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Several groups of workersl have synthesised the benzo[g]thiophen analogues
of biologically active indole derivatives and have made detailed studies of
their biological activities, The present work aims to extend the theme of
isosteric relationship to the synthesis of 1,2-benzisothiazoles related to
naturally occurring indole compounds in the hope that such compounds would

possess useful pharmacological activity.

Some Naturally Occurring Indole Derivatives

The indole nucleus, which itself is found in many Jasminium and Citrus
species,2 is the main heterocyclic unit of a large number of derivatives which
occur widely in the végetable and animal kingdoms.3 These range from the
relatively simple tryptémine (I3 R=H) and indole-3=acetic acid (II) to the more
complex alkaloids such as rutaecarpine (III) and reserpine (IV), and consequently
the following account will be limited to.those derivatives which are relevant

to later work and discussion,

\ H2C02H
N

H

(1) (11)

\ . Me(

=~

OR

Me0,C
(111) (1v) -2 OMe

R = 3,4,5-Trimethoxybenzoyl



Indole-3-acetic acid (II), commonly called heteroauxin, occurs extensively
in the plant world where it is a growth hormone. It acts by increasing the cell
size, rather than promoting the division of cells, but the precise mechanism of
this cell enlargement is!not known.4

Gramine (V), one of the simplest of the indole alkaloids, is found in

, Gramingae, including Arundo donax (Asiatic Sedge)5 and Hordeum vulgare L.
(barley).6 It is Yeteed . from tryptophan (VI), also the precursor for other
indole alkaloids, by conversion into 3-methyleneindolenine (VII), amination,

and then N-methylation,

. E CH
' \H2CH(NH2)COZH pyridoxal = 2
phosphate 7
N , N
(vi) H ' ' (vir) l
amination
\CHZNNBZ_,;g N-methylation \CHZNHZ

N
wy " H

Tryptamine (I; R=H) and its N-methyl and NN-dimethyl derivatives have been

plant
found in many species in the vesetesde kingdom. Tryptamine has been found in

c
certain Acacia species7, in the inkap fungus (Coprinus micaceus)8 and in some

common fruits (including the tomato, aubergine and plum).9 N-Methyltryptamine

neabets o)
occurs in'certainAAsiatic Chenopodiaceae10 (a family which includes the beetroot
and spinach), whilst NN-dimethyltryptamine is more widely f‘oundll-13 and has

been shoun to exhibit psychotomimetic activity.l4

Psilocybin (VIII) and psilocin (IX) are found in several species of Mexican

© e ey



15,16

fungi and both have been extensively studied since they possess

psychotomimetic activity similar to that shown by lysergic acid diethylamide

17,18

(L.s.D.) (X) and mescaline (XI). Hofmann has reviewed the main chemical

and pharmacological properties of psilocybin.19

OPOSH OH
+
CHZCHZNHMB2 CH2CH2NM92
N N
H H
(VIIT) (1x)
EtzNO NMe
N .
Me CHZCHZNH2
MeO
\\\ CMe
N .
H (x1)
(x)
S—Hydroxytryptamine

Commonly called serotonin, S5~hydroxytryptamine (Ij R=0H) is arguably the
most important naturally occurring indole derivative and therefore it has been
extensively studied.

It is widely distributed in the plant world, being found in Urtica dioica L.

(stinging nettle),20 Mucana pruriens DOC. (cowhaga),21 several fungi (Panaeolus)zz’

z3 and in certain edible fruits, including the banana9 and pinaapple.24

S=-Hydroxytryptamine is also found in many invertebrate and vertebrate



b

animals, In the former it is present in stings and venoms25 and in the
peripheral nervous system of molluscs and certain lower forms of animal lif‘e,26
whilst in the latter it is found in the brain, stomach, lungs, intestines and
blood.25

Erspamer27 has extensively reviewed the isolation, synthesis and many
varied biological activities of S—hydroxytryptamine. The various effects of the
amine are thought to be due to its muscle contracting action on susceptible
smooth muscles, such as those in the stomach, bladder, uterus, intestines and
blood vessels, However, S~hydroxytryptamine does not cause most striated
muscles to contract., The most frequently observed effects on the cardiovascular
system in man are hypertension and increased heart rate.

The role of S-hydroxytryptamine in controlling mental balance has been,
and ié still, a topic of much debate. In the early 1950's both Gaddum28 and
woolley29 suggested that the hallucinatory effects of L.S.D. (X), NN-dimethyl-
tryptamine and S-hydroxy-NN-dimethyltryptamine (bufotenine) might result from
interference with the normal levels of 5-hydroxytfyptamine in the brain. This
led uloolley30 to advance his "serotonin hypothesis" in which he suggested that
an excess of S-hydfdxytrthamine’in the brain caused psychotic excitemgnt, whilst
~a deficiency caused depression. Sﬁpport fpr the hypothesis came from the
observations that (i) tranquillising drugé; sucﬁ as reéerpine (IV), depressed -
the level of S-hydroxytryptaminarin the brain, (i;) an increase in the level of
S-hydroxytryptamine in the brain of labile schizophrenics caused an increase in
mental disorder, and (iii) various drugs , which relieve certain types of
depression, caused the leQal of 5-hydroxytryptamine in the brain to increass.
Howsver, this relationship between hallucinations caused by L.S.D, and

s-hydroxytryptamine is now strongly doubted31 and clearly further investigation

is required.



Isosterism

The concept of isosterism has undergone many changes and elaborations
since it was first introduced into inorganic chemistry by Allen32 and later,
apparently independently, by Langmuir.33 It was an attempt to correlate the
properties of isoelectronic molecules having the same number and distribution
of electrons, in a manner similar to that in which the Periodic Law correlates
the properties of atoms with similar outer valency shells of electrons,

In 1929, Grimm34 extended the concept of isosterism to groups of atoms
when he advanced his "hydride displacement lauw", which states that if an element
in Group X of the first row of the periodic table is combined with one hydrogen
atom, then the resulting group (called a "pseudoatom") is similar in properties
to the element in Group (X+1) of the table. Thus, -CH= is "equivalent" to =N=
and =NH~ is "equivalent" to -=S-, which forms the basis of the isosteric

relationship between indole (XII) and 1,2-benzisothiazole (XIII).

,\ - )

s

(x11) - (XIII)

Erlenmeyer35 further modified the concept when he defined isosferes as
"atoms, ions or molecules in which the peripheral layers of electrons can be
considered to be identical". He used this modification to prop05936 that the
campound group =CH=CH=~ and the sulphur atom were isosteres, and illustrated his
point by the similarity between the chemical, physical and biological properties
of benzene and thiophen. Friedman37 suggested that compounds which can be
considered as isosteres and which have similar biological activity be called

"pio-isosteres".



The validity of the isosteric theory as a basis for drug design is supported
by the large number of bio-isosteres that exhibit similar properties, e.q.,

S-hydroxyfryptamine (I3 R=0H) and its indazole isostere (XI\I).38

222
N// S

\ H,.CH_NH \ HéCH(NHZ)CDZH

(x1v) (xv)

Burger39 has reviewed a number of bio-isosteres.

waever, isosteric molecules do not necessarily exhibit similar biological
activity, which is not surprising in view of the complexity of the simplest
living system. For example, the sulphur analogue of tryptophan (XV) has been
shown40 fo inhibit the growth of some micro-~organisms thét require tr;ptophan
(V1) for grouwth.

Thgrefore, although the concept of isosterism has in the past promoted
the synthesis.of‘many useful compounds, a more rational approach to drug design
will have fo be evblved; .Thié.need has led to the development of structure-
activity relationships in an attempt to cofrqiéte the st:u;ture of a compound
with its biological_activity. | | |

Most quantitativé studies of structure—aétivity relationships, notébly
those using free energy relationships, such as the Hansch analysis,41 other
physicochemical appr;oaches,42 and the molecular orbital approach,as’44
correlate the structures of a set of derivatives with their biological activity.
A severe limitation shared by these methods is their restriction to series of
compounds with closely related structures. Thus they are inappropriate for

(i) the correlation of the data from compounds which fall into many different

structural series or into no series at allj and (ii) the prediction of activity



in compounds outside a structural class of known biological interest. A second
major limitation of these methods, is their inability to accoégdate data
represented by inactive compounds and hence they are only useful for optimising
activity in a previously recognised "lead" structurej not for predicting or
classifying pharmacological activify in a group of diverse organic compounds.

Kowalski and Bender45 proposed that the recent development of artificial
intelligence techniques, particularly the use of pattern recognition and
cluster analysis, might be applied to chemistry and used to predict the
pharmacological activity of organic compounds. The mass of data available on
the activity of organic compounds has prompted several worker346—48 to attempt
to use these computer based technigues to develop structure-activity relation-
ships that will predict activities.

Chu,46 using cluster analysis and pattern recognition techniques, was
able to classify a set of sixty-six widely different comﬁduﬁdé;'ﬁith respect
to their sedative or tranquilizer activity, and achieved 84-96% and 85-86%
success respectively. Both techniques require a compound to be defined in
terms of its atom-centred f‘ragments49 (or augmented atom fragments) which are,

' ) -
“an atom and its adjacent atoms and bonds. For example, for butethal (XVI) the

fifteen atom-centred fragments are shown:

14, 15




—=8= ) §

¥* *
1, C=——=N——C (cyclic) 8, C=—=0
2, N—CO—N (cyclic) . 9, C=—=0
* %*
3o C=—N-———C (cyclic) 10, C———C——cC
4, Ce=—-CO0—N (cyclic) 11, C——C——C¢C
»* *
Se C;:;;C::::C (cyclic) 12, CHz3—C
c c 13, C=——C——C
6o N=—=CO0—C (cyclic) 14, C——C—C
7¢ C=—=0 ‘ 15. CH3—C

* 2
= sp~ carbon atom

As this approach does not define spabiél relationships involving two or
more bonds, 8.9. ring size, additional information can be added to the

representation of a molecule to overcome this problem. Hence, any compound can

e be expressed in a form which can be processed by a computer. o

A different approach by Cramer and his co-workers47 has yielded some
encouraging results, This techniéue also uses atom fragments (substructures) to-
' deéine a cﬁmpound, and is based on the assumptions that (i) the probability of
a given biological activity can be usefully épproximatgd by an analysis of the
substructural conﬁributions, ignoring their inter= and intramolecular interactionsj
and (ii) fhe‘contributioh‘ﬁf.a given'éubstfucfufekto thavprobability of activity
can be obtaiﬁed from data on previously tested compoﬁnds‘cdntaining that
substructure. Using available pharmacological resUlts, Cramer computed for each
substructure a "Substructural Activity Frequency” (S.A.F.), defined as £he
ratio of the number of activebcompounds containing that substructure tec the total
number of.compounds containing that substructure. The S.A.F. represents the
contribution which that substructure can make té the probabiiity of a compound
being active. Cramer then used these S.A.F, values to determine the "Mean

Ssubstructure Activity Frequency" (M.S.A.F,) for each compound in a new series of



diverse organic compounds. The M,S.A.F, is the arithmetic mean of the S.A.F.
values for the substructures present in that compound; therefore, the nearer
the M.S.A.F, value to unity, the greater the probability of activity. Cramer
and his co-workers found that the correlation between the M,S.A.F. (calculated)
and the frequency of activity (experimentally determined) was very good,
considering the limitations of the data used to compute the S.,A.f. values and
the coarse discriminatory power of the substructural system Used.v

Future improvements in computational procedures.should'réfine these methods

and so rationalise drug design,
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fhe Biological Activities of some 1,2-Benzisothiazole Derivatives

Davis50 has reviewed the subject upto late 1970, hence the following
.discussion will be restricted to the work published since and will not cover
the biological activity of the corresponding 1,2-benzisothiazole-1,l-dioxides,

which fall outside the scope of the present investigation.

(a.) Chemosterilizing, insecticidal and bactericidal activity

Compounds of the type (XVIIa-f) have been prepared for biological
evaluation. A mixture of compounds (XVIIa-b), and also compound (XVIIc), have

r
shown51 chemosterilizing activity on Dysdercus intermedius lavae in the

penultimate lépal stage; whilst both compound (X\IIIc)51 and the aziridine

derivative (X\IIId)52 have shouwn chemosterilizing activity against Musca domestica

(housefly).

() R=4-C1 , R =7-Cl , R®=H

(b) 4-C1 ’ 5-C1 R Hi

(c) 4-C1 ’ H ’ He

(d) H ’ H ) N(CH, ),

(9). H ’ H ’ NH.SOZ.ErcﬁHaNHz,
(f) H ’ H ’ NH.S0,.p~C H,NHAC.

A series of benzene-substituted 3-chloro-l,2-benzisothiazoles hag been
claimed53 to show insecticidal activityj whilst a pharmaceutical mixture

containing 6—chloro-1,2—benzisothiazol-3(Zﬂ)-one and 2-nitrofuryl and
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2-nitrothienyl derivatives has exhibited54 interesting synergistic bactericidal
properties., Compounds (XVIIe~f) were prepared in a series of 3=-sulphanilamido

isothiazoles and tested against Streptococcus wacker and Klebsiella pneumonias

organisms.

(b.) Phytotoxic and fungicidal activity

A number of compounds of the type (XVIIla-o) have been prepared by Vitali

and his co-workers.56’57

A" CHR.COY
Rt s/N
(xvIII)

(a) R=H ’ R1 = H ’ R2 = H y Y = OH, OEt, NH.
(b) H ' H , 4=Cl  ,  OH, OEt, NH,.
(c) H , - H , s-cl |, OH, OEt, NH,.
(d) H , H , 6-Cl  , | OH, OEt, NHy.
(e) H ' Ho 7-c1 OH, OEt, N,y
(f) H ) H , 5-Me OH, OEt,-.NHz.
(9) H , H , 5-OMe OH, OEt, NHé.
(h) H , H , 5-ND, OH, OFt, NH,,
(1) H . 6-Me S-Me OH, OEt, NH,.
(J) H ’ 5-C1 4-Cl OH.
(k) Me ’ H ’ H ' OH, OEt, NH,.
(1) Et ' H ' H ’ OH, OEt, NHZ;
(m) pr" ’ H ’ Ho ’ ONa, OEt, NH,e
(n) allyl H ’ H »  ONa, DEt, NH,.
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OO \CHR .coy |
(o) ] Y = OH, OEt, NH,.
o/

2

The fifteen compounds (XVIIIa-e) have been tested for phytotoxicity to
common weeds and crop plants.56 It was found that all the compounds were toxic
to weeds, in both pre-~ and post-emergence tests, and-they showed some selectivity
between weeds and crop plants, unlike the indole type auxins. The results
also showed that modification of the carboxylic acid function or the introduction
of a chlorine atom into the 4,5 or 6-position does not effect the potency or
spectrum of activity; whilst substitution at the 7-position markedly reduced
the herbicidal activity. From the resultss7 of similar tests on compounds
(XVIIIf-0) it was deduced that, in‘general, phytocidal activity (i) decreases
| for S5-substituted derivatives in the order; Cl>>H2=DMe:>Mei>N02 s (i) increases
on the introduction of a methyl group into the side-chain‘(g,g, R = Me), but
then decreases progressively as the carbon chain becﬁmes longers and (iii) for'
the naptho[2,31g]isothiazgle compounds (XVIIio) is MUchrless than the phytocidél
activity of the corresponding l,2-benzisothiazo;e'derivatives. These reéults

58-60

and others™ have led to the compounds being‘considered as a new class of

potent, selective phytocides.

2
R \R
N
rY s”
(x1X)
: 1
(a) R=H ’ R™ = 7-ND2 ’ R2 = 4-C1.
(b) NHé ’ 5-C1 ) 4=Cl,

(c) H ’ 7-NO, ’ 4-cyclohexylamino,



-] 3=

(d) H ’ 7-NO, ’ 4-0(CH2)3CH3.
(e) Cl1 ’ 5-CH, ’ He
(f) Ci ’ 7-CH4 R He
(g) cl ’ 5=C1 ’ He
(h) c1 ’ 5=NO,, , He
(i) Cl ’ S-0Me ’ He

Compounds (XIXa-d) have shown 90-100% phytotoxicity to weeds and good
compatibility towards culture plants.61 Compounds (XIXe-i) have been found to
be plant protecting agents for several varieties of plants.62

3,6-Dichloro- and 3,6-dichloro~7=-nitro-1,2-benzisothiazole have been
claimed as fungicidal agents.63 Since Katz and Schroeder64 first noted the
fungicidal properties of 1,2-benzi§othiazol-3(Zﬂ)-one derivativés, they have-
been the subject of numerous publications.50 Grivas65 has incorporated
derivatives of the type (XX) into paints, as they prbtect exterior painted

surfaces from attack by mildeuw.

0 n=1or 2,

S/N.(r:Hz)nR ; ' R = halogen, —CN or C.H.CO.

(xx)

A series of 1l,2-benzisothiazol-3-one-2-carboxylic esters, such as
2-methoxycarbonyl-l,2-benzisothiazol-3~one, have been f‘ound65 to be effective

fungicides and bactericides when tested against Piricularia oryzae and

Xanthomones citrij they also showed anthelmintic activity in domestic animals.
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(ce) Auxin-like activity

Giannella and his co-worker567 reported that (S-chloro-l,2=-benzisothiazol-
3=-yl)acetic acid was thirty times more active than indole-=3-acetic acid (I.A.A.)
by the split pea curvature test. Branca,68 using various pea bioassays, found
that (1,2-benzisothiazol-3-yl)acetic acid (XXIc) had 35% of the activity of
1.A.A, and that changing the carboxylic acid function progressively from the
3— acetic to the 3-butyric only decreased the auxin-like activity.69 Tests on

dormant Helianthus tuberosus (Jerusalem artichoke) tubers with (1,2-benzisothiazol

~3=yl)acetic acid shoued70 a stimulation of cell growth, similar to that found
using I.A.A.

These results contrast with those for benzo[QJthiophen—3—acetic acid,
which has been shown71 to have one-thirtieth the activity of I.A,A. by the split
pea curvature test, and (1,2-benzisothiazol=3=-yl)acetic acid, which has been

f‘ound72 to be a hundredth as active as I.A.A.

(g,) Anti=-inflammatory, analgesic and anti—pyretic activity

The activity of 1,2—benzisothiazol-3(Zﬂ)-one has been evaluated by Vitali
and his co-workers?3 On oral application it was found to have a higher anti-
' inflammatory activity than salicyamide in rats, a_higher anti-pyretic activity
thanvparacetamol in rabbits, and to be more active than phenylbutazone when |
tested for analgesic activity in mice and rats. Unfortunately it had an

undesirable level of toxicity.

(a) R = CO_H. (c) R = CH,COH.

(b) CONHOH. (d) CH, CONHOH.



=] 5w

Compounds (XXla-d) were prepared and showed anti-inflammatory activity.74
Compounds (XXIa, b and d) reduced ovalbumin- and hyaluronidase-induced déema
formation, while compound (XXIc) reduced dextran-induced &Eema formation.74
Compound (XXIa), and to a lesser extent compound (XXIb), showed analgesic
activity in mice and rats. Anti-pyretic activity in the rabbit was shown by

compounds (XXIa and b) and to a lesser extent by compounds (XXIc and d).74

(e.) Anaesthetic activity

75,76
’ have evaluated a series of amides of

Amoretti and his co-uworkers
(1,2-benzisothiazol-3-yl)carboxylic acid, of the type (XXII), for their lecal

anaesthetic activity.

1

R CONH(CH, ), NRR

2)2

N
s

(XX1I)

where, "R =H or Me.
Rl= Me or cyclohexyl.

R2= Hy Me or Cl.

All compounds showed infiltration aﬁaesthesia in the mouse tail test and
conduction anaesthesia in the frog test, but only the amides without a
aubstituent in the benzene ring (R2= H)76 showed surface anaesthesia in the
rabbit cornea test., The anaesthetic activity of an analogous series of esters

was found to be decreased.7
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Synthesis of 3-Substituted 1,2-Benzisothiazoles

The synthesis of 1l,2-benzisothiazoles has been surveyed by Davis in his
recent review,s0 therefore the following discussion will only bé concerned with
the subsequent developments which have proved useful to the author's present
investigation.

Ricci and Martani78’7g

first published what appeared to be a versatile
synthesis of 1,2-benzisothiazole derivatives, involving the cyclisation of the
oxime, semicarbazone or phenylhydrazone of an p-mercaptoaldehyde or ketone (XXIII)

in polyphosphoric acid (P.P.A.) at 110-140°,

R
E=nx P.P.A.

SH 110-140°

(XXI111)

X = OH, NHCONH, or NH.C.H_.

2
R = Hy, Me or C_H

65"
As the Italian workers failed to give adequate experimental details,
El Shanta,80 who was studying the reactions of 3-methyl-l,2=benzisothiazole in
this department, synthesised p-mercaptoacetophenone oxime (XXIV) by an alternative
route and attempted a cyclisation using the conditions of Ricci and Martani.

81,82 that the product from this cyclisation was mainly the

1t was later shouwn
{someric 2-methylbenzothiazole (XXV), which was formed bg the Beckmann
rearrangement of the oxime (XXIV) to the thiol (XXVI) prior-to cyclisation, with
a little of the required 3-methyl-l,2-benzisothiazole (XXVII). All attemptegl

using a variety of conditions, gave the mixture of products,®? eyclisations,
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CH

3
C=NOH Beckmann . 7 NHCDCH3
SH _ ' rearréngement ; 7 SHH
_;(XXIV) S o : / . '(XXVI)

P.P.A./110-140°

/!
Y

(xxv)

However, the physical data quoted by the Italian workers for.their 3=
methyl-l;2-benzisothiazole (XXVII) and for a number of spbstituted 3-methyl-
l;Z—benzisothiazoles agreed well with other independent data}§7’83-85 In view
of thé discrepancy between our experiments and the reported synfhesis,78’7g
HUghes82 décided to repeat the Italian® synthesis, which is outlined in Schems 1
(pe 18). hughés found that reaction of g:ﬁhiocyahatoacetophenone (a compound the
identity of which had been rigorously established) with hydroxylamine hydrochlorids
in aquecus ethanol in the preseﬁcé of sodium ace#ate did not afford the expacted .
oxime (XXVIII). Instead a product resulted whichfg)‘failed to give the oxime of
8-mercaptoacetophenone (XXIV) on reduction; b) showsd no éharactéristic SCN
absorption in the i.r. spectrum; and c) failed to regenerate o-thiocyanatoaceto-
phenons on attempted hydrolysis. Reaction of this unexpected product with P.P.A,
afforded 3-methy1-1;2-benzisothiazole without formation of any isomeric
2-methylbenzothiazole (XXV), but with the liberation of a molar proportion of

carbon dioxide (Scheme 1).
These facts are consistent with the unexpacted product from the action of

hydroxylamine hydrochloride on o-thiocyanatoacetophencne being 2=imino=-5-methyl=

3,1,4~benzoxathiazepine (XXIX), Confirmatory evidence of the structure of this

compound with its novel ring system was provided by its conve:sion on heating in
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an inert salvent into 3-methyl-l,2-benzisothiazole (XXVII) mhenvthe only other
product detected was cyanic acid, which was trapped and identified as an
allophanate (Scheme 2),

From investigations into the lability of the chlorine atom in 3-chloro-
1,2-benzisothiazole (XXX) with various nucleophiles, Carrington 53'31.86 found
that ethyl cyano(sodio)acetate replaced the chlorine atom to give ethyl (1,2-
benzisothiazol-3-yl)cyanoacetate (XXXI) (67%). Hydrolysis of the cyano ester
(XXXI) with aqueous dimethylsulphoxidee4 at 100° gave (1,2-benzisothiazol=3-yl)-
acetonitrile (XXXII) (85%), which offered promise as a useful intermediate in

the preparation of the desired 3-alkylamino derivatives.

CH(CN)CO £t

Cl Na.CH(CN)COzEt

N = N
TN D s/
(xxX) (XXXI)

dimethylsulphoxide/HZO/lUOO

CHZCN

56,57

vitali and his co-workers have demonstrated the generality of the

‘reaction by applying it to a number of 3—chloro-l,2-benzisothiazoles bearing

?substituents in the benzene ring; in order to prepare the cbrresponding-acétic

\ _ . : _
‘acid derivatives, by the direct alkaline hydrolysis of the cyanoacetateb

%erivatives.

ve
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The Present Investigation

The present investigation covers two main areas. The first concerns the
synthesis of a number of 3-aminomethyl- and S—substituted 3-aminomethyl-l,2-
benzisothiazoles with potential biological activity., The preparation of a
number of 3-aminoethyl-l,2-benzisothiazole derivatives was planned and the
difficulties encountered will be discussed.

The second main area concerns the electrophilic substitution reactions of
some S5=substituted 3~methyl-l,2-benzisothiazoles, and of 4~bromo=3-methyl= and

3-methyl=l,2-benzisothiazole.



DISCUSSION OF THE EXPERIMENTAL WORK
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The Synthesis of N=Methyl- and NN-Dimethyl-(1,2-benzisothiazol-3-yl)acetamide

3=~Chloro-1,2-benzisothiazole was prepared by the method of Reissert,a7
in an overall yield of 50% from oc-mercaptobenzoic acid. Carrington,81 in this
department, investigated the reactions of 3-chloro-l,2-benzisothiazols with
various nucleophiles and found that attack could take place at either the
chlorine atom, the sulphur atom or at the carbon atom in the 3-position. Some
nucleophiles attacked exclusively at the carbon atom giving the expected 3~
substituted 1,2-benzisothiazole (e.g., sodium ethoxide®® and ethyl cyano(sodio)-
acetatees), whilst other nucleophiles88 gave products which were formed due to
fission of the isothiazole ring resulting from nucleophilic attack at either
the chlorine or sulphur atoms [e.g., copper (%) cyanide, sodium thiophenoxide or
n=butyl lithium]. Also, with certain nucleophiles88 (e.g., ethyl aceto(sodio)=-
acetate) ring fission was followed by rearrangement to a benzo[b]thiophen
derivative,

As mentioned previously (p. 20), the reaction of ethyl cyano(sodio)acetate
with 3-chloro-l,2-benzisothiazole86 led to a simple preparation of (1,2-
benzisothiazol=3~yl)acetonitrile (XXXII)84 which was hydrolysed,89 with
éoncéntrated hydrochloric acid at 450, to give,the acetic acid derivative (xx1c)
in 84%byieid. Treatment of the acid (XXIc) with boiling thionyl chloride gave
the acid chloride (XXXIII) (82%), which on subsequent treatment with anhydrous
dimethylamine in boiling dry benzene failed to give any of the expected
NN=dimethyl-amide (XXXIV). Even when the acid chloride was kept at 100° for
24 h in a sealed tube with an excess of anhydrous dimethylamine only 30% of
ﬂﬂrdimethyl-(l,2-benzisothiazol-3—yl)acetamide was isolated,

However, ethyl (1,2-benzisothiazol-3-yl)acsetate (XXXV), prepared in 84%
yield from the acid (XXIc) by the usual Fischer-Speier method, gave the required
N-methyl- (XXXVI) and NN-dimethyl-amide (XXXIV) in 87% and 60% yields respectively,

when stirred with an aqueous ethanolic solution of the appropriated amine,
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Wilson and Weingarten90 described a general method for the direct conversion
of an acid to an amide which involved stirring the acid with a sixfold excess
of thé appropriate amine in dry tetrahydrofuran under an atmosphere of dry
nitrogen using titanium (;g) chloride as catalyst. The NN~-dimethyl- derivative
the misture

(XXXIV) was prepared (90%) in this way after stirring[for 3 days at room temper-

ature.

(1,2-Benzisothiazol=3-yl)acetamidoxime

Treatment of (1,2-benzisothiazol=3-yl)acetonitrile (XXXII) with hydroxyl-
amine hydrochloride and sodium carbonate in aqueous ethanol gave the amidoxime
(XXXVII) in quantitative yield.

The foreqgoing reactions are outlined in Scheme 4 (p. 24).
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The Synthesis of 3-Methyl-l,2-benzisothiazole

8,79

As mentioned earlier (p. 18), the Ricci and Martani7 route for the

preparation of 3-methyl-l,2-benzisothiazole was re-—examined by Hughes gg.gl.az

and the oxime of o-thiocyanatoacetophenone (XXVIII) was shouwn to have

spontaneously cyclised to 2-imino-S-methyl-3,1,4-benzoxathiazepine (XXIX) which
then decomposed to give the 3-methyl derivative (XXVII) by the mechanism
outlined in either Scheme 2 or 3 (p. 19) depending on the solvent used.
Commercially available o-nitrobenzoic acid was converted into

o-nitroacetophenone (83%) by treatment of the acid chloride with diethyl cﬂwxb-
magnesiomalonate, followed by hydrolysis and decarboxylation of the resulting
di-ester.glReduction92 of o-nitroacetophenone with tin and concentrated
hydrochloric acid gave p-aminoacetophenone (97%4), which was then diazotised.93
The diazonium salt was decomposed overnight in an aqueous mixture of potassium
and copper (é) thiocyanates to give o-thiocyanatoacetophenone (62%) which reacted
with a solution of hydroxylamine hydrochloride and sodium acetate to give the
benzoxathiazepine derivative (XXIX). Decomposition of this oxathiazepine in
hot (120-1300) polyphosphoric acid gave S—methyl—l,2-benzisothiazole in an
" overall yield of 33% from o-nitrobenzoic acid.

