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proposal is supported by perturbation tﬁeory55 which
states that cycloaddition reactions-takenplace in the
direction which allows the maximum overlap of the
frontier molecular orbitals. As illustrated for
ecetonitrile‘oxide frontier orbitals wz and w3 (Fig. 1),
interactions (a) and (b) for which the greatest overlaps
are‘between C—C and N-O respectively, favour‘the formation

of the furoxan.56

0-604 0298 | 0604 0627

, 0-9 o 098 o
vy CHy—C—N—0 CHy—C—N—0

RN 00 ¢
0-524 0764 0524 - 0257

w 00® 7~ N 0080
2 CHz~C—N—0 CH3 C—N—0
vy 0 ' ()

dipole . dipolarophile
- Figure 1 ~
”In eddition to furokans; nitrile oxides undef the.
influence of’acids and bases form other dimere. .In the
presence of pyiidinepin ethanol or with boron_trifluoride
in benzene, aromatic nitrile oxides form 3;6—diaryl-l,4,2,5—

57,58 In contrast, in the presence of

_'dloxad1a21nes (66)
trimethylamine in ethanol 3,5—diaryl-l,2,4-oxadiazole—4— -
oxides (64) axefthe main products.59 The fact that the
formation of a papiicular isomer is dependent on the
nucleophlle employed as a catalyst led De Sarlo59 to

propose the general mechanlsm outlined in Scheme 19.
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Scheme 19

This mechanism is supported by kinetic measurements

Which_éhow that both the catalysed dimerisations of

" aromatic nitrile oxides are, under certain circumstances, .

_Second order; the second order rate constant for the

dimerisation to (64) is ca. lO4 times slower than that

for dimerisation to (66).

Moreover, molecular models suggest that dioxadiazines

(66) are formed when the nucleophile does not'hinder the

approach of the charged oxygen atom to the carbon atom ‘

adjacént to the positive pole.

In contrast‘the formation

' of the other isomer (64) would bévfavoured when the above

pathway is sterically.hinderéd., Therefore, in the

presence of trimethylamine the approach of the charged

oxygen atom would be sterically hindered favouring the

formation of (64).
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In addition to dimers, oligomers and polymers have
also been obtained as the products‘from‘the reaction
of nitrile oxides and nucleophiles._ In particular
acetonitrile oxide (69) gives rise to several different
polymers depending on the reaction conditions;60 increasing
both the acetonitrile oxide and nuéleophile concentration

results in an increase in the yield of polymers. De Sarlo

et al. have rationalised these observations in terms of.

the mechanism illustrated in Scheme 20,60
NG 0 Ne o o:
+ - Nu u +(69) ,
CHyC=N-0 == =N ——e U>C:N/ =N
’ (68)
(Nu= Me;N or dil. sol conc. soll
CSHSN) | )
. s | o
, Nu - 10 0 0]
(64) or (66) | >C=N _ >C=N \/C.—_—N/
- {C CH C
_.H3 3 n H3 —

Scheme 20

The key feature of the mechanism is that, in concen-
trated solution, addition of another molecule of aceto-
‘nitrile oxide to (68) occurs faster than rearrangement

to (64) or (66).
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1.4.3 1,3-Dipolar Cyploéddition Réactions of Nitrile Qxides

A 1;3—dipolar cycloaddition is that reaction which
occﬁrs between a 1,3-dipole, in this instance a nitrile
oxide (RCEﬁ—ﬁ), and a multiple bond system, the dipolar-
ophile (d=e), ts give a five membered cyciic compound.
Ihtuitively, there are three conceivable mechanisms by
which this reaction can take place; as one concerted
step (path (a)) or in two stages via a dipolar inter-
mediate (path (b)) or a diradicél intermediate (path (c)).

The three possibilities are illustrated in Scheme 21.

R ~N
“"e
,/////)' (70) \\\\\\\\\w\
N R—C—d— \ L
| R—C+N 0 ) —d et _ s
' N_ N e
d—=e Ny \O/
K (71) | |
- R—f—d—e-
' '\/\ . '
O (72)
Scheme 21

Of the three possible mechanisms the welght of
experimental evidence supports a one step concerted

15 In all cases the réactions

process (path(a)).
proceed with complete stereospecificity, the configur--
ation of the reactants being retained in the product.

This would only be conceivable in a two step process
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if rotation above the single bond d-e in the dipolar
(71)- or diradical (72) intermediates is much slowgr
than ring closure. Kinetic studiés have shown tha£
the reaction réte obeys a second 6rder rate law which
is first order in both reactants, is only moderately
influenced by solvent‘polarity, aﬁd is increased by
both eleétron releasing and electron withdrawing sub-
stituents on the dipolarophile. The reaction is also
characterised by a»large'negative-activation entropy
(20-30 e.u.), a fact which is indidative_of_a highly

>6 Although the above.

ordered transition state.
experimental‘evidencé was considered compatible only
With a concerted mechanism,ls'the simpie "pblarised

_ transition state" failed to explain certain character-
istics of the feactivity and.régioselectivity of the
Cycloadditioné. ‘These anomalies led Firestone61 to
prépose a two-step méchaniém Xig.a diradical intermediate
(7i}; However, with the application of Frontier

62 has

Molecular Orbital Theory to the syétem, Huigen
vrefutedAFirestone's proposal ih favouf of the concerted
process. The successful application of molecular
orbital theory to 1,3—dipblar cycloadditions requires

a knowledge of the energy values of the frontier
molécular orbitals [highest occupied (HOMO) and lowest

unoccupied (LUMO)], their coefficients and symmetry

properties. It is then possible, by using this
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information as input, to apply a general_perturbation
treatment to 1,3-dipolar gycloaddition reactivity,
regioselectivity and periselectivity.63—66

Although the energy values and the coéfficients
of the frontier molecular orbitals (FMO)-have beén

calculated by a number of different methods, they are
not readily available from experimental data.63
However, in a few cases the energyiof the LUMO has been
derived from the electron affinity whose négative value
is taken and the HOMO eﬁergy has been Calculatea‘frdm
photoelectron spéctroscopy. Acﬁording’fo Koopman's
Theorem,66 the first vertical ionization potential is
thé.negative value of the orbital energy. .Thus by a
’combination of theoretical calculations and the available

63 have estimated FMO

experimental data, Houk et al.
‘éﬁergies for mény 1,3-dipoles. These estimates were
'_made fof the parent éystems and.take no account of the
effeét of substitution in the dipole. - Héwever, because
‘of the lack of experimental data fof i,3-dipoles‘the
effect substituents exert on FMO energies and coefficients
are more readily seen for alkenes since much more
experimental data is availablé fiom which to make reliable .
estimates.63 - The FMO energies and coefficients of
substituted alkenes relative to those of the parent,
ethYlené are summarised in Figq. 2.56 Clearly, from Fig. 2,
the inﬁroduction of an‘electron—donatiné group (X,R) in
ethylene raised the energy levels of both HOMO and LUMO,
the HOMO being destabilised to a greater extént. An

electron-withdrawing substituent (Z), which is simultaneouély
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Fig. 2. Estimated m frontier orbital energies
and coefficients for dipolarophiles

cénjugating, lowers both HOMO and LUMO enefgies.the'effect
on the LUMO being the greater. Conjugating substituents
(C) éompress the frontier orbital.separation by raising the
HOMO and lowefing the LUMO. Electron donating groups give
rise to a larger B-coefficient iﬁ the HOMO, whereas the rati@-
of.coeffiéients is ;evérsed in the LUMO (a > B),Aas would be
ekpected on inductive groundé.- Not surprisingly electroh—'
withdfaﬁing groups if they interact only inductively .
(e.g. CCl3) have exactly the opposite effect from that of
donof groups. Conjugating groups and-electron-ﬁithdrawing
éroups which are also conjugating'give rise to larger
coefficients in the B than in the a position in both the
HOMO aﬁd LUMO. Finally, the coefficients of polysubstitutéd
dipolarophiles represeht the sum of the individual effects
of the substituents. |
'For 1,3-dipoles it wa;’assumed that similar substituents
. have comparable effects on both the dipdlarophile énd the
-1,3-dipole enabling the effect of substitutién to be

. 63
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Having gained some knowledge of the energies and
coefficients of the FMO's of 1,3-dipoles and‘dipolaro-_
philes it is now possible to rationalise the various
phenomena associated with 1,3-dip§lar cycloadditions

56,63-68- Second order MO

66

hsing perturbation theory.

‘perturbation theory provides egquation 1. This
-equation was derived from the more general expression,v
proposed by Salem,69 for the energy gain in bond
formation between centres a and ¢ of the-i,3—dipole

(azg-E) and centres d and e of the dipolarophile (d=e)

' when they approach each other.

: 2 2
' ' ' '
AE = (CaCdYad + ccCeYce) + (cacdyad'+ CéCeYce) (1)
v sz - EwB EwA —zEw3
: wA = HOMO (dipolarophile) ; Yy = LUMO (dipolarophile)
v, = HOMO (dipole); . ¥5 = LUMO (dipole)

\

Equation (1) considers the energy change occurring when
the frontier orbitals of the l,3-dipoleAand'the dipolaro-
phile are interacting. E ;eprésents orbital enerqgy,

.'C and C' are atomic orbital coeffiéients within the
molecular orbitals of the HOMO's and LUMO's respectively.
The resonance integral y is a function of the distance
between the reacting centres. It can be easily deduced

from equation (1) that the stabilisation energy, AE, is
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inversely prdportional to the orbitalAenergy differences
'of the interacting frontier orbitals. Cénsequently
only the HOMO and LUMO of the dipole and dipolarophile
need be taken into account. | |

65,66

Sustmann divided 1,3-dipolar cycloadditions

into three types (Fig. 3) depending on the relative

energies of the 1,3-dipole and the dipolarophile FMO's.

DIPOLE  DIPOLAROPHILE  DIPOLE - DIPOLAROPHILE DIPOLE  DIPOLAROPHILE
LU Ly LU 74—

>/-—-—LU LU——\ |

. ' ’ 7/

HO—H— N HO—H— H-+Ho 7 3—H—Ho
—H—Ho HO—H— ¥

TYPE 1 TYPE 1II TYPE III
(HOMO controlled) (HOMO, LUMO controlled) (LUMO controlled)
Fig. 3.  Classification of 1,3-dipolar cycloadditions

Qualitatively, éubstitUeﬁts which raise the dipole
HOMO energy (R,X,C) or lower the dipolarophile LUMO
~energy (C,Z) enhance‘HOMO—gontrolled'(TYPE I) and retard
LUMd-controlled (TYPE III) reactions. Conversely, |
substituents which lower the dipole LUMO energy (C,2) orb
raise the dipolarophile HOMO. energy (R,Y,C) will enhance
LUMO-controlled and retard HOMO—chtrollea reactions.
HOMO,LUMO-controlled (TYPE II) reactions will bé
acceleréted by an increase in either of the dipole—
dipolafophile frontier drbital interactions.
The phenomenon of orientation in 1,3~dipolar cYclo—
additions has represented an intricate problem for a long time
In recént years, perturbation theory provided a complete

rationalisation of regioselectivity of several 1,3-dipole
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63-68  pccording to Fukui, C reactions take

cycloadditions.
place in the direction which allows maximum frontier orbital

overlap.

"O/’;’\’ | Q/b\!
9%__9“”0 o (M0
- 0

O (a) (b)

Fig. 4. Regioisomeric transition states

Therefore orientation (a), Fig. 4, is more stabilised thanv
(b) and in the transition state (a) there is unequal bond
formation. As é rule, the favoured regioisomer is the'one
formed through that transition state in which atoms wi;h
lérgest orbital coefficients overlap-(Equation 1). Thus,
from a consideration of the magnitudes of the coefficients -
of the dipole and dipolarophile it is possible-ﬁo Predict
the regioisémer expected frqm HOMO- and LUMO-controlled

cycloadditions, Fig. 5.°

\

b
HoMo .

C.Z

b
c/\c

+ - Z
a=b—Cc <+ =/
C,ZX
. : b
' a/ ¢
Fig. 5. Regioisomer expected from \—_—< :
' HOMO or LUMO control by - CGZX

the dipole
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The above argument works well in most instances_
although it is an oversimplification failing to take
account of possible complications produced by electro-
static or closed-shell repulsions and, in some cases,
the reversal of terminal coefficients magnitudeé by
substitution.

Nitrile oxide cycloaddition reactions with sub-
stituted olefins are accelerated by both electron with-

71,72 A plot

drawing and electron donating substituents.
of the logarithmic rate constants against the ionization
potentials of the substituted olefins results in a U-

shaped plot as illustrated in Fig. 6.

e “t
b -

o H~C=CH{+COM
/Cone, 2 02 ©
H2C:C\ ; :

.Me

OHZC:CH'OC[,HQ _ H2C=CH Ph

[
3k | * HL=CH
, H2C=CH'Me -
H2C=CH'C H “e

o~ -© e

x ~ H™ M
St

m .

Me CH=CHCOMe HC=CHCI

9 g9-5 10 105 11
IP(eV) '
Fig. 6
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This phenomenon, which is general for all 1l,3-dipoles,
can, by considering the relative energies of the FMO's
of benzonitrile oxide and the substituted olefins, be

rétionalised by perturbation theory}57'64 Fig. 7

HCNO ~ PhCNO  ——= :R =N

_ C
3 3

2 .
T . — ., 15,

95

’ 1 o Ty '
b A ‘ . 105 09

Fig. 7. FMO energies for nitrile oxides and dipolarophiles

It is clear from Fig. 7 that nitrile oxide 1,3-
dipolar cycloadditions with olefins are, according to

65,66 Type III, LUMO-dipole

Sustmann's classification,
controlled cycloadditions. Therefore, the rate

acceleration observed with electron rich olefins is
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readily accounted for by the dipolarophile HOMO being
raiséd in energy resulﬁing in increased FMO overlap.
The rate increaée observed with electron deficient
dipolarophiles is due, in part, to the ihfluence of
both HOMO and LUMO interactions i.e. a Type II cyclo-
addition. These arguments have also been applied to
explaiﬁ the difference in reacti#ity between two substi-
tuted benzonitrile oxides.73 . In accord with the electro-
philic nature of the nitrile oxide,'4-nitrobenzonitrilel
oxide reacts about ten times faster than 4-methoxybenzo-
nitfile oxide over a range of dipolarophiles.73 This is
compatible with the dominant interaction of the i;3—dipole
LUMO with the olefin HOMO: the nitro group should lower
thé LUMO energy of the nitrile oxide and increase the
'interaction of this orbital with the olefin HOMO, acceler-
ating the reaction.

Several substituent effects, inexplicable using a

partial charge or polarisation model,15 have been

56,62,64 For

rationalised using perturbation theory.
example, when electron donating and withdrawing substituents
are attached to the different ethylene carbons (e.g.
-CH=CH-CO '

CH 2CH3) the expected increase in reactivity was

3
not observed. This observation can be rationalised by
perturbation theory as the methyl group would raise and

the acetyl group lower the orbital energies. Therefore,

as a consequence of the opposing substituent effects the
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net result would be negligible leading tb an unreactive
dipolarophile.

Perturbation theory is 'a useful tool in predicting
and expléining the relative reactivity for many dipolaro-
philes, However, if taken in isolation, it can be mis—.
leading. For example; it predicts that the reactivity
of norbornene, cyclopentene and cyclohexene would be
approximately equal but due to ring strain, the observed
order of reactivity is norborﬂeﬁe >> cyclopentene >> cyclo-
hexene,7l Fig. 6. |

In addition to affecting the rate of reaction, the
nature’df the dipolarophile determines, to a large extent,
'the-regioselectivity of the reaction. .For example, thé
‘5-substituted isomer is formed exclusively from the‘reaction

of benzonitrile oxide (5) with vinyl ethers71 and enamines.74

- Oon the other hand, reaction of (5) with acrylic esters’?

_yiélds both the 4~ and the 5-substituted isomers, Scheme 22.

~ Ph o Ph Ph—  cOR
| N:'/ \ = PRC=N—-0 —— I ) N;/ 52'
| o X = — N\O COR + No
RO,C , -
Schemé-22

This type of behaviour has been rationalised by considering

the FMO's (Fig. 8) ‘and applyihg perturbation theory.
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vy @ .O 033 048 025 / O_@>x

Fig. 8.. HOMO and LUMO orbitals of methyl acrylate, benzonitrile
oxide and electron rich dipolarophiles

For electron-rich dipolarophiles, Type III reactions, the
LUMO (dipole)-HOMO,(dipoiarophile) interaétion is dominant
énd.overlap of the largest coefficients results in the
formation of the 5-substituted isomer. For methyl acrylate
ﬁhe LUMO (dipole)—HOMQ (dipolérophile)'is also the dominant
interaction with overlap of the largest coefficients | |
yielding»thé 5-substituted isomer. However, in the
_dipolaropﬁilé HOMO the magnitude of the éoefficients are
very similar and the formation of a small amount of the
4-substituted product is not surprising. ‘further,‘the
HOMO (dipole)-LUMO (dipolarophile) interactién is similar
in magnitude to the LUMO (dipole)~-HOMO (dipolarophile) and
it alsoAfavours formation of the 4-sﬁb§tituted isomér.

The formation of regidisomers have been found in many
nitrile.oxide cYcloadditions with various asymmetricaily

1,2-disubstituted ethylenesés and acetylenes._74
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Nitrile oxide‘l,3—dipolar cycloadditions afe extremely
important reactions which occur with a whole variety of
dipolarophiles.go .They are of conéiderable synthetié
importance providing a facile synthesis of many different
five membered heterOCYFles. These and many other aspeéts
of nitrile oxide 1,3-dipolar cyclbaddition reaction$ have ':

been discussed in depth.ls’20

1.4.4 1,3-Addition Reactions of Nitrile Oxides

In addition to 1,3-dipolar cycloaddition reactions,
nitrile oxides react readily with nucleophiles to yield
open chain 1,3-addition products. The reactioh, which
is general for a whole range of nucleophiles, is characﬁeré
ised by nucleophilic attack on the electrophilic:carboh

of the nitrile oxide.

R-C=N-0 @——=8 R-0=N-O0 + B-H ——o R-C-B
NOH

The chemistry and scope of these important reactions has

been reviewed by Grundmann. and Grﬁnanger.20

2. FUROXANS

~Furoxans can be divided into two classes,_benzdfurox-
ans where the heﬁerocyclic ring is fused to a six-membered
aromatic ring and acyclic furoxans which are typically:

3,4-disubstituted. ‘Although closely related their chemistry



differsvdue to the influence of the aromatic ring in the
benzofuroxans. - Therefdre, because it is the acyclic
furoxans that are of particular interest in the present
"investigation, thé chemistry of benzofuroxans will not
be discussed other than in general terms as the need

arises. Their chemistry is adequately covered in a

review by Boulton and Ghosh and the referenceé therein.75

2.1 Structure of Furoxans

Furoxans have been known since 1858 whén Kekulé
unkndwingly synthesised dibromofuroxan from the reaction
of bromine and mercuric fulminate.3 lSince that time
until the 1960's a large part of the literature relatlng
to furoxans has been concerned with the elucidation of
their structure, the problem having been reviewed by
several work-ers.js-'78 In 1886, following studies with
"B-naphthaquinone dioxime, Kdreff79 proposed a_six;membered-

peroxide structure, the dioxadiazine (9).

: _R\CéN\O Rxc4N\ : R\C \ R\c,-* N\
D - » | 7d Y
R— \N/ R”C\\)\l . R"fC\N/ R"“C\\\J/

A o’

() | (73) (42) (74)
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For a long time structure (9) was assumed to be correct.
However, Wieland showed that these compounds do not have
the properties ordinarily possessed by peroxides. They
are not strong oxidising agents, and the C2N202 moiety

is stable. Furthermore he demonstrated that the furoxan

»

could, in many instances,.be reduced to the furazan by
heating with phosphorous pentachloride at high temperatures,
a conversion which had previousiy been effected in isolated
cases using reducing agents. On the basis of these facts,
Wieland concluded that the additional oxygen atdm was
extra-annular with respect to the furazan ring, and that
the'prOperties were best represented by the alternative

formulas (73) and (42).80/81

Due to the difficulty in‘
‘Observing the isomers predicted by the unsymmetrical
structures (42) and (73)  these structures were abandoned .
in favour of the symmetrical structure (74).82 In
addition, hypochlorite oxidation (é general metﬁod for
bbtaining benzofuroxans froﬁ o-nitroanilines) of 3-amino-

_ 4-nit?§toluéne (75) and 4-amino-3-nitrotoluene (76) 1led

to the same methylbenzofuroxan (77).83

oo N, RN o O NG,
-
| | 0, N¥0 o O NH,

(75) (77) - » (76)
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However, in 1925, Meisenheimer et al., demonstrated for
the first time, the existence of isomers in tﬁe furokan
series.84 In work corroborated by Kinney in 1929,85 they
isolated the two isomers of 4-methoxyphenyl-phenylfuroxan

(78) and (79)

OMe CH OMe-
657"\‘/ \ LR TT/ \ P
o o ~o”

(78) | ‘ (79) .

thus indicating thé unsymmetrical nature of the furoxan.
" Following studies on the bromination of benzofuroXén and
‘benzofurazan Hammick et al.86 supported the unsymmetrical
fﬁroxan_structure (42) . He also suggested that a rapid
interconversion of unstable into stable isomers, probably
.Xié the dinitroso strugture‘(80) could bevthe reason for

the formation of single compounds when pairs of isomers

were to be expected.

o=
- |
R N, R NO R N+
_ }3 = : = ) h;b

(80)
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The.present-day picture of the gross features of
the furoxan structure differs slightly from that of
Hammick in that both isomers of the tautomeric system
are known to be present in-solutions of most benzo-
fufoxans;_‘ fhe unsymmetricél structure for acyclié
furoxans has been demon;trated, as above, by the
preparation of individual isomers. The-dinitroso
intermediate derived from the acyclic furoxan is much
less stable then the.correqunding intermediate in
the-benzofurdxan sgries because there is no extra
benzene resonaﬁce‘to be gained on ring opening.
However at high temperatures spontaneous ring opening
~can occur, resultihg in the interconversion of isomer

. 87
pairs.

—7——\—/ -EH3- o | . pMeOEBH[‘;.T—T‘C/ \ H3
N ‘/N '

pMeOC H;
| - N_ _N—O 0-—
N~ " NO NO o
X L 7
MeOC H—C=C—CH,

Suschiﬁzky éﬁ_§£.54 clearly demonstrated that tﬁe tauto-
merism actually occurred through the o-dinitroso éompoﬁnd(BO)'
and not via some other intermediate when he successfully |
trapped (81), Scheme 23, from the reaction of-benzofuréxan

and p-anisylazide.
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' I+ '
R N=N—C H;OMe-p

0~ -
R |+ | O
\O' ,
~ 7/

Scheme 23

Previously, the intermediacy of the o-dinitroso compound

had been predicted from a consideration of thermodynamic

parameters -provided by kinetic measurements88

based on bond energy considerations.53

and arguments

The first.evidence for the unsymmetrical structﬁre-
for the benzofuroxan molecule and for the taufomerism
was_provided in 1961 uéing proton n.m.r. spectroscopy.75
Finally; the furoxan struéture (42) was established

unequivocally by X-ray crystgllography of 5-chloro- and

S—bromobenzofuroxans75 and thé X-ray structure determination-

" of 4-bromophenyl-methyl furoxan.89

o OMe : -

NO Prer N=N-CgH;OMe-p
+

o 155°C ‘i =N-C, HfOMe -p
' Ny ,

5%

II\JZN'-C H-OMe-p
40%

p-MeO'CGHL—N= N—CBHZOMe-P

10%
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2.2 Preparation of Furoxans

2.2.1- Dimerisation of Nitrile Oxides

| Of the variety of methods by which furoxans can be
prepared,90 the dimerisatién of nitrile oxides is:amongst
.the most important. In neutral solhtion nitrile oxides'
yield, almost exclusivély, furoxans. - In fact the detection
of a furoxan is taken, in many caées, as an indication that
nitrile oxides have been generated during the course of the
reaction. There exists a large numbef of-éifferent foutes
to nitrile oxides, and consequently furoxans, and-these
have been adequafely'described in section l;

Thé limitation of the dimerisation of nitrile oxides

Vlieé-in the fact thaf, preparatively, only symmetrically
disﬁbstituted furoxans can be readily pieparéd. ' Further

it is not possible to prepare sterically hindered and

bicyclic furoxans.

2.2.2 Dehydrogenation of Glyoximes |

.'ihe oxidation of glyoximes is one of‘the oldest and
| best'established rbutes to furoxans. It was first utilised
by Koreff in-1886 when he prepared l(z—naphtho—furoxan by
the.hypochlorite bxidétion of 1,2-naphthoquinone dioxime.79
Since that time'many oxidising agents have been employed,
sdmeimore successfully than others. For. example, 3,4-
diphenylfuroxan is fbrmed when diphenylélyoxime is treated
with alkaline férricyanide(79 chlorine in ethanol or

benzene,91 alkaline hypochlorite,92 or dinitrogen trioxide.93
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In fact, oxidation of the glyoxime provides. a most versatiie
route- to furoxané which are not readily accessible by dﬁher
means. For many years it was the method of choice for the
preparation of dimethylfuroxan, the glyoxime being oxidised

91

. by dinitrogen tetraoxide. The advantage over other routes

available at the time was the ease of preparation of dimethyl-
glyoxime. At the present time oxidation of glyoximes is
still an extremely important route to dialkylfuroxans94
although dehydration of nitroethane by phenyl isocyanate is
probably the preferred method for dimethylfuro;:an.37
‘The-versatility of the route lies in théiease of
préparation of cyclic and unsymmetrical'glyoximes; Direct
oximation of the 1,2-diketone using hydroxylamine is an
ektremely facile method of synthesis. - If, on the other
- hand . the. diketone is ngt readily available, the glyoxime
can be obtained by a number of methods. Two of the more
interesting and novel-routes_involve‘nitrosation of
ketones94 and the formation of silyl ethers from ketones or
a_ldehydes.95 _.For example, the nitrosation of ketones (82)
- with alkyl nitrites yields the 1,2-diketone monoximé (83)

which on subsequent reaction with hydroxylamine gives the

gloximes (84),

R—CH-(-R —e R—(—(—R —% & R-—

o=o0
T
o
P
o
T
o

(82) 83) - (84)



_54_

This method has been ﬁsed with considerable success in the
synthesis of unsymmetrical dialkylfuroxans where the inter-
mediaﬁe compounds from other routes are not readily available.
Reaction of ketones and aldehydes with trimethylsilyl
thoride'in'the presence of triethylamine in DMF yields
trimethylsilylenol ethe;s (85).96 On reaction with
nitrosyl chloride (85) gives the corresponding 1,2-diketone

monoxime, which on addition of hydroxylamine yields the

glyoxime (84) , Scheme 24;

Me ,SiCl NOCl
, , 3 /
R—CHs(-R —————» R—-CH=(C—R —— R-C—(-R
2y Et.N, DMF I A
0 3 OSiMe, -~ 0 NOH
(85)

R =Me,H,Et,Pr, Phc:H2

K- Ph,Et,H | - R—C—C—R’
0o

Scheme 24 HON NOH
| ' (84)

This is a novel and interesting route utilising both
ketones and aldehydes and would appear to have fairiy

wide application.

2.2.3 Dehydration of Pseudonitrosites

Olefins react with dinitrogen trioxide to form
pseudoniﬁrosites (86). The pseudonitrosite is then
easily converted to the corresponding nitro-oxime (87) by
heating in a polar solvent. *Subsequent dehydration

affords furoxans in high,yields97 (70-90%) , Scheme 25.
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, NO/Air

R—CH=CH—R’ ——+ R—CH—CH—R  —— |R—CH—CH—R’
: or N2 3 II\JO] fllO I
, NojNo, NO' NO,
(86) 1 -
. -H2o ' , .
R R - R—C—C—R @———— R—C —CH-=R'
1 \+ - i | T
_N—0 NOH N(O)OH - NOH No,

0

o (87)
' = =Me'—(CH2)["—(CH2)6-', '

Scheme 25

The_method hés been successfully applied to the conversion.
of strained cycloalkenes into the cor;esponding bicyclic
furoxans. For example, both norbornene and dicyclopenta-
~ diene have been:successfully transformed into the corres-

ponding furoxans,98 (88) and (89) respectively, Scheme 26.

N303 ' NO]2 (. N
. 0
~< /
NO, : +

|
(88) 0~

> 0
/
_ S o .\\N+

Scheme 26 -~ (89)
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2.2.4 Furoxans from 1,2-Dinitroalkenes

I(Z-Dinitroalkenes, the products from the feaction of
l-chloro-l-nitroalkanes énd sodium hydroxide,99 éossess an
electron deficientﬂdouble bqnd which ié vulnerable to
nucleophilic attack. ?rior to 1957 it had beeh shown thét,

"these compounds react quite readily with amines to form

100

B—aminonitroalkenes. In 1957, Emmons and Freemann

discovered that 1,2-dinitroalkenes also react readily with

sodium azide yvielding furoxans, presumably formed by the.

decomposition of the azido nitroalkene intermediate (90)101

as illustrated‘innécheme 27. .
|  NO, - NO,

/ ' I e / | /
R—-C=C—R + NaN; ——— [R-C—C-R @—» R-C—C-R

I || I e
N02N02 . N3 NO, -~ Ng NOZ_

. R R R—C=C—R
NaNO, + N + -N/ \N:t-cT -—
27 3 No” : 3
(62-75%) (90)
‘ Scheme 27

The reaction takes place at ambient temperatures and would
appear to provide a general route to dialkyl furoxans, the

limiting factor is the preparation of the 1,2-dinitroalkene.



-57-

It was also established that 3,4-diphenylfuroxan was the

product.of the reaction of cis-1,2 dinitrostilbene, formed

by the reaction.pf N204 with tolane,102 and sodium azide.
The process is reminiscent of the formation of benzo-

furoxans from the decomposition of Q-nitrOphenyl azides.75

NO2 hyv /N\
_ ——— . 0
N, or 100 150°C \,i,{,

L

However, it is interesting to note that thé.aliphatic
nifro azides éannot be isoclated, the formation of the |
furoxan taking place at room temperature; Presﬁmably,Athe
higher temperatures are.required,for fhe formation of benzo-

- furoxan to overcome the'loss of aromaticity present in'ﬁhe

- g—nitrophenyl azide. |

An interesting reaction} directly analogous to the
'iabove, was discovered in 1958 by Stevens and Emmons while
studying the reaction of dinitrogen tetroxide and iodine
with OIéfins.and acetylenes:..lo3 Reaétion of diphenyl
-acetylene with N204 and 12 gave trans-a-nitro-a'-iodostilbene
which, as above, has an electron deficient double bond.

Not surprisingly, subsequent reaction with sodium azide

yielded 3,4-diphenylfuroxan.
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2.3 Thermal Stability of Furoxans

- Despite early reports that phenyl isocyanate was
formed during an attempted distillation of 3,4-diphenyl-

11,104

furoxan, furoxans have generally been considered as .

the stable products from the dimerisation of nitrile
oxides.20 It was postulated that formation of the iso-
cyanaté involved dissociation of the heterocyclic ring
to two nitrile oxide fragments, foliowed by the well:
established nitrile oxide/isocyanate réartanéement,ll»
'Scheme 1. This hypotheéis'found suppoft with the observ-
ations that straiﬁed furoxans and furoxans with bulky
subsﬁitueﬁts decompose at moderate témperatures to give,
in the presence of suitable dipolarophiles, nitrile oxide

cycload_ducts.los’106

For example, in 1972 Boulton et al
‘isolated the 1,3-dipolar cycloadducts (91) and (92) from
tﬁe thermolysis of 4,5,6,7—tetrahydro—4,8,8-trimethyl—4,7—

methanobenzofuroxan (93) and 4,4a,6,7,7a,8—hexahydro- _
' 105

4,8—methano—5H—indeno[5,6-c]furoxan (94) in ﬁhenylacetylene,
Scheme 28.
/N\ PhC=CH
0 >
\Tﬁ 100 °C
(93) 0o~
=N phc=CH
0 -
~./ 55°C
l\ll+
(94) 0 | - (92)

Scheme 28
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In 1976, Crosby and'Paton107

established that the
thermélYtic ring opening did not depend upon special
‘structural features such as bulky substituents or high
ring strain, but is a general reaction under more forcing
condifions. When 3,41diphenyl- andﬁ3,4—dimethylfuroxan
were heated at reflux in l-dodecanol phenyl and‘methyl
isocyanate were trapped as their carbamates in yields of
81 and 20% respectively; -Moreover, when diphenylfuroxan
was heated for 2h inll—tetfadecene“and then cooled
Sedodecyl—3—pheny172—isoxazoline (82%)was isoiated,
indicating'that the l,3-cycloéddition reaction is faster
than iSomerisation to the isocyanate. In addition,”
vthermolysis bf decamethylenefuroxan (95) in the presence
,of-letetradecgne and decanonitrile afforded the eycloadducts
(96) and (97) respectively. 'Thermolysis ih decanol
.resulted in the'isolation of (98) formed directly from
vreactien of the di—isocyenate (99)‘and decanol, Scheme 29.107
| | Thus it was establiehed that the ring opening of |
furoxens is a general reaction with a threshold temperature
that is dependent on the substituents or ring.strain." It
has also been demoﬁstrated that bicyclic furoxans might
find.use both as sources of bis-nitrile oxides suitable for
epplications such as the formation of polymer cross-links

lo8

of high thermal stabilify, and as intermediates in a

phosgene-free'route to di-isocyanates from commercially
available cycloalkenes.109 ‘However, the synthetic utility

of the reaction as a route to di-isocyanates was restricted
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" / )-(CHZ)SMe}

N——XT4CF5)

| Me(Csz) —Q

CHe OCN—(CH,)i5~NCO

gHigC=
(99)
0"
- =N COH OH
CHl [ ¥ 1
(95)
C = | S
HECH=CH, | !
C10”2102“"" ~(CHINHCO Gy,
(98)

o ‘0*5’10 |
Me(CHz)—Z }L / 4CH) Me

- (96)

Scheme 29

to those bicyclic furoxans, such as decamethylenefufoxan,

which decompose at temperatures (>1500C)_which the nitrile

oxide to isocyanate rearrangement takes place rapidly.

