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ABSTRACT

The first part of this thesis describes investigations on the
synthesis and chemistry of isothiazolo[?,A-g ;7pyridines.

The syntheses of a number of alkyl isothiazoloZE,A—Q m7pyridines from
5-amino-3-methylisothiazole under conditions of the Skraup reaction are
described and their nuclear magnetic rssonance spectra are discussed.

The reactions of 3-methyl- and 3,6~dimethylisothiazololg,A-g _/pyridine
have been studied. In particular they did not undergo nitration under the
conditions employed and whereas the 3-methyl compound did not condense with
benzaldehyde, 3,6-dimethylisothiazolo[E,A—p _7pyridine gave mono-styryl
products with benzaldehyde andp-nitrobenzaldehyde. Pétassium permanganate
oxidation gave isothiazolo/5,4-b _/pyrid-3(2H)-one 1,1-dioxidec rather
than the expected isothiazololg,L—g _7pyridine carbouylic acids and chromic
acid oxidation resulted in cleavage of the isothiazole ring to give
2,3-disubstituted pyridines.

Ethyl A—hydroxy-B-methylisothiazoloég,4{9‘;7pyridine-5-carboxylate
was readily obtained by thermal cyclisation of the malonate from
5-zmino-~3-methylisothiazole and ethoxymethylenemalonic ester. The hydroxy
ester was converted to a number of substituted isotbiazolozg,A-g _7byridines.
In addition it has been established that methylation at nivrogen rather
than oxygen occurs with both the 4~hydroxy ester and the 4-hydroxy compound
which has been shown %to exist preferentially in the carbonyl form, namely |
B-methylisothiazolo[E,A—Q _7pyrid—4wone.

The reaction of 5-amino-3-methyliscthiazole with ethylacetoacetate
and with acetylacetone under the conditions of the Conrad Limpach reaction
and the Combes reaction respectively, did not give isothiazolozg,A—Q _7—
pyridines. The latter gave a product which has been tentatively formulated

as 5-acetyl-3,4-dimethylisothiazole.



The second part of this work describes the synthesis of
5=-amino-3-chloroisothiazole-4~carboxylic acid, 4-amino-3-methylisothiazole-
-5=-carboxylic acid and 4-aminoisothiazole~3-carboxylic acid and experiments
aimed at investigating the possible intermediacy of isothiazolymes.
Attempts to generate and trap isothiazolynes by their aprotic diazotisation
with isoamyl nitrite in the presence of 2,3,4,5-tetraphenylcyclopentadienone
gave only small quantities of isothiazoles in addition to a variety of
oxidation products derived from the arynophilie.

L=Amino3-nethylisothiazole-5-carboxylic acid gave isothiazolyl-
substituted products when furan and anthracene were used as trapping agents,
and it was found that the reaction of isothiazcle~4-diazonium carboxylate
hydrochloride and propylene oxide in the presence of furan gave
J~cyano-1,2,3-thiadiazole.

In none of the reactions investigated was there any evidence for

the formation of icothiazolyne intermediates.



INTRODUCTION




Isothiazole

Isothiazole (I) is the sulphur analogue of isoxazole. Bicyclic systems
involving the isothiazole (1,2-thiazole) structure have long been known but
it was not until 1956 that Adams and Slack1 reported the synthesis of the
simple five-membered heterocyclic from a substituted benzisothiazole by the

following route:

NH CO.H CO,H
Xy 2 _ 2 2
- N
RN . S 5
~g Z N\S/Am5H N\S/)
1)0}12N2
2)NH2.NH2
3)NaN02/H01
4)C6H4(CO)20
| l 41)}{1\102
N\\S 2)H3P02
(1)

Interest in this heterocyclic compound has greatly increased since
publication of the first synthesis and has occasioned the appearance of four
reviews of this subject, in 1963, 1965, 1970 and 1972.2237%55

Adams and Slack's6 second isothiazole synthesis involved the
preparation of P ~iminothiobutyramide (III) from the nitrile II and
cyclisation with chloramine or better, hydrogen peroxide or salts of

eracids, e.g. ammonium persulphate, to give 5-amino-3-methvlisothiazole 7).
b} B hy ’
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CH4~— C — CH,— Clt
|
NH
(11)
CH,
o M
~S~"“NH,
(V)

CH,——C-—CH,— C—NH

3 2 2
I |
NH S
(I11)
|
CHB\
C CH
I I
NH s
Hs~~ "SNH

2

7,8,9,10

This synthesis has been extended by Goerdeler and hic co-workers

to give a variety of substituted 5-amino-isothiazoles, the thicamides

required for the oxidative cyclisation being prepared by reacticn of

isothiocyanates with enamines.

R C=CH R!

l
NH,

R R?

o

N
NS -~ NHR"

Hlbenett, Flock and Hofmann

——>

<

R
|
R G==0C — C — NHR"
I I
un2 »
R \LI RS
~ . S
I I
NH c
s O naRe

have shown that propylene reacts with

sulphur dioxide and ammonia in the presence of a catalyst such as activated

alumina to give & high yicld of isothiazcle.

BCH2 —— CH-CH 3

+ 4802 + 3NH

33

g—h-” v B0

NS .~
+ st



10

This reaction is applicable to certain substituted propenes, thus
1sobutylene gives 4-methylisothiazole, andX ~-methylstyrene gives
4-phenylisothiazole. Olefin isomerisation may, however, occur and 1l- or 2-
butene gives a mixture of 3- and S-methylisothiazole. Yields of 25 - 65%
have been achieved with the simpler compounds and the reaction temperatures
(200°) emphasize the inherent stability of isothiazoles.

In 1963, Soederbaeck 12

cyclised sodium dicyanoethylenedithiolate,
readily obtained from malononitrile, carbon disulphide and sodium hydroxide,

by treatment with sulphur in ethanol.

NG Na SNa oN
N

NG ~ SNa N S Na

A similar isothiazole synthesis was reported independently by
Hatchard,13 who obtained 4-cyano~3,5-dichloroisothiazole by carrying out

the cyclisation with chlorine.

NC CN
Cl CN
\\\‘c’//,

I Ccl

C L -
N
NaS'// T

N Cl

a

In their initial work Adams and Slack6 comnmented on the electronic
similarity between -S- and -CH=CH-, particularly in aromatic systems, and
compared the electron densities and mobile bond orders of the parent
molecule, which were obtained by simplified molecular orbital calculations,
with those of thiazole and pyridine. Their results emphasised the inherent
stability of the unsubstituted molecule and its similarity to both pyridine
and thiazole. This has, since then, been amply confirmed by a consideration

of its chemical behaviour and by n.m.r. spectroscopy.
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Bond Bond Order
-0.050 c -0.144 a 0.502
b L d | b 0.705
-0.281 a3 -0.016 e 0.634
+ 0,491
d 0.707

The substitution reactions of isothiazole are in broad agreement with
the electron distribution pattern. Thus electrophilic substitution occurs
predominantly in the 4-position, if this is free, and me*allation occurs
in the 5-position. The weakly basic isothiazole would be expected to be
almost completely protonated in strong acid media, but neverthelecs readily
undergoes nitration with a mixture of fuming nitric acid and sulphuric acid
in good yield.2 Adams and Slack6 also reported the nitration of
3-methylisothiazole in 90% yield using potassium nitrate and fuming
sulphuric acid. Sulphonation of 3-methylisothiazole with oleum or sulphur
trioxide has been reported by Pain and Parnelll4 to occur readily to give

3-methylisothiazole-4~-sulphonic acid.

CH3 3H CH

SO _ CH3 | NO2
]I || | | — |I ”
NS NS NS

Isothiazole and 3- and 5-alkylisothiazoles have been brominated under

15,16 but yields of 4-bromoisothiazoles have not been

various conditions
very good possibly because of the formation of perbromocompounds. High
yields of 4~brominated products have, however, been reported from
isothiazoles with electron releasing substituents in the 3- or 5-positicn.

A study of hydrogen-deuterium exchange rates by n.m.r. spectroscopy

showed that the 5-proton exchanged very rapidly under basic conditions
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indicating the formation of a relatively stable anion. 5-Lithio-
isothiazoles may be readily prepared by treatment of isothiazoles with
butyl lithium allowing introduction of a wide variety of substituents into

the 5-position.17

R R! R R!
| l _R"CHO s |l l
A N
~Ns CHOH.R" NS CO,H

Data has also been obtained by n.m.r. techniques concerning the
relative rates of hydrogen-deuterium exchange in 3-methyl-, 4-methyl-,
5-methyl- and 3,5-dimethylisothiazoles: the relative rates of exchange of
both the ring protons and the methyl p?otons decrease for the respective
positions in the order 5-)3-)4-. The case of removal of a proton from the

5-methyl group has been discussed by White and Anderson.18

Fuged Bicyeclic Isothiazoles

The aim of the work described in the first part of this thesis was to
investigate methods for the formation of the bicyclic isothiazole system,
iSothiazoloZg,A-b.;7pyridine (V) and to carry out a preliminary examination

of its reactions,

' N
N lN./

NS
V),
Two series of fused bicyclic compounds incorporating both an

isothiazole and a benzene ring have been known for sometime. These ring

systems are now generally known as 1,2-benzisothiazole (VI) and 2,l-benz-
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isothiazole (VII),

1 7 1 7
(Vi) (ViI)

Both series of compounds have been known for more than fifty years.
Almost all the synthesesfor the more well known 1,2-benzisothiazole system
require as a precursor, an aromatic sulphur-containing compound with a
functionalized carbon atom ortho to the sulphur. The general pattern is

thus either from VIII or IX to 1,2-benzisothiazole (X).

c
C~y
N ppa—
3 s~ S

(VIiI) (x) (IX)

The parent compound X was first prepared in 1923 by Stollé and

19,20 They found that treatment of the thianaphthenequinone (XI)

co~-workers.
with aqueous ammonia and hydrogen peroxide afforded 1,2-benzisothiazele=3-
carboxamide (XII). The amide was hydrolysed to the acid XIII and this gave

the parent system on decarboxylaticn.

c = 2

A h — I
7% s~ NN g
(X1) (X11) (XI11)

In 1959, Goerdeler and Kandler21 reported that the oxidation of the
aminothiol XIV with iodine or bromine afforded 5-methyl-l,2-benzisothiazole
in excellent yield. Boudet and 30urgoin~Legay22 showed, in the following

year, that alkaline ferricyanide was an equally effective oxidising agent.
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CH3 CHZ.NH2 CH3

I,/K1/NaOH '

\ 4

SH ’ s/
(XIV)

In 1964, Goerdeler and Horn8 reported the synthesis of isothiazolo-
[E,Afg _7pyrimidine (XV) and in the following year Holland, Slack, Warren
and Buttimore23 reported the synthesis of isothiazolo[f,5<Q47pyrimidines

(XVI) and isothiazolo[ Ly 3-d prrimidines (xvii).

NZ | ? N~ N
| |
LQN ‘/’N LQN‘,/"§§;//S

(xv) (XVI) (XVII)

Holland and co-workers obtained 7—amino-3-methylisothiazolqéz,ng,;7—
pyrimidine (XVIII) in poor yield on reaction of 4-amino-5-cyano=3-

methylisothiazole with formamide.

CH3 ‘ NH2 CH3
I H —
NS CN
(XVIII)

The corresponding 7-hydroxy- and 5,7-dihydroxy-compounds, XIX and XX,

were readily prepared from the amino-amide XXI by reaction with formamide

and urea, respectively.

CH N OH CH NH

3 3 2
N 0N, | l H.CO.NH
NQs ONH,

(XX1)
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In 1967, Hartke and Peshkar24 reported the synthesis of &=-amino-7-
methylisothiazolo[E,A-g _7pyrimidine (XXILI). Reaction of 3-amino—/-
cyano-5-methylisothiazole with an equimolar mixture of ethyl orthoformate
ancd acetic anhydride gave the nitrile XXII in 90% yield, which with an

excess of alcoholic ammonia at room temperature gave XXIII in 855 yield.

H
| HC(0C,H,) | \H . 1‘{“
\'% AC, o T 8 AN N A
CH, CH, CH,  NH,
(XX11) (XXI11)

The isothiazolo[g,A-g';7triazole XXIV has been obtained from the reactioxn

of the 4,5-diaminoisothiazole with nitrous acid. It was reported to suffer
25
reductive cleavage to the triazole XXV on treatment with hypophosphorous acid.

CH, NH, CH,, .
3 NHPh | S 1;1
(XXIV) Ph
H.PQ
_ 32 _
N CO.CH N CH,
‘I/ l 3 P H3PO2 : N/ , '
L& \ -~ \‘ H
§/ SH N SH
Ph (xxv) Ph

A number of isomeric isothiazolopyridines may be formally derived by
construction of a pyridine ring on the isothiazole nucleus. Thus two groups
of such compounds may be considered, the first being derived by
construction of a pyridine ring to include the 4,5 carbon-carbon btend of

isothiazole, e.g. isothiazolo[§,4-g _7pyridine (XXVI) and the second to
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include the 3,4 carbon-carbon bond of isothiazole, e.g. isothiazolo-
[4s3-b_Jpyridine (XXVII). Depending on the relative position of the

nitrogen four bicyclic systems may be constructed in each group.

I | AN N—— AN
I
s a7 N
(XXVI) (XXVII)

At the commencement of this work only one example of an isothiazolo-

pyridine, viz. 3,6-dimethylisothiazolo/5,4-b _/pyridine (XXVIII) had been
5

reported.26 This compound, described only in a review” of isothiazole
chemistry, had been obtained by the reaction of 5-amino-3-methylisothiazole
with crotonaldehyde in the presence of a mixture of nitrobenzenesulphonic
acid in concentrated sulpuuric acid (sulphomix). The object of the first part

of the work described in this thesis was to investigate the synthesis of

isothiazoquE,AfQ _7pyridines from the readily available 5-amino-3>-

methylisothiazole.
CH CHO
3 N
I+ T
s nm, "
’ CH

3 (XXVIII)

Methods for construction of pyridine rings on other aromatic nuclei may
be conveniently classified into two types. Type A methods employ aromatic
amines as starting materials. Type B methods employ grtho substituted
amines.

Type A Type B
Ring formation reactions of type A are most comzon and involve the

interaction of an aromatic amine, containing at least one free ortho
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position with some reactant or reactants that provide the carbon atoms
required to complete the pyridine ring in a manner such that the pyridine
ring is built up on the free ortho position.

The Skraup reaction is one of the most important synthetic routes to
quinolines. In this reaction an aromatic amine with at least one vacant
position ortho to the amino group is heated with an « , P -unsaturated
carbonyl compound or precursor, an oxidising agent such as nitrobenzene, and
sulphuric acid. The overall course of the reaction, as at present under-
stood, may be illustrated by considering the formation of quinoline itself

in the reaction of aniline with glycerol under these conditions.

CH..CH CHO
| # | e
CHOH HyS0,  CH l
| —=35 || HN AN
CH,,0H CH, N
XXIX ‘ 0 N \l
H
OH c\/
CH
= |
| < CE,
N N~
N H
L H (Xxx)
\!
X % | X
7 u _
N N
H

Four successive steps are believed to occur. Dehydration of glycerol
to acrolein (XXIX) is followed by Michael addition of thz amine to the
unsaturated aldehyde. Cyclisation of F-arylaminoaldehyde (XXX) and
dehydration under the influence of the acid gives the 1,2-dihydroquinoline
which is subsequently oxidised'to quinoline.

A useful oxidising agent to remove the two hydrogens from the
intermediate dihydroquinoline is the nitro ccmpound corresponding to the

amine used in the synthesis. As the requisite nitro-compound is not
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always accessible, a varicty of other oxidants has been used. These
include m-nitrobenzene sulphonic acid or its salts, arsenic pentoxide,
ferric chloride and stannic chloride.

The original mechanism put forward by Skraup, which involwved
formation of a Schiff's base as an intermediate, was shown, in 1907 by

Simon27

to be untenable. It was found that reacticn of crotonaldshyds

with aniline under the conditions of the Skraup reaction gave quinaldine
(XXXI) and not lepidine (XXXII), which would be expected if a Schiff base
intermediate such as XXXIII was involved. The formation of quinaldine
indicated the intermediacy of XXXIV, formed by Michael addition of the amine

to the QK,f>-unsaturated carbonyl compound.

CH

3
CH
+ i
clzn
CH
3
AC Y NH, 01'10 CIQ
N\
CH /I\ / (i')Hz
N Lk
NF X d \\‘CH
(XXXIII) (XXXIV) 3
CH, l
N —~ l AN
~ A
(Xxx11) (xXxxx1)

The Skraup reaction is of almost universal applicability. In
general it may be used with glycerol to yield an almost unlimited variety
of quinolines substituted in the benzene ring. Only substituents in the

aromatic amine which are sensitive to hot strong acid undergo drastic

alteration or elimination during the reaction.



19

4-Alkylquinolines have been prepared by the use of<x,ﬁ-unsaturated
ketones. Thus condensation of the amine, e.g. aniline, with methyl
vinyl ketone, or preferably with 1,3,3-trimethoxybutane from which

methyl vinyl ketone may be easily generated in situ, gives

4-methylquinoline,
CH
I3 CH
c 3
447 AN X
0 CH -
7
+ | F
NH2 CH,

0

033.0(00H3)2.0H2.0H200H3

Similarly ethyl vinyl ketone or o-chlorodiethyl ketone, from which
the ketone is formed during reaction, gives 4-ethylquinoline on reaction

with anilire.?8

The Skraup reaction has alsc been successfully applied to hetero-
cyclic primary amines. It has recently been reported to be successful
with the aminopyridines though previous workers had reported the failure
of this reaction with 4-amino and 2-aminopyridine and it was suggested
that this was due to the low basicity of these amines.29’30 In 1950,
Hauser and Reynolds 3 synthesized 1,5-naphthyridine (XXXV, R=H) from
3-aminopyridine. The same reaction was later investigated in detail by
Rapoport and Batcho 32 who obtained the naphthyridine in 31% yield. Small
amounts of the 3-methyl and 3-ethyl isomers (XXXV, R:CHB,CZHS) were also
obtained and it was suggested that these arose by way of intermediates
formed by the aldol condensation of the intermediate arylamino aldehyde
with formaldehyde and acetaldehyde respectively, both of which may be

formed by a retro-aldol reaction of the intermediate dehydration

product of glycerol, P -hydroxypropionaldehyde.
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NH
+ CHOH >
N P s
N ' N R
CH,OH
(XxxV)

2-Methyl- and 4-methyl-l,5-naphthyridine were also prepared from
the appropriateci,B -unsaturated carbonyl compound.

In 1966 Paudler and Kress 33,34 synthegised 4-methyl- and
2-methyl-1,6-naphthyridine from 4-aminopyridine in 1% and 0.5% yield

respectively. The parent 1,6-naphthyridine was obtained in 40% yield.35

CH,,0H
N7 |
+  CHOH S
N l
NH, CH,,0H

(XxXxvI)

In the following year, 1,8-naphthyridine (XXXVI) was prepared in
30% yield from 2-aminopyridine and glycerol. The syathesis of 2-methyl-,
3-methyl-, j-methyl- and 2y4=dimethyl~1,8-naphthyridire was also reported
by Paudler and Kress. 35,36 It was concluded that 1,8-naphthyridine, which
is not steam volatile, had been missed by earlier workers during the

traditional steam-distillation work-up procedure usually employed in Skraup

reactions.
CHZOH
7 | ‘
+ CHOH >
"\
H2 CH20H

(XxxvI)

Steinkopf and Lutzkendorf 37 have reported the application of the

Skraup reaction to 2-aminothiophene. Thieno[§,3-§'47pyridine was obtained

in only 5% yield.
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The reaction of an aromatic amine with ethylacetoacetate can proceed
in two ways to give either an anilide or an eramine depending on the
conditions of the reaction. Thus with aniline, the anilide XXXVII is
usually formed by heating the reactants under reflux whereas the ¢rnamine
XXXVIII is formed when the reactants are heated in ethanol in the presence
of a trace of acid. Cyclisation of the anilide with concentrated
sulphuric acid gives /-methyl-2-quinolone. Cyclisation of the enamine in
mineral oil or refluxing diphenyl ether gives 2-methyl-4-quinolcne. The

former reaction is usually called the Knorr reaction 38 and the latter

the Conrad-Limpach react.ion.39
CH,
GOCH3
~cH
2 R I
|
/ N N~ 0
CH_COCH.CO.C.H / (XXXVII) N
N 3 2 225 C.H,.0.C 0
NH, \ 2P5v2 \CH
[ ~ | |
/C\C i
N \cH
N H
Ho O N
(XXXVIII)

The Knorr and Conrad-Limpach methods have not been successfully
extended to the preparation of hydroxy-naphthyridines. The reaction of
24aminopyridine with ethylacetoacetate gives either the amideXXIX or

the enamine XL depsnding on the conditions.
COCH

~
= I ?HZ
c
N N\
4 N N7 N (XXXIX)
= J///’ H
CH ,COCH,C0,C,H ¢ C0,CH
N g N "o
2 = I N
G
\&
N N/ \CH3
H (XL)
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Cyclisation of the amide can lead to either a 2-hydroxy-1,8-

naphthyridine or a pyrimidine.

N
| ngf? CH 4
N X Vi CH,, A
|\\\ L§§ | é ~ | y
CH3 0 8 8 o 8 > Dow

Similarly cyclisation of the eramine can lead to either a
4-hydroxy-1,8-naphthyridine or a pyrimidine. Bcth the amide and the
enamine have, in fact, been reported to form the pyrimidine only. 40,41

Hauser and Reynolds >' have isolated the intermediate amide and
enamine derived from 3-aminopyridine and ethyl acetoacetate but have
found that these could not be cyclised to the corresponding hydroxy-
naphthyridines. 4-Amincpyridine was reported not to undergo the Krorr
and the Conrad-Limpach reactions.31

In the Combes reaction, aromatic amines are condensed with
1,3-diketones and the resulting intermediales are then ring-closed to

2,4~-disubstituted quinolines by treatment with hot concentrated

sulphuric acid.

TH3 COCH,
= | \\\\\ fH
SRV WY
N ” x
NH, ch ~ ) CH,
HASO
2°0,,
le Jon

X \\\N‘fl\‘CHB

The Combes reaction has been extensively studied by Roberts and
Turner, 42 particularly frcm the point of view of orientation in the

ring-closure step. It was concluded that, when a strongly ortho, para-
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orienting group is present in a position meta to the nitrogen, ring closure
proceeds readily. On the other hand, when a strongly gortho, para-orienting
group is present para to the nitrogen (e.g. p-anisidine), ring closure
isprevented.

The Combes reaction with aminopyridines has been reported not to be
very successful. 2,6-Diaminopyridine has been found to give the expected
intermediate with acetylacetone and on cyclisation 2,/-dimethyl-7-amino-1,8-
~—naphthyridine was obtained in 60-70% yield*>?** The enamine from 2-amino-
-6-methylpyridine was prepared by Hauser and Weiss but cyclisation could
not be effected.41 The Combes reaction also failed with 3—aminopyridine31
and 3-aminopyridine—l—oxide.45

The meost generally useful method for the preparaﬁion of
4-hydroxyquinolires carrying a carboxyl group in the 3-position is that due
originally to Gould and Jacobs.46 In this reaction the aromatic amine is
condensed with diethyl ethoxymethylenemalonate and the resulting acrylate

is cyclised by heating in mineral oil or Dowthern,

: 02H502C 00262H5
02H 502Q 00202H 5 \ G /
\ / u
C C
u || >6l N// \\\H
c1 NH, /c\ | u
H5020 H N, OH

Cl N
This reaction has been reported to be clean-cut and to proceed in good

yield. In 1946, the reaction was developed by Price and Roberts47 and it
has been found that almost any aromatic amine can take part in the
reaction and 4-hydroxyquinolines conlaining a variety of substituents in
the benzene ring have been prepared.

The reactions of aminopyridines with ethoxymethylenemalonic ester

have been extensively investigated.
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The crotonate from 2-aminopyridine and ethoxymethylenemalonic ester
could possibly cyclise to give either ethyl 4-hydroxy-l,8-naphthyridine-3-
carboxylate (XLI) or the pyrimidine XLII as shown, but it has been found
that only cyclisation to the hydroxy-ester occurred when R is a 6-amino,
6-methyl, or é-ethoxy group. 48,49

02H 020 C0,C,H

27275 \\. //

5

(XLI) G0, 1,

(XLII)
The reaction of 3-aminopyridine with ethoxymethylenemalonic ester gave

ethyl A-hydroxy-l,5-naphthyridine-3~carboxylate. 47,49 However, the yield
was satisfactory only when the reaction was carried out in refluxing Dowtherm
in very dilute solution. With 3-~aminopyridine-i-oxide the reaction
proceeded via cyclisation at position 4 of the pyridine to give a

1,7-naphthyridine XLIII.45

oH
C.H.0.C CO.C-H
21592 2°2"5
N/ CO.C.H
b c 7 A 2Vt 5
+ > -
04/4‘\\ NH, //,c\\\ OkrNitz//\\~N
0CH, H
(XLIII)

The reaction of 4-aminopyridine with ethoxymethylenemalonic ester gave
the hydroxy-ester XLIV after cyclisation. Hydrolysis of the ester followed

by decarboxylation and then removal of the hydroxyl group afforded the
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1,6-naphthyridine (XLV) in 68% yield.31

OH
COLC.H
l 5 steps l\ |
\ N/ \ N/
(XLIV) (XLV)

Arymes and Hetarynes
Prior to 1960 little work had been done on reactions of heterocycliec

compounds involving hetarynes, i.e. intemmediates with a "triple bond" in
the nucleus containing the hetero atom. Since then interest in hetarynes
has grown and investigations in this area are developing rapidly using

information available from carbocyclic aryne cheristry. A brief account
of aryne chemistry is presented first as this has naturally formed a basis

for the development of hetaryne chemistry.

Arynes

Arynes are intermediates in certain reactions of aromatic compounds,
especially in some nucleophilic substitution reactions. They are generated
by abstraction of atoms or groups from adjacent positions in the nucleus and
react as strong electrophiles and as dienophiles in fast addition reactions,
An example of a reaction occurring via an aryne is the amination of
gfchlorctoluene with potassium amide in liquid ammonia. 3-Methylbenzyne
(XLVi) is first formed by elimination of hydrogen chloride and subsequent

addition of ammonia to the "triple bond" yields p-aminotoluene and

m-aminotoluene. CH

3
NH2
CH3 CH3
Cl

KNHy , CH

- 3
NH3
(XLv1) 4
A NH
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Rearrangements during reactions of aromatic halocompounds with strong
nucleophiles have been observed for a long time, and it was to explain
these phenomena that the aryme hypothesis was first introduced. The first
aromatic system containing a'triple bond'! was proposed by Stoermer and
Kahlert, in 1902,50 to account for the formation of 2-ethoxybenzofuran in
addition to the expected 3-ethoxybenzofuran on reaction of 3-bromobenzofuran

with sodium ethoxide.

0C,H,
[:::::I:j—i:]/_ﬂggiz%> 0C,H,

Important introductory work was done by Wittig and in 1953-54 a
solid base for the development of aryne chemistry was laid by Roberts and
. fo e 51,52,53,54 . .
Huisgen and their groups. By applying labelling techniques
Roberts and his collaborators92 obtained results which indicated that
benzyne (XLVII) occurs as an intermediate in the amination of chlorobenzenec

with potassium amide in liquid ammcria. Thus from chlorobenzene~l—14c

1! 4
approximately equal amounts of aniline-1l-~'“C and aniline-2-'“C were formed,
supporting the involvement of a symmetrical intermediate.

NH,

Cl

| e
N

N2

XLV

(XLviI) NHy
Reactions were then discovered wherein benzyne was "captured" by

reagents which cannot generate it from the starting material; e.g. the

reaction of o-bromofluorobenzene with lithium amalgam in the presence of

furan yielded dihydronaphthalene-l,4-endoxide (XLVIII) by Diels Alder
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cycloaddition of the intermediate to the 2,5-positions of the heterocycle.53

Li(Hg) l

Br '
(XLVIII)

Following this work interest and investigations in aryne chemistry
expanded rapidly, the reactions of these intermediates were studied and a
number of methods of generating them were developed. Some of the more
important of these are as follows:

(1) Action of alkali amides and alkyl- and aryl-litaiums on monohalogeno
aromatic compounds.

(2) Heating of aryl halides or aryl sulphonates with alkali hydroxides.

(3) Treatment of dihalogeno arcmatics with lithium amalgam, magnesium

or zinc.

(4) Heating of ortho-arenediazonium carbcxylates or 1,2,3-arenothiadiazole-
1,1-dioxides.
(5) Heating of ortho-iodoarenemercuric iodides.

[ : L] ) . 1}
An example of an aryne reaction proceeding by the first methed is the

action of phenyl lithium on l-fluoronaphthalene. Ph
002H
Ceqs “ 1)PhLL L Gou
2)60 N AN Ph
\ 7
(L)
2-Fluoronaphthalene gave (in addition to XLIX and L) a third isomeric
51

acid LI formed via the 2,3-napathalyne.

_l_ng N o oo
2100, N \H“ﬁ “

CO,H
(LI) .
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One of the most useful methods for generating arynes is that
originally due to Stiles and Miller.55 The zwitterionic diazonium salt,
benzenediazonium-2-carboxylate (LII), readily obtained from anthraniliec
acid by aprotic diazotisation, was found to give benzyne on heating. Thus
on warming the compound in furan, naphthalene-l,j-endoxide was obtained in
55% yield, and triptycene (LIII) was obtained with anthracene in benzene

56

solution. Berry, Spokes and Stiles”  have demonstrated by flash photolysis
the formation of gaseous benzyne, from solid o-benzenediazonium carboxylate,

as a precursor of biphenylene (LIV).

CO,H _ 002@
NG G
NH N
2 (LII) 2
N NN 7
(LIV) (LIII)

Benzyne has frequently been generated in gitu from anthranilic acid
by reaction with isoamyl nitrite in aprotic solvents.

The use of propylene oxide for generating arynes from the solid
diazonium carboxylate hydrochloridgs has been descfibed by Roberts and

57 58 This method has the advantage over

collaborators”’ and later by Ziegler.
the Stiles procedure in that it avoids isolatihg and thus handling of the
hazardous, explosive diazonium carboxylate salt. Decomposition of
benzenediazonium~2-carboxylate hydrochloride with propylene oxide in the
presence of anthracene gave triptycene. 2Ziegler prepared 1,4-epoxy-1l,4-
dihydronaphthalene from the same benzyne precursor and furan. The

propylene oxide, in these experiments, reacts rapicdly and irreversibly with

the hydrogen chloride to give LII and prepylene chlorohydrin which can be
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readily removed from the reaction products by distillation.

The thermal decomposition of diazocyclopentadiene-2-carboxylate
anion (LV) under a variety of conditions gave carbon dioxide, nitrogen
and dehydrocyclopentadienyl anion (LVI). The intermediacy of LVI was

established by trapping with 2,3,4,5-tetraphenylcyclopentadienone

(tetracyclone).59
_ | - _
09 ® \
“—> - : @ il +
©
Coo cod® (LVI)
B (Lv) | Ph Ph
~ |pn -ZZ__j§L-Ph
0
y
Ph \6 0
- Ph
- |
Ph
Ph B
Ph

During recent years a large number of new methods of generating
benzyne have been investigated. In 1996, Verbit anc co-workers " repcrted
the generation of benzyne from g-uminophenylboronic acid (LVII); the

adduct, triptycene, was isolated in 45-60s yield.

OH
B(0H), B-——-OR
isoamyl
nltrlte\
CH Cl2
(LVII) R = isoamyl or H

1
In 1970, Nakayama, Simamura and Yoshida6' generated benzyne by

heating 1-(2-carboxyphenyl)-3,3-dimethyitriazene (LVIII) in chloroform,
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the intermediacy of benzyne being shown by trapping with 2,3,4,5-
tetraphenylcyclopentadienone. With 2,5-dimethylfuran in refluxing
acetonitrile the aryne precursor gave 1l,4-expoxy=-l,4-dimethyl-1l,/-

dihydronaphthalene (LIX) in 77% yield.