1t was felt that it would be interestiné fo‘pfeparé the semicarbazone derivative
and examiﬁe its structure and possible decomposition to 3—methyl-l,2-benzisothiazole,
The‘semicarbazone‘derivative was prepared by refluxing o-thiocyanatoacetophencone
with a boiling, aqueous ethanolic solution of semicarbazide hydrochloride and
sodium acetate for 3 h, As it did not show the characteristic SCN absorption in
the i.r. spectrum and decomposed smoothly in hot (2000) diethylene glycol to
3-methyl-1,2-benzisothiazole (XXVII) (ca. 50%) it seems probéble that the
'semicarbazone'of o-thiocyanatoacetophenone (XXXVIII) also exists as a cyclised
7-membered ring (XXXIX). The decomposition of this novel compound, in an inert

solvent, should extrude compound (XL) which is a tautomeric form of cyanourea (XLI).

lhuvunha
Library
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Me
Me
I
C=NNHCONH, Q“‘Q
— (NCONHZ
SCN
5
A My
(XXXVIII) (XXXIX)
diethylense glycol/2000
(xL) HN=C=N-CONH,, + \wm
(XLI)  NC-NH-CONH, oS
(xxv1irI)

Werner>? has suggested the participation of this imino tautomer (XL) in
the covalent heavy metal salt (XLII), formed when the potassium salt of cyanourea

~is added to an agueous solution of pyridine and copper sulphate.

NCSH5

NCSHS

(XLIT)
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Unfortunately, attempts to prepare a pure sample of cyanourea by a knouwn
route95 were unsuccessful and so the proposed investigation into the precise
nature of the extruded compound had to be abandoned. An additional complication
is that cyanourea decomp059396 on heating to 100° and so its decomposition in
diethylene glycol would have to be studied before any further work on the

mechanism of the reaction could be attempted.
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Some Reactions of 3-Methyl=l,2-benzisothiazole

Molecular orbital calculations97 for the l,2-benzisothiazols nucleus
indicate that it has a low TV—electron density at the .carbon atom in the
3-position, due to the adjacent electonegative nitrogen atom. The calculations
also show that the order of the various positions towards electrophilic attack
would be expected to be 7A5>6~4, This has been verified by a nitration study98
when the 7= and S-isomers were isolated, with the 7-nitro isomer predominating.
It would be expected therefore that 3-methyl-l,2-benzisothiazole would undergo
glectrophilic substitution at the 5~ and 7-positions, and due to the deactivation
of the system by the nitrogen atom, electrophilic substitution would require
"forcing" conditions, As these "forcing" conditions normally involve the use
of a strongly acidic medium, the nitrogen'atom will be protonated and so cause

the nucleus to be further deactivated towards electrophilic attack.

Bromination

As the bromination of 2,l-benzisothiazole using bromine and silver sulphate
in concentrated sulphuric acid had been reported,99 and gave a mixture of the
5~ and 7-bromo~2,l=benzisothiazoles with small amounts of 4,7-dibromo- and
4-bromo-2,1-benzisothiazole, similar conditions were used for the»bromination.of
3-methyl=l,2~benzisothiazole., A four component mixture was obtaiﬁed thch was
separated by column chromatography to give the ;xpected S~bromo- (XLIII) (32%)
and 7-bromo-3-methyl-1,2-benzisothiazole (XLIV) (37%), identified by comparison
with samples prepared by alternative routes (see pp. 43 and 34 respectivaely).
Further confirmation of the structure of the 7-isomer (XLIV)‘was afforded by its
ne.m.re spectrum which showed, inter alia, a methyl signal at'ép.p.m. 2.7,
whereas the methyl signal of the other possible‘isomer, 4-bromo-3-methyl-1,2-
benzisothiazole (p. 69), was shifted dounfield by 0,27 p.p.m. due to deshielding

by the 4-bromo substituent.
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Two minor dibromo components were also isolated and were identified later
by comparison of the spectral and physical data with that of other dibromo=3-
methyl-l,2-benzisothiazoles which were prepared during the course of the present
investigation. One isomer (EF 0.84) showed an AB quartet (25,6 = 8.1 Hz) in
the n.m.r. and was identified as the 4,7-dibromo derivative (XtV) (2.3%), whilst
the other isomer (BF 0.76) showed two meta coupled signals (Qa,s = 1,4 Hz) and
was identified as the 5,7-dibromo derivative (XLVI) (1.7%). It can be appreciated
therefore that these two minor components were probably formed by further
bromination of the S=bromo-and 7-bromo-3-methyl-l,2-benzisothiazole formed

initially.

Nitration

3-Methyl=l,2-benzisothiazole underwent nitration at 0° with a solution of
potassium nitrate in concentrated sulphuric acid to give a two«component mixture
which was resolved by column chromatography. The major component (BF 0.29) was
the S5-nitro derivative (XLVII) (44%) and the minor component (BF 0.13) was
3-methyl-7-nitro-1,2-benzisothiazole (XLVIII) (39%). The results are similar

to those obtained by other workers.as’l00

Oxidation
(a) The oxidation of a methyl group to a carboxylic acid function, by boiling
with an excess of thionyl chloride, has previously been reported.101 Recently102
it has been postulated as an intermediate stage in the conversion of 2-methyl-
chromone (XLIX)wuto 4-hydroxycoumarin (L). The reaction proceeds via the
trichlorination of the methyl group, followed by alkaline hydrolysis to chromone-
102

2-carboxylic acid which then undergoes rearrangement.kﬁiherpr0posed mechanism

is shown over the pagse.
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when 3-methyl=l,2-benzisothiazole was heated under reflux with thionyl
.Chloride in dry toluene for several days followéd by treatment with dilute sodium
mydroxida a 42% yield of (1, 2-benzisothiazohg3~¢&§carboxylic acid (XXLa) was obtained

(b) During attempts to prepare (1, 2-benzisothiazoh%S-rgécarbaldehyde (L11),

tarrington 84 investigated the oxidation of 3-methyl-l,2~benzisothiazole with
;elenium dioxide in toluene and with chromium trioxide in acetic anhydride in the
'presence of concentrated sulphuric acid. The first procedure yislded only
jstarting material; whilst in the second, oxidation occurred to give a low yield
gglg%) of 3-methyl-l,2-benzisothiazole-l,l-dioxide with none of the required
aldehyds (LII).

The oxidatiqn was effected using a method reported103 for the oxidation of
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2-methylpyridine (LIII) to pyridine-2-carbaldehyde (LIV) using iodine and

dimethylsulphoxide. The mechanism for the reaction is claimed to be:m3

/I I, /I

 cH, \N CH,I

N

(LIII) (Lv)

aimethylsulphoxide
i Heat 7~
(CHg),S  + v I + -

\N CHO \N E&D@(CHB)Z I
(L1IV) o (Lvr)

The initial formation of the transient 2-iodomethyl compound (LV) is probébly
the limiting stage of the reacfion as its formation is effected by simply mixing
the two chemicals at ca. 35°, Reaction of the solid complex, so formed, with

' dimethylsulphoxide is claimed to result in formation of the dimethylsulphonium
iodide derivative (LVI) which then undergoes thermal decomposition to the
aldehyde (LIV), with simultaneous libefation of dimethYlsulphide.

Usiné essentially the same conditions, 3-methyl-l,2-benzisothiazole gave a
crude reaction mixture from which 35% of (1,2-benzisothiazole-3-g&)carbaldehyde
and 54% of unchanged starting material were isolated by column chromatography.
Even 2-methylpyridine and related compounds give only ca, 50% yield of the
corresponding aldehyde and hence the relatively low yield of (1,2-benzisothiazole
3-gf Jcarbaldehyde (LII) is not unexpected.

The crystalline oxime formed from the aldehyde (LII) by the usual method104

was shown by nem.r, to be a 1:1 mixture of the syn (LVII) and anti (LVIII) isomers.
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H H
é§N/ oA étN
\N | \N _____ Hé
3 e \
(LvIn) (LUIII)‘ intramolecular

hydrogen bonding

The ease of ease of exchange of the hydroxyl proton with other protons in the
system caused the OH signal of the syn isomer (LVII) to appear as a broadened
singlet, whilst intramolecular hydrogen bonding in the anti isomer (LVIII) caused
a sharpening of the hydroxyl signal. Deshielding of the hydroxyl proton by the
adjacent ring nitrogen atom in the anti isomer caused the OH signal to be moved

downfield by 1.75 p.psmes from the OH signal of the syn isomer.

Attempted Friedel=Crafts Acylation

3=Methyl=-1,2-benzisothiazole was stirred with acetyl chloride and anhydrous
aluminium chloride in dry nitrobenzene for 24 h at room temperature and was then
heated to 70-800 for 4 h. .No acylafed prbduct was obtained.

The foregoing rea;tiohs'are summarised in Scheme 5 (pe 33).



-3 3m

(117)

-5
N /
(TTAYX) + ol

/

oomH|o>a\mUﬁxogmﬁsMHhspmeﬂU\mH
. A.mHuOC

\m

'y
H'0D .nwcmsﬁo»\mﬁoom @;/

/NN

aanjevradmoy aoon\

g

QEE (I14TX)
_S Q\\m
mz/
\ >ﬁNO
¢
m.O\ 0S m\ ot
/\ —
mcmuzmpo.ﬂﬂd\m.ﬂoﬁd\ﬁoodw \
s%H/¥0s%0v Fag
(AITX) (IITTX)
S
ol
. o\
g



34—

The Preparation of 7-Bromo and 7-Chloro-3-methyl-l,2=benzisothiazole

3-Methyl=7-nitro-1,2-benzisothiazole (XLVIII) was reduced with aluminium
amalgam105 to give a good yield (94%) of 7-amino=3-methyl-l,2-benzisothiazole,
whereas Haddock 22.21.85 only obtained a moderate yield (55%) of the amine using
iron and acetic acid.

The diazotisation of various 7-amino-1,2-benzisothiazoles and the subsequent
decomposition of the diazonium salt in the presence of a metal chloride and
concentrated hydrochloric acid has been shown85 to be rather complex., ODepending
upon the metal chloride, 4-chloro=-l,2-benzisothiazole-~7-diazonium salt gave
the unexpected 6-chloro-1,2,3-benzothiadiazole-7-carbaldehyde (LIXj; R=H; X=Cl)
either as the sole product or mixed with the expected 4,7-dichloro-1,2-

benzisothiazole. Some typical results are shown below.

Metal Oxidation of Standard Oxidation % Sandmeyer % Rearrangement
Chloride metal cation Potential at 25° Reaction Reaction
ercl,  Crlte—ece™t 0.l - 45
snCl, iSnzt;a.§Sna+ - Ufls - 65
cucl cut —ecu?t - 0.153 T 20 40
FeCl,  Fe’'—wmro - 0771 s 15

The balance of the two reactions, i.e. Saﬁdmeyer reaction (displacement of
the diazonium group to give the 4,7-dichloroc derivative) or rearrangement [to
give 6-chloro-1,2,3-benzothiadiazole~7-carbaldehyde (LIX; R=H; X=C1)], seems to
be governed by the oxidation potential of the metal ion used in the reaction.
This led Haddock and his co-workers85 to suggest co-ordination of the metal salt
with the benzisothiazole diazonium salt, probably by means of the sulphur atom
as in the intermediate (LXI; R=H; X=Cl), with subsequent decomposition of the

complex and oxidation of the metal to give the rearranged’product. The proposed
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mechanism is shown in Scheme 6.

X
\ R MC1l
\ m
+ -
NH' Cl
5/’
Cl +N\ S 'cl
(Lx) (LXI1)
' =2 electrons
X
CRO CR=NH
S _ S + MCl
N~ / ._/ n
~N : _ —
(LIx)
MClm = metal salt in lower oxidation state.
NCln = metal salt in higher oxidation state.

Scheme 6

Haddock gE_gl.Bs claimed that the decomposition of the diazonium salt of
7—amin§-3-methy1-l,2—benzisothiazole, in the presenbe of tin (ii) chloride, gave
only 7-acetyl-l,2,3-benzothiadiazole (LIX; R=Me; X=H) (86%). However, the
present author found that decomposition of the diazonium salt (LX; R=Me; X=H)
with copper (1) chloride and concentrated hydrochloric acid gave a 32% yield of
7-chloro-3-methyl-1,2-benzisothiazole as well as the 7-acetyl compound (LIX; R=Mej
X=H) (51%). This result is compatible with general trends observed by Haddock.

The decomposition of the diazonium salt (LX; R=Me; X=H) with copper (i)
bromide and hydrobromic acid similarly gave 7-bromo-3-methyl-l,2-benziscthiazole

40%) and 7-dibromoacetyl-l,2,3-benzothiadiazole (LIX; R=CHBr.; X=H) (32%).
2’
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The mass spectrum of the 7-dibromoacetyl compound (LIXj; R=CHBr X=H) showed

23
base peaks at 306/308/310 (ﬂer), thus following the fragmentation pattern
normally associated with benzothiadiazoles.106 It seems probable that 7-acetyl-
1,2,3-benzothiadiazole was formed initially and then brominated under the
conditions of the reaction. The alternative dibromination of 3-methyl-l,2-

benzisothiazole-7-diazonium sulphate, followed by rearrangement, is unlikely owing

to the unreactivity of the methyl group in 1,2-benzisothiazoles (see later, p. 51).
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The Preparation of 5-Amino-3-methyl-l,2-benzisothiazole

S5=Amino-3-methyl-1,2~benzisothiazole was required (a) as a precursor for a
number of S-substituted 3-methyl-l,2-benzisothiazoles that were required for the
present investigation, (b) to study its bromination and nitration and hence to
prepare some 4-substituted 3-methyl-l,2-benzisothiazoles.‘ The 4- and S5-substituted
3-methyl-l,2-benzisothiazoles so obtained are shown in Scheme 9 (p.44).

Ricci and Martani78’79

claimed the preparation of S5-amino-3-methyl-l,2-
benzisothiazole (LXII) by the cyclisation of the oxime of 4-amino-2-mercaptoacet=

ophenone in hot polyphosphoric acid. Hughes82 showed that the Italians had in

fact decomposed "2—§M3r\o-S—'me\‘kg\—B,I,L}—'be(\}m\*k'\q}zf'me when preparing 3-methyl-1,2

-benzisothiazole and it seemed probable that they had decomposed'?-anﬁno—l—iwﬁno-
5~ mathy) -3, 4-beryexathiozepine when preparing the 5-amino compound (LXII).
Acetophenohe wés.hitratedlo7 with fuming nitric acid at =15 to -g° aﬁd thé:
resulting meta-isomer (53%) was purified by crystallisation from ethanol.

Reductionloé with iron filings in glacial acetic acid at 75° gave m-aminoacetoph-

enone in 85% yield, which was then thiocyanated109 at =10 to -2° with thiocyanogen;Y

| prepared in situ by the action of a dry methanolic solution of bromine on a
sﬁspension of anhydrous sodium thiocyanate in dry methanol. The resulting
é-éminﬁ-z;thidcyanatdacetophenone‘(55%) was boiled with anbaqueous ethanolic
solutidn of hydrox}lamine hydrochloride and sodium acetate fo give 7-amino-2-
1mino-5—methy1-3,1,4—bénzoxathiazepine in 74% yield. Decomposition of the
foreqoing product in polyphosphoric acid at 120-130° gave S—amino-=3-methyl-l,2-
benzisothiazols (LXIIS in 88% yield. The reaction sequence is outlined in

Scheme 7.
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Schema 7
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The Bromination of S-Amino-3-methyl-l,2-benzisothiazols

5—-Amino-3-methyl-1l,2-benzisothiazole proved too reactive to nitrate directly.
Only dark unresolvable mixtures were obtained and therefore the S-acetamido
derivative had to be used (see later, p. 42). But bromination of the S-amino
compound did proceed smoothly.

5-Amino=3-methyl=l,2-benzisothiazole reacted with bromine in dry chloroform
at 0° to give S-amino-4-bromo-3-methyl-l,2-benzisothiazole (LXIII) in 90% yield.

The nem.r. spectrum showed an AB quartet for the 6- and 7-protons (gﬁ = 8,5 Hz),

7
?
with the doublet due to the 6-proton bsing moved upfield due to the shielding
effect of the adjacent S-amino substituent,

Bromination with breomine in glacial acetic acid at room temperature gave

a three component solid which was resolved by column chrométography. THe ma jor

product (70%) was identified as the 5-amino-4-bromo derivative (LXIII) and one

}
f

minor product (10%) was unchanged starting material. The other minor product (10%),

a dibromo derivative (mass and n.m.r. spectra), was identified as the S-amino-
.4,6-dibr0mo compound (LXIV) by deamination of a sample by treatment of the
diazonium salt with hypophosphorous acid. The resulting 4,6-dibromo-3;methyl—
1,2-benzisothiazole (LXV) (80%) was identifigd from its n.m.r. spectrum which

‘showed two meta split singlets (3 = 1.4 Hz).

4,6
The bromination results indicated, as expected, that a strongly electron-.
donating S5-substitusnt causes the ortho-positiong(especially the 4-position) to
be activated towards electrophilic attack. A similar pattern has been observed
with S5-substituted 3-methy1benzo[p_]thiophensllU and has been rationalisedlll

in terms of a greater resonance stabilisation of the reaction intermediate

during 4-substitution.

!
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E =

Electrophile,
X = Electron Donating

Substituent.

The intermediate for electrophilic attack at the 4-position has the aromaticity
of the thiophen ring preserved, whilst the intermediate for attack at the
6-position only has resonance stabilisation due to a conjugated triene system.

The foregoing reactions are summarised in Scheme 8 (p. 41).
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The Bromination and Nitration of S-~Acetamido-3-methyl-l,2-benzisothiazole

As mentioned previously (p. 39) the high reactivity of S-amino-3-methyl-
1,2-benzisothiazole prevented the study of its nitration. However, the
S—acetamido derivative (LXVI) might be expected to undergo nitration due to its
decreased reactivity,

S5-Acetamido-3-methyl=1,2-benzisothiazole was obtained in796% yield by the
treatment of S-amino-3-msthyl-l,2-benzisothiazole with acetic anhydride and

glacial acetic acid.78

Bromination

Treatment of the acetamido compound (LXVI) with N-bromosuccinimide in
boiling chloroform, containing a catalytic amount of dibenzoyl peroxide, gavé a
two component mixture which proved impossible to separéte by colﬁmn chromatography.
Conéequently, the mixture was hydrolysed with 40% sulphuric acid‘and the two
amines wefe separated by ﬁhromatography. The major component (56%) was the
: Sfémino compound {LXII), whilst the minor compoﬁent (34%) was identi;ied as

}S-amino-d—bromo-3-methy1¥1,2-benzisothiazole (Lx11I),

'Nitration

' Thé nitration of 5—acetamido-3—methyl-i,2-benzisothiazole, with potassium
nitrate in concentrated sulphuric acid at 0-5° for 3 hy gave a solid product
which contained two components. Column chromatography gave S—acetamido=3-methyl-
4-nitro-l,2-benzisothiézole (LXVII) as the major product (60%) and unchanged
starting material (8%). Longer periods of stirring or higher temperatures only
increased the percentage of tars formed. ‘

The foregoing reactions are summarised in Scheme 8 (p. 41).
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The Preparation of 5=Bromo and S5~Chloro-=3-methyl-l,2-benzisothiazole

S=Bromo-3-methyl-1l,2-benzisothiazole (LXVIII) was prepared in good yield
(88%) from S—amino-3-methyl-l,2-benzisothiazocle by the Sandmeyer reaction,112
involving decomposition of the diazonium sulphate in the presence of copper (1)

bromide in hydrobromic acid. The n.m.r. spectrum showed an AB quartet for the

6- and 7-protons (g6 9 = 8.5 Hz). The signal due to the 6-proton was further
9

split due to meta coupling (24 6 1,7 Hz) and the 7-proton signal was finely
- ’

split due to para coupling (24,7 = 0.5 Hz) with the 4-proton, which consequently

occurred as a doublet of doublets.

S=Chloro=3-methyl-l,2-benzisothiazole (LXIX) was prepared (91%) similarly
from the S-amino precursor, by treatment of the diazonium chloride with copper
(1) chloride in concentrated hydrochloric acid. VIté nem.r. spectrum was similar
to that of the S5-bromo compound mentioned above, but the coupling constants
being slightly larger (34,7 = 0,75, 24,6 = 1.95, and 26,7 = 8.6 Hz),

The above preparations are summarised in Scheme 9 (p. 44).
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Some Electrophilic Substitution Reactions of S5-Bromo-3-methyl-l,2-benzisothiazole

The benzenoid ring of benzisothiazole will be further deactivated by the
introduction of a bromo-substituent into the S-position. It was seen, from the
bromination study of 5-amino-3—methyl-l,2-benzisothiazoie, that the substitution
pattern is governed not by the isothiazole ring (which would promote the formation
of the 7-isomer) but by the activating substituent in the S5-position. Hence,
the 4-position was strongly activated and the 6-position weakly activated- there
being no evidence for activation of the 7-position. Therefore, it could be
argued that with a deactivating S-substituent (i.e. bromo-group), the deactivating
effect of the isothiazole ring might now become important and cause substitution
also at the 7-position to some extent. Therefore, as the 4- and 7-positions of
5-bromo-3-methyl-l,2-benziéothiazole could bevexpected to be activated towérds
electrophilic attack the reactions summarised in Scheme‘iﬂ (p. 50) were carriéd

out.

Bromination

Treatment of 5—bromo-3-methyl-l,2—benzisothiazole with bromine and silver
sulphate in concentrated sulphuric acid at.rqoh temperature gave a white solid
'>which contained four components. .Separatidn by column chrohatography gave a
tribromo product, probably 3-methyl-4,5,7—tribromo;l,2-benzisothiazole (LXX), as
the major component (34%). Unchanged starting material (23%) and 4,5-dibromo~
3-methyl-l,2-benzisothiazole (LXXI) (24%) were also isolated. The latter had
an NeM.T, spect;um, when observed in deuteriochloroform, which showed a single
peak for the aromatic protons and not the expected AB quartet. However, when the
spectrum was observed in hexadeuteriobenzene the chemical shift differences were
of sufficient magnitude to produce a first order spectrqm. This solvent effect
is illustrated in Figure 1 (p. 46), and similar effects haye been successfully

used113 for the analysis of complex n.m,r. spectra.
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(a)

697 - S 670

Figure 1

The expanded n.m.r. spectrum of the aromatic protons of 4,5-dibromo-

3~methyl-l,2-benzisothiazole in (a) CDCl, and (b) CeDg e
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The identity of the 4,5-dibromo compound (LXXI) was verified by its
preparation in 79% yield from S5-amino-4-bromo-3=-methyl-l,2-benzisothiazole (LXIII),
by treating the diazonium sulphate with copper (;) bromide in hydrobromic acid.
By a similar method 4-bromo-S5-chloro-3-methyl-l,2-benzisothiazole (LXXII) was
prepared (99%) from the S-amino-4-bromo compound (LXIII),

The fourth component (10%) was isolated and identified as 5,7-dibromo=3-
methyl-1,2-benzisothiazole (XLVI). Its n.m.r. spectrum showed two meta coupled
signals (24’7 = 1.4 Hz) as well as the methyl singlet. The isolatiop of this
component shows that deactivation of the 4~ and 6-positions, by the isothiazole
ring, was of a sufficient magnitude so as to become important in the bromination
of S-br0m0-3—methyl—1,2—benzi$othiazole. The product was identical with a minor
component isolated from the bromination of 3=-methyl-l,2=~benzisothiazole (p. 29).
Repeating the réaction at 0° did not effectively change the composition of the

mixture (by telece).

Nitration

Reaction of S-bromo-;3:-rﬁéthyl-l,2-ben'zisothiazole. with potassium nitrate in
concentrated sulphuric acid atIO-So‘géve 5-bromo-3-methyl~4-nitro-1,2-~
benzisothiazole (LXXIII) in 81% yield. Its ﬁ;m.f._spectrum showed an AB quértet
for the 6~ and 7-protons (26,7 = 8,7 Hz). The 7;pr6£on‘§ignal was moved well
upfield from its expected chemical shift (by ca. 0.6 p.pem,) due to the loss of
co-planarity-between the nitro-group and the ring. The twisting of the nitro-
group, caused by steric effects of the 5-bromo and 3-methyl group, reduced its
conjugation with the ring so decreasing the deshielding experienced by the
7-proton (compare with S~hydroxy~3-methyl-4-nitro-l,2-benzisothiazole, p. 57).

Reduction of the 4-nitro compound (LXXIII) with hydraéine hydrate and

Raney nickel gave 4-amino-S-bromo-3-methyl-l,2-benzisothiazole in good yield (81%).
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Formylation
Carrington 33.21.84 found that treatment of 3-methyl-l,2-benzisothiazole

with phosphoryl chloride and dimethylformamide gave a mixture of formamidines
(LxXIV; X=H) and (LXXV), The proportion of the 2-formyl compound (LXXV)

increased as the temperature of the reaction was increased,

N=CHNI”182

CHO

S

(LXXIV) SR ‘;.~;' j. - (Lxxv)

It was also found84 that the Vilsmeier-Haabk fdrﬁ;lation oF'3Qam;nobehzo[QJC}
thiophen gave a similar mixture, suggesting that isomerism of‘S-hethyl-l,Zf
benzisothiazole to 3-aminobenzo[gjthiophen probably occurs firét. ‘Such isﬁmerism~
would involve cleavage of the sulphur-nitrogen bond and Bgshagen and his co-

workers have reported many examplesilé?11®

of such bond cleavage in benzisothiazoles.
For example, an adueous solution of 3-ethylamino-l,2-benzisothiazole hYdrochloride
(LxxvI) exists in equilibrium with 2-ethy1-3-imino—l,2-benzisothiézolinyl

hydrochloride (Lxxvi1),t16s1L7

NHEL ~ NH

NJ.HC1 NEt.HC1
s~ o

(LxxvI) (LXXVII)

The formylation of S5-bromo-3-methyl-l,2~benzisothiazole at room temperature
gave a solid which contained two components in the ratio 1:1 (by t.l.c.). The
mixture proved difficult to resolve but slow elution from a silica Qel column
gave S=bromo-3-formylamidobenzo[b]thiophen (LXXVIII) and ﬂ?—(S-bromo-Z-fcrmyl-S-
benzo[g]thienyl)-ﬂ}ﬁ}-dimethylformamidine (LXXIX). The products were character-

ised by n.m,r., mass, and i.r, spectra and were similar to those obtained for
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3-methyl-l,2-benzisothiazole, except that the corresponding formamidine compound
(LXXIV; X=Br) was not isolated presumably due to hydrolysis during the work-up
to the formylamido derivative (LXXVIII).

Repeating the reaction at 110° increased the proportion (by t.l.c.) of the
2-formyl-formamidine component (LXXIX) in the mixture. These res:ifs 3rallel
those obtained in the formylation of 3-methyl-1,2-benzisothiazolekanz'suggest
that the formamidine (LXXIVj X=Br) was formed first and then suﬁsequently

formylated to give the 2~-formyl derivative (LXXIX).

Attempted Friedel-Crafts Acylation

Attempted acylation of S5-=bromo=3-methyl-l,2-benzisothiazole by the usual
method,118 using tin (il) chloride and acetyl chloride in either nitrobenzene or
‘ dichloromethane or using aluminium chloride and'acetYI'chloride in nitrobenzene,

failed to give any acylated product.
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Some 3=-Aminomethyl and NN-Disubstituted=3~-aminomethyl-l,2-benzisothiazole

hydrochlorides

Preparation of some 3-Bromomethyl-l,2-benzisothiazoles

Preliminary work in this department119 had indicated that the usual
conditions120 for the bromination of the methyl group, using N-bromosuccinimide
with dibenzoyl peroxide and irradiating the reaction (200w tungsten lamp), wsere
unsuccessful for 3-methyl-l,2-benzisothiazole, Consequently other methods of
bromination were tried initially.

Photobromination,121 using bromine in dry carbon tetrachloride added
dropwise (2 h) to an irradiated solution of.3-methyl-l,2-benzisothiazolé in dry
carbon tetrachloride, gave a low yield (37%) of the bromomethyl component which
was isolated from the reaction mixture (several components by f.l.c.) as the
hexaminium salt. |

Repetition of fhe reaction at 120° without a solvent also gave - several
components. «am‘(t.l.c.), but treatment of the mixture with dimethylamine did
givé ﬂﬂrdimethyl-(l,2-benzisothiazol—3-yl)methylamine, isolated as its

hydrochloride (20%).

A re~investigation of the bromination of 3-methlel,2—bénzisothiazole with
ﬂrbromoéubcinimide,lzo usiné a stream of dry nitrogen to expel any hydrogen
.bromide forméd, showed (g.l.c.) that a reaction did occur toigive a mixture
containing the 3-bromomethyl derivative (LXXX3 X=H) (84%) and the 3-dibromomethyl
derivative (LXXXI; X=H) (7%). These results have been verified by Gilham,°°
but so far details of his work are unpubliéhed.