In 1978, Crosby and Patoﬁ98 reported that.by'inclusion“of

sulphur dioxide in the reaction medium the previously
~unattainable conversion ofvsééained_furoxans of ther

norbornane serieé (100) into the corresponding di—iso-

cyanates (102) is realised, Scheme 30.
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N 0 0
A ,SO
 —2Z. o-s’- \N N/ =0
\N./;. - No” ~o” -
(I)_ B | .J
(100) ‘ (101)
OCN NCO
(102)
Schehe 30

The fact that no isocyanate was deﬁected during the .
thermolysis of (100) in the absence of sulphur dioxide
and that the only producﬁ iéolated was an'amorphous.white
.solid, believed'oh the_basis of its i.r. épectrum to be
polymeric'furoxan, confirmed the essential'role of sulphur
dioxide in the conversion of furoxans to‘isécyanates.
Although the exact nature of the reactiop mechanism
is unclear, chemical and spectroscopic evdi_ence98 has
suggested the intermediacy of bis—l,3,2,4—dioxathiazole-2—
oxides (lOl),. -Préviously it had been demonstrated that
the dioxathiazole-2-oxides, which are readily prgpafed
by the reaction of nitrile oxides and sulphur dioxide,
decompose on heating to yield the corresponding isocyanate

and sulphur dioxide4o (section 1.3.4).» The dubiety

surrounding the reaction mechanism arises from the observation
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that, in reactions of strained furoxéns with dipolarophiles
to give bis-adducts; the rate of disappearance of the
furoxan is dependent on the dipolarophi;e,used.gs'llo
For example, the pseudo-first-order rate constant for the
.disappearance of (100) }n mesitylene in the presence of‘A
sulphur dioxide was found to be 169 times greater than
that for thé thermolysis in the absence of sulphur dioxide.
In.general the rate of disappearance of the'furoxan
increased as the'dipolarophile reactivity increased
(norbornene > cycloheptene > l—methylcyciohexene).llo

These observafions can be rationalised in two ways:l
either there is direct interaction between the furoxan
and the dipolarophile or alternatively there is an

equilibrium between the furoxan and the bis-nitrile oxide

as illustrated in Scheme 31.

+ =

C=N—-0
[” S—
0 =
~. 7 -
N+ -
(100)
RCH=CHR
po— - '
—N RCH=CHR
O )
/
+ E'
o ._J

' Scheme 31



The evidence supporting the difect interaction of the
furoxan with the dipolarophile. came from a study on 3,4-
dibenzoylfuroxan_(103):.Lll " When (103) was reflﬁxed in
Xylene with phenylacetylene, styrene or étilbene,'the
expected cycloadducts formed by l,3-éipolar cycloaddition
of phenylglyoxalonitrile oxide (Ph.CO.CzN-8) with the
above dipolarophilesvwere not detected. Instead, the
cyclbadduct (104) formed via a nitrone addition to the
dipolarophile was formed. Thé proposed mechanism for

phenylacetylene is that illustrated in Scheme 32.

PhC Ph -
Y/ Kt_ PhC=CH _

N_/ | \ PR+ - PhCO,Et + PhCO,

Scheme 32



-64-

The direct interaction of the furoxan with a dipolaro-
phile 'in a nitrone 1,3-dipolar cycloaddition is analogous
to the iso-electronic imidazole-N-oxides. Reaction of 1-
methylbenzimidazole-3-oxide (105) with diméthyl acetylene-
dicarboxylate (DMAD) or methyl propiblate gave methYl
hethokyalyi— or methyl formyl(l—methyl-2—benéimidazoly1)
acetatell? (107a or 107b respectively). . As shown in
Scheme 33 the formation of (107a) and (107b) has been
rationalised by initial 1,3-dipolar cycloaddition to férm

the isoxazaline intermediate (106) which then rearranges

to form the products.

0~ _
| a LR
N RC=CCO,CH, N (I
+> : —»> CO,CH5
\ ‘ Vo
(10s) ™3 | | - e
(106)

(bL_R=F4
QQ‘Q,*R
N C
)
N CH COZCH3

Scheme 33 (107)
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Similarly, Simmonds et al.113 claim to have isolated
the nitrone bycloadduct (109) from the reaction of 4,5-

dimethyl-2,2-diphenylimidazole-1-oxide (108) with DMAD.

: . Me N Ph
Me =N ph DMAD , CgHy = ><
e >< e Me Ph
Me— NG Ph 2h T
(108) : Me0,C”" (109)
3. . | | FURAZANS

Furazans (1,2,5-oxadiazoles) have long been regarded
as-the stable products from the dehydration of giyoximes.
Their chemistry which dates from befofe 1900 is well
__dpcumented and has been reviewéd on more than one

occasion.77’78’114

In the present context only those
areas of particular interest, such as their 3ynthesis

and ring fragmentations will be dealt with in depth.

3.1 Preparation of Furazans
Although there are many synthetic routes to furazans
by far the most important are the dehydration of glyoximes

and the deoxygenation of furoxans.
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3.1.1 Dehydration of Glyoximes

| The success of this route lles in the ease of
preparatlon of both cycllc and unsymmetrical glyoximes;
a point already covered in section 2.2.2. Dehydration
of the glyoxime océurs with many dehydrating agents

including concentrated‘sulphuric acid,115 succinic

anhydride,116 urea solutions and thionyl cihloride.118
For example, 3,4-dimethylfurazan (111) has been synthesised

from dimethylglyoxime (llO) using succinic anhydride.116

\C/NOH N CH§-002H

—_— + | |

/C\NOH i - CH5CO,H
(110) 0 (111)

The route has been successfully applied to the -
synthe51s of strained furazans. Indeed, Boulton and'
Mathur achieved the first synthesis of a furazan fused
to a fivevmembered ring when they prepared acenaphthb
[1,2-c]furazan (112) from the corresponding glyoxime.119
Déhydration of the glyoxime was effected by thionyl
.chloride in methylene chloride, a modificatidn.of the
method of Tokura gE_gl.lls who synthesised 3,4-tetra-
methylenefuraZan (113). They syntheéised the furazan
whilg investigating the direction of the Beckmann

arrangemént. Contrary to their expectations, the

rearrangement did not occur and instead of isolating the
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1,2,4-oxadiazole the furazan was formed. This was‘in
contrast to the behaviour of benzil dioxime with thionyl
chloride which resulted in the formation of 3,5-diphenyl-

1,2,4-oxadiazole quantitatively.

(112) - (113)

The differencé in reactivity was rationalised.by’
.Tokura et él. who postulated that benzil dioxime has
a.pianar structure which would favour a Beckmann rearrange-
ment to_the_1,2,4—oxadiazole. " On the other hand cyclo-
hexane—l,2—dione dioxime would be expected to undergo
dehydrétion to the furazan since it is stericélly more -
Aconst:ained than benzil dioxime. =~ In addition the formation
of the intermediate cation might be stabilised by the

'presénce of a participating phenyl group.

3.1.2 Deoxygenation of Furoxans

The importance of this route lies in the fact that
_fﬁroxans are available from various starting materials
and that reduction to the furazan can be effected'in
extremely high yields. Several reagents have been
utilized; sodium carbonate followed by acid;77 zinc/acetic

Aacid;77‘phosphorous pentachléiide or stannous chloride

in acetic acid;77 trialkyl and triarylphosphines and
120,121

phosphites. _Perhdps the most widely used is that
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first utilized by_Mukéiyama and co-workers120 who heated
-3,4-diphenylfuroxan with triethylphosphite at 160—170°C,
under nitrogen for 5 h, to give 3,4-diphenylfurazan (93%)

and triethylphosphate (94%).

P, Ph - Ph -~ - Ph

- +7/ \< ) < 160-170°C 7/ \<
O—N N + (EtO),P » N N + (Et0),PO
o~ 3 N,/5h N7 3
, (114)

Under more forcing conditions (270°C) with triphenyl

phosphite benzonitfile is formed.lzz

3.2 Thermal and Photolytic Stability of the Furazan Ring

The earliest reports indicating instability of the
furazan ring were in 1888 when it was noted that rapid
héating of 3,4-diphenylfurazan resulted in the formation

123,124

of benzonitrile and phenyl isocyanate, Scheme 34.

Ph Ph

/A

.+ - .
NN — Poo=n o« [PhczN—o] — Ph—N=C=0

(114)
Scheme 34

Despite this early observation_suggesting the inter-
mediady of benzonitrile oxide no further work on the ring
opening of furazans was carried out until 1968 when

Cantrell and Haller investigated the photolytic decomposition
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. . 125
of 3,4-diphenyl- and 3,4-dimethylfurazan. They
diScoVered that irradiation of (114) in ether resulted

in the formation of benzonitrile (82%) and phenyl isocy-

”;anate (48%). Irradiation of (111) gave acetonitrile

(41%) and an intractibl? tar. Howe&er, irradiation in
the presence of cyclopentene resulted in the isolation of
the corresponding methyl-isoxazoline (115) (23%) and
estabiished the intermediacy of the nitrile oxide as

illustrated in Scheme 35.

T \\ " hy

+ =9
Ne N = RC=N + [R-C2=N—0]
- o~ - B0 |
R=PhMe /
| Me / S ' : ‘
J I

Ph—N=C=0
(115) ' ’

Scheme 35

When the pho#olysis of (114) was carried out in the
presence of cyclopentene, no isoxazoline was detected.
Cahtrell and H@ller suggested that the failure to trap
benzonitrile oxide by 1,3-dipolar cycloaddition to
cyclopentene might be due to the nitrile oxide to isocyanate
reérrangement for benzonitri%e 6xide being fastef than the.
ground state 1,3-dipolar cyclgadaition. The alternative
proposal that an excited benzonitriie oxide fragment

rearranges directly to phenyl isocYanate is militated
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against by the failure to observe métﬁyl isocyaﬁate or
related by-products in the photolysis of (111).
'éonfirmation of the intermediacy of benzonitrile oxidel
was achieved by the isolation of diphenylfuroxan and
dibhenyl—l,2,4-oxadiazo}e from the pfoducts of the
irradiation of (111) in benzene.43
In contrast to monocyclic furazans, photolysis of a
polycyclic furazans, such as benzo-(116), néphthd— and_
phenanthro-furazans led to complex product mixtures .
dérived, it was assumed, from a reactive intermediate
(117) pdssessing a nitrile oxide group.126 In order to
obtain a.clean reaction the photolysis was carried out in
thevpreSence of a reagent capable of reducing the nitriie
oxide to the corresponding'nitrile. :Undér thesé conditions
the photoreaction of (116) afforded cis-cis-1,4-dicyanobuta-
.1,3;diené (ll8):in 80% yield accompanied by lesser amounts

of the other isomers, Scheme 36.126-

/N\ hv ' / C=N (EtO)3P - 4CEN '
s . _c=N—-0 X _C=N

(116) | (117) (118)

complex mixture

Scheme 36
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The photolysis of (116) in benzene gave a complex

mixture of products including an azepide (119) derived

presumably from an acyl nitrene intermediate (120).

127

In methanol, aé is the case with 3,4-diphenylfurazan, the

corresponding g—sﬁbstituted carbamaté (121) was isolated.

127

Acyl nitrene derived products have been isolated during the

photochemicalﬂpf nitrile oxides to isocyanates.48

(E/VWOVNGE

L

Conse-

quently, Schmid and his co-workers rationalised their results

by the mechanism shown in Scheme 37.

V ’/N\ :
0 —
\N/
~~ ~CN MeOH
~. _NHCOMe
(121)

7\
mwoool
T+ z

(-ne)

Scheme 37

ol

C=N
N~ Q53N
0
~~ “CN
N E:léN:
0
S (120)
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The isolation of a nitrile oxide intermediate in
the photolysis of a bicyclic furazan was elegantly
demonstrated by the photolysis of (116) in the presence
of DMAD. The nitrile oxide reacted with the DMAD to

produce various geometrical isomers of dimethyl 3-(4-

28

cyanobuta—1,34dienyl)isoxazole—4,S—dicarboxylate (122),l

Scheme 38.

B ]
= =
(116) ——eo + -
> _C=N—-0
| _
MeOzC (122)
Scheme 38

In contrasﬁ to the detéiled examination of'the
photolytic decompositién the thermolysis of furazans has
received little attention. The first repdrted case of
aAfurazan thermally fragmenting to give a nitrile oxide
iﬁtermediate was that of écenaphthofl,Z—c]furazan (123),

119 They found

reported by Boulton and Mathur in 1973.
that the furazan, which they had synthesised from the
dioxime, slowly decomposed on warming. = By following the
decomposition of (123) by i.r., at 72°C in toluene, the
appearanée of two bands at 2285 (CNO) and 2210 (CN)cm_l
were obsérved. Thermolysis of the furazan in phenyl—-

acetylene resulted in the isolation of 3-(8-cyano-l-naphthyl)-
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5-phenylisoxazole (125). The isolation of the nitrile
oxide '1,3-dipolar cycloadduct in conjunction with the
i.r. observations established the intermediacy of the

dinitrile monoxide (124), Scheme 39.

(124) ' . (125f

Scheme 39

At thé 6utset 6f the present investigation acenaphtho
[1,2-c] furazan (123) was the only repqrted case Qhere the
oxadiazole ring cleaved thermally tO’ineAa nitrile oxide
.intermediate which_could be trapped by a dipoiarophile and
iéolated as the 1,3-dipolar cycloadduct. Since then the
thefmolysis has been exténded to other furaéans which are
fused to five—meﬁbéred ringé;llo’129

' Thermolysis-of 3,4-trimethylene-(126a) and 6-methyl-
3,4—trimethylenéfurazan (126b) in Ehe4presence of sulphur
dioxide or a Suitéble dipolarophile resulted in the isolation
6f the correspohding isocyanate (128) or l,3—dipolar cyclo-.
adduct,(129) derived from the dinitrile monoxide intermediate

(127) as illustrated in Scheme 40.llo
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-

CN
NCO
802 )
| - — R "+ isomer
/’N\ ‘ CN (128)
. O —— . : . + — .
A C=N—-0
N - \-C=C-
R . R |
(126) | o + isomer
(127)
{a),R=H -
(b),R = CH3
o : + isomer
Scheme 40 . (129) -

While studying the reactions of 4,6-diphenyl-
thienol[3,4-c] furazan (130) with N-phenylmaleimide
(131) Tsuge gg_gl.lzg discovered that thermolysis of
the cycloadduct (132), formed across the thiocarbonyl
YIide of (130), resulted in the formatidn of a dinitrile-
ﬁonoxide intermediate (133). When the thermolysis was
carried out in the presence of a suitable dipélarophile,
(131),'DMAD or methYlpropiolate, (133) was.trappea as the

corresponding 1,3-dipolar cyclo-adducts (134) as shown in

Scheme 4l.



Ph 0 Ph 0
| |
/N~\. \\ . /»L\\
0 s + || N-Ph —e d N—P
\, — / , \ —
N : I N I
Ph 0] Ph 0]
(130) (131) : (132)‘ ‘
. A, | RC=CR

N=C_ Ph (? | N=C Ph |0

Scheme 41

4, . » FLASH VACUUM PYROLYSIS

4.1 Apparatus and Technique

| . Flash vacuum pyrolysis (FVP) is a form of gas-phase
tﬁermolysis which is particularly suitable for the production
and isolation of unstable reaqtion products. Although the
téchnique had been applied in a few isolated cases,‘itiis

only recently that the potential of the method has been recognise

and utilised in a systematic'}ashion.
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FVP is govefned by three important principles:-

1) The contact time, the time the substance tb be pyfoleed
remains in the hot zone is very short, typically between

1073 and 107' s.

2) The steady—staﬁe conqentration,of reactants and consequently
products in thé reaction (hot) zone is kept té a minimum. |

3) Immediately after passage through the hbt zone the :
pyrolysate is cooled to very low témperature (e.qg. —196°C) and
thus profected'from modification by subsequent reaction.

Thé short contact times ahd the low-steadj—state concen-
tratidns are achieQed by érranging that‘the substanée to be
pyrolysed flows through a heated tube and is condensed in a
cold trap as soon as it leaves the hot'zone. Typically, the
neéessary~flows can be achieved in two ways:- a vacuum is
used, the substapce-being distilled into the reactor, or
alﬁernativély the cqmpouhd to be pyrolysed is carried into-
fhe reactor in a stream of inert gas.

In line with the three.basic principles the FVP apparétus-
must in principle consist of thfee components: - an inlet
systeﬁ,.pyrolysis tube, and lastly a condernsation regionf
The actual design of the apparatus is depeﬁdeﬁt, to some
extent; on the particular problem in question.' However, if
the thermolysis products are relatively stable a simple |
apparatus_in which the heating jacket is oufside the Qacuum
system can be empioyéd, thus facilitating simple construction

and easy cleaﬁing. Such a system is illustrated in Figure 9.



-77-~

Fig. 9. 1, substance inlet vessel; 2, inert-gas inlet,

3, electricallv heated guartz tube; 4, to

manometer; 5, solvent supply inlet; 6, cold trap;

7, to pump.

ﬁMehy-variatioﬁs of this basic design have been'successfully
-demployed.l3o The contact time can be extended as desired
_by the addition of gquartz wool or other fllllng materlal ‘into
the pyrolysis tube. |

The main disadvantage of such an apparatus ie the large
distance between the hot zene and the cold trap making it
‘uhsuitable for the isolation of very reactivevspecies e.g.
, radicale. " Consequently a modified version has been desighedl3l
-in whlch the pyrolysis tube is heated within the vacuum system.
This enables the distance between the hot zone and the cold
trap to be very much_reduced and allows the isolation of short

lived reactive intermediates.132 . A consequehce of the short
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contact times is that higher temperatures are generally4required
in FVP than in thermolyses effected in solution. For example

whereas 1,2,3-benzothiadiazole in solution is completely.

133
2’

time of 10 ° s required a temperature of 850°C for quantitative

fission.134 Use of these higher temperatures has léd‘to the

occasional contention135 that FVP conditions are extremely

cleaved at ZOOOC with evolution of N FVP with a contact-

severe. This has been shown not to be the case by the fact
that an attempted distillation of phenyl azide at atmospheric
pressure results in an explosion; whereas the azide is

recovered largely unchanged after "pyrolysis" at BOOOC.andA

4.2 Applications of Flash Vacuum Pyrolysié

The applicability of the method to the preparation of
reactive intermediates and thermally unstable products has

been widely demonstrated.135'136

For example, the preparative
advantage of FVP is clearly demonsfrated by the thermolysis of
1,2,3-thiadiazoles (135). Flésh thermolysis of (l35)lat
550°C leads directly to thioketenes (_136)136 aAclaSS of
compounds that wés, with few exceptions, previously unknown.
Thermolysis in solution leads to secondary produéts aérived

from reactions of the thioketenes,lz_”6 Scheme 42.

R
\ B
C=C=S (60-70%)

‘ ‘0
FVP 550 C o
R N R”

(135) secondary products.

(136)

Scheme 42
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. Of particular interest, in the present context, are
thqse'examples where FVP of heterocycles yield 1,3-dipolar
species.

Thermolysis and photolysis of 2,5-diaryltetrazoles is

known to‘represent‘a facile route to nitrile imines.ls'56

In 1976, Reichen137

in a search for new“heterocyciic
precursors to nitrile imines discovered that FVP df
disubétituted—l,3,4—oxadiazole-5-ones (137) gt 450°¢ gave
substituted indazoles (140). He postulated that the
thermolysié proceeded with initial elimination of carbon
dioxide to give the nitrile imine (138) which under the
cqnditibns used'underwent an intramolecular electrophilic
ysubstitution; via the carbene resonance form of the niﬁrile

imine (139), to give the indazole, Scheme 43.

f—

-+ ..
Evp ~_N—N=C-R N=N—C-F
-———;—db. ' A ‘ o
450°C - E

- N—N
'0440»"?' | (138) S (139)

(137) }
‘ o : ' : |
- 750 C° |
_ | ! _ | .
|I|IIIIIIIII|III : | [: :[: 2>
(141) +dimer S | . (140) . ‘

Scheme 43
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At higher temperatures (7500C) nitrogen is also
eliminated to give carbene derived products such as
fluorene (141). It is interesting to note that under
photolytic conditions the nitrile imine_derived froﬁ
(137) is trapped as a lCB—dipolar cycloadduct (142) with

acrylonitrile.l37’138

| _ Ph .
hv + - | /- -
(137) —_— [PhCEN—N—Ph:I —_— N\ —CN
CH;=CH-CN N
_ _ I
| | b
.. (142)

The_only reported instance of a nitrile'oxide being
forﬁed dﬁring the FVP of a heterocyclic compound is the
'_somewhat surprising case of the FVP of a 2-isoxazoline
(143).139 2-Isoxazolines, which are readily prepéred by
reaction“of nitrile oxides with alkenes, are usually con-
sidered to be thermally Stable,eompounds, However, under
_the conditiens of fVP at GOO—GSOoc; (143) gives a quantitative

yvield of 2,4,6-tfimethylbenzonitrile oxide (144).

| Me
. 3+ -
—f-!-pg—b Me C=N-0
650 C
‘ Me
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This is the only reported example énd as such the-

thermolysis cannot be regarded as general for 2-isoxazolines.
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EXPERIMENTAL

SYMBOLS AND ABBREVIATIONS

INSTRUMENTATION

SOLVENTS AND REAGENTS

1. PREPARATION OF FUROXANS

1.1 3,4—Diphenylfuroxan

1.2 | '3,4-Bis (4-methoxyphenyl) furoxan
1.3 T : 3,4-Bis (4-methylphenyl) furoxan
1.4 3,4-Bis(4—chlorophenyl)furoxaﬁ
1.5 3,4-Dimethylfuroxan '
1.6 3,4-Diethylfuroxan

PREPARATION OF FURAZANS

3,4-Tetramethylenefurazan

3,4-Dimethylfurazan

_3,4—Bis(4-methoxyphenyl)furazan

3,4-Bis (4-methylphenyl) furazan

3,4-Diphenylfurazan

3,4-Decamethylenefurazan

.3-Méthyl—4—phenylfurazan

3-(4-Chlorophenyl)-4-phenylfurazan
‘3- (4-Methoxyphenyl) - 4-phenylfurazan

NN NN NN NN DNDNNDDN
W 0o N 6O Ut b W N -

.10 Attempted Preparation of 3 4-
Diphenylfurazan
3. PREPARATION OF 3,6-DISUBSTITUTED- .
1,4,2,5-DIOXADIAZINES
3.1 3,6-Diphenyl-1,4,2,5-dioxadiazine
3.2 3,6-(4-Methylphenyl)-1,4,2, 5—

d10xad1a21ne

Page No.

88
89
93

94
94
94
95
96
96
97

97
97
98

- 98
98
99
99

100

101

103

104

106

106
107



6.
6.1
6.1.1

6.2
6.2.1
6.2.2

6.2.3
6.2.4 "

6.2.5
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PREPARATION OF 2[H]-1,2,3-
TRIAZOLE-1-OXIDES

2,4,5-Triphenyl-1,2,3-triazole-
l-oxide

4,5-Dimethyl-2-phenyl-1,2,3-
triazole-l-oxide

PREPARATION OF 4,5-DIMETHYL-2-
PHENYL-1,2, 3-TRIAZOLE

PREPARATION OF AUTHENTIC ADDUCTS
2-Isoxazolines

5-Butyl-3- (4—methoxyphenyl) =2-
isoxazoline

5-Dodecyl-3~(4-methoxyphenyl) -
2-isoxazoline

5-Dodecyl-3-phenyl-2-isoxazoline

3?(4—Chlorophenyl)-S—dodecyl?z—
isoxazoline

trans-4,5- charbethoxy -3-phenyl-2-
vlsoxazollne

Urethanes, Ureas and Thioureas
Ethyl phenylaminoformate
g-Butyl-ﬁ'—phenYlurea
§,E'—Diphenylthiourea
N-Benzoyl-O-methyl hydroxylamine
Methyl phenylaminoformate

FLASH VACUUM PYROLYSIS (FVP) -
APPARATUS AND GENERAL METHOD

FVP OF 3,4-DISUBSTITUTED FUROXANS -
GENERATION OF NITRILE OXIDES

Preparation of 2-Isoxazolines from
the Cycloaddition of Nitrile
Oxides to Alkenes.

Page No. 
107
107

109
110

110
. 110
111

111

112
112

112

113
113
113
114

114

115

116

118

118
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8.1.1 T trans—-4,5-Dicarbethoxy-3-

phenyl-2-isoxazoline
8.1.2 : 5-Butyl-3-phenyl-2-isoxazoline
8.1.3 " . 5-Butyl-3-(4-methoxyphenyl) -2~
S ) isoxazoline .
8.1.4 5-Dodecyl-3- (4-methylphenyl) -2-
. . isoxazoline '
8.1.5 5-Butyl-3-(4-chlorophenyl)-2-
isoxazoline
'8.1.6 . 5-Butyl-3-methyl-2-isoxazoline
8.1.7 5-Butyl-3-ethyl-2-isoxazoline
8.2 Preparation of Isocyanates via

the Reaction of Nitrile Oxides with
Sulphur Dioxide '

. Phenyl isocyanate
4-Methy1phenyl isocyanate

Butyl isocyanate

8.2.1

8.2.2

8.2.3" » . 4-Methoxyphenyl isocyanate

8.2.4 ‘

8.2.5 Methyl isocyanate

8.2.6 Isolation of Acetohydroxémic Acid
from the Hydrolysis of 5-Methyl-

1,3,2,4~-dioxathiazole~-2~-oxide

8.3 Generation of Phenyl Isocyanate from
the FVP of 3,4-Diphenylfuroxan in the

Absence of Sulphur Dioxide

8.3.1 ‘ FVP of Diphenylfuroxan at 550°C
8.3.2 FVP of Diphenylfuroxan at 700°C
8.3.3 | FVP of Diphenylfuroxan'at 800°¢ -
8.4 ‘Preparation of Phenyl Isothiocyanate

via. the Reaction of Benzonitrile
Oxide with N,N~Dimethylthioformamide

9.' SPECTROSCOPIC EXAMINATION OF ALIPHATIC

NITRILE OXIDES
9.1 Acetonitrile oxide

9.2 Propionitrile oxide

Page No.
118

119
119

120
120

121
121
125

126
126
127
128
128
129

130

130
130
131
131

133

133
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10.

11.
11.1
11.1.1
11.1.2
11.1.3

11.1.4
11.1.5
11.2

11.2.1

11.2.2
11.2.3

11.3
11.3.1

11.3.2

11.3.3

' 12,

12.1
12.2
12.3

12.4
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_‘Page>No,

DIMERISATION OF ACETONITRILE
OXIDE TO 3,4-DIMETHYLFUROXAN

THERMOLYSES OF 3,4-DISUBSTITUTED
FURAZANS .

Preparation of Nitriles and 2-
Isoxazolines for the FVP of
3,4-Disubstituted Furazans

5-Butyl-3-Phenyl-2-isoxazoline

5-Butyl-3- (4-methoxyphenyl)-2-
isoxazoline

5-Butyl—3—(4—methylpheny1)—2-
isoxazoline

5-Butyl-3—methyl-2—iéoxazoline
4-Cyanobutyl isocyanate

FVP of Unsymmetrical 3, 4—Dlsub-
stituted Furazans

FVP of 3-Methyl- 4—phenylfurazan‘
at 650 C

FVP of 3-(4- Chlorophenyl) -4~
phenylfurazan at 600°C

FVP of 3-(4- Methoxypgenyl) 4-
phenylfurazan at 600°C

Liquid Phase Thermolysis of Furazans

Thermolysis of 3,5-Diphenylfurazan
in l—Tetradecenef

Thermolysis of 3,5-Tetramethylene-
furazan in 4-Methoxybenzonitrile

Thermolysis of 3,4-Decamethylene-
furazan in 4—Methoxybenzonitrile‘
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FVP of 3,5-Diphenyl-1,2,4-
oxadiazole at 700°C onto
l-Hexene

FVP of03,5—Dipheny1—l,2,4—oxadiazole
at 800°C onto Methanol

THERMOLYSIS OF 2[H]-1,2,3-TRIAZOLE-1-
OXIDES
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. Page No.
14.8 ' FVP of 3;6-Diphenylal,4,2,5— 156
dioxadiazine at 800°C onto
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SYMBOLS AND ABBREVIATIONS

b.p. - ’ boiling point
m.p. o meLtiﬁg'point
g.l.c. gas liquid chromatography
t.l.c. | thin-laye;'chromatography
ﬁ.p.l,c. , high perf;rmance liquid

: chromatography ‘
i,t. ‘ : ‘infra-red
n.m.r. nuclear magnetic resonance
e.sfr. | electron'spin resonance
m.s. | maSS'specﬁromeﬁry
m/e ﬁass/charge ratio
M+ parent ion

4 gy
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INSTRUMENTATION

Meiting Points. Melting points of compounds were determined

using a Kofler hot-stage apparatus and an Electrothermal

. apparatus.

Nuclear Magnetic Resonance Spectroscopy

(a) ig_g;g;g. ' Routine spectra were recorded on a Varian
EM360 épectrometer which operated at a freqﬁency of 60 MHz.
100 MHz spectra were obtained using a Varian HA-100 spectro-
meter operated by‘Mr. J. Millar. 360 MHz spectra were
recorded by Dr. I.H. Sadler using a Bruker WH'360 spectrometer.
Chemical shifts (GH) were measured in parts per million
relative to tetramethylsilane (TMS) as standard (8§ = 0.0).

(b) l3C n.m.r.. Spectra were generally fecorded on a Vafian
CFT 20 spectfometer opérated by J. Millar, énd in a few cases,
on a Varian XL-100 spectroﬁeter'operéted bytDr. A. Boyd.

Chemical shifts (GC) were measured in p.p.m. relative to TMS

(8§ = 0.0).

Infra-red Spectroscopy

I.R. spectra were recorded on a Perkin-Elmer 157G
Gratiﬁg Spectrophotometer, liquid samples being examined
as thin films and solid samples as nujol mulls (unless

otherwise stated) or in solution.
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Elemental Analysis

Microanalyses were carried out on a Perkin-Elmer

Elemental Analyser 240 by Mr. J. ‘Grunbaum.

Mass Speétroséogx

Mass spectra and exact masses were obtained on an
AEI MS-902 double focussing mass spectrometer operated by
Mr. D: Thomas. Reaction mixtures were ana%ysed using a
V.G. Micromass 12, single focussing mass spectrometer/gas-
chromatograph, using helium as the carrier'gas; The

instrument was operated by Miss O.F. Johnson. .

»Gas.Liquid Chromatography

For analytical and‘quantitative g.l.c. inveétigations,
Pye 104 and Pérkin—Elmer F1ll chromatographs, with flame
ionisation detectors were used..  Quantitative measurements

140 after

were made following the technique df Hibbert
calibration of the instrument with known mixtures of
autheﬁtic samples and internal standards. All authentic
samples and internal standards were purified before use.

The carrier gas was nitrogen, the flow rates being as
recomnended by the manufacturers. The following stationéry

phases, supported on chromasorb G were employed; silicone

grease (SE30) and (OV-1) and neopentylglycolsuccinate (NPGS).

s
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High Performance Liquid Chromatography

Analytical and qualitative h.p.l.c. investigations were
carried out using polished stainless steel columns
(16 cm x O.5 cm i.d.) packed with, (a) 5 micron Spherisorb
.silica, (b) 5 micron Spherisorb Alumina and (c) 5 micron
octadecyl silicate (ODS-Hypersil) supplied'by Shandon-
Southern Ltd. These columns were then coupled to either
a Cecil Instruments CE 12 U.V. monitor or a Chromatronix
(3100} mixed wavelength detector. Quantitative measurements
were made foliowing the same procedure used for g.l.é.
All authentic samples and internal standards were purified.
before use, Both straight phase and reverse phase h.p.i.c.

were employed.

Straight Phase:- Alumina and silica columns were deactivated
, by pumping diethyl ether containing a known percentage of
Water through the columns. The alumina column was 25% H20

saturated and the silica column 50% H,O satﬁ:ated.

2
All solvents used were mixtures of methylene chloride
and hexane both of which required purification. MethYlene
chloride was purified by washing with 5% sodiﬁm carbonate,
followed by water, dried over anhydrous calcium-chlofide,
fractionated, and stored over molecular sieve (40 8.
' To remove the U.V. absorbing impurities, the hexane Qas
passed down an activated.silica column. The desired h.p.l;c.

solvent was made by mixing the desired percentages of

methylene chloride and hexane. A portion of the resuiting
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' solution was then stirred with distilled water for 12 h
to 'water saturate' it. Depending‘on the column a given
percentage was then added to the dry solvent to give 25%
or 50% water saturated solvents which when degassed wére

ready for use.

Reverse Phase:- Solvents were prepared by simply'mixing
analar methanol and distilled water. The solvent was then

refluxed for 1 h to ensure efficient degassing.

Column Chromatography - ' . ‘,,_

The alumina uéed for column chromatography was Laporte
Ihdustries Ltd., activated aluminium oxide, type'H,
(Brockmann activity = 1). This was deactivated.by the
addition of 5 wt % water (Brockmann activity = 2) before

-use.

‘Thin Layer Chromatography

Chromatograms wére developed on 0.3 mm layers of
alumina (Mergk, Aluminium Oxide G) or silica gel (Merck,
Silica Gel G) containing Woélm fluorescent green indicator
(0.5%). Components of the chromatogram were detected by
their gquenching of fluorescence under U.V. light, or by their

absorption of iodine.
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- Electron Spin Resonance Spectroscopy

The e.s.r. spectra were recorded on a Decca XI
spectrometer, in conjunction with a Newport Instruments
8 inch magnet system, using 100 KHz modulation and an
.X-band‘Klystron.- Spéctral simulations were carried
out using a modified version of Programme QCPE 83
obtained from Quantum Chemistry Program Exchange,
Indiana University.