Me
= 5 Me
N=H-ilMe, q"Nme’z ~
[::::::I: Me
C02H C =0

(LVIII) oo

(LIX)

A simple, one-step, conversion of aniline into benzyne has been
reported by Cadogan, Mitchell and Sharp.62 Reaction of aniline with
acetic anhydride, pentyl nitrite and tetracyclone in benzene gave tetra-
phenylnaphthalene in 32% yield. Benzyne is generated from the initially

formed N-nitroscacetanilide, via the diazonium acetate LX.

®
NO OAc
N COCH,
©/ ~GH3CO0,H

(LX)

The thermal decomposition of diphenyliodonium-2-carboxylate (IXI) re-
portéd by LeGoff in 196263 and by Beringer and Huang in 196364 to give
benzyne has, up to now, not found application in the field of hetaryne
chemictry. It is not known whether carbon dioxide or iodobenzene is first

lost from LXI or whether a concerted mechanism is involved.
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When betaine LXI was heated at 162° in diglyme containing 1,3-
diphenylisobenzofuran, 9,10-diphenylanthracene was formed in 21% yileld.
The effects of trapping agents were also investigated in this reaction and
it was reported that 2,5-di-p-anisyl-3,/-diphenylcyclopentadienone was a
very effective ‘trap! as 1,4-di-p-anisyl-2,3-diphenylnaphthalene was
isolated in 79.. It was concluded that addition reactions of benzyre are
favoured by increased electron density in the diene.

Although neither benzyne nor any other aryne has been isolated it
appears from the foregoing that one is justified in considering these
intermediates to be short lived species which may be described as a mesomeric

structure to which the following canonical forms contribute.

Hetarynes

It has been stated that the ggneration and reactions of hetarynes can
be expected to differ from carbocyclic arynes in several respects.
(1) There are usually isomers of an unsubstituted hetaryne.
(2) Since unsubstituted hetarynec are usually not symmetric their
participation in a reaction can manifest itself in the occurrence

of a rearrangement.
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(3)  The properties of a hetaryne in which the 'triple bond' is adjacent
to the hetero atom may differ considerably from those of its isomers.

(4)  The ratio of the amounts of isomeric addition products will depend on
the orienting effect of the hetero atom in the nucleus.

(5) The action of nucleophiles on a monosubstituted heterocyclic
compound may generate isomeric hetarynes.

(6) Heterocyclic compounds may show a higé?%endency than carbocycles %o
react with nucleophiles by the addition-elimination mechanism than via
arynes.

Pyridyne intermediates have been investigated more extensively than any
other hetarynes. Whereas only one dehydrobenzene is possible, two

pyridynes viz. 2,3~and 3,4-pyridyne may be obtained.

The first amination of a halogeno pyridine involving a reerrangement was

carried out by Levine and Leake in 195565

in an attempt to prepare
3-phenacylpyridine by reacting 3~bromopyridine with sodium amide in liquid
emmonia in the presence of sodio-acetophenone; 10% of -aminopyridine and
13.5% of 4-phenacylpyridine was isolated.

In 1961 Pieterse and den Hertog 66 carried out a more extensive
investigation of the amination of 3~ and 4-halogenopyridines with potassium
amide in liquid ammonia at ~33° Mixtures of 3- and 4-aminopyridine in the

ratio of 1:2 were isolated in all cases with 3-chloro, 3-bromo and 3-iodo~

pyridines and the corresponding 4-~substituted pyridines.

7
: |
, X \ 7 || N Y
N/ \N 2 g
: g
AN N N
—

IN %/N/J <“\/l%

Y = NH,
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The independence of the composition of the reaction products from the
nature and position of the halogeno substituent clearly demonstrated the
intermediacy of 3,4-pyridyne and not a mixture of 2,3- and 3,4-pyridyne.

The reactions of various halogeno pyridines with lithium piperidide

67,68 _nd the

and piperidine have been studied by Kauffman and Boettcher
results of these experiments support the 3,4-pyridyne intermediate. Increas-
ing the amounts of lithium piperidide and piperidine to five to ten
equivalents, respectively, did not change the composition of the reaction
products.

3,4-Pyridyne (LXII) is formed and reacts as a dienophile in a number of
reactions analogous to those described by Wittig and Pohmer53 and by Stiles
and Miller55 in benzyne chemistry. Shaking 3-brome-4-chloropyridine with
lithium amalgam and furan gave a mixture from which isoquinoline was
isolated in 1 % yield; the initially formed endoxide is deoxygenated by the
amalgam. By heating 3-pyridinediazonium-4-carboxylate in furan, the

endoxide LXIII could be isolated in greater than 60% yield.67’°9

R

e

N\/\Br Li(Hg) ( \S NW) (LXIII)
I ° l L1 (Hg)

Na , )

N I ® N\

70 Thus

2,3-Pyridyne has been shown to exist by trapping with furan.
it has been considered as an intermediate in the reaction of 3-tromo-Z-chloro-
pyridine with lithium amalgan in order to explain the small amcunt of

quinoline (2¢ formed).
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An explanation for the absence of 2,3-pyridyne in the réazction of
3-chloropyridine with lithium piperidide has been given by Kauffmann and
Boettcher.68 It is supposed that metallation to give 3-chloro-2-lithio-
pyridine (LXIV) does take place, but that the negative charge at C~2,
resulting from polarisation of the lithium-carbon bond, is weakened by the
inductive effect of the ring nitrogen atom and, therefore does not weaken

the neighbouring chlorine-carbon bond. Thus lithium chloride is not

eliminated and the formation of 2,3-pyvridyne doec noi occur.

c1 C1

@ Ol yoiihd ( I v @,
> A >

Nn NN Li XN

(LxIV)

The anination of 2-chloropyridine-ll-oxide with potassium amide in

liquid ammonia gave a mixture of 2- and 3-aminopyridine-N-cxide in 5-10%

70

total yield. This rearrangement has been explained by an aryrc mechanism

involving 2,3-pyridyne-l-oxide, a result which has been confirmed by Kato,

Niitsuma and Kusaka.71
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There has been evidence for the formation of 1,5-naphthyrid-3,4-yne
(LXV), but none for 1,5-naphthyrid-2,3-yne from the results of the amination
of 3~ and A-bromo-l,5-naphthyridine with potassium amide in liquid ammonia,
Mixtures of 3~ and 4-amino-l,5-naphthyridine were produced but 2-amino-

1,5-naphthyridine was not found.74

|

/N N Br | '/N AN NH2
ge <

Apparently only one hetaryne containing oxygen as a heteroatom,

2,3-dehydrobenzofuran, has been described so far. Quite recently this

legendary aryne was again generated by Wittig and Boos73 and proved to

have dienophilic properties, thus confirming the original work of Stoermer
and Kahlert. The dehydrobenzofuran was obtained by heating the mercury
compound LXVI, formed by treatment of 3-bromo-2-lithiobenzofuran with
mercuric bromide. The aryne was trapped with 2,3,4,5-tetraphenylcyclo-

pentadienone and the adduct LXVII was isolated in 70% yield.
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The first thiaaryne, 2,3-benzothiophyne, may have been generated by

(LXVII)

Konppa and Weckmann in 1933.’% On heating 3-bromobenzothiophene (LXVIII)
with a solution of potassium hydroxide in ethanol at 2000, a reaction mixture
was obtained consisting of starting material, benzothiophene and
2=-hydroxyberzothiophene. This reaction is analogous to the reaction of
3-bromobenzofuran with sodium ethoxide. If both are examples of aryne
chemistry they illustrate the addition of a nucleophile to the 2-position

of a 2,3~hetaryne.

KOH ,
C H OH
S OH

(LXVIII)

The 2,3-hetaryne derived from thiophene was obtained by Wittig and
Wehl 72 by heating bis-(3-iodothienyl-2)-mercury (IXIX) and trapped with
tetracyclone, the adduct being isolated in 9% yield. Bis-(3-iodothienyl-4)-
mercury (LXX) when heated with tetfaphenylcyclopentadienone, was reported
to give the same tetraphenylbenzothiophene (LXXI) as its isomer. The
3,4-dehydrothiophene (XXII) had apparently rearranged to the 2,3-isomer prior

to cyclo-addition.
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The possibility of generating five membered hetarrmes containing
nitrogen and sulphur has only recently been investigated. In 1971, Tamura.
Miyamoto and Ikeda 76 investigated the reaction of 5~-amino-2-methylthiazole-
4~carboxylic acid with isoamyl nitrite in the presence of furar and also
tetraphenylcyclopentadienone. With furan, 5-(2'-furyl)-2-methyl=s-
nitrothiazole (LXXIII: R;N02,0.53%) and 2-methyl-4-nitrothiazole (LXXIV,
R;N02,0.33%) were isolated in addition to 5-(2'-furyl)-2-methylthiazole~4-
carboxylic acid (LXXIII, R=002H, 10.7%) and 2-methylthiazole-4~carboxylic

acid (LXXIV, R;002H,2.7%)

N::ﬁ//S Nao_ S N<§i//s
CH CH (LXXIII) CH (LXXIV)
3 3 3
R=NO, R=NO
R=C0,H R=COSH

In the presence of tetracyclone, (LXXIV, R=COZH, 9% ) was isolated
and a trace of two unidentified compounds of molecular weight 3% and 400,
In these two experiments the reaction mixture was carefully screened for

the desired Diels-Alder adduct of dehydrothiazole with furan or tetra-
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cyclone, but none was detected.

Bird and Wong, in 1971, 77 attempted to generate 1,2,5-thiadiazolyne
by the aprotic diazotisation of 3-amino-1,2,5-thiadiazole-4-~carboxylic
acid in the presence of anthracene. None of the anticipated thiazolyne
adduct was obtained; instead 9-nitroanthracene and a small amount of
9-thiocyanoanthracene were isolated. It was suggested that these arose by
collapse of the diazonium cation LXXV to the electrophilic sulphur cation
LXXVI. OSubsequent attack of LXXVI on the anthracene followed by addition
of nitrite ion gave LXXVII. Displacement of the organic residue attached to
sulphur by cyanide ion then gave the intermediate LXXVIII. Finally, base
treatment during the work up effected rearomatisation with formation of
LXXIX and LXXX. The preponderance of 9-nitroanthracene was attributed to

the greater acidity of the proton geminal to the nitro group in LXXVIII.

®
002H N2 NC\
I\II ’ —> C=—N—S
~Ng - HO,C / (LXXVI)
(IXxXV)
SCN
\ \
/ /
LXXIX
N H NO, (LXXVIII)
N02 LXGX |
The amination of halogenoisothiazoles with potassium amide in liquid

ammonia has recently been studied by de Bie and Van der Plas.78

They
found that under the conditions of the reactions, halogen migration occurs

and that amination, if any, only takes place to a small extent.
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Thus 5-bromo-3-methylisothiazole (LXXXI, X=Br) when treated with a
four-fold molar quantity of potassium amide in liquid ammonia at -330 for
5 minutes gave 4-bromo-3-methylisothiazole (LXXXII, X=Br) and a small

amount of 3-methylisothiazole (LXXXIII).

CH X CH
P e ]
—_— + | —_— = .C
g N N + CHy — 0= CH.CN

NH2

(LXXXI) (LXXXII) (LXOXXIIT) (LXXXIV)

CH3

The same 5-bromo-3-methylisothiazole gave a greater yield of LXXXII
when the reaction was carried out for 15 mirutes. No indication was
obtained for the formation of 4~ and 5-amino-3-methylisothiazole even when
the reaction time was enhanced to 2 hours. Similar results were obtained
with the 5-chloro compound (ILXXXI, X=Cl); the rate of the iscomerisation
was lower than that of the 5-bromo compound. However, the 5-iodo compound
gave different results, deiodination to 3-methylisothiazole heing the
main process while the rearranged product was present only in very small
amount. A reasonable amount of § -aminocrotoniirile (XXIV) was obtained
and its formatiorn was believed to occur bj fission of 5-amino-3-methyl-

isothiazole. The following mecharism was propcsed for the halogen migration.
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In general, thermal decomposition of o-arenediazonium carboxylates
formed by aprotic diazotisation of g-amino acids has proved a valuable and
convanient method of forming arynes. This weuld also azppear to be a
potentially useful method of generating isothiazolynes and the second part
of this work describes the synthesis of a number of isothiazole amino acids

and experiments designed to investigate the formation of isothiazolyne.
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DISCUSSION
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The first part of this section describes investigations on the
synthesis and reactions of isothiazolo[?,A-g';7pyridines; the second part
is concerned with the synthesis of amino acids of isothiazole and attempts

to generate isothiazolynes by their aprotic diazotisation.

I. Isothiazolo/5,4~b /pyridines

Skraup synthesis of alkylisothiazolo/5,4i-=b /pyridines

At the commencement of this work the only isothiazolo[g,Afp ;7pyridine
described was 3,6-dimethylisothiazolo/5,4-b _/pyridine, obtained by the
Skraup reaction of 5-amino-3-methylisothiazole with crotonaldehyde.26 This
reaction had, since then, not been studied in detail and the chemistry and
reactions of this compound hed not been investigated to any extent, The
success of this synthesis and, in addition, the availability of 5-amino-3-
methylisothiazole suggested that this route to iSOthi&ZOlOZ;,Afb ;7pyridines
would be worth exploring.

As described previously the Skraup reaction involves heating a primary
aromatic amine with an o, -unsaturated aldehyde or ketone or a suitable
precursor in concentrated sulphuric acid in the presence of an oxidising
agent.,

The reaction is cften vigorous and a number of compounds, such as
ferrous sulphate, acetic or boric acid have occasidnally been added to
moderate the vigour.79 In practice the reacticn usually involves slow
addition of the carbonyl compound to a rapidly'stirred mixture of the
amine and oxidising agent at a rate and temperature such that the reaction
does not become too violent. Most often the work up of the reaction has
involved basification of the cold reaction mixture, followed by isolation
of the product by steam distillation and extraction of the distillate.

A large number of oxidising agents have been employed, including

80
arsenic acid, stannous chloride, oxygen and ferric chloride. Utermohlen
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has reported that attainment of good yields depends on the use of a
suitable oxidising agent, and he found that m-nitrobenzenesulphonic acid
was especially useful in this respect. The acid is prepared in solution
by heating a mixture of nitrobenzene and fuming sulphuric acid. The
mixture is diluted with water and used as such; it is often referred to
simply as 'sulphomix' and this description is used here. Sodium
m-nitrobenzenesulphonate in concentrated sulphuric acid containing a
little water has often been used as an alternative to sulphomix, with good
results. Good yields of naphthyridines from aminopyridines have been
obtained when these oxidising systems have been employed.

The original synthesis of 3,6-dimethylisothiazolo/5,4-b _/pyridine
involved the addition of crotonaldehyde to a solution of the amine in
sulphomix. In view of this and with regard to the above it was decided
to investigate the synthesis of isothiazolo[§,4-§ _7byridines using
largely m-nitrobenzenesulphonic acid as the oxidising agent. Variation of
the unsaturated carbonyl compound of the reaction was expected to allow
the synthesis of a variety of alkyl substituted isothiazolo[?,Afh ;7pyridkes

3,6~Dimethylisothiazolo/5,4-b _/pyridine (I) was prepared by
addition of crotonaldehyde to a solution of 5-amino—3—metbylisothiazole
in sulphomix at 85—900, the rate of addition was such the temperature did
not rise above 90°. After heating for 45 min. at.95-100° the mixture
was cooled, basified and the isothiazololg,L-Q _7byridine igsolated by
steam distillation. The compound was obtained as colourless needles,
m.p. 92-93°, in 18.55 yield. When the reaction was carried out at
80-900, the compound was obtained in 10% yield; no product was obtained

when the reaction was effected at 110-1200.
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In a subsequent preparation of 3,6—dimethylisothiazolo£§,4-2 /-
pyridine, sodium m-nitrobenzenesulphonate was used as the oxidising agent,
under almost similar conditions as the previous synthesis. The yield
(194) was virtually unchanged but less darkening of the reaction mixture
was apparent. It is possible that a study of the effect of temperature
and time on the reaction may lead to an improvement in the yield.

The compound readily formed a picrate, and analysis indicated that
it was a 1:1 complex. The ultraviolet spectrum (U.V.I) showed absorption
bands at 234 (¢ 26,600) and 300 nm (5,160). The n.m.r. spectrum (N.M.R.1l)
is consistent with its formulation. The two ring protons appeared as a
typical AB system with H-4 as a doublast centered at é8.1 p.p.m. and H~5
as a doublet centered at & 7.25 p.p.m (qu 8,5 Hz). The 3-methyl and
6-methyl protons were obgervaed as singleté 2t £2.69 and €£2.71 p.p.m.; the
very similar shift positions did rot allow individual assignments of the
signals. Further discussion and comparison of the U.V. and n.m.r. spectrun
of this and other isothiazolo/5,4-b _/pyridines is presented later (p.SO,SZL

3éMethylisothiazolo[§9Afg _/pyridine (II) was prepared by heating a
mixture of glycerol, sulphomix and 5-amino-3-methyl iscthiazole at 110-115°
for 3.5h. The compound, isclated by steam distillation of the basic sol-
ution followed by ether extraction of the distillate, was obtained as
colourless plates, m.p. 84-850, from light petroleum in 2&; yield. When
sodium m-nitrobenzenesulphonate was used as the oxidising agent and tne
resction carried out at 120-125° for 3.5 h., 2-methylisothiazolo/5,4-2 _/-

pyridine was obtained in 13.5% yield. With arsenic acid end acrolein
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in 85% phosphoric acid at 1000, 5~amino-3-methylisothiazole gave II in

56 yield only.

CH3 CH

CH..OH.CHOH.CH..OH 3T--- AN
N /LNHZ 5,30, Ne N

S sulphomix S

(11)

The ultraviolet spectrum showed absorption bands at 232 (£ 26,000) and
302 nm  (£5,390). The n.m.r. spectrum (N.M.R.2) in deuterochloroform
showed the methyl group as a three proton singlet at &2.68 p.p.m. From
low to high field the three groups of lower field signals represent the
H-6, H-4 and H-5 protons respectively and depict an AMX system with three
coupling constants. The low field doublet of doublets centered at $ 8.70
p.p.m. was assigned to H-6, it being adjacent to nitrogen, and the doublet
of doublets centered at$8.17 and §7.32 p.p.m. were assigned to H-4 and
H-5 respectively by comparison with the n.m.r. spectra of the other
iSOthi&ZOlQZ§,4fQ _7byridines.

The compound readily formed a picrate, and analysis indicated that
it was a 1:1 complex.

The reaction of an aromatic amine with methyl vinyl ketone under
the usual Skraup conditions gives a product carrying a methyl group in
the 4-position relative to the nitrogen.l,3,3-Trimethoxybutane and methyl
P —chloro ethyl ketone81 have also been recommended as suwitable precursors
to methyl vinyl ketone in this reaction. Addition of methyl vinyl ketone
to a stirred mixture of 5-amino-3-methylisothiazole and the sodium
m-nitrobenzenesulphonate in sulphuric acid at 75-800, followed by heating
for 35 min at 80—850 and work up in the usual way gave
3,4-dimethylisotbiazolo[g,A—Q _Jpyridine (III) as needles, m.p. 139-140°,

from acetone in 2.65 yield only. When the reaction was repeated under the
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same conditions except that sulphomix was used instead of the sodium
m-nitrobenzenesulphonate only a very slight improvement in the yield

(3.4%) was obtained.

CH 02°~

(111)

Campbell and Schaffer82 have described the synthesis in relatively
good yield, of 4-methylquinoline from methyl vinyl ketone, aniline
hydrochloride, zinc chloride (as dehydrating agent) and hydrated ferric
chloride in absolute ethanol. 5-Amino-3-methylisothiazole hydrochloride,
prepared by passing dry hydrogen chloride through a solution of the amine
in ether, was thus heated with hydrated ferric chloride and anhydrous
zinec chloride in ethanol to 70-75°, Methyl vinyl ketone was added
slowly to the stirred mixture which was then heated under rzflux for 2 h.
After evaporation of the ethanol, the mixture was made basic and the
3,4-dimethylisothiazolo/5,4-b/pyridine obtained in the usual way. The
yield, however, was only 1%. The mixture‘did not become very dark during
the course of the reaction, and it is possible that extending the reaction
time would result in improved yields of the isothiazolo[g,A-p _7byridine.

The picrate was prepared in dilute hydrochloric acid with aqueous
picric acid because of the poor solubility of the base in ethanol; analysis
indicated that it was a 1l:1 complex.

The ultraviolet spectrum of 3,A—dimethylisothiazololg,A-Q ;7pyridine
showed bands at 230 (¢ 27,000) and 302nm (2 6,200) as in the other
alkylisothiazolo/5,4-b _/pyridines. The n.m.r. spectrum (N.M.R.3) in
deuterochloroforn was consistent with the proposed formulation. HE-6 was

observed as a doublet centered at$8.51 p.p.m., due to coupling with
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H-~5 (J65 5Hz)., H-5 was observed as a doublet of doublets centered at
& 7.05 p.p.m., due to coupling with H-6 (J56 5Hz) and also with the
methyl group in the 4-position (JCHB- L) Hg
4-methyl protons appeared as a singlet and a doublet (J 0.8 Hz) at

0.81z). The 3-methyl and

6 2.88 and§2.78 p.p.m. respectively.
The synthesis of S-ethyl—B-methylisothiazoloﬁ,z,-_lg prridine
required «-ethylacrolein as the x,ﬁ -unsaturated carbonyl component

32

in the Skraump reaction. Rapoport and Batcho”~ found that 2-hydroxymethyl-
2-methylpropane-1,3-diol (IV) was a useful precursor for ®~ethylacrolein
and with this compound and 3-aminopyridine, under Skraup conditions, they
oblained a 12.5% yield of 3-ethyi-l,5-naphthyridine. The formation of

o{~ethylacrolein is believed to ocecur as follows:

('JHZOH H@ (|3H20H o (|‘,H20H
CH,— C—CH.,OH ——— HOCH.— C-—C(H > &C CH cH
3 2 . 2 2 2 3
-H..0 I
| 2
CH20H CH 3 CHZOH
(Iv)
0\ H V
A\
C/ CH20H
| 0 |
(I)l—u2h5 < ng—ti,-CH2-—b 3
CH2 CH20H

Reaction of 5-amino-3-methylisothiazole with the triol in the presence
of sulphomix at 110-115° and work up in the usual manner gave only a
small amount of an oil.

T.l.c. showed a mixture of compounds, one of which was a major
component. Attempts to crystallise the material were to no avail but
a picrate was readily obtained with ethanolic picric acid; it was readily

purified by recrystallisation and was shown by elemental analysis and
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n.m.r. spectroscopy (N.M.R.4) to be the picrate of 5-ethyl-3-

methylisothiazolo/5,4~b _/pyridine.

CH3 (IIH OH
I — C—CH,0H —_3
O > I
Ns NH, CH,0H

The methyl and methylene protons cf the ethyl group were observed as
a three proton triplet and a two proton quartet at $1.33 and$2.88 p.p.m.
respectively, and the H-6 and H-4 protons appeared as doublets at b 8.79
and & 8.43 p.p.m. (J 46 2Hz) respectively. Fine splitting of the H-4
doublet was noted, as expected on the basgis of some double bond localisation
at the 4,5-positinns as observed previously, but the spectrum was not
sufficiently well defined to give a useful coupling constant. The aromatic
protons of the picric acid were observed at 0 8.66 p.p.m. and the hydroxy
proton at 8 5.8 p.p.m.

A small amount cf the free base was obtained by treatment of the
picrate with aqueous sodium hydroxide;it was homogeneous by t.l.c. but could
not be recrystallised. The n.m.r. spectrum was poorly resolved but
supports its formulation as S-ethyl-B—methylisothiazolng,Afp _7byridine;
the details are included later (Table I p.50 ) for éomparison purnoses.

The preparation was attempted ﬁsing a different procedure. A
mixture of ferrous sulphate, arsenic pentoxide, 5-amino-3-methylisothiazole,
boric acid and 2-hydroxymethyl-2-methylpropane~l,3-diol in concentrated
sulphuric acid was heated to 150° when a violent reaction ensued and the
reaction mixture became completely black. None of the expected product
was obtained.

Near the end of the experimental work described in this thesis, a

synthesis of the parent system, isothiazolo[E,A-Q‘;7pyridine was reported
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83 The starting material for this

by A. Taurins and V. Tan Khouw.
synthesis was 2-chloronicotinonitrile (V) which was reduced with formic
acid-Raney nickel to give 2-chloronicotinaldehyde (VI). With potassium
thiocyanate in glacial acetic acid under nitrogen, 2-chloronicotinaldehyde
gave 2-thiacyanonicotinaldehyde (VII) which gave isotbiazolozg,A-b _7—
pyridine (VIII) on treatment with a large excess of liquid ammonia at

-50° for 4h, Three other isomeric isothiazolopyridines were prepared via

O-disubstituted pyridines.

CN CHO CHO
Z I1.CO,H (I KCNS = l
> —_—
~ -Ni NS H X\
N c1 Raney-Ni X c1 CH3002 N SN
(VI)
H

(V) (VII)
NH
B | ) \L & VE, |
_ ; 2
C=NH o
~ = ~H,0 = AN
l l < ~ ‘ e l OH
Nss NZ N/\' S—CN XN —CN
L \}__I L. -

(VIII)

A study of the n.m.r. and u.v. spectra was reported in detail and
the results are included in the following discussion on the spectra of
the alkylisothiazolozg,A-g _7pyridihes for completeness.

Nuclcar Magnetic Resonance Spectra

The n.m.r. data of the various alkylisotbiazolozg,A-g ;7pyridine

are collected in Table 1.



Zable T

Chemical Shifts () p.p.m.

| Coupling Constants (Hz)

Compound Nﬁ%”R‘ -
CH3—3 CHB—A --CHZ.CH3 CH3—6 H-3{ H-4 | H-5| H-6 JCH‘B_ 4,H-5 J 45 J 46 J 56
3 4
NN
| - - -~ - - |e.91f8.30|7.35 | 8.7¢ - 8.0 1.5 [4.8
2N\S N/ 6
1
Isothiazolozg,afg.;7pyridine
3,6~Dimethyl 1 2.69 or - - 12,69 or - | 8.1 [7.25 - - 8.5 | - -
2.71 2.71 °
34{ethyl 2 | 2.68 - - - - 8.1 |7.3218.70 - 8.3 11.8 .8
3,4-Dimethyl 3 2.88  |2.78 - - -1 - |7.05]8.51 0.8 - |- 5.0
3-Methyl-5-ethyl L 2.76 - 1.39 - - |8.22) - |g8.76 - - - 1=
~CH,.CH
2¢
Solvent: CDOL, 2¢,92"é
~CHp -Gy

0¢
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It is interesting to note the similarity of the chemical shifts and
ooupling constants of the 6-,5- and j-protons of the pyridine ring of the
isotbiazolozg,Afg ;7pyridines with those of the corresponding protons at
positions 2-, 3- and 4~ of the 1,5-naphthyridine (IX).%% Further, as in
4-methyl-l,5-naphthyridine, the corresponding hydrogen at the 5~position
of 3,4~dimethylisotbiazolo/5,4~b _/pyridine is also coupled with the
methyl prctons (J 0.8 Hz) indicating a relatively high degree of double
bond character in the 4,5-position in the isothiazolo[E,A-g';7pyridine.

The methyl group at position 6 in 3,6~dimethylisothiazolo[§,4-9 _7-
pyridine has a virtually identical chemical shift to the methyl group in
2-methyl-, 5-naphthyridine and both occur as sharp singlets. The coupling

-~

constant of the corresponding protons is also of the same order of

magnitude.
Chemical Coupling
Shifts Constants (Hz)
S (p.p.m)
° ~ 3 H 8.40 J 1
6,41\1 | \ -4 ‘4 23 40
H- .58 J 1.8
7 A 2 3 1.5 24,
N
8 1 H-2 8,97 J 8.0
(1x) S

CH.-4 2.86 J.. ,,H. 0.9
> -& D

Cn3
H-3 17.56 J23 yAVA
HTZ 8097
H-4 8.23
/’N BN
H-3  7.48 J34 8.2
NN Z~CH
N 3 CH,~2  2.70
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Ultraviolet Spectra

The ultraviolet spectrum of each of the alkylisothiazolo[g,é-g ;7—
pyridines (Table II) consists of two absorption bands. That of the
parent isothiazolozg,Afh ;7pyridine is included for comparison purposes.
It should be noted that the ¢ values reported for that compound are
approximately half those obtained with the alkyl-compounds. A feature
of the spectra is the small bathochromic shift in the low wavelength

absorption band of the methyl compounds compared with the parent compound.

Table I1
.X‘max(pm) ¢ )\max(nm), ¢
‘ X | 228 15,490 298 288/,
N I / 307sh 2512
s N
3,4-Dimethyl- 230 27,000 302 6200
3-Methyl- 232 26,000 302 5390

3,6-Dimethyl- 23 26,600 300 5160
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Investigation of the reactions of 3-methyl- and 3,6~dimethyl-

isothiazolo ~b ridine

The following describes attempted electrophilic and nucleophilic
substitution reactions on 3-methyl-and 3,6~dimethylisothiazolo/5,4-b _/-
pyridine; viz., bromination, nitration and amination. Studies on the
aldol type reactivity of the methyl compounds were carried out and
oxidations with potassium pemenganate and chromic acid were investigated.

The chemistry of isothiazolo/5,4-b _/pyridines and the alkyl
substituted compounds would be expected to be similar in certain respects
to that of pyridine and the naphthyridines. Thus a number of dipolar
structures would be expected to contribute to the overall structure of

the molecule, and some of these are shown below.

-

2N

® —
o b,

In particular the 6- and 4~ positions would be expected to Le

electron deficient and susceptible to attack by nucleophiles.
Electrophilic attack would be expected to occur at position 5. Attack
may initially occur at the nitrogen atom to give a charged species;
however, although the absolute values of the TT electron densities are

different for a charged ion, the relative distribution of electron density
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at the ring carbon atoms should remain almost unchanged. Therefore,
no matter if electrophilic attack at carbon occurs upon the charged
species or the free base, substitution should occur at the 5-position.

In 1962 a novel method for the introduction of bromine into electron

85 Tnis

deficient nitrogen heterocyclic compcunds was described by Eisch.
method involves the formation of a bromine~heterocyclic compound complex
by addition of bromine to the compound in boiling carbon tetrachloride.
Addition of pyridine to the boiling solution decomposes the complex and
affords a halogenated derivative of the neterocyclic compound. This
methed has been used by Paudler and Kress86 to brominate all the
naphthyridines, both monobromo- and dibromo compounds were obtained.

Thus 1,5-naphthyridine gave 2-bromo and 3,7-dibromo-1l,5-naphthyridine

in 27 and 10% yield respectively.

The bromination of 3-methylisothiazols/35,4-b /pyridine was attempied
under these conditions. There was, however, no.indication of any compound
othef than starting material by t.l.c. ard upon work up only
3-methylisothiazolo[§,A-Q _7byridihe was obtained.

The attempted bromination of 1,5-naphthyridine with bromine in cold
chloroform was reported by Hart 87 to give the naphthyridyl-naphthyridium
salt (X) which precipitated from the chloroform solution. When heated

with water, this gave 1,5-naphthyridin-4~one (XI) and 1,5-naphthyridine.
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2 | X
fN \,/\/) °% S N/Br@.HBr 130
—
Q§§//L\N// CHCL, _n N
“ | w ~ X
(X) A N

The reaction of 3-methylisothiazolo/5,4-b _/pyridine with bromine
in chloroform under these conditions was therefore investigated to see
whether bromination or a similar type of oxidation occurred. No solid
separated from the reaction and a mixture of two compouuds was obtained
by dilution of the solution with light petroleum. One of these was
solubls in acetone and proved to be starting material (50% recovery).

The other acetone insoluble material was soluble in water, and gave a
positive test for bromide ion with silver nitrate. Elemental analysis
indicated that the compound was 3-methylisothiazolo/5,4~b _/pyridine
hydrobromide which was obtained in 16.5% yield. No other compound was
isolated.