5-Bromo-(LXVIII) and S-chloro-3-methyl-l,2-benzisothiazole (LXIX) underuent
a similar bromination with N-bromosuccinimide to give reaction mixtures containing
(n.m.r.) the corresponding 3~bromomethyl derivative (LXXXj X=Br, 70%; X=Cl, 70%),
3-dibromomethyl derivative (LXXXIj X=Br, 10%; X=Cl, 15%), and unchanged starting

material (20% and 15% respectively),
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S-Bromo-3-bromomethyl and 3-bromomethyl-5-chloro-l,2-benzisothiazole were
isolated in moderate yields (EE- 50%) from the respective bromination mixture
by crystallisation with light petroleum. But attempts to isolate 3-bromomethyl-
1,2-benzisothiazole (LXXXj X=H) by either crystallisation or distillation were
unsuccessful,

N-Chlorosuccinimide (N.Cl.S.) has been shown’?

2 to be a more selective
reagent than N-bromosuccinimide (N.B.S.) for halogenation of the methyl group in

3,4=-dimethyl-1,2,5-thiadiazole (LXXXII).

/N\ Me tungsten lamp /N\ CHZX /N\ Me
S = s ’ + S
/ . . / -
\N Me dibenzoyl peroxide \“ CHZX \N CHX2
(LXXXII)
1, N.B.S./3 h : 10% 38%
2. N.Cl.S5./15 h 50% ‘ 10%

Using the same conditions120 as before, the use_of N=chlorosuccinimide on
S5-bromo- and S-chloro-3-methyl~1l,2-benzisothiazole did not increase the proportion
of monohalogénoﬁethyl derivative and the dihalﬁgendmefhyl derivative was still
formed (from n.m.r. study of fhe feacfion mixthésj{' As'ﬂfchiorosuccinimide
required a much longer reaction time (severai days)122 this modification was

abandoned in favour of the use of N-bromosuccinimide,

preparation of some NN~Disubstituted-3-aminomethyl-l,2-benzisothiazole

hydrochlorides and S-Halogeno derivatives

Scheme 11 outlines the route to the required NN-disubstituted-3-aminomethyl-

1,2-benzisothiazole hydrochlorides (LXXXIII; X=H, Br, Cl).
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X
Me N.B.S./light
\ ~ *
N peroxide
57
(LXXXI)
1. HNR,
2. HCl/EtZD
X
\CHZNR2.HC1
s/N
(LXXXIII)
NR, = NMe,, NEt(CHz)ZOH, morpholino,

piperidino, pyrrolidino.

Schems 11

 In order to maximisé the yield éf_the amihg, the bromination mixtures were not
kresolved but the bromométhyl'componeht (LXXX3 X=H, é;,»Cl) was hﬁuxfedviﬁ_gigg
with the appropfiate secondary.ahiﬁe; AThe feéuiting ﬂﬂ}disubstitutéd—S-amino—
~ﬁethy1 derivative (LXXXIII; X=H, Br, Cl)nwas isolated>in good yield-: (ca. 65;80%)

ffom the reaction mixture by precipitation as the hydrochloride.

Preparation of'(1,2-Benzisothiazol-3-yl)methylamine hydrochloride and related

5-Halogeno derivatives

The required amines were prepared by the Déiépine reaétion.123

> — + =
CH,Y (Lxxx1v, Y—N4(CH2)6 Br )

/,N (LxxxV; Y=NH2.HC1)
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As before the bromination mixture was not resolved but treagted directly
with hexamethylenetetramine to give good yields of the hexaminium bromids
(LXXXIV; X=H, 72%; Br, 67%; Cl, 69%). Hydrolysis of the quaternary salts, with
ethanolic hydrochloric acid, gave good yields (75%; 78%; and 75% respectively) of

the corresponding methylamine hydrochlorides (LXXXVj; X=H, Br, Cl).

preparation of N-2=Chloroethyl=N-ethyl-(1,2~benzisothiazol=-3-yl)methylamine

hydrochloride and related 5-=-Halogeno derivatives

The amine hydrochlorides [LXXXIII; X=H, Br, Clj NR,=NEt (CH €1] were

2)2
prepared from the corresponding N-2-hydroxyethyl compounds [LXXXIIIj X=H, Br, Clj

NR.=NEt(CH,),0H] by treatment with thionyl chiorida in dry chloroform. The

2 2)2

compounds were cobtained in good yields (ca. 90%) and purified by crystallisation

from dry ethanol or dry ethanol-ether.
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- X
CH, /
"<
X X 3
\CHzBr NaCN \ CCN
N v -
acetons N
s~ 57
. X
(LXXX) CH, // \ —
iy Y
(LXXXVIIa; X=Br)
NaCN/dimethylsulphoxide (LXXXVIIb;y X=Cl)
X _
\c&zcw‘ HCl/H20 .
N o
s”

(LXXXVIas X=Br)
(LXXXVIbs X=Cl1)

~ (LXXXVIIIa; X=Br)
. (LXXXVIIIb; X=C1)

Scheme 12

AR similar pattern was observed when the reactions weré carried out on 5-
chioro-S;methyl-l,2-beniisothiazole. Treatment of the 3-bromomethyl compound
(LXXX3 X=Cl) with sodium cyanide in aqueous acetons gave compound (LXXXVIIb) (95%),
whereas the reaction with dry dimethylsulphoxide, as solvent, gave the required
nitrile (LXXXVIb) (62%). Acidic hydrolysis of the nitrile gave (S-chloro-1,2-
benzisothiazol-3-yl)acetic acid (LXXXVIIIb) in 66% yield,

As the overall yield of the 5~halogeno acetonitrile derivatives was very
small (EE' 5%, starting from acetophenone), an alternative route to the nitriles

was explored (see later, p. 78 ).
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The Preparation of (S5-Bromo and S-Chloro-l,2=-benzisothiazol-3-yl)acetonitrile

and the related acetic acid derivatives

It was hoped to prepare some ethylamine derivatives from S5-bromo-and
S5-chloro=3-methyl=1,2~benzisothiazole and consequently the corresponding 3-
acetonitrile derivatives were required as intermediates,

Sutton,118 when preparing 2-(4-hydroxy-3-benzo[b]thienyl)ethylamine - the
sulphur analogue of 4-hydroxytryptamine, showed that the intermediate 4-
methylsulphonyloxy-3-benzo[g]thienylacetonitrile was best prepared by treating
the 3-bromomethyl compound with a partial solution of sodium cyanide in aqueous
acetone, rather than in dimethylsulphoxide which is liable to give side reactions.
124,125

However, when S-bromo-S-bromomethyl-l,é-benzisﬁfhiazoie was treated wifh
sodium cyanide in aqueous acetone a product (Bﬁ%)'wés iéoiéfed which'wgs not the
required nitrile (LXXXVIa). 1Its n.m.r. spectrum showsd aromatic and methylene
protons, in the ratio 9:4, while its mass spectrum, when run at low energy,
 .1ndicated the presence of three bromine atoﬁs and a molecular weight of 702/704/

706/708. A weak CN absorption ih the i.r. ;pectrum coupled with the microanalyt-
Aical dafa finally identified the compbund as di(S-bromofl,2-benzisothiazoi-3-ylc
methyl)-(S-bromo-l,2-benzi-éothia’zol-l3-.-yl')acet.:onitArile '(kax_vna). It was
probably formed by attack of the excess of brombmethyl compound at the active
methylene protons in the initially formed nitrile. 1In an attempt to minimise
this secondary reaction the bromomethyl compound (LXXX; X=Br) was added over
2.5 h to aqueous acsetone containing a fourfold excess of sodium cyanide, but still
only compound (LXXXVIIa) was isolated (73%).

When the reaction was repeated using dry dimethylsulpﬁoxide as solvent124
and the reaction product purified by elution from‘a column of silica gsl,
(5-bromo-1,2-benzisothiazol~3-yl)acetonitrile was obtained in 60% yield.
Hydrolysis89 of the nitrile (LXXXVIa) gave (S-bromo-l,2-benzisothiazol-3-yl)acetic
acid (LXXXVIIIa) in good yield (70%). The foregoing reactions are outlined in

Scheme 12,
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Some Reactions of 5-Hydroxy=3-methyl-l,2=benzisothiazole

The reactions of S-~hydroxy=3-methyl-l,2-benzisothiazole were investigated
to see if they were characteristically phenolic and if they followed the
emerging pattern for 3;methyl-1,2-benzisothiazole derivatives, Scheme 13 (pp.sl,
62) summarises the reactions investigated.

S—~Hydroxy=3-methyl=l,2=benzisothiazole (LXXXIX) was prepared by decomposing
the diazonium sulphate from S-amino=3-methyl-l,2-benzisothiazole in the usual
manner (Scheme 9, p. 44). The moderate yield (45%) which corresponds to an
voverall yield of only 7% (from acetophencne) prompted the author to investigate

other alternative routes (see later, p. 83),

Bromination

Unlike 5-hydroxy-3--methylbenzo[_ththiobhen;l18

S;hydroxy—3-methyl-l,2—
benzisothiazole due to its comparativé unreactivity pfoved a suitable subétrate
for monosubstitution. Treatment with bromine in etﬁylvacetate at 0° gave

. 44—bromo#5-hydroxy-3-methyl-l,2-benziébthiaiole'(XC):in high yield (95%). Its
NeMeTo spectrum showed an AB quartet for the 6~ and 7-protons (26,7 = 8,6 Hz),

i with the signal for the 6-proton moved upfield due to shielding by the S-hydroxyl

Qroupe.

Nitration

The nitration of 5-hydroxy=3-methyl-l,2-~-benzisothiazole with nitric acid in
glacial acetic acid at room temperature gave S-hydroxy-3-methyl-4-nitro-1l,2-
benzisothiazole .(XCI) in 72% yield. The n.m.r. spectrum showed the expected AB
quartet for the 6- and 7-protons. The 7-proton signal was ﬁot_appreciably.moved
upfield from thqvexpected chemical shift as was found for S5-bromo-3-methyl-4-
nitro-1,2-benzisothiazole (p. 47). This being due to hydrogen bonding betuween

the S5-hydroxy and 4-nitro group, so keeping the nitro group essentially co-planar
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with the ring.

3=-Mathyl=5-~methylsulphonyloxy-l,2=benzisothiazols

S-Hydroxy=3-methyl-l,2-benzisothiazole when -treated with methylsulphonyl
chloride in dry pyridine at 0° gave the methylsulphonyloxy derivative (XCII) in
76% yield. Its n.m.r. spectrum showed the expected splitting pattern for the
aromatic protons, with additional fine splitting of the 4~ and 7-signals due to
para coupling (g4,7 = 0,7, 24,6 =2,2, and 96,7 = 8,5 Hz).

Claisen.Reatrangement of 5~Allyloxy=3-methyl«l,2-benzisothiazole

Treatment of S=hydroxy=3-methyl-l,2-benzisothiazole with allyl bromide in
boiling anhydrous butanone, mith'potassium capbnnate asbhydrogen bromide scavenger,
gave the allyl ether (XCIII) in 81% yield. |

The Claisen rearrangement readily occnrred when S-allyl-S-methyl-l,ZQ
benzisothiazole was kept at the b,p. of Nﬂ_—-dimethylanilinel26 to give the ortho
allyl phenol (XCIV) in 90% yield. '

Attempted Fries Rearrangement of S-Acetoxx—S-methyl-l 2-benzisothiazole

S-Acetoxy-3-methyl=1,2-benzisothiazole (XCV) (94%) was obtained by treating
li5-nydroxy-3—methy1-1,2-benzisothiazole with acetic anhydrlde in boiling acetic
acid. Reaction of the estér (xcv) with aluminium chloride at 180-2000, without

a solvent, failed to cause the expected ortho-rearrangement. 0Only 5-hydroxy-3-
methyl-1,2-benzisothiazole (88%) was isolated - the acetyl function presumably
being evolved as acetyl chloride. Repeating the reaction in boiling benzene,
conditions that generally favour para-rearrangement, also failed to give any

rearranged product. S-Acetyl-3-methyl-l,2-benzisothiazole nas no available para-

position and so one would expect no reaction or possibly ortho-rearrangement.
However, S-hydroxy-3-methyl-l,2-benzisothiazole (50%), unchanged starting

material ( - XCV) (44%) and acetophenone were isolated. Hence the acetyl group
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(formed during an intermolecular mechanism) must attack the more reactive benzene
solvent in preference to the unreactive benzisothiazole system. Anadditional
cause of the failure to undergo the Fries rearrangement could be steric blocking
of the 4-position by the 3-methyl group. Chapman and his co-worker3127 found
that the Fries rearrangement of S-acetoxy-3-methylbenzo[b]thiophen gave
essentially the 2-acetyl derivative, whereas S-acetoxybenzo[_lg_]thiophen128 gave
the expected 4-acetyl derivative. Consequently the failure of S—acetoxy-3-methyl
-1,2-benzisothiazole to undergo rearrangement is probably due to a combination of
the decreased reactivity of benzisothiazoles with possible peri-interaction
between the 3-methyl group and the 4-position. The Fries rearrangement of
S-acetoxy-l,2—benzisothiazole-would be of considerable interest in determining

the relative importance of the two effects.

Attempted Formylation énd von ﬁébhméhn Reaction
The Adam's modification129 of ﬁhe Gattermann reactioﬁ, using zinc cyanide
and hydrogen chloride, failed to give the required aldehyde. A>solid precipitated
from the reaction mixture and was identified (n.m.r. and i.r. spectra) as the
- hydrochloride salt of 5-hydroxyé3;methyl-l,2-benzisothiazole.
Similarly, the von Pecﬁmann raaqtion;§0~préﬁipitatgd the hydrochloride salt

aftef cae 15 min,

Attempted Friedel-Crafts Acylation
. Although the acylation of S-bromo-3-methyl-1l,2-benzisothiazole (p. 49) was
unsuccessful, it was hoped that a more reactive substrate might undergo the
friedel-Crafts reaction,

The acylation of S-hydroxy—S-methyl-l,2-benzisothiazoie, using acetyl chloride
and aluminium chloride in dry nitrobenzene, gave a solid which contained two
components. Chromatography gave the S5-acetyl-3-methyl derivative (Xcv) (10%) and

unchanged starting material (47%). It seemed possible that the size of the
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solvated aluminium chloride-acetyl chloride complex had prevented the expected
acylation at the 4-position and so the reaction was fepeated using acetyl
chloride in dichloromethane with boron trifluoride as Lewis acid. A similar
mixture was obtained containing 64% and 3G% respectively of the S-acetoxy
derivative (XCV) and starting material.

The acylation of 3,5-dimethylbenzo[b]thiophen, using sither aluminium
chloride or boron trifluoride as catalyst, gives the 2-acetyl derivative.131
Again, it is possible that Eggirinteractidn between the 4-position and 3-methyl
group118 prevents the formation of the 4-acetyl derivative and such facﬁors
could explain the failure to acylate S5-substituted 3-methyl-l,2-benzisothiazoles,
However, Davis and Whiﬁegg have found that 2,l-benzisothiazole does not undergo

the Friedel-Crafts acylation and it would appear that the main cause of failure

is the fundamental unreactivity of the benzisothiazole nucleus.
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Some Electrophilic Substitution Reactions of S-MethOXXrS—hetbyl-l,2-benzisothiazole

In order to determine whether methylation of S~hydroxy—3-methyl-=l,2-
benzisothiaiole would modify the substitution pattern previously observed, the
electrophilic substitution reactions of S5-methoxy-3-methyl-l,2~benzisothiazole
were investigated. The reactivity of the methyl ether (XCVI) would be expected
to be intermediate between that of 5=bromo and S5-hydroxy=3-methyl-=l,2-
benzisothiazolas. Hence substitution should occur using milder conditions than
used for the S5~bromo system. | |

5—Methoxy=-3-methyl=-1,2~benzisothiazole was obtained in 90% yield by
treating 5-hydroxy-3—methyl—l,2—benzisothiazole:in ethanolic potassium hydroxide

with methyl iodide.

Bromination

Treatment of the ether (XCVI) with bromine in carbon tetrachloride gave
a solid which contained two components. Chromatography gave-stafting material
(50%) and 4-bromo=-5-methoxy-3-methyl-l,2-benzisothiazole (XCVII) iﬁ 40% yield.

Bromination under forcing conditions, using bromiﬁé.and silver sulphate in
concentrated sulphuric acid at 0-5°, gave the 4=bromo derivative (XCVII) in good
yield (87%). 1Its ne.m.r. spectrum showed the aromatic protons as the expected AB
quartet (26,7 = 8,7 Hz), with the 6=-proton signal at high field due to the
shielding by the adjacent methoxy group. The methyl signal occurred at ép.p.m.
2,97, dounfield by ca. 0.35 p.pem. from the methyl signal usually found for
3-methyl-l,2-benzisothiazoles. This dounfieid shift is due to steric crowding
of the 4-position by the 3-methyl group. As a bromo group is spherically
symmetrical it cannot relieve the steric interaction and so the methyl protons
come under the deshielding influence of the bromo group. Hence, the methyl

signal is shifted dounfield and such an effect will occur for any substituted

3-methyl=1,2=-benzisothiazole with a bulky deshielding group in the 4-position
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(e.g. bromo or chloro group).

N-Bromosuccinimide in refluxing carbon tétrachloride in the presence of a
small amount of dibenzoyl peroxide brominated the ether (XCVI) to give a mixture
containing three components in the ratio 70:15:15 (by t.l.c.). Chromatography
gave 3-bromomethyl (XCVIII) (major component) and 3-dibromomethyl—S-methoXy-l,2-
benzisothiazole (XCIX), as well as unchanged starting material. These conditions
usually favour nuclear bromination.

Using the condition3120 employed earlier for side-chain bromination [care=-
fully purified N-bromosuccinimide, pumped out 132 prior to usse, in redistilled
carbon tetrachloride containing dibenzoyl peroxide and irradiating the reaction
(200w tungsten lamp)] gave a similar mixture of the 3~bromomethyl derivative
(XCVIII) and 3-dibromomethyl derivative (XCIX). The mixture was resolved by
chromatography to give the components in 28% and 24% yiela respectively.
Isolation of the 3~bromomethyl component from the mixture by crysfaiiisation
from light petroleum , using the techﬁique employed in previous bromination

reactions, proved impossible.

Nitration
S-Nethoxy-S—methyl-l,2-benzisothiazole was readily nitrated under forcing
conditions, with potassium.nitrate in concentrated sulpﬁuric acid, and gave
Spectrunv

S5-methoxy=-3-methyl=4-nitro-1,2-benzisothiazole ih 93% yield. 1Its h.m.r.}ghoued

the usual AB quartet for the 6- and 7-protons (gﬁ = 8.8 Hz), with the 6-proton

' 7
signal at high field. The methyl signal appeared at & Deme 2,56, which is an
average shift value for a 3-methyl group in the l,2-benzisothiazole series.
The downfield shift of the methyl signal observed with ths 4=bromo compound
(XCVII), does not occur in the spectrum of the 4-nitro compoﬁnd because the
4=nitro group can tuwist out of the plane of the ring and so decrease the steric

crowding experienced at the 4-position due to the 3-methyl group. Thus the

methyl protons do not fall within the space where the deshielding effect of the
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nitro group is effective and the chemical shift of the methyl protons is not

appreciably changed.

Formylation
The Vilsmeier-Haack formylation of S5-methoxy=3-methyl-l,2~benzisothiazole,

using phosphoryl chloride and dimethylformamide for 4 h- at room temperaturs,

gave a mixture which contained two components in the ratio 1:1 (t.l.c.).

Resolution of the mixture , by column chromatography, gave 3-formylamido;5-
methoxybenzo[b]thiophen (C) (BF 0.26) and N?-(2-Formyl-S—methoxy-3-benzo[QJthienyl)
-ﬁ}ﬂ}-dimethylformamidine (c1) (EF 0.45). The products compared (n.m.r. and i.r.

spectra) with those from previous formylations and were as expected.

Attempted Friedel=Crafts Acylation

Treatment with acetyl chloride and anhydrous aluminium chloride in dry
dichloromethane, for 22 h at room tempsrature and for 48 h at 400, failed to
~give any product except unchanged starting material (99%).

The foregoing reactions are summarised in Scheme 14 (pp. 67, 68).
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Preparation of (S-Methoxy-l,2-benzisothiazol-3-yl)acetonitrile and the acetic

acid derivative

3-Bromomethyl=S-methoxy-l,2-benzisothiazole (XCVIII) wae reacted with
sodium cyanide in dry dimethylsulphoxide to give the required nitrile (c1I1) in
55% yield.

Hydrulysi589 of the foregoing product, in hydrochloric acid at cae. 450,
gave (S-methoxy-l,2~-benzisothiazol-3-yl)acetic acid (CIII) in good yield (85%).
Unfortunately, lack of time prevented the preparation of further derivatives of
the acid.

The above reactions are included in Scheme 14 (p. 67).
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Some Electrophilic Substitution Reactions of 4-Bromo-3-methyl-l,2-benzisothiazole

4=-Substituted 3-methyl-l,2-benzisothiazoles have not previously been
reported and hence their preparation and.propertieé are of some interest. Scheme
15 (p. 73) summarises some elecrophilic substitution reactions»of 4-bromo-34
methyl=l,2=-benzisothiazole. From theoretical considerations, substitution would
be expected at both the 5=~ and 7-positions and would pequire forcing conditions
due to the deactivating effect of the 4-bromo group.

' 4-Bromo-3-methyl-1,2-benzisothiazole (CIV) was prepared in 95% yield by the
deamination of 5-amino-4-bromo-3-methyl-l,2~benzisothiazole (LXIII), using
hypophosphorous acid, Its n.m.r,. spectfum showed the 6-proton as a triplet
(25,6 = 26,7‘= 7.75 Hz) and the 5= and 7-prot§ﬁs as a doublet of doublets (25,7
= 1 Hz). The signal due to the methyl group was shifted dounfield‘by ca. 0.3
PepeMmey compared with its usual position forf3-méthyl-1,2-benzisothiazole
derivatives, because of steric interactions, discussed previously (p. 63),
between the 4~bromo substituent and the 3-methyl group. The preparative

_sequence is outlined in Scheme 9 (p. 44).

Aéromination'

Tréafment witﬁ Bromine éﬁd éilvér‘suiphaté in poncentrated sulphuric adidA
| at 0-5° gave 4,7—dibromo-3-methylAi,Z-Eenzisothiazoleb(XLV) in 96% yield. There
was no evidence (t.l.c. and nem.r.) for the formation.of any of the expected
4,5-dibromo isomer (LXXI), probably prevented due to steric factors. The 4,7=
dibromp product (XLV) was identical with a minor component obtained from the

bromination of 3-methyl~l,2-benzisothiazole (p. 29).

Nitration
Uhen 4-bromo-3-methyl-l,2-benzisothiazole was treated with potassium nitrate

in concentrated sulphuric acid at 0-5°, a mixture containing the S-nitro (CV) (41%)



and 7-nitro derivative (CVI) (42%) uas obtained. These isomers were separated
with difficulty by column chromatography (BF values 0.38 and 0,45 respectively).
Their n.m.r. spectra were similar and identification was achieved by reduction
(tin and hydrochloric acid) of one of the isomer;; Thé resulting amino compound
(15%) was identified as 7-amino—4—bromo-3-methyl—l,2-beﬁzisothiazole (CVII) as
its spectra (nem.r. and i.r.) and m.p. were quite different from those of the

known S~amino-4~bromo compound (LXIII).

Formylation
The Vilsmeier-Haack formylation, with phosphoryl chloride in dimethylforme-

amide at 90-1000, gave a mixture of the 2-formyl-formamidine compound (CVIII)
and 4=-bromo-3-formylamidobenzo[b]thiophen (CIX) in the ratio 29:66 (g.l.c.)
respectively. The mixture could not Ee separated by chfomatography but
trituration with light petroleum extractéd fh; mihgr component (CVIII) (18%).
formylation at room temperature gave a mixture (l:l by t.l.c.) whiﬁh
chromatographed to yield the formylamidoe compound (c1x) (36%) and unchanged
starting material (S0%). R |
The rearranged products were similar to those“already obtained during
formylations of other 3-mathy1-l,2—benzisothia?oles.;.It :én be seén from Table 1
that only with d-bromo-S-methyl-l,2-Bénzisothiazoié isAfofhyiation, atArooﬁ

temperature, limited to the formylamido compound (or its precursor).

1,2-Benzisothiazole  Reaction % Formylamido % 2-Formyl
substrats : Time (h) Derivativel'in . Derivative in
réaction mixture reaction mixture
3-Ma ca. 20 602 40%* (g.l.c.)
5-0Me, 3-Me 4 50 : 50 (t.l.ce)
5-8r, 3-Me ‘ 18 50 ‘ 50 (t.l.c.)
4-Br, 3-Me 22 . 50 - (t.l.c.)

1, For 3-Me substrate, corresponding formamidine compound isolated.
2. Ref, B4,

Table 1



From the length of time required to complete the reaction it would appear
that an electron donating substituent enhances thse initial isomerism to the
corresponding 3-aminobenzo[2jthi0phen (see Pe 48) and a possible mechanism is
shown in Scheme l6. The deactivating effeét of a 5-bromo substituent may well
be balanced by its increased stabilisatiohvﬁf the reaction intermediate (CX) and
hences 3-methylel,2-benzisothiazole and its S5~bromo derivétive appear equally
reactive., When the bromo group is in the 4-position, no such mesomeric
stabilisation of the intermediate (CXI) can ﬁccur and so the deactivating effect
of the bromo substituent will be unchecked and the reaction will not proceed as

readily.

Attempted Friedel—Crafts Acylation

.Treatment with acetyl chloride and énhydrous aluminium'chioride in dry

hitrobenzene at ca. 100° gave only unchanged starting material.
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The Preparation of 4-Chloro-3-methyl-l,2-benzisothiazole

The chlorination of S—amino=3-methyl-l,2-benzisothiazole, with a solution
of chlorine in dry carbon tetrachloride, gave a low yield (27%) of S—amino-4-
chloro-3-methyl-l,2-benzisothiazole which was separated from unchanged starting
material (50%) by chromatography.

N-Chlorosuccinimide in boiling dry chléroform containing a catalytic
amount of dibenzoyl peroxide gave S5=-amino-4-chloro-3-methyl-l,2=-benzisothiazole
in 81% yield. Its n.m.r. spectrum showed, inter alia, an AB quartet for the 6-
and 7=-protons (26,7 = 8,5 Hz), with the 6~-proton at high field due to shielding
by the adjacent amino group.

Deamination of the foregoing product, by treatment of the diazonium
sulphate with hypOphosphofous acid, gave 4-ch10fo-3—mathyl—l,2-benzisothiazoie
(CXII) in 76% yield. Its n.m.f.bspectrum when observéd in deuteriochloroform
was second order because the diffareﬁce in the chemical shifts of the coupled
protons was equal or less than their coupling constants. As before (p. 46), a
first order spéctrﬁm resulted when the spectrum was observed in hexadsuterio-
benzena.

The reaction sequence is summarised in Scheme 9 (p. 44).
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The Preparation of 3-Methyl-d4-nitro-l,2-benzisothiazole

Hydrolysis of S-acetamido-3-methyl-4-nitro~l,2-benzisothiazole (LXVII)
with 35% sulphuric acid gave S-ahino-j-methyl-d-nitro-l,2-benzisothiazole in 95%
yield. Diazotisation of the foregoing amine, in sulphuric acid with aqueous
sodium nitrite at O-Bo, followed Ey deamination of the diazonium sulphate, in
aqueous hypophosphorous acid, gave a semi-solid which contained two components,
Chromatography gave 4-chloro=3-methyl-l,2-benzisothiazole (55%) which was
identical with an authentic sample. The minor component (BF 0.51) was isolated
in a trace amount ( < 10 mg) but n.m.r., i.r., and mass spectra confirmed it as
being 3-methyl-4-nitro—l,2—beniisothiazole.

5-Amino-3-methyl-d-nitro-l,2-benzisothiazole contained no impurity ( n.m.r.
and t l.c.) and so ail reagents were tested for halogen. These tests showed
that the aqueous hypOphosphorous acid was contamlnated w1th chloride ions, It
seems probable that the 4-position is‘actlvated towards nucleophiles by the
ad jacent positively charged diazonium group and by the isothiazoie ring. In
addition the-4-nitro group is tQisted (gigg.igfgg) out of the plane of the ring
and its conjugation with the ring is consequently diminished. Under these
circumstances the 4-nitro group is readlly displaced by chlorlde ions and then
deamination leads to the 1solation of 4-chloro-3-methy1—l 2-ben21sothiazole.