Measurements of splitting constants and g values

were made by comparison with a saturated sodium carbonate

solution of'Fremy's saltv(potassium nitrosodisulphonate)

for which ag = 1.3091 + 0.0004 mT?! and g = 2.00550 + 0.00005%2
SOLVENTS__AND REAGENTS
Diethyl ether was stored over sodium wire.  Toluene

aﬁd Xylene were distilled and stored over sodium wire.

Triethylamine was redistilled and stored over sodium

'hydroxide pellets. Aniline was refluked with zinc dust
fot 1l h, distilled and stored in the dark under nitrogen.
',eridine was refluxed with potassium hydroxide for 30 min,
distilled and stored over ﬁptassium hydroxide; .1-Hexene
ﬁas r2distilled and stored over molecular.sieve{ 'Triethzl

Ehosghite was allowed to stand over sodium wire for 24 h,

distilied_and stored over mclecular sieve.

Nitrosyl chloride was prepared by the method of Morton

and Wilcéx143 by the action of hydrochloric acid on soaium
nitrite. The gas was passed through towers containing
sodiﬁm nitrite, potaésium chléride and calcium chloride
before being dissolved as_a-30% w/v solution in ether and

stored at -15°C.
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1. PREPARATION OF FUROXANS

1.1 3,4-Diphénylfuroxan was prepared from diphenyl-
| | 144

glyoxime after the method of Boyer. Diphenylglyoxime

(10.0 g, 41.7 mmol) was dissolved in 4% aqueous sodium

hydroxide (275 ml). Sodium hypochlbrite (ca. 20 g) as a
10% w/v solution in water was added slowly and the furoxan
precipitated from solution. The furoxan was extracted with
ﬁethylene chloride, dried over calcium chloride, filtered
and'the solvent evaporatea to leave a yellowish solid.

- Recrystallisation from ethanol gave 3,4-diphenylfuroxan

(7.4 g, 75%) as white needles, m.p. 115-117°C (1it.,%?!

190~y . : . -1 _
117‘C), Vnax (nujol) 159$.cm (C=N).

1.2 3,4-Bis(4-methoxyphenyl) furoxan was prepared from
4-methoxybenzaldehyde via the oxime and hydroximoyl chloride.

4-Methoxybenzaldoxime was-prepared from the bisulphite

145

“addition compound after thé method déscribed by Vogel.
The oxime (88% yield) was collected as a white powder.
Abseﬁce'of a C=0 abéorpfion.(1800-1600cm_1) indicated
complete con&ersion to the oxime.l

~4-Methoxybenzohydroximoy1 chlcride was prepared by a similar
146

method to that descirbed by Kinney. 4—Methoxybenzaldoximg
(23.0 g, 0.15 mol) was'dissolved in éodium driedlether

(200 ml) and the solution cooled to -10°C. Nitrbsyl
chloride (20.0 g, 0.31 mol) as a 20% w/v solution in dry
‘ether was added slowly. The reaction mixture was stirred -

at 0°C for 30 min and then for 1 h at room temperature.

The solvent was evaporated and the product (15.0 g, 61%),
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a yellow oil, was dissolved in chloroform and precipitated

with petrol to Yield 4-methoxybenzohydrbximoyl chloride

146

as a white solid, m.p. 89-90°C (lit., 88-89°C) .

3,4-Bis (4-methoxyphenyl) furoxan. 4—Methoxybenzohydroximoyl
cﬁloridé (4.ng, 24.8'@mol) in ethef (200 ml) was stirred
Vigorously with a saturated solution of sodium carbonate
(excess) for 36 h. The ethe; layer was seéarated and the
aqﬁedus layer extracted with ether (2 x 50 ml), the combined
extracts being dried over calcium chloride. The ether
solution was'filtered'and the solvent evaporatedvto leave fhe
product (3;0 g, 81%),‘a’yellow solid, which was recrystalliséd'

as white needles from ethanol, m.p.'llloé (lii:.,146

1

112°c) ;

v___ (nujol) 1590 cm

- max (C=N) .

1.3 3,4-Bis(4-methylphenyl)furoxan was prepared in similar

fashion from 4-methylbenzaldoxime via the hydroximoyl chloride.

4—Methylbénzohydroximoy1 chloride was prepared by the‘action

of nitrosyl chloride on the oxime, as above. The product

(62%)'was isolated as white crystals from a chloroform/pentane

28

mixture, m.p. 68-69°C (1it., ,69-70°C).

3,4—Bis(4—methyipheny;)furoxan was formed from the reaction of

4—methylbenzohydroximoy1 chloride with excess saturated
éodium éafbonate at ambient temperature after 15 h. The -

product (70%) was isolated as white needles from methanol,

28 1

m.p. 141-143°c (1it.,“° 143-145°c); v (nujol) 1590 cm~

max
(C=N); §H (CDCl,); 2.38 (3H, s, CH), 2.39 (3H, s,'cn3)

and 7.1-7.5 (8H, AB, ArH).

£
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1.4 3,4-Bis(4-chlorophenyl) furoxan

4-Chlorobenzohydroximoyl chloride was prepared by the

above method; the product (77%) was isolated as white needles

from chloroform/pet-ether (40-60), m.p. 78-81°C (lit.,>*

82-8300),

3,4-Bis (4-chlorophenyl) furoxan. 4-Chlorobenzohydroximoyl

chloride (3.0 g, 0.016 mol) was dissolved in sodium dried
ether (30 ml). The resulting solution was'cooled to

- -10°C and triethylamine (1.6 g, 0.016 mol)‘added._ The
reaction mixture was stirred for 12 h and the trietﬁylaminé
‘hydrochloride removéd by filtration. The ether was évapofated
to 1eaVe the product (2.1 g, 88%); é white solid, Which was
récrystalliéed from ethanol:to give white needles, m.p.”

51 1

145-146°c (1it.,>" 145°C); v (nujol) 1590 cm — (C=N).

max

.1.5 3,4-Dimethylfuroxan was prepared by an analogous method
37

to that described by Mukaiyéma. To an ice cooled solution
of éhenyl isocyanate (70.0 g, 0.59 mol) and nitroethane
(22.Q.g, 0.29 mol) in sodium dried toluene (400 ml) triethyl-
amine (10 drops) was added. = The reaction mixture was stirred
under dry nitrogen fdr'2h, refluxed for 2h and allowed to
stand for 12 h. 'The diphenyiurea (35 g) formed in thé
reaction was séparated by filtration and the toluene was
‘evaporated from the filtrate to leave a red oil. Distillation
afforded a yellow oil, 3,4—diméthylfuroxan (l0.0 g, 68%),

b.p..68°C/0.4 mmHg (lit.,>’

1

o Py
' | 107-108"C/ 5 mmHg) ; Voax (;1qu1d)
1610 cm - (C=N); 8H(CDCly): 2.21 (3H, s, CHj), 2.40

(3H, s, CHy).



-97~

1.6 3,4-Diethylfuroxan was prepared by the above method

from l-nitropropane. Distillation gave the product, a

101

yellow oil (40% yield), b.p. 60°C/0.3 mmHg (lit. 66-67°C/

0.1 mmHg); v (liguid) 1600 cm *

max (C=N) ; 6H(CDC13):

0.90-1.20 (6H, d of t, J 7.5 Hz, 2 x CH3), 2.62 (2H, sextet,

J 7.5 Hz, 2 x CHZ)'

2. PREPARATION OF FURAZANS

The furazans synthesised were prepared via one of the
following two methods.

1) Dehydration of the glyoxime with thionyl chloride,

after the method of Boulton.119

2) Deoxygenation of the furoxan with triethylphosphite

after the method of Mukaiyama.120

In addition to .the usual analytical evidence, confirm—
ation of the structure of. the furazans was establiShed by

'13C n.m.r. spectroscopy (Table 1).

2.1 3,4-Tetremethylenefurazan was prepared from the
glyoxime'zig»method (1). Cyclohexane-1,2-dione diexime
(5.0 g, 0.04 mol) was suspended in dry methylene chloride
(50 ml). Thionyl chloride (4.2 g, 0.04'mol).was added
and the mixture stirred for 24 h. The reaction mixture
was then poured onto crushed ice and extracted with |
methylene chloride, dried over magnesium sulphate, and
the solvent removed to leave a red oil. The red oil Qas
applied to an alumina column and elution with methylene

chloride gave 3,4~ tetramethylenefurazan (2.28 g, 53%)
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which was collected as platelets from n-pentane, m.p.

97 . co , o 1 iy
20.57°C); Vhax (liqguid) 1588 cm (C=N) ;

m/e (%) 124 (86, M'), 107 (36), 97 (39), 94 (46), 70 (64),

18-19°C (1it.

67 (96), 41 (100).

.

2.2 3,4-Dimethylfurazan was prepared from dimethylglyoxime

as above. The product was collected as a colourless oil

116

(52%), b.p. 56°C/18 mmHg (lit., 154-159°C/760 mmHg) ;

v (liquid) 1590 cm t

=N) + ™ + : +_
max (C=N); m/e 98 (@ ), 57 (M'-CH

3CNO).

2.3 3,4—Bis(4—me£hoxyphenyl)furazan was prepared from the
fuquan via method (2}. A mixture of 3;4-bis(4-methoxy-‘
phenyl) furoxan (1.2 g 3.82 mmol) and triethyl phosphite
(iO ml) was heated at 160-170°C under nitrogen for 12 h.
The excess triethyl phosphite and the tfiethyl phbsphate
formed in the reaction were removed by vacuum distillation
Ito leave a white solid. The furazan (1.0 g,'93%)'was
isolated as white crystals from ethanol, m.p; 125—127°C
(Found: C, 67.9; H, 4.9; N, 9.9.  CjcH N0, requires

‘ 1

C, 68.1; H, 5.0; N, 9.9%); v (nujol) 1612 cm

max (C=N) ;

§H (CDC1l,): 3.8l (6H, s, OCH;); 6.80-7.60 (8H, AB, ArH);
m/e (%) 283 (20), 282 (100, M'), 252 (40), 149 (55,

CH.OC.H

JOCgH,CNO), 126 (17), 119 (15), 106 (10) .

2.4 3,4-Bis(4-methylphenyl) furazan was prepared via

method (2). A mixture of 3,4-bis(4-methylphenyl) furoxan

-:;"l
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(2.0 g, 7.5 mmol) and triethyl phosphite were refluxed
under ‘nitrogen for 12 h. The excess triethyl phosphite
and triethyl phosphéte formed in the reaction were removed
by vacuum distillation to leave a white solid. fhe furazan
(1.1 g, 60%) was isolated as whiﬁe crystals from ethanol,
m.p. 92-94°C (Found: C, 76.85; H, 5.7; N, 11.2.

C,gHy4N,0 requires C,_76.8; H, 5.6; N, 11.2%); m/e (%f

250 (100, Mf), 220 (74). 133 (89, MeC6H CNO), 103 (46),

77 (31); §H(CHCly): 2.38 (6H, s, CHy); 7.08-7.55 (8H,

AB, ArH).

2.5 3,4-Diphenylfurazan was prepéred via method (2). The

product (90%) was isolated as white platelets from methanol,

123

m.p. 95-97°C (lit., 98°c) .

2.6 3,4-Decamethylenefurazan_was prepared via method (2).

After refluxing for 12 h, thé solution was cooled and poured
onto crushéd ice, a few dréps‘of 2M'hydrochloricvacid added
and the mixﬁure was allowed to stand for 12;h. The reaction
ﬁixture was extracted with petrol'(4d—60), driéd over anhydrous
magnesium sulphate and the solvent evapofatedAto leave a
colourless oil. The oil was'applied to an alumina §olumn,
WhichAon elution with pétrol, afforded a white'solid.'
T.l.c.(A;203; pentane) of thg whité solid showed it ﬁo
consist of two components. Distillation of the solid under
vacuum gave the product (79% yield), a white solid, m.é.
43-44°C; (Found: C, 69.2; H, 9.9; N, 13.2.

Y.

ClZHZONZO reqguires C, 69.2; H, 9.6; N, 13.4%).



-100-

2.7 3- Methyl 4—phenylfurazan

3-Methyl 4- phenylfurazan was synthesised from phenyl—
acetone via methylphenylglyoxime with subsequent dehydration
to the furoxans and deoxygenation to the furazan.

Methylphenylglyoxime. - a-Acetylbenzaldoxime (Ph.C (NOH) .

CO;CH 23.0 g, 0.14 mol), prepared from phenylacetone and

37
amyl'nitrite,94 was dissolved in a solution of sodium
hydroxide (11.2 g, 0.28 mol) in water (100 ml). Hydroxyl-
amine hydrochloride (20.0 g, 0.29 mel) was‘added slowly.
The'mixture was heated on a steam bath fer 1 h and allowed to
etand for 3 h. The product (15.6 g, 63%), which precipitated
.outiof.solution, was isolated as a white powder from ethanol,
ﬁ.p. 236-2390C (lit.,147 238—239OC). Absence oan-C=O
absorption (1800-1600 cm-l) indicated complete conversion to
the dioxime. | |
Methylpheqylfuroxans were prepared from ﬁethylphen?lglyoxime

after the method of Ponzio_.147 The product, an isomeric

mixture, was isolated as a-yellow solid (94%). 3-Methyl-4- -
~phenylfuroxan (41%) was collected as white_crYstale from
ethanol, m.p. 91-92% (1it.,*7 96%); sm(cpcly): 2.31
(3H, s',C§_3)l; 7.40-7.60 (5H, m, ArH); 8C(CDCl3): 8.8 (-CHj);
»lll;8; 126.3, 127.0, 128.9 (Aromatic C); 130.7, 156;6 4
(furoxan ring C). | |

3-Methyl-4-phenylfurazan was prepared from 3-methyl-4-

phenylfuroxan via method (2), the reaction mixture heing
refluxed under nitrogen for 24 h. The crude product was
purlfled by column chromatography (alumina, pet.-ether

(40- 60)) and by wvacuum dlstlllatlon. | The product was
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' - 148
isolated as a colourless oil (94%), b.p. §5°C/O.l mmHg (lit., -

145°C/16 mmHg); v b (c=n); sH(CDCL,):

max (liqurd) 1590 cm

2.43 (3H, s, —CHy); 7.32-7.73 (5H, m, ArH).

3-(4-Chlorophenyl)-4-phenylfurazan and 3-(4-methoxyphenyl)-

4-phenylfurazan were synthesised from the acid chlorides via
the Friedel-Crafts acylation and subsequent conversion of
the ketone to the dioxime. | The dioxime was dehydrogenated

and the resulting furoxan deoxygenated to yield the furazan.

2.8 3-(4-Chlorophenyl)-4-phenylfurazan

4?Chlorophenylacetyl_chloride. A mixture of 4-chloro-

phenylecetic acid (34.0 g, 0.20 mol) and thionyl chloride
_(150 ml) was heated at reflux (77 C) for 1 h. The excess
thionyl chloride was ‘removed by evaporatlon under reduced

pressure to leave the product, a red oil, (34.0 g, 90%),

Viax (liquid) ca. 1800 cm-'l (C=0 acid chloride). Complete

conversion to the acid chloride was indicated by the absence

of the carboxyllc acid carbonyl peakvat 1700 cm—l.

4-Chlorobenzyl phenyl ketone was prepared. from 4—chlorophenyl—

acetyl chlorlde and benzene via the Frledel-Crafts acylatlon

after the method of Vogel.145 The product (90%) wasvcollected

149

as white piatelets from ethanol, m.p.'l39—l40°C (lit., l33°C):

: . -1 _
Voax (nujol) 1682 cm (C=0).

4-Chloro-benzil-7-oxime. Sodium (1.0 g, 43.3 mmol) was

added to absolute ethanol (500 ml). The solution was
cooled to -10°C and 4;chlorobenzyl phenyl ketone (10.0 g, -

. 43.3 mmol) was slowly added, the temperature of the solution’
wes maintained at 0°cC. Amyl nltrlte (5.1 g, 43.4 mmol) was

added oVer a period of 1% h and the mixture allowed to stand
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for 2 days. The solvent was evaporated”under'reduced
p;essure}and the tesldue dissolved in water (250 ml),
acidified with 2M hydrochloric acid and the reeulting,d
precipitate collected by filtration} The'browﬁ solid
wes-takeh up in diethyl’ether and‘precipitated with'pet.;
ether (40-60) to give the'monoxime (6.0 g, 53%). | The
oxime.was isolated as a white powder by recryetallisation
from an ethanol/wafer mixture (2:1); v

3390 cm ¥ (0-H); m/e 261,259 (M').

max l§42 (C=0);

4—Chlorobenzil dioxime._A 4-Chlorobenzil-7eoxime (4.0 g,
0.016 mol) was diesolved in a solufion of sodium hydroxlde
(2.0 g, 0.05 mol) in water (150 ml). Hydroxylamine
hyd:ochlofide (2.2 g, 0.032 mol) was added and the reactioﬁ
‘mixture was heated on a steam bath for 1 h and allowed to
stand for 60 h. A white‘solid, which hed precipitated
. out of soluﬁion, was collected by filtration,-the filtrate"
concentrated cooled and a second batch of solld collected
dThe 1dent1ty of the product (3.5 g, 826) was conflrmed by

-1

i.r. and m.s. V. _(nujol) 3250 cm (OH) ; no C=0 absorption

. max
1600-1800 cm Y. m/e 276,274 (M7).

Mixture of-(4-chlorophenyl)—éhenylfuroxans. 4- Chloroben21l

dioxine (2.0 g, 7. 29 mmol) was dlssolved in a solution of
eodiom hydroxide (1.0 g, 25 mmol) in water (50 mls). The
solution was cooled to -10°C and toluene (20 ml) added.
Sodium hypochlorite (ca. 5 g) as a 10% W/v solﬁtion in
water was added dropwise and the reaction mixtufe etiréed

overnight. The organic layer was separated, dried over

x,

‘calcium chloride, filtered and the solvent removed to leave
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the product (1.8 g, 919), which was 1solated as yellow
crystals by recrystalllsatlon from a methanol/water
mixture. On examination of the product by h:.p.l.c. on
a silica column (20% H20 saturated) eluting_with 20%

methylene chloride/80% n-hexane (20%’H20 Saturated) two"

.

peaks, attributable to the isomeric furoxans were observed,

v__. (nujol) 1595 cm ™ (C=N); m/e 274, 272 (M").

3- (4-Chlorophenyl) -4-phenylfurazan was prepared via method
‘(2), the reaction mixture being refluxed,'udder nitrogen,
for 12 h. The isomeric mixture of furoxans (1.5 g, 5.51
mmol) gave the produet (1.3 g, 92%) as white needles m.p.
A94-960C from an ethanol/water mixture (92% recovery);
.(Foﬁnd: c, 65.7; H, 3.6; N, 11.0 C14H9C1N202 requires

1

C, 65.5; H, 3.5; N, 10.9%); v ., (nujol) 1600 cm © (C=N);

m/e (%) 258 (14, M+2), 256 (100, M'), 226 (60), 153 (18,

Cl.C6H4CNO), 123 (11), 118 (11), 89 (20), 63 (10).

2.9 3—-(4-Methoxyphenyl)-4-phenylfurazan

4—Methoxypheny1.benzy1 ketone was prepared from anisole

~and phenylacetYl,chloride_via the Friedel-Crafts acylation

145 -

after the method of Vogel. The product (68%) was

isolated as. whlte platelets from ethanol, m.p. 73-74 C

150 6%y ; v (nujol) 1679 cm * (c=0).

(llt., max

4'—Methoxy—ben21l 7 -oxime was prepared by the action of amyl

nitrite on 4—methoxyphenyl benzyl ketone by the method

outlined above. The identity of the monoxime (99%) was
~confirmed by i.r. and m.s.; v___ (nujol) 1690 (C=0),
3225 em ! (0-H); m/e 255 (M').
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4—Methoxybenzil dioxime was prepared by a similar method

to that for 4-chlorobenzil dioxime. The product (72%)

was collected as a white powder. The dioxime was
identified from its infra-red and mass séectra; vﬁax (nujol)
- 3260 cm—l (OH) ; no‘C=O_absorptioh at 1690 cm_l; m/e

270 (M. |

The isomeric mixture of (4-methoxyphenyl)-phenylfuroxans were

prepared by a similar method to that used for the (4-chloro-
phenyl)-phenylfuroxans. The product (89%) was isolated as
white crystals from a methanol/water mixture. On examination

of the product by h.p.l.c. (Slllca column, 20% CH2C12/80%

6 14 (206 H20 saturated)) two peaks attributable to the
furoxans were observed vmax (nujol) 1585 cm -1 (C=N) ;
'_m/e 268 (M ), 208 (CH o .CcH,C.CC H 5)

:3—(4—Methoxyphenyl)—4—phenylfurazan was -prepared via

method 2 the reactlon mixture being refluxed for 12 h.

The product (90%) was collected as white crystals from

84

ethanol, m.p. 78~ 79 C (llt., 80'C); 6H(CDC13): 3.81

(3H, s, OCH3);

O-Cs

6.80-7.65 (9H, m, ArH); m/e 252 (M%), 222,

149 (Mt, CH, H4-CNO).

2.10. Attempted Preparation of 3,4-Diphenylfurazan via

Method (1)

Diphenylglyoxime (5.0 g, 0.02 mol) was suspehded in
dry methylene chloride (30 ml). ThionYl chloride (2.4 g,
0.02 mol) was added slowly and the mixture}stirred, at room

temperature, for 24 h. The reaction mixture was poured

onto crushed ice and extracted with methylene chloride.
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Table 1. 13C NMR of 3,4-Disubstituted Furazans
| 0
R/C§N/
R,R' Oxadiazole Ring R,R’
Carbons
R=R'=C_H, 153.1 125.9; 128.9; 130.4.
R=R'=pCH3O.C6H4Y "~ .152.45 55.1(0CH,); 114.2; 117.9;
- 130.05; 161.0 .
R=R'=pCH,.CH 152.8 21.2(CHy); 122.8; 128.5; .
g _ 129.4; ~140.4 :
R=C_H, 152.6(C5) 55.2(0CH;); 114.3; 117.7;
_ ‘ 125.9; 128.7;
R'=pCH,0.C_H, 152.8(C,) 129.1; 129.6; 130.1; 161.15
R=C H, ' 152.0(C,) 124.2; 125.4; 128.7; 129.15;
' T . 130.0; . : "
"R'=pCl-C_H, 152.8(C4)‘ 130.5; 136.7;

R=C_H, 149.4(Cy) 9.4(CH5); 125.9; 127.8;

. 128.9;7130.2.

R=R'=CH, 151.65 8.0

- (CH,) ,- 151.65 20.25; 22.25.

A(CHz)lo- 154.7 20.1; 23.3; 24.7; 25.3;

26.9.
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On_evapération of the solvent a yelldw solid was collected;
this was purified by column chromatography (Alzoé; ether:
petrol (1:10)).  3,5-Diphenyl-1,2,4-oxadiazole (3.8 g, 85%)
was isolated as white needles from ethénol, m.p. 97-98°C.

165

(1it.,~°> 108°C); &C (CDCly): 175.6, 168.9 (q, oxadiazole

ring C); 132.6, 131.1, 129.0, 128.8, 128.1, 127.5 (aromatic
CH); 127.0; 124.3 (g, aromatic C); m/e 222 (M+, 119

v, phcro™).

3. PREPARATION OF 1,4,2,5—DIQXADIAZINES
3,6-Diphenyl, and 3,6-bis(4-methylphenyl)-1,4,2,5-
dioxadiazines were synthesised using a similar method to

that described by De Sarlo;s7

3.1. 3,6-Diphenyl-1,4,2,5-dioxadiazine
| Behzohydroximoyl chloride (5:0 g, 0.032 mol) was
dissolved in sodium dried ether (lOO'ml) and the solution
cooled by'placing the flask in a bowl of crﬁshed.COZ.
A solution 6f triethylémine (3.25 g 0.032,mol) in ether
(50 ml) Was added'slowly." Triethylamine hydrochloride
precipitated almost immediately. and was remoﬁéd by filtratioﬁ,f
| careibeing taken to_kéepvthe filtrate cold. The ether‘wés |
‘then:remoﬁed under réduced'pressure,bkeeping the flask éold,v
tq leave a white solid, benzonitrile‘oxide. \Y (éthanol)

max
1

2270 cm (—Czﬁ-a).Zl The benzonitrile oxide was dissolved’
'in cold ethanol (200 ml) and an ethanolic solution of

pyridine (14;0 g in 100 ml) was added. The solution, which
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turned yellow, was stirred for 2 h and allowéd to stand
qverhight. The volume of the'solution was reduced and
the resulting precipitate collécted by filtration.
Recrystallisation from ethanol afforded 3,6-diphenyl-

l;4,2,5—dioxédia21ne (3.1 g, 81%) as white needles,

57

m.p. 98-100°C (decomp.) (lit., lOO—lOlOC, decpmp.);

_ . . A . -1
Voax (pujol). 1338 (C-O-N.as.); 1615‘cm

6C(CDC13): 125.5, 127.1, 128.6, 132.6 (Arqmatic C);

(C=N) ;
162.4 (dioxadiazine ring C); m/e 238 (M+), 105, 103 (PhCN).
The absence of diphenylfuroxan was confirmed by h.p.l.c.

(alumina column, 20% CH,Cl,/80% CgHy, (25% H,0 saturated).

3.2 3,6—Bis(4-Methylpheny1)—l,4,2,5-dioxadiazine

_3,6—Bis(4-methylphenyl)—l,4,2,5—dioxadiazine was

prepared ih like manner from 4-methylbenzohydroximoyl

chloride in 68% yield, m.p. 167-168°C (decomp) (lit.,>’

- 167-168°C (decomp) ) ; Viax (nujol) 1340 (C-0-N as),
1 _

1610 cm = (C=N); 6C(CDCly): 21.5 (CHy); 122.7 (q);
127.1, 129.3, 143.25 (g aromatic C); - 162.7 (dioxadiazine
ring C). The absence of the furoxan was established by

h.p.l.c., as above.

4. PREPARATION OF 2[H]-1,2,3-TRIAZOLE-1-OXIDES

4.1 2,4,5-Triphenyl-1,2,3-triazole-1l-oxide

a-Benzilmonoxime was prepared from benzil after the

method described by Vogel.lés The product (81l%) was
isolated as a white powder, m.p. 130-132°C (1it.,'>1 137°%);
v (nujol) 1650 (C=0); 3390 (OH) cm *~; m/e 225 (M7).

max
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Benzil monoxime phenylhydrazone was prepared by a similar

method to that described by Geigy.152 Phenylhydrazine

(3.8 g, 0.035,mol) in ethanol (25 ml) was added dropwise

. to a solution of a-benzil monoxime (8.0 g; 0.035 mol) in
. ethanol (50 ml) over a period of 154ﬁ1n. The reaction
mixture was acidified with a 50:50 acetic acid/wdter
mixture (20 ml), stirred at 50°C for 2 h and left to stand
overnight. The solvent was removed to leave a red gum 
which after successive triturations with petrol (60-80)
gave the prqduct (61%), a yellowish solid, m.p. 168—170°C

151

(lit., 173-174%C). The oxime-hydrazone was confirmed

- by the>absence of a C=O absorption in the i.r., and by m.s.,

+

“m/e 315 (M').

v2,4,S—Triphenyl—l,2}3-triazole—l—oxide was prepared after

the method of Geigy.lsz To a solution of benzil monoxime

dphenylhydrazone’(S.O g, 0.016 mol) in pyridine (lQO ml),
copper sulphate (10 g, 0;040 mol) in water (70 mi) was
added dver'l-h.v The reéctibnvmixtﬁre was :eflﬁxed for

1% h,icobled, énd‘poured over crushed ice; the resulting
solid was extracted with toluene and dried over-cal;ium
chloride. The calcium chloride was filtered off and the
toluene evaporated to leave the produét_(2.2 q, 44%) which
Was'dissolved in ethanol and refiuxéd with charcoal for ¥ h
- and finally recrystalliéed from ethanol, m.p. lé?oc
(1it.,t°3

o . -1 _ ' .
169°C); Vax (nujol) 1590 cm (C=N) (Fgund:

CcC, 76.5; H, 4.9; N, 13.3. C20H15N 0 requi;es Cc, 76.7;

"H, 4.8; N, 13.4%).



| -109-

(Note: 1In repeated preparations of the above compound the
'red gum' formed in the preparation of benzilmonooxime phenyl

hydrazone was used without further purification.)

4.2 4,5-Dimethyi—2—phenyl-l,2,3-triazole—1-oxide

Diacetyl monoxime . phenylhydrazone was prepared from

diacetyl monoxime by the above methdd; the product (84%)

was isolated as yellow platelets, from ethanol, m.p.

154

- 154-156°C (lit., 158°C).  Absence of C=0 absorption

in the i.r. confirmed complete conversion to the hydrazone...

: 4;S-Dimethyl—Z-phenyl—l,Z;3—triazole?l—oxide was prepqred.
after the method of Geigy.152 - To a solution of diacetyi
monexime phenylhydrazone (9.6 g, 0.050 mol) in pyridine

(150 ml), copper sulphate (25 g, 0.10 mol) in water (250 mls)
was added over 1% h. The reaction mixture'Was refluxed for
' 1% h, coeled ana poured over ice. The resulting soiid was
extracted.with methyleﬁe chloride, washed wiﬁh water and
-dfied over calcium chloride, The methylenevchloride was
evaporafed and the resulting red:solid.was applied to an
alumina column, which on elution with methylene chlo;ide

" gave the product (6.7 g, 71%) as a yellow seiid. The

v product was dissolved in etﬁanol, refluxed with decolourising
chercoal and finaliy recrystallised from ethanol as white

" needles, m.p. 87-89°C (lit.,155

1595 (C=N) cmfl; 6C(CDC13): 7.6; 11.65, (2 x CH3); 122.6,

’ 20 .
-92-93 C)( Voax (nujol)

124.5 (q); 128.4, 129.0 (aromatic C's); 135.5 (q);

1A1;3(q). (Triazole-1l-oxide ring C's); m/e 189 (M+);

;CNNPh) .

strong peaks at 173 (M7, triazole) and 132 (M', CH
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5.  PREPARATION OF. 4, 5-DIMET>HYL-2—PHEN¥L—1 .2, 3;TRIAZOLE
‘- 4,5—Diﬁethyl—2-phenyl—1,2,3itriazole-1-oxide (20 g,
10.58 mmol) and triethyl phosphité (10 ml) were refluxed.
under dry nitrogen. The-deoxygenation was monitored by
h;p.l.c. (ODS silica c?lumn; methaﬁol/water (70:30)) and the
reaction stopped after 9 h when nearlylall the triazéle~§—
oxide'haa‘beeﬁ cqnsumed. The excess‘triethyl phosphite
was removed.by vacuumAdistillationiand the residue péured
" over cruéﬁed ice. . A few drops of dilute hydrochloric acid
were added and the ice allowed to-melt.. The mixﬁure'was'.
. extracted with ether and dried over anhydrous calcium.chloride
A yellow oil was isolated, after :emoval of the solvent, and
- was purified by column éhromatography{(A1203; CHZClz) and
vacuum distillation (75°C/0.01 mmHg) to yield a white solid,
4;5-dimethy1—2-phenyl-l,2,3-triazole (77%) m.p. 33-35%
it Y% 34-35%) . sH(cpcl,): 2.25 (6H, s, 2CH,); 7.15-7.95
(5H, m, ArH); 6C(CDCl,): 9.7 (2CHy); 117.8, 126.2, 128.9,
139;7_(Arg); 143.5 (triézole ring C); m/e 173_(M+), other

' peaks at m/e 182 and 91.

6. PREPARATION OF AUTHENTIC ADDUCTS

6.1 2-Isoxazolines

.The isoxazolines were prepared from the cycloaddition
of the corresponding alkenes to the nitrile oxide generated
in situ from the corresponding hydroximoyl chloride, either

by treatment with bases at or below room temperature, or by
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thermai dehydrochlorination. In addition to the usual
analytical evidence the structure of the 2-isoxazolines

was confirmed by 1H and 13C n.m.r. (Tables 2 and 3).

6.1.1 5—Butyl—3;(4-methoxyphenyl)—2-isoxazoline

4-Meth6xybenzohydroximoy1 chloride (2.0‘g, 10.78 mmol)
'ahd l-hexene were dissolVed in sodium dried xylene (70 ml)
and the reaction mixture heated to reflux (140°Cf. After
48'h evolution of the hydrogen chloride had.ceased and the
solvent was e&aporated to leave the product (2 4 g, 95%),
a brown solid, which was dissolved in chloroform and
refluxed with decolourlslng charcoal for 0.5 h "The
"chloroform was evaporated under reduced pressure.andu
54butyl?3—(4-meth0xy§henyl)—2—isoxazoline was isolated as
iAwhite plateiets, m.p. 82—849C, from ethanol/water (70:30)>
(71% recovered); (Found: .C, 71.9; H, 8.3; N, 6.0.

NO requires C 72.1; H, 8.2; N, 6.0%). v (nujbl)‘

o
max

14%19
1598, 1610 cm 1; m/e (%) 234 (15), 233 (87, M%), 177 (12),
176 (100), 148 (12), 147 (11), 134 (12), 133 (19), 121 (31),

“i924(12), 76 (19) .