The nitration of 1,5-naphthyridine using a range of concentrated and
fuming acids was unsuccessfully attempted by Ha.rt.al7 Nitration of the
isothiazolo[g,A-Q‘;7pyridine system would also be expected to be
unfavourable and an attempted nitration of 3-methylisothiazolo[3,4-2 ;7—
pyridine using fuming sulphuric acid-potassium nitratve at steam bath
temperature for 7 h. gave only 72% recovery of starting material.
3,6~Dimethylisothiazolo/5,4-b _/pyridine, when reacted with fuming sulphuric
acid and concentrated nitric acid at 75-20° for 1.5 h., gave no product

whatsoever; concentrated sulphuric acid and potassium nitrate at steam bath
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temperature for 1 h. gave 936 recovery of starting material. In this
respect, the reactivity of 3-methyl and 3,6—dimethylisothiazololg,A-Q‘;7—
pyridine can be said to resemble that of 1,5-naphthyridine.

Pavdler and Kress86 were unable to repeat the amination of
1,5-naphthyridine with sodium in liquid ammonia in the presence of
amnonium nitrate as described by Hart.87 By using potassium nitrate and a
trace of ferric chloride in a sealed tube they successfully obtained
2-amino-l,5-naphthyridine, and other naphthyridines were similarly aminated.
An attempt was made to aminate 3-methylisothiazolozg;4-g _7byridine under
these conditions but only starting material (55% recovery) was isolated.

Methyl groups in the 2- and -positions of pyridine and quinoline are
strongly activated by the electron attracting properties of the nitrogen
atom. The protons are acidic and are readily removed by strcng bases and
the resulting carbanions can undergo various condensaticn reactions.

A number of acid catalysed condensations also ocenr; thus 2-methyliquinoline
readily condenses with benzaldehyde in the presence of zinc chloride or
acetic anhydride to give 2-styrylquinoline (XII), and mild oxidation of

this compound is a good route to quinoline-2-carboxylic acid.

Xy B GHLCHO = | N
W7 fcl;_H T N7 CH=GH. G,
Y | (XII)

H

It would be expected that the methyl group in the 4= and 6-positims
of isothiazolng,Afg _7pyridine would be similarly activated and undergo
condensation with e.g. benzaldehyde. A methyl group in the 3-position may
also be expected to behave similarly, but it is interesting to note that
such reactivity was not shown by the methyl group in 3-methylisothiazole.83

Treatment of 3-methylisothiazolozg,A-Q _7pyridine with benzaldehyde

in boiling ecetic acid and acetic anhydride for two days gave an 87
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recovery of starting material instead of the expected 3-styryl compound
5XIIQ. T.l.c. monitoring of the reaction did not show the formation of
any new product. The failure of this methyl group to react is perhaps not

too surprising with regard to the above comments.

He HC=HC
i—-——l/\ el 60}10 Y T——-,’ ‘/j
\S /\N) /\ g N\S/\ N/ ,
| (XIII)

Condensation of 3,6-dimethylisothiazolo/5,4-b _/pyridine with
benzaldehyde in the presence of zinc chloride was effected on heating the
reactants to 130-135° for 4L h, T.l.c. monitoring shoﬁed the appearance of
a new spot and a small amount of this compound was isolated by dry column
chromatography; crystallisation from acetone gave the product as pale
yellow plates, m.p. 139—1400. Elemental analysis and the n.m.r. spectrum
(N.M.R.5) were consistent with formulation of the compound as 6-styryl-3-

-methylisothiazolo/5,4-b _/pyridine (XIV).

CH CH

3 Xy Cells-CHO 3 N
. X
: o
Nis Ny CH, . NS s N on=cH. Clls

(XIV)
A three proton singlet at 2.68 p.p.m. was assigned to the 3-methyl

group, a doublet centered at 68.47 p.p.m. to H-4 and an eight proton
multiplet at §7.38-7.98 p.p.m. to the olefinic, benzenoid and H-5 protons.
The compound was formulated as 3-methyl-6-styrylisothiazolo/5,4=b _/-
pyridine rather than the 3-styryl derivative on the basis of the
unreactivity of the 32-methyl compound with benzaldehyde in the previous

experiment.
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The reaction of 3,6-dimethylisothiazolo/5,4~b _/pyridine with
benzaldehyde in the presence of acetic acid-acetic anhydride was also
investigated. After refluxing for two days a small amount of 3-nethyl-6-
-styrylisothiazolo/5,4-b _/pyridine was detected by t.l.c. but no attempt
was made to isolate the compound,

pNlitrobenzaldehyde is known to be more reactive than benzaldehyde
in these condensations due to the electron withdrawing effect of the
nitro group on the carbonyl carbon. Heating this compound with
3,6-dimethylisothiazolo[§,419.JZpyridine in acetic acid-acetic anhydride
at reflux for 15 h. gave a mixture which showed four components on t.l.c.,
two of which corresponded to starting materials. One of the compounds was
isolated by triturating with acetone; it crystallised from glacial acetic
acid as yellow nezdles, u.p. 214-2160. Elemental analysis gave a molecular
formula C15H11N308, indicating condensaticn of one of the methyl groups with
p-nitrobenzaldehyde. The compound was assigned the structure, 6é-(p-
nitrostyryl)-3-methylisothiazolo[§,A-Q _7pyridine on the basis of previous
conclusions. The second product was isolated as a gun by dry column
chromatography but the small amount of material precluded further
investigation.

From the above brief study it can be concluded, at this stage, that
the 6-methyl group of 3,6-dimethylisothiazolq[g,A-QA_7pyridine does
resemble the methyl groups of 2-methylpyridine, 2-methylquinoline and
2-methyl-l,5-naphthyridine but is much less reactive. A more detailed

investigation would be worthwhile.
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Oxidation of 3-methyl— and 3,6-dimethyl-isothiazolo/5,4-b /pyridine

A promiging route to the parent isothiazololg,A-g ;7pyridine system
appeared to be via the carboxylic acid XV, which would be expected to loose
carbon dioxide readily on heating., In addition the acid would be a
suitable substrate for conversion to other substituted isotbiazolo[g,A—Q _7L

pyridines. A similar sequence of reactions was envisaged for the dimethyl

compound.,

Oxidation of 3-methylisothiazolo/5,4-b _/pyridine was carried out
with potassium permanganate by a procedﬁre similar to that described by
Rapoport and Batcho32 for the oxidation of alkyl 1,5-naphthyridines.
Potassium permanganate was added portion wise to a stirred aqueous solution
of 3-methylisothiazolo/5,4-b _/pyridine at 70°.  After another 30 min. at
that temperature, manganese dioxide was separated and the neutral and basic
materials were removed from the filtrate by methylene chloride extraction.
Ether extraction of the acidified solution gave a so0lid which crystallised
from aqueous ethanol as white needles, m.p. 207-210°. The molecular formula
C6H4N2038’ from elemental analysis, showed loss of one carbon atom
indicating the product was not the expected acid XV. The infrared spectrum
(I.R.1l) showed N-l absorption at 3180 et and a carbonyl band at 1745 oit.
The compound was formulated as isothiazolo/5,4-b _/pyridin-3(2H)-one 1,1~

~dioxide (XVI) on the basis of its molecular formula and spectroscopic

evidence. 0

1
C
2o, AN
———>l\ l NH
A
NN 802/

(XVI)




The n.m.r. spectrum (N.M.R.6) was indicative of a 2,3-disubstituted
pyridine; H-6, H~/ and H-5 were each observed as one proton doublet of
doublets centered at§58.81, 8.2 and 7.76 p.p.m. respectively and the
coupling coustants (J

45

those observed in pyridine systems. The signal at & 8.55 p.p.m. was assigned

8 Hz, J46 2Hz, and J56 5Hz) were in line with

to the N-H proton.

Further support for the structure XVI came from its reaction with
dilute hydrochloricacid which gave a white crystalline compound
m.p. 253-255°; it was shown to be an acid by its solubility in sodium

T ang 1720 e in

bicarbonate solution and absorption bands at 3000 cm™
the infrared spectrum. Elemental analysis indicated a molecular formula
06H5N03 and the compound was formulated as Z-hydroxypjridine-}—carboxylic
acid (XVII). This was supported by its n.m.r. spectrun (N.M.R.7) which
showed H-6, H~5 and H-4 each as a single proton doublet of doublets centered
at § 8.47, 6.66 and 8,01 p.p.m; a two proton broad peak at & 14.1 p.p.m,

was assigned to the carboxyl and hydroxyl protons. A mixed melting point

89

with an authentic sample “ of 2-hydroxypyridine-3-carboxylic acid was

undepressed ard the infrared spectra were identical.

HCL or NaOH Fﬁﬁr\\n/’

-~

(XVII)
2-ydroxypyridine-3-carboxylic acid was also obtained, in good yield,
from the reaction of isothiazolo/5,4-b _/pyridin-3(2H)-one 1,l-dioxide
with aqueous sodium hydroxide.
A possible mechanism for the reaction is indicated below and involves
attack of OH at the electron deficient bridge-head carbon between the

ring nitrogen and the l,l-dioxide grouping. Rearrangement of the
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intermediate XVIII and protonation to give the acid XIX followed by
loss of sulphur dioxide would give 2-hydroxypyridine-3-carboxamide(XX).

Hydrolysis of the amide would then give the hydroxy-acid.

1 i
JNH. S0H
X c\ - SN o C0.NH. S0,
+
, Iy /NH V) , N /NH | P
N / 50, N S0, N OH
:05® (XVI%}II) (XIX)
I 02 XN CO.NH,
NZ 0H |\N/ OH
(xx)

The methyl group in 3-methylisothiazole; and other 3-methyl
substituted isothiazoles, has been successfully oxidised to the correspond-
ing acid with chromic acid. This prompted the investigation of the
oxidation of 3-methylisothiazolo[§,L-Q _7pyridine with chromic acid,
Oxidation in concentrated sulphuric acid at 40° gave a compound, m.p. 156~
1580, which effervesced on heating to approximately 20° above its melting
point; a dark brown gum remained after the effervescence. Elemental
analysis gave a molecular formula 06H6N2038 indicating less of one carben.

The infrared spectrum (I.R.2) showed N-H bands at 3345 and 3245 cm—1.

1

A carbonyl group at 1710 cm ', and broad bands at 2600 and 2500 cm |

indicated the presence of a carboxylic acid, as confirmed by evolution of
-1
carbon dioxide with aqueous sodium bicarbonate., Bands at 1360 and 1180 cm

were assigned to an -SOZN<: group. On this evidence the compound was

formulated as 2-sulphoamidopyridine-3-carboxylic acid (XXI).
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CH CO,H

, , Xy o0, 7 | 2
R
N\s \N/ N/ \SOZNHZ
(XX1)

The n.m.r. spectrum (N.M.R.8) was indicative of a 2,3-disubstituted
pyridine and supported this structure. H-6, H-5 and H-4 were each
observed as one proton doublet of doublets centered at & 8.81, 7.75 and
8.17 p.p.m. respectively. The magnitudes of the coupling constants
and chemical shift positions were in line with those observed in other
disubstituted pyridines. _

Coupling constants (Hz) Chemical shifts €) p.p.m.

45 I46 Is6 B Hy He
8 1.9 5 8.7 7.76  8.81
8 2.0 5 8.52 7.76 8.63

Carbon~-sulphur bonds of sulphornamides underge reductive cleayzge with

90

zinc and acid.’” Thus reductive cleavage of XXI would be expected to give
nicotinic acid and a small amount of this compound was obtained with zinc
dust in acetic acid-~hydrochloric acid, confirming structure XXI.

Potassium permanganate oxidation of 3,6-dimethylisothiazolo/5,4-b /-
pyridine was carried out as described with the monomethyl compound. The
compound isolated from the acidic solution was obtained as colourless
needles, m.p. 190-192°, Elemental analysis was consistent with a molecular
formuls C7H6N203S, except that the carbon content was slightly lower than
calculated. The compound was formulated as 6—methylisothiazolo[§,A-Q';7-
pyridin-3(2H)-one 1,l-dioxide (XXII) on the basis of its infrared and

n.m.r. spectra,
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The infrared spectrum (I.R.3) showed a sharp band at 3260 and
1760 cm'-1 indicating imino and carbonyl groups and bands at 1240 and 1170
cm ' were assigned to the —SOZN\/ group. In the n.m.r. spectrum
(N.M.R.9), a three proton sharp singlet at 6 2.78 p.p.m. was assigned to
the 6-methyl group, doublets at 6 8.31 and 7.8 p.p.m. to H-4 and H-5
(J 8Hz) respectively and a one proton singlet at O 9.36 p.p.m. to the

N-H proton.

I
CH
. c CoH
%I //<§§] KMnO o \ \\ni B l/// i 2
N /Jl\\ N XN Sé/l A OH
s N7 CeH,  CH, 2 CHy N
(XX11) (XXIII)

On the basis of the formation of 2-hydroxynicotinic acid by
acid treatment of the monomethyl oxidation product it would be expected
that a similar treatment of compound XXII would give 2-hydroxy-6-methyl-
pyridine-3-carboxylic acid (XXIII). This was achieved in good yield;
elemental analysis, its infrared and n.m.r. spectra (N.M.R.10) fully
supported this structure.

Chromic acid oxidation of 3,6-dimethylisothiazolo/5,4-b _/pyridine
under essentially the same conditions as described for 3-methylisothiazolo-
/5,4-b _/pyridine gave a compound, the infrared spectrum (I.R.4) of
which was virtually identical to that of the compound formulated as
2~sulphoamidopyridine-3-carboxylic acid except for a sharp band at
3505 651 . The compound melted at 128-130° and effervesced on heating to
ca. 170°. A satisfactory elemental analysis could not be obtained but was
in reasonable agreement with the compound being a monohydrate of 6-methyl-
~2-~sulphoamidopyridine-3-carboxylic acid viz., C7H8N2048.H20, and this
1

would account for the band at 3505 em ' in the infrared spectrum,
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cH CO.H
2
— ) == [
N N Xy
~S N CH, CH, N SO, MH,,
(XXIV)

The n.m.r. spectrum (N.M.R.11l) supported the structure XXIV; a
sharp three proton singlet at52.6 p.p.m. was consistent with the 6-methyl
group, a pair of doublets at § 8.03 and 7.5 p.p.m. (J 8Hz) with H-4 and
H-5, and a broad three proton signal atd 7.38 p.p.m. with the carboxyl
and sulphonamide protons.

It was hoped that molecular weight determination of the compound
would support the proposed structure. Accurate mass determination of the
parent ion indicated a molecular formula C7H6N203S, i.e. structure XXIV
less one molecule of water. This is interpreted as loss of water in the
spectrometer from XXIV to give 6-methylisothiazolo[§,4-2 _Jpyrid~3(2H)-

-one 1,1-dioxide (XXII).

Synthesis and reactions of Isothiazololg,A—p _7pyridines derived from

5—amino~3-methylisothiazole and ethoxymethylenemalonic ester.

The condensation of aniline with ethoxymethylenemalonic ester (XXV)
1o give anilinomethylenemaionic ester (XXVI) was reported as early as
1897 by Claisen91 who carried out the reaction by heating the compounds
for & short time on a steam bath. This reaction has been reported by

Gould and Jacobs,46 and later by Price and Roberts,47 to proceed even

at room temperature.



65

G2H5OZC \\\\ //90202H5 02H502C \\\\ //90202H5
C

= G
N @ !
NH2 /C\H AN I'\I/C\H
0
VAN

“2s 5 ()
(Xxv) J CH
4
AN 00202H5
Nl
(XXVII)

Gould and Jacobs found that cyclisation of the ester XXVI to the
quinoline hydroxyester XXVII occurred readily on heating the malonate
with from two to ten times its weight of "mineral oil" at 240-2500 for 15
~20 minutes. These conditions are the same as thcse used for cyclisation
of the intermediate esters in the Conrad Limpach reaction.

It was later found that both diphenyl ether and Dowtherm - a mixture
of diphenyl and dipnenyl ether - are far superior as a cyclicsation mediué?

These solvents boil at a temperature which appear to be optimum for
the cyclisation, are much less viscous and more easily removed from the
prcduct by filtraticn and generzlly resulfs in the formation of a much
cleaner product. The volume of sclvent required for cyclisation of the
various malonate esters was found to vary considerably. In some cases
cyclisation could be effected without solvent, irn others dilution with up
to forty volumes of Dowtherm was required.

Price and Roberts found that the reaction of an amine with
ethoxymethylenemalonic ester was very satisfactory on a small scale,
but when large amounts were prepared the isolation of the malonate could
be circumvented by mixing the reactants in diphenyl ether at room tempera-
ture and then heating this solution directly to the cyclising temperature

of 2500.
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The successful synthesis of naphthyridines from aminopyridines and
ethoxymethylenemalonic ester prompted the investigation of this method as
a route to isothiazololg,A—g _7pyridines.

Equimolar quantities of 5-amino-3-methylisothiazole and
ethoxymethylenemalonic ester were heated to 110° and samples were removed
at regular intervals and investigated by g.l.c. and by t.l.c. T.l.c.
showed the appearance of a single product ard g.l.c. showed the disappear-
ance of the reactants with time but no peak corresponding to the malonate
derivative was observed probably because the preduct was nct sufficiently
volatile at the column temperature.

Dissolving the reaction mixture in benzene and dilution with a large
volume of light petroleum followed by recrystallisation of the resulting
solid from the same solvent gave diethyl 2-(3-methylisothiazol-5-

-ylaminomethylene)malonate (XXVIII) as pale yellow cubes, m.p. 78-79° in

665 yield.
02H5020 \\\\ //00202H5 02H5020 00202H5
CH3 c
| I * l 110° \\
N
~g \\NH2 - d/c\\‘H \\S//' /’ \\--

(XXVIII)

Cyclisation of the ester was readily effected in refluxing diphenyl
ether to give ethyl A—hydroxy—B—meﬁhylisothiazololg,A—Q ;7pyridine-5—
-carboxylate (XXIX). It was isolated by dilution of the reaction mixture

with light petroleum.
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It is known that 2-hydroxy and A4-hydrcxy quinoline exist largely in
the keto form. The possibility that the cyclised compound existed in the
keto form XXX was considered but rejected on the basis of its infrared
spectrum (I.R.6) which showed a broad -OF band at 3450 cm™ ', and its
ultraviolet spectrum (U.V.2) which was very similar to that of methyl 4-
-methoxy-3-methylisothiazelo/5,4~b _/pyridine-5-carboxylate (U.V.8)
described later. Hydrogen bonding, as shown, would be expected to
stabilise the hydroxy form.

The n.m.r. spectrum (N.ﬁ.R.lB) in trifluorcacetic acid showed the
ethyl group as a three proton triplet and a two proton quartet at & 1.58
and 4.78 p.p.m. (J 7Hz) respectively, the 3-methyl proton as a singlet at
§ 3.11 p.p.m. and H-6 as a sharp one proton singlet at § 9.1 p.p.m. The
n.m,r., spectrum was not expected to be helpful in ascertaining the structure
of the ester as in trifluoroacetic acid protonation on oxygen would occur,
as in the case of A-pyridone which has been shown to protonate on oxygen9
and can thus be represented by the canoanical forms XXXI and XXXII, i.e. a

N-protonated 4-hydroxypyridine.

0 OH
H ' =
, | > ﬂ\ | «— 5 - J
»: '

(XXXI1) ()05(111)

The hydroxy-ester did nect give a colour reaction with ferric chloride
solution. This is not surprising since it is known that colour formation
is suppressed by electron withdrawing substituents ortho to the hydroxy
group. This effect is tc be expected, since colour depends on the complex
formation between the nucleophilic oxygen and ferric ion; any diminution
of electron density inhibits the test.

The hydroxy-ester XXIX was readily hydrolysed with acid and with base

to the corresponding hydroxy-acid XXXIJI. Hydrolysis with hydrochloric
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acid gave the hydroxy-acid contaminated with a small amount of the
hydroxy-ester as shown by its n.m.r. spectrum. Suspended solid remained
present during the reaction and it was not possible to assess the extent
of the hydrolysis but no doubt a longer reflux period would give the pure
acid. Basic hydrolysis with hot aqueous sodium hydroxide was more
convenient and gave the hydroxy-acid in 80% yield. It melted with
decarboxylation at 271--274o and the solid whick immediately formed at this
stage then melted at 295-3000, with decomposition. Elemental analysis,

infrared and n.m.r. (N.M.R.14) were in agreement with the structure XXXIII.

OH OH
CHB :tbv/90202H5
] J
N\\S N,/’ |
(XX1X) (XXXIII)

A-Hydroxy-B-metbylisothiazolo[§,4fp,;7pyridine-5-carboxylic acid was
readily decarboxylated oh heating. This was carried out initially in a
thermogravimetric apparatus. A considerable amount of charring was observed
but this technique had the advantage over the other methods described below
in that the reaction could be carefully controlled. However, the small
amount of material, approximately 100 mg, that could be handled at a time
made it inconvenient. |

Heating the hydroxy-acid as avthin layer in a wide glass container in
a Woods metal bath proved to be more convenient and 2-3g quantities could
be easily handled in this way and yields of up to 655 of the product were
obtained. Decarboxylation with copper-quinoline was also effective but the
acid was obtained in poor yield.

Elemental analysis indicated the molecular formula C7H6N205,
confirming the loss of carben dicxide. The product would be expected to

be capable of tauntomerism and be represented by either the hydroxy structure
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XXXIV or the carbonyl structure XXXV,
OH

3 AN

(XXXIV) (XXXV)
This situation is similar tc that of Z-hydroxypyridine (XXXVI) which
has been shown to exist preferentially in the carbonyl form (XXXVII) by means

92 . 93 %

of n.m.r., i.r. and u.v. spectroscopy and the compound should properly
be referred to, therefore, as pyrid-4-one. The 2~substituted pyridine is
also in the carbonyl form. On the basis of similar studies the 4~ and 2-

hydroxyquinolines have also been shown to exist preferéntially in the

CH

carbonyl forms and are best referrsd to as quincl-4-one and quinol-2-one.
N

0 x
N- ﬂ | NS |

(XXXVI) (XXXVII) - (XXXVIII)
The only suitable solvent for the n.m.r. study of the ccmpound was

trifluoroacetic acid and in this sclvent the compound would be expected to
be protonated on the oxygen92 so that the spectrum (N.M.R.1l5) would be of
structure XXXVIII and would therefore be of no help in ascertaining which
structure would be predominant.

The compound gave no colouration with aqueous or alcoholic ferric
chloride. There was no hydroxyl absorption in the infrared spectrum (I.R.8)
and bands at 3180 cm“1 (N-H) and at 1640 cm—1 (C=0) indicated that the
compound was in fact 3-methylisothiazolo/5,4-b _/pyrid-4-one (XXXV). This
was confirmed by comparison of its ultraviolet spectrum with that of both
the N-methyl-3-methylisothiazolo/5,4~b _/pyrid-4-one (XLI) and 4-mcthoxy-

—3-methylisothiazolo[g,L-Q,;7pyridine (XL) described below. The
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ultraviolet spectrum of the decarboxylation product (U.V.3) was quite
different to that of XL (U.V.5) and virtually identicel with that of the

N-methyl compound XLI (U.V.6).

Cl
CHB N
<
> I |
\S/\N
(XXXIX)
0CH J o,
CH3 N
IS
? \\S,/’"\\N447
(XLI) Ciy (XL)

As expected from analogous reactions in the quinoline and
naphthyridine series,47’95;96 reaction of 3-methylisothiazclo[§,4-9,_7L
pyrid-4-one (XXXV) with phosphoryl chloride readily gave 4-chloroisothiazolo-
/5,4-b _/pyridine (XXXIX) in 49 yield as colourless needlss, m.p.
125-126°. The chlorine was readily displaced by sodium methoxide in
methanol giving, unambiguously, A-methoxy-B-methylisothiazolozg,4—2 ;7—
pyridine (XL) as white needles, m.p. 145-146°, in good yield. Methylation
of XXXV with dimethyl sulphate in aqueous sodium hydroxide gave a different
methylated compound, m.p. 215—2170, which must consequently be the product
of N-mothylation, viz. N-methyl-3-methylisothiazolo/5,4=b _/pyrid-4-one.
(XLI). The infrared, ultraviolet (U.V.5 and U.V.6) and n.m.r. spectra
(N.M.R. 17 and N.M.R. 13) of XI. and XLI are quite different, as expected.
In particular the n.m.r. spectra showed the 3-methyl protons as singlets
at §2.81 and 2.83 p.p.n. respectively, H-{ and H-5 as doublets at $ 8.5
and 6.75 p.p.m. for XL and 7.35 and 6.25 p.p.n. for XLI. The O-methyl

protons appeared as a singlet atd 4.05 p.p.m. and the N-methyl protons
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as a singlet at 53.73 p.p.m., in line with that expected on the basis of
the greater electronegativity of oxygen. The larger coupling constant
between the 5 and 6 protons in the N-methyl (J 8Hz) as compared to the
O-methyl compound (J 5.5 Hz) is also expected on the basis of the larger
double bond character between carbons 5 and 6 in the N-methyl compound.

Reaction of 4—chloro-3-methylisothiazolozg,A—Q _7byridine with
hydrazine hydrate in ethanol gave a solid product, which could not be
purified by crystallisation and was not analysed. Its spectral properties
were, however, consistent with it being the A-hydrazino-3-
methylisothiazoloZE,A-Q _7byridine compound (XLII). Treatment of this
crude material with cupric sulphate in acetic acid gave a 40% yield of
3-methylisothiazolo/5,4~b _/pyridine (II), identical (mixed m.p., i.r. and
t.l.c.) with the compound obtained by the reaction of 5-amino-3-

methylisothiazole and glycerol under Skraup conditions,

Cl | NHNH,
CH3 CH.. CH
N i, ., "T—— X
\h I - A | | ——
(XL) : (XLII) (1I1)

Reaction of ethyl 4-hydroxy—3-methylisothiaéolozg,4~§‘;7pyridine-5~
-carboxylate (XXIX) with phosphorous oxychloride afforded ethyl /~-chloro-
-3-methylisothiazolo/5,4-b _/pyridine-5-carboxylate (XLIII) in 53% yield.

Treatment of the chloro-ester with sodium methoxide in methanol gave
a product (755), the n.m,r spectrun (N.M.R 21) of which indicated absence
of an ethyl group. Instead three proton singlets at£32.87, 4.03 and 4.17
p.p.m. indicated that in addition to nucleophilic displacement of the
chlorine, transesterification had occurred to give methyl A-methoxy-3-
methylisothiazolo/5,4-b _/pyridine~5-carboxylate (XLIV). The signal at
§ 2.87 p.p.m., was assigned to the 3-methyl protons, that at 64.03 p.p.m.

to the O-methyl protons, on the basis of the position of the methoxy
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protons in A-methoxy-B—methylisothiazololg,A—Q _7pyridine (6 405 p.p.m.)
and the signai at 6 4.17 p.p.m. to the ester methyl protons.

H-6 was observed as a one proton singlet at § 9.03 p.p.m.

OH
CHBI I R 00202}15
POCL
N\S N/ 3
(XXIX)
CH.I/NaH
3 0
Y
c:H3 C0,C,H s
I
~s ?q
CH3

(XLV) (XLIV)

Treatment of the hydroxy-ester (XXIX) with methyl iodide and sodium
hydride in dimethylformamide gave a compound which analysed correctly for
a methylated derivative, QﬁHpN203S, and which could, therefore, be either
the O-methyl or N-methyl product. Spectroscopic evidence indicated vhat
the product was in fact ethyl N—methyl—B—metbylisothiazolozg,Afg _7pyrid-
-/-one-5-carboxylate (XLV). The n.m.r. spectrum (N.M.R 22) showed a three
proton singlet at 5 3.83 p.p.m., which is at higher field than the
O-methyl signal (6 4.03) in ester XLIV and approximately the same as that
of the N-methyl signal (§ 3.73) in N-methyl-3-methylisothiszolo/5,4-b _/-
pyrid—-4-one (XLI). In addition, the infrared spectrum showed a band at
1640 cm-1, assigned to the ring carbonyl, as well as an ester carbonyl band
at 1700 em~'. The ultraviolet spectrun (U.V. 9) was similar to that of

N-methyl-3-methylisothiazols/5,4-b _/pyrid-4-one (U.V. 6) and quite
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different to that (U.V. 8) of the methoxy ester XLIV,

Attempts at acetylation of ethyl 4-hydroxy-3-methylisothiazolo-
ZE,A-Q _7pyridine-5-carboxylate did not prove successful. Acetic anhydride
and sodium acetate and also acetyl chloride and sodium hydride in
dimethylformamide gave only starting material.

The n.m.r spectra of the compounds described above are collected,

for comparison purposes, in Table III.



TABLE III

Compound N.M.R | SOLVENT Chemical shifts (&) p.p.m. Coupling
, Constants
- - - H
No. CHy=3 | OH,.CHy- | CH;.CHy -OCH, | -NGH, | -CO,CH, | Hg 6 (gzi
5

Ry = OH,Ry = C0,C,H, 13 TFA 3.11 1.58 4. 78 - - - - 9.15 -
Ry = OH,R, = COH 14 TFA 2.75 - - - ~ - - 9.1 -
Ry = CL,R, = H 16 013013 2.96 - - - - - 7.38 | 8.56 5.0
R, = OCH,,Ry = H 17 CNC1, 2.81 - - .05 - - 6.75 | 8.6 5.5
R, = C1,R, = CO,C.Hs | 19 DMs0d, | 2.91 1.4 448 - - - - 9.08 -
R, = OCH,,Ry=C0,CH, | 20 CDC1, 2.87 - - 4.03 - L.17 - 9.03 -

R =H, R, =H xg1 15

1 | TFA 3.1 - - - - - 7.48 | 8.74 7.0
| R = H,R, = CHy 18 cDcl, 2.83 - - - 3.73 - €.25 | 7.35 8.0
=C0,05HgoRy = cHy | 2L DMSOdy | 2.66 1.33 4,426 - 3.83 | - - |80 | -

L
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Investigation of the reaction of 5-amino-3-methylisothiazole with

ethyl acetoacetate

The reaction of aromatic amines withethylacetoacetate followed by
cyclisation of the resultant enamine in diphenyl ether has proved to
be a good method for the synthesis of 2-methyl-4-~hydroxyquinolines. This
reaction sequence, known as Conrad-Limpach reaction, has not been
successful with 3- and A-aminopyridines. 2-Aminopyridine has been shown
to undergo condensation with ethyl acetoacetate but the enamine so formed
gave a pyrimidine rather than a napnthyridine on cyclisation.

The reaction of 5-amino-3-methylisothiazole with ethylacetoacetate
was investigated as a possiﬁle synthesis of A-hydrexy-3,6-dimethylisothiazole

/[5,4=b _Jpyridine (XLVII) via the enamine XLVI.

Hy0 H,0 C@gﬁ%
T—/II\CHB.CO.CHZCOZCZHS >\ﬂ__‘ﬂ ”
N\sv NH,, s /\g /C\CH3 Ci 5
(XLVI) (XLVII)

Formation of the enamine is normally effected by heating the aromatic
amine in ethanol with ethylacetoacetate in the presence of Drierite and a

7 The

catalytic amount of glacial acetic acid or hydrochloric acid.
reaction of 5-amino-3-methylisothiszole with ethylacetoacetate under these
conditions gave a gum which was shown by g.i.c to consist of at least five
components, two of which were identified as starting materials. The major
component was observed as a broad peak at R 30.4 min (ca. 50%). Attempted
distillation of the crude mixture gave only about 85 of a mixture
consisting of ethylacetoacetate and a low boiling component (Rt 1.2 min).
Preparative g.l.c. gave this component as an oil which was shown by high

regolution mass spectromatry to have the molecular formula 06H11NO2’ The

infrared spectrum (I.R.13) showed the presence of an amino group (3440 and
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3340 cn”1) and an ester carbonyl group (1660 cm‘1) The n.m.r. spectrum
(N.M.R. 23) showed a three proton triplet at & 1.25 p.p.m. and a two
proton quartet atb4.2 p.p.m. indicating the presence of an ethyl group.
A three proton singlet at §1.9 p.p.m. was assigned to a methyl group and a
sharp one proton singlet at § 4.52 p.p.m. to a methine proton.