Diazotisation133 of the amine in gla01al‘acetic acid by a solution of
sodium nitrite in concentrated sulphuric acid and deamination of the diazonium
salt with ethanol and copper (i) oxide gave only 3-methyl~4-nitro-l1,2-benzisoths
jazole (CXIII) in 35% yield. The foregoing.preparation is summarised in Scheﬁe 9
(p. 44).

fFrom a comparison of the n.m.r. spectra of 3-methyl-4;nitro-1,2-benzisoth::
{iazole and other substituted 3-methyl-l,2-benzisothiazoles the existance of steric
interactions between the 3-methyl group and the 4-position can be positively

determined.
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The n.m.r. spectrum of 3-methyl-4-nitro-l,2-benzisothiazole showed a

triplet for the 6=-proton signal at high field (25 = 7.75 Hz) and the

6 = 36,7

S—- and 7-protons were observed as doublet of doublets (95 = 1.25 Hz)., If ons

o7
assumes that the substituent chemical shifts in benzo[gjthiophen are the same as
those in 1,2-benzisothiazole, good correlation between the pfedicted and observed
chemical shifts of the aromatic protons for a number of 1,2-benzisothiazole
derivatives can be obtained, Using the substituent chemical shifts for the nitro

group (determined for the isosteric benzo[EJthiophenle), the chemical shifts for

the 6~ and 4-proton signals of J-methyl-7-nitro-1,2-benzisothiazole were accurately

predicted.
Chemical Shift for 3-Methyl-7-nitro-1,2-benzisothiazole
Proton Observed (pepem.) Predicted (p.p.m.)
4 8.28 8.28
6 8.48 8.45

However, when used to predict the chemical shifts for the 5= and 7-protons
in 3-methyl-4-nitro-l,2-benii$0thiézole, the observed 5-proton signal was 0,68
p.pems upfield from its predicted position; whilst the 7-proton signal was only

0.16 p.pem. upfield,

Chemical Shift for 3=-Methyl-4-nitro-l,2-benzisothiazole

Proton Observed (p.p.m.) Predicted (p.p.m.)
5 7.77 8.45
7 8.12 8.28

Deshielding, caused mainly by electron withdrawal through oVerlapping
p-orbitals, is greater at the ortho-position than at the Egégrposition. The sig=
nals due to the 5- and 7-protons are therefore expected to move downfisld from
the positions observed with the parent system and the predicted ;esults are shouwn

in the table. However the observed results do not show the expected movement due:
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to the deshielding influence of the 4-nitro group and hence the nitro group must
be twisted out of the planme of the ring thus decreasing the overlap of its
p-orbitals with the Tl-system of the ring. This twisting takes place as a result

of steric interactions between the 4-nitro group and the 3-methyl substituent.
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An Alternative Preparation of (5-Chloro-l,2-benzisothiazol-3-yl)acetonitrile

As the overall yield of (S-bromo and S-chloro-l,2-benzisothiazol=3-yl)acet{
onitrilelffom the 5-halogeno=3-methyl-l,2-benzisothiazole, by side-chain
bromination followed by reaction with sodium cyanide in dimethylsulphoxide, was
relatively low (p. S6) an alternative preparation was investigated.

It was hoped that a substituted 3-chloro-l,2-benziscthiazole would react
wvith ethyl cyano(sodio)acetate‘by the method of Carrington86 (putlined on p. 20)
to give, after hydrolysis, the corresponding acetonit:ile deriﬁétives. S-Cﬁloro-
S-nitro—l,2-benziéothiazole waS’choéen'for the éxperimént bécauée iﬁ Qéé.
relatively easy to prepars and because ue hoped'to replace the nitro grouﬁ in»the
resulting (S-nitro—l,2-benzisothiazol-3-yl)acetonitfile 5y other substituents.

135 was obtained in 75%

Bis-(o-carboxy-p-nitrophenyl) disulﬁhidé'(tilv)
yield by treatment of the potassium salt of 2-chlor0-5—nitrobenzoid acid with
a solution of sodium disulphide, followed by acidification. Reaction of the
foregoing product with phosphorus pentachloridebin Ary toluene135 gave the
acid chloride (Cxv) (76%), whiﬁh was boiled with bromine in dry tetrachloroethane
then poured into cold aqueous ammonia to give 5-nitro-1,24benzisothiazol-3(2ﬂ)-

135

one (CXVI) in 78% yield. Reaction of the foregoing prddubt with phosphorus

pentachloride in dry pyridine at l70-lBD° gave 3-chloro-5-nitro~l,2-bhenzisothiazole
(cxvII) (90%).136 The foregoing reactions are summarised in Scheme 17.

Ethyl (S-nitro-1,2-benzisothiazol-3-yl)cyanoacetate (CXVIII) (78%) was
obtained after stirring 3-chloro-5-nitro-l,2-benzisothiazole with ethyl cyancacet-
ate in the presence of sodium ethoxide for 9 days. Hydrolysis of the fasagading
ester (CXVIII) in aqueous dimethylsulphoxidéa4 gave the nitrile (CXIX) in 88%
yield. Reduction of the nitrile (CXIX) with aluminium amalgam gave a brown gum
from which (S=-amino-1,2~benzisothiazol-3-yl)acetonitrile was isolated as its

hydrochloride (CXX) (56%). Using iron filings in aqueous acetic acid improved

the yield of amine hydrochloride (CXX) (75%). The reduction was complete after
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Scheme 17

0 CO.H 1, KOH/EtOH
2 2 o
c1 2, Nas2
3. HT
0, 0 A‘l' Brz/CIZCH.CH012

BER NH,/15-20°
N
- N
(cxv1)

PCls/pyridiné/170—180°

(cxvil)

2 CO,H HO, N,0
§——S5
(cx1v)

PClS/toluene

02 cocl Clo ND2
S——=5



-80-

Scheme 18
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only 10 min at ca. 90° and longer reaction times only increased the proportion of
(5-acetamido-1,2-benzisothiazol-3-yl)acetonitrile also formed. The usual
Sandmeyer replacement of the amino group gave (S-chloro-l,2-benzisothiazol=3-
yl)acetonitrile (LXXXVIb) ia good yield (81%).

The overall'yiald of 26% by the eight stage synthesis, outlined in Schemes

A tms‘&emble WW‘V\

17 and 18, the yield of 5% obtained by the route

starting from acetophenone (p. 56) which also has eight stages. Application of a
' \ \
similar sequence of rsactions to any beszecemschstibtuted 3-chloro-l,2-benzisoth
with o substituent we bhe phengl g

iazole[should provide a useful synthetic route to the corresponding 3-acetonitrile

derivative and hence related compounds,

Attempted Preparation of (5-Bromo-l,2-benzisothiazol-3-yl)acetonitrile

The‘preaaratidn-Ofb(S-bromo—l,2—banzisothiaaol-3-y1)acetonitrile (LXXXVIa)
in a manner similar to that used for the S-chloro nitrila (LXXXVIb) was not
straightforward, Dacompositlon of the diazonium sulphate in the presence of
| copper (1) bromlde and hydrobromic acid gava a solid, which contained threse
components. Chromatography gave the required S-bromo nitrile (LXXXVIa) (21%) and
(5-bromo-1, 2-ben21soth1azol-3—yl)bromoacetonitrile (CXXI, X=H) (45%), which was
idantifled from its i.r., n.m.r. and mass spectra. "The third component (6%)
showed only three aromatic protons in.its n.m.r. Spectrum and a weak CN abaorption
in its i.r. spectrum. Lack of time has prevented further characterisation, but
the product is probably (5-bromo-1,2-benzisothiazol-3-yl)dibromoacetonitrile
(cxxI; X=Br). |

Br



-

The side-products were probably formed by bromination of (5~bromo-l,2-
benzisothiazol=3=yl)acetonitrile initially formed due to its active methylene
protons (see also pp. 55 and 56) and the presence of copper (gp bromide, a
brominating agent (p. 36). Consequently the required S~bromo nitrile (LXXXVIa)
would probably be successfully prepared starting ffom S5~bromo-3~chloro-1,2-

benzisothiazole,.
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Some Attempted Thiocyanations on m-Hydroxyacetophenone and related compounds

It was hoped to prepare 5-hydroxy-3—methyl—1,Z;benzisothiazole by a method
similar to'that used previously for the preparation of S5-amino-3-methyl-l,2-
benzisothiazole (Scheme 7, p. 38).

Although the thiocyanation of amines occurs readily and has received much
attention, phenols have been less comprehensively studied and yields are usually
lower .137 Phenols usually undergo thiocyanation in the para-position, unless
it is blocked-when ortho-substitution occufs._ Generally,:higher yields are
- obtéihed when tﬁgﬁthiocyanatidh‘df phenols isfcarrieq.ouf in glacial acetic acid
rather than in neutfal solvents, ;uch as methanol.lzaA- |

Treatment of mrhydroxyace#oéhenone iﬁ‘d;y metﬁénol at ca. -5° with thiocyan-
vogen, generated in situ by thé action of b?éhine-én éﬁhydfous sodium thioéyanate,
failéd to give any thiocyanated product. This procedure had previously been
used successfully for me-aminoacetophenone (p. 37)

Kaufmann and Kuchler'>® found that freshly prepared ‘copper (ll) thiocyanate
could be used to thiocyanate amines and phencls at higher tempsratures (gg. 35-=80 ).

Copper (l;) thiocyanate releases thiocyanogen by the dissociation of the black

copper (11) to the white copper (1) salt.

2Cu(SCN)2 ~~————+— 2CuSCN + (sm:m)2

Thiocyanation of m=hydroxyacetophenone by copper (11) thiocyanatelzg’140 did not

give the required S5-hydroxy-=-2-thiocyanatoacetophenone but>a product which was
identified (n.m.r.) as 3-hydroxy-®~thiocyanatoacetophenone (CxXX11) (31%).

Aryl ethers, which are unreactive towards thiocyéndgen, react with
thiocyanogen chloride in acetic acid to give.Egsgrsubétituted thiocyanato derivat-
ives in high yield.lal’142 Treatment of either m-hydroxyacetophenone or m-

methoxyacetophenone with thiocyanogen chlorid9142 in glacial acetic acid gavs

complex mixtures from which a major component could not be isolated. In an
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"attempt to minimise any thiocyanation of the methyl ketone side-chain, m-hydroxy

and m-methoxyacetophenone were reduced with sodium borohydride143

to 1-(3-
hydroxyphenyl)ethanol (CXXIII) and l=-(3-methoxyphenyl)ethanol (CXXIV) respectively.
Reaction of 1-(3-hydroxyphenyl)ethanol (CXXIII) failed to give a major component
but 1-(3-methoxyphenyl)ethanol gave l-(S-methoxyAZ-thioqyanatophenyl)ethyl acetate
(cxxv) in 62% yield., The ethyl acetate derivative was identified by its very
characteristic nemsre, spectrum and strong SCN and ester bands in the i,r. spsctrum.
Thiocyanogen chloride in chloroform with 1-(3-methoxyphenyl)ethanol (CXXIU) gave
a‘mixture of several minor componénts. These thiocyanatibn stqdies aré summarised

in Scheme 19. | | -

Consequently, hydrolysis qf.the éstef (CXXV) folldwed'by oxidation_of the

~ alcohol, possibly using chromium trioxide-pyridine c:(:nmplexl44 which éives high

':Ayields, should give 5-methoxy-2-thiocyanatoacetophenone énd ﬁénce by the usual

method, S-methoxy=-3-methyl-l,2-benzisothiazole. Demethylation, possibly using

gither pyridine hydrochloride145

or boron trichloride,l46 should afford an
alternative route to 5-hydroxy-3—methyl—1,2-benzisdthiazole. Unfortunately the

lack of time prevented completion of this investigation,
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Schema 19
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Attempted Reduction of (1l,2-Benzisothiazol-3-yl)acetonitrile

In order to prepare soms 31§;inoethy£}l,2-benzisothiazole derivatives
for pharmacological evaluatioﬁ and comparison with tryptamine derivatives it
was hoped to carry out the reduction o% (1,2-benzisothiazol=3-yl)acetonitrile
and of the N-methyl and NN-dimethyl amides derived from (1,2-benzisothia;ol-3—
yl)acetic acid.

118,147 .4 elseuhere’® have found that in the

Workers in this department
benzo[gjthiophen system the acsetonitrile and N-substituted acetamide moeties
can be readily reduced using either lithium aluminium hydride, in the presence
of aluminium chloride, or diborane in a suitable anhydrous soclvent., Consequently
it was hoped to extend this work.to:(l,2-benzisothiazol-3-yl)acetonitrila and
then to the required amides which were readily available.'

" Reduction of (1,2-benzisothiazol-3~yl)acetonitrile by'gherusﬁél method118
with fresh lithium aluminium hydride in the presence of anhydrous aluminium
chloride using carefully dried tet:ahydrofuran gave a basic orange semi-solid,
consisting of several minor'components (telec.), which could not bé resolved by
‘column chromatography. It has béen.shownel’149 that the benzisothiazale ring
system undervgoes cleavaga in the presence of nucleophlles and perhaps it is not
surprising that none of the expected product was isolated under-the conditions
of the reaction,

Reduction using diborane in carefully dried tetrahydrofuran under a dry
nitrogen atmosphere proceeded smoothly to give a solution, after 15 h boiling,
which contained no starting material (t.l.c.). Destruction of the excess of
diborane with dry ethanol caused an orange solid (probably a boron complex) to
precipitate from the solution. Kornett and his co-workersls0 found that the

reduction of 1,2-dimethyl-S-ethoxycarbonyl-3-pyrazolidinone (CXXVI) to the

ester (CXXVII) with diborane procesded via a boron complex which was destroyed
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(3
by boilingLin ethanolic hydrogen chloride solution,

C02C2H5 C02C2H5
B2H6
Ny, - e :
0 v Me : N,/NFMB
; - Me -

Me

(CxxvI) | (CxXxvII)

Schuetz and his co-workers151 also found a similar occurrence when diborane
was used to reduce 6-meth6xy-2-benzo[gjthienylacetamide to the corresponding
amine; the boron complex required 6M hydrochloric acid to decompose it.

Attempted decomposition of the benzisothiazole-boron complex by either of
these two methods failed to produce any identifiable product.

Catalytic hydrogenation of (1l,2-benzisothiazol-3-yl)acetonitrile at
atmospherib pressure using either 10% palladium on carbon or Raney ﬁickel failed
to give any reaction. Adam‘é platinium catalyst'ét foom temperaturs for 6 h
gave a minor basic product (gg. 5% by t.l.c.) but there was insufficient
material for characteratipn.

A possible alternétiye route to the 1,2-benzisothiazole analogues of
'.tryptamine is outlined in Scheme 20, The reduction of the acetic acid (xXIc)
Hasibeen ieborted by Carrington’? to give 2-(1,2-benzisothiazol-3-yl)ethanol
:(CXXVIII) in 55% Yiéld. Unfortﬁnatél*)lack.bf‘timé breﬁented further investig-

ation of this route to the tryptamine analogues.
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Melting points and boiling points are uncorrected. Melting points were
determined on an electrically heated metal block.

Proton magnetic resonance (n.m.r.) spectra were determined on-a JEOL
4H=-100 spectrometer operating at 100 MHz or a JEQL JINM=PMX60 speﬁtrometer
operating at 60 MHz., Deuteriochloroform was used as solvent (unless otherwise
stated). Chemical shifts are recorded in parts per million (p.p.m.) dounfield
from tetramethylsilane and coupling constants are in Hz. The abbreviations
used are: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet
of doublets, br = broad singlet, and m = unresolved multiplets, I.r. specéra
of solids were recorded on a Perkin-Elmer PE 457 spectrophotometer as KCl or
KBr discs unless otherwise stated., 1I.r. spectra of liquids were recorded as
films. Moiecular weights were obtained with an A.E.I, MS902 mass spectrometer.
Thin layer chromatography (t.l.c.) plates were coated with Siiica Gel Foc,
"(Mafck);‘ Light petroleum had b.p. 60-80° (unless otherwise stated). Identity
of compounds with authentic materials was established by mixed m.p. determin-

ations, and by comparison of i.r. and n.m.r. spectra, and EF values (t.leCe)e
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The Preparation of Dry Solvents

Benzene, diethyl ethér, tetrahydrofuran, light petroleum and toluene were
dried ovef sodium wire,

Chloraform and carbon tetrachloridekuere dfied over calcium chldride,
redistilled, and stored over calcium chloride.

Acetone and butanone were dried over anhydrous potassium carbonate,
redistilled, and stored over anhydrous potassium carbonate, -

Diglyme and dimethylformamide were dried over molecular sieve§ redistilled,
and stored over molecular sieve§.

Superdry ethanol was prepared by the method of Smith152 using sodiUm and
diethyl phthalate. |

Absolute methanol was prepared by the method of Lund and Bjerrum.153

Miscellaneous Preparations

NN=Dimethylaniline

Commercially available Nﬂrdimethylanilins was redistilled under.

reduced pressure under nitrogen, and stored over-sbdium hydrbxide'péllets;;

N-Bromosuccinimide

54

N-Bromosuccinimide was recrystallised from water; s then allowed to

stand in vacuo for 45 min prior to use.

Thionyl Chloride

Commercially available thionyl chloride was purified by distillation

from quinoline followed by a second distillation from linseed oil.lss
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Bis—(o=chlorocarbonylphenyl) disulphide

Iodine (180 g, 0.7 mol) was added in portions during 30 min to a stirred
solution of o-mercaptobenzoic acid (100 g, 0.65 mol) in ethanol (1300 ml),
The mixture was stirred for a further 30 min,.and the precipitated bis-(o-
carboxyphenyl) disulphide (95 g, 95%) was filtered off and washed with ethanol
(3 x 100 ml) and dried at 60°.

Thionyl chloride (200 ml) was addedvto a suspension of the precipitate in
dry benzene (250 ml) and the mixture was boiled under reflux for 24 h. Benzene
and excess of thionyl chlorids were remoﬁed under reduced pressure, and the

crudse product was used in the next stage.

1,2-Benzisothiazol-3(2H)-one : : , e

Dry chlorine was bubbled through a stirred suspehsion of finely powdered
bis-(o-chlorocarbonylphenyl) disdiphiﬂeuiﬁ‘dfy carbon tetrachloridé (800 ml)
until a clear solution was formed (1-2 h).- A rapid stream of dfy nitrogen was
used to remove any excess of chlorine from the solution, which was then added
dropwise to stirred, ica-éold aqueous ammonia (d. 0.88, 1.5 1). The resulting
solid‘(90'g) was filfereq of fy, washed with watsr, and dried at 100°. A small
sample was crystaliised‘from methanol;,to give»1,Z;benzisothiazoi-3(Zﬂ)-one,,
156 ' '

" mop. 155-156° (1it., -~ 155-156°).

3~Chloro-1,2-benzisothiazole

A stirred mixture of 1,2-benzisothiazol-3(2H)~one (75 g, 0.5 mol);
phosphorus pentachloride (105 g, 0.5 mol) and phosphoryl chloride (1 ml) was
kept at 130-140° for 1 h, then cooled and poured on to crushed ice (1 Kg).

The mixture was neutralised by the cautious addition of aquéous.sodium
hydroxide (40% w/v), and the broun oil was extracted with ether.,. The ethereal
solution was washed with water, and dried (MgSUA). Evaporation'of_the solvent

and distillation of the residue gave 3-chloro-1,2-benzisothiazole (54 g, SO0%
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based on o-mercaptobenzoic acid),LﬂJJP at 3.5 mmHg, m.p. 39-40° (1it.,157 40°).

Ethyl (1,2-benzisothiazol-3-yl)cyanoacetate

Ethyl cyanocacetate (26.6 g, 0;235 mol) was added dropwise during 15 min
to a stirred solution df‘sadium_(s.d g, 0.235 g atom) in dry ethanol (160 ml).
Stirring was continued for a further 15 min, then powdered 3-chloro-l,2-benzisol
thiazole (20 g, 0.115 mol) was added in one portion, and the mixture was stirred
_ at 20° for 48 h, poured into water (900 ml), and shaken with ether (3 x 200 ml).
The aqueous layer was acidified by the dropwise addition of concentrated
hydrochloric acid. The precipitate was filtered off, washed with water, dried
at 60° and crystallised ffom ethanol to give the product (26.7 g, 89%) as

pale-yellow needles, m.p. 149-151° (decomp) [lit.,86 149,5-152° (decomp)].

(1,2-8enzisothiazol-3-yl)acetonitrile

A mi;ture of ethyl (l,2—benzisothiazol-3—yl)cyanoacetate (17.36 g, 0.72 mol),
water (2.4 ml) and dimethylsulphoxide (80 ml) was kept at 100° for 24 h, then
.cooled and poured into ieé;;afef”(l.s 1). The precipitate (9.6 g, 84%) was
filtered off, washed with wétér; dried in the air and crystaliised Froﬁ ethanol-
~1ight petroleum (b.p. 40-600) (chafcoal);ﬂﬁo give.thé product és'needles, MePe

84

58-59° (lit., = 57-53°).

(1,2-Benzisothiazol-3-yl)acetic acid

A mixture of (1l,2-benzisothiazol-3-yl)acetonitrile (6 g, 0.034 mol) and
concentrated hydrochloric acid (50 ml) was stirred at 60° for 2 h, then diluted.
.with water (50 ml) and boiled for 3 h. The mixture was kept in the refigerator
overnight and the product was filtered off, dried and cryst;llised from ethanol
(charcoal) as prisms of (1,2-benzisothiazol-3-yl)acetic acid (5.5 g, 84%), m.p.

84

148-149° (1it., = 148-149°),
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Ethyl (1,2-benzisothiazol-3-yl)acetate

Ethanol (200 ml), previously saturated with hydrogen chloride, and
(1,2-benzisothiazol-3-yl)acetic acid (10 g, 0.051 mol) were boiled under reflux
for 3 h, then cooled, and poured into water (500 ml). The ethereal extract of
the resulting oil was washed with water and dried (Mgsﬁa). Removal of the
solvent and crystallisation of the residual oil from light petroleum (b.p. 40~
60°) gave white needles of ethyl (1,2-benzisothiazol=3-yl)acetate (9.5 g, 84%),

4

mop. 47-42° (1it.,2% 48-50°),

N-Methyl-(1,2-benzisothiazol-3-yl)acetamide

A solution of ethyl (1,2-benzisothiazol-3-yl)acetafe (8 g, 0.036 moi),
ethanolic methylamine (48 ml, 33% w/w), and water (24 ml) was stirred at room
temperaturs for 18 h, then poured_into water (500 ml). The product was filtered
off, dried at 600, and érystallised from benzene-lightvpetroleum (b.p. 80-1000),

to give N-methyl-(1l,2-benzisothiazol-3-yl)acetamide (6.5 g, 87%) as white needles,

m.p. 127-128° (Found: C, 58.3; H, 4.9; N, 13.3%; M, 206. N.0S requires

C1aM10VN2

C, 58.25; H, 4.9; N, 13.6%; M, 206), 3300 (N-H) and 1645 (C=0) cm Y, &
_ - max. PePom,

2,8 (d, -NHMe), 4.08 (s, 3ﬁ£ﬂQCUNHNB), 6.8 (br, =NHMe), 7.46 (m, 5-H and 6-H),

and 7.97 (m, 4=H and 7-H).

NN-Dimethyl=(1,2~benzisothiazol-3-yl)acetamide

(a) Agueous dimethylamine (40 ml, 26% w/w) was added to a solution of ethyl
(1,2-benzisothiazol-3-yl)acetate (2 g, 0.009 mol) in the minimum amount of
ethanol, and the mixture was stirred at room temperature for 4 days. The
ethanol was removed and the product was extracted with chloroform. The solvent
was evaporated to leave an oil (1.2 q, 60%) which slowly soiidified and was
crystallised from light petroleum (b.p. 80-1000) as white platelets, m.p. 138="

1390 (round: C, S0.1; H, 5.25; N, 12.5%; ﬂ, 220, CllleNZOS requires C, 503
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1

Hy, 5.5; N, 12.7%; M, 220), V.., 1640 (c=0) em —, & 3.04 (2 x s, -NMBZ),

PePems

6.24 (s, 3—Cﬂ2CONM92), 7.47 (m, 5-H and 6-H), 7.91 (m, 7-H), and 8.21 (m, 2-H).
(b) A solution of dimethylamine in tetrahydrofuran (64 ml, 36% w/v) was

added to a stirred solution of (1,2-benzisothiazol-3-yl)acetic acid (5 g, 0.025 mol)i

in dry tetrahydrofuran (50 ml) and the mixture was cooled to =70° under an

atmosphere of dry nitrogen. Titanium (il) chloride (2.9 g, 0.0254 mol) was

added dropwise and the mixture was stirred for 15 min at -700, and then at room

temperature for 3 days. Water (3 ml) was added to destroy the titanium complex

and the solution was filtered through 'Hyfloéupercel', the filter'cakg being

washed §uccessively with tetrahydrofuran (25 ml) ana carbon tetéaéhloride (2 x

25 ml). The filtrate was evaporatad,'and_the residue was shaken with dhloroform.

The chloroform solution was dried (MgSD4) and the solvent was removed to leave

a brown solid which crystallised from light petroleum (b.p. 80-1000) to give

NN-dimethyl-(1,2-benzisothiazol-3-yl)acetamide (5 g, 90%), identical with the
foregoing sample. |

(c) ‘(1,2—Behzisothiazol-3—yl)acetic acid (2 g, 0.01 mol) and thionyl chloride
(15 ml)‘uere boiled together under reflux for 1 h, Excess of thionyl chloride
was removed under reduced pressure and the residue was crystallised from light
petroleum (b.p. 80-100°) to give the (1,2-benzisothiazol=3-yl)acetyl chloride
(1.75 g, 82%), v, 1754 (C=0) em L, |

The foregoing product (1 g, 0.0047 mol) and an excess of dimethylamine

were kept in a sealed tube at 100° for 24 h. The cooled reaction tube was cpened
and the residue was extracted with chlorofeorm. The extract was washed successively
with 10% hydrochloric acid, water , and saturated sodium hydrogen carbonate

solution, then dried (MgSDA). The solvent was evaporated to give the product

(Q.S g, 30%) which was identical with the foregoing samples.

(1,2-Benzisothiazol-3-~yl)acetamidoxime

A mixture of (1,2-benzisothiazol-3-yl)acetonitrile (2.44 g, 0.014 mol),
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hydroxylamine hydrochloride (3.5 g), sodium carbonate (2.5 q) and water (38 ml)
was heated on a steam bath for 90 min with suf“f‘icient ethanol to maintain a
clear solution. The mixture was cooled and the resulting product (2.9 g, 99%)
was collecfed and crystallised from ethanol-light petroleum (b.p. 40-60°) to give
white cubes, m.p. 146-147° (Found: C, 52.13 H, 4.45; N, 20.3%; M, 207. CQH9N305
requires C» 52.15; H, 4.4; N, 20.3%; M, 207), dhax. 3460, 3150 (NHZ}, 3260 (OH),
and 1657 (C=N) cm‘l, 5p.p.m. [(003)2
(my 5-H and 6-H), 8.16 (m, 4=H and 7-H), and 9.11 (s, =NOH).

so] 3.86 (s, 3-cg2.c), 5.5 (s, -NH2), 7.53
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The Preparation of 3=-Msthyl-l,2-benzisothiazole

o-Nitrobenzoyl chloridse

A stirred mixture of o-nitrobenzoic acid (100 g, 0;6 mol) and thionyl
chloride (125 g) in dry benzene (500 ml) was boiled under reflux for 1 h,
Excess of thionyl chloride.and benzene were removed under reduced pressure and
the crude o-nitrobenzoyl chloride was used in the next stage.
(N.B. o-Nitrobenzoyl chloride is liable to explode, therefore care was taken

when removing the excess of thionyl chloride and benzene).

~ p-Nitroacetophenons

A stirred mixture of magnesium (16.2 g, 0.66 g atom), dry ethanol (15 ml,
0.255 mol) and carbon tetrachloride (1.5 ml) was boiled under reflux for 5 min,
'-then dry ether (450 ml) was added slowly. A solution of diéfhyl malonate |
(105.6 g, 0.66 mol), dry ethanol (60 ml, 1,02 mol) and dry ether (75 ml) was
_ added at a rate sufficient to maintain rapid boiling, and tHe stirred mixture
 vwas boiled for 3 h., AA'sothion of anitrdbenzoyl chloride in dry ether (150 ml)
wés then added>during 15 min, and.stifring.was cbntinued until the resulting
" green paste became too viscous to stir. The mixturse was cooled and concentrated
léulphuric acid (75 g) and fhen wateé (500 ml) weré cau£i§u§ly addéd, the ether
phase was séparated and ihe aqueous phasa shaken with ether (200 ml).. The
combined organic phases were evaporated and the residue was boiled with a
mi;ture of glacial acetic acid (180 ml), concentrated sulphuric acid (22.8 ml),
and water (120 ml) for 4 h., The cooled mixture was neutralised with 20% aqueous
sodium hydroxide, and the product was extracted with ether. The solution was
distilled to give pale yellow o-nitroacetophencne (88 g, 83%5, bepe 107-109°

158

at 0.6 mmHg (1it., ~- 80-81° at 0.5 mmHg).
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p-Aminoacetophenone

Concentrated hydrochloric acid (181 ml) was added dropwise over 1 h to a
mixture of o-nitroacetophenone (33.5 g, 0.203 mol) and tin (67 g, 0.56 g atom)
and the mixture was heéted on a steam bath for 1 h, cooled, -made strongly
alkaline with 20% aqueous sodium hydroxide and steam distilled. The distillate
was saturated with sodium ;hloride and the product was extracted with ether.
Distillation gave o-aminoacetophenone (26.7 g, 97%), b.p. 94-96° at 1.2 mmHg

158
(1it.,  74-77° at 0,02 mmHg).

o=-Thiocyanatoacetophenone

A stirred mixture of o-aminoacetophenone (23.3 g, 0.173 mol), concentrated
hydrochloric acid (44 ml) and water (44 ml) was cooled to 3° and then diazotised ok
between 3-10° with a solution of sodium nitrite (12.5 g, 0.18 mol) in water
(60 ml). The diazotised solution was added to a s£irred”suspension of copper
(é) thiocyanate (80 g) and potassium thiocyanate (47.5 g) in water (480 ml)
and the mixture was stirred for 1 h, then left overnight at room temperature.