~6.1.2 5-Dodecyl—3—(4—methoxyphen21)—2-isoxazoline

| 4-Methoxybenzohydrokimoyl chloride (6.70 g, 3.77 mmol)
was dissolved in a solution of l—tetfadecene (2.0‘g,.10.20 mmol)
in sodiﬁﬁ dried ether at -15°cC. Triethylamine (O.4l’g,’ o
3.77 mmol) was added and”thé reaction mixture:stirred for 24 h.
The triethylamine hydrochloride, formed.during the reaction,
waé filtered off and the ethé? evaporated tb leave a viscous
' éil. The o0il was applied to an alumina column which on

elution with petrol gave the unreacted tetradecene and the
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product (0.82 g, 63%), a white solid. 5-Dodecyl-3-(4-methoxy-

phenyl)-2-isoxazoline was isolated as white platelets, m.p.

97—98°C, frqm ethanol water (70:30) (63% recovered). (Found:

c, 76.6; H, 9.8; N, 4.0. C,,H,.NO

22H3gNO, requires'c, 76.5; H, 10.15;

N, 4.1%).

6.1.3 5-Dodecyl-3-phenyl-2-isoxazoline was prepared by the

above method. The triethylamine hydrochloride was extracted
with'water, and ether layer being dried ovef calCium chloride.
The drying agent was filtered off and the éther eVaporated’to
leave the product (89% yield), which was isolated as.white

107

platelets from ethanol, m.p._69—7l°C (lit., 69—70°C).

6;1.4‘ 3—(4—ChlorophenyD-%%dodecyl;Z—isoxézoline was
prepared by the above method. The product was appiied to
-'én alumina column which, on elution with peﬁrol, gave the
exceés unreacted tetradecene and the product (78%), a white

solid. 3—(4-Chlorophenyl)-5—dodecy1—2-isoxazblihe was

recrystallised from ethanol and isolated as a white powder,
m.p. 87°C (Found: C, 71.9; H, 9.4; N, 3.9. C, Hy,CINO -
requires C, 72.1; H, 9.2;_ N, 4.0%).

6.1.5 trans—4,S—Dicarbethoxy—3—phenyl-2—isoxazoliné was

prepared by the above method. The triethylamine hydrdchloride
‘was extracted with water and the ether layer dried over calcium
chloride. The drying agent was removed by filtration and the

ether evaporated to leave a yellow oil. The product (90%)
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was purified by vacuum distillation, b.p. 130°C/O.l mmHg

(1it.,%? 158-160°C/0.2 mmHg) ; v . (liquid) 1595 (C=N);
1

1740 (C=0) cm .

6.2 Urethahes, Ureas and Thioureas

The authentic urethanes, ureas and thioureas prepared
from the reaction of the corresponding isocyanate or

isothiocyanate with alcohols or amine respectively.

6.2.1 Ethyl phenylaminoformate was prepared from the

reaction of phenyl isocyanate and ethanol by'a similarx

method to that described by Hofmanh_'.ls6 The product (98%

yield), which was collected as a white solid, was purified

by distillation undef Vacuum, b.p. 75°C/O.l mmHg(lit.l57

157

152°/14 mmHg) ; m.p. 51-53°C (lit., 53°C) .

_6.2.2‘ N- Butyl—N'-phenylurea was prepared. from butyl
158

isocyanate and anlllne after the method of Boehmer.

The product (96%) was collected as white needles from,

ethanol, m.p. 128-120°C (Lit.,*>® 130%); v__  (nujol)
: ax

1654 (C=0), 3380 (N-H) cm ~; 6H(CDClz): 0.75-1.51

(7H,‘m, Alkyl H); 3.08 (2H, 4y, Jy, ca. 6Hz, J ca. 5Hz,

' NH CH
CH,); 6.50 (lH, t, J ca 6Hz, NH); 6.72-7.34 (5H, m, ATH);
8.31° (1H, s, NH); 6C(CDCl); 13.7 (CHy); 19.6, 32.0,
38.8 (3 x CH,); 117.65, 120.9, 128.65, 140.7 (ArC);

155.3 (C=0).
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6.2.3 g,g'-Dipheny1thiourea was prepared'from phenyl

isothiocyanate and aniline. Phenyl isothiocyanate
(1.1 g, 8.15 mmol)was dissolved in dry ether (25 ml).-
An ethereal solution (25 ml) of freshly distilled aniline

(1.5 g, 16.3 mmol) was added and the reaction mixture

stirred for 12 h. The product (18 g, 97%) which precipitated

out of solution was filtered off and recfystalliséd'from

159

ethanol, m.p. 154-156°C (lit., 153°C); v (nujol) 1348,

max
1380, 1550, 1605, 3210 (N-H) cm ¥; m/e 228 (M7).

' 6.2.4 '§¥Benzoyl—9—methylhydroxylamine .

’Potassium benzohydroxamate (21.7 g, 0.12 mol), methyl
_iOdide (21.3 g, O.lSUmol) and anhydrous sodium carbonaté.
(6 g) were dissolQed in a methanol/water (3:2) solution
(500 ml) and the reaction mixture stifred, at room temperature,
for 64 h. » After'évaporation of thé methanol the residue wés
acidified with 12M hydrochloric acid. The aqueous’Solutionv:'
:ﬁas then e#tracted with,éhioroform and £hé extracts washed
withné 10% w/v solution of.sodium bicarbonate. | Theipfoduét
was then extracted with 6M sodiumrhydroxide (any dialkyl
benzohydroxaﬁaﬁe formed in the reaction réﬁains in the |
chloroform). The combined sodium hydroxide extracts were' 
égidified with 12M hydrochloric acid and the aQueous»extracted_
with chloroform, dried‘ovér calcium chloride, filtered and the
sQiVent evaporated to leave a yellow oil. E—Benzoyl—g—

methylhydroxylamine (5.5 g, 30%) was purified by‘columh
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chromatography (A1203; ether).and vacuum distillation |
(b.p.‘lOSOC/O;l mmHg) . GH(CDCl3): 3.70 (3H, s; C§3);
7.15-7.80 (5H, m, ArH); 11.20 (1H, s, NH); 6C(CDCl,):
5}; 166.1 (C=0); m/e (%)
151 (M", €8), 105 (Phco, 100), 77 (80), 51 (28).

63.8 (CHJ0); 127.0, 128.2, (CgH

6.2.5 Methyl phenylaminoformate was prepared by a similar

method. to that described by Hoffmann.160 A few drops of

' triéthYlamine were added to a solution of phenyl isocyanaté
_(5.0bg, 0.04 mol) in dry methanol (25 mi) and the solution
sﬁirred for 12 h.'.'The excess methéﬁol was e?apo:ated and
thé»residue distilled, in vacuo, (80°C/0.05 mmHg) to .give
the pfoduct (6.0 g, 95%), a white solid, m.p. 45-479C

160

(1it., %% 47°).

ra
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7. - FLASH VACUUM PYROLYSIS (FVP) - APPARATUS AND GENERAL
METHOD '
The furnace consisted of a horizontal silica tube
(36 cm by 2 cm i.d.)vwith B24 sockets at each end. The
central region was packed with 6 cm lengths of silica tube
(7 mm o.d., 5 mm i.d.) and the whole was heated by a Stanton
Redcroft Horizontal Furuace, No. 810 (Range O-lGOOOC),Awhich;
gave a unlform hot zone in excess of 35% of the overall
1ength. _ Temperatures were callbrated agalnst a Pt/Pt—l3%Rh
thermocouple situated in the central zone. Samples were
uolatilised into the furnace from one of two inlet systems:-
(1) a horizontal gquartz teat.tube '(B24 cone, 2 cm o.d. by
iO cm) which was-heated by.a Blichi Kugelrohr oven; (2) a
horiéontal quartz tube (B24 cone, 2 cm o.d. by 10 cm) with
-a side arm (overall length 5 cm to a B10 cone) to which
. velatiie samples could be attached and frozen untii tﬁe
'furnace had reached the de51red temperature. The exit
from the furnace was usually -lagged with alumlnlum foil to
reduce heat loss and premature condensation of relatively
involatile products. Pyrolyeis products were condensed
"in a liéuid nitroéen trap, and the pressure recordea by

-3

an Edwards Speedivac gauge, model B4, (range'i-lo mmHg);

The vacuum source consisted of an Edwards Speedivac rotary
vacuum pump (ED1OO). Fig. 10 gives a schematic represent-

~

ation of the apparatus used.



Fig. 10 FVP Apparatus used in Pyrolysis Experiments
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All compounds were pyrolysed onto a co—reacﬁant-or an
‘inert éolveht. In mostvcases, where the co-reactant or
solvent was low boiling (< 110°C) it was distilled directly
into the cold trap at room temperature by simply applying
the Qacuum; If on the other hand the co-reactant was
relatively high boiling it was distilled from the inlet
system containing the side arm, through the furnace which
was at a temperature of lOOOC, into the cold.trap. Care
was taken to exclude moisture from the system by purging
the apparatus with dry nitrogen and by uée of co-reactants
and solvents which had previously been distilled and dried.
The material to be pyrolysed was then distilled into the
 furnace and.the pyrolysate trapped onto a layer of co-reactant
ana solvent; a further layer of co-reactant and solvent was
distilled into the t;ap to form a "sandwich". Finally, thé
';reACtion was ailowed to warm to room temperature,.under ary

nitrogen.
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. 8. FLASH VACUUM PYROLYSIS (FVP) of 3,4-DISUBSTITUTED

_ FUROXANS - GENERATION OF NITRILE OXTIDES

The furoxans were pyrolysed at various'temperatures,
(450-800°C), thé products of the pyrolysis being condensed‘
intb a cold trap (—196°C), which contéinéd‘either an inert
solvent or a co-reactant which, on subsequent warming to.
room temperature, would undérgo a 1(3—aipolar4cycloaddition

with any nitrile oxide formed during the pyrolysis.

8.1 Preparation Qf 2-Isoxazolines from the Cycloaddition

of Nitrile Oxides to Alkenes ) .

- 8.1.1 trans—4,S—Dicarbethoxy—3-phenyl—2—iéoxazoline

3,4-Diphenylfuroxan (0.5 g, 2.10 mmol) was

sublimed  (120°c/10™ >

mmHg)‘and the vapour pYrolysed,at'4SO°C.
The pyrqusate éondensed intb_a cold trap (4196°C5 containing
diethyl fumarate (0.8 g, 4.65 mmol) in'toluene_(S ml). The
reaction mixture was alloWed to warﬁ to room‘temperature énd the
: resultiné,soiﬁtionlexamined by i.r.; benzonitrile oxide was
identified by the characteristic -C=N-0 absorption‘at
Vmax = 2281 cm_l andAitS subéequentﬂdisappéarancé was monitored
by i.r. The toluéne was evaporated and t.l.c. inveétigatioﬁ
of_the residue éhowed the isoxazoline to be the sole préduct.
t:ans—4,SFDicérbethoxy—34pheny1—2—i§oxazoline (1.0 g, 3.44 mmél,
82%) was isolated as a colourless liéuid b.p.‘l32°C/O.l mﬁ Hg

(lit.42 158—1600/0.2 mmHg) on distillation of the residue.

",

ey
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Vooy (liquid) 1595, 1740 em . I.r. and 3¢ n.m.r. spectra

were indistinguishable from those of the authentic isoxazoline.

8.1.2  5-Butyl-3-phenyl-2-isoxazoline

.3,4-Diphénylfuroxan (0.5-g, 2.10 mmol) was sublimed

and the vapour-pyrolysed at 550°C/ v 10—3 mmHg . The.pyrolysate

condensed into a cold trap (—196°C) cOntaining‘l-hexene (2.0g,
23.8mmol) in dry ether. After warming to room temperature the.
solvent and unreacted l-hexene were evaporated to leave the

product (0.83 g, 4.09 mmol, 97%), which was isolated as white

platelets from ethanol, m.p. 40-41°C (1it.®l 41°);

rs

(Found: C, 76.7; H, 8.4; N, 6.7. C13H17N0 requires C, 76.85;

H, 8.4; N, 6.9%). lH and 13C n.m.r. data in Tableé 2 and 3.

8.1.3 5—Butxl—3?(4—methoxyphenyl)-2-isoxazoline

3,4-Bis (4-methoxyphenyl) furoxan (0.3 g,-l;Ol mmol)

was pyrolysed at SOOOC/ N lO_3 ramHg. ‘The pyrolsate condensed

onto l-hexene (2 g, 23.8 mmol). The productA(0.35 g, 1.50 mmol,
75%) was isolated as white platelets from ethahol/watef mixture,
m.p. 85°¢ (m.p.vof authentic material prepared in 6.1.1

13

(82-84°C). Its i.r.;'lH and C n.m.r. spectra were

indistinguishable from those of the authentic isoxazoline.
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8.1.4 5—Dodecyl—3-(4-methyiphenyl)—2—isoxazoline

3,4—Bis(4—methy1phenyl)furoxan_(0.2 g; 0.75 mmol)
3

wés sublimed (ilOOC/lO_ mmHg) and the vapour pyrolysed at
SOOOC._ The pyrélysate condensed into a cold trap containing
l—tetradecene.(l.s g, 0.75 mmol) in éther (5 ml). Aftef
warming to room temperséure the reaction mixture was examined
by t.l.c. (A1203; pet. ether (40-60)); this demonstrated
that only two components were present, unreécted l-tetradecene
énd the desired isoxazoliné. The ether wa; removed, the =
residue triturated with pentane and the product (O.38,

1.16 mmol, 77%) was éollected, and recrystallised'from
methanol, m.p. 75-77°%C (1it.,*1% 75-77%) (founa: c, 80.1;

H, 10.8; N, 4.1. C,,H . NO requires C, 80.2; H, 10.6; N, 4.3%).

1

I.r.and "H n.m.r. spectra were indistinguishable from those of -

authentic 5—dodecyl-3f(4—methylphenyl)—2—isoxazoline..

8.1.5  5-Butyl-3-(4-chlorophenyl)-2-isoxazoline

3,4-Bis (4-chlorophenyl) furoxan (O.30 g, 0.98 mmol)

was pyrolysed at 600°C/ ~n 10“3

mmHg, the pyrolysate being
condensed onto 1-hexene (10 fold excess) in the cold trap.
The reaction mixturé, oh examinatioh by hplc using a silica
| colqmn (20% HZO saturated) eluting with 20% methylene
chloride/80% n-hexane (20% H20 saturated); was found to'
cohtain a trace of unreacted furoxan and the product.

The solvent was evaporated and the crude p:dduct applied to

a silica column which, on elution with methylene chloride,
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gave the product (0.42 g, 1.76 mmol, 90%) a white solid.

5-~Butyl-3-(4-chlorophenyl)-2-isoxazoline was isolated as white

needles, m.p. 73-?4°C from a methanol/water mixture. (Found:
c, 65.5; H, 6.8; N, 5.8. C,3H, (CINO requires C, 65.7;

H, 6.7; N, 5.9%).

-8.1.6 5-Butyl-3-methyl-2-isoxazoline

3,4-Dimethylfuroxan (0.3 g, 2.63 mmol) was
pyrolysed at 600°C, the pyrolysate being condehsed_onto
l-hexene (4.4 g, 52.6 mmol). T.l.c. anélysis (A1203;
ether/petrol, 1:1) of the reaction mixture indicated that
‘thevfu;bxan had been consumed and a product formed. The
solvent was éfaporatéd and the resulting oil appiied to
an alumina column which, on elution with ether/peﬁrol (1:1),
gave the-prdduct (0.58 g, 4.16 mmol, 79%) a vellow oil.
v_5-Butyl—3-methyl—2—isoxazoline was distilled under vacuum;
H,.NO

8715
requires m/e 141.115358); m/e (%) 141 (30, M+),'85 (14),

b.p. 40°C/0.02 mmHg. (Found: M', m/e 141.114942 C

- 84 (106), 57 (23),56 (94), 55 (23), 42 (16), 41 (32).

8.1.7 5-Butyl-3-ethyl-2-isoxazoline

3,4—DiethYlfuroxan (0.4 g, 2.80 mmol) was pyrolysed

athSOOC, the pyrolysate being trapped onto l-hexenez (10 fold
excess) . After warming to room temperature the excess l-hex-
ene was evaporéted to leave alyellow liquid which on vacuum
distillation yielded the product (0.83 g, 5.38 mmol, 96%)
b.p.'450C/O.Ol mmHg. (Found:uM+, l55;13l48;,-C9Hl7N0 requires
155.131007) ; m/e (%) 155 (20,3M+), 98 (38), 71 (15), 70 (lOO),.

46 (14), 41 (32), 40 (24).
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H NMR of 2-Isoxazolines

4-CH,0C H,

377674

4CH.,C_H

64

4C1C_H

4CH_O.C_H

479"

479

Ci2H55

7.32(2H,d,J8Hz,ArH); 7.58(2H,d,J8Hz,

J 1onJHB); 3.80(3H,s,0Me); 4.5-4.8

0.8-1.9 (9H,m,alkyl H); 2.93(1H,q,J,
16.5Hz, J, 8.5Hz,Hy;  3.38(lH,q,
JAB l6.5Hz, JBC lO.SHz,HB); 4.5-4.8
(1H,m,Hc); 7.2-7.7(5H,m,ArH).

0.8-1.9(9H,m,alkyl H); 2.90(1H,q,JAB
lGHz,JAC 8Hz,HA); 3.35(1H,q,JAB 16Hz,
JBC lOHz,HB); 3.80(3H,s,0Me); 4.5-4.8
(1H,m,Hc); 6.89(2H,d,J10Hz,ArH); 7.60

(2H,d,J10Hz ,ArH) .

0.55-1.8(9H,m,alkyl H); 2.33(3H,s,Me)s]
2.78(1H,q,J,, 16Hz,J, . 8Hz,H,); 3.24
(1H,q,JAB lGHz,JBC 1QHz,HB); 4.4-4.7
(1H,m,Hc); 7.08(2H,d,J8Hz,ArH); 7.42
(2H,d,J8Hz ,ArH) .

0.8-1.9(9H,m,alkyl H); 2.88(1H,q,J,p
16Hz,J,. 8Hz,H,); 3.33(1H,q,J,g 16Hz,
JBC 1OHz,HB); 4.6-4.9(1H,m,Hc) ;

ArH) .

0.8-1.8(25H,m,alkyl H); 2.88(lH,q,J,

lGHz,JAC 8H2,HA); 3.35‘1H,q,JAB 16Hz,

BC .
(l1H,m,Hc); 6.89(2H,d, J10Hz,ArH):;

7.60(2H,d,J10Hz,AxH).
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4C1-C_H

CH

H

C12H55

479

0.8-1.9(25H,m,alkyl H); 2.88(1H,q,J,,
16Hz,JAC 8Hz,HA); 3.33 (lH'q'JAB 16Hz,
ch lOHz,HB); 4.6-4.9(1H,m,Hc); 7.32

(2H,d,J8Hz ,ArH) ; 7.58(2H,d,J8Hz ,ArH) .

0.88(3H,t,J7Hz,CH3)},1.28—1.66(6H,m,
Alkyl-CH,); 1.96(3H,t,J 0.98Hz,CHj) ;
2.52(1H,d of‘qf JAB-16.8HZ,'JAc 8.2Hz,
In_cy 0-98Hz,Hy); 2.94(1H, 4 of q,

BC 10.2Hz,J 0.28 Hz,

J.. 18.8Hz,J B—CH
4.46-4.54 (1H,m,Hc)

AB
H 3

B)?
CH;); 2.33(2H, q, J8Hz,CH2);'2.54
(14,q,J 16Hz,J, . 8Hz,H,); 2.98(1H,q,

AB C

JBC lOHz,HB);-4.3—4.65(1H,m,Hc).
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Table 3. C NMR of 2-Isoxazolines
3 4
R—/}—CH
e\
2N SCH (CH)CHy
10
R g | ¢ || R - () _cH,
ClHg, n=3 | 156.1[39.7 |81.2 |126.3; 128.4; | 13.7; 22.3; 27.4;
129.6 34.8
4~CH,0-CH, | 155.8 | 40.0 | 81.0 | 55.1(0CH,) 13.8; 22.3; 27.5;
n=3 113.8; 132.3 | 34.8
' 127.85; 160.7
4-cH,~CH, |156.2{39.9 |81.15| 21.2(cH,); 13.8; 22.4; 27.5; .
' (ne3) 126.4; 127.0; | 34.9
' 129.2; 139.9 |
4-Cl-C(H, |155.3 [39.6 |81.7 |126.8; 128.35;| 13.8; 22.4; 27.5;
n=3 S 127.6; 135.6 | 34.85
4-CH,0-C(H, | 155.8 |40.1 |81.1 | 55.2 (0cH,) 13.9; 22.5; 25.45;
(no11) | |133%e; 13205, | 29.2; 29.4; 29.5;
127.9; 160. 4 31.8; 35.2
4-Cl-CH, |155.3 {39.7 |81.7 [127.7; 128.4; | 14.0; 22.55; 25.4;
=11 ° - 128.8; 135.7 | 29.25; 29.4; 29.5;
31.8; 35.2
CH,, n=3  |154.8 |43.4 [80.0 |12.9 13.6; 22.2; 27.4;
34.6
CH,, n=3 [159.5 |41.6 [79.8 |11.0; 2.1 13.6; 22.2; 27.4;
34.85 '
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8.2 Preparation of Isoéyanates via the Reaction of

Nitrile Oxides with Sulphur Dioxide

The technique made use of the known conversion of
furoxans into the corresponding isocYanates Xié the cyclo-
addition of the nitrile oxide, generated from the FVP of
the furoxan, to sulphur dioxide to form 5-substituted-

1,3,2,4-dioxathiazole-2-oxides which on heating decompose .

to yield the desired'isocyanéte and sulphur dioxide.

L - ) - ‘ ' :

o o - o : _

RC=N—-0 + 502‘;:; R—77—-% _— RN—Q—O ‘+ 502
N, _s=

0o : -
~o” |

General method: Sulphur dioxide was dried by passing the gas

- through a calcium,chloride drying tower. The dry sulphur
'_didxide was dissolvéd in sodium dried toluene (ca. 5 ml) and
' the mixture co-distilled into a cold trap'(-l96°C). The furoxan

3 mmHg) and the pyrolysate

was then pyfolysed (SOO—GSOOC at 10~
condensedvin the cold trap. A further layef of dry sulphur
‘dioxide was condensed into the trap, to fofm a "sandwich", and
the reaction miktﬁte allowed to warm to roomvtémperature.

Dry toluene (ca. 50 ml) was added and the reaction mixture'
‘refluxed for 1-2 h. Any remaining sulphur dioxide was then
removed by passing dry nitrogen through the solution and

~ the presence of the isocyanate was established by g.l.c..and/or

reaction of the isocyanate with aniline or ethanol to form the

urea or urethane respectively.

Y.,

=t
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' 8.2.1 Phenyl Isocyanate

3,4-Diphenylfuroxan (0.33 g; 1.39 mmél) was

sublimed and the vapour pyrolysed at SOOOC, the pyrolysate
being trapped onto sulphur diokide. G.l.c. analysis

(10% SE 30, llOOC) on»l/10th reaction mixture, using
freshly distilled nitfobenzene as internal standard,

_ ihdicated the preéence of phenyl isocyanate (2.59 mmol,
93%). Dry ethaﬁol (10 ml) and triethylamine (5 drops)
wefe’added to the remainder of the reaction mixture and
the solution was.stirred for 24 h. The excéss ethanol
and the solvent were evaporated and the residue diStilLéd
under vacuum to give the product, ethyl phenylaminoformate

157 53°C).

1 (0.34 g, 2.09 mmol, 75%) m.p. 42-44°C (lit.
. The i.r. spectrum was identical with that of authéntic
ethyl phenylaminoformate and its purity was confirmed by

.t;l.c.

8.2.2 (4—Methylpheny1)isocyanate

3,4-Bis (4-methy lphenyl) furoxan (0.50 g, 1.86 mmol)
was pyrolysed'atHSOOOC ca 10_3‘mmHg, the pyrélsate being
,trapﬁea ontb dryvsulphﬁr dioxide. After refluxing'in toluene
‘the presence of thé isocyanate was éstabliéhed‘by i.r.,
V oy (toluene) 2250 cm” ! (N=C=0). G;l.c._analysis (10%
SE 30, lSOOC) on l/lOth reacfion mixtﬁre, usihg freshly

distilled ethyl benzoate as internal standard'indicated the

presence of 4—methylphenyl.isocyanate (2.83 mmol, 76%).
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Freshly distilled aniline (excess) was added to the remainder
of the -reaction mixture and the solution left for 12 h..

. ]
N-(4-methylphenyl)-N -phenyl urea (0.54 g, 2.64 mmol, 71%)

which precipitated from the reaction mixture, was filtered

.-off and recrystallised from ethanol, m.p. 221-222°C (lit.,157

. o) - ' )
226 C). (Found: C, 74.2; H, 6.2; N, 12.2. C14H14N20

requires C, 74.3; H, 6.2; N; 12.4%); m/e 226 (M+).

8.2.3 (4-Methoxyphenyl) isocyanate

3,4-Bis (4-methoxyphenyl) furoxan (0.20 g, 0.67

mmol) was pyrolysed at SOOOC/lO_3 mmHg the pyrolysate heing

4trapped'onto dry sulphur dioxide. After warming to roem

temperature the reaction mixture was examined by i.r. v
110

max

(toluene): 2460, 1300, 1125 (S0,); 2265 (C=N of isocyanate);

1243 (characteristic absorption (1240-1260 cm_l) for
';S-Substituted-1,3,2,4—dioxatﬁiazole—2—oxides)138 cm—l. The
solution was heated to refluannd the aecomposition of
5—(4-methox?phényl)-1,3,2,4edioxathiazole-2-exide was monitored -
by.i.f; The intensity of the abserptlon at 2265 cm T - |
'iﬁcreased'ahd that at 1243 cm_1 decreesed, indicating'decem-
positioh of the dioxathiazole-2-oxide withilose.of sulphur
aiogide and rearrangement to (4—methoxyphenylﬁSocyanate.
‘After the reaction had been refluxed fer 12 h, freshly
distilled aniline was added and the,solution stirred for‘.

24 h. The solvent was evaporated under reduced pressure

and the re51due recrystalllsed from an ethanol/water mixture
te give g-(4-methoxyphenyl) N'—phenyl urea (0.31 g, l.27»mmol,

95%) m.p. 186-188°C (1lit., 62 ig6-190°C).
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8.2.4 Butyl isocyanate

3,4-Dibutylfuroxan (0.30 g, 1.52 mmol) was pYrolysed

at 600°c/1073

.mmHg the pyrolysate being trapped onto dry sulphur
dibxide. H.p.l.c. analysis of the reaction mixturei(A1203;'
O saturated)) showed that all the

" 35% CH C12/ 65% hexane (25% H

2 2
furoxan had been consumed. The solution was then heated to
reflux for 3 h and on cooling the presence of butyl isocyanate

1

was established by i.r. [v (toluene)_2260,cm_

max ].‘ Aniline

was added to the reactién mixture and the sblutién,stirred for

12 h. The toluene was evaporated and sodium dried ether

added to precipitate the produét (0.31 g, 1.85 mmol, 61%).

The proauct was dissolved in chloroform and refluxed with
deéolourising charcoal for 30 min, hot filtered and‘recrystallised
- from chloroform/pentane. g—butYl—gF—phenyl urea was collected
 as white needles, m.p. 128-129° (lit.,158 130°C)._ A mixed
‘m.p. with aﬁthentic N-butyl-N'-phenyl urea was determined:
m.p.1128—129°c., The i.r. spectrum of the prodﬁct was identical

with that of an authentic sample.

8.2.5 Methyl isocyanate

3,4-Dimethylfuroxan (0.65 g, 5.70'mmol) was

pyrolysed at 550°C, the pyrolsate being trapped onto dry
sﬁlphur dioxide. After réfluxing the reaction mixture

for 3 h freshly distilled aniline (4 ml) was added and the
solution refluxed for 10 minutes. §4methyl—§'—phenyl urea
(0;93, 6.16 mmol, 54%) precipitated from the solution on

cooling and was isolated as wh}te platelets from ethanol,
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m.p. 149-150°C (1lit.,'®3 151-152°%). (Founda: c, 64.2;

H, 6.7; N, 18.6. 8 lONZO requires C, 64.0; H, 6.7;

N, 18.7%); v___ (nujol): 1650, 1700 (C=0); 3309, 3360

(N-H) cm-l.A

The toluene was evaporated from the filtrate and the

residue distilled under vacuum to give a yellow liquid

3 (25% H20

O sat.)) of the

(40°C/0.05 mmHg) . H.p.l.c. analysis (AlZO

saturated); 25% CH C12/75% hexane (25% H

2 2
distillate (1.12 g) using 3,4-diphenylfuroxan as internal
standard indicated the presence of 3,4-dimethylfuroxan
(0,85 ﬁmol, 15%)._' Therefore, the yield of N-methyl-N'-
phenyl urea, baéed on the amount of furoxan consumed during
the éourse of the.reactiqn is 74 mol.%; In a»parallel
experiment the presencé of methyl isocyénate was established .
1 .

byvi;r. vmax (toluene) 2270 cm .

8,2.6 -Isolation of Acetohydroxamic Acid from the Hydrolysis

of 5-Methyl-1,3,2,4-dioxathiazole-2-oxide

. 3,4-Dimethylfuroxan (1.0 g, 8.77 mmol) was

pyrolysed at.SSOOC, the pyrolysatevbeing trapped.bnto sulphur
dioxide. - Ether was added and the reaction mikture shaken
vigorously. A few drops of the reaction mixtﬁfe were appiied
to a piece of filter paper saturated with aqueous ferric
chloride. An intense pdrple colour formed indicating the
presence df the hydroxamic acid. . The solvent was then
_evaporated to dryness and-the resulting yellow oil tritﬁrated
with pentane to give acetohydroxamlc acid (O. 80 g, 10.7 mmol,

le4d

61%) m.p. 89— 91°%C (1lit., 89 292 °c).
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- 8.3 Generation of Phenyl Isocyanate from the FVP of

3,4-Diphenylfuroxan in the Absence of Sulphur

Dioxide

8.3.1 FVP of 3,4-Diphenylfur6xan at 550°C

3,4-Diphenylfuroxan (0.30 g, 1.26 mmoi) was

pyrolysed in the usual manner, the pyrolysate being trapped
onto l-hexene (ca. 2 g). Examination of the reaction

mixture by g.l.c. (10% SE 30, lOO—230°C) indicated:that less
than»O!OS mmol phenyl isocyanate was formed during the pyrolysis.
" The solvent was evaporated to leave as the major product A
5—buty143—phenyl-2-isoxazoline (0.5 g, 2.47 mmol, 98%) whiéh
was isolatea'as white platelets from ethanol, m.p. and mixed
m.p. 4Q—4lOC. The purity of the isoxazoline was:confirmed
by peak enhancement on h.p.l.c. (A1203, 25% HZO saturated;

- 25% CH

2

C12/75% Hexane (25% H2

O saturated)).

8.3.2 FVP_of 3,4-Diphenylfuroxan at 700°C
3,4-Diphenylfuroxan (0.30 g, 1.26 mmol) was‘
pyrolysed in the usual manner, the pyrolysate being condensea
onto i—hexene (ca. 2.0 g). G.l.c. analysis (10% SE 30,
lOOOC) of the reacﬁion mixture, using standard solutions of
aﬁthentic phenyl isocyanate to calibrate the column, indicated.
the presence'bf phenyl isocyanate (0.1l mmol, 4%) G.l.c.
analysis using diphen?l ether as internal standard demonstraﬁed
the presence of 5—butyl—3-phenyl—2-iso#azoline'(2.4 mmoi, 95%).
On work up the isoxazoline wa§ isolated as white plateleté

from ethanol, m.p. and mixed mfp. 41-42°C.
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8.3.3 FVP of 3,4-Diphenylfuroxan a£ 800°c

The furoxan (0.31 g, 1.31 mmol) was pyrolysed
as above. However, at this temperature the pyrolysis
proceeded.with considerable charring. G.l.c. anaiysis
(ld% SE 30, 100-230°C) qging diphenyl'ether as internal
standard indicated the presence of phenyl isocyanate
(0.97 mmol, 37%) and 5-butyl-3-phenyl-2-isoxazoline

(0.71 mmol, 27%).

8.4 - Pregaration of Phenyl Isothiocyanate wvia the Reaction

of Benzonitrile Oxide with N,N -Dimethylthioformamide

Y

R 3,4-Diphenylfuroxan (0.4 g, 1.69 mmol) was

sublimed and the vapour pyrolysed at 550°C at 10—3 mmHg,

- the pyrolysate being trapped onto g,g—dimethylthiéformamide
(1.5 g, 1.69 mmol) in dry ether (ca 2 ml). The solﬁtioﬁ
‘was allowed to warm to room temperature and after standing
for 3 h the reaction mixture’was_exémined by i.r. The i.r.
‘spectrum clearly demonstrated the présence of phenyl isothiof
cyanaté (2050 cm™Y) and the co-product N,N-dimethylformamide

1 (c=0)). Freshly distilled aniline was added and

(1685 cm
the reaction'mixtuie stirred for 24 h;  the disappearance of
the isothiocyanate.was monitored by i.r. spectroscopy.
E}g'—Diphenylthiourea (0.38 g, 1.66 mmol, 49%) précipitated
from the solution and was isolated as white platelets from an
ethanol/water mixture, m.p. 152°¢ (lit.‘,164 153°C). The i.r.

spectrum was indistinguishable from that of authentic N,N'-

diphenylthiourea.
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13 1

Table 4. C, Hn.m.r. and i.r. spectra of Acetonitrile
‘oxide and Dimethylfuroxan
3¢ numer. (ppm) Y n.m.r. (ppm) | I.rx. (cm )
2 1 _ ; |
CH,~C=it 0.8(C,); 35.6(t, 2.26 (C,) 2280(~C=N)
- Jgv48 Hz, C;) | 1300(X=0)
A 3 2 1 . . :
CH3'. : CH3 6.9(C,); 10.5(C,) 2.21 (Cy) 1615 (C=N)
o N;/ \(N+_O~ 112.7(C;) ; 154.4 2.40 (C;) |
N7 | )
Table 5. ‘Summary of the main features of the 13C and 1H n.m.r.
' ' ' spectra of Propionitrile Oxide and '
Diethylfuroxan
13C n.m.x. (ppm) lH n.m.r. (pgm)
3.21, | S
CH,CH,C=N 11.0(C,,Cy) 5 - | 1.30(3H,t,J 7.5Hz,C,)
39.1(t,J4v42Hz,C;) 2.61(2H,q,J 7.5Hz,C,)
6 5 4 3 2 1 ' : ' : -
CH3CHZ-/7 - S{CH2CH3 9.5(C6); lO.G(Cl)'; ‘ 1.18(3H,t,J 7.5HZ,C6)
N § ‘15.7(C5) ; 19.O(C2); l.30(3H,t,J 7_.5HZ,C1)_
\O/_ - 116.5(C,) ; 158.5((_:'3) 2.55(2H,q J '7.5Hz,c5)
’ 2.71(2H,q J 7.5Hz,C,)
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9. SPECTROSCOPIC EXAMINATION OF ALIPHATIC NITRILE OXIDES

9.1 Acetonitrile oxide is conveniently prepared by FVP

of dimethylfuroxan. 3,4—Dimethylfuroxah (0.5 g, 4.4 mmol)
~was pyrolysed at GOOOC,tﬂuapyrolysate being condensed onto
deuterochloroform (gg. 2 ﬁl) at -196°C. A second layer of
vdeuterochioroform was distilled into the trap to form a
"sandwich". After warming to -78°%c (cafbon dioxide/acetone..
slush bath), under dry nitrogen; the resulting solutien of
acetonitrile oxide was transferred to several n.m.r. tubes.
These_tubes were then stored at -78°C and the 1H and 13C
n.ﬁ.r. and i.r. spectra recorded. . The spectroscopic date

of acetonitrile oxide along with that of dimethylfuroxan

is summarised in Table 4.