From this data it was concluded that the compound was ethyl
3~aminocrotonate (XLVIII) and this was supported by the recorded infrared

28

date for this compound.

CHB_ ('3 =CH -—-00202H5

NH2
(XLVIII)

The residue.after distillation, consisting of the other two components
and some starting material, was heated with diphenyl ether in the hope that
one of these compounds was the enamine XLVI and that cyclisation wouid occur.
However, dilution with light petroleum gave only an intractable gum,

Another method which has been successful for preparing the enamine
from an aromatic amine and ethylacetoacetate involves keeping the mixture
containing a few drops of concentrated hydrochloric acid under vacuum over
;oncentr*ted sulphuric for about seven days.97 The reaction of 5-amino-3-
-methylisothiazole with ethylacetoacetate under’these conditions gave a red
oil which was shown by g.l.c. to contain the same number of components with
identical retention times as the mixture obtained above., The two major
compoients at Rt 11.6 and 20.4 min were obtained by preparative g.l.c. The
compound at Rt 11.6 min was obtained as a brown amorphous solid; its n.m.r.
spectrum was not very informative and the compound was not further invest-
igated. The compound at Rt 30.4 min was obtained as yellow needles,

m.p. 90-92°. The molecular formula, C1OH14N2028, obtained by high resolution
mass spectronetry suggested that it wags the expected product XLVI., This
was confirmed by its infrared spectrum (I.R.14) which showed en N-lI band

at 3405 cm"1 and an ester carbonyl band at 1630 cen~1 gnd its n.m.r.
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spectrum (N.M.R 24) which showed an ethyl group as a thrée proton triplet
at & 1.31 p.p.n. and a two proton quartet at54.3 p.p.m. The 3-methyl
protons appeared as a sharp singlet at 52.63 p.p.m.; a three proton
singlet at 51.97'was assigned to the methyl group adjacent to the nitrogen
and the olefinic hydrogen to a singlet at$5.16 p.p.m. A one proton
signal at§ 6,65 p.p.nm, which disappeared on shaking with deuterium oxide,
was assigned to the N-Il proton.

Despite the formation of the enamine in these reactions, it was
considered advisable to abandon this possible route to isothiazololg,Afg _7-
pyridine.as the separation of the desired intermediate was very tedious.

A more detailed study of the thermal cyclisation of the crude condensation

mixture, would help to assess the feasibility of this method of synthesis.

Investigation of the reaction of 5-amino-3-methylisothiazole with

acetylacetone

In the Combes synthesis of quinolines, an aromatic amine is condensed
with a 1,3-diketone, and the resulting enamine is then cyclised with
concentrated sulphuric acid to a 2,4-disubstituted quinoline.99

The ease of condensation of an aromatic amine with acetylacetone has
been reported by Roberts and Turner to be affected by the basicity of the
amine used. They found that no nitroaniline, simple or complex, could be
caused to condense with acetylacetone.42 Similar failures with the
aminopyridines have been attributed to the low basicities of the amines.
The original Combes reaction involved heating the aromatic amine with
acetylacetone under reflux, or in some cases, on a steam bath until water
separated out. With aniline and acetylacetone the reaction is complete in
a few minutes. The intermediate has, in a few cases, been isolated by

distillation and after cyclisation with concentrated sulphuric acid, the

quinoline is obtained from the basic solution.
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In a modified preparation of the enamine, the amine and acetylacctone
were refluxed in xylene until the theoretical amount of water was collected
in a Dean Stark attachment.1oo

In another method, the reactants were heated in the presence of
Drierite.1o1

The reaction of 5-amino-3-methylisothiazole with acetylacetone was

investigated as a possible route to 4,6—dimethyl-B-methylisothiazolozg,4—9‘;7-

pyridine (XLIX) via the expected enamine L.

o

H,0 \Cd
| éé F—J n f//f :[
N g~ NH CH,

CH3 (L) H (XLIX)
Heating 5-amino-3-methylisothiazole with acetylscetone in the presence
of Drierite gave a mixture, which was shown by g.l.c. to contain at least
four components at Rt 1.2, 2.5, 10.2 and 27.2 min; the major component
(ca. 50%) was observed at R, 27.2 min. Effective separation could not be
achieved by t.l.c. and it was thought desirable to proceed directly to the
next stage. The mixture, a viscous oil, was treated with concentrated
sulphuric acid and, after standing, made alkaline. Work up gave a liquid
which distilled at 66-68° at 0.6 mm Hg., The crude and distilled product
was homogenous by t.l.c. and showed only one peak on g.l.c., Rt 3.8 min.
The molecular weight, obtained by high resolution mass gpectrometry,
indicated the molecular formula C7H9NOS. The infrared spectrum showed a
carbonyl band at 1675 cu™! and the compound readily formed an oxime. The
n.m.r. spectrum (N.M.R. 25) showed three three proton singlets atd 2.4, 2.60
and 2.63 p.p.m, indicating the presence of three methyl groups. The u.v.

spectrum showed two bands at 274 and 212 nm.

This data suggested that the product was an acetyl-dimethylisothiazole.
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It was initially suspected that the compound was 4-acetyl-3,5-
~dimethylisothiazole, (LI) as its n.m.r spectrum was very similar to that
reported by Rajappa, Akekar and Iyer for LI, with one higher field methyl
signal and two closely spaced lower field methyl signals.w2 Direct
comparison with the spectra of LI, kindly supplied by Dr. Rajappa, showed
that this was not the case. The publisied n.o.r. data on LI was not in
agreement with the spectrum which, in fact, showed two closely spaced
singlets at high field and one at lower field, as shown in parentheses
below. In addition the i.r. spectra were different and LI absorbed at
shorter wavelength in the U.V. spectrum. 3—Acetylisothiazole104 has
>\xmxx 202 nm also, whereas 5-acetyl-3-methylisothiazole has.>\max 28/, nm105
The product was tentatively formulated as 5-acetyl-3,4-dimethylisothiazole
(LII) although the possibility that the compound is & trisubstituted

thiazole cannot be ruled out.

(& p.p.m.) >\max Y max.

Product 2.4 274, 1675
- 212 HBCTI___'_[CHB
2.63 N‘\S/ COCH3
HBC\W! I(COCHB 2.45 (2.45) (L1I)
2.63 (2.5 262 1680
N\s /\CH3 )

(11) 2.73 (2.65)

The nature of the product indicates that a major rearrangement involving
ring cleavage followed by ring formation occurred during this reaction and
further studies would be necessary to rationalise this interesting result.

A speculative explanation for the formation of this unusual product,
assuning it is 5-acetyl-3,5-dimethylisothiazole, could involve the dipolar
intermediate LIII. 'This could concelvably be formed by attack of
acetylacetone on the imino ferm of 5-amino~3-methylisothiazole followed by

ring cleavage as shown. Addition of the intermediate acetonitrile



sulphide LIII to acetylacetone as shown could lead to LII. It is
interesting to note that an intermediate benzonitrile sulphide,

CéHSCEN—}S has been postulated by Franz and Blaxck103 in an isothiazole
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IT, APPROACHIS TO ISOTHIAZOLYNES

As described earlier, one of the most useful methods available for the
generation of arynes is by aprotic diazotisation of the appropriate amino
acid. The aryne so formed may be reacted with various substrates or trapped
with suitable arynophiles.

Before a systematic investigation of isothiazolyne intermediates
could be undertaken it was necessary to synthesise a number of suitable
isothiazole amino acids.

Two isomeric isothiazolynes are possible, viz. 3,4~isothiazolyne (I) and
4,5-isothiazolyne (II). The aprotic diazotisation of the isomeric amino
acids III and IV would be expscted to give 3,4-isothiazolyne and the
isomeric amino acids V and VI would be expected to give 4,5~isothiazolyme
if this approach to isothiazolyne formation is feasible. 1In addition,
Wittig and Wahl generated 3,4~thiophyne and found that it rearranged to
2,3~thiophyne, so the possibility of rearrangement of 3,4-isothiazolyne to

4, 45~1isothiazolyne should also be considered.

| GOH NH,
= ) ]
~s ~Ns s
(1) (I11) (111)
CO.H
NHo COH 2 NH,,
T L!\ ] [ ﬂ
N\S/ T S NH2 N\S 002H
(V) (V) (V1)

Three isothiazole .amino acids were prepared viz. 4-aminoisothiazole-~
-3-carboxylic acid (III), 3~-chloro-5-aminoisothiazole=4=carboxylic acid (VII)

and 4-amino-3-methylisothiazole-5=-carboxylic acid (VIII). The synthesis of
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the amino acid VIII had been reported previously.

HOZC l NH2 H3C NH2
] I
~Ns~ g~ COH
(111) (VIII)

Synthesis of 5-amino-3-chloroisothiazole-/A~carboxylic acid

The syntheéis of 5-amino-3-chloro-4~cyanoisothiazole from malononitrile
was described by Hatchard 13 . and it was felt that this would provide a
convenient route to 5-amino-3-chloroisothiazole-4-carboxylic acid, aprotic

diazotisation of which could possibly give a 3-substituted 4,5-isothiazolyne.

"~ CN NG Na
///// 082 \\ //
CH2 > Q —=
N2OH, BtOH - / o
CN : Na
| o
cl CN Cl CN
T [
N h N
~s~ "mH, THF ~s~c1
(X1) (x)

Reaction of malononitrile with carbon disulphide in ethanolic sodium
hydroxide gave the very hygroscopic di(sodiomercapto)methylenemalononitrile
(IX) in 78-80% yield. G ompper and Topfl 106proposed the following

mechanism for the formation of this salt.

CN . CN
- ¢ 02 ——> O + ROH
CH,
sﬂ o NG s© xe s©
\CK_/@:CH'/ — \CH—-C< N >c—_—:c<
/ ~
S / \cn NG N S NC s4
NG s© o NG CN
\/C=C< + eCH<———> \C:C<Sg + CH, ™
NG SH cN NG~ S ™~ N
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Passing chlorine through a suspension of the salt in dry carbon
tetrachloride gave the dichloronitrile X in a maximum yield of 35.
Hatchard reported a yield of 57%» of the dichloronitrile and commented that
it was necessary that the salt be in a very anhydrous state, however
despite thorough drying of the salt the yield quoted could not be attained.
Hatchard also proposed a mechanism for this interesting conversion involving
initial conversion of the bismercaptide to the bissulphenyl halide followed
by cyclisation as shown to XII. In the presence of excess chlorine XII is

then converted to X.

® - ] i
Clxé C/“N c1 oN o1 ON
i I —— T | — T
N~)’S’/C\‘sol ~.3 SC1 N\\s Cl

(X11)  _ (X)

Cha )

4~Cyano-3,5-dichloroisothiazole (X) was converted to 5-amino-3-
—chlorc-4~cyanoisothiazole (XI) by refluxing with ammonia in purified
tetrahydrofuran as described by Hatchard. A maximum yield of 30% was
obtained under these conditions though a yield of 92% was reported. It was
subsequently found that the yield could be almost doubled by carrying out
the reaction at room temperature. It was later reported that the 5-amino-
-3-chloro~/~cyanoisothiazole formed in this reaction reacts further with
the starting material to give a bis-isothiazolylamine as by—-product.107

It was expected that hydrolysis of the nitrile or the amide to
5-amino-3~chloroisothiazole=4~carboxylic acid would occur readily, however
none of the standard methods gave the amino acid. Reaction of 5-amino-3-
~chloroisothiazole-4=-carboxamide with aqueous sodium hydroxide gave a
white crystalline compound which did not melt and did not contain sulphur

or chlorine. Elemental analysis indicated a molecular formula CAH5N302.

The n.m.r. spectrum in deuterodimethylsuiphoxide showed only one broad signal
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at & 7.6 p.p.m. Bands at 3400, 3300, 3230 en”! and also at 1630 and

1560 cm"1 in the i.r. spectrum suggested the presence of an amide group and
a band at 2200 cm-1 indicated the presence of a nitrile group. Breakdown
of the isothiazole nucleus had thus occurred and this is in line with
observations reported by several authors. Thus Hatchard found that the
nitrile XIII gave the dicyanoethylene XIV on treatment with sodium sulphide
followed by methyl indide, in addition to the expected dithioether XV, and

explained the ring cleavage by attack of the sulphide anion as shown.

c1 CN H.CS CN
C | | 1)¥a,S %. | '
NQS sﬁﬁ%l AN SCH -
SSI (XIII) (Xv)
NG oN | e o | NG oN
NS ~. N/
[ — || — |
C ‘//C\\ //,C\\
fES'// \\\SGHB_ ST o, H,CS SCH,

(XIV)

Crenshaw and co-workersm8 hydrolysed 5-metﬁyl-B—phenyl-A-isothiazole
carbonitrile to the corresponding acid by treatment with potassium hydroxide
in ethylene glycol. Under the samé conditions, 5-amino-3-chloro—4-.
-cyanoisothiazole gave ammonium chloride as the only isolable product
indicating that destruction of the isothiazole ring had again occurred.

Attempted acid hydrolysis by boiling with concentrated hydrochloric
acid afforded only a small amount of the dehydrated product, 5-amino-3-
-chloro-4~cyanoisothiazole. Treatment with ©0% sulphuric acid at 80-85°
for 6 h gave only starting material.

109

Berger and Olivier have reported on the hydrolytic properties of

1005 phosphoric acid; with this reagent they successfully hydrolysed a
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number of aromatic nitriles and amides, which are normally resistant to
the usual hydrolytic agents. However, with 5-amino=-3-chloroisothiazole-4~-
-carboxamide, at 145-—150o for 30 min, 100% phosphoric acid gave mostly
polymeric material. At 85-900, for one hour, mostly starting material was
recovered and at 125-130° a substantial amount of starting material was
recovered, but none of the amino acid was isolated.

Nitrous acid has been successfully employed to hydrolyse amides and
the failure of acid or base hydrolysis to give the amino acid prompted
application of this method. The amino group in 5-amino-3-chloroisothiazole-
~4~-carboxamide (XVI) was first protected by conversion to the trifluorocacetyl
derivavive XVII by treatment with trifluoroacetic anhydride at room
temperature, Treatment of this with nitrous acid gavé 3-chloro~5~N-
-vrifluoroacetyl aminoisothiazole-4-carboxylic acid (XVIII) in rather poor
yield (20%). Mild base hydrolysis of XVIII readily gave 5-amino-3-
-chloroisothiazole~4-carboxylic acid (XIX) in 6/% yield. Its infrared
epectrun showed bands at 3460 and 3310 cn” ' due to the —NH, group and the

carboxylic acid bands were observed at 3000-2300 and 1695 cm-1.

c1 CONH,, 51 CONH,
l , (CF3C0)20 5 ‘ ‘
N N
Ng NH, ~g NHcocF3
HNo2 (XVII)
. cl
Cl CO.H _COH
| | 2 o ‘1' /JL 2
<
N N
N NH2 NG NHCOCF3
(X1x) (XVIII)

The overall yield of this reaction sequence was fairly low due

mainly to the nitrous acid hydrolysis step.
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As an alternative route to the amino acid an attempt was made to
displace the 5-chlorine in 3,5-dichloroisothiazole-4-carboxylic acid (XXI)
with ammonia. The acid XXI13 was obtained by nitrous acid hydrolysis of
the f-carboxamide XX which itself was readily obtained by reaction of
3,5-dichloroisothiazole~4~carbonitrile with concentrated sulphuric acid.
Refluxing the acid XXI with dry ammonia in tetrahydrofuran led to precipita-
tion of the ammonium salt, and only starting material was obtained on work

up.

3,5=Dichloroisothiazole~4~carboxamide has also been reported not to

undergo any reaction with ammonia.110

Synthesis of A-amino-3-methylisothiszole-5=-carboxvlic acid

This amiro acid was prepared by the method described by Holland and
Q L. - [ A |
co-workers,z’ starting from 5-bromo-3-methyl-4-nitroisothiazcle (XX1V)

which had been reported earlier by Adams and Slack.6

CH . | CH _ Cli3 NO,
' I CuBr/HBr | ' f.HNO3 | ‘
Y conc.4.30,. N
Mg i, N5 Br 2T h NG e
(XX11) (XX111) CuCN (XX1IV)
DMF
CH3 NH2 ) CH N02
I ” _Fes0, L
N ~ 82 (CH) N -
(XXVI) (xxv)

Diazotisation of 5-amino-3-methylisothiazole (XXII) and reaction of



the diazonium salt with cuprous bromide in hydrobromic acid gave
5-bromo-3-methylisothiazole (XXIII) in 30% yield. Nitration of the bromo
compound with fuming nitric acid in concentrated sulphuric acid afforded
5-bromo-3-methyl-4i-nitroisothiazole (XXIV) (43% yield) which with cuprous
cyanide and dimethylformamide in boiling light petroleum gave 5-cyano-3-
~methyl-4-nitroisothiazole (XXV) in 665 yield. This compound could only
be recrystallised from light petroleum (b.p. 100-120°) and not light
petroleum (b.p. 60-80°) as reported.

Reductive hydrolysis of XXV with ferrous sulphate~barium hydroxide
gave only a moderate yield (20 %) of 4~amino-3-methylisothiazole~5-
~carboxylic acid (XXVI). The infrared spectrum showed bands at 3440 and
3340 cm-1 indicating that unlike A-aminoisothiazole—Bécarboxylic acid,
described later, the compound is not in the zwitterionic form; this was
supported by the absence of absorption at 2100 en™ 1,

This method did not prove satisfactory for preparing the amino acid
in reasonable quantities. The low solubility of barium hydroxide in water
necessitates a large volume of water and the reaction could only be
conveniently carried out on 3-4 g of the nitro-nitrile at a time to give
approxirately 1 g of the aminc acid.

The availability of 3-methyliscthiazole and the success of the
preparation of 5-bromo-4-nitroisothiazole from A-nitroisothiazole via the
5-mercuriacetate 11 prompted a similar investigation with 3-methyl-4-
-nitroisothiazole (XXVII). Reaction of this compound with mercuric acetate
in boiling glacial acetic acid and ethanol gavc the mercuriacetate XXVIII as
yellow needles, m.p. 199-2000, in 765 yield. A sample recrystallised from
glacial acetic acid did not show any change in melting point but elemental
analysis on this material did not agree with the expected molecular formula
CéHéHgNZOAS; it is possible that a non-stoichicmetric complex was formed.

Reaction of the mercuriacetate XXVIII with bromine and sodium bromice
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at room temperature afforded 5-bromo-3-methyl-4-nitroisothiazole in 60%
yield; this proved to be a more convenient route to this compound than the

one described previously.

i NO,, CH NO, CH NO,,
|| /l[ Hg(OAe)n | ' NaBr
N ” Br. N
~s N\\S HgOhe T2 ~3 Br
(XXVII) (XXVIII) (XXIV)

The poor yield in the reductive hydrolysis to the amino acid led to
a consideration of the possibility of coanverting 3-methyl-4-nitroisothiazole-
~5~-carboxylic acid to the amino acid by reduction., The nitro-nitrile XXIX
was reported to undergo hydrolysis to the nitro-acid XXX with dilute sulphuric
acid at 85° 23 but when the reaction was carried out under these conditions
it was found that h&drolysis was accompanied by decarboxylation and a 57%
yield of 3-methyl-/-nitroisothiazole was obtained. The nitro-acid XXX was,
however, prepared in 47% yield when the reaction was carried out at 80%1°,

As an alternative to this hydrolysis the formation of the acid via
the known amide XXXI was investigated, but basic hydrolysis of the amide

gave the nitro acid in only % yield.

GH NO2 CH No2
N ) - N
N CN N CONH2
(XXIX) (XXXI)
NaCH l
CH NH2 CH3 N02
] «—¥ | |
N /N N
XXX

An attempted reduction of 3-methyl=4-nitroisothiazole-5-carboxylic

113

acid with palladium charcoal and sodium borohydride gave none of the

expected amino acid and because of the relatively poor yield of the nitro
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acid this potential route to the amino acid was not further investigated.

Synthesis of A-Aminoisothiazole~3-carboxylic acid

The availability of 3-methylisothiazole (XXXII) and its known ready
conversion to 4-nitroisothiazole-3=-carboxylic acid (XXXII1) prompted the

synthesis of A-aminoisothiazole-3-carboxylic acid by the following route:

CH CH 0.H

\fi____j NH
l | KNO ' FeoO l , 2
___4_.¢
N £.H.50, N ’ N
(XXXII) (XxXVII) (XXXI1I) (XXXIV)

Reaction of 3-methylisothiazole with potassium nitrate in fuming
sulphuric acid, as described by Adams and Slack,6 gave 3-methyl-/-
-nitroisothiazole (XXVII) in 78} yield. Oxidation of this with chromic acid
was reported by Holland and co-workers 23 to give a 435 yield of the crude
nitro acid XXXIII. Yields of up to 40% of crude preduct were obtained
following the literature procedure, but the pure compound was obtained in
only 25% yield. This reaction, which involved addition of solid chromium
trioxide to a stirred solution of the nitro compound in sulphuric acid,
proved very sensitive to temperature and rate of addition of chromium
trioxide and in one instance the reaction was sufficiently violent to eject
the contents of the reaction vessel.

The successful reduction of A-nitroisothiazole appears to depend on

6,23

the use of a mild reducing agent; its reduction to 4~aminoisothiazole

with stannous chloride has been reported to proceed in low yield and this
has been attributed to extensive disruption of the isothiazole ring.112

In view of the success of ferrous sulphate-ammonia as a reducing agent for
the preparation of 4-amino=3-methylisothiazole from the corresponding nitro

compound as reported by Adams and Slack,6 it was decided to apply this

method to the preparation of /-aminoisothiazcle-3-carboxylic acid.
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A hot solution of the A-nitroisothiazole-3-carboxylic acid and ammonia
in ethanol was added to a hot solution of ferrous sulphate. After heating
at 75-80° for 30 min, the inorganic materials were separated and the amino
acid obtained by ether extraction of the acidified solution. 4-Amino-
isothiazole-3-carboxylic acid was obtained in 50% yield as pale yellow
needles, m.p. 189-19C°. The i.r and n.m.r spectra suvggested that this
compound was in the zwitterionic form XXXV,

co0™ NH_ '
3

L
~3S
(XAxV) -
The infrared spectrum (I.R.16) showed a broad band at 1585 em™!
due to the carboxylate group and a band at 2600 c:m"1 was assigned to the
NH3 * group.

A weak band at 2100 cm"1 is also characteristic of amino acids in
the zwitterionic form. The n.m.r spectrum (N.M.R.26) showed a broad
three proton signal ath 6.63 p.p.m., which was assigned to NH3 +, and a
one proton singlet at® 7.68 p.p.m. to H=5.

An attempt to obtain a better yield of the amino acid by ferrous
sulphate-barium hydroxide reduction gave only a low yield (14%) of
l=aminoisothiazole-~3-carboxylic acid. Reaction of A-nitroisothiazole=3-
-carboxylic acid with palladium charcoal and sodium borohydride in aquecus
methanol gave only a very small amount of material which was shown by t.l.c.
to be a mixture of the amino acid and the nitro acid.

Purification by recrystallisation was not successful and this method
of reduction was not investigated further.

Hydrolysis of a sample 114 of 4-aminoiscthiazole-3-carboxamide (XxXxVI)

with aqueous sodium hydroxide also gave 4-aminoisothiazole-3-carvoxylic

acid, in 505 yield, identical in every respect with the ccmpound obtained
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by reduction of the nitrc acid.

The amino group in j-aminoisothiazole-3-carboxylic acid was shown
to behave normally towards diazotisation. Thus reaction with sodium nitrite
in sulphuric acid followed by treatment of the diazonium salt with potassium
iodide afforded a 40% yield of 4-iodoisothiazole-3~-carboxylic acid

(XXXVII) as white needles, m.p. 184-185°.

CONHp,  NHp CO-H NH COoH I
T R ﬁ. [ e,
N
N\s//, N 2)KI s

(XxXXVI) (XxxIV) (XXXVII)

The convenient method of generating benzyne from benzene diazonium

57,58 prompted the

carboxylate hydrochloride and propylene oxide,
preparation of 4-isothiazolediazonium=-3-carboxylate hydrochloride with
a view to similarly generating isothiazolyne. Treatuent of
L-aminoisoth{azole—3-carboxylic acid in dioxan~-methanol with hydrogen
chloride and isoamyl nitrite, followed by dilution with dry ether gave
L-isothiaznlediazonium~3-carboxylate hydrochloride (XXXVIII) as a white
solid, m.p. 163-165° in 63 yield.

The compound decomposed at its melting point; it appeared to ve

quite stable at room temperature but was nevertheless kept at 0° under

nitrogen and used when required.

1

The i.r. spectrum showed a carbonyl band at 1705 cm ' and a band at

2258 cn” ! was assigned to the diazonium group.

(XXXVIII)

The decomposition products of the salt were investigated by mass

spectrometry. A sample wes heated 2t its m.p. and the vapours leaked into
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the instrument; ions of m/e values corresponding to carbon dioxide,
nitrogen and hydrogen chloride were observed.

As described earlier, the thermal decomposition of
1-(2-carboxyphenyl)-3, 3-dimethyltriazene (XXXIX) has been reported to be
a convenient way of generating benzyne.61 A similar route to isothiazolyne
was envisaged and an attempt wes made tc prepare 1-(3-carboxy=-i4-
Fisothiazolyl)-B,3-dimethyltriazene (XL) from 4-aminoisothiazole-3~
-carboxylic acid (XXXIV). However, diazotisation of this amino acid
followed by addition of dimethylamine and chloroform extraction did not
give any of the expected material; under the same conditions, anthranilic

acid gave a good yield of the triazene XXXIX.115

N=N-N(CH,), HO,, N=N-N (CH,),

]
N
002H \S

(XXXIX) (XL)

Attempted generation of isothiazolynes.

Evidence for the formation of arynes is conveniently obtained by
trapping these intermediates with arynophiles. Tetracyclone has been used
extensively as an arynophile and disappearance of its purple colour has been
regarded as indicative of completion of the reaction.

An isothiazole amino acid e.g. 4~-amino-3-methylisothiazole-
-5-carboxylic acid upon aprotic diazotisation in the presence of tetra-
cyclone would be expected to give adduct XLI if an isothiazolyne

intermediate is formed.,
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i ) 06H5
CH NH, CH CH3 SN 06H5
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- CeH
5
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The procedure used in the reactions investigated was essentially

116 and also Friedman and

the same as that due to Fieser and Haddadin
Logullo”'7 in which solutions of the amirno acid and isocamyl nitrite are
added simultaneously over a period of time to a refluxing solution of the
arynophile. In general tetracyclone was used as the trapping agent and

in all the experiments carried out the purple colour eventually

disappeared; furan and anthracene were used in a few experiments,

Reaction of 5-aminc-3-chloroisothiazole-A-carboxylic acid with

isoamylnitrite in the presence of tetracyclone.

The reaction of 5-amino-3-chloroisothiazole-4-carboxylic acid with
isoamyl nitrite in the presence of tetracycloﬁe gave a mixture of products
which was separated into neutral and acidic fractions. The acidic fraction
gave a small amount of a compound, m.p. 241-2420. Elemental analysis
indicated a molecular formula 04H2N02801 and the compound was formulated
as 3~-chloroisothiazole-5-carboxylic acid (XLII) on the basis of its infrared
spectrum which showed typical carboxyl bands at 2900-2520 and 1720 cm™'.
The n.m.r. spectrum (N.M.R.26) in deuterodimethylsulphoxide showed two one
proton signals; the signal at 6 9.7 p.p.m. was assigned to H-5. The signal
at © 5,58 p.p.m. was atvery much higher field than that expected for a
carboxyl proton and together with its broad nature suggested that it was

attached to nitrogen, i.e. that the compound exists as the zwitterion in

the polar n.m.r. solvent.
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The neutral fraction gave three compounds which were separated by dry
column chromatography on silica gel. Elemental analysis and high resoclution
mass spectrometry of the first component indicated the molecular formula
028H2002’ The n.m.r. spectrum showed only aromatic protons and the
compound was identified as 2-benzoyl-3,4,5-triphenylfuran by comparison
(nixed m.p. and i.r. spectrum) with an authentic sampie obtained by a
two step reaction from tetracyclone.118

An uncharacterised compound of the same melting point (167°) and same
molecular weight has been reported by Tamura, Miyamoto and Ikeda76 in
lheir investigation of the reaction of 5-amino-2-methylthiazole-
5-carboxylic acid with amyl nitrite in the presence of tetracyclone. No
spectral data was reported but it would appear from the foregoing
observations that the compound is 2-benzoyl-3,4,5-triphenylfuran (XLIII).

A second component, m.p. 189—1910, from the neutral fraction had a
molecular formula 0291{2203 by elemental eanalysis and by mass spectrometry
and was characterised as 2,3-dihydroxy-2,3,4,5~tetraphenylcyclopent-
4—enone (XLIV) by comparison of its infrared spectrum, mixed m.p. and t.l.c.
with an authentic sample prepared by nitric acid oxidation of tetracyclone
as described by Dilthey and co--workers.118

The third compound isolated was found by elemental analysis to have
the molecular formula (C,,H 0) . The infrared spectrum showed a hydroxyl

1

band at 3400 cm ' and a carbonyl tand at 1710 en”!, The n.m.r. spectrum

showed only signals in the aromatic region and as the compound was believed
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Yo be another tetracyclone oxidation product it was not further
investigated.

No basic material was obtained from the reaction and no other
product was isolated.

2-Benzoyl=-3,4,5-triphenylfuran was prepared from XLIV by boiling
with alcoholic potassium hydroxzide as described by Dilthey and co-workers.

Yates and Stou‘c119

reported that this conversion was catalysed by both
acid and base and proposed the following mechanism for this transform-
ation. Presumably the furan arises from the dihydroxy-compound XLIV in a

similar way in the above reaction.

Ph P Ph Ph
O H <0
Ph —_— Ph —> || Ph
el OH Ph™ NN oH
(XLIV) ﬁﬂ
Ph Ph
) O H
T ) s
0 < \CoPh Ph
| (XLIIT) 6= ™
Ph :

Reaction of A-amino-3-methylisothiazole-5-carboxylic acid with isoamyl

nitrite in the presence of (a) tetracyclone, (b) furan and

(¢) anthracene.

4=-Amino-3-methylisothiazole-5-carboxylic acid was considered to be the
most likely of the three amino acids investigated to give an isothiazolyme.
The amino group in the 4-position of isothiazoles behaves like a normal
aromatic amine and diazbtises readily and the carboxyl group in the

5-position is known to be lost readily under approprizte conditions.
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(a) With tetracyclone
Reaction of 4-amino-3-methylisothiazole-5-carboxylic acid with

isoamyl nitrite in the presence of tetracyclone gave a mixture of at least
five components which were separated with difficulty, by dry column
chromatography and by preparative t.l.c. The only isothiazole isolated
proved to be 3-methyl-/-nitroisothiazole. The compound was obtained in
poor yield and was identified by comparison with an authentic sample. The
formation of this compound parasllels the observation by Tamura and
co-—workers76 of the formation of 2-methyl-/-nitrothiazole in the reaction
of 5-amino-2-methylthiazole~4-carboxylic acid with amyl nitrite in the
presence of furan,

Three of the four compounds isolated from the neutral fraction were
identical in every respect with the compounds isolated in the previous

trapping experiments viz. 2-benzoyl-3,4,5-triphenylfuran, 2,3-dihydroxy-

c¢yclo
2,3,4,5-tetraphenyypent-4-enone and the compound of molecular formula
(C12H80)n.
Elemental snalysis on the fourth compound gave a molecular formula

(C6H6O)n. The infrared spectrum showed a hydroxyl band at 3420 en”! and

& carbonyl band at 1750 en™1, A complete characterisati

compound was not attempted as it is believed to be another tetracyclone
oxidation product.