The mixture was filtered and the organic product was ext;aﬁted from'fhe

residual solid with chloroform. Evaporation of the solvent Qéve a solid which

-crystallised with.diffipultyifrom ligﬁt petroleum (b.p. 40-600) as yellow needles
5 _

(19 g, 62%), m.p. 59-60° (1it.,> 60-61°).

2-Imino-5-methyl-3,1,4=benzoxathiazepine

o-Thiocyanatoacetophenone (10 g, 0.566 mol), hydroxylamine hydrochloride
(4.8 g), sodium acetate (5.6 g), water (60 ml) and ethanol (suff;cient to
maintain homogeneity) were boiled together under reflux for 1 h, and the hot
solution was filtered. Orange-yellow needles of 2-imino-5-ﬁethyl-3,l,d-benzoxa:}
thiazepine (9 g, 83%), m.p. 208-209° (decomp) (ethanol) (1it.,82 208-210°

[decomp]), separated from the cooled filtrats,
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3-Methyl-=1,2-benzisothiazole

2~-Imino-5-methyl=3,1,4~benzoxathiazepine (9 g, 0.047 mol) was added in
portions to stirred, hot (120°) polyphosphoric acid (50 g). The temperature was
maintained at 120-130°.for 1 h, then the cooled mixture was poured onto crushed
ice (300 g) and basified, The organic product was extracted with chloroform, the
extract dried (szod), énd Qistilled to give 3-methyl-l,2-benziscthiazole (80%),

b.pe 74° at 0.55 mmHg (1it.,>* b.p. 66-70° at 0.2 mmHg).

2.~ Tmiao -S-mathul =1,3 - benrHuia diaRepineg =3 - cotboxamide

o=-Thiocyanatoacetophenone (5 g, 0.0283 mol), semicarbazide hydrochloride
(9 g), sodium acetate (10 g), water (45 ml) and ethanol (sufficient to maintain
homogeneity) were boiled together under reflux for 3 he 0On cooling the pale
orange "semicarbazone" (90%) was filtered off and a sample crystallised with
difficulty from methanol 1} ax. 3300br (NH2) and 1690 (CO) cm_ (no SCN band),
5 [(cos)zso] 2.25 (s, CHs), 6.38 (s, NH2), 7.52 (my 4 x aromatic-H), and

PePeMe
9,59 (s, NH).

LCyclisatien of 2 =Tming-S-mathul ~1,2 q.—benjfkio.diu}ep‘w\o.. -3 codoex qmicll_

The ~ abeve wv&u& "(1 g) was cyclised in diethylene glycol (50 ml1) in the
usual manner.82 The dark brown oil (0 62 g) was purified by elution from a
column of silica gel with ether-light petroleum (1:7) to give 3-methy1-l,2—

benzisothiazole (ca., 50%), identical with an authentic sample,
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Some Reactions of 3-Methyl-l,2-benzisothiazole

Bromination

Bromine (0.8 g, 0.005 mol) was added to a rapidly stirred solution of
3-methyl-l,2-benzisothiazole (0.75 g, 0.005 mol) and'silver sulphate (0.78 g,
0.0025 mol) in concentrated sulphuric acid (7 ml). The mixture was stirred at
room temperature for 3 h, then at 60° for 30 min, cooled and poured onto ice
(100 g). The solution was neutralised and shaken with ethyl acetate (2 x 50 ml),
and thé combined exracts were dried (MgSDa). Evaporation of the solvent left an
0oil (1 g) which was separated into its four components by elution from a column
of silica gel, with chloroform-light‘petroleum (1:6). -

The first component (Br 0.84, ether-light petroleum [3:1]), a uhite solid

(0.0358 g, 2.3%), was identified as 4,7&dibfomo-3-methyl-l,2-benzisothiazola by

comparison with an aufhentic sample prépared by the bromination of 4=bromo=3-
methyl=l,2-benzisothiazole (p. 139).
The second component (BF 0.76), a pale pink solid (0.0257 g, 1.7%), was

identified as 5,7—di6romo;3—methyl-l,2-benzisothiazole by comparison with an auth=—

entic sampleAqbtained by-tha bromination of 5—bromo-3—methy1-1,2—benzisothiazole
(p. 111)0

The third caomponent (BF 0.68), was identified as 5—bromo~3—methyl-l,2-

" benzisothiazole (0.36 g, 32%) by comparison with an authentic sample prepared byv

the Sandmeyer reaction on S-amino=-3-methyl-l,2-benzisothiazole (p. 111).

The final component (BF 0.59), was identified as 7-bromo-3-msthyl-l,2-

benzisothiazole (0.42 g, 37%) by comparison with an authentic sample isolated

from the Sandmeyer reaction on 7—amino-3—methy1-1,2—bénzisothiazole (p. 102).

Nitration
3-Methyl~l,2-benzisothiazole (3 g, 0.019 mol) was added dropwise during

15 min to a stirred solution of potassium nitrate (2.3 g, 0.022 mol) and concen-
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trated sulphuric acid (30 ml) at 0°. The mixture was stirred at -5 to 5° for
4 h, then at room temperature for 12 h, and then poured onto ice (100 g). The
yellouw solid was extracted into chloroform (200 ml) and the extract was washed
successively with Qater (100 ml) with aqueous sodium hydrogen carbonate (until
neutral), again with water (100 ml) and dried (MgSDA). _The solvent was evapor=
ated to leave a two component solid (4.05 g) which was eluted from a column of
silica gel with ethyl acetate-light petroleum (1:10).

The major component (EF 0.29) was crystallised from ethyl acetate to give

3-methyl=S5-nitro-1,2-benzisothiazole (1.7 g, 44%), as fluffy white needles,

1

78 00
mep. 115-116° (lit.,  95-96°; lit.,” ~ 116-117°) (Found:s M, 194. Calculated

. \ - -1
for CqHeN,0,5 My 194), vhax. 1500 and 1350 (aromatic N02) cm 6p.p.m. 2.84

(s, 3-CH3), 8.03 (dd, 7-H), 8.36 (dd, 6=H) and 8,83 (dd,vd-H),'(ga 7 = 0.75,
. : ?

3 = 1.9,

4,6 = 8.5 HZ)Q

35,7
The minor component (BF 0.13) was crystallised from ethyl acetate to give

3-methyl=7-nitro-1,2-benzisothiazole (1.5 g, 39%), as yellow microneedlss,

o 100 o
mepe 176-1777 (lit.,  177-178°) (Found: M, 194. Calculated for CyHeN,0,S

v - 1
om, 194),'0hax. 1540 and 1340 (aromatic NDZ) cm T, 8p 2.78 (s, 3—CH3),

sPelMy

7.64 (t, 5-H), 8,28 (dd, a-H) and Bféa'(dd, s-H), (94,5 = 0.9, 24,5 = QS’GV
- 7.8 Hz). A :
Oxidation

(a) A solution of 3-methyl-l,2-benzisothiazole (1 g, 0.0066 mol), thionyl
(2M NeoH)
chloride (60 ml), and dry toluene (10 ml) was boiled for 7 days, basified,and

boiled for a further 15 min, The solution was steam distilled, to remdve the
solvent, filtered and then acidified. Extraction with chloroform and evapor-
ation of the extract gave (l,2-benzisothiazon§3qg&)carboxylic acid (0,5 g, 42%),

which crystallised from hot water as white needles, m.p.'141-143o (lit.,159 143°),

U, ax, 3300-2600 br (o-H), 1710 (c=0), and 1210 (C-0) cm’l, 5 7.54

. _ PePeMe
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(b) A mixture of iodine (8.42 g, 0.033 mol) and 3-methyl-l,2-benzisothiazole
(5 g, 0.033 mol) was warmed at 35-40° for 15 min, and then dissolved in dry
dimethylsulphoxide (14 ml). This solution was then added dropwise to dry
dimethylsulphoxide (16 ml), preheated to 120°, and the resulting solution kept
at 170-180° for 4 h. The solution was cooled s poured into an excess of aqueous
sodium hydrogen carbonate and then was shaken with ether (2 x 100 ml). The
combined extracts were washed successively with 10% sodium thiosulphate solution
(2 x 100 ml), with water (3 x 100 ml), and dried (MgSDa). The solvent was eﬁap-
orated to leave an 0il which was resolved into its two components by chromatography
on silica gel, using benzene~chloroform (4:1) to elute the column,

The minor component (BF 0.62), after short path distillation (50° at 0.25

mmHg), gave (1,2-benzisothiazolQS—giacarbaldehyde (1.89 g, 35%) as white fibrous
needles, m.p. 41-43° (Found: C, 58.95; Hy 3.45 N, 8,7%; M, 163. CBHSNOS requires

C, 58.9; H, 3.1; N, 8.6%; M, 163), O (cHcl,) 2930, 2840 (H-C0), and 1705 (C=0)

max e
(s, 3-CHO).
It formed éh oxime which crystallised from aqueous ethanol as needles,

MePe ldd—l45 (Found: C, 53.8; H, 3.7; N, 15, 5%, My 178. CgHN,0S requires C,_

2
53. 9, H, 3.43 N, 15. %3 My 178), ax. 3200-2860br (U—H) and 937 (N-D) cm 1,
| 8 [(co ) s0] 7.62 (m, S-H'and 6=H), 8.25 (m, 7-H), 8.49 (s, 3-CH=NCH), 8.7

pepem.
(my 4=H), 10.23 (br, syn NOH), and 11.98 (s, anti NOH).

The major component (EF 0.52) was identified as 3-methyl-l,2-benzisothiazols.

(2.69 g, 54%) by comparison with an authentic sample.
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Synthesis of 7-=-Bromo and 7-Chloro~3-methyl-l,2-benzisothiazole

7=Amino=3=-methyl-l,2~benzisothiazole

Strips of aluminium foil (12 g) were washed several times with absolute
ethanol, then with dry ether and dipped into 2% aqueous mercury (;;) chloride for
15-20 sec, rinsed momentarily in absolute ethanol and finally submerged in dry
ether, where they were cut into smaller pieces.

The aluminium amalgam (prepared above) was quickly added to a stirred solu-
tion of 3-methyl=7-nitro-1,2-benzisothiazole (1.45 g, 0.007S5 mol) in a mixture of
ether (600 ml), methanol (72 ml), and water (3.5 ml) which was then stirred for
24 h at room temperature. The mixture was filtered through 'Hyflosupercel', the
filter pad being washed thoroughly with (l:l)‘ether-methanol (500 ml) and the
combined filtrates were concentréted and pértitioned between ether and 2% aqueous
" sodium hydroxide. The organic 1ayef’wasidfiéd (Mgsoa)land ebaporated to leave
the required amine (1.15 g, 94%) which sublimed (84D at 0.4 mmHg) as a pale yellow
solid, m.p. 104-106° (11t.,290 110-112°; 1it.,%% 108-110°) (Found: m, 164.
Calculated for C HBN

8 S requires M, 154),1)max 3430, 3330, 3220, 1625 (NHZ), and

1300 (C=N) cm'l, 8

2

o.pom. 2°7 (s, 3-CH3),-;.94'(br, 7-NH, ), 6.72 (dd, 6-H), and

7.29 (m, 4=H and 5-H), (3, = 1.5 and gé’6f='6.75AHz).

7-Bromo=3=methyl-1,2-benzisothiazole

A solution of 7-amino~3-methyl-l,2-benzisothiazole (0.4 g, 0.,0024 mol) in
concentrated sulphuric acid (10 ml) and water (5 ml) was diazotised with a solution
of sodium nitrite (0,173 g, 0.0025 mol) in water (5 ml) at 0-8°., The diazotised
solution was added dropwise to an ice-cold, stirred solution of copper (;) bromide
(0.4 g) in hydrobromic acid (4 ml, 48% w/w) and the solution’kept at 80° for 1 h,
The solution was cooled, diluted with water (100 ml) and shaken with ether (2 x SO

ml). The solvent was evaporated to leave a solid which was resolved into its two
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components by elution with ethyl acetate-light petroleum (1:4) from a column of
silica gel.
The major component (BF 0.45) was sublimed (54° at 0.2 mmHg) to give 7=-bromo-

3-methyl-1,2~benzisothiazole (0.22 g, 40%) as translucent plates, m.p. 66-67°

(Found: C, 42,33 H, 2.8; N, 6%; M, 227/229. CBHGBrNS requires C, 42.1; H, 2.65;

N, 6.15%; M, 227/229), U 1y, 1065 (aromatic Br) cm‘l, Bp 2.7 (s, 3-CH3), 7.29

.p.m..

(t, S-H), 7.57 (dd, 6-H), and 7.81 (dd, 4-H), (_:l_4 = 0,75 = 7.75 Hz).

,6 » 45 = 35,6
The product was identical with the fourth component obtained from the bromination
of 3-methyl-1,2-benzisothiazole (p. 99 ).

The minor component (E? 0.195) was crystallised from bénzenefiight'petroledm

» . . 'LD\Q\.M'Q;L
to give 7-dibromoacetyl-1,2,3-benzothiadiazole (0.24 g, 32%) as straw/needles, m.p.

119-120° (Found: C, 28.85; H, 1.1 N, 8.3%; M (wveak), 334/336/338; base peak (ﬂ-Nz),

306/308/310. CgH,Br,N,0S requires C, 28.6; H, 1.25 N, B.35%; M (ueak), 334/336/

106

3383 M-N, -~ , 306/308/310), v 1670 (C=0), 775 and 650 (alkyl Br) em Y, 6

PePem.
6.89 (s, 3-coc_H_Br2), 7.84 (q, 5-H), 8.65 (dd, 6-H), and 8,94 (dd, 4=H), (24,5 = 0,9,
-3-5’6 =25,4 = 7.6 HZ).

7-Chloro=3=-methyl=l,2=benzisothiazole

A solution of 7-amino=3-methylel,2-benzisothiazole (0.4 g, 0.0024 mol) in
concentrated hydrochloric acid (10 ml) and water (5 ml) was diazotised as already
described (p. 102). The diazonium solution was added dropwise to an ice-cold,
stirred solution of copper (;) chloride (0.5 g) in concentrated hydrochloric acid
(10 ml) and the solution was warmed at 60° for 1 h. The mixture was cooled, dilute
with water (100 ml) and shaken with ether (2 x 50 ml). The dried extract was
evaporated to give a solid which was resolved into its two components by elution
with ethyl acetate-light petroleum (1:6) from a column of silica gel.

The minor component (BF 0.45), after short path distillation (65° at 0.2 mmHg

gave 7-chloro-3-methyl-l,2-benzisothiazole (0.16 g, 32%) as a white crystalline

solid, m.p. 43-44° (Found: C, 52,63 H, 3.15; N, 7.3%; M, 183/185. C H6C1NS require

8
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Cy 52.3; H, 3.3; N, 7.3%; 0, 183/185), ¥ _ 1080 (aromatic C1) emL, 6

PePeMe
2,67 (s, 3-CH3), 7.28 (t, S=H), 7.4 (dd, 6=H), and 7.72 (dd, 4-H), (g4 g = 18y
’
34,5 =35, = 7+4 H2)e

The major component (BF 0.09) was crystallised from benzene-light petroleum

to give 7-acetyl-l,2,3-benzothiadiazole (0.25 g, 51%) as long fibrous needles,

5

mep. 126° (nt.,8 125-127°) (Found: M (weak), 178; base peak (mer), 150.

) 106 1
Calculated for CgHAN,0S M, 178; M-N, —

9

, 150), ¥ ax, 1665 (c=0) cm o, O

2‘5,6 = 8 HZ)Q
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The Preparation of S-Amino-3-methyl-l,2-benzisothiazole

m=Nitroacetophenone

Acetophenone (300 g, 2.5 mol) was added dropwise during 45 min to stirred
fuming nitric acid (1.3 1, d. 1.5) at -8 to -15°, The mixture was stirred at -10
to -15° for 1 h and then poured onto crushed ice (2 Kg). FThe pale yellow solid
was filtered off, dried by suction at the pump and crystallised from ethanol to

107

give m-nitroacetophenone (440 g, 53%), as needles, m.p. 78-79° (1it., 78=79).

m=Aminoacetophenone

m-Nitroacetophenone (90 g, 0.55 mol) was added in portions, over 90 min, to a
stirred suspension of iron Filings (105 g) in glacial acetic acid (30 ml) and
water (600 ml) at 75° and then the stirred mixture was boiled under reflux for a
further 45 min, The hot mixture was flltered through Hyflosupercel and the
product collected from the cooled filtrate. Crystallisation from hot water gavs
m-aminoacetophenone (62.6 g, 85%), as translucent plates, m.p. 97-98° (lit;}oa

98-99°).

: 5—Amino-2-thiocyanatoacetophenone

A solution of bromine (76 3 g, 0.48 mol) in dry methanol (200 ml) saturated
with sodium bromide was added over 30 min to a stlrred suspension of anhydrous
sodium thiocyanats (118 g, 1.46 mol) in a solution of m—aminoacetophenone (60 g,
0.44 mol) in dry methanol (1.3 1) at -2 to -10°, The solution was stirred for 1 h
at this temperature, then poured into water (5 1), filtered through 'Hyflosupercel'
and neutralised'by the addition of solid sodium carbonate. The pale yellow
precipitate was filteraqzﬂaried at 60° and crystallised from ethanol to give
5—-amino-2-thiocyanatoacetophenone (46.5 g, 55%), m.p. 136-137° (lit.,lUg 140°),

v 3440, 3360 (NHZ), 2150 (scN), 1660 (C=D), and 1620 (N-H) cm’l, )

max., Pep.m.

[(cp,),50] 2.56 (s, COCHy), 5.7 (s, 5-NH,), 6.96 (dd, 4-H), and 7.5 (m, 3=H and

6-H) .
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7-Ahino-2-imino—S-methyl-3,l,A-banzoxathiazepine

S5-Amino~2~thiocyanatoacetophenone (60 g, 0.31 mol), hydroxylamine hydrochlo-
ride (28.4 g, 0.46 mol), sodium acetats (33.2 g, 0.46 mol), water (40 ml), and
ethanol (sufficient to maintain homogeneity) were boiled together under reflux for

1 h, and the hot solution filtered. Yellow microcrystals of 7-amino-2-amino-5-

*
methyl-3,1,4-benzoxathiazepine (47.2 g, 74%), m.p. 191-193° (Found: M, 207.

CgHgN,0S requires M, 207),1) ax, 3350-2790br (NOH and NH ), 1629 (C=N), and 1605

(N=H) cm-l, 6p.p.m [(co )250] 2.57 (s, 5-CH ), 5.33 (br, 7=NH ), 4,85 (dd 8=H),

3,05 (d, 9-H), 3.21 (d, 6=H), and 3.6 (br, 2 —NH)

v 5-Amino~3-methy1-l 2-benzisothiazole .

| 7-Amino—2-im1no—5-methyl-3 1,4=benzoxathiazepine. (47 g, 0.24 mol) was added |
portionuise with stirring to hot (120-130°) polyphosphoric ac1d (700 9). The
mixture was kept at this temperature for 1 h, and then was poured onto crushed ice
(2 Kg) and carefully basified. The product was filtered offy and crystallised

(with difficulty) from light petroleum to give.S-amino-3;mefhyl;l,2-benzisothiazole*
(32.8 g, 88%) as needles, m.p., 122-124° (11t., 2 133-134% 11t., 190 127,5-130.5°)

(Found: M, 164, Calculated for C_H,N,S M, 164), O éx. 3400, 3325, 3210 and 1630

882
(NH,) et 8, .p.m, 2+62 (sy 3-CH;), 2.86 (br, 5-NH,), 6.9 (dd, 6-H), 7.08 (d, 4-H),
and 7.62 (d, 7-H)’ (24,6 = 2.2, 26,7 = 8.3 HZ).

# light sensitive.
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Bromination of S=Amino=3-methyl-l,2-benzisothiazols

(a) A solution of bromine (4.4 g, 0.058 mol) in dry chloroform (50 ml) was added
dropwise during 1 h to an ice-cold, stirred solution of S—-amino-3-methyl-1l,2-
benzisothiazole (9.5 g, 0.058 mol) in dry chloroform (250 ml). The solution was
stirred for a further 30 min at 0-50, then poured into water (500 ml)., The organic
phase was separated, the aqueous phase washed with chloroform (50 ml) and the
combined chloroform extracts were washed successively with 10% aqueous sodium
hydroxide (2 x SO ml), with water (2 x 50 ml), and were then dried (NgSDA). Evap-
oration of the solvent left a pals solid which crystallised from benzens-light

petroleum (charcoal) to give S5-amino-4-bromo-3-methyl-l,2-benzisothiazole (12.7 g,

90%) as pale pink microcrystals, m.p. 148,5-149° (Found: C, 39.75; H, 2.9; N, 11.35
43 M, 242/244, CgH,BrN,S requires C, 39.5; H, 2.95 N, 11.5%; M, 242/244), Uhax.

3420, 3300, 3190, 1625 (NH2), and 1052 (aromatic Br) cm‘l, ap.p'm..z.% (s, 3-CH3),
- 4.43 (br, S-NH,), 6.95 (d, 6=H), and 7.57 (d, 7-H), (%,7 = 8.5 Hz).

(b) A solution of bromine (1.07 g, 0.0067 mol) in glacial acetic acid (10 ml)
was added during 30 min to a stirred solution of S5-amino=-3-methyl-l,2-benzisothiaS
.2019 (1 g,'6.006 mol) in glacial acetic acid (10 ml) at foom temperature. After
beihg stirred for 15 min, the solution was poured into water (300 ml) and the
resulting solid resolved into its three components by elutlon with ethyl acetate-
light petroleum (1:4) from a silica- gel column. |

The third component (BF 0.15) was identified as 5—arﬁino-—3-methyl-l,2-benzisoc
thiazole (0.1 g, 10%) by comparison with an authentic sampls.

The second component (BF 0.4) was identified as S5-amino-4-bromo-3-methyl-l,2-
benzisothiazole (1.05 g, 70%) by comparison with the sample prepared above,

The first component (BF 0.69) crystallised from light petroleum to giva

S-amino-4,6-dibromo-3-methyl-1,2-benzisothiazole (0.2 q, 10%) as yellouw needles,

0
m.ps 149-150° (Found: C, 30.2; H, 1,73 N, B.5%; M, 320/322/324. CgHgBTN,S

requires C, 29.85; H, 1.9; N, B.7%; M, 320/322/324), U ax, 3425, 3325, 1608 (NHZ),

and 1060 (aromatic Br) cm‘l, 6p.p m. 2095 (s, 3-CH3), 4,79 (s, 5-NH2), and 7.89
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(sy 7=H).

4,6=Dibromo~3-methyl-1,2-benzisothiazols

A solution of 5-amino—4,6-dibrom0-3-methy1-l,2-benzisotﬁiazole (0.2 g, 0.0062
mol) in concentrated sulphuric acid (4 ml) and water (4 ml) was treated with a
solution of sodium nitrite (0.06 g, 0.0084 mol) in water (4 ml) at 3-8°, The
diazonium‘salt was stirred for 15 min at this temperature and theﬁ hypophosphorous
acid (20 ml, 50% w/w) was added and stirring continued at room temperature for a
further 2 h, UWater (150 ml) was added and the organic product was extracted with

ether (2 x 50 ml). Evaporation of the solvent gave the product (0.153 g, 80%)

which crystallised from light petroleum (charcoal) as fluffy white microneedles,
MePoe 125-126° (Founds C, 31.5; H, 1,755 N, 4.45%; m, 305/307/309. CBHSBrZNS
requires C, 31433 H, 1.65; N, 4.55%; M, 305/307/309),‘15;“ax 1040 (aromatic Br) cm’l,

5p.p;m. 2.98 (s, 3-CH;), 7.71 (d, 5-H), and 7.95 (d, 7-H), (35’7 = 1,4 Hz).
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Some Electrophilic Substitution Reactions on S5-Acetamido=3-methyl-l,2-

benzisothiazole

S-Acetamido-3-methyl-l,2-benzisothiazols

S=Amino=3-methyl-l,2-benzisothiazole (5 g, 0.03 mol), acetic anhydride (5 ml)
and glacial acetic acid (5 ml) were gently heated under reflux for 15 min, cooled
and poured into ice-water (100 ml). The product was filtered off and crystallised
from hot water to give S-acetamido-3=-methyl-l,2-benzisothiazole (6 g, 96%) as
white plates, m.p. 170-171° (lit.,79 172-1730) (Found: M, 206. Calculated for
ClOHIONZOS m, 206), dhax. 1660 (C=0) cm , 5p.p.m. [(cbs)zso] 2.1 (s, 5-NHC0CEG),
2.62 (s, 3-CHy), 3.4 (br, 5-NHCOCH.), 7.68 (dd, 6-H), 8.05 (dd, 7-H), and 8.42

(d, 4-H), (34’7 = 0.5, 3, o = 1.75, I , = 8.6 Hz).
Bromination

N-Bromosuccinimide (0.87 g, 0,005 mol) was added in portions during 15 min

to a boiling, stirred solution of S-acetamido-3-methyl-l,2-benzisothiazole (1 g,
:‘0.0049 mol) in dry chloroform (70 ml), containing a catalytic amount of dibenzoyl
peroxide. The mixture was boiled for 18 h, then cooled, filtered and evaporated
~_ to leave a two component mixture (ratio 2: 3) which could not be separated by column

chromatography on silica gel. .

The mixture was boiled with 40% sulphuric acid (20 ml) for 15 min, then
cooled, made alkaline with 10% sodium hydroxide solution and shaken with chloroform.
The chloroform extract was dried (Mgsod) and evaporated to give a mixture of amines
which could be resolved by slution from a column of silica gel with ether-=light
petroleum (3:1).

The first component (BF 0.62) was identified as 5-amiho-4—bromo-3—mathy1-1,2-
benzisothiazole (0.4 g, 34%) by comparison with an authentic sample prepared by

the bromination of S—amino-3-methyl-l,2-benzisothiazole (p. 107).
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The second component (BF 0.34) was identified as S-amino-3-methyl-1,2-

benzisothiazole (0,45 g, 56%) by comparison with an authentic sample.

. Nitration

S—Acetamido¥3-methyl-l,2-benzisothiazole (5 g, 0.0244 mol) was added over
90 min to an ice-cold solution of potassium nitrate (2,46 g, 0.025 mol) and
concentrated sulphuric acid (50 ml) and the solution stirred at 0-5°.for 3 h.*
The solution was cautiously poured into iced water and the product extracted with
ethyl acetate. Concentration of the extract left a two component solid which was
eluted from a column of silica gel with ethyl acetate-~light petrbleum (1:4).

The first component was crystallised from‘hot water to give 5-acetamido-3-

methyl-4~nitro-l,2-benzisothiazole (3.65 g, 60%) as fluffy yellow nsedles, m.p.

193-194° (Founds: C, 47,5; H, 3.8 N, 16.5%; n, 251. CldHéNSUSS requires C, 47.8; '

Hy 3.65 N, 16.7%; M, 251), ¥ 3370 (NH), 1690 (C=0), 1510 and 1295 (aromatic

NUZ) cm'l, ) 2.26 (s, S-NHCDCﬁﬁ), 2.6 (s, 3—CH3), 7.98 (d, 6=H or 7=H), 8.22

PePeMme
(br, 5-NHCOCH.), and 8,33 (d, 6=H or 7-H), (3 = 8.9 Hz).
- 377 i 6,7 }
The second component was identified as S5-acetamido=3-methyl-l,2-benzisothias

zole (0.4 g, 8%).

Longer periods of stirring or higher temperatures gave a decreased yield of

product and increased tar formation.
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Some Electrophilic Substitution Reactions of 5-Bromo-3-methyl-l,2-benzisothiazole

5-Bromo=3-methyl-1,2-benzisothiazole

S-Amiﬁo-S-methyl-l,2-benzisothiazole (20 g, 0.122 mol) was diazotised and
treated with copper (1) bromide as described earlier for 7=bromo=3-methyle=l,2=
benzisothiazole (p. 102)s The reaction mixture was diluted and the resulting fauwn
solid was filtered off, neutralised in dilute aqueous ammonia and shaken with ether

(4 x 100 m1), The solvent was evaporated and the orange residue, after short path '

distillation (97° at 1.5 mmHg), gave S-bromo-3-methyl-l,2-benzisothiazole (24.4 g,

88%) as'fluffyuuhite néedl_es,'m.p.'53--54o (Found: C, 42.1; Hy 2483 N, 6.2%; ﬂ@r

227/229, CgH BrNS requires C, 42.1; H, 2.65; N, 6.3%; M, 227/229),5}@x
_ . g

(aromatic Br) cm

1065
’ 5p.p.m.,2°7 (s, 3-CH.), 7.52 (dd, 6-H),V7.72 (dd, 7=H), and

7.8 (dd, 4-H), (3,7 = 0:5 2y = 147, = 8,5 Hz).