9.2 Slmllarly proplonltrlle oxide is readily prepared by FVP

of 3, 4- -diethylfuroxan at 600°C. The lH and 13C n.m.r. data

'for propionitrile oxide and 3,4—diethylfu:oxan'are summarised

in_Table 5.

10. 'DIMERISATION OF ACETONITRILE OXIDE TO.3, 4—DIMETHYLFUROXAN

Acetonltrlle oxide solutlons, in CDCl3, were prepared by

_the FVP of dlmethylfuroxan, as above. It was observed, by

both i.r. and 1H n.m.r. that the dimerisation took several

hours to reach completion. More specifically, the dimerisation
was folloWed by monitoring the disappearance of the Ve,
adsorption band (2280 cm—l) of the nitrile oxide, and the

~ appearance of the v adsorption (1615 cm-l) of the furoxan

C=N
(Fig. 11). 051ng lH n.m.r. the dimerisation was monitored by
replacement of the n.m.r. 51gnal at 6 2. 26 by two 51nglets at

§ 2.21 and § 2.40. On the addition of 1,4-dioxan, as an internal
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Disappearance of Acetonitrile oxide (2280 cm ) and appearance of Dimethylfuroxan (1615 cm-1)

11

Fig.
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'_standard, to an n.m.r. tube containing acetonitrile_oxide,

- it was possible to demonstrate that the dimerisation followed

>0 Excellent linearity

- the expected second order kinetics.
~ when . the reciprocal of the integral for dimethylfuroxan was

plotted against time.

Determination of the Second Order Rate Constant for_theA

Dimerisation of Acetonitrile Oxide to Dimethylfuroxan at

23%

'The determination of the second order rate constant wég
carried out using lH n.m.r. spectroscopy. A 100 MHz spectrométér
using a-sweep widthAof-250 Hz, was used. It was.decided to
mohitor the a?pearanée of the furoxan rather thén the disappearanc
. of the,nitrile oxide as the integral.of the singlét at 2.40 &
(fueran) could be measured more accurately thanvthe singlet at
'2.26 & (nitrile oxide). - 1,4-Dioxan (singlet, 3.75 §) was

used as an internal standard.

Determination of the Number of Moles of Dimethylfuroxan in
Solution |
Dioxan (10.0 + 0.2 ul) was added to each of seven n.m.r.
iubes and varying amounts of dimethylfuroxari- added. . The
vélﬁme of each ﬁube was made ﬁp to 0.50 + 0.005 ml.- A_plotv
of the ratio of furoxan to dioxan integrals'versﬁs.the-number
of moles of furoxan, for each tube, gave a straight line.
Therefore,-assuming the dioxan concentration to be coﬁstant,
for a given ratié of furoxan:@}bxan, the nﬁmber of'moles'of |
-dimethylfuroxan in solution atﬁany time during the courée 6f

the dimerisation, could be determined.
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Table 6. Moles of 3,4 Dimethylfuroxan formed in Dimerisation

of Acetonitrile Oxide

Tempefature/oC: 23 + 0.5

F- = 3.48 x 10 4 mo1

o«

The experimental results are summarised in Table 6.

. . Furoxan Moles of F - F 1 1
time/min : Dioxan , ?iriggg) (x 10i4) . i: ;24)
e ~ 0.348 | 1.13 2.35 0.43
5 | 0.398. 1.29 2.19 0.46
10 0.428° | 1.30 2.00 | o.48
15 0. 485 1.57 S 1.91 0.52
20 0.473 ©1.53 1.95 0.51
25 0.517 1.67 | 1.81 . 0.55
30 - 0.538 1,74 1.74 0.58
35 | 0.619 2.oo  b 1.48 0.68
40 0.619 | 2.00 1.48 0.68.
45 0.637 | 2.15 1.33 ©.0.75
'so'_ | 0.678 | 2.20 1.28 0.78
55 0.688 - 2.23 1.25 ' 0.80




1:'13.,12 Plot of l/[Dimet:hylfuroxan]'vs time; determination of 2nd Order rate constant
for rate of dimerisation of Acetonitrile Oxide to Dimethylfuroxan

1
[Furoxan]

1o‘mol'1

10 - 20 ' 30 - 40 50 60
time (min)

14
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- A solution of acetonitrile oxide (CbCl3) was7prepared
from the FVP of dimethylfuroxan (0.5 g, 4.39 mmol)-at 650°¢C
 as above, the solution being stored at -78%%C. | Dioxan
-(10.0 nl) was added to an n.m.r. tube, 0.50 ml of the
-acetonitrile oxidé éolu?ion added and the lH n.m.r. spectrum
recorded at f4b°C. The initial concentration of dimethyif
furoxan was then determined by measuring the ratio of the
integréls and reading the numbef of moles from the calibrafion
curve.. ‘The reaction was initiated by raising the temperature
of the probe to 23°c. A therchouple,’inserted into the
probé, monitored tﬁe temperature throughout thé course-of'thé
reéction... The integral of the spectrum was plotﬁed every
5 min (+ 5 s), the ratios of the integrals measured and-
hehce the number of moles of furoxan in solution dete'rm:i.ned'; (’i‘able 6) »
After 55 min. the éxperiment Wés terminated and the tube |
>_faliowed to stand for two days at room témperature. | The
'.fihal concentration of furoxan (F_) was tﬁen determined.

A plot of_F;%§ vs. time gave a straight line (Fig. 12). |
The gradient wasmdetermined'by the'leaét squares method, |
‘m=.71.4 + 2.3 mol-lmin-l; ;_Consequently, the secénd ofdef

.rate constant, k2, is

k, = 5.95 + 0.2 x 10~ % mol™tam3s7!
A repeat experiment gave
3_-1
s

2

k, = 6.19 + 0.2 x 10”7 mol tam
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Mean value for k2 at 23OC

= 6.1+ 0.2 x 10 % mo1"tam3s™1

11. FVP of 3,4-DISUBSTITUTED FURAZANS

The furazans were pyrolysed at various temperatures
(550- 650 C), the pyrolysate being condensed into a cold
trap (-196 C) containing a dlpolarophlle, usually l-hexene,
which would undergo a 1l,3-dipolar cycloaddition with any
nitrile oxide formed during the pyrolysis. The general method

employed was that described for the FVP of the Furoxans.

11.1. Preparation of Nitriles and'Z—Isoxazolines from the

- FVP of 3,4-Disubstituted Furazans

' .11.1.1 5-Butyl-3-phenyl-2-isoxazoline

3,4-Diphenylfurazan (0.4 g, 1.8 mmol) was

,pyrolysed atIGOOOC, the pyrolysate being trapped onto
l-hexene (4.0 g, excess). H.p.l.c. examination (A1,0,;

35% CH C12/65% hexane (25%'H20 saturated)) of the reaction

2
. mixture clearly demonstrated the presence of 5-butyl-3- -
phenyl-2-isoxazoline. The excess hexene was evaporated
and the residue distilled under vacuum to give a colourless

liquid, benzonitrile (0.17 g, 1.65 mmol, 92%) b.p. 40°/

157 1910C). The i.r. spectrum was

0.05 mmHg (lit;,
1ndlst1ngulshable from that of authentlc benzonitrile.
Sublimation of the res1due (75 /O O5 mmHg) gave 5- butyl 3-
phenyl—2—1soxazollne, (0.35 g, 1.73 mmol, 96%) m.p. and

mixed m.p. 40-41°¢ (lit.,161 4loC). The proton n.m.r.
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spectrum was indistinguishable from that of authentic

isoxazoline.

11.1.2 5-Butyl-3-(4-methoxyphenyl)-2-isoxazoline

3,4-Bis (4-methoxyohenyl)furazan (0.3 g,

1.10 mmol) was pyrolysed at SSOOC, the pyrolysate being
trapped onto l-hexene (5 ml); After warming_to ambient
temperature the excess hexene was evaporated and the

residue distilled under vacuum (95°C at 0.06 mmHg) to yield
a.white solid,‘4-methoxybenzonitrile (0.14-g, 1.06 mmol, 96%)

157 60-61°C). The-purity

m.p. and mixed m.p. 60-61°C (lit.,
of,the.product was confirmed by t.l.c. (A1203; ether/petrol
(l:l)) and i.r. spectroscopy . 5—Butyl;3-(4-meth6xyphenyl)—2-~
. isoxazoline (0.23 g, 1.02 mmol, 93%) was separated from the
reéidue‘by column chromatography (A1203; ether/petrol (1:1)) -
- and finally purified by recrystallisation from a chloroform/
:péntane mixture, m.p. and mixed m.p. 84-35°C. Both lu n.m.r.
and i.r. specﬁra were inaistingﬁishable from those of authenticf

isoxazoline_prepared from 4-methoxybenzohydroximoyl chloride. 

11.1.3 5—Buty1-3—(4-ﬁethylphenyl)-2—isoxazoline

3,4-Bis(4-methylphenyl) furazan (0.3 g, 1.20 mmol)
Qas pyrolysed ét 600°C, the pyrolysate being trapped onto |
‘1-hexene (5 ml). After warming to room temperature the
. excess hexene-wés evaporated and the residue distilied-under
vacuum; 4—Methylbenzonitrile (0.13 g, 1.11 mmol, 93%) was

157

collected as a white solid, m.p. 26-27°C (lit., 26-28°C) .
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The i.r. Spect:a of the product and of authentic 4-methylben-

zonitrile were indistinguishable. 5-Butyl-3- (4-methylphenyl) -

2-isoxazoline (0.26 g, 1.15 mmol, 96%) was separated, from the
residue by column chromatography (A1203; ether/petrol (1l:1))
and was collected as white platelets from n-pentane (60%

recovery), m.p. 42-44°c. (Found: €, 77.3; H, 8.7; N, 6.4.

C14H19N0 required C, 77.4; H, 8.8; N, 6.45%); m/e (%) 217
(55, MT), 161 (14), 160 (100), 132 (34), 105 (14), 92 (32),
65 (11). 14 ana 3¢ n.m.r. are tabulated in tables 2 and

3 respectively.

11.1.4 5-Butyl-3-methyl-2-isoxazoline

3,4- Dlmethylfurazan (0.50 g, 5 12 mmol) was

.pyrolysed at 600° C, the products being trapped onto l-hexene
'(6 ml). G.l.c. analysis (15% PEG, 90° C), on 1/10th reaction
: mixture, using freshly distilled propionitrile as.interhal
'standard indicated the presenée of acetonitrile (3.79 mmol,
74%) . The excess.hexene was evaporated from the remainder
of the reaction mixture énd the residue distilled under vacuum
to yield unreacted dimethylfurazan (0.09 g, O.92~mmoi, 18%)
and 5-butyl-3-methyl-2-isoxazoline (0;43 g, 3.38 mmol, 66%),
(62 C/O 05 mm) The identity’of the dimethyifurazan was
.conflrmed by t. l.c. and i.r., the spectrum being indistinguishabj
from that of an authentic sample. The purity of ﬁhe iso-
xazoline‘was established by lH n.m.r. and 13C h.m.r;, both
séectra being indistinguishable with those of authentie
isoxazoline. The revised y%elds_of the producfs, based on
the amount of furazan consuméé during the reaction are
Acetonitrile (4.66 mmol, 91%) and 5-Butyl-3-methyl-2-

isoxazoline. (4.15 mmol, 81%).
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11.1.5 4-Cyanobutyl isocyanate'

3,4-Tetramethylenefurazan (0.53 g, 4.3 mmol)
-3

was éyrolysed at'SSOOC-at 10 mmHg, the pyrolysate belng
trapped onto dry sulphur dioxide. Dry toluene was added .
to the pyrolysate and the reaction mixture allowed to warm to
room temperature. After refluxing, under nitrogen, for 3h
the solﬁtion was eoncehtrated and the presence of 4-cyano-

butyl,isocyanate wes established by-i.r, spectroscopy

1

[v (toluene)- 2160 cm © (C=N), 2265 cm b (N=C=0)].

max

Freshly distilled aniline was added and the reaction mixture
heated at reflux for 30 min. The solvent was evaporated

to 1eave a dark brown solid which was dissolved in toluene
~and refluxed w1th activated charcoal for 1 h. The charcoal
was removed by flltratlon and N-(4- cyanobutyl)—N'—phenylurea
was recrystalllsed from toluene (0.45 g, 2.06 mmol, 45%),

12 15N 3
217.121505); m/e 217 (35, M+), 119 (32), 94 (28), 93 (100).

" m.p. 130-132°C.  (Found: M’ 217.122252, C 0 requires

11.2 FVP of Unsymmetrical 3,4-Disubstituted Furazans

11.2.1 FVP of 3- Methyl 4-phenylfurazan at 650°C

3-Methyl-4-phenylfurazan (0.43 g, 2.68 mmol)
wasvpyrelysed at-650 C, the products belng trapped onto
Alfhexene._ G.i.c. analysis (10% SE 30,'130-2100C) using
4-methylbenzonitrile and diphenylether as interﬁal‘
standards gave benzonitrile (0.94 mmol, 35%), 5-butyl-3-
methyl—z—isoxezoline (0.94 mmol, 35%) and S—butyl;3—phenyl-

2-isoxazoline 1.17 mmol, 65%). Acetonitrile was not

,

=

detected under the g.l.c. conditions used.
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11.2.2 FVP of 3-(4-Chlorophenyl)-4-phenylfurazan at GOOOC-

3-(4-Chlorophenyl)-4-phenylfurazan (0.21 g,
0.84 mmol) was pyrolysed at 600°C énd the products condensed
onto. 1-hexene. G.l.c. analysis (10% SE 30, 150—2100C)
-.using diphenyl ether a% internal standard gave benéonitrile
(0.41 mmol, 49%),4-chlorobenzonitrile (0.43 mmol, 51%),
S—butyl—3—phenyi-2—isoxazoline (0.39 mmol, 47%) and 5-butyl-

3- (4-chlorophenyl)-2-isoxazoline (0.39 mmol, 47%).

11.2.3 FVP of 3-(4-Methoxypheny})44—phenylfurazan at GOOOC
| 3—(4—Methoxyphenyl)-4—phenylfurazan (0.22 g,
0.88 mmol) was pyrolysed at GOOOC, the products being
condenséd dnto l—hekene; G.l.c. analysis (10% SE 30, 156-
ZiOOC)_using diphenyl ether'as internal standard gave benéo—
‘nitrile (0.46 m@ol, 52%), 4—méthoxybenzonitrile (6,38 mmol,
43%);S—butyl—3-phenyl—2-isoxazoline (0.35 mmol, 40%).ana

:5—buty1—3—(4—methoxyphenyl)—2-isoxazoline (0.41 mmol, 47%).

>ll.3 Liquid Phase Thermolysis of Furazans

S 11.3.1 Thermolysis of 3,4-Diphenylfurazan in l-Tetradecene

3,4-Diphenylfurazan (0.2 g, 0.90 mmol), and
i—tetr&decéne (15 ml) were heated to reflux (2Sl°C), undef i
'dry nitrogen, in the presencerf o-terphenyl (37 mg) as
interhal standard! ' The reaction mixture‘ﬁas sémplea at:
regular intervals and monitored by h.p.l.c. (A1203;

20% CH,Cl,/80% hexane (25% H,0 sat.)). It was evident -

2 2

from the h.p.l.c. analysis that the benzonitrile formed

3
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~during tﬁe thermolysis, presumabl§ due to its volatility,
was lost from the solution. Also, from a éomparison of
the‘ratios'of furazan: g—terphenfl: isoxazoline it became
clear that after 6 h,thé isoxazoline beéan to decompose.
Tﬁefefore, the thermolysis was terminated and the excess
tetradecene removed by wvacuum distillation (95°C/O.5 mmHg);
T.l.c. investigation (A1203; -Petrol)'showed the residue
to. consist of unreacted  furazan and a second component

(Rf 0.2). ‘'This material was isolated by column chromato-
v gfaphy (Al2057 petrol) and was identified as S—dodécyl—3e
phényl—Z-isoxazoline. "Recrystallisation from ethanol
affprdéd whité,plateleté, (0.21.g, 0.68 mmol, 75%) m.p. and

107 g9-70°¢).

mixed m.p. 69-70°C (lit.,
©  H.p.l.c. analysis of the reaction mixture of a repeated
experiment, under the same ~conditions, gave 5-dodecyl-3-

- phenyl-2-isoxazoline (0.75 mmol, 83%) and'unréacted diphenyl

furazan (0.14 mmol, 15%). .

11.3,2 . Thermolysis of 3,4-Tetramethylenefurazan in 4-;;L¢izj-w

Methoxybenzonitrile‘

3;4-Tetrémethylenéfurazana (0.30 g,-2.34‘mmol)

'band 4—methoxybenzonitrile;‘(1.50 g, 11.28 mmol) weré heated
fo reflux (24OOC), under dryAnitrogen, for 2 h. Examinatioﬁ‘
of the reaction mixture by t.l.c. (silica; toluene) indiéated
that the furazan had been consumed. Distillation of the
reaction mixture, under vacuum, removed the excess 4-methoxy—
ibenzonitrile'and coiumn cﬁroTatography (silica; methylene |
"chloride) of the bléck resid&g afforded a yellow solid which

was refluxed in ethanol with activated charcoal for 30 min.

After removal of the charcoal by filtration and evaporation
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of the solvent, 5—(44methoxypheny1)—3—(4—qyanobutyl)—'

1,2,4,-oxadiazole (0.43 g, 1.68 mmol, 72%) was isolated

as a white solid. Recrystallisation from a chloroform/
pentane mixture afforded white needles, m.p. 65—67?C.v
(Found: ¢C, 65.4; H, 5:95; N,'16.3. C14H15N302 requires
C, 65.4; H, 5.8; N, 16.3%); GH(CDC13): 1.60-2.20 (4H, m,
| alkyl H); 2.42 (2H,.£, J~~ 6 Hz, CH2); 2.84 (2H, t, I~
6 Hz, CH)); 3.87 (3H, s, OCHj); 6.91-8.08 (4H, AB, ArH);
GC(CDC13): 16.7, 24.6, 25.0, 25.7 (4CH2); 55;3 (CH3Q);
114.4, 129.8 (2 aromatic CH); 116.6 (g, CN); 119.1, 163.0
(g, 2 aromatic C)} 169.95, 175.3 (q, oxediazole ring C);
m/e (%): 257 (50), 228 (10), 217 (9), 203 (14), 190 (58),

135 (100), 133 (30).

11.3.3 Thermolysis of 3,4-Decamethylenefurazan in 4-Methoxy-

benzonitrile

3,4-Decamethylenefurazan (0.21 g, 0.94 mmol) -

.end 4—methoxybenzonitrile'(l O g, 9.26 mmol) were heated

' to reflux (240 c), under dry nltrogen,_for 3 h. T.l.c.
examination (5111ca/methy1ene chloride) 1nd1cated that the

- furazan had-been consumed. The‘excess 4-methoxyben20nitrile

was removed by vacuum dlstlllatlon and the black residue

applled to a column (51llca/methylene chlorlde) 3-(10-cyano-

degyl)—5—(4—methoxyphenyl)-l,2,4—oxadiazole (0.21 g, 0.63 mmol,

67%) was isolated as a white solid. Recrystallisation from
an ether/petrol solution gave white platelets, m.p. 74;75°C
(Found: ¢, 70.5; H, 8.0; N, 12.2.‘ C20H27N3O2 requires

C, 70.4; H, 7.9; N, 12.3%); §H(CDCly): 1.20-2.00 (16H,

",

m, 8CH,); 2.28 (2H, t, J 6Hz, CH,); 2.78 (2H, t, J 6Hz, CH,);
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. 3.85 (3H, é,-CH30); '6.86 - 8.14 (4H, AB, ArH) ; '6C(CDCl$);
16.9,°25.2, 26:0, 26.9, 28.5, 28.95, 29.04 (10CH,); 55.30
(CH;0); 114.3, 129.8 (Aromatic CH); 116.8 (CN), 119.6,

162.9 (g, Aromatic C); 171.0 (g, oxadiazole ring C); m/e

(2); 341 (20), 301 (17), 287 (5), 273 (7), 259 (7), 245 (13),
232 (9), 217 (8), 203 (37), 191 (16), 190 (97), 136 (21),

135 (100), 134 (16), 133 (16), 113 (15), 99 (57), 97 (36),

92 (15).

12, SYNTHESIS AND THERMOLYSIS OF 3,5-DIPHENYL-1,2,4-
OXADIAZOLE -

-12.1 Pféparation of 3,5-Diphenyl-1l,2,4-oxadiazole

" Benzohydroximoyl chloride (2.5 g, 16.1 mmol)v‘

' add benzonitrile (2.0‘g, 19.4 mmol) wére dissolved in sodium
~dried toluene‘(30 ml) and the sblution heated to reflux until
the evolutidn of hydrogen chloride ceased (43 ﬁ). fhe toluene
jwasvevaporéted-td leave a Srown'solid; which after successive
'recryétallisations from methanol gave 3,S—diphenyl—l,2,4-
oxadiazole (2.1 g, 58%) m.p. 110-112°%C (rit.,'5 108%);
6C(CDC1§):n175;l, 169.0 (q,‘OXadiazéle_ring C); 132.7,
131.1, 129.1, 128.8, 128.2,°127.5 (aromatic CH); 127.1,

124.4 (q, aromatic C); m/e, 222 (M), 119 (M', PhcNO™).

o
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12.2 Thermolysis of 3,5-Diphenyl-1,2,4-oxadiazole in

" 1l-Tetradecene

A solution of 3,5-diphenyl-1,2,4~-oxadiazole
(Q.S-g, 2.25 mmol) and l-tetradecene (15 ml) were refluxed
(251°C) for a total of 12 h. T.l.c. investigation (Al,
ether:petrol (1:10)) e;tablished that no benzonitrile or

03;4

5~-dodecyl-3-phenyl-2-isoxazoline were present in the reaction
mixture. The only identifiable component was that corres-

ponding to unreacted starting material.

12.3 - FVP of 3,5—Diphenyl—l,2,4-oxédiazole at SOOOC onto

l1-Tetradecene

3,5-Diphenyl-1,2,4-oxadiazole (0.50 g,
2.25 mmol) was pyrolysed at 500°C in the above manner, the
products being trapped onto l-tetradecene. H.p.l.c.

'analysis (Alzoj; 25% CH C12/75% hexane (25% H.O saturated)

2 2
established the presence of starting material and the

absence of 5-dodecyl43¥phenyl—2-150xazolihé.

12.4 FVP of 3,5—Diphenyl—l,2,4—oxadiazdle at 600°C

onto l-Hexene

" 3,5-piphenyl-1,2,4-oxadiazole (0.7 g, 3.15 mmol)
was pyrolysed as above, the products beiﬁg trapped onto
l;hexene. H.p.l.c. analysis indicated that the reaction
mixture conéisted of bnly one component, namely thé starting
"materiél. . The l-hexene was evaporated‘to leave 3,5-diphenyl-
l,2,4—oxadiazole»(0.6 g, 3.06 mﬁol);‘ﬁ.p.-and mixed m.p. |
107-108°¢ (lit.',165 108°C) . xﬂThe_i.r. spectrum was'indistinguisf

able from that of authentic oxadiazole.
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12.5 FVP of 3,5-Diphenyl-1,2,4-oxadiazole at 700°C

onto l-Hexene

AThe oxadiazole (0.65 g, 2.93 mmol) was
pyrolysed at 700°C and the products trapped onto l-hexene.
Tﬁe pyrolysis'proceedeq with some cﬁarring. Evaporatioﬁ
of the solvent gave a yellow solid. - T.l.c. examination

(A120 éther:petrol, 1:10) indicated that the solid

37
comprised four components. The solid was applied to an

alumina column and elution with ether:petrol (1:10) yielded

a white solid (l). Further elution with methylene chloride
gave solids (2) and (3); finally elution with methanol
affordéd solid (4). T.l.c. established that solid. (1) was .

the startiné material (0.35 g, 54% recovered), its identi-
fication being confirmed by i.r. spectroscopy and by mixed

165 108°C). Solid (2) waé recrystallised.

m.p. 107-108°C (lit.,
. from ether/pentane (8 mg), m.p. 140-142°C, m/e 433, 415, 414,_
239, 194, 105, 93, 77.. Solid (3) was also recrystallised
from ether/pentane (10 mQ),‘m.p. 155-158°c. - (Found: A

NO requires 197.084059); m/e (%) 197
1

o+ -
M 197.083163, Cl3Hll

(56, M%), 105 (100), 77 (44); v__ 3430 (N-H), 1675 cm

max
(C=0). Finally solid (4) was recrystallised from ether/

pentane solution (13 mg), m.p. 115-117°c. (Found: M

240.088763, Cq4H;,N,0, requires 240.089872); m/e (%) 240

(80,M+), 119 (100), 105 (75), 93 (35), 77 (45); Voax 3418,

1

3530 (N-H), 1675 cm - (C=0).. It was also established tnat

5-butyl-3-phenyl-2-isoxazoline was not formed during the

reaction. .
ALY

“t
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12.6 FVP of 3,5-Diphenyl-1,2,4-oxadiazole at 800°c

onto Methanol

The oxadiézole (0.5 g, 2.25 mmol) was pyrolysed
at 800°C, the pyrolysate being trapped onto dry,methahol in
- order to trap aﬁy acyl.nitrene reactive inte;mediate'which
might have been formed during the pyrolysis. The'thermolysis
proceeded with extensive charring. H.p.l.c. analysis
(column:0DS/TMS; Solvent:MeOH/HZO, 70:30) indicated a complex
produét mixture comprising approximately ten components and
'that all the starting material had been cpnsumed. By using
‘authentic methyl éhénylaminoformate (CGHSNHCOZCH3) and |
E-Benzoyl—g-methyl_hydroxylamine (CéHS.CO.NH.CO.CH3),'the
expected pfoducts from reaction of méthanol with phenyl
iéocyanate and benzoyl nitrene respectively, i£ was established.
.fthat the phenyl_isocyanaﬁe derived product Was,present in the
camplex reacﬁion-mixtuxe. There was no evdience to support»thé
'formation of'the.acylﬁnitrgne derived producf. ' G.i.c.
examination.(lo% SE30, 170°C) indicated the presence of at
least six different components. G.l.c./m.s. analyéis.'
(10% SE30, 170°C) demonstrated that the ﬁain compdnents
had mass spectra consistent with the followiﬁg assignments:fV'
- benzonitrile (m/e 103, M+), methyl phenylaminoformate (m/e
151, 106, 92) and biphenyl (m/e 154). The absence of any
g—benZOYL-Q—methyl hydroxylamine was confirmed by examination
of the authentic maﬁerial under the same g.l.c./m.s.

conditions.
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13 ~ THERMOLYSIS OF 2,4,5-TRISUBSTITUTED-1,2,3-

TRIAZOLE-1-OXIDES

13.1  2,4,5-Triphenyl-1,2,3-triazole-1-oxide -

13.1.1 Thermolysis in Toluene in the presence of Diethyl

acetylenedicarboxylate

' 2,4,5-Triphenyl—l,2,3—triazole—l-oxide
(O.S g, 1.60 mmol) and diethyl acetylenedicarboxylate
(0.3 g, 1.77 mmol) were dissolved in sodium dried toluene _
(50 ml) and the solution refluxed (110%C) for 4 h. T.l.c.
examination (A1203; ether/petrol; 2:3) of-the reactioﬁ |
~ mixture clearly indicated that only the etarting materials

- were present.

13;1.2 ~ Thermolysis in Xylene in thedpfesencevof Diethyl,
Fumarate | |

2,4,5- Trlphenyl—l 2 3-triazole- l—ox1de ‘
(0.5 g, 1.60 mmol) and dlethyl fumarate (Q;G g, 3 20 mmol)
~were dissolved in sodium dried xylene (20 ml). The reaction f‘
mixture was. refluxed for six days after which time t.l.c.
analy51s clearly demonstrated that the startlng material was
'stlll present and that there was no 4,5- dlcarbethoxy—3-phenyl—v

2-isoxazoline present in the reactlon mlxture.

13.1.3  Thermolysis in 4-Methoxybenzonitrile

2,4,5-Triphenyl-1,2,3-triazole-l-oxide (0.8 g,
2.56 mmol) and 4—methoxybenzo§itrile (3.5 g, 26.32 mmol) were
refluxed under dry nitrogen for 60 h.

'T.l.c. examination (Al,0,;; toluene) of the black reaction
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mixture established that the only identifiable components tot
be the starting material;»'lhe ekcesé4-methoxybenéonitrile was “removed
by distillation ahd the residue applied to an alumina column
‘which on elﬁtioh with methylene chloride gave 2,4,5-triphenyl-
l,2,3-triazole—léoxide (0.61 g, 76% recovered) . Recrystaliis—
ation from ethanol gave yelloﬁ crystale, m.p. 167—168°C (lit.,153

169°¢) . Elution of the alumina column with methanol gave an

_ intractible black tar.

13.1.4. FVP of 2,4,5-Triphenyl-1,2,3-triazole-l-oxide at 650°¢C

E 2,4,5-Triphenyl-1,2,3-triazole-1-oxide (0.5.q,

1.60 mmel) was pyrolysed in the above manner, the byroleate

: being condensed onto diethyl fumarate (3.0 q) in.eodium dried
toluene (SAmi). On warming, the solution was eXaminated'by
i.r;‘Spectroscopy“to determine.whether or not any nitrile oxide
had been produced'dﬁring the pyrolysis.. There was.no Significant
absorption around 2330 cmflehich is the characteristic regioni
for the (o =i- -0 stretch of the nitrile ox1de. " The toluene and
excess diethyl fumarate were removed by vacuum distillation and

t.l.c. examination of the residue and proton n.m,r. indicated that.

there was no 4;5-dicarbethoxyf3-phenyl—2—isokazoline present;

13.2 4,5-Dimethyl-2-phenyl-1,2,3-triazole-1l-oxide

13.2.1 Thermolysis in Benzene in thelgresence of Diethyl‘
Fumarate
-4, 5 Dimethyl ~2- phenyl -1,2, 3-triazole-1- ox1de

(0.50 g, 2.60 mmol) and diethylfumarate (0. 45 g, 2.60 mmol)
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were heated at 80°C in sodium dried benzene. The reaction was

monitored by t.l.c. (A1,0 CH,Cl,) and after 24 h it was

37 2
apparent that the only identifiable components in the reaction
mixture were the starting materials, thus indicating no reaction

had taken place.

13.2.2 FVP of 4,5-Dimethyl-2-phenyl-1,2,3-trjiazole~1l-oxide

at 650°C

| 4,5-Dimethyl-2-phenyl-1,2,3-triazole-l-oxide -
(0.25 g,.l.32 mmol) was pyrolysed at'GSOoc; the pyrolysate
being cOndénsed onto.l—hexene (5 ml); After warming to .room
température the excéss l-hexene . was evaporated fo leave a -
brown oil. T.l.c. examination (A1203} ether/petroi, 1:1)
indicated that the o0il consisted of five components,’one of
which was the starting material. Comparison of the Rf values
With-that of authenti¢ 5—buty1—3—methyl—isoxézﬁline estaﬁlished
that there was no isoxazoline pfesent. The bfown oil was
applied to_an alumina qolumn thch on elution-with éther/pentane»
(l:l) yielded a brown solid (85 mg). Recrystallisafion froﬁ.
aqueous methanol yielded White platelets, m.p. 138-139°C, the
purity of which waé confirmed by t.l.c. 6H(CDCi3); 2.21
(38, s, CHy); 3.10 (2H, s, CH,); 7.21-8.05 (5H, m, ArH);
6C(CbCl3); 9.8 (CHj); 24.1 (CH,); 118.1, 126.5, 129.1, 139.8
(Aromatic C); 143.5, 146.5 (triazole riﬁg C); (Found: M+, m/e
344.174454 C, . H, N requires 344.174936); m/e (%) 345 (18, M+1),

"20720 6 ‘
344 (83, M+), 185 (16), 173 (15), 172 (l00), 91 (27), 77 (18).
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14 FVP OF 3,5-DIARYL-1,4,2,5-DIOXADIAZINES

14.1 © FVP_of 3,6-Diphenyl-~1,4,2,5-dioxadiazine at 600°C

‘onto 1l-Hexene

3,6-Diphenyl-1,4,2,5-dioxadiazine (0.30 g,
1.26 mmol) was pyrolysed at 600°C, the pyrolsate being condehsed
into'a trap contéining l—@exene (5 ml). The pyrolysis proéeeded
with considerable charring and a blue/green colour developed
in the trap. Asbfhg reaction mixture warmed to room temperature
fhe greeh colour disappeared and a black solution remained.
G.l.c. analySis (10% SE 30, l30—230°C) of thé reaction mixture
established the.presencerf benzonitrile and the absence of |
V5-bgtyl¥3-phenyl—2—isoxazoline. The benzonitrile (0.12.g,
1.165 mmol) was removed by distillation and t.l.c. examinatibn
(A1203; pet-ether (40-60)) of the residue (0.10 g) showedvit
consisted of ét least six different comppnents. The abéeﬁce
of S—butyl-34phenyl—2-isoxazoline was confirmed by t.l.é. and

lH n.m.r. spectroscopy of the residue.