(b) With furan
The reaction of 4-amino-3-methylisothiazole-5-carboxylic acid with

isoamyl nitrite in the presence of furan gave only one isolable product.
A substantial amount of oily product obtained from the acidic fraction
could not be crystallised and was not further investigated. The neutral
component was obtained by preparative t.l.c; it showed one peak on
g.l.c. at Rt 3.8 min and was homogeneous by t.l.c. The molecular formula
obtained by high resolution mass spectrometry was 08H7NOS and suggested

that addition of one furan molecule to the isothiazole system had occurred.
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The n.m.r. spectrum (N.M.R.28) showed a three proton singlet at & 2,66,
a two proton multiplet at E>6.55, a one proton multiplet at 67.5 and
a one proton singlet at 08.73 p.p.m. which was assigned to H=5 of the
isothiazole ring. On this data the compound was formulated at
4=(2!' =furyl)-3-methylisothiazole (XLV).

A similar type of product, XLVI, was reported formed in the reaction
of 5~amino~2-methylthiazole-/-carboxylic acid with amyl nitrite in the

76

presence of furan.

(X1v) ’ (XLVI)

(¢c) With anthracene ‘
The reaction of A-amino-3-methylisothiazole-5-carboxylic acid with

isoamyl nitrite in the presence of anthracene was subsequently investigated
as this arynophile has been quite successful in trapping experiments with
benzyne intermediates. In addition there would be little or no possibility
of oxidation of the arynophile occurring as with tetracyclone.

The acidic fraction consisted of a small amount of brown gum and no
basic material was obtained.

Chromatography of the neutral material gave a small amount of a
yellow crystalline solid, m.p. 145-146° and a very small amount of a pale
yellow compound, m.p. 225-2270. High resolution mass spectrometry of the
lower melting compound indicated a molecular formula C14H9N02. The n.m.r.
spectrum (N.M.R.29) showed a one proton singlet at 6 8.44 p.p.m. and two
four proton multiplets between §7.27-8.06 p.p.m. which indicated a
monosubstituted anthracene. The compound was characterised as 9-nitro
anthracene on the basis of its melting point and the infrared spectrum

which showed a nitro band at 1570 cm-1. A similar nitration of anthracene
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has been reported by Bird and WOng77

in investigations on the attempted
generation of thiadiazolyne from 3-amino-1,2,5-thiadiazole-4-carboxylic
acid by its aprdtic diazotisation in the presence of anthracene.

The molecular formula of the higher melting compound, obtained by
high resolution mass spectrometry, was C18H13NS and indicated an isothiazolyl
substituted anthracene; the compound was formulated as 9=-(3-methyl=/-
isothiazolyl) anthracene (XLVII), rather than the isothiazolyne-anthracens

adduct, on the basis of the similarity of its ultraviolet spectrum (U.V.12)

to that of 9-nitroanthracene (U.V.11). The small amount of material did

not allow further study.

CH 3 NH

' 2 anthracene
I iscamyl nitrite
~ COZH

S

\

N\
o

The formation of the above compound and also the isothiazolyl-furan
XLV suggested that decarboxylation of the diazonium carboxylate occurred
followed by protonation and subsequent loss of nitrogen from the diazonium
compound to give an electrophilic species which then attacks the anthracene

and the furan in the usual way.

© : oH 3+
CH' | N, ? l N, CHI3 l@
i O  1)-cop
WV > — X
N\S/LC/ 2)+H* 1 i§
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Reaction of 4—aminoisothiazole-3-carboxylic acid with iscamyl nitrite

in the presence of tetracyclone.

4-Aminoisothiazole-3-carboxylic acid and isocamyl nitrite in the
presence of tetracyclone gave a complex mixture of products as indicated
by t.l.c. The acidic fraction gave a compound, m.p. 133-1350; its n.m.r.
spectrum showed a one proton singlet at $9.01 and two one proton doublets
centered at$ 7.89 and 9.15 p.p.m. The compound was characterised as
isothiazole-3-carboxylic acid by comparison (mixed m.p. and i.r.) with an
authentic sample.114

Four compounds isolated by dry column chromatography of the neutral
fraction were identical in every respect with those obtained in the previous
trapping experiments. Two were characterised as 2-benzoyl-3,4,5-
triphenylfuran and 2,3-dihydroxy-2,3,4,5~tetraphenylcyclopent-4-enone and
the others had molecular formulae (012H80)n and (06H60)n.

In an alternative approach to 3,4-isothiazolyne,A-isothiazolediazonium-
3-carboxylate hydrochloride was heated under reflux with propylene oxide
in the presence of furan. A small amount of 0il was obtained from the
acidic fraction, it could not be crystallised and was not further
investigated. A very small amoun%t of a compound, m.p. 60-610, was isolated
from the neutral fraction by preparative t.l.c. and purified by
recrystallisation from light petroleum. The molecular formula obtained
by high resolution mass spectrometry was CBHNBS. The infrared spectrum
showed the presence of nitxrile group at 2240 cm-1; the n.m.r. spectrum
(N.M.R.30) showed only a singlet at 9.2 p.p.m. The compound was
formulated as 4-cyano-1,2,3-thiadiazole (XLVIII) on the basis of the
foregoing data and its mass spectrum; in addition to the molecular ion at
m/e 111, major fragments were noted at m/e 83, 57 and 56 which were

consistent with the scheme shown below. Loss of nitrogen to give the base

peak at m/e 83 is consistent with the known fragmentation of 1,2,3-
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thiadiazoles. Fragmentation corresponded with that quoted for

4-cyano-1,2,3-thiadiazole reported by Millard and Pain 121 except that
the peak intensities were different and this is no doubt due to the
different source temperatures used; these authors determined the spectrum
at 200° source temperature, whereas the intensities quoted here were
determined at 100°. The structure was confirmed by comparison (mixed

m.,p. and i.r.) with an authentic sample.122

CN |° 5
ﬁ——_:]]/ et BN 4/////'+\\\\\\
N\S v H/ \E)N
| (XLviIr) | | m/e 83 (100%)
m/e 111 (39%) e
ZHCN
+
.S

2 S
n/e 56 (8.5%) /+\

g~
m/e 57 (&)
A similar rearrangement of an isothiazole to a thiadiazole has been

123

reported by Lee and Volpp who found that diazotisation of
4=amino-3-methylisothiazole in the presence of ﬂhiourea gave
L-acetyl-1,2,3-thiadiazole. It was suggested, in their proposed
mechanism, that the sulphur of the'thiadiazole came from the thiouresa.

A possible mechanism for the above rearrangement is shown below, involving

loss of carbon dioxide with simultaneous ring cleavage followed by ring

closure.
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The studies with tetracyclone as trapping agent were complicated
by the formation of its oxidation products. In one experiment tetracyclone
was heated with isocamyl nitrite and a trace of trichloroacetic acid in
1,2-dimethoxyethane, the colour of the ketone disappeared with time and a
substantial amount of 2,3-dihydroxy-?,3,4,5-tetraphenylcyclopent-4-enone
was isolated. The reactions with anthracene and furan proved more
informative. Nevertheless it would appear from the results of these
experiments that isothiazolynes are not formed as intermediate

capable of being trapped under the conditions described in these

investigations.,
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General Technigues

Infrared (i.r.) spectra were determined in potassium breomide discs,
unless otherwise specified, using a Perkin Zlmer 257 or a Perkin Elmer 337
spectrophotometer., Ultraviolet (U.V.) spectra were recorded in absolute
ethanol on a Unicam S.P. 800 spectrophotometer.

Nuclear magnetic resonance (n.m.r.) spectra were obtained for the
appropriate compounds in the solvents indicated on Varian A60 (60:Hz) ard
HA-100D (100 }Hz) spectrometers as indicated, with tetramethyl silane as
internal standard. The 100 MHz spectra and also maze spectra, determined
on an AEI KS902 Spectrometer, were obtained through the Physico-Chemical
Measurements Unit at Harwell and Aldermaston. Microanalyses were carried
out by the ilicroanalytical Division of May and Baker ﬁtd. Dagenham,

Thin Jayer chromeqtography (t.l.c.) was carried out.on Silica gel
HF254 (0.25 mm) with the solvents as indicated; the components were
detected with iodine or U.V. light. Melting points were determined on a
Kofler block (Reichert).

1,2-Dimethoxyethane was distilled and kept over molecular sieve
type LA'. Isoamyl nitrite was distilled before use.

Light petroleum refers to the fraction b.p. 60-30° unless otherwise
stated.

5-Amino-3-methylisothiazole was purified by passing a solution of
the crude amine in ether through a thick pad of alumina (Spénce, type H)
and eluting with ether. Dry hydrogen chloride was passed through the
ethereal solution and the precipitated hydrochloride collected. Treatment
of the salt with aqueous sodium hydroxide and continuous ether extraction
followed by evaporation of the dried extract gave the amine (pure by
g.l.c. and t.l.c.) in about 80; yield.

3-ethylisothiazole and 5-amino-3-methylisothiazole were kindly

supplied by May and Baker Ltd.
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I ISOTHIAZOLO/5,4-b /PYRIDINES

Skraup synthesis of Alkylisothiazolo/5,4-b _/pyridines

Preparation of "sulohomix""0
Nitrobenzene (43.25 g) was added to stirred fuming sulphuric acid

(206, 220 g) at 25-300. The mixture was heated to 60-70° until a sample

was completely soluble in water (about 10 h).

3,6-Dimethylisothiazolo -h yridine
Method (a) Water iAS ml) was added to a chilled, vigorously stirred

mixture of sulphomix (117 g) and 5-amino-3-methylisothiazole (9.12 g, 0.08

mol) at such a rate that the temperature did not rise above 35°. The stirred
mixture was then heated to 75-80° and redistilled crotonaldehyde (7.0 g,
0.10 mol) was added dropwise over 30 min, whilst the temperature was kept
below 90°. The mixture was heated for 45 min at 95—1000, cooled to room
temperature and poured onto ice (200 g). The pH was adjusted to 11-12 with
50% aqueous sodium hydroxide; the mixture became very hot and was cooled

to 35-400. A strong smell of ammonia was detected during the basification.
Steam distillation of the resultant dark mixture followed by saturation of
the distillate (1.6 L) with sodium chlcride and continuous ether extraction
of the aqueous solution for 48 h gave a gummy solid (2.68 g) after
evaporation of the dried (KZCOB) extract. Recrystallisation from light

petroleum (charcoal) gave 3,6-dimethylisothiazolo/5,4~b /pyridine

(2.45 g, 18.5%) as colourless needles, m.p. 92-93°, (Found: C, 58.4;
H, 4.76; N, 17.0; S, 19.6. Cglgll,S requires: C,58.5; H, 4.91; N, 1706;
S, 19.52%). A max. (U.V.1) 234 (¢ 26,600), 300 nm (5,160).Y max. 990, 870,

835, 820, 780, 750, 725 cu~'. § (CDCL,, N.M.R 1) 2.69 (3H, s, CH ;-3 or

3’

CH3-6), 2.71 (3H,s, CH,-6 or cr13-3), 7.23 (14, 4, J 8.5 Hz, H-5), 8.1

3
(14, 4, J 8.5 Hz, H-4) p.p.m.

When the reaction was carried out as above except that the mixture
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was heated at 80-90° for the last 45 min, the yield was 10%; at 110-120°
no product was obtained.

Method (b) To a vigorously stirred mixture of 5-amino-3-

-methylisothiazole (4.0 g, 0.035 mol), sodium m-nitrobenzenesulphonate
(17.5 g, 0.078 mol) and water (22.5 ml) was added concentrated sulphuric
acid (41 g), with cooling to 35-40°, over a period of 25 min. The mixture
was heated to 75-80° and crotonaldehyde (2.45 g, 0.035 mol) was added
dropwise over a period of 30 min whilst the temperature was kept at 80-85°,
The mixture was then heated for a further 30 min at 95-100°. The cooled,
black viscous product was poured on to ize-~water {100 g) and basified to
pi 11-13 with 50% sodium hydroxide solution with cooling to 30—350; strong
evolution of ammonia was detezted. The resulting solution was steam
distilled and the distillate (1.5 L) saturated with sodium chloride and
continuously extracted with ether for 36 h. Evaporation of the dried

(Mg 804) extract gave needles (1.10 g, 19), m.p. 84-39°. Recrystall-
isation from light petroleum (charcoal) gave pale yellow needles (1.0g,
17.5%) ,m.p. 92-93° of 3,6~dimethylisothiazolo/5,4-b _/pyridine; identical

(mixed m.p, t.l.c) with the material prepared by the above method.

3,6-Dimethylisothiazoln/5,4-b /pyridine picrate
To a solution of 3,6—dimethylisothiazoloZE;A-g>_7byridine (100 mg) in

absolute alcohnol (2 ml) was added a saturated solution (5 ml) of pieric acid
in ethanol. The yellow precipitate (210 mg), m.p. 150-152° vas recrystall-
ised from ethanol to give the picrate (160 mg), m.p. 152-153°, as yellow
plates. (Found: C, 42.%; H,2.,77; N,18.0; S, 8.2. 014311N507S requires

C, 42.75; H, 2.82; N, 17.81; S, 8.155).

3-Methylisothiazolo/5,4-b _/pyridine
Method (a) Glycerol (31.5 g, 0.34 mol) was added dropwise, with

cooling, to stirred sulphomix (117 g). 5-Amino~3-methylisothizzole
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(9.12 g, 0.08 mol) was then added followed by water (45 ml), dropwise and
with cooling. The mixture was stirred at room temperature for 30 min and
then heated at 110-115° for 3.5 h. The black viscous mixture was cooled
to room temperature and poured onto ice (200 g). The pH of the solution
was adjusted to 12-13, with cooling to 35-400, with 50% aqueous sodium
hydroxide, when a strong smell of ammonia was detected. Steam distillation
of the basic solution followed by continuous ether extraction of the
distillate (1.6 L) for 38 h gave, after evaporation of the dried (K2003)
extract, off-white plates (3.3 g, 27.5%), m.p. 78-82°. Recrystallisation

from light petroleum gave B—methylisothiazololg,A—Q»_7pyridine (3.1 g, 26%)

as colourless plates, m.p. 84-85°. (Found: C, 55.6; H, 4.0; N, 18.7;

S, 21.6. C HN,S requires C, 55.97; H, 4.027: N, 18.65; S, 21.35%). A max.
232 (£26,000), 302 nm (5,390).Y max. 995, 800, 770, 750, 705 em .

& (CDC1,, N.M.R 2) 2.68 (3H, s, H=3) 7.32 (1H, 44,

8.3 Hz, J 6 4.8 Hz,

3’ Iss, 5
H-5), 8.17 (1H, dd, J45 8.3 Hz, J46 1.8 Hz, H-4), 8.70 (1H,dd, Je5 48 Hz,
J64 1.8 Hz, H-6) p.p.m.

Method (b) To a vigorously stirred mixture of 5-amino-3-

-methylisothiazole (9.12 g, 0.08 mol), sodium m-nitrobenzenesulphonate

(35 g, 0.155 mol), water (45 ml), and glycerol (21.5 g, 0.2/ mol) was
added concentrated sulphuric acid (82 g) at such a rate that the temperature
did not rise above AOO; cooling in a freezing mixtufe was required. The
resulting reddish brown mixture was heated at 120-125° for 3.5 h and then
cooled to room temperature and poured onto ice (200 g). The solution was
basified to pH 12-13 with 50% aqueous sodium hydroxide, with cooling to
20—300; strong evoluticn of ammonia was detected. The resultant dark brown
suspension was steam distilled until a portion gave no precipitate with
aqueous picric acid on standing. The distillate (2 L) was saturated with
sodium chloride and continuously extracted with ether for 36 h., The

dried (K2C03) ethereal extract upon evaporation gave a pale yellow solid
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(1.86 g, 15.5%), m.p. 74-80°. Recrystallisation from light petroleum
(charcoal) gave 3-methylisothiazolo/5,4~b _/pyridine (1.62 g, 13.5 %) as
colourless plates, m.p. 84-85°; identical (t.l.c and mixed m.p.) with the
compound obtained above.

Method (c) A stirred mixture of 5-amino-3-methylisothiazole

(456 g, 0.0 mol) and arsenic acid (11.36 g, 0.08 mol) in 85; phosphoric
acid (80 ml) was heated to 100° and acrolein (3.4 g, 0.06 mol) added
dropwise over 25 min, such that the temperature was kept at 100=2°. After
the last addition, heating was continued for another 30 min at 100°. The
cooled black mixture was poured into water (200 ml) and bagified to

pl 10-11 with 50% aqueous sodium hydroxide. Steam distillation followed
by continuous ether extraction of the distillate (1L) ééve a pale yellow
solid (0.39 g) m.p. 72-81°. Recrystallisation from light petroleum gave
3-methylisothiazolozg,A-g _7pyridine (0.3 g, 5%) as colourless plates,
m.p. 84-85°, identical (t.l.c and mixed m.p.) with the compound prepared

above,

3-Methylisothiazolo/5,4-b _/pyridine picrate
3-Methylisothiazolo/5,4~0 _/pyridine {100 mg) was dissolved in

absolute alcohol (2 ml) and a saturated solution (5ml) of picric acid in
ethanol added. The yellow precipitate was collected (162 mg), m.p. 168-171°.
Recrystallisation from ethanol give the picrate (112 mg) as yellow plates,
m.p. 170-172°. (Found: C, 41.0; H, 2.4; N, 18.2; s, 8.5. G, figi0nS requires:

C, 41.14; H, 2.39; N, 18.46; S, 8.45%).

3,4~Dimethylisothiazolo/5,4~b _/pyridine
fethod (a) To a vigorously stirred mixture of sodium m-nitrobenzene-

sulphonate (17.5 g, 0.078 mol) in water (22.5 ml) was added concentrated
sulphuric acid (41 ml) with cooling to 25—300. 5-Amino-3-methylisothiazole

(4.56 g, 0.04 mol) was added to the mixture which was then stirred at room
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temperature for 30 min. It was then heated to 750 and methyl viayl

ketone (2.8 g, 0.04 mol) added over 20 min, the temperature being kept
between 75-80°. The stirred mixture was heated for a further 35 min

at 80-85° and allowed to stand overnight at room temperature. The cold
mixture was poured onto ice (200 g) and basified with 50% aqueous sodium
hydroxide. Steam distillation followed by continuous ether extraction of
the distillate (IL) for 36 h gave, after evaporation of the dried (MgSOA)
extract, a yellow gummy solid (842 mg). T.l.c. of the crude product showed
some starting material. The crude product was dissolved in dilute
hydrochloric acid (3 ml, 2.5 N) and treated with excess aqueous sodium
nitrite at 10-15° after which the mixture was heated on & water bath (70°)
for 20 min. The solution was basified to p 10-11 wifh dilute sodium
hydroxide solution and continuously extracted with ether for 36 h.
Evaporation of the dried (MgSOA) extract gave a yellow gummy solid (324 mg).

On standing in a small amount of acetone 3,A-dimethylisothiazoloég;Afg Z—

pyridine separated, in two crops, as colourless needles (211 mg, 2.6%),
m.p. 139-140°. (Found: ¢, 58.5; H, 5.0; N, 17.0. C8H8N28 requires:
C, 58.5; H, 4.91; N, 17.06%). >\max 230 (£ 27,000), and 302 nm (& 6,200),

Y max. 1000, 910, 845, 805, 780 em '. & (CDC1,, N.M.R 3) 2.78 (3H, 4,

3 45
0.8 Hz, GH3-4) 2.88 (34, s, CH3-3), 7.05 (1H, dd, J 0.2 Hz, J56 5 Hz, H=-5),
8.51 (1H, 4, J¢5 5 Hz, H-6) p.p.m.

Method (b) Water (22.5 ml) was added to chilled vigorously stirred

sulphomix (58.5 g) at such a rate that the temperature did not rise above
35°, 5-Amino-3-methylisothiazole (4.6 g, 0.04 mol) was added and the
mixture heated to 75-80°. Methyl vinyl ketone (2.8 g, 0.C4 mol) was added
over 15 min, the temperature being kept between 75-80°. The stirred
mixture was heated for a further 30 min at 80—850, cooledto room temperature
and then poured into ice-water (150 g). The mixture was basified with

50% aqueous sodium hydroxide and steam distilled. The distillate (1.6 L)
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was saturated with sodium chloride and continuously extracted with ether
for 36 h. Evaporation of the dried (MgSOA) extract gave a yellow gummy

solid (360 mg); t.l.c showed mainly one component. Crystallisation from
acetone gave 3,4-dimethylisothiazolo/5,4-b _/pyridine (222 mg, 3.4 %) as
pale yellow needles m.p. 139-1400, identical (mixed m.p. and t.l.c) with
the compound prepared above.

Method (C} A stirred mixture of 3-methyl-5-aminoisothiazole

hydrochloride (5.7 g, 0.05 mol), hydrated ferric chloride (21.6 g, 0.08 mol)
and anhydreus zinc chloride (0.8 g) in 95 % ethanol (4C ml) was heated on

& steam bath to 70-75°. Methyl vinyl ketone (3.0 g, 0.046 mol) was added
over 45 min, the stirred mixture heated under reflux for 2 h then kept
overnight at room temperature. The alcohol was evapofated under reduced
pressure and the residue basified to pH 10-11 with 50% aqueous sodium
hydroxide. Steam distillation followed by continuous ether extraction of
the distillate (IL) for 24 h gave, upon evaporation of the dried (MgSOA)
extract, a pale yellow gummy solid (150 mg). Recrystallisation from
acetone-light petroleum (b.p. 40—600) gave an off-white solid (84 mg, 1.05%)
m.p. 128-135°, Recrystallisation from acetone gave white needles (50 mg,
0.6 %), m.p. 138-139°. A second crop (12 mg), m.p. 136-138° was obtained.
The compound was identical (mixed m.p. and t.l.c) with

B,L—dimethylisothiazolozg,A-Q _7pyridine prepared as above,

3,4-DimethylisothiazoloZS;AeQ ;7pyridineggicrate
To a solution of 3,4-dimethylisothiazolo/5,4-b _/pyridine (50 mg) in

dilute hydrochloric acid (2.5 N, 5 ml) was added a saturated solution of
picric acid (4.0 ml) in water at room temperature. The yellow precipitate
(61 mg), m.p. 130-146 (decomposition) was recrystallised from ethanol to
give the picrate (42 mg) as yellow plates, m.p. 173-176° (decomposition).
(Found: C, 42.6; H, 2.82; N, 17.6; S, 8.2. C14H11N5O7S requires: C, 42.75;

H, 2.82; N, 17.81; S, 8.15:).
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5-Ethyl-3-methylisothiazolozg,é—p _7pyridine (as its picrate)
Sulphomix (58.5 g) was diluted with water (22.5 wl) with stirring

and cooling to 25-30°., 5-Amino-3-methylisothiazole (4.56 g, 0.04 mol)
was added and the stirred mixture heated to 90-95°, 2-(Hydroxymethyl)-2-
-methylpropane-1,3~diol (14.4 g, 0.12 mol) was added over 30 min and the
mixture heated to 110-115o for 3 h. The cold solution was poured onto ice
(200 g) and basified with 50% sodium hydroxide solution to pH 11-12. Steam
distillation, followed by continuous ether extraction of the distillate (IL)
for 24 h gave, after evaporation of ?he dried (MgSOA) extract, a yellow oil
(325 mg). The crude product showed one major spot on t.l.c; attemptsat
crystallisation were unsuccessful.

The o0il was dissolved in absolute alcohol and a saturated solution
of picric acid in ethanol was added. The yellow precipitate (286 mg) was
recrystallised from ethanol to give yellow plates (218 mg), m.p. 128-130°

of 5-ethyl-3-methylisothiazolo/5,4=b /pyridine picrate, (Found: C, 44.0;

H, 3.0; N, 17.0; S, 8.1. C15H13N507S requires: C, 44.22; H, 3.2; N, 17.19;
S, 7.%).0 (IS0 dg» NM.R 4) 1.33 (3H, t, J 7 Hz, CH, C_Hj), 2.75

(3H, s, H-3), 2.88 (2H, q, J 7 Hz, ~CH,, CHB), 5.8 (1H, broad s, -OH),

2 Hz, H-6), 8.66

8.43 (1H, d, J 2 HZ, 1-4)) 8079 (1H, d, Jé

4y 6 A

(2H, s, aromatic H’S) p.p.m.

A sample of the picrate was dissolved in sodium hydroxide solution
(2 ml, 2.5¥) and extracted with chloroform; the concentrated extract
showed only one spot, corresponding to the free base, on t.l.c. Evaporation
and trituration with acetone gave a small amount of the solid base, m.p.
124-1300; details of the rather poor n.m.r. spectrum are recorded in

Table I in the Discussion.

Attempted preparation of 5-ethyl-3-metbylisothiazoloZE;4—9 ;7pyridine
A mixture of ferrous sulphate (FeSOA.7H20, C.€ g), arsenic pentoxide

(7 g5 0.03 mol), 5-amino-3-methylisothiazcle (5.7 g, 0.05 mol), boric acid
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(3.1 g, 0.05 mol), 2-(hydroxymethyl)-2-methylpropane-1,3-diol (18 g,
0.15 mol) and concentrated sulphuric acid (28 ml) was heated to 150°
with vigorous stirring. Between 145-—150o the reaction mixture went
completely black and at 150° a vigorous reaction occurred. The heating
was stopred and resumed when the reaction had subsided and the temperature
maintained at 128-130° for 3h. The dark gummy product was poured onto
ice (200 g) and basified to pH 10-11 with 505 sodium hydroxide solution.
The aqueous solution was steam distilled and portions of the distillate
tested with picric acid in water gave no picrate. Continuous ether
extraction of the aqueous solution (1.8 L) for 32 h gave upon evaporation
of the dried (KZCOB) extract a brown oil (0.2 g), t.l.c of which showed
a mixture of at least five components. Picric acid in ethanol was added
and the solution allowed to stand for 4 weeks, however no crystalline

material was obtained.
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Investigation of the reactiong of 3-methyl-and

3,6-dimethylisothiazolo/5,4-b _/pyridine.

Attempted bromination of 3-methylisothiazolo/5,4-b _/pyridine

(a) With bromine in carbon tebtrachloride
Bromine (1.08 g, 6 m mol) in carbon tetrachloride (5 ml) was added to

a vigorously stirred solution of 3—methylisothiazolo[§,4-2 _7byridine

(0.57 g, 5 mmol) in carbon tetrachloride (5 ml) and the mixture was
refluxed for 1 h. Pyridine (0.40 g, 5 mmol) in carbon tetrachloride (5 ml)
was added over 45 min to the refluxing solution and the mixture heated for
an additional 6 h. The mixture was allowed to stand overnight at room
temperature and then filtered from a small amount of brown solid.
Evaporation of the organic solvent gave a yellow gummy solid (522 mg) the
Rf of which was the same as that of starting material. Recrysﬁallisation
from light petroleum gave 3-methylisothiazolo/5,4-b _/pyridine (500 mg), m.p.
83-85°, mixed m.p. 83-85°. A small amount of a yellow gummy solid (14 mg),
insoluble in light petroleum, but soluble in ethanol, was isolated during
recrystallisation; sodium fusion showed the absence of bromine.

(b) With bromine in chloroform
A stirred solution of j-metnyllsotnlazoloés,4-0 _/pyrldlne (0.46 g,

3.1 mmol) in chloroform (3 ml) was treated dropwise with a solution of
bromine (0.1 ml) in chloroform (3 ml). The red solution was stirred at
room temperature for 2 h then diluted with light petroleum and allowed to
stand for 3 h when a yellow solid (0.21 g) separated. Part of the material
melted at 76-84o leaving needles which sublimed at 160-1630. On further
standing, another 132 mg of product was obtained. The crude product was
treated with acetone and filtered from a white solid (144 mg) which
sublimed at 163-1650. Purification by sublimation at 100-1050/0.2 mmHg

gave 3-methy‘1sotb1azo’o[?}4—bA_7pyrlalﬂe hydrobromide (112 mg, 16.5% ) a

white needles subliming at 163-165°. (Found: C, 36.1; H, 2.67; N, 11.9;

S, 14.0; Br, 34.9. C7H7NZSBr requires C, 36.28; H, 3.05; N, 12.12; 5, 13.87;
BI‘, 340 57/‘;)°
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Evaporation of the acetone liquors gave a solid (300 mg) m.p.
76-84°, t.l.c. of which showed the presence of starting material only.
Recrystallisation from light petroleum gave 3-methylisothiazolo/5,4-b _7—

pyridine (217 mg) as needles, m.p. 83-850, mixed m.p. 83-840.

Attempted nitration of 3-methyliscthiazolo /3,4-b _/pyridine
3-tiethylisothiazolo /5,4-b _/pyridine (0.5 g, 3.3 mmol) was dissolved

in funing sulphuric acid (3 ml, 20%) with cooling to 30-35°. Potassium
nitrate (0.33 g) was added in small portions and the mixture set aside for
48 h at room temperature. The mixture was then heated on a steam bath for
7 h, cooled, and poured onto ice (15 g). The yellow solution was basified
to pH 8-9 with sodium carbonate and the pale yellow solid which separated
was washed with water and dried. The material (100 mg), m.p. 81-85°, was
found to be starting material by t.l.c.

The aqueous solution was continuously extracted with chloroform for
2/ h. Evaporation of the driesd (K2003) extract gave a gumny solid (325 mg),
t.l.c of which showed it to be mainly starting material. Recrystallisation
of the combined solids from light petroleum gave 3-methylisothiazolo-
/5,4-b _/pyridine {361 mg) as needlies, m.p. §3-85°, undepressed on

admixture with starting material.

Attempted nitration of 3,6-dimethylisothiazolo/5,4-b /pyridine
(a)  3,6-Dimethylisothiazolo/5,4-b _/pyridine (0.5 g) was dissolved

in concentrated nitric acid (5.0 ml) and fuming sulphuric acid (20%, 5 ml)
was added portionwise with swirling and cooling to 20—250. The mixture
was kept at room temperature for 30 min then heated at 75-80° for 1.5 h,
cooled and poured onto ice (20 g) giving a dark green solution which
gradually became yellow., Basification with saturated aquecus sodium
carbonate and extraction with ether (3x30 ml) followed by evaporation of

the dried (MgSOA) extract gave no residue.
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The aqueous solution was evaporated to dryness and the yellow
residue extracted with boiling ethanol (20 ml); evaporation of the
extract gave no material. The yellow residue was dissolved in water,
acidified to pH 2-3 and continuously extracted with ether for 18 h.
Evaporation gave a yellow gum (25 mg) which could not be crystallised.

(b)  3,6~Dimethylisothiazolo/5,4=b /pyridine (300 mg) was
dissolved in concentrated sulphuric acid (2 ml) and treated portionwise
with potassium nitrate (0.204 g). The mixture was heated on a steam bath
for 1 h and the cooled solutien poured onto ice (10 g); no sclid separated.
The acid solution was treated with solid potassium carbonate to pH 9-10,
water was added to dissolve the inorganic salts and the solution
continuously extracted with chloroform for 28 h. Evaboration of the
dried (MgSOA) extract gave a white solid (282 mg), m.p. 89-91°.
Recrystallisation from light petroleum gave 3,6-dimethylisothiazolo-

/5, 4-b _/pyridine (264 mg) as needles, m.p. 91-92°, mixed m.p. with

starting material 91-92°,

Attempted amination of 3-methylisothiazololg,L-Q ;7pyridine
A dry Carius tube was charged with liquid ammonia (15 ml), followed by

a crystal of ferric chloride and freshly cut potassium metal (0.525 g,

0.026 g aton). After theevolution of hydrogen had ceased,
3-methylisothiazolo/5,4-b _/pyridine (630 mg, 0.0042 mol) and potassium
nitrate (0.57 g) were added simultaneously. The tube was sealed and

allowed to stand at room temperature, with occasional shaking, for 8 days.
The cooled tube was opened and a 1:1 mixture of benzenqkthanol (20 ml) was
added dropwise. After the ammonia had evaporated (about 2 h), water (20 ml)
was added and the organic layer separated and evaprated leaving a dark

brown gummy solid (200 mg). Recrystallisation from light petroleum (charceal
gave 3-methylisothiazolo/5,4-b _/pyridine (261 mg), m.p. 83-85°, further

characterised by t.l.c.
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Continuous chloroform extraction of the aqueous solution (plI 10-11)

gave a brown gum (108 mg). T.l.c showed largely (ca. 90%) starting

material.