3,7
Bromination
S-Bfomo-3-mathyl-1,2-benzisothiazole (1.04 g, 0.605 mol) wés bromiﬁated using
bromine and silver sulphate in concentrated sulphuric acid as described earlier
(pe 99 ). The mixture was stirred for lBkh at 200, poured onto ice (100 g),
neutralised and the organic product éxtfacted with ethyl acetate, Evaporation of
the extract left a white solid which was resolued.into its four components by
elution [with benzene-light petroleum (2:1)] from a column of silica gel.,
The first component (BF 0.65) crystallised from light petroleum to give a

tribromo product (0.65 g, 34%), probably 3-methyl-4,5,7-tribromo=1,2-benzisothiazole

, as white fibrous needles, m.p, 141-142° (Founds C, 24.7; H, 1.35; N, 4%; M, 383/
385/387/389., CgH,Br NS requires C, 24.9; H, 1.05; N, 3.65%; M, 383/385/387/389),

v, ., 1065 (aromatic Br) emt, 5, 2,96 (s, 3-CH,), and 7.47 (s, aromatic~H).

ePeMso

The second component (EF 0.5) crystallised from light petroleum to give S,7=

dibromo-3-methyl-l,2-benzisothiazole (0.14 g, 10%) as pink-white needles, m.p.
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84,5-85° (Found: C, 31.45; H, 1.75; N, 4.6%; m, 305/307/309, CaHSBerS requires

C, 31.3; H, 1.65; N, 4,55%; M, 305/307/309),11max 1065 (aromatic Br) em , sp -
2,69 (s, 3-CH,), 7.71 (d, 6-H), and 7.96 (d, 4-H), (2 = 1,4 Hz),
3 24,6
The third component (EF 0.46) crystallised from light petroleum to give

4,5-dibromo-3-methyl-1,2-benzisothiazole (0.36 g, 24%) as white fibrous needles,

m.pe. 109-110° (undepressed on admixture with an authentic sample) (Founds C, 31.8;

Hy 1.8 N, 4.65%; M, 305/307/309. CgH SBerS requires C, 31.3; H, 1.65; N, 4.55%;
M, 305/307/309),1) hax, 1058 (aromatic Br) cm , 6p p . (C606) 2.69 (3{3—CH3),
5 66 (d, 6-H or 7-H), and 7.01 (d, 6-H or 7-H), ( = 0, 85 Hz).

Tha final component crystallised from light petroleum (b.p. 40-60 ) to give
white needles of 5—br0m0-3-methyl-l 2-benzisothiazole (U 26 g, 23%), identified by

comparison with an authentic sample.

4,5-Dibromo-3-méthyl-l,2-benzisothiézole

A solution of S5-amino-4~bromo-3-methyl-l,2-benzisothiazole (0.3_9, 0,00125
mol) in concentrated sulphuric acid (5 ml) and water (3 ml) was‘dlétntiéed ln the
usual manner and treated with copper (;) bromide in hydrobromic acidias described
earlier (p. 102). Crystallisatlon of the product from light petrolenm gave white

needles (0.3 g, 79%), m.p. 109-110°, & (CGDG) 2.69 (s, 3-CH3), 6.66 (d, 6=H

Pepeme
or 7-H), and 7.01 (d, 6=H or 7-H), (g6 7 = 8.5 Hz), which was identical with the

?
third component isolated from the bromination of 5-bromo-3-methyl-l,2-benzisothias

zole (p. M.

Nitration -
S5-bromo=3-methyl-l,2-benzisothiazole (l.lﬁ g, 0.005 mol) was anded in portions

during 75 min to a stirred solution of potassium nitrate (0.55vg, D;DOSZ mol) in

concentrated sulphuric acid (10 ml) at 0-5°. The solution was stirred at 0-5° for

2 h then at room temperature for 18 h before being poured onto ice (100 g) and the
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yellow product extracted with ethyl acetate. The dried extract was concentrated

and the product crystallised from ethyl acetate to give 5-bromo-3-methyl-4-nitro-

1,2-benzisothiazole (1.1 g, B81%) as yellow microneedles, m.p. 104-105° (Found:

C, 35.4; H, 2,055 N, 10,15%; M, 272/274, CaHéBerozs requires C, 35.23 H, 1.85;
-1
N, 10.25%; ﬂ,_272/z74),1)max. 1535 and 1368 (N02) cm T, 5p.p.m. 2.6 (s, 3-CH3),
7.67 (d, 7=-H), and 7.87 (d, 6-H), (3 = 8,7 Hz).
=6,7

Formylation
(a) Phosphoryl chloride (l 32 g, 0.0088 mol) was added dropwise during 15 min to

ice-cold, stirred dimethylformamide (3. 05 ‘ml). 5—Bromo—3—methyl-l 2-benzisothiazole
(2 g, 10,0088 mol) was then added portionwise during 1 h at o° and the‘mixture
‘stirred at room temperdture for 18 h, pburedvidto an eicess of saturd£ed dqueous_
sodium carbonate and thé product extracted with chloroform (2 x SD‘ml). Evaporafion;
of the dried extract left a viscous orange oil, a 1:1 mixture (by t.l.c.), whichb
was resolved with difflculty by elution [with ether-light petroleum (1: 3)] from a
column of silica gel. |

The first component was crystallised (twice) from ethanol (charcoal) to give

5-bromo=3~formylamidobenzo[b]thiophen (A) as white microneedles, m.p. 223-224°

(Founds C, 42.45; H, 2,33 N, 5.5%; M, 225/227, BrNOS requires C, 42.2; H,

Lt
2.35; N, 5.5%; M, 225/227), Vox, 3275 (N-H), 1690 (C=0), 1660 (N=H and C=N), and

1072 (aromatic Br) cm 7, 8.p.m. [(CD5),50] 7.55 (dd, 6-H), 7.96 (d, 7-H), B.07

(s, 2-H), 8.34 (d, 4-H), B.44 (s, 3-NHCHO), and 10.74 (br, 3-NHCHO), (g4 g = 1:8s
?

and 26,7 = 844 Hz).

The second component was crystallised from light petroleum to give N2-(5-

bromo-Z-formyl-S-benzo[b]thienyl)-NlNl-dimethylformamidine (B) as fluffy yellouw

needles, m.p. 176-177° (Found: C, 46.6; H, 3.6; N, 8.8%; M, 310/312. chHllerN 0s

requires C, 46.3; H, 3.55; N, 9%; M, 310/312), Vnax, 2920 (H-co), 1647 (C=0), 1620

(c=N), and 1070 (eromatic Br), ap.p m, 3415 (d, NMez), 7.61 (m, 3 x aromatic-H),
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8.03 (s, =CH), 9.81 (s, 2~CHO).
(b) The previous experiment was repeated but on addition of the S5-bromo-3-methyl-
1,2-benzisothiazole the mixture was heated at 110° for 2 h, when the ratio of

(R):(B) was 1:4 (by t.l.c.).

4-Amino=S=bromo-3-methyl~l,2-benzisothiazole

Hydrazine hydrate (0.6 g, 98% w/v) was added dropwise to a stirred mixture
of Raney nickel (0.4 g) and 5—b£omo-3-methy1-4-nitro—l,2-benzisothiazole (0.5 g,
0.00183 mol) in ethanol (10 ml). The mixture was boiled gentiy for 4 h, a further
- portion of hydrazine hydrate (0.6 g) added and the mixture boiiedAfor a further 3 h,
The Raney nickel was filtered off, and the filtrate diluted with water_(iOO hl),
and the product extracted with ethef.. The extract was.driedr(MgSDA)'and evaporatédb

to leave an oil which crystallised from light petroleum (charcoal) to give the

product (0.36 g, B1%) as white fluffy microneedles, m.p. 81-82° (Found: C, 39.63

Hy 2493 Ny 11,75%; M, 242/244. CgH,BrN,S requires C, 39.5; H, 2.9; N, 11.5%; I,

X ‘=]
242/244), omax. 3460, 3375, 1610 (NH2), and 1070 (aromatlc.Br‘) cm -, 5p.p.m. 2.89

s, 3-CH.), 4.89 (br, 4-NH,), 7.05 (d, 7-H), and 7.43 (d, 6-H), (3. . = 8.5 Hz).
’ 3 2 6,7
. 9

4-Bromo-5=-chloro=3-methyl-l,2-benzisothiazole

A solution of S5-amino-4-bromo-3-methyl-l,2-benzisothiazole (0.3 g, 0.00125
mol) in concentrated hydrochloric acid (5 ml) and water (3 ml) was diazotised and

treated with copper (i) chloride in concentrated hydrochloric acid as described

earlier (p. 103). Crystallisation from light petroleum gave white microcrystals
(0.32 g, 99%), m.p. 105-106° (Found: C, 36.85; H, 2.13 N, 5.3%; M, 261/263/265.

CBHSBrCINS requires C, 36.63 H, 1.9; N, 5.3%; M, 261/263/265), U ax, 1063 (aromatic

halogen) cm-l, 6p (CGDG) 2,71 (s, 3-CH3), 6.73 (dy 6=H or 7=H), and 6.86 (d,

opomo
6-H or 7-H), (26,7 = 8475 H2).
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The Preparation of some N=Substituted-3-aminomethyl-l,2-benzisothiazole

hydrochlorides

Side=chain Bromination of 3-methyl-l,2-benzisothiazole

(a) Bromine (1.78 g, 0.,0112 mol) in dry carbon tetrachloride (10 ml) was
added dropwise over 2 h to a stirred, irradiated (200 W tungsten lamp) solution
of 3-metﬁyl-l,2-benzisothiazole (1.64 g, 0,0112 mol) in boiling, dry carbon
tetrachloride (20 ml). The solution was boiled for 5 h, basified (20% agueous
sodium hydroxide) and the product extracted with chloroform. T.l.c. showed
several spots and so the reaction mixture was treated directly with hexamine.

After evaporation of the solvent, the residus was stirred and boiled for
16 h with hexamethylenetetramine (1.57 g, 0.,0112 mol) in chlaoroform (50 ﬁl).

The mixture was cooled and the white product (1.5 g, 37%) was filtered off,
washed with chloroform and dried at 60°. A sample of the hexamine salﬁ was
crystallised from ethanol to give white microcrystals, m.p. 174-1770, Sp

ePeMe
[(c03)250] 4,58 (my, 3 x CﬂQN), 4,76 (s, 3=CH,.C_H BrNa), 5.33 (s, 3 x QﬁzN),

, ~=2""6 12
:7;65 (m;,S-H;and 6=H), 8.45 (my 7-H), and 8,55 (m, 4=H).

(b) Bromine (1.78 9, 0.0112 mol) was added over 30 min to 3-methyl-l,2-
‘benzisothiazole (1.64 g; 0.,0112 mol) stirred at lzﬁq-and irradiated by a 200 W
tungsten lamp. The reaction.mixfure waé kept'af iéOovfor-ﬁ_h,;then cooled and
basified. The.resulting red oil was extracted with chioroform (2 x7100 ml) and
washed successively with 10% aqueous sodium hydroxide (2 x 20 ml), with water
(2 x 20 m1), and dried (NgSOd). Evaporation of the solvent left a red oil, which
was shoun by t.l.c. to be é mixture. No attempt was made to isolate the bromo-

methyl derivative, but the crude product was reacted directly with dimethylamine

(p. 116) to give NN-dimethxl—(l,2-benzisoth1azol-3-yl)methylémina which was

isolated as the hydrochloride (0.5 g, 20%).
(c) N-Bromosuccinimide (3 g, 0.0163 mol) was added in portions, during 20 min,

to a stirred, boiling solution of 3-methyl-l,2-benzisothiazole (2.46 g, 0.0163 mol)
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in dry carbon tetrachloride (200 ml) containing dibenzoyl peroxids (0.1 g). A
stream of dry nitrogen was bubbled through the solution and the mixture was
irradiated with a 200 W tungsten lamp. The mixture was stirred and boiled for

16 h, then cooled, the succinimide was filtered off, and the filtrate was evapor-
ated. G.l.c. analysis showed that the residue was a mixture of the bromomethyl
derivative (84%) and the dibromomethyl derivative (7%). The mixture was not

separated, but was used directly in the following reactions,

some N=-Substituted-3-aminomsthyl-l,2-benzisothiazole hydrochlorides

A solution of 3-bromomethyl=-l,2-benzisothiazole [prepared by method (c)
above] in dry benzene (60 ml) and the appropriate amine (dimethylamine,
morpholine, pipéfidine, pyrrolidine, and N-ethylethanolamine, 0.0337 mol) was
béiled for 4 h, then cooled and filtered. Ether (60 ml) was added to the
filtrate thch was washed with water (5 x 200 ml),‘theﬁ dried (NgSOa). The amine

was isolated as its hydrochloride by the addition of a dry ethereal solution of

hydrogen chloride. Details are in Table 2 (p. 118).

The résidualtsolufibn_was_evaporated to give a solid (0.35 g, f%) which
crystallised from ether as transluéant cubes of 3~dibromomethyl-l, 2-beniisothiazole,
‘MePe 92-93° (lit., 93 5=-94 ) (Found° C, 31 4 Hy ' l H N, 4.6%; M, 305/307/309.

Calculated for CyH,Br,NS C, 31.3; H, 1.65; N, 4.55%3 m, 305/307/309), ax, T340
-1

655 and 595 (C-Br) cm , 5 7.02 (s, 3-CH), 7.5 (m, 5-H and 6—H), 7.8 (m, 7=H),

PePeMe
and 8.4 (m, 4=H),

(1,2-Benzisothiazol-3-yl)methylamine hydrochloride
3-Bromomethyl-l,2-5enzisothiazole [prepared by method (c) above] wag- reacted

with hexamethylenetetramine as described previously (p. 115).to form thse

hexamine salt (72% based on 3-methyl-l,2-benzisothiazole). A mixture of the

hexamine salt (5 g, 0.0136 mol), ethanol (20 ml), concentrated hydrochloric
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acid (15 ml) and water (5 ml) were boiled for 40 min, then cooled and basified.

The solution was shaken with ether, the ethereal solution dried (MgSUa) and the

hydrochloride prepared by the addition of dry ethereal hydrogen chloride,.

Details are in Table 2 (p. 118).

N=2-Chloroethyl=N-ethyl=(1l,2-benzisothiazol=3-yl)methylamine hydrochlorids

Thionyl chloride (3.32 g, 0.026 mol) was added dropwise over 10 min to a
stirred, boiling solution of ﬂrethylfﬂ72-hydroxyethyl—(1,2—benzisothiazol-3-yl)c
methylamine hydrochloride (3.4 g, 0.013 mol) in dry chloroform (50 ml). After
a further 45 min, the chloroform and excess of thionyl chloride were distilled
off under reduced pressure, and the residue was dissolved in the minimum
amount of dry ethanol. On addition of an excess of dry ether the product was
obtained as a white solid. Cryétallisation from dry ethanol;efher gave white
microneedles (3.65 g, 95%), MePe 122-124° (Found: C, 49.23; Hy 5.57; N, 9.47%;

m (free base), 254. C ClNZS requires C, 49.49; H, 5.54; N, 9.62%; M (free

12M16
base), 254).
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The Preparation of some N-Substjtuted-3-aminomethyl-S5-bromo-1,2-benzisothiazole

hydrochlorides

S=8romo=3-bromomethyl=1,2=benzisothiazole

ﬂrBromosuccinimide (3.12 g, 0.0176 mol) was added in portions during 1.5 h
to a stirred and boilad solution of S—bromo-3-methyl-l,2-benzisothiazole (4 g,
0.0176 mol) in dry carbon tetrachloride (200 ml) irradiated by a 200 W tungsten
lamp and containing dibenzoyl peroxide (0.1 g). A stream of dry nitrogen was
bubbled through the solution and the stirred mixture was boiled for a further 4 h,
then cooled thoroughly and filtered. The solvent was removed under reduced
pressure to leave an orange oil (5.6 g) which slowly solidified. N.m.r. spectra
showed the solid iovbp a mixture of monobromomethyl derivative (70%), dibromo-
methyl derivative (10%) and starting material (20%).

CrYstallisétion of the mixture from light petroleum gave S=bromo-3-~bromomethyl

-1,2-benzisothiazole (2.7 g, 50%) as white needles, m.p. 99~101° (Founds C, 31.7;

H, 1.6 N, 4,7%; M, 305/307/309. CBHSBerS requires C, 31.3; H, 1.65; N, 4.55%;
' : -1
ul 305/307/309), umax. 1059 (aromatic Br), 605 ;nd 505 (alkyl Br) cm —, 5p.p.m.
4,79 (s, 3—CH28r), 7.61 (dd, 6-H), 7.81 (d, 7-H), and 8.25 (d, 4=H), (g4 6': 1,75 -
’ - ? .
and ‘26,7 = 8,75 HZ).'

Some N-Substituted-3-aminohethy1-5-bromo—l,2-benzisothiézole hydrochlorides

*
A solution of the mixture (prepared above) in dry benzens (80 ml) was

reacted with the appropriate amine (0{0342 mel) in the manner described earlier

(p. 116). Details of the amine hydrchlorides prepared are in Table 3 (p. 121).
The solution remaining after removal of the amine hydrochloride was evépor-
ated and a portion of the residue was chromatographed on a silica gel column and

eluted with benzené-chloroform (2:1), The first fraction was concentrated and

The unresolved mixture was used in the reactions indicated.
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. . o] :
after short path distillation (99 at 0.3 mmHg) gave a white crystalline solid,

identified as S-bromo-3-~dibromomethyl-l,2-benzisothiazole, m.p. 78-80° (Found:

C, 25.25; H, 1,25%; M, 383/385/387/389. NS requires C, 24.9; H, 1.6%; M,

CgH,Br
383/385/387/389), Y oy, 1065 (aromatic Br), 680, 596 and 515 (alkyl Br) cm’l,

5p.p.m. 6.95 (s, 3-CHBr2), 7.63 (dd, 6-H), 7.78 (dd, 7-H), and 8.65 (dd, 4=H),
(_:_;‘,4,7 = 0.5, 24,6 = 1,7, and 26’7 = 8.6 Hz),

(5-Bromo=-1,2-benzisothiazol-~3~yl)methylamine hydrochloride

A solution of the mixture* (prepared previously, p. 119) in dry chloroform
(100 ml) was reacted with hexamethylenstetramine (0,018 mol) in the manner
described earlier (p. 115) to give the hexamine salt (5.4 g, 67%, based on S-bromo-
3-methyl=1,2-benzisothiazole),

The hexamine salt (5 g, 0.0112 mol) was hydrolysed in thé manner previously

described (p. 117) to form the required amine hydrochloride, details of uwhich are

given in Table 3 (pe 121).

N-2-Chloroethyl—-N-gthyl-(5~bromo-1,2-benzisothiazol-3-y1)methylamine hydrochlorids

N—Z-Hydroxyethyl—N-ethyl-(S-bromo-l 2-benzisothiazol-3-yl)methylaminé

hydrochloride (4.85 g, 0.0138 mol) was treated Ulth thionyl chlorlda in boiling

chloroform as described earlier (pe 117) to give the required halogﬁpoamlne

hydrochloride (4.55 g, 91%)., Crystallisation from dry ethanol (charcoal) gave

pale pink microcrystals, m.p, 141-143" (Founds C, 39.25 H, 4.3; N, 7.8%; M (free

1215 2
M(free base), 33/332/396/334/8887336).

base), ¥31/332/38%/334/395/336. C BrCl,N.S requires C, 38.95; H, 4.1; N, 7.6%,
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The Preparation of some N-Substituted-3-aminomethyl-S-chloro-1,2-benziscthiazole

hydrochlorides

S5-Chloro=3-methyl-l,2-benzisothiazole

S-Amino=3~methyl=l,2=benzisothiazole (20 g, 0.122 mol) was diazotised and
treated with copper (1) chloride in hydrochloric acid as described earlier (p. 103)
and gave the product (20.4 g, 91%), which was purified by short path distillation

(61° at 0.3 mmHg) as white needles, m.p. 49-50° (lit.,’° 52,5°) (Found: M, 183/

-1
185. Calculated for CgH.CINS M, 183/185), Uhax. 1075 (aromayic cl) cm , sp.p.m.

2.68 (8’ 3-CH3), 7.42 (dd, G-H), 7079 (dd, 7-H)’ and 7.85 (dd, 4"‘H), (_g4 7 = 0075,
. ?

- 1.95’ and 3 = 8.6 HZ).

J 2,7

4,6

3-Bromomethyl-5=~chloro-1,2-benzisothiazole

s-Chloro-s—methyl-l,2-behzisbth15zoie (3 9, 0.0154 mol) was brominated with
N-bromosuccinimide (2.93 g, 0.0168 mol) as described earlier (p. 119)-11§;m.r. s pechonn
showed the product to be a mixture of the monobromomethyl derivative (70%),
dibromomethyl dé:ivative (15%), and starting material (15%).

Crystalliéation’of tha'mixturé from light petroleum (b.p. 40-600) gave

‘3-bromomethy1—5-chloro-l,2-benzisothiazole (2 gy 50%) as white rosettes, m.p. 73=-
75° (Found: C, 36.85; H, 1.95; N, 5.25%; M, 261/263/265. CgHsBICINS requires C,
36.6; Hy 1.9 N, 5.3%; M, 261/263/265), v 1074 (aromatic Cl), 611 and 535

(alkyl Br) cm’l, 5p 4,78 (s, 3-CH28r), 7.46 (dd, 6-H), 7.82 (dd, 7-H), and

sPeMy

8.05 (dd, 4-H), (24,7 = 0.75, 94,5 = 1.6, and 96,7 = 8.5 Hz).

Some N-Substituted-3-aminomethyl-S~chloro-l,2~benzisothiazole hydrochlorides
M :
A solution of the foregoing mixture in dry benzene (80 ml) was reacted with

the appropriate amine (0.031 mol) as described earlier (p. 116). Details of the

The uﬁresolved mixture was used in the reactions indicated.
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amine hydrochlorides prepared are in Tablse 4 (p. 124).

(5-Chloro-1,2-benzisothiazol-3-yl)methylamine hydrochloride

The crude bromination mixture (p. 122) was reacted with hexamethylenetetra-
mine (0.0155 mol) in boiling chloroform as described earlier (p. 115) to give the
hexamine salt (4.3 g, 69%, based on S—-chloro=3-methyl-l,2-benzisothiazole).

The hexamine salt (4 g, 0.01 mol) was hydrolysed in the manner previously

described (pe 116) to give the required amine hydrochloride, details of which are

given in Table & (p. 124).

N-2-Chloroethyl=Neethyl=-(5-chloro-1,2-benzisothiazol~3-yl )methylamine hydrochloride

ﬂrZ-Hydroxyethylfﬂrethyl-(5-ch10ro-l,2-benzisothiazol-3-y1)mathylamine
hydrochloride (3.7 g, 0.012 mol) was used to prepare the product (3.5 g, 90%) by

the method described earlier (p. 117 ). Crystallisation from dry ethanol-ether

(charcoal) gave fawn microcrystals, m.p. 132-134° (Founds C, 44.5; H, 4.85; N, 8,45%
; M (free base), 288/290/292. C,,H 5C14N,S requires C, 44,25; H, 4.65; N, B.6%;

n (free base), 288/290/292).
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(5-Bromo=1,2-benzisothiazol-3-yl)acetonitrile

(a) A solution of S-bromo-3-bromomethyl-l,2-benzisothiazole (1 g, 0.00326 mol)
in dry acetone (10 ml) was added dropwise during 15 min to a stirred suspension
of sodium cyanide (0.17 g, 0.0033 mol) in acetons (20 ml) and water (4 ml). The
solution was stirred for 3 h at room temperature, poured into water (200 ml) and
the product extracted with ethyl acetate (2 x 100 ml), The dried extract was
concentrated to leave a solid which crystallised from ethyl acetate-light petroleum

to give di(S-bromo-l,2-benzisothiazol-3-ylmethyl)-(S-bromo-1,2-benzisothiazol=-3-

yl)acetonitrile (0.65 g, 84%) as white microcrystals, m.p. 219-221° (Found: C, |

42,93 H, 2,053 N, 8%; M (low energy scan), 702/704/706/708, CycHy4BraN,Se requires
C, 42.63 H, 1.85; N, 7.95%; M, 702/704/706/708),1}max 2235 (CN) and 1064 ( !
[ ]

aromatic Br) cm‘l, sp [(cos)zsol 4.42 (s, 2 x CH,), and 7.52-8.14 (m, 9 x

} «Pom
aromatic=H).
" (b) The preceding e*periment Qas repeated usiﬁg a fﬁuf-fcld.GXCess of sodium
cyanide and an addition time of 2.5 h, but only di(S-bromo-l,2-benzisothiazol-3-
ylmethyl)-(Sebrqmo-l,2-benzisothiazol—3-yl)acetonitri;e (73%) was obtained.

(c¢) A solution of S-bromo-3-bromomethyl-l,2-benzisothiazole (0.9 g, 0;0029 mol) -
in ﬁry dimethylsulphoxids (10 ml) was added dropwise during 2.5_H to a stirred
éolutioh of sodiumvpyaﬁide (0.17 9y 0.0033.m01) in dry'dimethyléulphoxida (20 ml)

" -at room temperature. The solution ﬁas stirfed for:é further BD.hin at room
temperature, heated at 80° for 2 h tﬁen cooled and poured into water. (300 ﬁl),

The product was extracted with ethyl acetate and the dried extract concentrated.

Purification of the product by column chromatography on silica gel and eluting

with chloroform gave (S-bromo-l,2-benzisothiazol-3-yl)acetonitrile (0.44 g, 60%)
which crystallised from benzene-light petroleum (b.p. 40-60°) (charcoal) as white

needles, m.p. 119-120° (Found: C, 43.1; H, 2.1%; n, 252/254.A CgHgBrN,S requires

c, 42.7; Hy, 2.6%; M, 252/254), vhax. 2258 (;N), and 1066 (aromatic Br) cm‘l, 8p.p.m.

4,17 (s, 3-CHZCN), 7.66 (dd, 6-H), 7.84 (dd, 7-H), and 8.17 (dd, 4-H), (g4 7 = 0.5,
i i 1
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= 1,7, and J = 9 Hz).

24,6 3,7

(5~Bromo=1,2=benzisothiazol-3-yl)acetic acid

(S-Bfomo-l,2-benzisothiaiol-3-yl)acatonitrile (0.4 g, 0,00158 mol) was
hydrolysed in the manner described earlier (p. 92 ). Crystallisation from ethyl

acetate gave the product (0.3 g, 70%) as white microcrystals, m.p. 153-154° (decomp)

S requires C, 39.7; H,
1

(Found: C, 39.9; H, 2.45; N, 5.15%; M, 271/273. CgHgBrNOD,
2.23 N, 5.05%; M, 271/273), Vax, 5000-2400br (OH), and 1720 (C=0) cm , 6p D
_ [(coz)zso] 4.19 (s, 3-CH, 2C02_|-1), 7.72»(dd‘, 6-H), 8.15 (dd,

7-H), and 8.38 (dd, 4-H), ('ga.;7f= 0.7, 3, ¢ = 1.75, and 3.

C02H), 4.46 (br, 3-CH

2 7 = 8..75 HZ.). e
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5-Chloro-l1,2=-benzisothiazol~3=yl )acetonitrile
’ .

(a) A solution of 3—bromomethyi—5—chloro-l,2-benzisothiazole (1.3 g, 0.0049 mol)
in dry acetone (10 ml) was reacted as described earlier [method (a), p. 125) and
the mixture was stirred for 6 h at room temperature, Crystallisation from benzene=

light petroleum gave di(5-chloro-l,2-benzisothiazol-3-ylmethyl )-(5-chloro-1,2-

benzisothiazol-3-yl)acetonitrile (0.9 g, 95%) as white microneedles, m.p. 202-203°

(Founds C, 52,75 H, 2.35; N, 9.8%; M (low energy scan), 570/572/574/576.
€5ty 501N, 5, requires Cy 52.5; H, 2.3; N, 9.8%; M, 570/572/574/576), Vax, 2240

4(CN), and 1076 (aromatic c1) em T, 8. pum. [(CD3)550] 4,43 (s, 2 xfCHé), and 7.12-
8.12 (m, 9 x aromatic-H) | ' N | SRR ' |

(b) 3-Bromomethyl-5-chloro-1, 2-benzisothiazole (L g, O. 0038 mol) was treated
with sodium cyanide in dimethylsulphoxide as described earlier [method (c), p. 125 ]

and the mixture was stirred for 21 h at room temperaturs. Crystalllsation from

benzene-light petroleum gave (S-chloro-1l,2-benzisothiazol~3-yl)acetonitrile (0.49 g,

62%) as white microcrystals. After short path distillation (1200 at 0.1 mmHg),
a sample gave a fluffy solid, m.p. 105-106° (Found:kc, 51.9; H, 2,55; N, 13,15%;
M, 208/210. CgHgCIN,S requires C, 51.8; H, 2.4; N, 13.45%; M, 208/210), Y ax
-1

2260 (CN), and 1079 (aromatic Cl) cm , & 4,18 (s, 3-CH20N), 7.53 (dd, 6-H),

PePem,

7.89 (dd, A-H)’ and 8.01 (dd, 7-H), (2.4,7 = 0075’ '3-4’6 = 1075' and 26,7 = 8.5 HZ)O

(5-Chloro-1,2-benzisothiazol-3-yl)acetic acid

(5-Chloro-1,2-benzisothiazol=3-yl)acetonitrile (0.7 g, 0.00335 mol) was
hydrolysed as before (p. 92 )¢ Crystallisation from ethyl acetate-light petroleum
(charcoal) gave orange microcrystals (0.5 g, 66%), mep. 143=145° (decomp) (lit.,ss_
159-160") (Found: C, 47.7; H, 2.65; N, 6.15%; M, 227/229, Calculated for

CgHECIND,S C, 47.23 Hy 2.753 N, 6.25%; M, 227/229),1) max, 2900-25006r (oH), 1720
-1

=0 and 1080 (aromatic Cl) cm
(c=0), ( ) Dupem.