14.2 FVP of'3,6?Dipheny1-l,4,2,5—dioxadiazine at 600°C onﬁo
»HThebaine. _
3,6—Diphenyi—l,4,2,S—dioxadiazine (0.30 g,-1.26 mmol)
was'pyroiyse&'at GCOOC, the pyrolysate being condensed into a
trap containing é chioréform solution of thébaine (0.8 g,
2.58.mmol). Aftér warming to room tempefature the reaction
mixture was examined by h{p.l.c. and protonvn.m.r. spectroscopy.

H.p.l.c. analysis (ODS silica; CH3OH/H20, 70:30) of the complex
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reaction mixture, established, by peak enhancement with
authentic matefials, the presence of benzonitrile and -
benzoic anhydride and the absence of the cycloaddnct from
the Diels-Alder cycloaddition of nitrosocarbonyl beniene
and thebaine. Comparison of the lH n.m.r. spectravof
. thebaine, authentic cycloadduct and the reaction mixture
confirmed the absence of the cycloadduct..

Samples of thebaine and authentic cycloadduct were .

kindly supplied by Prof. G.W. Kirby (Univereity of Glasgow).

14.3 FVP of 3,6-Diphenyl-1l,4,2,5-dioxadiazine at 600°C

onto Benzene

3,6-biphenyl-1,4,2,5-dioxadiazine (0.5 g, 2.10 .
mmol’ was pyrolysed at 600°C, the pyrolysate being condensed
nonto'scdium dried benzene (5 ml). After warming to room
temperature the reaction mixture was anal?sed by h.p.l.c. and
g.l.c. H.p.l.c. analysis (ODS silica;vCH30ﬁ/H20, 70:30)
estabiished the presence of benzonitrile, benzophenone, benzil,
benzoic anhydride and biphenyl in the reaction ﬁixture.
G.l.c./m.s. analysis (2%% ov-1, 1500C5 sthed the:main
components.of the reaction mixture to be benaonitrile
(m/e 103), biphenYl (m/e 154), benzophenone (m/e, 182, lOS,l
77) and benzil (m/e 210, 105, 77). G}l.c./m.s. analysis
_of anthentic samples of the above compounds confirmed their

identification.
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14.4 FVP of 3;6—Diphenyl—l,4,2,5—dioxadiazine at

SOOOC onto Chloroform

3,6—Diphenyl—1,4,2,5-di6xadiazine (0.87 g,

3.65 mmol) was pyfolysed at GOOOC, the products being
tiapped onto dry chloroform (7 ml).’ H.p.i.c.,‘g.l.c.
and g.l.c./m.s. analysis 6f the reaction mixture, as
abb?e, géve the following rangevdf identified products:-
benzoniﬁrile, biphenyl, benzophenone, benzoic anhydride,
' benzene and phenyl benzoate. | |

,in a repeated experiment, gaseous prpducts were trappéd
'in a glass ampule as the reaction mixtufe warmedvto room |
temperature. M.s. analysis of these gaseous'pfoducis
indicated that both carbon dioxide and nitrous oxide were
‘present. M/e 44 M), m/e 30 (main fragment peak) . High
resolution_m.s. of the parent ion shéwed.that it was in fact
a doublet‘in the ratio, C02 (lower mass):A NZO (higher mass)
1:2. Quantitative g.l.c. analysis (2%% ov-1, 75 = 17500)
usingAethYl benzoate as‘iﬁternal’standard gave benzonitrile
,‘(2.63 mmol), benzophenone (0.16 ﬁmol); biphenylv(o.lz mmol) ,

benzil (0.045 mmol) and phenyl benzoate (0.020 mmol). -

14.5  FVP of 3,6-Diphenyl-1,4,2,5-dioxadiazine at 600°C

onto Benzene—d6

3,6-Diphenyl-1,4,2,5-dioxadiazine (0.4 g,
.1.68 mmol) was. pyrolysed at 600°C, the products beiné
condensed onto dry deuterobenzene (4 ml). - As the reéction
mixture warmed up gaseoﬁs p;éducts, as before, were-trapped

in_a‘giass ampule; M.s. anglysis gave, m/e 44 (m+), m/e

_30,(fragment peak). Exact mass determination of the
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Fig. 13 (a) ‘Part of e.s.r. spectrum of Diphenylnitroxides;
(v) Computer similation. '
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parent ion gave M+, m/e 43.989837 and m/e 44.001062.

(CO2 requires m/e 43.989828, N,0 requires m/e 44.001062).

2
G.l.c./m.s. analysis (2%% ov-1, 70—200°C) established
that there was no incorporation of the solvent in the

formation of the following products:- biphenyl (m/e 154),

- benzophenone (m/e 182, 105, 77) and benzil (m/e 210, 105, 77).

14.6 FVP of 3,6-Diphenyl-1,4,2,5-dioxadiazine at 550°C

onto Chloroform.

Examination of the Reaction Mixture by E.S.R.

Spectroscopy -

' 3,6-Diphenyl—1,4,2,5-dioxadiazine (0.28 g,
1.18 mmol) was pyrolysed at SSOOC,'ﬁhe products being
éondensed.onﬁo dry chlordform (2 ml). The pyrolysis,

"as usual, proceeded with considerable charring and the
fbrmation of a bright»green colour in the trap. - The
contents 6f the trap were warmed to -78% by removing the
liquid nitrogen trap and‘replacing it with an-acetone/co2
slush bath. The reaction mixture was then transferred,
using a Pasteur pipette, to two e.s.r. tubes (3-5 mm. i.d.)
which were then stored at -196°C under vacuuﬁ. After
degassing the solution,-the e.s.r. spectrum was recorded
at -fOOC. A strong sighal, which was stable for several
hours at —70°C, waé observed immediately. The spectrum
was recorded at 15°C (Fig. 13) and analysis with the aid of camputer

- simulation indicated coupling of the unpaired electron to
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one nitrogen nucleus (aN = 10.40 gauss) and ten protons
with hyperfine splitting constants 2.02 gauss (6 ortho/.
para H)‘and 0.88 gauss (4 meta H). 'Conparison'of these
| values and that of the g-factor (2.0055 + 0.00005 gauss)
with those of authent%c diphenyl nitroxide (thNO)166
allows the signel to be assigned, unéquivdcally,'to
'diphenyl'nitroxide.

| In a_parallel experiment where 3,6—bi§k4-methyl—
phenyl)—l,4,2,5—dioxadiazine was pyrolysed'at'SSQOC and
the_reaction mixture examined by e.s.r. at -70°C a broad
ftriplet (1:1:1) with ag ca 10 gauss was observed. This

is consistent with the species being ditolyl nitroxide

but not sufficient to be diagnostic.

14.7 "FVP of 3,5—Diphenyl—l,4,2,5¥dioxadiazine at

4OOOC onto Chloroform

3,6- Dlphenyl 1,4,2,5- d10xad1a21ne (0.32 g,
1.35 mmol) was pyrolysed at 400° C, the pyrolysate being
condensed onto dry chloroform. H.p.l.c. analy51s (ODS
silica; CH3OH/H20, 70 30) of the complex reactlon mixture
established the presence of benzonltrlle, nitrosobenzene,
benzophenone, benzoic anhydride,-end biphenyl. G.l.c. and
'g.l.c./m.s. analysis (2% ov-1, 480-200°C)_established the
presence of benzene (m/e 78) , diphenylamine (m/e 169) and
phenyl benioate (m/e 198, 105, 77) and conflrmed the presence
of benzonitrile (m/e. 103), nltrosobenzene (m/e 107, 77),

biphenyl (m/e 154), benzophenone (m/e 182, 105, 77) and
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benzil (m/e 210, 105, 77). The ratio of the products

formed are presented in table 7.

14.8 FVP of_3,6-Diphenyl—l,4,2,5-dioxadiazine at 8009C

3,6-Diphepyl-l,4,2,5—dioxadiazine'(0.30 g,
'1.26 mmol) was,pyfolyséd at 800°C, the products being
condensed onto dry chloroform. The.pyrolysié proceeded
with extensive charring andAthgre was no Qpeen colour in
the tfép. G.l,c./m.s. analysis (2%% ov-1, 52—20006)
' estéblished the presence of benzene (m/é 78), benzonitrile
(103) , biphenyl (m/e 154), diphehylamine'(m/e 169) and'
benzophenone (m/e 182, 105, 77). It was cleaf fromAthé
above analysis that there was no nitrosobenzene, phehyl
benzoate or bénzil.present in the reaction hikture.

The ratio of the products formed in the reaction are

. summarised in table 7.

14.9 FVP of 3,6—Bis(4-ﬁethylphenyl)-l,4,2,5-dioxadiazine

at 600°C onto Chloroform

3,6-Bis(4—methy1pheny1)—l,4,2,5-dioxadiazine1
(0.20 g, 0.76 mmol) wésipyrolysed at'GbOOC,_the pyrolsate
being ﬁrapped onto dry chloroform. G.l.c. énalysis
1(2%% ov-l, 60 - lOOOC)'of the complex reaction mixtufe
established the presence of, toluene, toluonitrile, 4,4'-

dimethyl benzophenone, 4,4'-dimethyl biphenyl.
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G.l.c./m.s. analysis (2%% Ov-1, 50-210°C) showed the
mein ‘components of the feaction mixture to have m.s.
consistent with the fellowing assignmeﬁts:— toluene
(m/e 92, 81); 4-methyl nitrosobenzene (m/e'121, 9i, 65) ;
toluonitrile (m/e 117) ; 4,4'-dimethyl biphenyl (m/e 1825;
ditolylamine (m/e 198, 184, 91); 4,4'-dimethylbenzophenone
(m/e 210, 119, 91); 4-methylphenyl-4'-methyl benzoate
(m/e 226, 119, 91). The identity of toluene and 4,4'-
.dimethyl biphenyl were'confirmed’by comparison of the m.s.
of authenticAsamples under the same conditions. The ratie

of products is summarised in table 7. .

14.10 - FVP‘of 3, 6—Diphenylv and 3,6-Bis(4-methylphenyl)-

1,4,2,5-dioxadiazines at 800 C

. '3,6-Diphenyl-1,4,2,5- d10xad1a21ne (0.30 g, 1.26 mmol)
- and 3, 6-bls(4—methylphenyl)—l 4,2, 5-d10xad1a21ne (0. 38 g, -

l 41 mmol) were CO-dlStllled and the vapour pyrolysed at
800° c, the pyrolysate belng condensed onto’ dry chloroform.'
G.l.c. analysis (2% OV-1, 65-185 ©C) established the

presence of benzene, to;uene, benzohitrile, toluenitrile,
4;methyl biphenyl and 4-methylbenzophenone. G.l.c./m.s. .
analysis ef the aépropriate-portion of the complex reaction
mixture establiehed the presence of vapour phase cross-over
producte. Biphenyl (m/e 154), 4-methyl biphenyl (m/e 168),

4,4'—dime£hyl.biphenyl (m/e 182) and 4-methyl benzophenone.‘
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(a)

Table 7. Ratio of Products from the FVP of

3,6-Diphenyl- and 3,6-Bis(4-methylphenyl)-

1,4,2,5-dioxadiazines

RCN, RH, RR, RCOR, RNO, R,NH,

e———l
"RCOCOR, RC02 ’ (RCO)ZO, COZ'

N20
R ‘Nen RCN (RH {RNO |RR RGXlRfﬁi RGIIRJKI&R
temp/°C
ph 40 100 12 |23 | 5| 15° 5 10
Ph 600 |100 |-21|5.5| 8| 12° 37 15
Ph go (100 |16 | o |14 | 13° o o
4-CH,CH, | 600 100 (15 | 3 |6 |7 3 10°
a. Benzene not looked for in this experiment -
. b. Benzophenone and diphenylamine could not be

separated under the g.l.c. conditions used.
c. 4}4'—diméthyl benzil and 4-methy1phenyl-4f-me£hyl.
benzoate were not completely resolved under the
g.l.c. conditions.
'd; G.l.c. integral‘ratios assuming benzonitrile

equals 100.
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1. FLASH VACUUM PYROLYSIS OF FUROXANS

1.1~ Isolation of Nitrile Oxides from the FVP of Furoxans
Since the earliest reports that phenyl isocyanate had
been formed during an attempted distillation of 3,4-diphenyl-

11,104

furoxan it has been postulated that the reaction involves

dissociation of the furoxan to two nitrile oxide fragments,

'followed by‘the'established rearrahgement.to phenyl iSocyanaté,
Scheme 44.  If this is the case then it might be expected that
thermoiysis of the furoxan in the presence of suitable-dipolaroé

" philes would lead to the formation of 1, 3—d1polar cycloadducts

from the nltrlle ox1de fragments and the dlpolarophlle.

7' P —_Ph o -
230\ . ' >  Ph—N=C=0
, B | =t
T b0 /

\\O/’
Scheme 44

The isolation of such cycloadducts was first reported in

1972105 106

when it was observed that stréined furoxahs and
' furoxans with.bulky substiﬁuents decomposed ét moderate |
' temperatures, in the presence of suitablé dipélérophiles;
to;give 1,3-dipolar éycloadducts. However,’mbfe receﬁtiy'
it.haé'been repofted107 that the thermolytid ring opening
ddes>not~depend upon special structural feaﬁures but is a

general reaction which takes place under more forcing

conditions. It has been established that the thermolysis
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3,4-disubstituted furoxans (42) iﬁ the presence of alkenes

at temperatures in excess of 200°C results in the formation

of isoxazolineslq7 (1455. As above, the procéss.was assumed
to involve a l,3—dipolar'cycloaddition‘between~the alkene and
the two nitrile oxide fragments (12) resulting frbﬁ the
thermal cleavage of the oxadiazole ring [Path A}, thus
reversing the established nitrile oxide to furoxan
dimerisation.20 However, nitrile oxides were not detected
during the course of the reaction and the possibility

of  the isoxazoline being formed by direct interaction between
fhe alkene and the furoxan could not be ruled out. Cyclo- =
adaitidn of the alkene to the furoxan.itself via a nitrone-like
chcloadditidh and subseéuént collapse of the intermediaté

- adduct (146) would also lead to the observed'products [Path ﬁ]L

" The two modes of reaction are illustrated in Scheme 45.

R R (PathAl 4 -
T\ - [r-c=N-0]
' )

N__N—0 == L
0 (12 H,C=CHR’
- (42)
R— ‘
/' ‘/.
.N\‘ BF-R
0 -
- (145)
a, R =Me
h, R=Et
,C,F?zph

d, R = 4-Me0- CBHA
e, R ZZ&-MGCSHA
f, R=4-Cl-CgH;

Scheme 45
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Although nitrile oxides were not detected under these
conditions (>200°C) there is some‘spectroscopic evidence106
to support decomposition via nitrile oxide intermediates at
lower temperaﬁures. .While studying the reactions of
, adamantane-l—carbonitrile oxide (147) Dondoni and his co-
workers discovered ﬁhat érolonged heating of di[l-adamantyl]
furoxan in carbon tetrachloride resulted in~a fetrocycloaddition

to (147) and l-adamantyl isocyanate,106

The identiéyo_f (147)
was established by i.r. spectroscopic analysis of the decompo- -
sition solution; after 40 h two overlapping bands at 2286 and
2255 cm-l were cleérly defined; the 1a£ter was assigned‘t04 |
the nitrile oxide after comparison with the i.r. spectrum of
‘authentic (147) prepared- independently from the corresponding
aldoxime. In addition 3-[l1-adamantyl]-5-phenyl-2-isoxazoline
f(72%)‘wa§ isolated when the thermolysis was carried out in

 'thé presence of étyrene. | However, there is also some evidence
in support of [path B]-in‘Scheme 45,  Thermolysis of 3,4-
dibénzoylfuroxan(lo3), page 63 in the presenEe of phenyl-
agetylene resulted in products formed by direct‘interéction

~ of the dipolarophile with the'furoxan111 (Séheme 32);
‘behaviour which is directly analogous'to the - ~..7 7 _=

imidazole-N-oxides'1? (148).

. N )

PhCO CO Ph - R<_~N ’
I \+ - ]"/:4><R4
o RS

- 0
(103) (148)
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The failure to detect nitrile oxides during.theA
thermolysis of furoxans under the morevforéing conditions
(e.g. > 200°C)107 can be attributed to the fact that under
these conditions the nitrile oxide isocyanate rearrangement and
théir cyéloaddition reactions with aikenes are exﬁréﬁely rapid.20
Furthermore, because of thé high temperatures required to
efféqt the decomposition of all.but the ﬁost'strained bicyclic
furoxéns and furoxans with bulky substituents, their thefmolysis
prov1des only a very limited source of nitrile oxide derived
products. Ideally the decomposition temperature of the furoxan
should be less than its boiling point. For example, when
3,4~ dlphenyl (42¢c) ; and 3,4-dimethylfuroxan (42a) were heatedv'
bunder reflux in l1-dodecanol - (b.p. 257 C) phenyl and methyl
isocyanate were trapped as their carbamates in yields of 81
_andA20%~respectively. The low yield of carbamate derived.
-from the ﬁethyl:isocyanate'can be attributed, in pait, to

the volatility of the furoxan (b.p. 107°C/5 mmHg).37

The
- range of isocyanaté trapé and dipolarophiles is very much
restriéted by temperature; firstly the boi;ihg point must
be less thanlﬁhe decompositionVtemperature of the furoxan and
secondly the dipolarophile must be thermally stable at these
temperatures'and must givé risé to thermally stable cyclo-
.édduqts.

Therefore the widespread use of furoxans as a source

of nitrile oxides is seriously'limited by these constraints.
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The objectives of the present investigation were to
~expand the synthetic usefulness of thé decomposition and to
isolate and identify the.previously unattainable nitrile
oxide intermediates. To achieve these ends the thermolysis
of furoxans was investigated using conventional Flash Vacuum
Pyrolysis (FVP) apparatus (Fig. 10, page 117 )‘and technique.
The use of this gas phase thermolytic ﬁechniquelhas

~enabled the isolation and identiication of -the nitrile oxide
fragments. For example, FVP of diphenylfurdxan (42c) at 450°C
| and']’.O-3 mmHg resulted in a clean fragmehtatién of the oxadiazole
ring to yield benzbnitrile oxide (12c¢c) which was isolated in é_
cold trap at —i96°C. The identity of the benzonittile oxide
- was established by the characteristic absorption at 2281 cm—l

'ih the i.r.'spectrum and by comparison of the spectrum with

‘ that of authentic material prepared by base treatment of
" behzohydroximoyl chloride. further cénfirmation éf the
. identity of the product was obtained by treating it:with'

' éxcessvdiéthyl fumérate and isolating tﬁe cyéloadduét, 4;5—

dicarbethoxy-3-phenyl-2-isoxazoline (85%) (150), as illustrated‘

~in Scheme  46.

- Ph Ph
7/ \§+ - FVP + -
N N—O —e 2 PhC=N-0
N~ 450 C ,

(42¢c) . (12¢)

Scheme 46
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Pig. 14 130 n.m.r. of acetonitrile oxide (CZDC‘I3 - 51°Cl
' formed by FVP of dimethylfuroxan ’

Fig. 15 130 n.m.r., spectrum of Reaction mixture after 3 days
at room temperature, indicating formation of
dimethylfuroxan




-l64-

While the conventional methods, dehydrogenation'df

18,19,22

aldoximes and dehydrochlorination of hydroximoyl

13,28

chlorides, are satisfactory for the preparation of aromatic

nitrile oxides having long lifetimes,‘they prove cumbersome for

the isolation of the shortflivéd aliphatic counterparts, which

undergo rapid dimerisation to the corresponding furoxan.2O

Thus acetonitrile oxide (l12a) is reported to exist for less :

20 60

than 1 minute at 18°C, although De Sarlo et al have

suggested that the low stability refers to the pure substance
above its m.p. Nevertheless, because of its'reactivity and

its tedious preparation from the hydroximoyl chloride, (12a)

has received little attention.20s167

lO—3 mmHg) of dimethylfuroxan provides a straightforward means

In contrast FVP (600°C,

of generating the nitrile oxide,'thus'permitting detailed
examination of its properties. Having generated the reactive
}intermediate it was conveniently stored at'-78°C (COz/Acetone3
.slush bath) for several days after which there was no.observable
'change in the n.m.r. spectrum. Therefore, under tﬁése cdn-
ditions recombination back to the furoxan isprevented, A By
uéing this technique solutions of (l2a) and propionitrile

oxide (12b) in CDCl, were prepared and their n.m.r. spectra_>

3
recorded.
' 13

The C n.m.r. spectrum (CDC13, éSlOC)_of (12a)‘c9mprises
the two lines marked 'n' in Fig. 14. The larger peék at
0.8 ppm is attributed to the methyl carbon, while the broad
signal centred at 35.6 ppm, which is partially resolved into

a triplet due to coupling with the 14N nucleus, is assigned
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to the carbon of the nitrile oxide group.lss ‘Some contamin-

ation by (l12a), either resulting from incomplete fragmentation

or due to partial dimerisation of the nitrile oxide,?° is

indicated by the presence of the four lines marked "f", this
_assignment being made by comparison with the spectrum
obtained from authentic furoxan.

‘The poor resolution of the fulmido carbon resonance is

most probably due to 14N nuclear quadrupole relaxation which

~ is known to cause extensive line broadening.168 The chemical

13

shift and the one bond C—14N coupling constant of 48 + 2 Hz

are consistent with those for the only previous reported case,

namely the stable 2,4,6-trimethylbenzonitrile oxide, of 36.6 ppm

‘and 52 + 2 Hz . 168 Similarly the L3¢ nom.r. spectrum

-SlOC)_of (12b) exhibits a broad, partially resolved

3’
. ' . 13, 14 . v
triplet at 39.1 ppm with a C-"'N coupling constant of

(CDC1

"~ 42 + 2 Hz.

; ~ On allowing the solutions of (12a) and (12b) to warm to;
and.remain at, room temperature for approximately 3 days, the
lines attributed to (l2a) and (12b) disappe.ared,fwhi,l_e those
due to (42a) and (42b) increased in intensity, as is illustrated
in Fig. 15 for‘(12a),'consistent with the expécted recombination
to the furoxan. Similarly, the dimerisation to furoxaa was
also monitored by lH n.m.r. The spectrum of (12a) at -40°C
consists of three lines, the outside two at 2.21 and 2.40 $

being due to (42a) while the third line at 2.26 § is assigned
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to (12a)60. On warming to room temperature the signal due
to (42a) increased at the expense of that due to (12a), the
process being complete after approximately 3 days. The l3C
and lH n.m.r. data for (12a).and (12b) are recorded in Tables
4 and‘S respectively. .

In addition to allowing the spectroscopic examinatioh
of these short lived aliphatic nitrile oxides, the FVP
technique also enables the kinetics of the dimerisation to
the furoxan to be examined in more detail.  For example, by
3 by lH n.m.r.
(Fig. 16) the rateslof disappearance of (12a) and the formacion

following the dimerisation of (12a) in CDCl

of (42a) showed the expected second order kinetics. = The use
of 1,4-dioxan as an internal standard enabled the rate constant
to bevdetermiﬁed. At 239C the second order rate constant for

the dimerisation of acetonitrile oxide to dimethylfuroxan in

is 6.1 + 0.2 x 10~ mo17tam3s™!.  This value compares

3
with that reported for the dimerisation of 4-chorobenzonitrile

, at 25°%, 1.77x10™ % mo1™tam?s™1.%0

" That the rate constant for the dimerisation of (12a)

oxide (12f) in CHCl

is greater than that for (12f) under similar conditions was _
" to be expected. = Rather in the light of the original reports20
as to the stabilitonf'(IZa), it is perhaps surprising that
ﬁhey are so similar. These findings tend to confirm the-viewl
suggested by De Sarlo gﬁ_al.so that the reported short lifetime
of (12a) refers not to its solutions but to the pure substance
above its m.p. In dilute solution hare a second order'rate

law for a bimolecular process, therefore the greater the

concentration the greater the rate.
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In addition to theladvantages outlined above with respect
to the isolation and spectroscobic examrnation of’short.lived
.allphatlc nitrile ox1des, appllcatlon of FVP greatly enhances
the synthetic utlllty of furoxans as n1tr11e ox1de sources.
For example, the synthetlc route from furoxans to isoxazolines
is greatly extended by the removal of the necessity for the
alkenes to boil at >200°C107 if the reaction-is to be carried
out at atmospheric pressure. Furthermore,»the yields of the
cycloadducts are increased and there is a reduction of the
~amount of tarry by-products which were a'feature of the
orlglnal furoxan based route, and which may be attributed
to the limited thermal stability of both alkenes and the
- isoxazoline products.107 The 1soxazollnes prepared by the
FVP technique are listed in Table 8, together’with the
' reaction conditions used. - |
The unequivocal identification of the isoxazolines»was
”achieved, in most cases, by mixed m.p. and by comparison of
their 'H ana 3¢ n.mtr. spectra (Tables 2 & 3) With:those of
authentic adducts prepared fromhthe react;on_of'the'aikene
" with the corresponding hydroximoyl chlorides. _

The lH n.m.r. of Sebutyl-3—methyl—2-isoxazoline (151)
'_islparticularly interesting because in addition to the‘usual
splitting pattern.for the isoxazoline ring hydrogens,
characteristic of an ABX system, there is long ranée'coupling

between the 3-methyl group and the methylene group at’ the

4~position of the ring. ThlS is 1llustrated in the 360 MHz
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. TABLE 8

2-Isoxazolines (145) produced by reaction of alkenes with

nitrile oxides (12) produced via FVP of furoxans (42)

/\;+ —0 —s [Rc N—0 ] on=cy, |/ U

hoid No
(42) - (12) E (145)
R ‘R' . FVP(a)oven | ﬁol % yiqld(b)
temp. (°c) '
CeHy C,Hy 550 - 97
4- CH3OCGH4 . C Hy ' 500 .75
4- C1C6H4 . C,Hg ) §oo - | 90
4-CH3CH, | CyyHyg 500 ,. | - 86
CH, | C,Hy 600 75 -
ci. - . C,H 650 o es

275 49

(a) 107> mmHg; (b) isolated yields
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spectrum of (151) shown in Fig. 17. ‘The coupling constants

are illustrated and summarised below:-
- ‘ J:AB 16-8 Hz

pnHp ¢  82Hz

1 5)3CH; T, cp. 0°98Hz
(151) : R

The asSignment and magnitude of the coupling constants,

JIaB, Jac @4 Jpcr

by Huisgen et al169 for several closély related isoxazolines;

are in close agreemenﬁ with those reported

More recently a long range coupling such as the one described
above has been observed for séveral related 3-methyl-5-(1-

170 (152) prepared from

substituted‘pyrrolyl)—2—isoxazolines
‘the 1,3-dipolar cycloaddition of acetonitrile oxide, prepared

in situ from nitroethane, with l-substituted vinylpyrroles,

Scheme 47.
, . - / | .
'CHBCEN—O + —
. o N
(12a) R

Scheme 47

1.2 Generation of Isocyanates from the FVP of Furoxans

It has been known since the very .early attempts to

11,104 and from the more

107

distil diphenylfuroxan (42c),
recent work of Crosby and Paton et al, that phenyl
isocyanate (153c) is formed dﬁring the thermolysis of .(42c).

Consequently it might have been expected that some (153c¢)
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be formed under the FVP conditions. To establish whether
or not this is the case (42c) was pyrolysed at different
temperatures, the products being condensed onto l-hexene;
Examination of the anhydrous product mixture by g.l.c. ‘
established fhat,'along with the isoxazoline, formed froﬁ‘
the cycloaddition of benzonitrile oxide and l-hexene,

(153c) was present, The product yields are summarised in

Table 9.

- TABLE 9

Phenyl isocyanate (153c) and 5-butyl-3-phenyl-2-

isoxazoline (154) formed via the FVP of 3,4-

diphenylfuroxan
FVP oven temp. - (153¢c) - . (154)
°c , mol % mol $
550 o 2 98
700 o - 95

800 | 37 27

The yield of phenyl isocyanate indicaﬁes fhe fractioh
'6f.tﬁe initially formed'benzohitrile oxide théh uhdergoes
rearrangement, in the gés—phase, to the isdcyanaté. Not.
surprisingly,.the concentration of (153c) inéfeaées.as_the
 FVP oven témperature increases. However, éven at'SOOOC

where the isoéyanaﬁe is the qajof prédﬁct the actual yield

is still relatively poor, offering no advantage over the
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conventional solution thermolysis of (42c) which-results in

423 yie1at®’

of (153c).

. Although, from the above results, it would'appear that
isocyanates cannot be obtained in good yield from the FVP
~of furoxans directly, they can be readily prepared by
catalysed isomerisatiou of the nitrile oxides thus formed.
The method employed was that first reported by Burk and
Carlos40 and involves the reaction of sulphur dioxide with
nitrile oxides to yield 1,3,2,4—dioxathiazoie-2—oxide
cycloadducts and the latter's ready thermOIYSis to isocyanéte
and sulphur dioxide. For example, terephthalonifrilg dioxide
(155) reacts wiﬁh liquid sulphur dioxide to give the bis-
‘dioxathiazole-2-oxide (156) in 85% yield. Subsequent heating
in an. inert solvent at about 100-130°C gave g—phenylenedi—
40

isocyanate (157) and Sulphur dioxide quantitatively as

'_ illustrated in Scheme 48.

0=C=N N=C =0

(157)

'Schéme 48
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The inclusion of sulphur ‘dioxide has been,successfully
applied to-the generation of isocyanates from the solution
thermolysis of furoxéns.98 Pyrolysis of straiﬁed furoxans
of the norbornane series resulted in the fragmentation of the
oxédiazole ring, the isolatéd products being di-isocyanaﬁes

(158) when the reactions were carried out in the presence of

sulphur dioxide, while in its absence strained polymeric

furoxéns (159) were formed,98 Scheme 49.
—~— /

T-+

(94) 0~

NCO

_ NCO~
(158)

N[/ \\N#'
f\d\;

(159) -

Scheme 49
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.In the presént investigation the furoxans were subjected .
tQ FVP and the products cdllected in a cold-trap (—196°C)
containing excess Sulphur dioxide. Dry toluene was added
and the resulting solution heated under reflux for 1 h.

} After removal of the ‘sulphur dioxide from the solution with

a stream of dry nitrogen, the presence of the isocyanate was

established by i.r. spectroscopy (v ca 2260 cm__1

max [4 ‘NCO). I3

g.l.c. and by reaction with ethanol or aniline to yield the
corresponding urethane or urea respectivély. The isocyanates
prepared by this technique are listed in Table 10, together>

with the reaction conditions used.

TABLE 10

Isocyanates prepared by the FVP of 3,4- dlsubstltuted

furoxans via the reactlon of sulphur dioxide w1th the

nitrile oxides thus formed

R FVP oven RNCO . RNHCONHC .H RNHCO.,.Et

° 65 2
temp. “C mol % mol 3 - mol %
CGHS 500 : 93 A - 75
‘4 CH3C6H4 R 'SQO | 76 ‘.71
. - 4-CH;0C H, | 500 o ps
C4H9 . 600 1‘ 61
CH3 - 550 K 74‘

The formation of the isocyanates (153) may be rationalised -

in terms of initial'cleavage of the furoxan (42) ﬁnder”the FVP
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conditions. to its two nitrile oxide fragments (12),
followed by sulphur dioxide-mediated isomerisation of
(12) to (153) via the 1,3,2,4-dioxathiazole-2-oxide (34)

'as illustrated in Scheme 50.

o E{OH RNHCO,Et
R —R :
AL PhNH |
0 _ .
| (153) 2 . RNHCONHPh
(42) |
I\
A - S0,
i -. ' ' d,F?:Mé-
¥ = S0, [/ 1\ | c, R=Ph
RC=N-0 —%=» N S=0
(12) | - o  .1 e, R=4Me Cch, .