Attempted condensation of 3-methylisothiazoloZE,A-p _7pyridine with

benzaldehyde
A mixture of glacial acetic acid (0.25 ml), acetic anhydride (C.5 ml),

benzaldehyde (0.5 ml) and 3-methylisothiazolo/5,4-b _/pyridine (0.5 g,
3.6 mmol) was heated under reflux for two days. T.l.c. of a sample showed
the presence of starting materials only.

Addition of 2.5 N-hydrochloric acid (50 ml) and extraction with
methylene chloride gave a yellow oil (521 mg), consisting mainly of
benzaldehyde. Basification of the aqueous solution followed by continuous
chloroform extraction gave a pale yellow solid (452 mg), m.p. 80-83°.
Recrystallisation from light petroleum gave 3-methylisothiazolo/5,4-b _/-

pyridine (436 mg), m.p. 84-850, identified by mixed m.p. and t.l.c.

Condensation of 3,6-dimethylisothiazolo/5,4=b /pyridine with benzaldehyde
3,6-Dimethylisothiazolo/5,4-t _/pyridine (0.55 g, 3.35 m mol) was

ixed with benzaldehyde (0.71 g, 4.4 mmol) in the presence of fused zinc
chloride (50 mg) and allowed to stand at room temperature for two days.

" T.l.c. of a sample showed sta;ting materials 6n1y. The mixture was
then heated at 130-135°; a sample taken after 2 h showed an additional
spot. After a further 2 h at 130--135o the reaction mixture was cooled,
acetone (15 ml) was added and the zinc chloride removed by filtration.
Evaporation of the filtrate gave a gum which was separated by dry column
chromatography on silica gel (60 g) ﬁsing chloroform as developing solvent.
The column was divided into three parts:

(1) Elution of the lower fraction with methanol gave benzaldehyde.

(ii) Elution of the top fraction with methanol gave recovered starting



116

material (462 mg), identified by t.l.c, m.p. and mixed m.p.

(ii1) The middle fraction gave a pale yellow gummy solid (82 mg).

Crystallisation from acetone gave 3-methyl-6-styrylisothiaszolo-

ZE,A-Q ;7pyridine (38 mg) as pale yellow plates, m.p. 139~140°. (Found:

C, 71.2; H, 4.64; N, 10.9; S, 12.7. 015N12N2

N, 11.1; S, 12.7%). & [TCDB)ZSO, 100 MHz, N.M.R. 5_/ 2.68 (3H, s, CH3-3),

S requires C, 71.4; H, 4.7;
7.38 - 8,52 (9H, m, 2 vinyl and 7 aromatic protons) p.p.m.

Condensation of 3,6-dimethyliscthiazole/5,4-b _/pyridine with

-nitrobenzaldehyde. ~
3,6:D1mefﬁy¥isothiazolo[g,4~g _/pyridine (429 mg, 2.6 mmol) and

p-nitrobenzaldehyde (1.0 g, 6.6 m mel) in acetic acid (0.6 ml) and acetic

anhydride (0.6 ml) was heated at 140° (oil bath) for 15 h. T.l.c. of a
sample shcowed four spots, two of which corresponded to starting materials.

On cooling a yellow gummy solid separated. Trituration with acetone gave

a yellow solid (206 mg), m.p. 182-196°; recrystaliisation from glacial acetic

acid gave 6~(p-nitrostyryl)-3-methylisothiazolo/5,4~b _/pyridine (182 mg),

m.p. 214-216°. (Found: C, 61.1; H, 3.40; N, 14.2; S, 10.9. C 584185055
requires C, 60.59; H, 3.73; N, 14.13; S, 10.78).

The acetone solution was evaporated to dryness and the residual oil
dissolved in sodium hydroxide solution (2.5N, 20 ml). Ether extraction
(3x25 ml) gave a yellow gummy solid (1.1 g). T.l.c. showed the presence of
three spots, two of whici corresponded to starting materials. Dry column
chromatography on silica gel (60 g) and eluting with chloroform gave
p-nitrobenzaldehyde (726 mg), 3,6-dimethylisothiazolo/5,4~b /pyridine (206
mg) and a gummy solid (36 mg). A poor n.m.r. spectrum of the product was not

informative and because of lack of material it was not investigated further.
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Oxidation of 3-methyl- and 3,6-dimethylisothiazolo/5,4-h _/pyridine

Potassium permanganate oxidation of 3—methylisothiazolo[3;4—2i=7pyridine
To a stirred solution of 3-methylisothiazolo/5,4~b _/pyridine (855 mg,

5.7 mmol) in water (20 ml) heated to 70° was added potassium permanganate
(3.6g, 2.95 mmol) in six equal portions over 1 h. The suspension was heated
for an additional 30 min and filtered. The manganese dioxide residue was
digested with hot water (3 x 10 ml) and the liquors added to the filtrate
and the solution (pH 8-9) was extracted with methylene chloride (3x15 ml).
Evaporation of the dried (KZCOB) extract gave a pale yellow solid (106 mg),
m.p. 79-82°, identical (t.l.c.) with starting material,

The aqueous solution was acidified to pH 1-2 with concentrated
hydrochloric acid and continuously extracted with ether for 26 h.
Evaporation of the organic solvent under reduced pressure gave a gummy

solid (421 mg). Recrystallisation from aqueous ethanol gave

isothiazoloéz}A—Q,_7pyridin-3(2§)-one 1,1-dioxide (198 mg), as white plates,

m.p. 207-210°. (Found: C,38.8; H, 2.22; N, 14.8; S, 17.5. CgH, N,0,5

requires C, 39.12; H, 2.2; N, 15.21; S, 17.41 %)Y max. (I.R 1) 3180, 3100,

2700, 1745 (C=0), 1470, 1410, 1350 ca 1. & (6D,),50, NM.R. 67 7.76

(1 H,ad, 8 Hz, Js¢ 5 Hz, H-5), 8.2 (1H, dd, J45 8 Hz, 16 2Hz, H~4),

Iss,
8.55 (14, s, N-H), 8.81 (14, ad, Jgs5 5 Hz, Tes 2Hz, H~6) p.p.m.

Reaction of isothiazolo/5,4-b _/pyridin-3(2H)-one 1,1-dioxide with acid

and with base.
(a) With acid. The dioxide (500 mg) in hydrochloric acid (2.5Y, 5 ml)

was heated under reflux for 3.5 h. The solid went into solution after ca.
30 min. The solution was allowed to cool and the white solid which
separated was collected and washed with ice cold water to give white needles
(430 mg), m.p. 243-252°, Recrystallisation from water gave 2-hydroxy-

pyridine-3-carboxylic acid (360 mg) as white needles, m.p. 253-255°,
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identical (mixed m.p. and i.r.) with an authentic sa.mplej14 (Found:
Cy, 51.5; H, 3.4; N, 10.1. C6H5N03 requires C, 51.8; H, 3.62; N, 10.07%)
Y max. 3080 (C-iI), 3000 (broad, -OH), 1730 (c=o) cm '. 5[(0133)230,

N.M.R7_/ 6.66 (1H, dd, Tsg 7.5 Bz, Jg, 7 Hz, H-5), 8.01 (1H, ad, J,, 7 Hz,

J
VA
J46 2.5 Hz, H-4), 8.47 (1H, d4, Jgy 2+5 Hz, Jgg 7.5 Ha, H-6) 14.1 (24, broad,
*-CozH’ -—OH)p.P,m.

(b) With base. A solution of the dioxide (300 mg) in aqueous sodium

hydroxide (2.5N, 10 ml) was heated under reflux for 3 h. The cold solution
was acidified to pH 1-2 and the white solid which separated was collected
(264 mg), m.p.251-253°, Recrystallisation from water gave 2~hydroxypyridine-
~3-carboxylic acid (214 mg) as white needles, m.p. 254-255°, identical
(m.p.,mixed m.p. and i.r.) with an authentic sample. The product gave

carbon dioxide with sodium bicarbonate solution.

Chromic acid oxidation ofA3—methylisothiazolo(5,é-g Zgzridine
Powdered chromium trioxide (1.56 g) was added portionwise over 4h to

a stirred solution of 3-methylisothiazolo/5,4-b _/pyridine (1.0 g, 0.0066 mol.
in concentrated sulphuric acid (12 ml) kept at 400. After a further 28 h at
40° the mixture was poured onto ice (20 g) and continuously extracted with
ether for 36 h. Evaporation of the dried (MgSOA) extract gave a gummy sclid
(425 mg) which was dissolved in saturated sodium bicarbonate solution (5 ml)
and exbracted with ether. The aqueous solution was acidified to pH 1=2
with concentrated hydrochloric acid and cooled when a cream coloured solid

(105 mg), m.p. 152-155° separated. Recrystallisation from aqueous ethanol

gave 2-gsulphoamidopyridine-3-carboxylic acid (72 mg) as off-white needles,

m.p. 156-158°. The material decomposed (presumably loss of carbondioxide)
on heating to ca. 176°, (Found. C, 35.8; H, 2.95; 4, 13.8; S, 15.9.
06H6N204S requires C, 35.64; H, 2.99; N, 13.86; S, 15.863))hmum (I.R.2)
3345, 3245 (NH2), 2900-2500 (bonded OH), 1710 (C = 0) 1590 (=¥l def.), 1360,

1180 (-80,8T) e . § /7( CD;), 80, N.M.R.8) 7.45 (3, broad S, -S0H,,
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-C0,11), 7.76 (14, dd, Tse 5 Hzy Jg, 8 Hz, H-5), 8.17 (1H, 44, J,. 8 Hz,

45
J46 1.9 Hz, H-4), 8.81 (1H, dad, Tes, 1.9 Hz, Jge 5 Hz, H-6) p.p.m.

Reaction of 2-sulnhoanidopyvridine=-3-carboxylic acid with zinc dust and acid
A mixture of 2-sulphoamidopyridine-3-carboxylic acid (200 mg) in glacial

acetic acid (4 ml), concentrated hydrochloric acid (1.0 ml) and zinc dust
(50 mg) was heated on a steam bath for 30 min and thereafter at 110° (cil
bath) for another 30 min. The reddish brown solution was diluted with water
(10 ml) and continuously exbtracted with ether for 36 h. Evaporation of the
dried (MgSOA) extract gave a gummy solid (59 mg). Recrystallisation from
aqueous ethanol (charcoal) gave a pink crystalline solid (36 mg) m.p. 223~
228°,  Further recrystallisation from water gave nicotinic acid as white
needles (14 mg) m.p. 230-232°%, mixed m.p. 230-232° with an authentic sampls
124

(Lit., ~“m.p. 2320). The infrared spectrum was identical in every respect

with that of nicotinic acid.

Potassium permanganate oxidation of 3,6-dimethy1isothiazolo[§,A«Q ;7pyridine
To a stirred mixture of 3,6-dimethylisothiazolo/5,4~2 _/pyridine

(935 mg, 5.7 mmol) in water (15 ml) at 75-30° was added potassium
permanganate (7.2g, 5.9 mmol) in six equal portions over 1 h. The svepersion
was heated for an additional 35 min and the manganese dioxide was separated
by filtration, digested with hot water (3x10 ml) and the liquors added to the
filtrate. The solution (pH9) was extracted with chloroform (3x20 ml) and
the dried (MgSOA) extract evaporated to give needles (114 mg) m.p. 82-39°,
Recrystallisation from light petroleun gave 3,6-dimethylisothiazolo/5,4-b _/-
pyridine (92 mg), m.p. 91-92°, undepressed with starting material.

The aqueous solution was acidified to pH 1-2 with concentrated
hydrochloric acid and continuously extracted with ether for 30 h. Evapcrazien
~ of the dried (MgSOA) extract gave a brown gummy solid (312 mg). Recrystali-

isation from water (charcoal) gave 6~methylisothiazolo£§,4—2 Jpyridin-1-

- —— -
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(2H)-one 1,1-dioxide (126 mg), as colourless needles, mp. 190-192°,

(Found: C, 41.6; H, 2.98; N, 13.7; S, 15.9. C AHeN0 3u requires C, 42.4;
H, 3.05; N, 14.10; S, 16.185). Y max. (I.R.3) 3260 (N-H), 3100-22C0 (broad),

1760 (C=0), 1240, 1170 cu” . 8[(0133),30, N.M.R.9) 2.7¢ (3H,s, CH.-6),

3

7.8 (14, 4, J., 8 Hz, H-5), 8.31 (1, d, 8 Hz, H~4), 9.36 (1H, s, -NH)

54, 45

popomo

Reaction of 6-methylisothiazolo/5,4-b _/pyridin-3(2H)-one 1,1-dioxide

with acid
The dioxide (300 mg) in 2.5 N-hydrochloric acid (5 ml) was heated

under reflux for 3h. On cooling a pale yellow solid (55 mg) separated;
it did not melt up to 360°.  The aqueous solution was continuously
extracted with ether for 24 h. Evaporation of the dried (MgSOA) extract
gave a gummy solid (82 mg). Recrystallisation from water (charcecal) gave
white plates (61 mg), m.p. 227-229°, identified as 2-hydroxy-6-methyl-
pyridine-3-carboxylic acid (lit?f5 m.p. 228°). (Found. C,54.2; H, 4.48;
N, 8.9. C,HNO, requires G, 54.9; H, 4.6; N, 9.15%).) max. 3300-2200
(bonded OH), 1720 (C::O).S[(CDB)Z SO, N.M.R.10_/2.4 (3H, s, CH4-6),

g8 Hz, B-5), 8.32 (14, 4, J,. & Hz, H~4), 13.3 (2H, bread ¢,

6.57 (14, a8, J 45

54,
—COH, -CH) p.p.m.

Chromic acid oxidaticn of 3,6-dimethyli SOtulaZulOZ—,q—b ;7pyr1d1ne
Powdered chromium trioxide (3.2 g) was added portionwise over 3h to

a stirred solution of 3,6-dimethylisothiazolo/5,4~b _/pyridine (1.0 g,
0.0061 mol) in concentrated sulphuric acid (22.0 ml) kept at 40°. After
a further 18 h at 40° the mixture was poured into ice/water (50 g).
Continuous ether extraction for 24 h followed by evaporation of the dried
(MgSO4) extract gave a gummy solid (460 mg) which was dissolved in
saturated potassium carbonate soluticn (5 ml) and extracted with ether

(3x10 ml). The aqueous solution was acidified to pH 1-2 with concentrated

hydrochloric acid and on cooling, a white solid (280 mg) m.p. 123-1280°
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was obtained. Recrystallisation from aqueous ethanol gave 6-methyl -

-2-sulphoamidopyridine=-3-carboxylic acid (117 mg) as white needles, m.p.

128-130°. The material deconposed on heating to ca. 170° (Found: C,35.9;
H, 4.33; N, 11.96; S, 13.69. C7H8N204S. H,0 requires C,37.2; Hy 4.01;
N, 11.9; S, 14.35).Y max (I.R.4) 3505 (CH), 3360, 3260 (¥H,), 1710 (C=0),
1590 (NH def.), 1340, 1180 (—SON<)em™ . SszDB)Zso, N.M.R.1172.6 (3H,
s, CH3-6), 7.38 (3H, s, —CO,H, ~S0,NH,), 7.5 (1§, d, J 8 Hz, H-5), 8.03
(14, 4, J 8 Hz, H-4) p.p.m.

The acidic éhromium solution was treated with sodium carbonate
until alkaline and the thick green suspension extracted with ether (4x40 ml).
Evaporation of the combined dried (MgSOA) extracts gave a pale yellow solid
(132 mg), m.p. 86-90°, identical (t.l.c) with startiné materizl.
Recrystallisation from light’petroleum gave 3,6-ditethylisothiazolo/5,4-b /-
pyridine (94 mg), m.p. 91-93° undepressed on admixture with an authentic
samge.

Diethyl 2-(3-methylisothiazol-5~ylaminomnethylene)malonate
A mixture of 5-amino-3-methylisothiazole (11.4 g, 0.1 mol) and diethyl

ethoxymethylenemalonate (21.6 g, 0.1 mol) was heated, with stirring, on an
oil bath maintained at 108-110°.  Samples were removed at 30 min, 1 h.,2 h
and 3 h intervals and investigated by g.l.c. on a silicone oil column at
168°, The 3 h sample showed only trace amounts of the reactants. The
course of the reaction was also followed by t.l.c. on silica gel with

chloroform as developing solvent; the crotonate was observed at R, 0.25

f

and only very small amounts of the reactants could be detected after 3 h.
The mixture was kept overnight at room temperature when it partially

solidified. The yellowish red mixture was dissolved in the minimum of cold

benzene (50 ml) and light petroleum (400 ml) was added. A yellow solid

(20 g), m.p. 67-77° separated on standing. Recrystallisation from light

petroleum (charcoal), after decantaticn from a small amount of insoluble
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resinous material, gave diethyl 2-(3-methylisothiazol-5-ylaminonethylene)-

malonate as yellow cubes (16 g, 57%) m.p. 74-77°. An analytical sample
obtained by two further recrystallisations from light petroleum had

)
m.p. 78-79°. (Found: C, 50.6; H, 5.77; U, 9.7; S, 11.4. 012H16N2048
requires: C, 50.68; H, 5.67; N, 9.85; S, 11.28%). Y max (I.R.5) 3210 (N-H),
3080, 2990, 2490, 2905 (C-Ii,) 1685 (C=0)cm™ | 5 (0DAL,, N.M.R.12) 1.34 (3,

t, J 7 Hz, -CH,.CHj), 1.38 (3, t, J7 Hz, =CH,.CHj),2.41 (3H, s, CHB;B):

2
s, H-4), 8.1 (WH, 4, J 13 Hz, =CH-), 11.22 (1§, 4, J 13 Hz, N-H) p.p.m.

4.30 (2H, q, J 7 Hz, -CH .CHB), 4.35 (2H, q, J 7 Hz, —CHZ.CHB), 6.66 (1H,

Ethyl A-hydroxy-B-methylisothiazolozg,A-p _7byridine-5~carboxylate
The above malonate (8.0 g, 0.028 mol) was added rapidly to refluxing

diphenyl ether (100 ml) contained in a flask fitted with a sealed stirrer
and an air condenser. The mixture was stirred vigorously for 20 min and
then rapidly cooled to 40-450 when a brown solid separated. The reaction
mixture was diluted with light petroleum (b.p. 100-120°, 400 ml) and the
precipitated solid collected by filtration and washed with the same solvent.
The vacuum dried product (6.2 g, 92%) sublimed without melting between
260-264°.

Purification by sublimation at 2000/0.5 mnHg gave the hydrovy-ester

as a pale yellow amorphous solid (6.0 g, 90%) which sublimes at 264,~266°.
The compound may be recrystallised from dimethylformamide. (Found: C, 5C.5;
H, 4.41; N, 11.6; S, 13.6. C, H N, 0,5 requires C, 50.4; H, 4.23; N, 11.76;

’ 107107273

max. (U.V.2)

S, 13.46%)./227 and 310 nm. Y max. (I.R.6) 3400 (broad, -CH), 2920, 1690

(C 0), 1605 ca™'. & (TFA, N.M.R.13) 1.58 (3, &, J 7 Hz, —OH,.CH,),
3.11 (3, s, CH3-3), 4,78 (2H, q, J 7 Hz, —CH,. CHB) 9.15 (1H, s, H-6) p.p.m

The compound did not give a colour with ferric chloride solution.

,-llydroxy -3-nethylisothiazolo/5,4=b _/pyridine-5-carboxylic acid

(a) Basic hydrolysis
Ethyl 4-hydroxy-3-methylisothiazolo/%,4-b _/pyridine-5-cartoxylate
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(4.0 g, 0.017 mol) in aqueous sodium hydroxide (60 ml, 2.5N) was heated
under reflux, with stirring, for 5h. The hydroxy-ester slowly dissolved
during 20 min to give a clear solution which was then cooled to 5-10o

and acidified with concentrated hydrochlcric acid. The precipitate was
collected, washed with water and dried under vacuum at 80° to give an
amorphous solid (3.5 g) m.p. 269-274° (decomposition). The material
solidified immediately after decomposition and then melted at 291—300o
(decomposition). Recrystallisation from dimethylformamide (charcoal) gave

the hydroxy-acid (2.82 g, 80%) as a white amorphous solid, m.p. 271-274°

(decomposition), followed by m.p. 295-300° (decomposition) after |
solidification (Found: C, 45.2; H, 2.81; N, 13.30; 3, 15.10. C8H6N2035
requires: C, 45.7; H, 2.88; N, 13.33; S, 15.25%).))max. (I.R.7) 3350
(broad, ~OH), 2940 (broad, carboxyl ~OH), 1680 (C=0), 1600 et b (TFA,
N.M.R.14) 2.75 (3 H, s, CHj), 9.1 (1H, s, H-6) p.p.m.

(b) Acid hydrolysis
The hydroxy-ester (1.0 g) in hydrochloric acid (5N, 20 ml) was heated

under reflux, with stirring, for 3 h. Suspended solid remained present
throughout the reaction. The mixture was cooled and the pale yellow solid
collected, washed with water and dried, (520 mg) m.p. 270-275°
(decomposition), with partial sublimation. Decomposition was followed by
formation of plates m.p. 290—2950 (decomposition). Recrystallisation
from dimethylformamide (charcoal) gave the hydroxy-acid (412 mg) m.p. 270-
274o (decomposition) contaminated with about 5% of the hydroxy-ester as

shown by its n.m.r. spectrum,

Decarboxylation of A-hydroxy—B-metbylisothiazololg,4-9 ;7pyridine-

-5-carboxylic acid

Thermal decarboxylation.
(a) The hydroxy-acid was decarboxylated in a thermogravimetric

apparatus in three 105 mg portions. Decarboxylation took place vetween
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270-280° as shown by the loss in weight indicated by the recorder. The
combined crude product (182 mg) was heated under reflux with ethanol
(10 ml) and the insoluble black material filtered off and the liquors
treated with charcoal. The ethanolic solution was concentrated to about
2 ml and allowed to cool. The white solid (94 mg, 38%) m.p. 294-298°
(decomposition) was collected and recrystallised from ethanol to give

3-methylisothiazoloé§,Afg‘;7pyrid-4—one (62 mg, 25%) as white needles,

m.p. 304-306° (decomposition). (Found: C, 50.9; H, 3.59; N, 16.9; S, 19.2.
C7H6N208 requires C, 50.59; H, 3.64; N, 16.86; S, 19.29%).>\max. (U.V.3)
225 (¢ 14,500), 268 (5,300), 294(8,100), 305 nm (7,200). ))max3 (I.R.8)
3180 (N-H), 1640 (C 0) em™ 1, & (TFA, N.M.R.15) 3.1 (3H,si}23-73.l:8 (1, d,
J 7 Hz, H-5), 8.74 (1H, 4, J 7 Hz, H-6) p.p.m. *

The compound did not give a colour with aqueous or ethanolic
ferric chloride.

(b) The hydroxy=-acid (400 mg) was heated in an open hard glass
vessel on a Woods metal bath maintained at 275-280° for 40 min. The
product was boiled with ethanol (15 ml) and the insoluble material
removed by filtration. Concentration and cooling of the filtrate, after
treatment with charcoal, gave a white solid (241 mg) m.p. 29/,-301°
(decomposition). Recrystallisation from ethanol gave 3-methylisothiazolo-
/5,4-b _/pyrid-4-one (202 mg, 65%) as white needles m.p. 304-306°
(decomposition), identical (i.r. aﬁd t.l.c) with the product obtained above.

Copper/Quinoline
The hydroxy-acid (300 mg) and copper powder (0.1g) in quinoline (5 ml)

was heated under reflux, with stirring, for 20 min. The hot solution was
filtered and allowed to cool. The filtrate was diluted with acetone and
the precipitated solid washed with a large volume of acetone to give a
pale yellow crystalline solid (179 mg), m.r. 282-293° (decomposition).
Recrystallisation from aqueous ethanol (charcoal) gave cream coloured

needles (102 mg), m.p. 294-297° (decomposition). Further recrystallisation
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of the material (50 mg) from ethanol gave B-methylisothiazolozg,4-9 ;7—

pyrid-4~one as colourless needles (36 mg), m.p. 298-302° (decomposition).

,~Chloro-3-methylisothiazolo/5,4-b /pyridine
3-ethylisothiazolo/5,4-b _/pyrid-4-one (300 mg, 1.8 mmol) and

phosphoryl chloride (6 ml) was heated on a steam bath for 2 h., The excess

phosphoryl chloride was evaporated under reduced pressure and water (15 ml)
was added to the residual gummy product. The resulting solid was collected
and washed with water to give needles (190 mg, 57%), m.p. 122-125°.

Recrystallisation from light petroleum gave A-chloro-3-methylisothiazolo-

4334‘2 _/pyridine (162 mg, 49%) as white needles, m.p. 125-126°. (Found:

C, 45.5; H, 2.52; N, 15.2; S, 17.4; Cl, 19.4. GTH5N2SCl requires:

C, 45.53; H, 2.73; N, 15.18; S, 17.37; C1, 19.205). Amax (U.V.4) 232

(£27,500) and 312 nu (5,390). & (CDC15, N.M.R.16) 2.96 (3, s, CH;-3),

3’
7.38 (1H, 4, J 5 Hz, H~5), 8.56 (14, 4, J 5 Hz, H-6) p.p.m.

A-Methoxy-B-methylisothiazolq[i)A—g ;7pyridine
4~Chloro-3-methylisothiazolo/5,4-0 _/pyridine (0.56 g, 3 mmol) was

added to a solution of sodium methoxide from (92 mg, 0.004 g atom sodium)
in dry methanol (10 ml). The mixture was heated under reflux for 3h
then the alcohol was evaporated under reduced pressure to give a pale
yellow solid (510 mg) which was dissolved in chloroform (15 ml) and
washed with water (2x10 ml). The combined washings were back extracted
with chloroform (15 ml) and the extracts dried (K2003)° Evaporation of
the chloroform gave a white solid (305 mg, 565), m.p. 138-142°.
Recrystallisation from benzene~light petroleum gave 4A-methoxy-3-

methylisothiazolo/5,4-b _/pyridine (220 mg, 40%) as white needles, m.p.

145-146°. (Found: C,53.6; H, 4.41; N, 15.7; S, 17.9. Cgil 1,08 requires
C, 53.3; H, 4.47; N, 15.55; S, 17.30;).>\max. (U.v.5) 223 (2 25,900),
298 (6,390) and 308 nn (6,390).Y max. 3080, 2980, 2820 (C-li) 1570 ca™ .

ES(CDClB, N.M.R.7) 2,91 (38, s, CHj-3), 4.05 (3H, s, -0CH;), 6.75
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(14, 4, J 5.5 Hz, H-5), 8.6 (1, d, J 5.5 Hz, H-6) p.p.m.

N-methyl-3-methylisothiazolo/5,4~b /pyrid-4-one
Dimethyl sulphate (1.0 ml) was added to a solution of

3-methyliscthiazolo/5,4~b _/pyrid-4-one (400 mg, 2.5 mmol) in aqueous
sodium hydroxide (5ml, 2.5N). The solution was stirred at room temperature
for 30 min and then heated under reflux for 30 min., A further quantity of
dimethyl sulphate (1.0 ml) was added and heating continued for a further
30 min., The yellow solution was cooled to room temperature and poured
onto ice (20 g). The pH of the solution was adjusted to 8-9 with solid
potassium carbonate and the inorganic salts which separated removed by
filtration. ~

Continuous exbraction of the filtrate with chloroform for 18 h and
evaporation of the dried (KZCOB) extract gave a gummy solid (210 mg) which

crystallised from chloroform~light petrolcum to give N-methyl-3-

methylisothiazolozg,A-g _7byrid-4—one (182 mg, 41%) as white needles,

m.p. 215-217°. (Found: C, 52.9; H, 4.49: N, 15.4; S, 18.1. CgHgll 05
requires C, 53.3; H, 4.47; N, 15.55; S, 17.80%). >\nm3:(U.V.6) 225

7560
(£19,400), 2.75&529% (9,360) and 309 nm (7,760). Y max. (I.R.9) 3060, 2980,

2920, (C-1), 1640 (C=0, ring) cm™'. (CDCl,, N.M.R.18) 2.83 (3, s, CH-3),

3’
3.73 (34, s, N—CHB), 6.25 (14, 4, J 8 Hz, H-5), 7.35 (1H, d, J 8 Hz, H-6)

p.p.m.

Conversion of A—Chloro-B-methylisothiazololg, L=b ;7pyridine to

3-methylisothiazolo[§,A-Q ;7pyridinc
Hydrazine hydrate (3.3 ml, 60. solution) was added to 4-chloro-

-3-methylisothiazolo/5,4-b _/pyridine (0.55 g, 0.003 mol) in ethanol (10 ml)
and the stirred mixture heated under reflux for 1 h. Evaporation to dryness
under reduced pressure left a gum which partially solidified on standing.

Trituration with water gave a pzle yellow solid (300 mg) m.p. 225—2320,
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identified as 4-hydrazino-}—methylisotbiaz01015,4—2 _7pyridine on the
basis of its spectroscopic properties. It could not be rscrystallised
and was used without further purification.))max (Nujol) 3320, 3230, 3200
(N-H), 1580 (N-i) on™'. § (TFA), 3.16 (34, s, CH;=3), 7.29 (1, 4, J 7 Hz,
H-5), 8.62 (1H, d, J 7 Hz, H-6) p.p.m.

An aqueous solution of copper sulphate (10%, 5 ml) was added dropwise
to a suspension of A-hydrazino-B—methylisothiazololg,L-Q _7byridine (250 mg)
in water (5 ml) and glacial acetic acid (2 ml) and the blue mixture heated
on a steam bath for 1 h. The resulting yellow suspension was made basic
(to pH 11-12) with aqueous sodium hydroxide and the brown mixture
continuously extracted with methylene chloride for 2, h. Evaporation of
the dried (K co ) extract gave a pale yellow solid (100 mg, 486) m.p.

-84 . Recrystallisation from light petroleum gave 3-methylisothiazolo-
/5,4=b _/pyridine (82 mg, 40%) as colourless plates, m.D. 84-85°, identical
(m.p, mixed m.p. and t.l.c.) with an authentic sample prepared by the

Skraup reaction.

Ethyl 4-cnloro-3-methyllsothlazolqéf 4=b ;Zpyrldlne«5 -carboxylate
Ethyl 4—nyarox1—;-menny¢1sonnlazoloLS,+—u _/pyridine-5~carboxylate

(952 mg, 0.004 mol) and phosphoryl chloride (10 ml) was heated on a steam
bath for 2.5 h; a clear solution was obtained after about 1 h. The excess
phosphoryl chloride was evaparated under reduced pressure leaving a yellow
gun, Water (20 ml) was added and the solid which formed on trituration
was collected and washed with water to give cream coloured needles (685 mg,

69%), m.p. 76-79°. Recrystallisation from ethanol gave gthyl 4=chloro—=3-

methylisothiazolo /5,4-b _/pyridine-5-carboxylate (525 mg, 53) as

colourless needles, m.p. 79-31°. (Found: C, 46.8; H, 3.54; N, 10.9;
Cl, 14.0. C, H1,0,501 requires S, 46.78; H, 3.53; N, 10.92; C1, 13.31»)
A max (U.Y. 7) 212 (am 900), 246 (22,600) and 307 nn (5,330).Y max.

(I.R.10) 2980 (C-I1), 1735 (C=C, ester) en™ . & /(3D5),50, W.i.R.19_7
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1.4 (3H, t, J 7 Hz, -0iI,.CH ), 2.91 (3H, s, CH3-3), 4.48 (24, q, J 7 Hz,

-CHZ.CHB), 9.08 (1H, s, H-6) p.p.m.