7.64 (dd, 6-H), 8.23 (d, 7-H), and 8.26 (d, 4-H), (g4 g = 175, and 1. , =8 Hz).
9 14

, 8 4.2 (s, 3-CH,COH), 5.22 (br, 3-CH cozﬁ)J
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The Bromination and Nitration of S-Hydroxy=-3-methyl-=l,2-benzisothiazole

5-Hydrox173-methyl-l,2-benzisothiaiole

A solution of S5-amino-3-methyl-l,2-benzisothiazole (10 g, 0.061 mol) in
concentrated sulphuric acid (20 ml) and water (40 ml) was cooled to 0° and diazo=
tised with an aqueous solution of sodium nitrite (4.5 g, 0.065 mol) at 3-8°, The
diazonium solution was stirred at room teﬁperature for 15 min, at 50° for 2 h and
then at 100° until the eyolution of nitrogen ceased. The hot solution was filtered

and cooled to give the gﬁgggl which was cryétallised from hot water (charcoal) as
white needles (4.5 g, 45%), m.p. 196-198° (Found: C, s7.9§jH,'4;5; N, 8;3%;'ﬂ, 165;
CgH,NOS requires C, 58.15; H, 4.3; N, a.s%;;g, 165), v, 3120br (OH), and 1335,

1220 (C=0 and OH) cm'l, 5 [(co3)zso] 2.6; (s, 3—CH3), 7.17 (dd, 4=H), 7.34

p.p.m.
(dd, 6=H), 7.92 (dd, 7-H), and 9,77 (br, 5-0H), (g4,7 = D'S’,94,6'= 2.4, and 96’7 =
8.8 Hz). ‘
Bromination

A solution of bromine (0.96 g, 0,006 mol) in ethyl acetate (10 ml) was added
during 1 h to a stirred, ice-cold solution of S5-hydroxy-3-methyl-l,2-benzisothiazole
(1 g, 0.006 mol). After a further 1 h at 00, the mixture was poured into water
(150 ml) and the product was extracted with ether (3 x 50 ml), The ether extract
was washed with water (3 x 50 ml), dried (MgSUd) and evaporated. Crystallisation

of the residue from ethyl acetate (charcoal) gave 4-bromo=5-hydroxy=3-methyl-l,2-

benzisothiazole (l.4 g, 95%) as orange needles, m.p. 165-166° (Founds: C, 39.25;

H, 2.53 N, 5.85%; M, 243/245, CgHgBrNOS requires C, 39.35; H, 2.5; N, 5.75%; M,
243/245), Vpax, 52006 (OH), 1335, 1170 (C~D and OH), and 1064 (aromatic Br) cm-l,
55 pams 2.96 (s, 3-CH;), 5.94 (s, 5-0H), 7.23 (d, 6-H), and 7.69 (d, 7-H), (g6’7 =
8.6 Hz).
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Nitration
A solution of concentrated nitric acid (0.38 g, 0,006 mol, d. 1.5) in glacial

acetic acid (10 ml) was added dropwise during 2.5 h to a stirred solution of 5=

hydroxy-S-méthyl-l,2-banzisothiazole (1 g, 0.006 mol) in glacial acetic acid (50 ml)

at room tempsrature. The solution was stirred for a further 3 h, poured into water

(500 ml) and the precipitate filtered off. Crystallisation from ethyl acetate

(charcoal) gave 5-hjdroxy-3—methyl-d-nitrd—l,2-benzisothiazole (0.9 g, 72%) as

yellow plates, m.p. 222° (decomp) (Found: C, 45.75; H, 33 N, 13.2%; M, 210,

C,H.N,0.S requires C, 45.7; H,12.9;‘N,713.35%;'ﬂ, 210), Vnax, S000br (oH), and 1530,

sMeM203
1320 (ND,) emt, b

PePoMe
[(co,),s0] 2,43"(5, 3-CHq)y 3.45 (br, 5-0H), 7.42 (d, 6-H), and .

2.73 (s, 3-CH,), 4 (s, 5-OH), 7.3 (d, 6=H), and B.1 (d,
-H). &
7 H‘), PePemy
.22 (d, 7-H), (3. . = 9 Hz).
8 22 ( 1 )9 (—6,7 » )

Some further Derivatives of S-Hydroxy=3-methyl~l,2-benzisothiazole

3-Methyl=5-methylsulphonyloxy=l,2=benzisothiazole

Methylsulphonyl chloride (4.5 ml) was added dropwiée'during 20 min to a
stirred solution of 5-hydroxy-3-methyl-l,2-benzisothiazole (1 g, 0.006 mol) in dry
pyridine (30 ml) at 0°. The mixture was then stirred for a further 1 h at 0° and
poured into ice-water (100 ml). The precipitate was filtered off and washed well
with ice-cold aqueous 10% hydrochloric acid andrwith cold water. Crystallisation
from benzene-light petroleum (charcoal) gave translucent prisms (1.1 g, 76%), m.p.

115-116D (Found: C, 44,53 H, 4.09; N, 5.55%; M, 243, C_H,NO.S, requires C, 44.45;

979732

-1
Hy 3.75; N, 5.75%; M, 243), Y ax. 1355 and 1185 (S=0) em -, 6p.p.m. 2.71 (s, S-CH3),
3.18 (s, SCH;), 7.43 (dd, 6-H), 7.83 (dd, 4~H), and 7.92 (dd, 7-H), (g4’7 = 0.7,
94,5 = 2.2, and 36’7 = 8,5 Hz).

5-Allyloxy=-3-methyl-l,2~benzisothiazole

A mixture of S-hydroxy=-3-methyl-l,2-benzisothiazole (1.5 g, 0.009 mol),

|
i
|
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allyl bromide (2.25 ml, 0.015 mol), anhydrous potassium carbonate (4.5 g), and
anhydrous butanone (60 ml) were boiled and stirred for 2 h, then cooled, and
filtered., Evaporation of the solvent left a pale brown oil, which was distilled
under nitroéen to give a pale yellow oil (1.5 g, 81%), b.p. 108-110O at 0.2 mmHg

(Found: C, 64?3; Hy 5.5; N, 6.3%; M, 205. C,,H;,N0S requires C, 64.35; H, 5.4; N,

-1
6.3%; M, 205), ”hax. 3080 (=CH), 1600 (c=C), and 1220 (C=0) cm Ty 5p.p.m. 2,7

(s, 3-CH3), 4,52 (d, -ocnz-), 5.3 (t, CﬂQ=CH), 5.9 (m, CH2=Qﬂ), 7.18 (dd, 6~H),

= 8-4 HZ)O

7.27 (dd, 4-H), and 7.75 (dd, 7-H), (24’7 = 0,9, J = 2.4, and 3, ,
. , _ ,

4,6

4-Allxlrs-hydroxy-S-methyl-l 2-benzisothiazole

-Allyloxy-S-mathyl—l 2-benzisothiazole (1 g, 0.005 mol) vas boiled with
freshly distilled NN-dimethylaniline (40 ml) for 3 h. and the mixture was cooled,
poured into ice-cold aqueous 10% hydroﬁhloric acid (60 ml) and shaken with ether
(3 x 30 ml). Phenolic material was extracted from the ethereal solution with
aqueous 10% sodium hydroxide (3 x 30 ml) and the combined alkaline extracts wére
acidified with‘cold aqueous IO%'hydrochloric acid, The product was extracted with

“ether (3 x 30 ml), the combined ether layers were washed with aqueous 5% sodium
hydrogen carbonate (3 x 20 ml), with water (2 x 20 ml), then dried (MgSDa), and
evaporated to leave a white solid which crystallised from ethyl acetate as white
needles (0.9 g, 90%), m.p. 150° (Found: C, 64.7; H, 5.35; N, 6.7%; M, 205.
C..H;,NOS requires C, 64,35; H, 5.43 N, 6.8%; M, 205),1)max. 3200-2900br (OH),

1111

1633 (CH,=CHR), and 1305, 1265 (C-0 and OH) cn L, 8p D [(cog),s0] 2.79 (s, 3-CH,),

3.82 (d, CﬁQ-CH), 4.83 (q, Cﬂ2=CH), 6.05 (m, CH -Cﬂ;CHZ), 7.21 (d, 6-H), and

2
7.78 (d, 7-H), (96’7 = 8,7 Hz).

S=Acetoxy~3-methyl=1,2-~benzisothiazole

S5-Hydroxy=3-methyl-l,2-benzisothiazole (3 g, 0.0182 mol) was boiled under

reflux in acetic anhydride (14 ml) and glacial acetic acid (6 ml) for 30 min,
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cooled and poured into ice-water (200 ml)., The product was extracted with ether
(3 x 60 ml) and the combined extracts were washed with a saturated solution of
sodium hydrogen carbonate (until neutral), Evaporation of the solvent left an oil
which, after short path distillation (886 at 0,25 mmHg), gave white needles (3.54

g, 94%), m.p. 53-54° (Founds C, 57.83 H, 4.,3; N, 6.7%; M, 207, clOHQNOZS requires

C, 57.95; Hy 4445 N, 6.75%; M, 207), ¥ 1760 (C=0), and 1210 (c-0) em L,

5p D 2.28 (s, S-D-OCCHS), 2.63 (s, 3-CH3), 7.26 (dd, 6-H), 7.65 (dd, 4-H), and

7.88 (dd, 7=H), (g4’7 = 0.7, J

_4,6 = 805 HZ)O

= 202, and -3"6,7

Attempted Fries Rearréngemeﬁt.of'5—Acetoxy-3-methy1-1,2;benzisoth1azole."

(a) A mixture of'S;acetoxy-S-hethyl—l,2-benzisothiazole (1.5 g, 0,00724 mol)
and anhydrous aluminium_chioride (2.24 g, 0.0145 mol) in dry benzene (80 ml) was
stirred at room temperature faf 16 h and then boiled for 24 h., Aqueous 10%
hydrochloric acid (30 ml) was added, the organic layer was separated and the
aqueous phase was shaken with ether (3 x 50 ml), The combined organic extracts
were shaken with aqueousis%-éadium hydroxide solution (3 x 50 ml) and with water
(20 ml), and then wers concentrated to'leave a two component 0il which was resolved
by elution [with ether-light petroleum (1:2)] from a column of silica gel. The
first component was identified as acetophenone (0.4 g) by comparison with an
authentic sample. The second component (0.66 g, 44%) was identified as S-acetoxy=

3-methyl~l,2-benzisothiazole. -

The combined aqueous washings were acidified and shaken with ether (3 x 50 ml).

The ether extract was washed with saturated sodium hydrogén carbonate solution
(2 x 10 ml), with water (10 ml), and dried (MgSUd). Evaporation of the solvent
left a solid (0.6 g, S0%) which was identified as S~hydroxy=3-methyl-l,2-benzisog
thiazols.

(b) A stirred mixture of S5-acetoxy-3-methyl-l,2-benzisothiazole (0.5 g, 0.0024

mol) and freshly powdered anhydrous aluminium chloride was immersed in a preheated
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oil bath at 90° and then kept at 180-200° for 45 min, The solid was cooled,
acidified and the product extracted with ether., The ethereal extract was shaken
with aqueous 5% sodium hydroxide (3 x 50 ml) and with water (50 ml). The combined
aqueous washings were acidified, shakan with ether (3 x 50 ml) and the ethereal
extract washed with saturated sodium hydrogen carbonate solution (2 x 20 ml), with
water (20 ml), and dried (MgSOa). Evaporation of the solvent left S-hydroxy-3-
methyl-l,2-benzisothiazole (0.35 g, 88%), identified by comparison with an authen-

tic sample.

Attempted Friedel-Crafts Acylation of S5=Hydroxy=3-methyl-l,2-benzisothiazole

(a) A solution of acetyl chloride (0.45 g, 0,006 mol) in dry nitrobenzene (5 ml)
was added dropwise during 20 min to a stirred mixture of S5-hydroxy=3-methyl-l,2-
benzisothiazole (1 g, 0,006 mol) and powdered anhydrous aluminium chloride (0.64 g,
0.006 mol) in dry nitrobenzene (20 ml) at room temperature. The mixture was
stirred at room temperature for 69 h, then heated to 100° for 24 hy cooled, poured
. into aqueous 10% hydrochloric acid (20 ml), and the layers separated, The agqueous
' - phase was shaken with ethyl acétate (20 ml) and the combined organic layers uwere
~ washed with water (2.x 100 ml), then dried (MgSD )e Evaporation of ths solvent
under reduced’ pressure left a solid which was resolved into its two components by .
'elution with ethyl acetate-light petroleum '(134) from a column of silica gel.

The first component (0.12 g, 10%) was S-acetoxy-3-methyl-l,2=benzisothiazole
and the second component (0.47 g, 47%) proved to be starting material,

(b) A mixture of S-hydroxy~3-methyl-1,2-benzisothiazole (1 g, 0,006 mol),
acetyl chloride (0;45 g, 0,006 mol), and boron triflucride etherate (0.87 g, 0.006
mol, 48%) in dry dichloromethane (40 ml) was stirred at room tempsrature for 2 h
and was then boiled under reflux for 43 h. The cooled solution was poured into
aqueous 10% hydrochloric acid (100 ml) and the layers separated. The aqueous layer

was shaken with ether (50 ml) and the combined organic layers were washed with
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5% sodium hydroxide (2 x 20 ml), and with water (2 x 25 ml), then dried (NgSOA).

Evaporation of the ether left S-acetoxy-3-methyl-l,2-benzisothiazole (0.4 g, 64%) .
The combined alkaline washings were acidified and the organic material was

extracted with ethyl acetate (2 x 50 ml),.- Coﬁcentration of the solvent gave

unchanged S-hydroxy—S-methyl-l,2-benzisdthiazole (0.3 g, 30%).
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Some Electrophilic Substitution of S5—Methoxy-=3-methyl-l,2-benzisothiazole

S5-Methoxy=3-methyl-l,2-benzisothiazole

Methyl iodide'(iQ g,.0.133 mol) was added dropwise to a stirred solution
of S-hydroxy=3-methyl-l,2-benzisothiazole (11 g, 0.066 mol) and potassium hydroxide
(4.52 g, 0,066 mol) in‘dry ethanol (200 ml) and the solution was beiled for 2 h,
The solution was cooled, péured into water (400 ml), and the product extracted
with ether (3 x 100 ml), The combined ether extracts were washed with aqueous
10% sodium hydroxide (3 x 50 ml), with water (3 x 50 ml), and dried (MgSDa).
The solvent was evaporated and short path distillation (720 at 0.9 mmHg) of the
residue gave white needles (10.6 g, 90%), meps 55-57° (lit., C° 5§7-57.5°)
(Found: C, 60.5; H, 5.05; N, 8%; M, 179. Calculated for CgHgNOS C, 60.3; H,

5,055 N, 7.95%; M, 179), U oy, 1230 (c-0) cm'l, 5p 2.64 (s, 3-CH3), 3.86

. - . sPeMe
(s, 5-0Me), 7.15 (dd,:6-H), 7.24 (dd, 4~H), and 7,74 (dd, 7-H), (34 7 = 0.5,
- ‘ ’

J

3,6 = 2,25, and g6

7= 8.§'Hz).
Bromination _ ' _

(a) A solution of brdmine (0.63 g, 0.004.mol) in dry carbon tetrachloride
(10 ml) was added dropwise during 2 hvfo an ice-cold solution of 5-méthoxy-3-
methyl-1,2-benzisothiazole (0.7 g, 0.004 mol) in dry carbon tetrachloride. The
mixture was stirred at 0° for 1 hy a# room temperature for 18 h, and was.then
boiled for 2 h, The cooled solution was poured into water (200 ml) and shaken
with chloroform (2 x 50 ml), The extract was dried (MgSDa) and evaporated to
give an oil (0.9 g), which consisted of two components in the ratio 131 (t.l.c.).
The mixture was chromatographed on a silica gel column, and elution with chloroform
-1ight petroleum (l:1) gave the first component which crystailised ffom light

petroleum (charcoal) as white nesdles of 4=-bromo=-5-methoxy=3-methyl=l,2-

benzisothiazole (0.4 g, 40%) m.p. 87-89° (Founds C, 41,63 H, 3.3; N, 5.6%; M,
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257/259. CgHBBrNOS requires C, 41.85; H, 3.13 N, 5.45%; M, 257/259), Uﬁax.

1295 (c-0), and 1070 (aromatic Br) cm’l, 6p.p.m. 2,97 (s, 3-CH3), 3.93 (s, S-0Me),
7.16 (d, 6=H), and 7.73 (d, 7-H), (g6,7 = 8.7 Hz).
The second component (0,35 g, 50%) was identified as starting material.

(b) S-Methoxy-3-methyl-1l,2-benzisothiazols (l g, 0.0056 mol) was treated with
bromine and silver sulphate in concentrated sulphuric acid at 0° as described
earlier (p.99 ) (On addition, the solution was stirred for 3 h at 0-5°, then for
4 h at room temperature). The product was identified as 4~bromo=5-methoxy=3-—
methyl-l,2~benzisothiazole (1.25 g, 87%) identical with that obtained in (a).

(c) N-Bromosuccinimide (0.52 g, 0.0057 mol) was added in portions during 15 min
to a boiled, stirred solution of S-methoxy=3-methyl-l,2-benzisothiazole (l‘g;
0,0056 mol) in dry carbon tetrachloride (40 ml), containing a catalytic amount
of dibenzbyl peroxide. The mixture was boiled for 18 h, then furthef ﬂrbromo-
succinimide (0.4 g) was added and boiling was cﬁﬁtinuea for a further 2lh.i{THé:
cooled mixture was filtered and the solvent evaporated to leave an oil, which
consisted of three components in the ratio 15:70:15 (by t.l.c.). The 0il was
resolved by chromatography on a column of silica gel and elution with benzene=
light petroleum (1:4).

| The first component (BF 0.35) qrystallised from benzene-light petroleum
| io give S;dibrbmomethyl-S—methoxyéi,2-benzisothiazoie as uhita flékes, m.pe 109,.5-

10

: 0
112° (1it.,  109-112°) (Founds C, 32.35 H, 23 N, 4.1%; M, 335/337/339. Calcul-

ated for CgH7 2
(c-0) cm-l, 8

Br_NOS C, 32.05; H, 2.13 N, 4.2%; M, 335/337/339), U, 1230
[ ]
Bopem 3.95 (s, 5-0Me), 7.01 (s, 3—CHBr2), 7.18 (dd, 6-H), 7.68-

7.80 (m, 4-H and 7-H), (g4 g = 23, and 3. . = 8.9 Hz),
’

7
9
The second component (BF 0.146 ) crystallised from light petroleum to give

3-bromomethyl=5~-methoxy=1,2=benzisothiazole as white needles, m.p. 84~85° (1it.,

100 84786.50) (Found: C, 42; H, 3.15%; M, 257/259. Calculated for CyHgBINOS

C, 41.9; H, 3.1%; M, 257/259), ohax 1230 (c-0), and 600 (alkyl-Br) cm'l, 6p pem

3.9 (s, 5-OMe), 4.82 (s, S-CHéBr), 7.19 (dd, 6-H), 7.42 (d, 4-H), and 7.77 (dd,
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7-H)’ ('14’7 = 0'7’ = 205, and _3_6 = 8.8 HZ).

24,6 )7
The third component (BF 0.09) was identified as S5-methoxy~3-methyl=l,2-
benzisothiazols,
(d) S-Nethoxy-S-methyl-l,2;benzisothiazole (2 g, 0.0112 mol) was side=-chain
brominated using N-bromosuccinimide as described earlier (p. 119). The product
consisted of two components in the ratio 43:57 (by n.m.r.) and was resolved by

column chromatography as described in (c) to give 3-dibromomethyl (0.9 g, 24%) and

3-bromomethyl-5-methoxy-1,2-benzisothiazole (0.8 g, 28%).

Nitration

S-Mchox&—S-methyl-l,zébenzisothiazole (1 g, 0.,0056 mol) was nitrated in
concentrated sulphuric acid with potassium nitrate as described earlisr (p. 99 ).
‘When the addition was complete the mixture was stirred at 0-5° for 1 hy poured
onto ice-water (100 mi), énd the yellow precibitata filtéred off. Crystallisation

from benzene-light petroleum (b.p. 80-100°) gave S—-methoxy=3-methyl=4=nitro=1,2-

benzisothiazole (1.16 g, 93%) as yellow platelets, m.p. 130,5-131.5° (Found: C,
42.5; Hy 3483 N, 12.3%; M, 224, CgHgN,0.S requires C, 48.2; H, 3.65 N, 12.5%;

m, 224), vm 1528 and 1370-(N0'2) cm"l, ) 2.56 (s, 3-CH3), 3.96 (s, 5-0Me), .

ax. p.p.m.

7.32 (d, 6-H), and 7.92 (d, 7-H)’ (26 7 = 8.8 HZ).
. . ) . [} .

Formxlation
S-Methoxy=3-methyl-l,2~benzisothiazole (1 g, 0.,0056 mol) was formylated with

phosphoryl chloride and dimethylformamide as described earlier for the formylation
of S-bromo-B-mthyl-l,2-benzisothiazole (pe 113). The addition required 30 min,
and the solution was then stirred for 4 h at room temperature, The semi-solid

. product (1.25 g) consisted of two components in the ratio lzi (t.lec.), and Qas
resolved with difficulty by chromatography on a column of silica.gel by selution

with chloroform=light petroleum (b.p. 40-600)-methanol (8:8:1),
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The first component (EF 0.45) cryétallised from light petroleum to give

Nz-(2-formy1-5-methoxy-3-benzo[b]thienyl)-NlNl-dimethylformamidine as fluffy
yellow needles, m.p. 154-156" (Found: C, 59.5; H, 5.4; N, 10.3%; M, 262.

Cy3M14M0, 2920 (H-CO), 1645
(c=0), and 1615 (C=N) em >, 5,

S requires C, 59.5; H, 5.4; N, 10.65%; M, 262), Uhax

.pam. 3.13 (m, NMez), 3.87 (s, 5=0Me), 7.12 (dd,

6-H), 7.33 (d, 4-H), 7.61 (d, 7-H), 7.65 (s, CH), and 9.79 (s, 2-CHO), (g\4 g = 245
9

|
and 26’7 = 9 Hz), .

The second component (_R_F 0.26) crystallised from benzene to give 3=-formylamido

-5-methoxybenzo[b]thiophen;as_fawn microneedles, m.p. 142-143° (Founds C, 57.75;

Hy 4.5; N, 6.75%; M, 207.'591639N025,§equ1res Cy 57.95; H, 4.4 N, 6.75%; M, 207),

0hax 3290 (N-H),_lséS (c=0), and 1660 (N-H and C-=N) cm'l, )

R ‘ Pepem, [(CDS)ZSO]
3.85 (s, 5-OMe), 7.06 (dd, 6-H), 7.66 (dy 4-H), 7.82 (d, 7-H), 8 (s, 2-H), 8.45

(s, 3=NHCHO), and 10,58 (br, 3-NHCHO), (94,5 = 2.25 and Jg 7 = 848 Hz).

(5-Methoxy=-1,2=benzisothiazol-3~yl)acetonitrile
S-Bromome;hyl-S—methoxy-l,2-ben2i§othiazdle (o.65 g, 0.0025 mol) was reacted.

with sodium cyanide in dimethflsulphoxide asrdescribed earlier (p. 125). Stirfing

was continued for 9 h at room temperatqre. Crystallisatiqn from benzene gave the

product (0.29 g, 56%) as yellow microcubes, MePe 154-156° (Found:_C; 58.85; H,

4,255 N, 13.7%; M, 204, ClUHéMPS requires C, 58.8; H, 3.95; N, 13.7%; M, 204),

Y ax. 2250 (CN), and 1245 (C=0) cm'l, ) 3.87 (s, 5-0Me), 4.12 (s, 3-CH2CN),

Pepem,

7.24 (dd, 6-H), 7.34 (d, 4=H), and 7.82 (d, 7-H), (g‘4 g = 23 and 3. . = 8.7 Hz).
4

27

(S—Methoxy-l,2-beniisothiazole3-yl)acetic acid

The foregoing product (0,147 g, .0,0007 mol) was hydrolysed by the method
described earlier (p. 92 ). The'yhite solid (0,137 g, BS%) was filtered off, dried
and had m.p. 149-150° (Found: C, 53.6; H, 4.35; N, 6.3%; M, 223, €y gHgNO,S
requires C, 53.8; H, 4.05; N, 6.,3%; M, 223),1)max. 3000-2500br (OH), 1720 (C=0),
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1 [(co

and 1230 (C-0) cm Pepem. 3)2

s0] 3.37 (br, 3-CH,CO,H), 3.87 (s, 5-0Me),

4,13 (s, 3—Qﬂ2002H), 7.23 (dd, 6-H), 7.56 (d, 4-H), and 8.03 (d, 7-H), (g4 6= 2.2
. ,

and J = 8.8 Hz)o
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Some Electrophilic Substitution Reactions of 4-Bromo-3-methyl-l,2-benzisothiazole

4=Bromo=3=methyl=l,2=benzisothiazols

S=Amino-4-bromo=3-methyl-1l,2-benzisothiazole (8,75 g, 0.036 mol) was
deaminated by diazotisation and treatment with hypophosphorous acid as described
previously (p. 108). The residue was sublimed (89° at 0.3 mmHg) to give a white
crystalline solid (7.8 g, 95%), m.p. 89-91° (Found: C, 41.9; H, 2,73 N, 6%; M,

86

(aromatic Br) cm-l, &

227/229. CgH.BINS requires C, 42.13 H, 2.65; N, 6.15%; M, 227/229), v__ 1070

2,97 (s, 3-CH3), 7.25 (t, 6=H), 7.56 (dd, 5-H), and

PePeMe
7.78 (dd, 7-H),v(95’7 =1, 35,5 = g6’7 = 7.75 Hz).
Bromination

4-Bromo-3-methyl-1,2-benzisothiazole (1,04 g, 0.005 mol) was brominated at
0° with bromine and silver sulphate in concentratéd sulphuric acid as described
earlier (p. 99 ). Stirring was maintained for 1 h at 0-50, then for 2 h at room
temperature, The product was sublimed (84o at 0.3 mmHé) to give 4,7-dibromo=3-

methyl=1l,2-benzisothiazole (1.48 g, 96%), m.p. 97-99° (Found: C, 31,13 Hy 1.65;

,NS requires C, 31.5; H, 1.65; N, 4.55%; M, 305/

N, 4.35%; M, 305/307/309. CgHsBr
| 1062-(aromatic.8r),ch-1, Bp

307/309), U,

ax. . (CSDG) 2,64 (s, 3-CH3), 6.65 (d,

o - spem
5-H or 6-H), and 6.82 (d, 5-H or 6-H), (I , = 8.1 Hz).
A : ’

Nitration

4-Bromo=-3-methyl-l,2-benzisothiazole (1 g, 0.004 mol) was nitrated with
potassium nitrate in concentrated sulphuric acid as described earlier (p. 99 )
and stirring was continued at 0-5° for 30 min. The pale yellow product was
resolved into its two components by chromatography on a coluhn of silica gel and
elution with benzene-light petroleum (2:1).

The first component [A] (BF 0.42) crystallised from light petroleum to give
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4-bromo=-3-methyl=7-nitro-1,2-benzisothiazole (0.5 g, 42%) as pale yellow micro-
crystals, m.p. 122-123.5° (Founds C, 35.63 H, 1,93 N, 10.3%; n, 272/214,
CHcBIN,0,S requires Cy 35.2; H, 1.85; N, 10.25%; M, 272/274), v, . 1518 and 1334

(N02) cm-l,AB

Dapam. 3.03 (s, 3-CH3), 7.8 (d, 5-H), and 8,24 (d, 6~H), (25’6 f 8.1

HZ)o
The second component [8] (EF 0.38) crystallised from light petroleum to give

4-bromo-3-methyl-5-nitro-1,2-benzisothiazole (0.49 g, 41%) as white microcrystals,

MePe 114-115° (Founds C, 35; H, 1.9; N, 10,4%; M, 272/274. CBHSBrNZUZS requires

C, 35.23 H, 1.85; N, 10,25%; M, 272/274), v . 1550, 1350 (an), and 1070 (aromatic
. , L

 Br) ent, 8. pum, 304 (84 3=CHy), 7.7 (dy 6-H o 7-H), and 7.93 (d, 6=H or 7-H),
“26,7 = 8,2 HZ)Q

Identification of component [A]

Concentrated hydrochloric acid (8 ml) was added»drOpwise to a stirred mixture
of the foregoing component [A] (0.45 g, 0.00165 mol) and tin (0.4 g, 0.0032 g atom)
and the mixture was heated at 100° for 1 h. THe cooled mixturenﬁés diluted with
water (20 ml), basified and filtered, the filter pad being washed with sthyl
acetate (3 x 50 ml). The layers Qere separated and the aqueous phase extracted
with ethyl écetate (2 x 50 ml) énd the combined ethyl acetate layers were dried
(MgSOA) and then concentrated. The residue was purified by chromatography on a
column of silica gel and elution with ethyl acetate-light petroleum (4:1), A §
white solid (BF 0.35) was isolated which sublimed (QSD at 0.2 mmHg) to give the
amine (15%), m.p. 126-130° (Found: m, 242/244, CgH,BrN,S requires M, 242/244),

max. PePems

= 8 Hz)., The product was identified as i

o 3350br, 3200, and 1640 (NH,) emt, 5 2,97 (s, 3-CHy)y 389 (br, 7=NH,),

63 (d, 6~ . -
6.63 (d, 6~H), and 7.2 (d, 5-H), (25’6
7-amino=-4-~bromo=3-methyl-1,2-benzisothiazole as the spectroscopic data did not

thote
agree with st for S-amino-4-bromo-3-methyl-l,2-benzisothiazole (p. 107 ),

Consequently components [A] and [B] were assigned.
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Formylation
(a) 4-Bromo=3-methyl=-l,2-benzisothiazole (1 g, 0,0044 mol) was added in

portions during 30 min to an ice-cold, stirred mixture of phosphoryl chloride
(0.76 g, 0.0044 mol) and dry dimethylformamide (0.64 g, 0.0088 mol), The

mixture was stirred at room temperature for 6 h and at 90-100° for 3 h, and then
was workeq up as described earlier (p. 113). The resulting orange oil (1.3 g),
which slouwly solidified, contained two components in the ratio 66:29 (by g.l.Cs)e
Trituration with light petroleum left N2-(4—bromo-2—formyl-3-benzo[b]thienyl)—

NlNl-dimethylformamidine (0.25 g, 18%) as fluffy yellow needles, m.p. 134=136°

12"
2920 (H-CO), 1650 (Cc=0), 1628 (C=N), and

(Found: C, 46.43 H, 43 N, 8,8%; M, 310/312, C BrN,0S requires C, 46.33
Hy 3.63 N, 9%; M, 310/312), Uhax.