Scheme 50

--'The intermediacy of thé dioxathiazolef2-oxide (34) and in
vparticuiar compound (34a) was indicated by the'éharacteriétic4o

i.r. ‘absorption at l240’cm~l,Aand demonstrated by treatment

of the pyrolysate solution with water and isolation of the

corresponding hydroxamic acid (CH3CONHOH).
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From the fact that isocyanates are formed in high
yields from the decomposition of the dioXathiazole—Z—oxides40

41 who

(Table 10), and from the work of Franz and Pearl
demonstrated unequivocally that thermolysis in the presence

of DMAD resulted in nitrile oxide cYcloaddﬁcts in additien
to. the correeponding ieocyanates, the following observations -
can be made as to the reaction pathway. For example,
‘thermolysis of (34c) at 110°C in the presence of DMAD produced
phenyl isocyanate (55%) and 4,54dicarbmetho;y-3-phen§lisoxazole
(160)41 (39%) . In contrast, ip the present investigation;
thermolysis in the absence of DMAD.resulted in a veryphigh
‘yield of phenyl ieocyanate (93%) . In addition, at llOOC the'
rate of dimexisation of benzonitrile oxide to diphenylfuquan
ie fester than the rate of isomerisation to phenyl isgcyanate;_
For example when benzonitrile oxide_is heated rapidly in xylene
~to 110°C there is approximately a 10% conversion to phenyl |
isocyanate while the rest dimerises to.diphenylfuroxan.46
:However, under these conditions WHere the futoxan woﬁld'be
stable, no furoxan is detected. Thereforeiit seeﬁs probable'
thatlthe decomposition mechanism involves both an iSocyanete
E forming pathhay_(path a), involVing a concerted fragmentation,
and a separate reversible step to give sulphur'dioxide.and the
nitrile ox1de (path b) which in the presence of a dlpolarophlle
(DMAD) 1s trapped as the 1l,3-dipolar cycloadduct Scheme 51
Initial cleavage to acyl nitrene and its subsequent rearrange-
ment is improbable as attempts to ttap.the acyl nitrene have

so far proved uhsuccessful.‘39
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Ph—, | | V
| _N; b0 == [PhCNo]+soz+—N/\+'(

Ph CO‘2Me
PhN=C=0 + SO, W

Scheme 51

' Evidence for or against such a proposal could be obtained by
preparing the dioxathiazole-2-oxide from the nitrile oxide,
readily generatedfby FVP of the furoxan, and doubly labelled,

—180_sulphur dioxide. If on subsequent thermolysis éll the

isocyanate contained the 185-1abel then the concerted
' mechanism is strongly supported and the nitrile oxide‘rearrange—

ment route eliminated (path c).

C 18 B 18 18
N ,\,5 00 ——= RNCO + 0=$=0

The results in Table 10 demonstrate the power of the FVP
technique when applied to furoxans. frior to the ﬁsé?of FVP,
the synthetic utility of theufragmentation, as previously stated
had been restricted by the hi;h temperatufes demanded limited
the'use of co—reacténts such as alcohols, and ieéd to éxtensi?é

by-product formation resulting from the decomposition of the
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isocyanates and their urethane adducts.  The method is
particularly valuable for'the generation of metnyldisocyan-
.ate (153a) from dimethylfuroxan, which is readiiyiavaiiable
from 2-butene and dinitrogen trioxide,97 and for which
straightforward tnermolysis'in.ths iiquid phase is inefféctive;
only traces of methyl rsocyanate are formed fron dimethyl-
furoxan at its boiling point.77 This route toﬁmetnyl iso-
cyanate offers an alternative to the conventional routes which
involve phosgenation of methylamine. .

In addition to the synthesis of isocyanates nhe technique
has also beengsuocessfully applied_for the preparation of
.- phenyl isothiocyanate. Nitrile oxides react readily with

sevoral thiocarbonyl derivatives to give the corresponding

.1,4,2—oxathiazole cycloadducts. Subséqnent thermoIYSis'of
the oxathiazole results in the formation of the isothio-
.cyanate and the oxygen anslogue of the thiocarbonyl derivative
employed.171 Moreover if the reaction takes piace with a
:thioamide theVS-amino—l,4,2—oxsthiazoles, thus formed, are
unstable and the corresponding amides.and.isotniooyanates
.are directly obtained. _

Thus, FQP of diphenYlfuroXan at'SBOOC onto §,§fdimethjl-l
vfhioformamide resulted in a l,3-di§olar cycioaddition‘of
benzonitrile oxide across the thiocarbonyl bond to give the
cycloadduct (161). On‘warﬁing to ambien£ temperature (161)
decomposed to- yield phenyl isothiocyanate (49%), and N,N-

dimethylformamide, Scheme 52.
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?hmj;— Fvp | Phﬁ/_’é\ H

~’ — [Phc N— o] —| N &L

Me NCHS | 0

PhN=C=S  +  Me;N—CHO oI
'Scheﬁe'sz

L)

In conclusion, the generation of nitrile o#ides-from
.the‘thermal fragmentation of fnroxans-represents'an example

of a retro 1,3—dipolar Cycloaddition.172 'Moreover, the
'FVPdtechnique gives the resultant nitrile oxides in

'vexcellent yield and has enabled the more reactive aliphatic_.
hitrile~oxides to be{exaﬁined spectroscopically. In addition
the s§nthetic,utility of furoxans as evsonrce of nitrile | |

-ox1des has been greatly extended by the removal of the afore—

-+..mentioned temperature constralnts. ' Indeed for acetonltrlle

oxide and propionitrile_oxide FVP of the corresponding furoxans
'is probably theﬂmethod of choice, the nitrile oxides being
readily obtained from stable precursors. The one llmltatlon
of the FVP technique would be the low react1v1ty of some
.dipolarophiles such that the-predomlnant reaction of the
nitrile oxides in these cases would be dimerisation to the
furoxan and not the desired fé3—dipolar cycloaddition with

the dipolarophile. in these instances generation in situ

in the presence of excess dipolarophile'would remain the

mrmd=tr A AL ~hAT A
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2. THERMOLYSIS OF OXADIAZOLES

2.1 - Isolation of Nitrile Oxides and Nitriles from the =

Thermolysis of Furazans

The furazans under investigation were synthesised from

. either the corresponding glyoximes by direct dehydration,

using thionyl chloride, after the method of Boulton119 or by

deoxygenation of the corresponding furoxans, with triethyl.

phosphite, after the method of Mukaiyama,12

0 Scheme 53;

R—C —C—R ~ socl
NOH NOH

o

| R~k
R—C=NOH —— N/ '\N—d'
& | 0

Scheme 53

Of the two‘synthetic,routes deoxygenatién of the'furéxah,‘
ropte'g, is a general method for the preparation of furazans
Wheréas direct.dehydration of the glyoxime with thionyl .
chloride, route a, is restricted to those glyoximes thch do
not readily undergo a Beckmann'rearrangement to the 1,2,4-
oxadiazoie. In the preéept context route a was used :

successfully for the synthesis of 3,4-tetramethylene- and

1
&y
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3,4-dimethylfurazan. In contrast, an atfempt to prepare
3,4-diphenylfurazan via route a resulted, not in the fq;mafidn
of the furazan bgt in the formation of 3,5—dipﬁenyl-l,2,4-
oxadiazole (85%). This behaviour waslfirst obsefved by
TQkura et al during a study}of the reaction of cyclohexaﬁe—
1,2-dioxime with thidnyi chloride in liquid sulphur dioxide.118
If theAfuroxah is readily available, as it was in the
preseht investigation, foute b is £hé method of choice the
deoxygenation occurring in excellent yield.£usually >90%)
whereas route a normally only gives ca 50% yield 6f the
furazan.. | _ )
Despite the early reports that rapid heating of diphenyl-
furézan resulted in the formation of benzonitrile and phenyl‘ |

123,124

isocyanate, and the hypbthesis that, 1ike‘diphenyi—

11,104 the decomposition proceeds via benzonitrile

furoxan,
~oxide, the thermal decomposition of furazans has not been

inveétigéted'in any depth.

Ph PR Ph Ph
7 § . : -+ - 7 § -
N/ \/N A . [PhCEN—O ] }_4:—“7 N/ \N—-O_

N -PhC=EN - 20% ~o”

A

PhN=C=0



-181-

In contrast, the photolytic decomposition has received

43,125-128 ;4 it has been established

considerable attehtion
that photolysis Qf the furazan generally leads to nitrile
oxide derived products and the corresponding nitrile.
Prior to 1979, the'only reported instance of a furazan

thermally decomposing to a nitrile oxide was the case of

119 (123,

the strained, bicyclic acenaphtho[l,Z—cifurazan
The ihtermediacy of the nitrile oxide was established by
i.r. spectroscopy and the isolation of the i,3-dipolai
-cycloédduct (124) with phenylacetylehe, Scheme 39, page 73
More recent;y thé thermolytic ring openiﬁg to nitrile
oxides and nitriles has been extended to include other
stréined bicyclié furazans.llo’129 Paton et al have
deménstrated that in the presence of a suitable diéolafo—

- phile or: sulphur dioxide thermolysis 6f 3,4-trimethylenefur—
‘azans (126) results in thé formation of the cérxesponding

: i,3-dipolar cycloadduct (129) or 34cyanopropyl isocyanate

110 Scheme 40, page 74 .

129

‘(128) respectively,
In siﬁilar féshion Tsuge et al haveAdeﬁbnStrated the- 

'therﬁoiytic ring openihg of 4,6-diphenylthieno(3,4-c] furazan

(130) to nitfile/nitrile oxide intermediates,:Scheme 41, page 75.
Nne of the objectives of the‘present research_was to

determine whether or ﬁot the thermolytic ring opening to

4nitrile oxides and nitriles is a general reaction for

furazans and not one dependent on special structural features

such as ring strain.
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To establish whether or not this is the eaee the
thermolysis of 3,4¥diphenylj3,4-tetramethylene- and 3,4-
decamethylenefﬁrazan were carried out in a large excess
of a suiﬁeble dipolarophile. In a similaf experiment to
that carried out with diphenylfuroxan by Paton and Crosby,107
diphenylfurazan was heated under reflux for 6 h at 245°C
in 1—tetradecene.' The tﬁermolysis afforded S—aodecyl~3~
phenyl—z—isoxazoline‘(162) (83%) and unreacted diphenylfurazan
(15%8). Due to iteivolatility (b.p. 191°C) only traces of

benzonitrile'were detected;
- Ph—7— 1 P | 1  Ph——
N 25 ey [Phe=N-0] — [/ )
- Nor CEN+ PRE=N=0 N o~ \CH2CH

G Hag
(162)

Although no benzonitrile oxide was detected during the
thermolysis, the isolation of the 1,3-dipolar cyeleadduct is
proof of the intermediacy of the nitrile oxide. Unlike
the furoxans there is less likelihood of the dipolarophile
and the’furezan interacting directly as no nitrone-like
behaviour is poseible. .Thie particular experiment'gives
- some indication as to the relative stability of’furaians
and furoxans. Under identical conditions diphenylfuroxan

107

was consumed after 2 h whereas after 6 h not all the

diphenylfurazan had decomposed. = It would appear that

.

furazans have greater thermalﬁstability than the corresponding

furoxans. -
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Bicyclic furokans, both strained and unstrained, ring
open on heating to bis-nitrile oxides which can be readily

105,107 In

trapped as their 1,3-dipolar cycloadducts.
contrast, as illustrated above, only furazans fused to a
five-membered ring have'been shbwn to fragment to the
analogous nitrile oxide intermediate,llo’llg’129 which in
turn can be readily trapped by suitable dipolarophiles.
Moreover, during their investigation into the reaction of

118 found that the

cyclohéxane-l,Z—dioxime Tokura et al
3,4—£etramethylenefurazan (113), formed from the dioxime
and tﬁionyl chloriae in iiquid sulphur dioxide, was extremely‘
stable. (113) resisted hydrolysis‘on reflﬁxing with con-
centrated hydrochloric and sulphuric acids fof 5 and 7 h
respectively and with aqueous 25% sodium hydroxide for
6.5 h. - This high stability suggests that the thermal
_deéomposition is not a general reaction but only takes
place when other factors such as ring'straih'arevpresent.
: 3,4—Tetfamethylene— (163a) and 3,4—decaméthylénefurazaﬁ
(163b) were heated in refluxingv4—methoxybenzonit£ile |
v(240°C) for 2 and 3 h respectively. On cooling, the N
corresponding 1,2,4-oxadiazolesvk164) werelisélated in
72 and 67% respectively; Scheme 54.

Whereas disubstitutéd furazans produce monofunctional
nitrile oxides and nitriles, the bicyciicAanalogues such
as (163), which ére conveniently prepared from ihe furoxans
" which, in turn, is prepafed from the appropriate cycloélkene
after the method of Klamman,97 (Introduction p. 54 ) give
rise to a series of w—cyanoalkjl—nitrile oxidés which are.

not readily available by other routes.
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N ~° - : _
=\ 240 C _ * -

(CHz)n —_ /0 | » [NI.:C—(CHz)E"C=N—O ]

_ N 4-Me0O-CcH, C=N

, 64
1 (163)

a,rw:A .

" b,mn=10

=c- N
‘ N\O CGHL. QMe-L

Scheme 54 . - ' (164)

The above results demonstrate that,_as was found tb
be'ﬁhe case with furoxans,.the thermolYtic rihg opehing
to nitrile oxides does hot depend on épecial struétural
features such as ring strain but is a general reaction
for furazans which takes plaée'under:more forcing conditioné.
Following thé high yield of (162) and the failure to
quantify the benzonitrile formed during the thermolysis of
diphenylfurazan in l-tetradecane, it was decided to study
"the thermal aecomposition using FVP. If successful the
FVP teéhnique would offer the same advantages as those
outlined for furoxans in 1.1. Several 3,4—disubstitutéd
fﬁrazans were investigated aﬁd the results summarisea

in Table 11, together with the reaction conditions employed.



-185-

TABLE 11

2—Isoxazolines>and Nitriles from the FVP of Furazans

* /
/ \ RCH=cH, R—p
N —= RCN + [RC—N 0] ——= N
_ o
(145)
R R' Fvp (@) over = |
oven RC=N (145)
temp °cC mol % - mol
C H  C4Hg 600 92 96
4-MeOC H,  C,Hy 550 96 - 93
 4-MeC_H, C4Hg 600 93 %6
Me C,H 600 91 (P 81
479
(a) lO?BmmHg (b) g.l.c. yield

The results in Table 11 clearly demonstrate that FVP of
3,4—disubstituted furazans represents a valuable technique
for the generation of nitrile oxides and nitriles. The
advantages of FVP over solution thermolysis are similar to
those outlined for the thermolysis of furoxans. Namely,
the removal of the cdnstraint that the decomposition temperature

of the furazan must be less than its boiling point for high
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conversion to the nitrile okide and nitrile. It is highly
probable that solution thermolysis of dimethylfurazan, at .
a£mospheric pressure, would be inefficient due to the‘vqlatility
0of the furazan (b.p. 154—159OC)116. By allbwing the use of
volétile dipolarophiles, such as l—hekene, FVP widens the
synthetic application of the ffagmentation. It also enables
the'relatively‘volatile nitriles to be isolated.

Ah isolated experiment worthy of note is the FVP_of'
3,4-£etramethylenefurazan (113) at 600°C onto sulphur dioxide.
In like manner to the furoxans subsequent fefluxing of the |
reaction mixture in toluene resqlted in the formation of |

. w—cyanobutyl isocyanate (165) which was isolated as the

urea (166) (48%) with aniline, Scheme 55.

=N so, C=N PhNH, e
(113) —e b — — |
C=N-0 ~\_NCO NHCO-NH-Pt
(165) © (166)

" Scheme 55

Having established that the thermolytic ring-opening to -
‘nitrile oxidés and nitriles is a general reaction for furazans
the question of how the oxadiazole ring fraéments arises.

In an attempt to answer this problem three asymmetrically
disubstituted furazans, 3-methyl-4-phenyl- (l67a), 3—(4;
chlorophenyl)-4-phenyl- (167b) and 3—(4—methoxyphenyl)-4-
phenylf f167c) were investigagéd. These furazans were all

prepared via the same synthetic pathway, Scheme 56, the key
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feature of which was the nitrosation of the intermediate
ketone (168) with amyl nitriteg_4 to ultimately give the
dioxime which was then dehydrogenated to the isomeric
furoxans which in turn wereideoxygenated with triethyl-
phosphite to the furazan. (167a) was prepared from the
commercially available phenylacetone while (167b) and
(167c) were prepared from 4-chlorophenylacetic acid and

' phenylacetic acid respectively.

- | A /S0Cl, ~ -
R-CH; CO,H > R-CH; CO-Cl
R-(-CO-R - ~ R-CH3COR
NOH | . (168)
NH,OH: HCI
R ocl” R R (EtO)P * R——— R’
RE—CR  —e N/ W —. / \
NOH NOH 0%, N7

(167)
a: R=Ph,R=Me
b: R:L‘ClCGHA' ,R=Ph
C:R=Ph,R=4rMeOC6HA
' Scheme 56
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The unsymmetrical furazans were then‘pyrolysed at
600—6500C, thé products being condensed onto l-hexene.
and the reaction mixtures analysed by g.l.c. (10% SE-30).
The results are summarised in Table 12, along with the
pyrolysis conditions. .

TABLE 12

Nitriles and 2-Isoxazolines from the FVP of

Unsymmetrical Furazans

. / N . : / . . ’
R—7r——1(-R RC=N R - R ' '
N N —_— N_ R N )R
o7 4 RC=N ~o ~0
RCHZCHZ A
Oven RC=N - R'CEN R-Isox R'-Isox
R R" R"
temp/ C 2 % % %
 Ph CH, - C,Hy 650 35 - 65 - 35
4-_ClC6H4 Ph C4H9 600 .51 49 47 47
Ph 4-MeOC6H4 C4H9 600 52 43 . 40 47

- These results, although not conclusive, suggest‘that the
fragmentation of the oxadiazole ring takes piace in favour of -
the more stable nitrile oxide. . In this iﬁstance if the rate
of dimerisatioﬁ of the nitrile oxide to the furoxan is taken as

a measure of the stability of the nitrile oxide then, according
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to Dondoni et al,106 the stability of substituted benzo-
nitrile oxidés increases m-Cl < p-Cl < H < pMe < pMeO.
Furthermore, it is quite clear thét acetonitrile oxide is
the least stable of the possible nitrile oxides under consider-
ation. ‘ The above results can be rationalised byWCOnsidéring

that in the transition state (169), for the fragmentation,

there are developing partial charges.

/ B + /]
R R R—C---C—R
N\ /N — N N —e RC=N—-0 + RC=N
O \ ’/ -
. 0]
- 8- _J
- (169)

Therefore, if R is mére electron donating than R' the
devéloping'positive'charge will be stabilised and R-CEﬁ—E
will be favoured over R'C=8-0. Thié would appear to be the
case for (167a) and (167c) where benzonitrile oxide and
4—methoxybenzonitrile oxide are formed preferentially.

‘For (167b) if would appear that there is little difference
in the stability of the two possible nitrile oxides which
are produced on thermolysis.

The evidence in support of this hypothesis is tentative
and further work, on a greater number of asymmetrically
disubstituted furazans, would have to be carried oﬁt td

establish its wvalidity.
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2.2 Thermolysis of 3,5-Diphenyl-1,2,4-oxadiazole
Prior to the present investigation the thermolysis of 3,5-

disubstituted-1l,2,4~-oxadiazoles had only been briefly

173,174

investigated. Since the early work of Tiemann and

175 4ho found that 3,5-diphenyl-1,2,4-oxadiazole (170)

Krliger,
could be distilled without decomposition at normal presSuré
(b.p.,296°C), 3,5—diaryl—i,2,4—oxadiazoles have been renowned
for their stability and unreactiveness.. HoweVer, as was found

123,124

later with the isomeric furazan, rapid heating of (170)

resulted in partial decomposition to phenyl isocyanate and

benzonitrile.165

Ph
N/
N
)
(170)

N
\ Ph . ———e PhNCO + PhCN

~As illustrated in Scheme 57, theré are three possible .
-- decomposition pathways; (a) a retro-1,3-dipolar cycloaddition"
to nitriie oxide and nitrile; (b) a concerted decomposition to
isocyanate and nitrile; (c)'fragﬁentation to acyl nitrene and
nitrile.

Cottér and Knight173

examined the>therma1 decomposition of
..(170) at-340°C‘in_a sealed glass ampbulévevacuated to a fesidual
pressure of 10-4 torr. G.l.c. analysis of the pfoduct mixture
revealed, as'above, that the only products were phényl isocyanaté
and benzonitrile along with undecomposed (170). Mass-spectro-
metric examination identified carbon dioxide and diphenylcarbodi-
imide, derived from phenyl isocyanate,176 amongst the prdduéts.
These observations led Cotter and Knight173 to propose that the

decomposition occurred through 5 concerted mechanism, path (b)

Scheme 57.
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Ar _N o ‘ _- | .
GTO 7 2w witn+ [acsioG] — amco

Ar —N. , .
;/J\}(]/ 2 o AcN +  AfNCO

N~ Ar
o
Ar—sN o o, -
N/()\ A' ——a ArCN + [ArC--N —= AFNCO
, \/'M r ‘ , TS
0 0 '
Scheme 57
In Contrast, the work carried.out by Ainswofth174 militates

'~ against a concefted mechanism in favour of a rétro-l, 3-dipolar
cycloaddition to nitrile'and nitrile oxide, path'(a) Scheme 57.
Experimentally; he found that thermolysis of the unsymﬁetriéally 1
disubstituted Qxadiazoles; 3-(4-chlorophenyl)~5-phenyl- (171a)
and 3—(4—chlorophenyl)—5—(4—methbxyphenyl)~l,2,4—oxadiazole_
'ﬁl7lb) resulted in the formation of 4—¢hiorophenyl isocyanate

and benzonitrile and 4-methoxybenzonitrile respectively, Scheme 58.

. . » i . :
. 3+ -
R ——e R@CN + CI'CEN—(

Cl NCO




=192~

More fecently mass-spectrometric examination of
unsymmetrically disubstituted 1,2,4-oxadiazoles hés added
weight to the deqomposition occﬁrring'zig'a retro-1,3- |
dipolar cycloaddition to nitrile oxide and nitrile.177
Selva et al have studied the m.s. decomposition of'3,5-__
diaryl—l,2,4-oxadiazole; in some detail and have claimed
that their results are only consistent with the fragmentation.
taking place via a retro-1,3-dipolar cycloadditiQn to nitrile
oxide and nitrile. In particular they refﬁte the concerted
mechanism proposed'by Cotter and Knight. ~ Mass spectral
‘investigation of (172a) givesAthe main fragment [C7H5NO]+;
m/e.119, and m.s. of 3—phenyl—5—(4-dl—pheny1)—l,2,4—oxadiazole

(172b) gives the same fragment without deuterium incorpfoation.~

Ph——N | | . :
N Q—— [C7HSNO] + X .C=N

(172)
a,X=H
b,X=D

This result unequivocally indicates the [C7H5NO]+ does not
contain the 5-phenyl #ing and definitely rules out the
concerted mechanisﬁ, under the m.s. conditions. Confirmatory
evidence for the intermediacy of benzonitrile oxide was
acquired by m.s. investigation of authentic phenyl isoéyanate
and benzonitrile oxide. It was established that the fragment-
ation pattern fromA(l7O) waszgnly consistent with the molecule

ion [C7H5NO]+ being the nitrile oxide and not the isoé:yanate‘.177
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The photolytic'decompoéition of 1,2,4-oxadiazoles has
only been briefly-investigated, the phbtolysis of (170)

"giving rise, not to phenyl isocyanate and benzoniﬁrile'the
thermolytic decomposition products, but to N-benzoylbenzamidine
presumably formed by initial cleavage of the weak 1,2

N-O bond.178

=N—C—Ph  (31%)
Hy, O

Ph—7’——N A
hv
N/ »—-Ph /Etzo = Ph-C
o ok

It was hopéd that by using the FVP technique, successfully
appliéd to furoxans andvfurazéns, it might prove possible to

‘isolate the nitrile oxide, if formed, and therefore confirm

‘~'_ that the thermal decomposition, in line with the m.s. decompo-

sition, does in fact occur via a retro—l,3;dipolar cycloéddition.
To achieve these ends the thermal decomposition of (170),
prepared frém bothldiphenylglyoxime and froﬁ the thermolysis of
benzohydroximoyl chloride in toluene in the presence of
"benzonitrile, was examined. The recovery of the starting
material from thermolysis of (170) in l—tetradecgne at 251°c
~and ﬁhe failure to detect any isoxazoline cycloadauct confirmed
the greater stability of (170) with respect to the isoﬁeric |

diphenylfurazan (114) and ﬁhe corresponding furoxan (4).
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Thermolysis of (114) and (4) in l—terradeeene gave 5-dodecyl-
3-phenyl-2-isoxazoline (162) in 81 ana 82 mol % respectively.
Similarly, fVP of (170) at 500° and 600°C onto l-tetradecene
and l-hexene resulted in a 97% recovery of the oxadiazole.
At‘higher.temperatures Fhe oxadiazole showed some signs of
decomposition, but even.at 700°C 54% was recovered unchanged
and no isoxazoline was detected. In addition to the
recovered starting material traces of three solids were
isolated but unfortunately they could not be identified
unambiguously. _Solid fa) gave no distinct parent ion

peak in the m.s. and had a m.p. of 140-142°C.. On the basis |
ef an exaet mass determination on the perent ion, m/e 197,
sOlid (b) was assigned the molecular formula C13H11NO.
Furthermore from the m.s. fragmentation pattern, i.r. spectrum
and m.p. 155—158°C, solid (b) was tentatively identified as -
_benzoylaniline (1it.157 m.p; 163°¢c). Similarly, from the
m.s. solid (c) was assigned the molecular formula C14H12N202
The possible formation of benzoylaniline as one of the products
from rhe pyrolysis of (170) suggested that benonl nitrene.
might be present.during the decomposition. In an attempr
"to trap any benzoyl nitrene that might be present (170) was
pyrolysed at 800° C. The thermoly51s proceeded w1th extensive
eharring and the products were condensed onto methanol.
G.l.c./m.s. analysis of the product mixture established the
presence of methyl phenylaminoformate (173),-derived from

the reaction of phenyl isocyanate and methanol. | There was
no evidence for N-benzoyl-O-methyl hydroxylamine (174), the

_ expected product from the reaction of benzoyl nitrene and

methanol, Scheme 59.
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MeOH
PhCN + PHhNCQ ——— Ph:NH-CO-OMe
‘ (173)
Ph~7~—-N
Ni »——Ph '
0 :
0
Il MeOH |
PhCN  + | PhC—N: [———= PhCO-NH-OMe

(174)

Scheme 59

Although not definitive the above experiﬁents do give
sdme insight into the mode of fragmentation of (170). It
would appear that, under tﬁe FVP conditions, the thermal
‘_deéomposition, unlike fragmentation in the mass'speétrometer,
doeé not proceed via a retro-1,3-dipolar cycloaddition. If
any benzonitrile oxide.had been formed under thesé conditions
it would, by analogy with the FVP of diphenylfuroxan at
’ <700°C, have been trapped by theydipolarophile in the cold trap.,
However, it has not proved possibie,to distinguish between
the concérted deccmposition and fragmentation fo benzoyl
nitrene. The possible presence of benzoylaniline from pyrolyéis
of (170) at 700°¢ suggests the intermediacy of benzoyl nitrene.
but failure to trap it with methanol and the isolatién;of
methyl phenylaminoformate argues, at first sight, agaiﬁst

the intermediacy of the nitrene. However, if formed the
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nitrene could have undergone further reaction, perhaps
rearfangement to the isocyanate, before rééchingtﬁmacold
trap. Therefore to distinguish between the femaining two
alternative modes of decomposition for (170) an alterhative
. FVP apparatus in which the distance between hot zone and
oven is very much reduced enabling short lived reactive
intermediates to be-isolated might be required. |

In summary, it is qﬁite clear that 3,5-diphenyl-1,2,4-
oxadiaéole is much more stable than the isoﬁeric 3,;—diphenyl—
furazan and on thermal decomposition under more sevére_

conditions, does not appear to undergo a retro-1,3-dipolar

. cycloaddition to benzonitrile oxide and benzonitrile.

3. THERMOLYSIS OF 2,4,5-TRISUBSTITUTED-1,2,3-TRIAZOLE-
1-OXIDES.
The thermal decomposition of 2,4,5—trisubstituted-
l,2,3—triaﬁole-1—oxide$ was investigated because they are
" a class of heterocyclic compounds closel§ related to.furoxans;
Like the analogous imidazole-N-oxides they are fﬁaéﬁéiunw,;}.

" o* furoxans and represent the third member of the group.

R R
X N TS
/ .

‘Imidazole-l-oxide Triazole-l-oxide - Furoxan

kS
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It is knownlos-_107 and has already been demonstrated
thatAfuroxans'decompose thermally to give nitrile oxides.
Furthermore, in some instances the decomposition .in solution
is accelerated by the presence of certain dipolafophiles.llo
Although not the only rationale, this behaviour can be

explained by direct interaction of the dipolarophile with
the furoxan in a nitrone 1,3-dipolar cycloaddition, Scheme 45
page 160. An example of such behavieur is. the thermolysie
of dibenzoylfuroxan (103) in the presence phenyIacetylene,111
the products being derived, not from the 1,3-dipolar eyclo-e
eddition of phenylglyoxalonitrile (Ph.CO.CEﬁ-a); but from
direct interaction of the dipolarophile with the.furoxan,
Scheme 32, page 63 . Moreover, imidazole—N;oxides ha&e
»been shown to react as nitrones with suitable dipolarophiles112
and in the case of 2,2—diphenyl—4,5-dimethyi—2H—imidazole—N-
oxide (108) the niﬁrone cycloadductA(lOQ) has been isolated

from thermolysis in benzene in the presence of DMAD.113

Me” N+ | |
- © Me0,C
(108) (109)

The corresponding precess for 2[H]-1,2,3-triazole-1-
oxides would lead to the cycloadduct (175), while thermal
fragmentation analogous to that observed for furoxans would

result in the formation of nitrile imines and nitrile oxides,

as illustrated in Scheme 60.
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N

\l

\ _0
Scheme 60

(175)

" To establish whether or not the triazolé—l-oxides behave in
the above manner the thermblysis of 2,4,5-triphenyl- (176a)
and 4,5-dimethyl-2-phenyl-1,2,3-triazole~-l-oxide (l7éb) were

. investigated. They were synthesised from bénéil and diacetyl
~monoxime respectively via the correspondiﬁg moncx.ime phenyl-

" hydrazone which on oxidation with aqueous copper sulphate and
'pYridine, after the.method of Geigy,152 gave thé triazole~l-

oxides as illustrated in Scheme 61.

R<c=0 NH,OH | R~c=0
I — [
R0 rR—“NoH
a: R=Ph
b: R=Me lPhNHNHz
R~ N, Cuso,/ R ZNNHPh
]; /N—Ph - — ' !
RN - Pyridine. R—CXNOH
O .
(176)‘

" Scheme 61
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In conffast to the isoelectronic furoxaﬁs all attempts
to isolate any nitrilerxide derived'product from (176a)
were singularly unsuccessful. In fact, (176a) proved to
be very stable with no observable reaction taking place
after refluxing in toluene for 4 days and xylene for 6 days
in the presence of DEAD.and DEF. Furthermore it was
recovered unchanged after FVP at GSOOC. The only sign,of
decomposition was after refluxing in 4—methogybenzonitrile
for 60 h at 240°c. Even in this cése no p?oduét was iéolated,,
the starting material was recovered (76%) along with an
intractable black tar. It is unlikely that the decompbsitidn
gaVe rise to benzonitrile oxide as the 1,2,4-oxadiazole which
'wbuid have been formed is stable at this temperature.

113'who isolated the

Following the work of Simmonds EE_El
nitrone cycloadduct (109) frém.the analogous imidazble—N-oxide,
'_'(108)‘was refluked in benzene, in the presence of bEF, for 24 h.
However, after this tiﬁe there was no evidence to support the

formation of the corresponding cycloadduct (177), bnly startingv

. material being detected by't.l.c.

COEt
Me  Me CO,Et
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The only decomposition product isolated from this.brief
invesfigation into the thermolysis of 2[H]—1;2,3—triazoie— ‘
l-oxides was from the FVP of (176b) at 650°C.‘ The_pyrol&sis
products were condensed onto l-hexene to trap any acetonitrile
" oxide and C-methyl-N-phenylnitrile imine which might have been
generated under the pyrolysis conditions. However, t.i.c.
analysis of the product mixture'indicatéd that 5-butyl-3-
methyl-2-isoxazoline was not present. Rather, in addition

to unaltered starting material a dimeric species, to which

structure (178) was assigned, was 1solated (37.4%).

Me ~ CHyCH, Me  Me- Me -
N/\ )N | N;/ | >N N:/ \N:
Ph Ph % ~ Ph
(178) (179)'

The evidence in support of structure (178) came, primarily,
from m.s. and n.m.r. spectrometry. vThe m.s.>géve a molééular
ion m/e'344, the exact mass indicating a molecular formula
C20H26N6' and a main fragment ion at m/e 172, [C 10810 3]
suggesting the dimeric nature of thé compound. A comparlson'
.of the lH and 13C n.m.r. spectravwith those of_4,5—dimethyl4
2-phenyl-1,2,3-triazole (179), prepared by triethylphésphité
deoxygeﬁation of the triazole—l—oxidev(Table 13), estgblished

structure (178).



-201-

TABLE 13
(172 YD)
'H nmr(s) 3¢ nmr (6) 1y nmr (§) L3¢ nmr ()
CH ;- 2.21 9.97 2.25 | 9.8
c, - 143.5 - 143.5
c, - © 146.5 - -
- CH, - 3.10 24.1 ' - ' -
Ph-  7.21-8.05 118.1, 126.5 7.15-7.95 117.8, 126.2

129.1, 139.8 » 128.9, 139.7

Having proposed the symmétrical structure (178)_f6r the
isolated product from the FVP of (176b) the question of how
it is formed ariseé. | As little is khéwn about the thermal
décémposition of 2[H]-1,2,3-triazole-l-oxides any.mechanistic
proposal must be based on the established chemistry of related
'species. | |

| During their investigatiohs_inté the reactions_of the
closely related 1—phenylimino-2,4,5—triphenyl-l,2,3-triaZoles

179 found that not only could (180)

(180) Sukumaran et al.
‘be successfuliy trapped with dipolarophiles such as DMAD and
DEF, but on photolysis or thermélysis’(lSO) eliminated
phenylnitrene to give the corresponding triazole (181),

Scheme 62.
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Ph
7~ -
N | N—Ph
Pho N Ph___*y
I = | ji/ N—Ph
c ~
N7 Ph Ph~ N
N (150)
PH™ DMAD hv /A
Me0,C~/ 'I“ | |
Ph —N | Ph— N |
N-Ph I N—ph + [Phi{]
Ph ~~ 7/ . S~ / , e
N Ph— N
- (181)

Scheme 62

Attempts to trap the eliminated phenylnitrene durihg
the thermolysis of (180) proved unsuccessful. In contrast
- phbtolysis of (180) in cyclohexene resulted in the iéolation
of g—phenylcyclohexylaminé, the product fromvphenylnitrepe

180

insertion into the C-H bond. Photolysis of (182) results

not only in the formation of the corresponding triazole but

also in the hydrogen abstraction product (183).