Methyl A—methoxy—B-methylisothia201015,4—9 ;7pyridine-5-car§oxylate

T ey

Ethyl /-chloro-3-methylisotniazolo/5,4-b _/pyridine-5—05;6oxylate

(0.405 g, 1.6 mmol) was added to a solution of sodium methoxide from

(46 mg, .002g atom of sodium) in dry methanol (10 ml). The mixture was
heated under reflux for 4 h and the solvent was evaporated under reduced
pressure. The residual white solid was dissolved in chloroform (15 ml)
and washed with water (2x10 ml). The aqueous solution was back extracted
with chloroform (10 ml) and the chloroform extracts dried (KZCOB) and
evaporated to give a white solid (365 mg, 91%), m.p. 86-91°. The product
was homogenous by t.l.c. Recrystallisation from light netroleun gave

methyl~4-methoxy-3-methylisothiazoloZE,A—g'_7pyridine-5-carboxylate (300 mg,

75%) as white needles, m.p. 94—950. (Found: C, 50.7; H, 4.70; N, 11.4;

Sy 1341, Cyofly 048 requires: C, 50.41; Hy 4.23; N, 11.76; s.,v13.46,%).
>\max. (U.7.8) 236 (229,500), 300 (4,265) and 310 nm (4,2651)’max. (I.R.11)
2960, 1720 (C=0), 1575 cm‘?S(CDClB, N.M.R.20) 2.87 (3H, s, CH3-3), 4.03

(3H, s, -OCHB), 4.17 (3H, s, -cochB), 9.03 (iH, s, H-0) p.p.m.

Ethyl N-mett}yl-}methylisothiazoloﬁ JA-b _/oyrid-4-one-5-carboxylate
Ethyl L—hydroxy—}-methylisothiazoloZS,4—9 n/pyridine—S—carboxylate

(0.47 g, 2.0 mmol) in dry dimethylformamide (10 ml) was treated with sodium
hydride (0.11 g, 2.3 mmol, 505 suspension in mineral 0il) and after
evolution of hydrogen had ceased, methyl iodide (0.30 g, 2.1 mmol) was
added. The mixture was heated on a steam bath for 1.5 h and the clear
yellowish brown solution poured into water (30 ml). The solution was cooled
for 48 h and the pink coloured needles (273 mg, 540), MeDe 126-128°, which
separated, were collected. Recrystallisation frox water (charcoal) gave

ethyl N—methyl—}-methzlisothiazololg,4—b _7pyrid-4-oge12;carboxxlatg (252 ng
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50%), m.p. 129-130°, as colourless needles. (Found: C, 52.10; H, 4.7;

N, 11.3; S, 12.7. C11H12N2038 requires C, 52.37; H, 4.69; N, 11.2; S, 12.71
_>\max. (U.V.9) 221 (€17,2980), 23, (16,920), 272 (5,940) and 310 nm (10,800)
Ymax. (Nujol, I.R. 12) 3080, 1700 (C=0, ester) 1640 (C=0, ring), 810 cu
8‘['(0D3)230, N.M.R.21_/ 1.3 (34, t, J 7 Hz, -CHZ.Egz), 2.66 (3H, s, CH3-3),

3.83 (34, s, N-CHB), 4.26 (2d, q, J 7 Hz, -CH2.CH3), 8,50 (1H, s, H=6) p.p.:

Attempted acetylation of ethyl 4-hydroxy-3-methyliscthiazolo/5,4=b /-

pyridine-5=carboxylate.

(a) _With acetic anhydride and sodium acetate
A solution of the hydroxy-ester (0.5 g, 2.1 mmol) in acetic anhydride

(10 ml) containing sodium acetate (0.2 g) was heated under reflux, with
stirring, for 1.5 h during which time the solution became dark brown. The
reaction mixture was poured onto ice (AO»g) and the brown oil which
separated solidified on cooling and scratching. The solid (410 mg) sublimin
at 260-268° was recrystallised from dimethylformemide (charcoal) to give
the hydroxy-ester (362 mg) as an amorphous solid subliming at 264-268°,

The infrared spectrum was identical with that of an authentic sample.

(b) With acetyl chloride and sodiun hydride
The hydroxy-ester (500 mg) was suspended in dry dimethyl formamide

(10 ml) and treated with sodium hydride (0.14 g, 2.8 mmol, 50% suspension
in mineral oil), and stirred with gentle warming on a steam bath for

20 min. Acetyl chloride (0.25 ml) was added over 3 min and the mixture
heated on the steam bath for 1 h. After cooling it was poured ontd ice
(50 g) and the precipitate was collected and washed with water to give the
hydroxy-ester (424 mg) as an amorphous solid, subliming at 260—2640. The
n.m.r. spectrum of this crude product in trifluorocacetic acid showed the
presence of ethyl A-hydroxy—3~methylisothiazolo[?,A—Q ;7pyridine—5—

-carboxylate only.
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Investigation of the reaction between 5-amino-3-methylisothiazole and

ethyl acetcacetate.
Method (a). A mixture of 5-amino-3-methylisothiazole (4.3 g,

0.038 mol), ethyl acetoacetate (4.9 g, 0.038 mol), Drierite (self indicating
10 g) and four drops of glacial acetic acid in absolute alcohol was stirred
and heated under reflux for & h. The Drierite was removed by filtration
and the solvent evaporated under reduced pressure to give a dark viscous
oil. T.l.c. showed a mixture of at least four components. G.l.c. on sil-
icone oil at 160° showed a mixture of three components with retention

times 1.2, 11.6 and 30.4 min; 5~amino-3-methylisothiazole and ethyl-
acetoacetate were also present in small amount.

An attempt at distillation under reduced pressure gave a mixture of
ethyl acetoacetate and the component with retention time 1.2 min (1.4 g)
b.p. 60-74° at 1.5 mnHg. Preparative g.l.c. on silicone oil (105, 10ft
column at 1700) gave the compound as a colourless oil which solidified at
0°. (Found: Mj'129.0789. C()H”NO2 requires: M, 129.0790). ))max. (liquid

£ilm, I.R. 13) 3440, 3340 (NH,), 2980, 2920, 2900 (C - H), 1660 (C=0) cn™ .

6'17(0D013), 100 MHz, N.M.R.22_/ 1.25 (34, t, J 7 Hz, -CHZ.EEE), 1.9
(34, s, CHy - € = CH) 4.2 (2H, J 7 Hz, -CHQ.CH3), 4.52 (1H, s, CH - C - CHa
NHp —= ﬁHg

The spectral evidence suggested that the compound wasfg—aminocrotonic ester.
It was not further investigated.

The residue in the pot after distillation still showed the two major
components (g.l.c). The gum was refluxed with diphenyl ether for 15 min
and the cold mixture diluted with light petroleum (b.p. 100-120°). An
intractable gum was obtained which was not investigated further.

Method (b). A mixture of 5-amino-3-methylisothiazole (5.7 g, 0.C5 mol

ethyl acetoacetate (6.5 g, 0.05 mol) and three drops of concentrated
hydrochloric acid was kept in an evacuated desiccator over concentrated

sulphuric acid for seven days. The red viscous oil was dissolved in
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chloroform and filtered from a small amount of red solid. T.l.c. of the
filtrate showed at least four spots. G.l.c. on silicone oil at 170° showed
a mixture of at least five components, two of which were identified as
ethyl acetoacetate and 5-amino-3-methylisothiazole. The retention times
and shapes of the peaks were identical to the components of the mixture
obtained in the previous experiment.

Preparative g.l.c. on silicone oil (103, 10 ft column) at 170° zave
the two major components. The product at retention time 20.4 min was
isolated as a yellow crystalline solid, m.p. 90-92° and identified sas

ethyl 3-(3-methylisothiazol-5-ylamino)crotonste. (Fourd: M, 226.0775.

Gy Hiq 0,8 requires M, 226.0776). Y max. (I.R.14) 3405 (W-H), 1680 (C=0,

ester), 1620 (N-H) cm '. & (CDCl., N.M.R.23) 1.31 (3H, t, J 7 Hz, -CH,.CH.),

3’ “'...-.2
1.97 (3H, s, CH,-3), 2.63 (3H, s, = EH- 952), 4.3 (2H, q, J 7 iz, -EEQ.SHB),
5.16 (1H, s, = CH.CO.C.H,.), 6.65 (1H, broad, N-H) p.p.m. The signal

27275
atd 6.65 p.p.m. disappeared on shaking with deuterium oxide.

The product at retention time 11.6 min was a yellow gummy soiid, its

n.m.r. spectrum not informative and it was not investigated further.

Investigation of the reaction between 5-amino-3-methylisothizzole and

acetylacetone.
A mixture of 5-amino-3-methylisothiazole (4.56 g, 0.0 mol), acetyl

acetone (4.0 g, 0.04 mol) and Drierite (6 g) was heated on a steam bath
for 4 h. The thick dark oily mixture was diluted with chloroform and
filtered. T.l.c. (ether) of the filtrate on silica gel showed at least
three spots, one correspending to unreacted amine., C.,l.c. of the mixture
on silicone oil at 160° showed a mixture of four components with retention
times 1.2, 2.5, 10.2 and 27.2 min, the major component being the broad peax
at retention time 27.2 min.

The chloreform soluticn was evaporated and the residue was treated
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slowly with concentrated sulphuric acid (40 ml) with cooling in a freezing
mixture., The resultant mixture was poured into ice/water (150 g) and basifi
to pH 11-12 with 504 sodium hydroxide solution. Ether extraction (3x15C ml)
gave a brown oil (800 mg) after evaporation of the dried (MgSOA) extract.
The oil showed one major peak on g.l.c., retention time 3.8 min, and oﬁly
one spot on t.l.c.

The dark brown aqueous solution was steam distilled, the distillate
(1000 ml) saturated with sodium chloride and continuously extracted with

ether for 34 h. Evaporation of the dried (MgSO,) extract gave a yellow

4
0oil (1.0 g) with the same retention time and same Ry as the product
isolated by ether extraction.

Molecular distillation of the combined crude proéuct at 2.0 mm Hg
and 85-90° (oil bath temperature) gave a colourless liquid (1.7 g).
Distillation under reduced pressure gave a colourless liquid (1.3 g), b.p.

66-68° at 0.6 mmHg, the structure of which is tentatively assigned as

5-acetyl-3,.-dimethylisothiazole on the basis of elemental and spectroscopic

analysis. (Found: C, 54.1; H, 6.06; N, 9.50; S, 19.5; M 155.0406.
CHNOS requires C, 54.18; H, 5.85; N, 9.Q2; S, 20.65%; M 155.0404).
Nmax. (U.7.10) 212 (£5,373) ard 274 na (£ 12,400)Y max. (liquid film
I.R.15) 2910 (C-H), 1675 (C=0)em™'. S (CC1,, W.M.R.24) 2.4 (3H,s, -CH,),
2.62 (3, s, -CHB), 2,64 (3H, s, -CHB) p.p.m,

The oxime from hydroxylamine hydrochloride (0.4 g), hydrated sodium
acetate (0.8 g) and the above ketone (0.2 g) in water (4.0 ml),
crystallised from aqueous ethanol as white needles (&4 mg), m.p. 128-129°.
(Found: C, 49.30; H, 6.1; N, 16.5; S, 18.9. Ctliol1o0S requires C, 49.35;
H, 5.92; N, 16.46; S, 18.83%).

The compound in dioxan and aqueous sodiun hydroxide did nct give
iodoform with excess iodine in potassium iodide even tnough tre icdine
colour discharged initially. A brown coloured soluticn was obtained, the

colour of which was not discharged with excess sodium hydroxide.
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II. APPROACHES TO ISOTHIAZOLYNES

Synthesis of 5-amino-3=chloroisothiazole-/L-carboxylic acid

Di-(sodiomercapto)metbylenemalononitrile13
Malononitrile (33 g, 0.5 mol) was added over 15 min to a stirred

suspension of godium hydroxide (40 g, 1 mol) in absolute alcohol (450 ml)
while the temperature of the mixture was maintained at 10-150. Carbon
disulphide (38 g, 0.5 mol) was added dropwise, with cooling to below

200, over a period of 30 mirn, and the resulting heavy, yellow slurry stirrec
an additional hour at room temperature. Filtration, washing with alcohol
and drying under vacuum for 24 h and at 80° over phosphorous pentoxide for

2/, h gave the salt as a pale tan powder (68 g, 78%).

3,5~Dichloroisothiazole-A-oarbonitrile13
Dry chlorine gas was passed into a stirred slurry of anhydrous

di-(sodiomercapto)methylenemalononitrile (50.0 g, 0.30 mol) in dry carbon
tetrachioride (400 ml) at 45-500 for 2 h, Heat evolution caused the
mixture to reflux for the first hour, but during the second hour it cooled
to 35-400. The colour of the reaction mixture changed from tan to yellow
and finally to reddish brown. The warm mixture was filtered from insoluble
material, the residue washed with dry carbon tetrachloride (100 ml) and
the combined filtrate and washing was evaporated to remove carbon
tetrachloride and sulphur chlorides. The residue was steam distilled

and from the distillate (800 ml), a white solid (15.0 g), m.p. 53-61° was
obtained. Recrystallisation from light petroleum gave
3,5-dichloroisothiazole~4-carbonitrile (14.0 g, 34.53), m.p. 62-64°
(lit.;]3 m.p. 64-65°).
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ﬁrAminoej-chloroisothiazole-A—carbonitri1e13
Dry ammonia gas was passed into a stirred solution of

3,5~-dichloroisothiazole~4-carbonitrile (10 g, 0.056 mol) in purified
tetrahydrofuran (500 ml) for 7 h. The mixture was kept overnight at
room temperature. The ammonium chloride (3.6 g) which separated was
removed by filtratiocn and the filtrate concentrated to about 50 ml.
Dilution with benzene (150 ml) gave a tan solid (6.9 g), m.p. 208-212°,
Recrfstallisation from methanol gave 5-amino-3-chloroisothiazole-4~-
~carbonitrile (5.6 g, 620) as tan needles, m.p. 210-212° (lit.,'> m.p.
210-212°).

5-Amino=3-chloroisothiazole-4-carboxamide
This was obtained in 71% yield, by treatment cf above nitrile with

concentrated sulphuric acid as described by Hatchard, as colourless needles,

m.p. 198-199°. (1it.,1? m.p. 198-199°).

Attempted hydrolysis of 5-amino-3-chloroisothiazcle-4-carboxamide

(a) With agueous sodium hydroxide. The amide (230 mg) was dissolved in

hot aqueous sodium hydroxide (2.5N¥, 3.0 ml) and the mixture heated for

30 min on a steam bathj; no ammonia was detected during the heating. The
cold solution was acidified to pH 2-3 with 2.5N-hydrochloric acid. At pH
6~7 a cloudiness appeared and at pH 2-3 precipitation of a white solid

(200 mg), not melting below 3000, was complete. Evolution of hydrogen
sulphide was detected during acidification. Recrystallisation of the
product from water gave off-white needles (64 mg) which did not melt

below 320° but changed colour to yellow, orange and finally brown. (Found:
C, 38.3; H, 4.0; N, 33.0; CH.N .0, requires C, 37.8; H, 3.965; N, 33.06%).
Y max. 3405, 3320 (-NH,), 2196 (C=N), 1660-1640, 1550-1490 (C=0, amide)

cm-1. The n.m.r. spectrum in (CD3)280 showed only one broad signal at

5 7.58 p.p.m,
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(b) With 90% sulphuric acid. 5-imino-3-chloroisothiazole-4-carboxamide

(500 mg) was dissolved in concentrated sulphuric acid (3 ml) and water

(0.2 m1) and the mixture heated on a steam bath for 6 h. The clear yellow
solution was poured onto ice (10 g) and the cream coloured solid which
separated was collected and washed with water (450 mg), m.p. 196-198°.
Recrystallisation from methanol gave starting material (4C0 mg), as needles,
m.p.-197~199°; mixed m.p. with an authentic sample, 196-1980, further
characterised by i.r. and t.l.c.

(c) With concentrated hydrochloric acid, The amide (1.0 g) was dissolved

in concentrated hydrochloric acid (25 ml) and heated under reflux for 15 h.
The mixtﬁre was cooled in an ice-salt mixture for 30 min and filtered from
a small amount of insoluble material. The filtrate, on dilution with water,
gave a yellow solid (400 mg) m.p. 205-211°. Recrystallisation from water
gave colourless needles (240 mg) m.p. 210-213°, identified as
5—amino-3-chloroisothiazole~4=-carbonitrile by i.r., t.l.c. and mixed m.p.,
209-212°. Continuous ether extraction of the aqueous soluticn at pH 2-3
gave none of the expected amino acid.

(d) With 100! phosphoric acid.

(1) At 140-150° The amide (500 mg) was heated with 100% phosphoric acid

(2.0 ml) at 140-150° for 1 h during which time the mixture became dark
brown. The cold mixture was poured onto ice when é brown solid (300 mg)
separated; it did not melt below 300o and its i.r. spectrum showed none of
the characteristics of an amino acid. The aqueous solution was adjusted
to pH 2-3 with potassium carbonate and continuously extracted with ether
for 24 h., Evaporation of the dried (MgSOA) extract gave no residue.
Adjustment of the pH to 6-7 and continuous ether extraction for 24 h
similarly gave no residue.

(2) At 120-130° The amide (500 mg) in 1C0s» phosphoric acid (2.0 m1) wes

heated at 120-130° for 45 min. The cold mixture was poured onto ice (20 g)
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and the cream coloured solid (285 mg), m.p. 184—1900 which separated

was recrystallised from aqueous ethanol to give colourless needles

(232 mg) of unchanged amide, m.p. 196~198°, mixed m.p. 197-198° confirmed
by i.r. and t.l.c. Continuous ether extraction of the filtrate, after
adjusting to pH 1-2 with potassium carbonate, gave no residue.

(3) At 85-90° Heating the amide (500 mg) with 100% phosphoric acid

(2.0 ml) at 85-90° for 6h gave unchanged amide (450 mg) m.p. 184-192°%;
recrystallisation from aqueous ethanol gave colourless needles (360 mg),

m.p. 197-199°.

Attempted hydrolysis of 5-amino~-3-chloroisothiazole-A-carbonitrile
The nitrile (1.0 g) was added to a mixture of ethylene glycol (8.9 ml),

water (1.8 ml) and potassium hydroxide (0.9 g) and heated under reflux for
2/ h after which the cold brown mixture was poured onto ice (20 g). The
solution was acidified to pH 2-3 with 2.5N-hydrochloric acid and filtered
from a small amount of brown solid. Continuous ether extraction of the acid
solution for 24 h followed by evaporation of the dried (MgSOA) extract
gave no residue.

During the reaction a white solid (300 mg) subliming at 116-128°
separated in the condenser; it was identified as ammonium chloride.

147
3, 5-Dichloroisothiazole-A—carboxylic acid'”

Hydrolysis of 3,5-dichloroisothiazole-4=-carbonitrile with concentrated

sulphuric acid, as described in the literature gave the corresponding amide
in 70% yield. Nitrous acid hydrolysis of the amide gave the acid (40%) as

white plates, m.p. 154=156°. (lit., > m.p. 155-156°).

Attempted preparation of 5-amino-3-chloroisothiazole-/-carboxylic acid

from 3,5-dichloroicothiazole-/-carboxylic acid.

(¢) With aqueous ammonia. A solution of 3,5-dichloroisothiazole~4~carboxyli
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acid (500 mg) in ethanol (5 ml) and aqueous ammonia (d, 0.83, 30 ml) was
heated under reflux; after 30 min another 20 ml of aqueous ammonia was
added and heating continued for a further 1.5 h. The mixture was kept
overnight at room temperature. The solvent was evaporated under reduced
pressure and water (2.0 ml) added to the residue followed by 2.5N-hydrochlori
acid (1.0 ml). After 30 min at room temperature the mixture was evaporated
to dryness leaving a white solid (500 mg) m.p. 144-152°. Two
recrystallisations from water gave 3,5-dichloroisothiazole-/~carboxylic
acid (314 mg), m.p. 155-156° undepressed on sdmixture with an authentic
sample.

Ether extraction of the agueous liquor, acidified to pH 2-3,gave a
further quantity (60 mg) of unchanged acid, m.p. 150—1550.

(b) With ammonia, Dry ammonia was passed through a boiling solution of

355=dichloroisothiazole~4~carboxylic acid (2.0 g) in dry tetrahydrofuran
(150 m1). After 10 min a thick white precipitate, presumably the ammonium
salt, separated. Sufficient aqueous ethanol (1:1) was added to dissolve

the precipitate and ammonia gas passed through the refluxing mixture for

5 h. The reaction mixture was allowed tc stand overnight at room
temperature and the solvent was removed under reduced pressure., Waler

(10 ml) was added to the residue and the solution acidified with concentrated
hydrochloric acid when a white solid (1.8 g) separated, m.p. 153-155°.
Recrystallisation from benzene gave 32,5-dichloroisothiazcle-4~carboxylic
acid (1.6 g) as white needles, m.p. 154-156° undepressed on admixbture with

an authentic sample.

3-Chloro-5-j~trifluoroacetylaninoisothiazole-4-carboxanide
3-Chloro~5-aminoisothiazolo~4-carboxamide (1.1 g) in trifluoroacetic

anhydride (6.0 ml) was kept at room temperature for 1.5 h. Wahter (50 =1)

was added to the almost clear solution and the white solid which separated
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was collected and washed well with water, (1.1 g), m.p. 148-1500.

Recrystallisation from aqueous ethanol gave 3=chloro-5-il-

trifluorocacetylaminoisothiazole=4~carboxanide (1.01 g, 70%) as colourless

plates, m.p. 150-152° (Found: C, 26.6; H, 1.1; N, 15.2; S, 11.8.

CgH N 0,57,C1 requires: C, 26.34; H, 1.105; 1, 15.36; S, 11.713). \)max.

3450, 3320 (N-H), 3260, 3240-3000, 1730 (C=GC)em .

3=Chloro-5-ii-trifluoroacetylaminoisothiazole-A-carboxylic acid
A solution of sodium nitrite (0.21 g, 0.003 mol) in water(0.7 ml)

o

was added over 10 min to a stirred cold sclution (5~10°) of 3-chloro~5-
-N-trifluorocacetylamincisothiazole~4-carboxamide (0.55g, 0.002 mol) in
concentrated sulphuric acid (2.7 ml) and water (0.7 ml). Addition was
made at such a rate that the temperature was maintained at 10-15°. It
was further stirred at room temperature for 30 min and then at 50-60°
for 20 min. The cold mixture was poured onto ice-water (20 g) and the
resulting yellow solid (230 mg), m.p. 143—1460, was recrystallised from
benzene (charcoal), after removal of & small quantity of irsoluble

material, to give 3-chloro-5-li-trifluoroacetylaminoisothiazole=4~

—carboxylic acid (109 mg, 205) as white needles m.p. 148-149° (Found:

C, 26.5; H, 0.90; N, 10.2; S, 12.0. 06H2N2033F301 requires: C, 26.24;

H, 0.73; N, 10.2; S, 11.695) Y max. 3480, 3260, 3200-2300, 1730 (C=0)cm .

5-Amino-3=-chloroisothiazole=4-carboxylic acid

—

3-Chloro=-5-i-trifluoroacetylaminolsothiazole~4~carboxylic acid

(80 mg) was treated with saturated potassium carbonate solution (2.0 ml)
and warmed at 45-50° for 10 min. The cold solution was allowed to stand
at room temperature for 30 min and then acidified with concentrated

hydrochloric acid, with cooling to 0°. The flocculent white solid which
separated (50 mg) did not melt below 300°. Recrystallisation from water

gave 5-amino-3-chloroisothiazole-4-carboxylic acid (33 mg, 64.), as
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white needles which did not melt up to 335°, (Found: C, 27.0; H, 1.8;
N, 15.5; S, 18.1. C,Hl,0,C1 requires C, 26.9; H, 1.69; N, 15.68;
S, 17.945). Y max. (I.R.17) 3460, 3310 (NH2), 3000~2300 (bonded-0H),
1695 (C=0), 1610 (W-U)ca™ ',

The amino acid was similarly obtained (51% yield) by treatment of
the trifluoroacetylamino compound with cold 2.5N-~sodium hydroxide

followed by acidification.

Synthesis of A-amino=3-methvlisothiazole-5-carboxylic acid

3-Methyl-4-nitroisothiazole-5-mercuriacetate
3-Methyl-4-nitroisothiazole (5.2 g, 0.036 mol) and mercuric acetate

(14.0 g, 0.022 mol) in aqueous ethanol (24 ml, 507) and glacial acetic
acid (2 ml) was heated under reflux, with stirring, for 5 h. A solid
began to separate after one hour. The yellow mixture was cocled to room
temperature, diluted with water (100 ml) and allowed to stand at room
temperature for 2 h. The yellow solid was ccllected, washed with water
and dried (11.4 g, 765 calculated as the mercuriacetate) m.p. 199-201°.

A sample recrystallised from glacial acetic acid gave the mercuriacetate

as white needles, m.p. 199-2000. A satisfactory analysis could not be
obtained. (Found: C, 16.5; H, 1.4; Hg, 32.8; N, 2.3; S, 6.66.

CéHéHgNZOAS requires: C, 17.89; H, 1.50; Hg, 49.8; N, 6.95; S, 7.96%).
5-Bromo-3-metnyl-i-nitroisotniazole
(a) From 5-amino-3-methylisothiazole. 5-Bromc-3-methylisothiazole, b.p.

71-73° at 13-14 mmilg, was obtained in 30% yield from the adove amine by
diazotisation and treatment with cuprous bromide as described by
Adams and Slack.6

Nitration of the bromo-compound with fuming nitric acid in
concentrated sulphuric acid, as described by the same authors gave

5-bromo-4-nitro-3-methylisothiazole as colourless needles, m.p. 75-770

(lit.,6 m.p. 77-78°%) in 43 yield.
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(b) From 3-methyl-4-nitroisothiazole-5-mercuriacctate . 3-Methyl=/-

-nitroisothiazole-5-mercuriacetate (7.2 g) was suspended in water (60 ml);
sodium bromide (4.12 g, 0.036 mol) and bromine (3.2 g, 0.04 mol) were added
and the mixture stirred at room temperature for 20 h. The pale yellow
solid which separated during the course of the reaction was collected,
washed with water and dried, (2.9 g), m.p. 70-75°. It was dissolved in
ether and filtered from a small amount of insoluble material. Evaporation
of the dried (1gsO,) solution gave a crystalline solid (2.8 g), m.p. 71-75°%;
recrystallisation from ethanol gave 5-bromo-3-nethyl-4-nitroisothiazole
(2.25 g, 60%) as colourless needles, m.p. 75-77°, A mixed m.p. with the
bromo~compound prepared as described above was 75-17°.

3-Methy1-4rnitroisothiazole:5-carbonitr11323
Dimethylformamide (2.0 g) was added to a stirred refluxing suspension

of 5-bromo-3-methyl-4-nitroisothiazole (3.0 g, 0.013 mol) and cuprous
cyanide (2.6 g, 0.029 mol) in light petroleum (b.p. 100-120°, 65 ml) end
the mixbture heated for 3.5 h. The hot solution was decanted from the
residue which was extracted with boiling light petroleum (b.p. 100-1200,
2x25 ml). The combined petroleum extracts were concentrated to
approximately 40 ml, cooled to 0° and the crude product collected (2.0 g),
m.p. 102-105°. Recrystallisation from light petroleum (b.p. 100-120°)

gave 3-methyl-j-nitroisothiazole-5-carbonitrile (1.5 g, 66%), as glistening
plates, m.p. 104=106° (1it.,*> m.p. 103-104°).

A—Aminof3-methylisothiazolefﬁ-carboleic acid23
Ferrous sulphate (FeSOA. 7 H,0, 51.6 g, 0.19 mol) in water (550 ml)

was added to a well stirred suspension of barium hydroxide Zgé(OH)z.S H, 0,
315.4g, 1.0 mol_7 in water (1.65L) at 70°. 3-Methyl-4-nitroisothiazole-
~5-carbonitrile (3.4 g, 0.02 mol) was added in four portions at 5 min
intervals to the stirred mixture which was maintained at 900, and then
heated for a further 1.25 h at this temperature. The brown inorganic

materials were removed by filtration, the filtrate cooled to 0° and acidific
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to pH 1-2 with concentrated hydrochloric acid. The aqueous solution was
continuously extracted with ether for 36 h and evaporation of the dried
(MgSOA) extract under reduced pressure gave a yellow solid (1.2 g),

m.p. 182-191°, Recrystallisation from water (charcoal) gave the amino

acid (1.0 g) as pale yellow needles, m.p. 192-198°, Further recrystallisaticn
gave the pure amino acid (622 mg, 20%), as colourless needles, m.p. 203~204°
(1it.,*> m.p. 203°)

23

3=-Methyl-A-nitroisothiazole-5=-carboxamide
Hydrolysis of 3-methyl-4~nitroisothiazole-5-carbonitrile with sulphuric

acid as described by Holland and co-workers gave the carboxamide (393) as
cream colcured needles, m.p. 164-165° (lit.,23 m.p. 166°).

3-Methyl-4i=-nitroisothiazole=~5~carboxvlic acid23
(a) 3-iethyl-i-nitroisothiazole~5-carbonitrile (1.1 g, 0.06 mol) was

added to a mixture of concentrated sulphuric acid (3.0 ml) and water (0.71 ml)
and the solution heated to 79-30° for 6 h. The cold solution was poured
onto ice (10 g) and the separated solid dissolved in sodium hydroxide
solution (20, 5 ml). Filtration from insoluble material and acidification
of the filtrate to pH1 gave the nitro acid (0.35 g), m.p. 118-120°
(decomposition). The filtrate was extracted with ether (2x50 ml) and the
combined, dried (MgSOA) ethereal extract upon evaporation under reduced
pressure gave a further amount of the nitro acid (0.25 g) m.p. 118-120°
(decomposition). Recrystallisation from toluene gave 3-methyl-/-
~-nitroisothiazole-5-carboxylic acid (0.51 g, 464), as white needles, m.p.
119-120° (decomposition) (lit.,23 m.p. 120°).

When the hydrolysis was carried out at 83-850 only 3-methyl-
~J-nitroisothiazole {57%) was obtained.

(b) 3-Methyl-4-nitroisothiazole-5-carboxamide (0.935 g, 0.05 mol) in
sodium hydroxide solution (2.5H, 15 ml) was heated on a steam bath for
45 min. The cold solution was acidified to pH 1-2 with dilute hydrochloric

acid and continuously extracted with ether for 48 h. Evaporation of the
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dried (MgSOA) extract gave an amorphous solid (140 mg) which was
dissolved in saturated sodium bicarbonate solution. Addition of acid
gave a white precipitate (106 mg), m.p. 114-118°. Recrystallisation
from toluene gave 3-methyl-i-nitroisothiazole-5-carboxylic acid

(82 mg, 95) as white nesdles, m.p. 118-120° (decomposition).

Attempted reduction of 3~methyl-A-nitroisothiazole-5-carboxylic acid

with palladium charcoal-sodium borohydride.
Sodium borohydride (0.26 g, 0.06 mol) in water (5 ml) was added

to a suspension of palladised charcoal (104, 16 mg) in water (5 ml). A slow
stream of nitrogen was bubbled through the mixture and a solution of
3-methyl~j-nitroisothiazole~5-carboxylic acid (0.56 g, 0.003 mol) in
methanol (10 ml) was added dropwise during 10 min. The mixture was

allowed to stand at room temperature for a further 10 min and then made
acid (pH 2-3) with dilute hydrochloric acid. Continuous ether extraction
of the aqueous solution for 2 h followed by evaporation of the dried
(MgSOA) extract gave a brown water soluble gum (162 mg) from which no aminc

acid could be obtained.

3—Methyl—-4—-nitroisothiazole6
This was prepared by the nitration of 3-methylisothiazole with

potassium nitrate in 20% fuming sulphuric acid at 100° as deseribed by
Adams and Slack. The compound, a pale yellow oil, b.p. 92° at 8 mni g,
was cbtained in 78, yield.

4-Nitroisothiazole-3-carboxvlic acid23
3-Methyl-4-nitroisothiazole (43.2 g, 0.3 mol) was added dropwise

to concentrated sulphuric acid (270 ml), with stirring, below 300. The
reaction mixture was warmed to 40-450 and powdered chromium trioxide
(90.0 g, 0.90 mol) added portionwise during 6 h to the stirred solution,
the temperature being kept between 40-45°. (this was essential in order

to moderate the vigour of the reaction). Stirring was continued overnight
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at 40-450 and the thick green mixture was poured onto ice (800 g). The
resulting solution was extracted with ether (4x250 ml) and then
continuously extracted for 24 h. The combined ether extracts were washed
with water, dried (MgSOA), and evaporated under reduced pressure to give
a pale yellow semi-solid (21.2 g). The solid was dissolved in saturated
potassium carbonate solution and extracted with ether (2x250 ml). The
exbtracts were combined, dried (MgSOA) and evaporated to give 3-methyl-
-4-nitroisothiazole as a pale yellow oil (4.1 g) identified by i.r. and t.l.
The aqueous alkaline solution was acidified with &i-hydrochloric acid
and extracted with ether (4x200 ml). The combined, dried (MgSOA) extracts
upon evaporation gave the nitro-acid (12.1 g), m.p. 140-143°.
Recrystallisation from benzene gave A-nitroisothiazolé—3-carboxylic acid
(10.2 g, 21%) as colourless needles, m.p. 144-146° (lit.,23 m.p. 146°).