" H_H N-Ph | :
S +l!l N ' rll
— \ hv g
N-Ph —~—— \N—Ph + \N-Ph
N . ’ N :

(182) ' (183)
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With this background information it is now possible

to postulate a mechanism, Scheme 63, for the formation of

the deoxygenated dimer (178) from the FVP of (176b).

Me N\ Me . N\ , .
| |
:[:/ N-Ph = \[ N—Ph ;
Me \rxlu- CHz" r\IJ |
| 0~ | OH |
(176b) ’ : (184)

| sz .
CH, - Mo -
N -— | N—Ph

(178) - . (185)

Scheﬁe’GB_

The first stép in the mechanism has a diréct analogylas
described above in the formation of (183) from photolysis of'
(132). Under the FVP conditions it ié conceivable that
(184) would lose the hydroxyl radical to fofm the resonance-
stabilised radical (185) which undergoes dimerisation to

(178) . The dimerisation of (185) is directly analogous

to the dimerisation of benzYL; radicals to give bibenzyl.181a
/ e . )
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Furthermore} as is aemonstrated'in the FVP of 3,6-diphenyl-
1,4,2,5-dixoadiazine (Section 4) phenyl.radicals and benzoyl
radicals dimerise under the FVP conditions, in the gas phase,
to give biphenyl and benzil respectively.

Therefore, uhlike the isoelectronic furoxans and imidézole-
N-oxides,l2[H]41,2,3-triazole-1_oxides do not exhibit any
1,3-dipolar reactivity. Rather they exhibit considerable
stability. In the cése of (176b), FVP results not in
fragmeptation of the heterocyclic ring but iﬁ the formation
of the deoxygenated'dimer (178) presumably formed by radical

'coupling in the gaé phase.

4. FLASH VACUUM PYROLYSIS OF 3,6-DIARYL-1,4,2,5-DIOXADIAZINES
| In the presence of pyridine or boron trifluoride. aryl
nitrile oxides dimerise to give 3,6—diaryl—l,4,2,5fdioxadia—

. 57,58
~zines.

4+ -

N -
o | Ar N | |
2 arcsN—0 —= |
.N\0 Ar - _

The thermal decomposition of these compounds has not been
investigated in any depth; the only reported examplé being
that of 3,64(2)4,6—trimethylphenyl)—l,4,2,5—dioxadiazine

a7 During their investigations into the mechanism

(186) .
of the thermal isomerisation of nitrile oxides to isocyanates

Grundmann et al. heated (186)iin xylene. The only products
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isolated were the corresponding nitrile (27%) and 2,4,6-

trimethylbenzoic acid (3%).47 No attempt was made to

rationalise the formation of such decomposition products.

0 : .,
‘Ar—[/ Y : o |
|| ——=  ArCEN  + ArCOH
N\o Ar 140°C
Me
Ar:: Me
Me

: Intuitively,.as illustrated in Scheme 64, there are four
possible decomposition pathways:- path (a), fragmentatibn of
the heterocyclic ring to nitrile oxides; path (bi ring opening
Ato nitrosocarbonyl compounds and the corresponding nitrile;
,path_(c), fragmentation to acyl nitrenes; path (d), a concerted
decomposition which would result in the formation of isocyanates.
In an attempt to determine the mode of fragmentation which |
actua;ly occurs the thermal decomposition of 3;6fdiphenyl—

(187) and 3,6-bis(4—methylphenyl)-l,4,2,5-dioxadia2ine (188)
were investigated using conventional FVP apparatus énd |

technique.



N ' + -
| —a2ArC=N—-0
Ar o

{a)
) O\\- ’ O . |
(b) Ar—“/ N T
~C—-N=0 +
/S ’|’|_Ar —* Ar-C~N=0 + ArCN
/l—Ar
0 R
Ar—r N
¥. I —-—OZArC—N —->2ArN—C—(

(d)
S

0,

r

L . Ar(}l

— 2 ArN=C=0
O .

Scheme 64

To establish whether or not nitrile oxides are formed

on thermolysis of d10xad1a21nes, (187) was subjected to

FVP at 600°C and the pyrolysateAcondenQedAOnto l-hexene.

By analogy, FVP of diphenylfuroxan under. similar conditions
| resulted in the isolation of 5-butylé3-phenyl-2-isoxazoline
(154) in greater thanv90%,.(Table 8 , page 168').
Therefore, the‘formation of benzonitrile oxide, during the .
pyrolysis of (187), should be indicated by thevformation of
(154) in the presence of l-hexene. However, g.l.c., t.l.c.

and 1H n.m.r. of the product mixture failed to. detect any
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of this isoxazoline, the only product.isolated beihg
benzonitrile (0.94 mol per mol of (187)) with the rémainder
a black residue comprising at least six components. The
failure to detect any 5-butyl-3-phenyl-2-isoxazoline
eliminates path (a), decomposition to benzonitrile oxide;
The second pathway’involves ring opening tb nitroso-
carbonylbenzene (189, R = Ph) and benzonitrile; the
isolation of benzonitrile in the above_experiment suggests
that path (b) is a distinct possibility. ﬁitrosocarbonYl-
alkanes and -arenes (189) havé.previously been prbﬁbsed as
transient intermédiates ih the oxidative cleavage of

182-184

hydroxamic acids (190) and the pyrolysis of alkyl

185 However,

nitrites in the presence of aldehydes.
prior to 1973 there was no direct evidence for the
existence of species (189), the reaction products being

typically, acyl derivatives of various nucleophiles

present in the reaction mixtures (Scheme 65).

0 .
. Rl KNH ”
R-CO-NHOH ——» R-C—N=0 2 o R—ﬁ—NH—R’
(190) (189) | 0
RCONHOH

. ;s:__! . ' l
Scheme 65
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In 1973 Kirby et al., having previously trapped the

closely related nitrosyl cyanide (N=C-N=0O)via its Diels-

Alder reaction with thebaine (l9l),186 successfully trapped

(189) as the Diels-Alder cycloadduct (192) during the
periodate oxidation of benzohydroxamic acid in the presence

187 ’

of thebaine, Scheme 66.

‘RCONHOH

10;,0°C

Scheme 66

Therefore (187) was pyrolysed at 600°C and the products
.condensed onto a chloroform solution of thébaine. . However |
examination of the product mixture by h;p.l.é. and lan.m.r.
'spectroscdpy, failed to detect any of the Diels-Alder cyclo-

~ adduct (192; R=Ph) . The only products identified were
benzcnitrile and benzoic anhydride. . The idéntification

of these products is consistent with decomposition via path (b),
Scheme 64, to give nitrosocarbonylbenzene; benzoic anhydride
having been isolated by Kirby dufing_his studies into the

188

chemistry of nitrosocarbonyl compounds. It would appear

that, under the FVP conditions employed, if nitrosocarbonyl-
benzene had been formed, on fragmentation of the heterocyclic

ring, then secondary reactions, perhaps’in #he gas phase, had

taken place in preference to cycloaddition with thebaine in

+hra ~A1A +rary
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If decomposition of the dioxadiazine occurred through
path (c), Scheme 64, then the resultant benzoyl nitrene
would be expected to react with benzene to give either the

189

corresponding N-benzoyl azepine of benzoyl aniline as

illustrated in Schemé 67.

Ph-C—H ——= Ph—CO-

and/or  Ph-CO-NH'Ph

Scheme 67

However no evidence was found to support fragmentation
~via benzoyl nitrene. Rather pyrolysis of (187).onto benzene
‘resulted in the positive identification of biphenyl, benzo—

. nitrile,‘benzophenone benzil and benzoic anhydride. .The
presence'of biphenyl, benzil and benzophénone strongly suggests
4the intermediacy of phenYl and benzoyl radicals in the
decombosition. If present in solution phényl radicals would
'réédily undergo homolytic aromatic subétitution with aromatic
' substratés. For example, the main products from the’
thermolysis of dibenzoyl'peroxide at. high dilution in henzene,
at 80°c, are carbon dioxide (1.77 mol/mol éf peroxide) and
biphenyl (0.36 mol/mol of peroxide).190 To examine whether
or not the biphenyl and benzophenone.formed in the above

decomposition were a result of the reaction of phenyl and

.benzoyl radicals with the solvent,'(187) was pyrolysed at

RY

b
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600°C and the pyrolysate condensed onto deuterobenzene—ds.
" G.l.c./m.s. examination of the product mixture indicated

lZHlO with C12H5D5 not detected.

Similarly, the benzophenone had molecular formula C13H100

that the biaryl product was C

with C O not detected thereby éstablishing unequivocally

139505
that there was no solvent incorporation in the formation of
biphenyl énd benzophehone. This indicaﬁes that these
products were formed in the gas phase. In addition, the
identification of benzil amongst the products suggests the
gasvphase dimerisation of benzoyLradicais.

' Corroboration of these gas phase reactions was.provided:
_by»the'co—pyrolysis‘of (187) and (188) at»SOOOC. In éddition
to £he prodﬁcts derived from the decomposition of each
‘dioxadiazine, g.l.c./m.s. established the presence'of
4—methylbiphenyl and 4—methylbenzophenoné, the gas phase

cross-over products, Scheme 68.

187) ——e CgHgCO| —= (CgHs),  (CgHg),CO

CeHs® - »
: m/e'154 ' m/g 182
m/e 168 m/e 196

(188) ——e MeCgH» | —e (MeCSHL)Z '_(AMeC_GHL)2CO

m/e 182 - m/e 210

- Scheme 68
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Further confirmation that some of the decomposition
_products were formed independently of the solvent emplbyed
in the cold trap came from the pyrolysis of (187) at 600°C
onto éthroform. All of the products previously found
when the pyrolysate was condensed onto benzene, namely,
benzonitrile, benzophenone, benzil, benzoic anhydride
and biphenyl were identified. In addition benzene and
phenyl benzoate were detected by g.l.c./m;s._ A quantitative
analysis by g;l.c. (2% ov-1, 70—200?C) using ethyi benzoate
as internal standard gave behzonitrile (0.72 mol per mol of
dioxadiazine), biphenyl (0.032 mol per mol), benzophenone
(0.043 mol per mol), phenyl benzoate (0.006 mol pef mol) and
benail (0.012 mol per mol). These products'account for 46%
of the phenyl groups derived from diphenyldioxadiaiine.'-
'In addition to the above products it was observed that as the
contents of the cold trap warmed to ambient temperature gases
1Were liberated. Mass spectral investigation established
'that the gas'comprised two components both having a parent
ion, m/e 44, High reselution m.s. confirmed their identity:
as carbon dioxide and nitrous oxide.

The detection of nitrous oxide and benzeic anﬁydride
amongst the decomposition products points to path (b),
Scheme’ 64, as being the most probable mode of fragmentation:

188 while investigating

of the dioxadiazine. Kirby et al.
the reactions of nitrosocarbonyl compounds discovered that
the cycloadduct (193), formed by the reaction of nitroso-

‘ carbonylbenzene and dimethylanthracene decomposed in benzene

-
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at 80° to give benzoic anhydride (73%) with the evolution

of nitrous oxide, Scheme 69.

~ Me Me -

+ PRCONO =

Me

(PhCO), 0 + N0 r

Scheme 69

Althoughno mechanism vﬁés propdsed for.the formation of
these products_Kirby188 suggested ﬁhat it might involve
- dimerisation of nitroSocarbonylbenzene as the first step.
Having establishéd fhe presence.of phenyl and benzoyl.
radicals in the gas phase during the pyfblysis‘df (187)
the question of whether or not there are any radical species
in_solution arises. If the décomposition of (187) proceeds B
via nitrosodarbonylbenzene (189, R=Ph) then it is possible
that radicals derived from (189) might be present. It has
recehtly been demonstrated that nitrosocarbon&l compounds
can act as radical traps for nucleéphilic radicals'to give
n;i_troxidc'as.‘191 For example, thermolysis of N—acyIOXYamideé
(194) in benzene with lead.tetraacetate at 70°C gaVe ah
e.s.r. signal which was attributed to the acyloxy amidyl

structure (195). On addition of acetic acid spectra of

CH

q = 1.2G6,

acyl secondary alkyl nitroxides (196), aN'= 7.1, a

were produced. The formation of (196) was rationalised by
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the following reaction sequence, Scheme 70, where nitroso-

carbonylbenzene (189) acts as a radical tfap.

PhCONHOCOPh + PblOAd, —= [PhCONOCOR][PbiOAc), ] + AcoH
(194) N

Bo-
PhCONOCOPh * CH,COH

(195)

PhCONO + PhCO -
(189)

PhCONO ++CH,COH + —mse PhCONCH,COH

(196)
__Scheme 70

| Therefore, (187) was pyroiysed onto chloroform and the’

- prqduct mixture examined by e.s.r. spectrsocopy. At —70°C,
a strong signal was observed imﬁediately. ‘The spectrum was
recorded at 15° and analysis with the.aia of computer
simulation indicated coupling of the unpaired electron to
bne'hitrogen nucleus (aN = 10.40 gauss) and ten protons‘with
hYperfine splitting constants 2.02 gauss_(G'ortho/para H)
and O.88>gauss (4 meta H). Comparison of these values and

thatAof the g-factor (2.0055 + 0.0005) with those of authentic
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diphenylnitroxide166 allows the radical to be‘identified,
unequivocally, as diphenylnitroxide. | In a parallel
experiment whefe (188) was pyrolysed at}550°C a broad
triplet (1:1:1) with ay v 10 gauss was observed in the
e.s.r. spectrum. This is consistent with the radical
species being ditolylnitroxide but not sufficient to be
diagnostic. |

Hav1ng established the presence of d1phenyln1trox1de
in the reaction mixture its decomp051tlon products, dlphenyl-
192

"amine and the corresponding quinonimine-N-oxide (197),

were also expected to be present in the product mixture.

+
. O..

(197)

G.l.c./m.s. analysis of the product mixtureAfrom the_FVP-

of (187) at 400°C onto chloroform established the.presenee'

of diphenylamine and nitrosobenzene amongst the decomposition
products. The positive identification of nitrosobenzene

'glves some 1nd1cat10n as to the source of d1phenyln1trox1de.

It has been w1dely demonstrated, particularly durlng photolysis,
that,nitrosocompounds act as spin traps for short lived

' 166

- radicals to form nitroxides. In this instance it is likely

that nitrosobenzene reacts with phenyl ‘radicals, formed in the



Ph—r Oy | 8 | |
I — [Ph—c—N:o] + PhC=N
N -Ph |

Scheme 71

~o7 (189)
path (a) : N’t‘h(b)
0 0
o+ + |l
- Ph-C—I\lIZI\IJ—CtPh PhCO- + NO
0" O
: (198) | 1
— | - Ph. + CO
0- - K
|
Ph-C—0—N=N-C—Ph '
ld o 8 PhNO
" ' _
(199) Y .
Pho,N—O0
PhCO; + N,0 + PhCO- 1
1 1 PhoNH
Phe+ CO, Phe + CO
. PhCO+-+ Ph- —— PhCOPh  paths (a and b)
PhCO+ + PhCO* ——= PhCOCOPh (a and b)
Phe + Phe ——— Ph—Ph (aandb)
PhCOy + Phe ——= PhCO,Ph (a)
PhCOe + PhCO° (PhC0),0 (a)
PhNO + Pho ———a Ph,NO — Ph,NH (b]
Ph. PhH

(?)
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" decomposition, to form diphenylnitroxide which on warming
decomposes to diphenylamine. |
» The general nature of the decomposition‘was partly

‘establlshed by FVP of (188) at 600 C onto chloroform..
G l c./m.s. analy51s of the product mixture clearly 1dent1f1ed
toluene, toluonitrile, 4—methyln1trosobenzene,~4,4 ~dimethyl
biphenyl, ditolylamine, 4,4'—dimethyl benzophenone and_
4-methy1phenyl 4'—methyl benzoate.

The change in the ratlos of the products formed relative
to the nitrile, with temperature was established by a series
of experiments in which the pyrolysis temperature wasfincreased
from 400-800°C. 'The results and products formed are summarised
in Table 7.

Although not detected durlng the pyrolyses of (187) the

'identlflcatlon of nitrous oxide, carbon‘dlox1de and benzoic
' 4anhydride, amongst the decomposition products, strongly
suggests the 1ntermed1acy of nltrosocarbonylbenzene (189),
'dpath (b), Scheme 64. Once formed it is proposed that (189)
could undergo further reactlons by the two alternative pathways
‘illustrated in Scheme 71: - (a) dimerisation to thekyunltroso'
L 'éuww&% (198) or (b) fragmentatlon to benzoyl radlcals
end nltrlc ox1de..

Support for the proposed mechanisn islprovided by the'
work - of Kirby and others. As previously stated Kirby 22_2l188
found while investigating the chémistry of nitrosocarhonyl

compounds, that thermOleis of the corresponding dimethyl-
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anthracene cycloadduct (193) gave benzoic anhydride (73%)
“and nitrous oxide. Moreover Grundmann isolated'2,4,6—trimethyl
benzonitrile and 2,4,6-trimethylbenzoic acid (3%3) from the

47

thermolysis of (186). The formation of nitrous oxide is

consistent with initial dimerisation of nitrosocarbonylbenzene»
to the dinitroso intermediate (198), which thén undergoes
rearrangement to (199). The failure of Kirby to'detect
ca:bon dioxide from the subsequent fragmentation of (199)

may be explained by the dperation.of an additionalrpathway

in solution. It is Cohceivable that (199):may'cbllapse in

a solvent cage to form benzoic anhydride and nitrous oxide as

illustrated'in Scheme 72.

0 o T .
Ph-C-0-N=N-C-Ph —=—= [ PhCOs -0CPh] —= (PhCO),0
L o

(199) | |
Scheme 72

" In this;instance, in the gas phase, the 1ikeiihoéd of

. two molecules coming in contact with each otﬁér is reduéed.
Eu#thermore under these conditions decompoéition of (199f
would not be expected to give benzoic anhydride to such an
extent as the probability of benzéyl and benzoyloxy fragments
recombining would be Very much reduced. Rafher products

derived from their reactions are isolated.
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Such differences in the product§ formed in solution
and the gas phase héve been observed in the thermolysis of
diacetyl perdxide (200);193 In the gas phase, (200)
dissociates diréctly to methyl radicals which recombine to
form ethane, and carbon dioxide. On the other hand, in
solution it dissociates to form two acetate radicals which
are held in close proximity to each other by a solvent cage

in which the two acetate radicals react to give methyl

acetate and carbon dioxide, Scheme 73.

30 i3 o -

| ¢ | -
(200) T Z[CH3C—O-] —e CHyCO,CHy + CO,

(CHg + €O —= CoHg

Scheme 73

‘Although Scheme 73 is anvoversimplificatién much ﬁore ethane
'is formed in the gas phase as would bévexpected.as the resﬁlt
Qf a combination of free, noncaged methyl radicals and, iﬁ
égreement»with this, ethane is almost éliminated if iodine
“vapour- is present to trap free methyl radicals. Practically
no methyl acetate is formed in the gas phase suggesting its
‘formation is a result of cage reactions or of non-radical

: 194
processes.
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Returning to the case_in hand the formation of all the
observed products with the exception of nitrosobenzene and
diphenylamine can be rationalised via path (a) in Scheme 71.
Benzoyloxy radicals generated from the thermolysis of dibenzoyl‘
peroxide readily decarboxylate to form phenyl radicalé and
cérbon dioxide as the isolation of biphenyl and carbon dioxide
amongst the decomposition products readily demonstrates..181b
Thus the beﬁzoyloxy radical formed from the decomposition of
(199) gives rise to phenyl radicals and cargon dioxide.
Moreover, thé benzoyl radical may be expected to eliminate
carbon monoxide to yield phenyl radicals. Thé formation 6f1
biphenyl, benzophenbne,.benzil, phenyl benzoate and benzoic
ahhydride,are readily explicable from the deéomposition of
(199). Although yields are not availéble for the various
products at different pyrolysis temperatures, Table 7 gives
" the product distribution, relative to RC=N, over ﬁhe temperature
range 400-800°C. Experimentally, the concentration of
.biphenyl increases with increasing pyrolyéis,temperature,
whereas the relative concentfations of benzil and phenyl
benzoate'decrease.with incfeasing'temperature and'neither is.

" detected amongst the products when the pyrolysis temperature
is 800°c. These trends are consistent with thé products
being derived from the gas phase reactions of bénzoyloxy

and benzoyl radicals. The increase in the‘biphenyl:con—
centratién presumably arises from the greater proportion of
benzoyloky and'benzoyl rédicals-which fragment, at the:higher

temperature, to form phenyl radicals. The formation of
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(a)

Table 7. Ratio of Products from the FVP of

3,6-Diphenyl- and 3,6-Bis(4-methylphenyl)-

1,4,2,5-dioxadiazines

. 0\\N © RCN, RH, RR, RCOR, RNO, R,NH,
|| | RCOCOR, RCO.R, (RCO).0, CO.,,
N R ’ 2 [ 4 2 A 24’
~0
N,0
-
R Oven RCN |RH |RNO |RR {RCOR R)NH | RCOCOR ROO,R
taqypb
Ph 400 100 |12 |23 | 5| 15P 5 10
Ph 60 |lo0 -2 5.5 | 8| 12° 3 1.5
" ph goo |10 |16 | o |14 | 13° o 0
4-CH,C(H, .| 600 100 |15 | 3 |67 3 10°
a. Benzene not looked for in this experiment
b.  Benzophenone and diphenylamine could not be

separated under the g.l.c. conditions used. ,
c. 4,4'-dimethyl benzil and 4-methylphenyl-4'-methyl
| benzoate were not comple;ely resolved under the
g.l.c. conditioné. |
d. G.l.c. integral.ratios assuming benzonitrile

equals 100.
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benzene during the pyrolysis poses a mechanistic problem
as there are no readily available hydrogen atoms which could
be~easily abstracted by phenyl radicals. That benzene is
formed in the gas phase was demonstrated by the failure to
detect C6H5 6D5 when (187) was pyrolysed and the products
condensed onto benzene—éG. In addition absence of hexa-
chloroethane amongst the decomposition products after FVP
of (187) onto chloroform supported the fact that there are
no phenyl radicals in solution. . How it is-formed is unclear
but there is a precedent for its formation as the products of
the decompos1tlon of pure dibenzoyl peroxxde 1nc1udes a small'
amount of benzene in addition to biphenyl, phenyl benzoate
end.carbon dioxide.195

On the other haﬁd the detection of nitrosobenzene and
diphenylamine amongst the products caﬁnot be rationalised
_bY'the above mechanism. Rather it is proposed that an
~ alternative mechanism, path (b), Scheme 71, whereby nitroso-
Carbonylbenzene does not dimerise but fragments to give
| benzoyl radicals and nitric oxide. ‘Subsequent reaction'of
the nitric oxiae‘with‘phepyl radicals, formed by the
‘elimination of carbon dioxide or carbon moncxide from benzoyloxy
or benzoy1 radicels respectively, yields nitrosobenzene.
The nitrosobenzene thus formed would then react with phenyl‘
rédicals to form diphenyl nitroxide which in turn gives
diphenylamine. The relative concentration of nitrosobenzene:

decreases with increasing pyrolysis temperature, a phenomenon

which may be explicable in terms of the evailability of phenyl radica

=
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At a temperature of 400°C the relative yields df benzil and
phenyl benzoéte are at a maximum while biphenyl is at a.
minimum'over the temperature range investigated. This
suggests that a greater proportion of benzoyloxy and benzoyl
radicals undergo coupling reactions at the lower tempérafure
rather than fragment té phenyl radicals and, as a consequence,
-the concéntration of phenyl radicals is reduced. Therefore,
there are fewer phenyl radical n;trosobenzene-reéctions to
give diphenyl nitroxide and as a result the.overall concentratio:
of nitrosobenzene is increased. Alternatively, és the pyrolySL
temperature increases the' tendency for nitrosobenzene to
frégmént to phenyl radicals and nitric oxide may increase.

| In conclusion, it has been established that the thermal
vdecmmposition of 3,6-diary141,4,2,5—dioxadiazines_doés'not
give rise to nitrile oxide derived products. Rather the
~thermolysis under FVP conditions is comﬁleX'giving rise to
é variety of products most of which are derived from free
Aradical reactions in thg gas phase}  The§e reactions and
the pfoducts isolated are consistent with initial fragmentation
-'of the dioxadiazine :ing.to the corresponding nitrile and
'nitroSocarbohyl'rEactive intermediate as outlined in.the

decomposition mechanism proposed in Scheme 71.
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ISOLATION OF NITRILE OXIDES FROM THE THERMAL FRAGMENTATION OF
FURAZAN N-OXIDES ’

. ’ *
William R. Mitchell and R. Michael Paton
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3J7J.

Summary: Flash vacuum pyrolysis of furoxans generates nitrile oxides, which
have been reacted with alkenes to yield 2-isoxazolines, and have

been examined by 1H and 13C nmr spectroscopy.

. It has recently been estabhshedl that the thermolysis of 3, 4- dxsubstxtuted furazan
N-oxxdes (furoxans, 1) in the presence of alkenes at temperatures in excess of 200°C
results in the formation of isoxazolines (2). The process was ascumed to involve a 1,3-
dipolar cycloaddxtxon reaction between the alkene and the two nitrile oxide fragments (3)
resulting from the thermal cleavage of the oxadiazole ring [Path A], thus reversing the
established mt:xle oxide to furoxan dimerisation. 2a However, nitrile oxides were not
-detected during the course of the reaction3 and the possibility of 2 being'formed by direct
interaction between the alkene and the furoxan could not therefore be ruled out; for
nif:oné-like c'ycloéddition4 of the furoxan itself to the 'alkene and subsequent collapse of the

intermediate adduct (4) would also lead to the observed products [Path B}
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We have now found that, using conventional Flash Vacuum Pyrolysis (FVP) épparatus-

and technique,5 it is possible to isolate and identify the nitrile oxide fragments. For
exa'mple, FVP (500°C, 10-3mmHg) of dianisylfuroxan (l2) yielded anisonitrile oxide {3a),
the ir and lH nmr spectra of which were indistinguishable from those of the authentic
material generated by base treatment of the corresponding hydroxamic acid chloride.zc
Further confirmation of the identity of the product was obtained by treating it with excess
hex-1-ene and isolating the isoxazoline cycloadduct (2a, R' =Bu, 75%).

While the conventional methodde are satisfactory for the preparation of aromatic
nitrile oxides having long lifetimes, they prove cumbersome for the isolation of the short-
lived aliphatic counterparts, which undergo rapid dimerisation to the corresponding
iuroxa.n.za ~ Thus acetonitrile oxide (3b) is reportedZe to exist for less than ]l min at. 18°%
and has consequently received little attention.6 In contrast we find that FVP (600°C, 10-3
mmHg) of dimethylfuroxan (1b) provides a straightforward means of generating aceto-
nitrile oxide, thus permitting detailed examination of its properties. Recombination of
~ the nitrile oxide fragments back to the furoxan is prevented by maintaining the FVP cold
trap temperature at <-40°C. By this technique solutions of 3b in CDC13 were. prepared
and its nmr spectra recorded. The 13C nmr spectrum (CDC13, -51°C) comprises the
two lines marked 'n' in Fig. 1. The l.arger peak at 0. 8 ppm is attributed to the methyl
.- carbon, whilé the broad signal centred at 35. 6 ppm, which is partially resolved into a
"triplet due to coupling with the 14N nucleus, is assigned to the carbon of the nitrile oxide

group. ’ Some contamination by 1b, either resulting from incomplete fragmentation or

.due to partial diiﬁerisatiqn of the nitrile oxide,za is indicated by the presence of the four -
lines marked "f", this assignment being made by comparison with the spectrum obtained
for the authentic material. On allowing the solution to warm to and remain at room
temperature for 3 days, the lines attributed to 3b disappeared, while those due to 1b
increased in intensity (Fig. 2), consistent with the expected recombination of 3b to 1b.

This process may also be monitored by 1H nmr. The spectrum at -40°C consists of three |
" lines, the outside two at 2. 21 and 2. 405 being due to 1b while the third line at 2. 265 is
assigned to 3. 6.6b On w#;miné to 26° the signal due to 1b increased at the expense of
that due to 3b, the process being complete after ca 3 days.8 _

In addition to allowing spectroscopic examination of the short lived nitrile oxides,
the I"VP tech;nique also broadens the scope of the synthetic roﬁte from furoxans to isox-
azolines. For the range of usable alkenes is greaﬂy extended by the removal of the
necessity for them to boil at >200‘:’C.9 - Furthermore, the yields of the cycloadducfs are
increased by the reduction of the amount of tarry byproducts which were a feature of the

original furoxan based route, 1 and which may be attributed to the limited thermal stability
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of both the alkenes and the isoxazoline products. The isoxazolines produced by the

FVP technique 2re listed in the Table, together with the reaction conditions used. -
While these FVP results do not necessarily preclude direct reaction between the

alkene and the furoxan in solution, they demonstrate both a novel means of isolating and

studying even the most reactive nitrile oxides, and a more generally applicable route from

furoxans to isoxazolines.

Figure 1

CH~C=N—0

Figure 2
H cH H
’c\ / 3
c—
Vi c\. -
N\ O/N—O
t
; “L ‘ 1
150 100 50 Y

‘Ppm
1
Figure 1. 3C nrr spectrum (C'DC13. -SXOC) of solution resulting from FVP of

dimethylfuroxan (1b), showing signal due to acetonitrile oxide (3b, lines marked "n")
with contamination by lb (lines marked "f").
Figure 2. C nmr spectrum of reaction mixture after 3 days at room temperature-,

indicating increased concentration of 1b and absence of 3b.
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TABLE

Isoxazolines(2) produced by reaction of alkenes (CHZ-‘;CHR’) with nitrile

oxides (RCNO, 3) produced via FVP fragmentation of furoxans (1)

R R' va(a) oven temp'(OC) ’ % Yielti
4-M60C6H4 Bu , 5004 - 75
‘Me ' Bu ' 600 - 79
Et Bu 650, ) 95
Ph Bu 550 97
4-MeC_H C,,H 500 . 86

64 127°25°

(a) Pressure ca 10-3mmHg.
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Generation of isocyanates from the flash vacuum

‘pyrolysis of furazan N-oxides

. William R Mltchell and R Michaei Paton -

ity of Edinburgh, West Mai

Chemistry Depanment_ Uni

It has been established! that isocyanates (I) are formed by the
thermolysns of furazan N-oxides (furoxans, II), but the
synthetic utility of the reaction has been restricted? by the
high temperatures (>200°C) usually required. Thus pheny!
isocyanate (Ia) may be obtained! in moderate yield (42 per
cent) by heating 3,4-diphenylfuroxan (Ifa) at ca 250°C, but
only traces of methyl isocyanate (Ib) are formed® from (I1b)
© at its boiling point. Now it is reported that, using the flash
vacuum pyrolysis (FVP) technique, both dialkyl and diaryl-
furoxans may be converted mto their respective isocyanates
in good yield. !
Compound (Ifa) (330mg, 139mmol) was subjected to
FVP (300°C, 10->mm Hg)and the products were collected in
a cold trap (-193°C) containing excess of sulphur dioxide
(ca 3g). Dry toluene (50cm?) was added and the resufting
mixture was heated under refiux for h. After removal of the
sulphur dioxide from the solution with a stream of dry
nitrogen. the presence of compound (la) was established by
g.l.c. {93 per cent) and by reaction with ethanol to vield the

Road, Edinburgh, EHS 3JJ

R R’ RNHCO.Et
N/ Wy
c—¢ 27w
N,_N—o — RN=c=o0
o I
(“) PhNH,
R RNHCONHPhR
~ S0, (04)]
N—O tI-Vla, R = pp
e N N b, R = Me
RC=N—0 —= R Co =0 €. R = 3.MeCH,
n v d. R = 3-MeOC.H,
i e, R = Bu)

urethane (Va) (75 psar cent). In like manner FVP of
compounds (llc) and (i1d) gave (Ic) and (ld) which with
aniline afforded the urea ..ddu..b {(VIc) (71 per cent) and

~ (VId) (95 per cent).

The method is. particularly valuable for the generation of
methyl isocyanate (Ib) from 3.4-dimethyifuroxan, which is
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readily available* from but-2-ene and N,O,, and. for which
straightforward thermolysis in the liquid phase is ineffective.
FVP (550°C) of compound ([[b) and treatment with sulphur
dioxide gave compound (Ib) and with aniline its urea adduct
(VIb) (73 per cent). Similarly compound (Ile) (600°C)
afforded (VIe) (61 percent)..

The formation of the isocyanates may be rationalised in
"terms of initial cleavage of the furoxan under the FVP
conditions to its two nitrile oxide fragments (III), followed
by sulphur dioxide-mediated isomerisation of (III) to (I)
via the 1,3.2,4-dioxathiazole 2-oxide (IV).¢ Such a conversion
of nitrile oxides into isocyanates, by the 1,3-dipolar cyclo-
addition of the nitrile oxide to sulphur dioxide yielding (IV)
and its subsequent thermal fragmentation, was first reported
by Burk and Carlos,” and has recently been exploited fur-
ther®? for the preparation of both mono- and di-isocyanates.
By avoiding the temperature limitations of the previous
method, the FVP technique provides a more effective means

of converting furoxans into isocyanates.
: Received 11 February 1980

Chemistry and Industry, 16 August 1980
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