J-Aminoisothiazole~3=carboxylic acid

(a) Ferrous sulphate/ammonia reduction. L=-Nitroisothiazole-3-carboxylic

acid (2.2 g, 0.0127 mol) in a hot mixture of absolute ethanol (75 ml) and
aqueous ammonia (d, 0.28, 35 ml) was added in small portions over 15 min
to a vigorously stirred hot (900) solution of ferrous sulphate, (FeSOA.

7 H,0, 30.5 g, 0.11 mol) in water (i00 ml). Throughout the addition the
temperature was maintained at 85-90°. Thirty minutes after the last
addition,the black inorganic materials were removed by filtration, the
filtrate concentrated to about 100 ml, cooled to 0° and acidified to pH 1
with concentrated hydrochloric acid. Continuous ether extraction of the
acqueous solution for 36 h and evaporation of the dried (Mg804) extract

under reduced pressure gave a pale yellow crystalline solid (1.0 g), m.p.

188-190°. Recrystallisation from water (charcoal) gave 4-aminoisothiazolc-

~3-carboxylic acid as pale yellow needles (0.80 g, 44s) m.p. 190-191°.

(Found: C, 33.0; H, 2.7; ¥, 19.5; S, 21.7. GAH43202S requires O, 33.3;

H, 2.93; N, 19.43; S, 22.24.). Y max. (I.R.16) 3080 (C-~l), 2000-2360
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(NH3+), 2080 (band characteristic of amino acids), 1650-1550 (GO, )en™ .
£§zﬁbD3)zso, N.M.R.25_/ 6.55 (3I, broad, NH3+) 7.7 (14, s, H=5) p.p.m.

{b) Ferrous sulphate/barium hydrowxide reduction. Barium hydroxide,

(Ba(OH)2~ 81,0, 29.3 g, 0.09 mol) in water (200 ml) was heated on a steam
bath to 800, with vigorous stirring. A cold solution of ferrous sulphate
(FeSOA. 7 H,0, 25.8 g, 0.09 mol) in water (100 ml) was added, followed by
a hot solution of 4-nitroisothiazole-3-carboxylic acid (1.75 g, 0.01 mol)
in ethanol (10 ml) over a period of 15 min. The stirred mixture was heated
at 85-90° for 1.5 h after which inorganic solids were removed. The
filtrate was cooled to 00, acidified to pH 1 with 2.5N-hydrochloric acid
and continuously extracted with ether for 72 h. Evaporation of the dried
(MgSOA) extract gave a pale yellow crystalline solid i}OO mg), m.p. 184~
187°. Recrystallisation from aqueous ethanol gave pale yellow needles

of 4~aminoisothiazole-3-carboxylic acid (200 mg, 14%), m.p. 186-187°. Furth
recrystallisation from water raised the m.p. to 189-1910; mixed m.p.
189-191°,

(¢c) Hydrolysis of A-aminoisothiazole-3-carboxamide 4-Aminoisothiazole-

_3-carboxamide114 (150 mg) in aqueous sodium hydroxide (R.5N, 40 ml) was
neated on a steam bath for 30 min; ammonia wés freely evolved. The cold
solution was acidified to pH 4 with 2.5N-hydrochloric acid when a white
solid separated (20 mg), m.p. 185-186°. The filtrate was continuously
extracted with ether for 24 h and the dried (MgSOA) ethereal extract
evaporated under reduced pressure to give a pale yellow crystalline solid
(100 mg) m.p. 185-1870. Recrystallisation of the combined solids from
water gave the amino acid as pale yellow needles (56 mg, 50»), m.p. 187-188°
Further recrystallisation raised the m.p. to 189—1910; the i.r. spectrum
was identical with that of the amino acid obtained by reduction of the

nitro acid.
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Attempted reduction of 4-~nitroisothiazole-3-carboxylic acid with

palladium charcoal-sodium borohydride.
Sodium borohydride (0.26 g, 0.06 mol) in water (5 ml) was added to a

suspension of palladised charcoal (105, 16 mg) in water (5 ml). A slcw
stream of nitrogen was bubbled through the mixture and a solution of
4-nitroisothiazole-3-carboxylic acid (0.52 g, 0.003 mol) in methanol (10 ml)
was added dropwise during 10 min. The mixture was allowed to stand at room
temperature for 10 min and then acidified to pH 2-3. Continuous ether
extraction of the aqueous solution for 24 h followed by evaporation of the
dried (MgSOA) extract gave a gummy solid (106 mg) which was shown by t.l.c.
to consist of a mixture of the nitro-acid and the amino acid (ca 1:1); a
system of butanol, acetic acid and water (8:1:1) was used as developing
solvent. Attempted crystallisation from aqueous ethanol gave a solid

(66 mg) m.p. 148-162°, Further purification could not be achieved and the
infrared spectrum indicated that it was impure amino acid.

L—=Todoisothiazole=3-carboxylic acid
/~Aminoisothiazole=3~carboxylic acid (0.44 g, 3 mmol) was dissolved

in a mixture of concentrated sulphuric acid (0.75 ml) and water (3 ml) by
warming and then cooled to 0-5° when a gnlid, presumably the salt,
separated. A solution of sodium nitrite (0.22 g, 3.2 mmol) in water

(1.5 ml) was added dropwise to the stirred mixture keeping the temperature
below 5°. After stirring for 5 min a solution of potassium iodide (0.51 g,
3,07 mmol) in water (2 ml) was added dropwise; a brown solid separated.

The mixture was kept at room temperature for 5 min and then warmed to 40~
450; frothing occurred whilst nitrogen was evolved and a solid separated.
After 10 min the mixture was heated for 10 min on a steam bath, then
cooled in ice water. Excess iodine was removed by the addition of a
little solid sodium bisulphite. The solid was collected, washed with water,
and recrystallised from water (charcoal) to give the iodo-acid (300 ng,

40/5) as colourless needles, m.p. 184—1850. (Found: C, 19.2; H, 0.87; N, 5.22
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S, 12.50; I, 49.80. G H,NO,SI requires C, 18.82; H, 0.78; N, 5.52;
S, 12.57; I, 49.73%). Y max 3080 (C-H), 2900-2550 (bonded OH), 1720

(c=0), 800 om™ T,

L-Isothiazclediazonium-3-carboxylate hydrochloride :
L~Aminoisothiazole-3-carboxylic acid (600 mg, 4.2 mmol) was dissolved

in a mixture of dry methanol (100 ml) and dioxan (50 ml) saturated with
dry hydrogen chloride at 25—300. The stirred solution was treated dropwise
at 10~12° with isoamyl nitrite (1.0 ml, 7.4 mmol) and then kept at 0° in

the dark for 1 h. After dilution with dry ether (500 ml), the mixture was

kept 1 h in the dark at 0° and the white solid diazoniumcarboxylate

hydrochloride collected on a plastic funnel and washed with dry ether,

(500 mg, 63%) m.p. 163-165° (decomposition). (Found: C, 25.1; H, 1.10;
N, 22.0; S, 16.6, 64%5%92501 requires: C, 25.07; H, 1.052; N, 21.93;
S, 16.6%). ) max. 3105 (C-H), 2900-2520 (bonded OH), 2258 (-N =N), 1708
(C:O)cm- .

The salt was stored at Oo, under nitrogen, in the dark.

Attempted preparation of 1- (3=-carboxy-i-isothiazolyl)=3,3=dimethyltriazene
L-Aminoisothiazole-3-carboxylic acid (0.44 g, 0.003 mol) was dissolved

in a mixture of concentrated sulphuric acid (0.75 ml) and water (3.0 ml).

The stirred mixture was cooled to 0-5° and a solution of sodium nitrite

(0.22 g) in water (1.5 ml) added slowly, keeping the temperature below 5°,
'The cold diazonium solution was then added over 5 min to a stirred

solution of dimethylamine (0.8 g) in sodium carbonate (2.0 g, 0.019 mol)

in water (7.0 ml). The resulting yellow mixture was stirred for 30 min at

10-15O and then acidified with O.1N-hydrochloric acid to pH 4~5. Continuous

chloroform extraction for 28 h gave no product.
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Attempted generation of isothiazolynes

Investigation of the reaction between 5-amino-3-chloroisothiazole-/~-

~carboxylic acid and isocamylnitrite in the presence of 2,3,4,5-

~tetraphenylcyclopentadienone (tetracyclone)
5-Amino-3-chloroisothiazole-4~carvoxylic acid (300 mg, 1.7 mmol) in

1,2-dimethoxyethane (10 ml) and isoamylnitrite (1.0 ml, 7.5 mmol) in
1,2-dimethoxyethane were added in portions, from separate funnels, to a
stirred refluxing solution of tetracyclone (400 mg, 1.05 mmol) in
1,2~dimethoxyethane under nitrogen. It was necessary to warm the amino
acid solution to 35-400 to prevent solid separating. Addition was made
over 20 min and the mixture heated for a further 10 min when the purple
colour charged suddenly to light yellow. Evaporation of the clear solution
under reduced pressure gave an orange coloured semi-solid (700 mg); t.l.ce.
(methylene chloride) showed at least three spots.

The semi solid was dissolved in chlercform (15 ml) and extracted
firstly with saturated potassium carbonate solution (7 ml) and then with
éN-hydrochloric acid (10 ml). Each aquevus extract was back extracted with
chloroform (8 ml) which was added to the chloroform solution.

Basification of the acid extract followed by continuous ethex
extraction gave no residue.

Acidification of the alkaline solution with dilute hydrochloric acid
foll&wed by ether extraction (3x15 ml) and evaporation of the dried extracts
gave & yellow gummy solid (98 mg). Trituration with benzene gave a yellow
solid (65 mg), m.p. 212-234°. Recrystallisation from water (charcoal)

gave 3-chloroisothiazole~/—-carboxylic acid (44 mg) as colourless needles,

m.p. 241-2420. (Found: C, 29.2; H, 1.19; N, 8.5; Cl1, 21,50, CAHZNOZSCl

requires C, 29.37; H, 1.22; N, 8.6; C1, 21.685). Y max. 3110 (C-H), 2900-
2520 (broad, bonded -OH), 1720 (C=0)cw™' O [(5D,),50, H.M.R.26.7 5.58

®
(14, s, =uH), 9.7 (1, s, H-5) p.p.m.

Py



148

Evaporation of the dried (MgSOA) chloroform solution gave a yellowish-
brown semi-solid (580 mg), t.l.c. of which showed the same three spols as
above. The material was subjected to dry column chromatography on silica .
gel (45 g, 13" x 1") with methylene chloride as developing solvent; the
column was divided into thirteen fractions each of which was eluted,
examined oy t.l.c., and the appropriate fractions combined.

Fractions 1-6 gave a yellow semi solid (76 mg).

Recrystallisation from acetone-ligh petroleum (b.p. 40-60°)
gave 2-benzoyl-3,4,5~triphenylfuran (47 mg), m.p. 166-167°,
identical (mixed m.p., t.l.c. and i.r.) with an authentic
sample.

Fractions 7-8 gave a yellow gummy solid (73 mg) which

showed a major compound and a trace of two other compounds
on t.l.c. Further dry column chromatography gave the
major compound as a yellow solid (85 mg); recrystallisation
from ethyl acetate-light petroleum gave yellow needles

(49 mg), m.p. 166-168°. (Found: C, 85.4; H, 5.07.

(G, Hg0) | Tequires C, 85.69; H, 4.83). ) max. 3400 (-OH),
3040, 3010 (C-l1), 1740 (C=0) eu™ 1. & [(en,), €07 6.92-
7.3 (aromatic H's).

Fractions 9-13 gave a solid (191 mg); recrystallisation

from benzene-light petroleum gave 2,3-dihydroxytetra-
phenylcyclopentenone as colourless needles (162 mg), m.p.
189-191°, identical (mixed m.p., t.l.c. and i.r.) with an
authentic sample.

. 8
gJB,ALS-Tetraphenyl—2L}:@;deroxycyclpoentenone11
Oxidation of 2,3,4,5-tetraphanylcyclopentadienone with nitric acid

in dioxan as described in the literature gave tne dihydroxycyclopentenone

113

as colourless needles m.p. 139-191° (lit., m.p. 190-191°).
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2—ngggzl—3,4,5—trigbenzL§pran118
Treatment of the foregoing dihydroxycyclopentenone in pyridine with

alcoholic potaasium hydroxide as described by Dilthey and co-workers gave
2-benzoyl-3,4,5=-triphenylfuran as buff coloured needles, m.p. 165-167°

(1it., "8 m.o. 166-167°).

Investigation of the reaction betwecn tetracvclone and isoamyl nitrite

in the presence of trichloroacetic acid.
A stirred mixture of tetracyclone (0.35 g), isoamylnitrite (1.0 ml)

and trichloroacetic acid (5 mg) in 1,2-dimethoxyethane (10 ml) was heated
under reflux; the purple colour of the tetracyclone faded gradually and
after 25-30 min, solvents wegéygﬁgxithe clsar yellow soiution leaving a
gunmy solid (0.36 g). Treatment with benzene-light petroleum gave a solid
(280 mg),m.p. 160-179°. Recrystallisation from benzené (charcoal) gave
2,3-dihydroxy-2,3,4,5~tetraphenyleyclopent~4=-enone (220 mg, 60%) as white
needles, m.p. 189-191°, identical (mixed m.p., i.r. and %.l.c.) with an

authentic sample.,

Investigation of the reaction between 4-amino-3-mecthylisothigzole-—

5~carboxvlic acid and isoamylnitrite in the presence of tetracyclone.
L-Amino-3-methylisothiazole~5-carboxylic acid (500 mg, 3.15 mmol) in

1,2-dimethoxyethane (7.0 ml) and isoamyl nitrite (1.0 ml, 7.5 mmol) in
1,2-dimethoxyethane (6 ml) were added in portions from separate funnels,
to a stirred refluxing solution of tetracyclone (900 mg, 2.3 mmol) in
1,2-dimethoxyethane under nitrogen. Addition was made over a period of
45 min and heating continued for another 45 min during which time the
purple colour of the solution gradually changed to pink. Evaporation under
reduced pressure gave a yellowish-red oil (1.41 g); t.l.c. (methylene
chloride) showed a mixture of at least five components.

The residue was dissolved in chloroform (10 ml) and extracted first
with saturated potassium carbonate solution (5 ml) and then with

@Al-hydrochloric acid. Each agueous extract was back extracted with
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chloroform (5 ml) which was added to the chloroform solution.

Basification of the acid extract followed by ether extraction
(3 x 10 ml) and evaporation of the dried (MgSOA) extracts gave no
residue,

Acidification of the alkaline solution with dilute hydrochloric acid
followed by ether extraction (3x10 ml) and evaporatidn of the dried
(MgSOA) extracts gave a brown oil (42 mg) which could not be obtained
crystalline and was not further investigated.

Evaporation of the dried (MgSOA) chloroform soluticn left a yellowish
red oil (1.22 g) which was chromatographed on a column of dry alumiaa
(activity II - III, 200 g, 36" x 1") using methylene chloride as
developing solvent. The column was divided into thirtysix portions and
these were combined appropriately after t.l.c. examination.

Fractions 1-7 (82 mg) gave a mixture of three components.

Preparative t.l.c. on silica gel (PFZSA’ 1.3 mm, 20x20 cm)
with methylene chloride gave

(a) tetracyclone (15 mg)

(b) 2-benzoyl—3,4,S-triphenylfurgn (16 mg)lm.p. 164,-166°
from acetone-light petroleum (b.p. 40-60°); identical
(mixed m.p., t.l.c. and i.r.) with an authentic sample.
(¢) 3-methyl-4-nitroisothiazole (34 mg) as a yellow oil;
identified by comparison (g.l.c., t.l.c. and n.m.r.) with
an authentic sample, |

Fractions 10-20 gave a gum (226vmg); preparative t.l.c.

on silica gel (PF254, 1.5 mm, 20x20 cm) with methylene
chloride as developing solvent gave three products:
(d) a solid (26 mg) m.p. 166-168°, identical with the

compound (012H80 obtained in the previous trapping

)n

experiment (p.148)
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(e) a white solid (68 mg). Recrystallisation from
benzene-light petroleum gave the compound (31 mg)

as plates, m.p. 161-164°, after softening from 155°.
(Found: C, 76.8, H, 5.99; (06H6o)n requires C, 76.57;
H, 6.435). ) max. 3420 (-0H), 2050, 2900 (C-H),

1750 (C=0) cn™ .

(f) 2,3-dihydroxytetraphenyleyclopentenone (86 mg),
m.p. 189-191° from benzene-light petroleum, identical

(mixed m.p., t.l.c. and i.r.) with an authentic sample.

Fractions 26~36 gave a further amount (97 mg) of

2,3-dihydroxytetraphenylcyclopentenone.

Investication of the reaction between A-amino-3-methylisothiazole-

-5-carboxylic acid and isoamyl nitrite in the preseunce of furan,
A=Amino-3-methylisothiazole~5~carboxylic acid (0.632 g, 0.004 mol)

in dry 1,2-dimethoxyethane (10 ml) and isoamyl nitrite (1.5 ml, 0.0112 mol)
in 1,2--dimethoxyethane (10 ml) were added, in portions from separate funnels
to a stirred refluxing solution of furan (15 ml) and 1,2-dimethoxyethane
(15 m1). Addition was made over 35 min and the mixture heated for another
1 h thereafter. Evaporation cof the clsar soclution under reduced pressule
gave a brown oily residue (608 mg); t.l.c. (benzene) showed one major spot.

The residue was dissolved in chloroform (10 ml) and extracted first
with saturated sodium bicarbonate solution (6 ml) and then with
@i-hydrochloric acid (6 ml). Each aqueous extract was back extracted with
chloroform (10 ml) which was added to the chloroform solution.

Basification of the acid extract followed by continuous ether
extraction gave no residue.

Acidification of the alkaline solution with dilute hydrochloric acid
followed by continuocus ether extraction for 24 h and evaporation of the
dried (MgSOA) extract gave a brown oily residue (121 mg) which could not

be crystallised and was not further investigated.
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Evaporation of the dried (MgSOA) chloroform solution gave a reddich
brown o0il (1338 mg); t.l.c. showed only one major component. Molecular
distillation of the neutral fraction at 73-76° (oil bath) at 1 mmig gave
a pale yellow oil (82 mg) which slowly turned red on standing. The
product showed one peak on g.l.c. (t, 3.8 min, 55 carbowax, 1640) and
was homogeneous by t.l.c. The product was identified as

4=(2'-furyl)=3-methylisothiazole, (Found: M+, 165.025. CgHl0S requires,

M, 165.0249), 6(CDC1,, N.M.R.27) 2.66 (3H, s, CH,-3), 6.55 (2H,m), 7.5

3’
(1H, m), 8.73 (14, s, H-5) p.p.m.

Invegstigation of the reaction between A-amino-3-methylisothiazole-

=5=carboxylic acid and anthracene with isocamyl nitrite.
L-Amino-3-methylisothiazole~5-carbozylic acid (1.2 g, 0.0075 mol) in

1,2-dimethoxyethane (15 ml) and isoamyl nitrite (2 ml, .0224 mol) in
1,2~-dimethoxyethane (13 ml) were added, in portions from separate funnels,
to a stirred refluxing suspension of anthracene (1.78 g, 0.01 mol) in
1,2-dimethoxyethane. Addition was made over 20 min and the red soluvion
heated for another 20 min. Solvents were removed under reduced pressure
to give a reddish brown gum (2.68 g).

The regsidue was dissolved in chloroform (25 ml) and extracted firs
with saturated sodium bicarbonate solution (10 ml) and then with
@i-hydrochloric acid (10 ml). Each aqueous extract was back extracted
with chloroform (10 ml) which was combined with the chloroform solution.

Basification of the acid extract followed by continuous etner
extraction gave no residue.

Acidification of the alkaline solution with dilute hydrochloric
acid followed by continuous ether extraction gave a brown gum (102 mg)
which resisted crystallisation and was not further investigated. |

Evaporation of the dried (MgSOA) chloroform solution gave a reddish

brown gum (2.08 g). T.l.c. (benzene) showed a major spot corresponding
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to anthracene and a trace of two other compounds. The mixture was
subjected to chromatography on neutral alumina (60 g, 2.5x15 cm) and
eluted as follows:

Fraction (1) Light petroleum (10x25 ml) gave anthracene (1.62 g)

Fraction (2) Light petroleum 90i~ether 1057 (8x25 ml) gave 100 mg

of a yellow solid consisting mostly of anthracene,

Fraction (3) Light petroleum 80%-ether 207 (4x25 ml) gave 6/ mg

of a gum consisting of a yellow spot and a trace of
another compound.

Fraction (4) Light petroleum-ether (50:50, 4x25 ml) gave 20 mg

of gummy solid as in (3)

Fraction (5) Ether (100 ml) gave no residue.

Fraction (6) Methanol (200 ml) gave a brown residue which was not

investigated further.

Fractions (3) and (4) were combined and further subjected to dry
column chromatography on silica gel (55 g, 10x1") and eluted with carbon
tetrachloride. The major compound was obtained as a yellow gum (48 mg)
which was recrystallised from light petroleum to give yellow needles (40 mg)
m.p. 145-146°, identified as 9-nitroanthracene (1it., m.p. 146°) (Found:
MJ 223.0634. G, HJi0, requires X, 223,0633) . A max. (U.V.11) 252 nm
(¢ 78,000). § (oac13, N.M.R.28) 7.27-3.06 (84, m), 8.44 (13, s) p.p.m.

The minor component was obtained as pale yellow needles (8 mg), from

acetone, m.p. 225-227°, The compbund was identified as 9-(3-methyl-4-iso-

thiazolyl) anthracene on the basis of its ultraviolet spectrum which was

+
very similar to that of 9-nitroanthracene. (Found M, 275.0774.

018}113143 requires M, 275.0789). >\max. (0.v.12) 254 nm.
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Investigation of the reaction between A-aminoisobhiazole-3-carboxylic

acid and isoamyl nitrite in the presence of tetracyclone.
A suspension of 4-aminoisothiazole-3-carboxylic acid (1.44 g, 0.01 mol)

in 1,2-dimethoxyethane (20 ml) and isoamyl nitrite (2.5 ml, 0.012¢ mol) in
1,2-dimethoxyethane (8.5 ml) were added in portions to a stirred refluxing
solution of tetracyclone (3.84 g, 0.0l mol) in 1,2-dimethoxyethane (25 ml)
under nitrogen. Addition was made over 50 min; rapid evolution of gas was
observed after each addition. Heating was continued for a further 15 min
during which time fhe purple colour of the solution changed to yellow.
Evaporation under reduced pressure gave a reddish brown gummy residue
(5.11 g); t.l.c. (methylene chloride) showed at least five spots, two of
which corresponded to 2-benzoyl-3,.Z,5-triphenylfuran and
2,3~dihydroxytetraphenylcyclopentenone,

The residue was dissolved in chloroform (20 ml) and extracted first
with saturated potassium carbonate solution (10 ml) and then with
éil-hydrochloric acid (10 ml). Each aqueous extract was back extracted
with chloroferm (10 ml) which was added to the chloroform solution.

Basification of the acid extract followed by ether extraction
(3 x 15 ml) gave no residue, |

Acidification of the alkaline solution with dilute hydrochloric acid
followed by ether extraction (3x20 ml) and evaporation of the dried (MgSOA)
extracts gave a yellow gummy solid (260 mg). Trituration with benzene gave
a yellow solid (162 mg), m.p. 129-131°, Recrystallisation from ethyl
acetate (charcoal)-light petroleum gave isothiazole-3-carboxylic acid (108 mg
as yellow plates, m.p. 133-135° identical (mixed m.p. and i.r.) with an
authentic sample. © [(003)250_7 7.9 (14, 4, J 5 Hz, H-4), 2.01 (14,

s, =COH), 9.15 (1E, d, J 5 Hz, H-5) p.p.m.
)

Evaporation of the dried (1gSO,) chlorofor: solution gave a yellowich-

4
red gum (4.61 g); t.l.c. (methylene chloride) showed at least five spots.
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The material was subjected to dry column chromatography on neutral
alumina (activity III, 140 g, 10x2") with methylene chloride as developing
solvent; the column was divided into ten fractions each of which was
eluted with methyl alcohol, examined by t.l.c. and the appropriate

fracticns combined.

Fractions 1-4 gave a reddish brown oil (2.26 g).

Methanol was added and the solution cooled at 0° for
48 h. The yellow solid (1.2 g) m.p. 161-164° was
recrystallised from acetone-light petroleum (b.p. 40-
60°) gave 2-benzoyl-3,4,5-triphenylfuran (1.0 g),
m.p. 166-167°, identical (mixed m.p. i.r. and t.l.c.)

with an authentic sample.

Fractions 6-8 gave a yellow gummy solid (862 mg)

which was dissolved in hot benzene. Additicn of light
petroleun and allowing to stand overnight at room
temperature gave white needles (610 mg), m.p. 176~

182°, Recrystallisation from benzene (charcoal)-

light petroleum gave 2,3-dihydroxytetraphenylcyclopentenone,
(508 mg), m.p. 189-191° identical with an authentic

sample.

Further dry column chromatography and preparative t.l.c. of the
liquors from fractions 1-4 (1.4 g) gave 2-benzoyl-3,4,5-triphenylfuran
(32 mg) and the compounds of molecular formulae (012H80)n’ m.p. 166-168°
(142 mg) and (C6H6)no’ m.p. 163-165°, described previously, as the only

isolable products.
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Investigation of the reaction between A-isothiazolediazonium=

=3=-carboxylate hydrochloride and furan in the presence of rropylene oxide.
A mixture of 4-isothiazolediazonium=-3-carboxylate hydrochloride (500 w:

0.0026 mol), furan (23 g, 0.3 mol), and propylene oxide (2.0 ml) in
1,2=dichloroethane (20 ml) was heated under reflux, with stirring for 30 h
when a light brown solution was obtained. A small amount of insoluble
material was separated by filtration and the organic solvents evaporated
under reduced pressure leaving a brown cily residue (384 mg); t.l.c.
(chloroform) showed one major spot. The residue was dissolved in
chloroform (15 ml) and extracted first with saturated sodivm bicarbonate
solution (5 ml) and then with 2,5N-hydrochloric acid (5.0 ml).

Basification of the acid extract followed by ether extraction
(3x15 ml) gave no residue.

Acidification of the alkaline solution with diluté hydrochloric
acid followed by ether extraction (3x15 ml) and evaporation of the dried
(Mg804) extracts gave a brown oily residue (64 mg) which could not be
crystallised and was not further investigated.

Evaporation of the dried (MgSOA) chloroform solution gave a brown
viscous oil; t.l.c. (methylene chloride) showed only cne component,
Preparative t.l.c. of the material (269 mg) with methylene chloride as
developing solvent gave the major spot as a brown oil (26 mg) which was
recrystallised from light petroleum (charcoal). The product (17 mg) was
obtained as colourless needles m.p. 60-61° and identified as
4-cyano~1,2,3~thiadiazole by comparison (mixed m.p. and i.r.) with an
authentic sample.122 The molecular formula cbtained by mass spectrometry

was CN,S. (Found: M', 110.9897. C.HN.S requires M, 110.9891). Y max.

373
(CHC1,) 3110 (c-H), 2240 (C=W), 970, 880 em™ ', § (coc1,, 100 i3z,
N.M.R.29) 9.2 (1H, s, E-5) p.p.m. m/e 111 (39:), 83 (1003), 57 (&5).
The residue (115 mg) after further elution of the plate could not

be crystallised and was not further investigated.
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Ultraviolet Spectra

U.v,

1.

2o

10.
11.

12.

3,6-Dimethylisothiazolo[§,4—2 _/pyridine

Ethyl 4-hydroxy~3—methylisothiazolo[§,4-g _7pyridine-
-5-carboxylate

34Methylisothiazolo[?,&-g _7pyrid-4-one
4~Chloro-3-methylisothiazole/5,4~b _/pyridine
4-Metboxy~3—methylisothiazolozg,4<§‘;7pyridine
N-Methyl-3-methylisothiazolo/5,4~b _/pyrid-4-one

Ethyl 4-chloro-3-methylisothiazolo/5,4~b _/pyridine-
5-carboxylate

Methyl A-methoxy-3-methylisothiazolo/5,4~b _/pyridine-
-5-carboxylate

Ethyl N-methyl-3-methylisothiazolo/5,4-b _/pyrid-
~/,~one-5~carboxylate

5-Acetyl-3,4-dimethylisothiazole
9-Nitroanthracene

9-(3-methyl-4-isothiazolyl) anthracene

Iufrared Spectra

I.R.

1.
Re

3.

Isothiazolo/5,4-b _/oyrid-3(2H)one 1,1-dioxide
2-Sulphoamidopyridine-3=-carboxylic acid
6-Methylisothiazolo/5,4-b _/pyrid-3-(2H)one1,1-dioxide
6-dMethyl-2-sulphoamidopyridine-3-carboxylic acid

Diethyl 2-(3-methylisothiazol-5-ylaminomethylene)malonate

Ethyl 4-hydroxy-3-methylisothiazolo/5,4=b _/pyridine-
~5=-carboxylate

4~Hydroxy—3—metbylisothiazolozg,4—9 _7pyridine—5—carboxylic
acid.

3-Methylisothiazolo/5,4-b _7Pyrid-4-one
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N-Methyl-3-methylisothiazolo/5,4-b _/pyrid-4-one

Ethyl 4—chloro-3—methylisothiazolo[?,4-9 _7byridine-
-5~carboxylate

Methyl 4—methoxy—3-methylisothiazololg,A-Q _7pyridine-
-5-carboxylate

Ethyl N-methyl-3-methylisothiazolo/5,4~b _/pyrid~4-one-
~5-carboxylate

Ethyl 3~-aminocrotonate

Ethyl 3-(3-methylisothiazol-5ylamino)crotonate
L-Acetyl-3,/-dimethylisothiazole
4=-Aminoisothiazole-3-carboxylic acid

5=-Amino=-3--chloroiscthiazole~4-carboxylic acid

Nuclear Magnetic Resonance Spectra
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5-Ethyl—3-methylisothiazolo[?,4-2 _7pyridine picrate
3-Methyl-6—styry1isothiazolo[?,A—Q _7byridine
Isothiazolo/5,4~b /pyrid-3(2H)-one 1,1-dioxide.
2-Hydroxypyridine-3-carboxylic acid
2-Sulphoamidopyridine-3-carboxylic acid
6-Methylisothiazolo/5,4-b _/pyrid-3(2H)-one 1,1-dioxide
2-Hydroxy-6-methylpyridine-3-carboxylic acid
6-Methyl-2-sulphoamidopyridine-3-carboxylic acid
Diethyl 2-(3-methylisothiazol-5-ylaminomethylene)malonate

Ethyl A—hydroxy—B-methylisothiazolozg,A-Q _7pyridine-
-5-carboxylate

A-Hydroxy—B—methylisothiazolozg,4—2 _7byridine—5—carboxylic
acid
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34Methylisothiazolo[E,A-b _7pyrid—4-one
4~Chloro-3-methylisothiazolo/5,4-b _/pyridine
L-Methoxy-3-methylisothiazolo/5,4-b _/pyridine
N-Methyl-3-methylisothiazolo/5,4=b _/pyrid-/4-one
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-carboxylate
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Ethyl 3-(3-methylisothiazol-5ylamino)crotonate
5-Acetyl-3,/-dimethylisothiazole
4-Aminoisothiazole-3-carboxylic acid
3-Chloroisothiazole-/-carboxylic acid
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