1090 (aromatic Br) cm'l, ap pom 3.15 (d, NMez), 7.22 (t, 6-H), 7.49 (s, CH),

7.54 (dd, 5=-H), 7.68 (dd, 7-H), and 9.78 (s, 2-CHO), (g6’7 =1, 25,6 = 26,7 =
7.9 Hz).
The mother liquors were concentrated but all attempts to obtain a pure
samplq of the major component by column chromatography were unsuccessful, .
| (Q) 'Tﬁé experiment was repeated, but the mixture was stirred at room ﬁemperature
for 22 h. “The product (l 1l g) was a 1:1 mixture (telec.) of starting material
and the major component in the previous experiment.- Chromatography on silica

gel and elution with ether-light petroleum (1: 1) gave firstly unchanged 4-bromo=

3-methyl-l, 2-benzisothiazole (0.5 g, 50%) and then 4—bromo-3—formylam1dobenzo[b]u

thiophen (0.3 g, 36%) as the second component, which crystallised from ethyl
acetate as white needles, m.p. 142-143° (Found: C, 42.4; H, 2.45; N, 5.4%; n,

255/257. CgHBrNOS requires C, 42.2; H, 2.35; N, 5.45%; m, 255/257), 0hax.

3300 (NH), 1695 (C=0), 1660 (N-H and C-N), and 1060 (aromatic Br) cm T, 5p o
. . odellle

7.17 (t, 6-H), 7.54 (dd, 5-H), 7.79 (dd, 7-H), 8.37 (s, 2-H), 8.52 (br, 3-NHCHO),

and 9031 (br, 3-N_l'iCHO), (_35’7 = 1, .and 25,6 = 26,7 =8 HZ).
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The Preparation of 4=~Chloro=3-methyl-l,2-benzisothiazole

S=Amino=4=—chloro=3-methyl=1,2~benzisothiazole:

(a) A solution of chlorine in dry carbon tetrachloride (6.25 ml, d. 0.0697,
0.0061 mol) was added dropwise during 30 min to a stirred éoiution of Seamino=
3-methyl-1,2-benzisothiazole (1 g, 0.0061 mol) in dry chloroform (50 ml) at a°.
After stirring for 15 h at room temperature the solution was poured into
water, basified, the layers separated, and the aqueous layer éxtracted with
chloroform (2 x S0 ml). The combined chloroform extracts were dried (NgSO4),
evaporated and the residue resolved into its two components by chromatography
on a column of silica gel and elution with ethyl acetate=light petroleum (4:1).

The minor component (27%) was 5-amino=4-chloro=-3-methyl-l,2-benzisothiazole

and the major component (50%) was unchanged starting material,

(b) grthlorOSUCCinimide (5.85 g, 0.041 mol) was added ﬁdrfiohwise during
30 min to a boiled, stirred solution of 5—amino-3-methyl-=l,2<benzisothiazols
(6.75 g, 0.041 mol) in dry chloroform (200 ml), containing a catalytic amount
"of dibenzoyl peroxide. The solution was boiled for 5 h,'tﬁén.cobled and
filtered to remove succinimide. Evaporation of the solﬁant leffia darkkred
residue whichAwasipugified by short path distillation (140° at 0.3 mmHg) and

" ecrystallised from ethyl acetate (charcoal) to give pale yellow microneedles,

(6.6 g, 81%), m.p. 137-139° (Found: C, 48.25; H, 3.653 N, 14.3%; m, 198/200, -
CgH,CIN,S requires C, 48.35; H, 3.55; N, 14%; m, 198/200), Voax, 3420, 3300,

3190, 1640 (NH,), and 1064 (aromatic C1) cn™r, 8 .pum, 2093 (8) 3-CHy), 4.21

PeMe

(br, 5-NHé), 6.96 (d, 6=H), and 7.53 (d, 7-H), = 8.5 Hz).

(36,7

4~Chloro=3-methyl-1,2-benzisothiazole

S~Amino-4=-chloro-3-methyl-l,2-benzisothiazole (1 g, 0.005 mol) was

deaminated by the method described earlier (p. 108)s The product (0.7 g, 76%)
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. ]
was sublimed (80" at 0,3 mmHg) to give a white crystalline solid, m.p. 83-85"

(Founds C, 52.15; H, 3.43 N, 7.5%; M, 183/185, CgHECINS requires C, 52,33 H,

3.3; N, 7.3%; M, 183/185), v _ 1076 (aromatic C1) en Y, & 2,96

popomo

(s, 3—CH3), 7.34 (m, 5-H and 6-H), and 7,75 (m, 7-H), sp (CSDG) 2.76

PeMe
(S, 3"‘CH3)’ 6.64 (t’ G-H), 6.93 (dd, S-H or 7-H), and 7.04 (dd, 5-—H OII‘ 7"’H),

(95,7 = 1 and 95,6 = 26,7 = 8,1 Hz).
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The Preparation of J-methyl-4-nitro-l,2-benzisothiazole

S=Amino=3=-methyl=4=nitro-1,2=benzisothiazole

A solution of S-acetamido-z—methyl—A-nitro-l,2-benzisothiaiole (3.4 g,
0.,0136 mol) in 35% sulphuric acid (100 ml) was gently boiled for 15 min, cocled,
and then poured into ice-water (500 ml). The yellow solid wés filtered off and
crystallised from ethyl acetate (charcoal) as orange needles (2.7 g, 95%), meps

174-1750 (Found: C, 45.65; H, 3.5; N, 20.05%; M, 209.. C8H7N3025 requires C, 45.9;

Hy 3.35; N, 20.1%; M, 209), Uh 3445, 3295, 3180, 1620 (NHZ)’ and 1504, 1288

aXe

(NUZ) cm’l, ) [(co3)zso] 2.53 (s, 3-CH3), 6.5 (br, 5-NH2), 7.3 (d, 6~H),

PePeMe
d 8.02 (d, 7-H J =9 Hz),
an ( ? )’ (—6,7 )

3-Methyl=4=nitro-l,2-benzisothiazole

(a) S-Amino-S-methyl-4-nitro—l,2-benzisothiazola-(6.42‘9; 0.00187 mql) was
deaminated in the manner described earlier (p. 108) to give a brown semi-solid
(0.25 g) which was resolved into its two components by chromatography on é column
of silica gel and elution with ethyl acetate=light petroléuﬁ (1:4). '

_ The major component (_g_F 0.8) was identified as A-Chloroéﬁ-methyl-l,z—
behzisothiazole‘(DrIBAg, 55%).by comparison with a sample preparedvpreviously.
(pe 142) i ' | o

A trace of the minor component (EF 0.51)>was isolated but was insﬁfficient
(<10 mg) to allow complete characterisation, although mass spectra (Found: M,
194, CBHGNZOZS requires M, 194), n.m.r. and an i.r. solution spectra indicated
that it was the required product,

(b) A solution of S5-amino=3-methyl-4-nitro-l,2-benzisothiazole (0.5 g, 0.0022
mol) in glacial acetic acid (4 ml) was diazotised at 10-15° by a solution of
sodium nitrite (0.16 g, 0.0023 mol) in concentrated sulphuric acid (2 ml) and the
resulting diazonium solution was stirred at room temperature for 15 min., A slurry

o
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of freshly prepared* copper (é) oxide (0.7 g) in absolute ethanol (6 ml) was added,
when the reaction temperatre rose to ca. 45°, The mixture was then stirred until
the reaction temperature fell to ca. 230, then an excess of water was added, and
the organic product was extracted with ethyl acetate (3 x 40 ml). Evaporation of
the dried extract gave a solid (0.5 g) which was purified by chromatography.

Elution with ethyl acetate-light petroleum (1:4) gave 3-methyl-4=nitro-l,2-

<d_
benzisothiazole (0.15 g, 35%) (BF 0.51) which crystallisatd®a from light petroleum

(charcoal) as pale yellow microneedles, m.p. 132-133° (Founds C, 49.8; H, 3,65 N,

14,25%; M, 194, CgHgN,0,5 requires C, 49.45; H, 3.13 N, 14,45%; N, 194),1)m

1525 and 1350 (NO,) em T, 5

aXe

pum. 2074 (sy 3-CHy), 7.58 (t, 6-H), 7.77 (dd, 5-H),

and 8.12 (dd, 7-H), = 1,25 and Jg = I, , = 7.75 Hz),

(3,7 ,6 = 36,

Prepared by basifying a solution of copper (1) chloride in concentrated
hydrochloric acid, filtering off the product and then washing it successively
with distilled water (until free from chloride ions), with ethanol, with sther,

and finally drying under vacuum,
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The Preparation of 3=Chloro=5-nitro-l,2-benzisothiazole

Bis-(o-carboxy =p-nitrophenyl) disulphide 135

A solution of potassium hydroxide (22.6 g, 0.4 mol) in ethanol (250 ml)
was added dropwise-to a stirred solution of 2-chloro-5-nitrobenzoic acid
(81 g, 0.4 mol) in ethanol (300 ml), The potassium salt (88.5 g, 99%) was
filtered off and dried at 100°.

_ A solution of sodium disulphide, prepared by dissolving sulphur (6.4 g,
0.2 g atom) in a hot solution of crystalline sodium sulphide (48 g, 0.2 mol) in
ethanol (200 ml), was added dropwise during 90 min to a stirred suspension of
the foregoing potassium salt in ethanol (800 ml). The stirred mixture was
boiled on a steam bath for 90 min, coqled, and the yellow solid filtered off
and dried at 60°, The yellow salts were dissolved in water (5 1) and acidified
to give the free acid as a white solid (60 g,.75%5 which was filtéred off and
dried at 60°. The product was used in the next stage without further purification,

: Bis-(o-chlorocarbonyl-p-nitrophenyl) disulphide 135

A mixture of the foregoing product (60 9y 0;152 mol),Aphosphorus penta-
chloride (42 g, 0.194 mol) and dry toluene (700 ml) was Stir:ed ana boiled
for 4.5 h, Light petréleum (b.p. 40-60°) (700’m1):Qas added to the cooled
mixture and the product (50 g, 76%) was filtered off and driéd in vacuo (CaClz).’
The product was used in the next stage without further purification.

35
S-Nitro-1,2-benzisothiazol-3(2H)-one 1

A stirred mixture of the foregoing product (S50 g, 0.116 mol) and bromine
(40 ml) in dry tetrachloroethans (990 ml) was boiled for 90 min, cooled, and the
excess of bromine and solvent (500 ml) removed under reduced pressure. Dry carbon

tetrachloride (800 ml) was added and the total volume was reduced (by ca. 700 ml)e
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This mixture was stirred at room temperature for 2 h and the product was filtered
of f, washed with light petroleum (b.p. 40-60°), dried (under suction), and then
dissolved in water (ca. 6 1). Acidification (pH 5-6) with glacial acetic acid

gave a pale yellouw precipitate (35 g, 78%) which was dried at 60°,

3=Chloro=S-nitro-l,2=benzisothiazole

A stirred mixture of S=nitro~-1,2=-benzisothiazol-3(2H)-one (35 g, 0.179 mol),
phosphorus pentachloride (56 g, 0,27 mol) and dry pyridine (11.6 g) was heated
at 170-180° for 7 h, cooled, and poured onto crushed ice (1 Kg). The resulting
solid was collected and dried in vacuo (CaClz) and then crystallised from ethanol
as off-uhite plates (34.8 g, 90%), m.ps 130-131° (1it.,*%f 130-132°) (Found: m,

214/216. Calculated for C,H;CIN.0,S M, 214/215), Vnax, 1519, 1341 (NO,), and

1073 (aromatic C1) cm 7, Bp.p.m. 8,08 (dd, 7-H), 8.46 (dd, 6-H), and 8.9 (dd, 4=H),
(24,7 = 0.7y 34 ¢ = 2.2y and 3y = 9.1 Hz).
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Alternative Preparation of (S5-Chloro-1,2-benzisothiazol=3-yl)acetonitrile

Ethyl (S-nitro-l,2—benzisothiazol-3—x})cyanoacetate

3-Chlor0-5-nitro—l,2-benzisothiaiole (19.9 g, 0.094 mol) was treated with
ethyl cyanoacetate and sodium ethoxide as described earlier (p. 92 ) but stirring
was continued for 9 days. Crystallisation of the yellow solid (21 g, 78%) from

acetone gave yellow microcrystals, m.p. 196-199° (decomp) (Found: C, 49.6; H, 2.9;

N, 14,3%; M, 291, HoN,0,S requires C, 49.5; H, 3.13 N, 14,45%; M, 291), s

€12MgN304
3100 (NH), 2190 (CN), 1640 (C=0), and 1515, 1342 (N02) cm'l, )

aXe
PePeMme [(CDS)ZSO]

1.27 (t, -CHZCﬂ3), 4,29 (q, -QﬂQCHz), 8.49 (s, 3 x aromatic-H), and 9.19 (br, =CH).

(5-Nitro-1,2-benzisothiazol-3-yl)acetonitrile

| The above ester (14.6 g, 0.05 mol) was hydrolysed with dimethylsulphoxide
and water as described earlier.(p. -925-but heating for 4 h at 1000. Crystallis=
ation from acetone (charcoal) gave pale yellow needles (9.7 g, 88%), mep. 191-194°

(Founds C, 49.15; H, 2.2; N, 19.15%; M, 219, CQHSNSOZS requires C, 49,35 H, 2.3;
: 1

N, 19.15%; M, 219),1)max. 2250 (CN), and 1514,';340 (NOZ) cm Depom.

» y 8 [(co,),s0]
4,84 (s, 3-CHZCN), 8.44 (dd, 6-H), 8.56 (d, 7-H), and 9.14 (d, 4~H).

(S—Amino—l,2-benzisothiazol-3-yl)acgtonitrile Hydrochloride

(a) (S-Nitro-l,2-benzisothiazol—3—yl)aéetoniffiie (1.1 g, 0,005 mol) was reduced
with aluminium amalgam as described earlier (p. 102) to give a brown gum which, on
treatment with an ethereal solution of hydrogen chloride, gave the required

hydrochloride. Crystallisation from methanol (charcoal) gave fawn microcrystals

(0.66 g, 56%), m.p. 210-215° (decomp) (Found: C, 48,05; H, 3.65; N, 19,05%; M (fres

base), 189, CgHgCIN,S requires C, 47.9; H, 3.55; N, 18.6%; M (free base), 189),

+ -1
S A 2860~2500 (NH3 ) and 2250 (CN) em —, & [(003)2501 4.77 (s, 3-CH2cm),

PePem,
? .

and J = 8.5 Hz).

6,7
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(b) 1Iron dust (14 g) was added to a stirred solution of (S=nitro-1,2=-
benzisothiazol=3-yl)acetonitrile (7 g, 0.031 mol) in glacial acetic acid (240 ml)
and water (38.5 ml) at 900, and the mixture was stirred at 90-95° for 10 min, then
filtered. The cooled filtrate was diluted with water (400 ml), neutralised, and
shaken with ethyl acetate., Treatment of the dried extract with an.ethereal solu=
tion of hydrogen chloride gave (5-amino-l,2-benzisothiazol-3—y1)acetonitrile
hydrochloride (5.6 gy 75%), identical with the foregoing sampls.

Concentration of the ethyl acetate mother liquors gave a solid which crystal=

lised from ethyl acetate (charcoal) to give (5-acetamido-1,2-benzisothiazol—3-1}):)

acetonitrile (0.5 g, 7%) as white rosettes, m.p. 187.5-189° (Founds: Cy 57.13 H,

3.8; N, 17.8%; M, 231, C11H9N305 requires C, 57.15; H, 3.9; N, 18,15%; M, 231),

_ -1
Vnax, 3375 (NH), 2240 (CN), 1690 (C=0), and 1660 (N-H and C-N) cm —, Sp.p.m.

[(cos)zso] 2.31 (s, S-NHCUCﬂG), 4,59 (s, 3—CH2CN), 7.7 (dd, 6-H), 8,12 (d, 7-H),

8.44 (d, 4-H), and 10.23 (s, 5-N5p0tH3), (g4,6 = 1,6 and 36’7 = 8,8 Hz).

NOTE A longer heating time increased the % of acetamido derivative, UWhen the
reaction was heated‘for 3 h, 55% of amine hydrochloride and 22% of acetamido

derivative were isolated,

(S—Chloro-l,2-benzisothiazol—3-y1)acetoditrile | '
‘ (S-Ahino-l,2-benziéothiazol-3-yl)aCetonitrile hydrocﬁloride (1 g; 0.0044vm01)
was diazotised and treated with copper.(é) chloride and concentrated hydrochloric
acid as described previously (p. 103) to give the required product (0.75 g, 81%),
which was identical with the sample prepared previously (p. 127) by an alternative

route.
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Attempted Preparation of (5-Bromo-l,2-benzisothiazol-3-yl)acetonitrile

The free base was liberated from an aqueous solution of (S~amino-1,2=~
benzisothiazol=3=yl)acetonitrile hydrochloride (1 g, 0.0044 mol) and the
isolated amine was diazotised in sulphuric acid tﬁen treated with copper (;)
bromide and hydrobromic acid as described previously (p. 102). The residual
solid, which consisted of three cpmponents, was resolved by chromatography on
a column of silica gel and elution with ethyl acetate-light petroleum (1:6).

The first component (BF 0.44) crystallised from benzene (charcoal) to

give (S5-bromo-l,2-benzisothiazol-3-yl)bromoacetonitrile (0.65 g, 45%) as white

microcrystals, m.p. 128-130° (Found: C, 32.55; H, 1l.2; N, 8,45%; M, 330/332/334.
CoH,BE,N,S Tequires C, 32,45 Hy 1.55 N, 8.7%; I, 330/332/334), v, 2250 (CN),

and 660, 515 (alkyl Br) cm‘l, § (CGDS) 4,87 (s, 3-CHBrCN), 6.69 (d, 7=H),

PePeMe

7.05 (dd, 6-H), and 7.95 (d, 4=H), (94,6 = 1.6 and 3, , = 8.8 Hz).

»7
The second component'(ﬂr 0.35) was idéntified as (S-bromo-~1,2-benzisothiazol
-3-yl)acetonitrile (0.23 g, 21%) by comparison with a sample prepared earlier
(pe 125). .
The third component (R 0.22) a fawn solid (0.09 g, 6%), m.p. 189-190°,

was probably (s-bromo-l,2-benéisoth1azol-3-1;)dibromoacetonitrile',z)max 2230

- (cN) and 1075 (aromatic Br) cmf;, ) [(c03)2c01:7.75 (dd, 6=H), 8.19 (d,

Pepem.

7-H), and 8.72 (d, 4-H), (94’6 =18 and 3, ;=9 Hz). The lack of time

prevented complete characterisation of the_product.
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Some Attempted Thiocyanations on m=Hydroxyacetophenone and related compounds

(a) m-Hydroxyacetophenone with Coppsr (11) Thiocyanate

A stirred mixture of m-hydroxyacetophenone (3.37 g, 0,022 mol) and freshly
prepared139 copper (ii) thiocyanate (15 q) in dry glacial acetic acid (100 ml) was"
kept at 60° for 24 h then filtered, and diluted with water (300 ml). The product
was extracted with ether and the extract was washed with saturated aqueous sodium
hydrogen carbonate (until neutral) and dried (MgSOA). Evaporation of the solvent |}
left a two component solid, which was resolved by Soxhlet extraction with light
petroleum (b.p. 60-800). The solvent was concentrated to give unchanged starting |
material (1,45 g, 43%) whilst the residual solid (1.3 g, 31%) was crystallised ,
from benzene-light petroleum to give 3-hydroxy-&w-thiocyanatoacetophenone as

microcrystals, m.p. 123-125° (Found: M, 193, CgH NSO2 requires M, 193), Uh

2

: -1
3390 (OH), 2165 (CN), and 1690 (C=0) em ~, 6p.p_m. [(593)2

7.05-7,49 (m, 4 x aromatic-H), and 9.89 (s, 3-0H).

aXe

s0] 5.03 (s, -CUCHZSCN),"P

(b) m=-Hydroxyacetophenone with-Thiocyanogen

Attempted thibcyanation in the manner described earlier for the preparation '
of S—-amino=-2-thiocyanatoacetophenone (p. 105) failed to give any product showing

a SCN absorption in the i.r. spectrum.

(c) m-Hydroxyacetophenone with Thiocyanogen Chloride

A solution of thiocyanogen chloride (0.033 mol) in dry glacial acetic acid
was prepared from lead thiocyanate by the method of Bacon and Guy.142 m=Hydroxy-
acetophenone (4,07 g, 0.033 mol) was then added and the mixture was stirred at
room temperature for 18 h, filtered, and diluted with water'(lUDU ml). The
filtrate was shaken with esthyl acetate and the extract dried (MgSUa). Evaporation
of the solvent gave a semi-solid which showed two strong SCN absorptions in its

i.r. spectrum but which could not be resolved,
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(d) 1-(3-Hydroxyphenyl)ethanol with Thiocyanogen Chloride

m-Hydroxyacetophenone was reduced to the alcohol with sodium borohydride at
room temperature in the usual manner+43 to give 1=(3~hydroxyphenyl)ethanol (63%)
which crystallised from benzene as whits microcrystals, MePe 86-88°, ”hax 3390

=1 '
and 3200-2900br (OH) em —, sp.p.m. [(003)250] 1,28 (d, CH.CﬂG), 4,63 (q, Qﬂ.CHS),
5.07 (s, OH), and 6.55=7.2 (m, 4 x aromatic~H),

The foregoing product (4.54 g, 0,033 mol) was thiocyanated in the manner

outlined in method (c) above. An 0il was isolated, but it consisted of several

minor components.

’ (e) m=Methoxyacetophenone with Thidbyanogen Chloride
m=Methoxyacetophenone (4.4‘9, 0,27 mol) was thiocyanated in the manner
outlined in method (c) above., A semi-solid was”iébiatéd; but it consistéd of six

minor components,

(f) 1-(3-Methoxypheny1)ethanol with Thiocyanogen Chloride

m=Methoxyacetophenone was reduced to the alcohol by the usual metho&143 to

give 1-(3-methoxyphenyl)ethanol (97%), b.p. 142° at 20 mmHg, & 1.3 (d, CH.CH,

Pspe.m, 3

3.6 (s, OMe), 3.85 (s, OH), 4.65 (g, CH.CH), and 636;7.2>(m, 4 x aromatic-H).
(i) The foregoing product (5 g, 0.033 mol) was thiocyanated in the mannef
outlined in method (c) above. The product distilled,\&ﬁso at 0.2 mmHg, to give
1-(5-methoxy-2-thiocyanatophenyl)ethyl acetate (5.1-9, 62%), Mepe 57-59° (Found:
M, 251, C,.H),NO,5 requires M, 251), ﬂhax. 2150 (CN), 1738 (C=0), and 1240 (C~D)
1.57 (d, CH.CﬂG), 2.03 (s, cocHs),_z.es (s, OMe), 6.26 (q, Cﬂ.CHS),

6.87 (dd, 4-H), 7.05 (d, 6-H), and 7.6 (d, 3-H), (94.5 = 2.9, and 3, , = 8,8 Hz).
. . ’

4
(11) 1-(3-Methoxyphenyl)ethanol (5 g, 0.033 mol) was thiocyanated by a solution
of thiocyanogen chloride (0.033 mol) in dry chiorof‘orml42 by the procedure

outlined in method (c) above. A semi-solid was isolated, but it consisted of three
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components in the ratio l:1:1 (t.l.c.).

Unfortunately, lack of time has prevented further investigation into this

route to 5-hydroxy-3-methyl-1,2—benzisothiazole.
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Attempted Reduction of (1,2-Benzisothiazol-3-yl)acetonitrile

(a) with Lithium Aluminium Hydrids

A solutibn of aluminium chloride (2.3 g, 0.017 mol) in dry tetrahydrofuran
(50 ml) was added during 15 min to a stirred suspension of lithium aluminium
hydride (0.7 g, 0.02 mol) in dry tetrahydrofuran (100 ml), under dry nitrogen. A
solution of (l,2-benzisothiazol-3-yl)acétonitrile (3 g, 0,017 mol) in dry tetra-
hydrofuran (50 ml) was added dropwise during 15 min and the mixture was then boiled
and stirred for 3 hs The excess of reducing agent was destroyed by the cautious,
dropwise addition of water (10 ml) followed by aqueous 10% sodium hydroxide (50 ml),
The layérs were separated and the aqueous phase was shaken with ether (2 x 100 ml).
Any basic material was extracted from the combined orgaﬁic layers with aqueous
20% hydrochloric acid (2 x 100 ml) and these aqueous extracts were basified, and
shakeh mith ether (3 x 100 ml), Evaporation of the ether gave an orange semi-solid’
(1.35 g), which consisted of several minor components (t.l.c.) that could not be

separated by chromatography.

(b) with Diborane

A solution of (1,2-benzisothiazol-3-yl)acetonitrilé (3 g, 0.017 mol) in dry
tetrahydrofuran (100 ml) was added dropuwise dﬁring 30 min.to a sfirred solution of
diborane [prepared by the dropwise addition of sadium borohydride (2.6 g), in dry
diglyme (100 ml), to boron trifluoride etherate (9.65 g), in dry ether (S0 ml), ]
in dry tetrahydrofuran (100 ml) at 00, under dr§ nitrogen, The mixture was then
stirred and boiled for 15 h, cooled and treated with dry ethanol (5 ml), After
about S5 min, an orange precipitate formed and was filtered off., Attempts to
decompose this boron complex, by either boiling with aqueou§ 20% hydrochloric acid
or boiling with a saturated ethanolic hydrogen chlorids solutionlS0 s failed to

yield any of the required product.
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(c) Catalytic Hydrogenation

(i) Using 10% Palladium on Carbon as catalyst

A rapidly stirred mixture of (l,2-benzisothiazol-3-yl)acetonitrile (1 g) and
palladium on cacbon (0.5 g, 10%) in glacial acetic acid (25 ml) wss kept under
hydrogen (1 atmos) at room temperature for 1 h, then at 60-70° for 1.5 he After
an initial uptake of hydrogen (EE' 30 ml) no significant volume change was noted,

and only unchanged starting material (0.97 q) was recovered.

(ii) Using Raney Nickel as catalyst
The above procedure was repeated using Raney nickel catalyst (0.5 g) with
stirring for 18 h at room temperature, but again only unchanged starting material

(0.95 g) was recovered from the reaction,

(ii1) Using Adam’s Platinium catalyst . ’
A rapidly stirred mixture of (1,2—benzisothiazol-3—yl)acetonitrile (1 g) and
_hydrated platinium oxide (1 g) in ethanol was kept under hydrogen (1 atmos) for
6 h, The catalyst was filtered off and the SDlUtan concentrated.v The residue
was mainly starting material (90-95%), but a trace of a basic component (5-10%),
which gave a hydrochloride on addltion of ethereal hydrogen chloride, was present,-

. An insufficient amount of this minor component precluded any further investigation.



* REFERENCES



1.

2.

3.

4,

Se

6e

Te

8.

-9,

10.

11,

12,

13.

14,

15,

16,
17.

=156=

REFERENCES

€. Campaigne, D.R. Knapp, E.S. Neiss, and T.R. Bosin, Adv, Drug Res., 1970,

S, 1.

A, Hesse, . Ber., 1899, 32, 2611; 1900, 33, 158S5.

B.8. Stows, Fortschr, Chem, orq. Naturstoffe, 1959, 17, 2485 Chem. Abs.,
1959, 53, 22572,

R.L. Wain, "Chemical Control of Plant Growth", p. 3=5 in Plant Growth
Requlators, Society of Chemical Industry, London, 1968,

1t
H. von Euler, H, Erdtman, and H. Hellstrom, Chem, Ber., 1936, 69, 743.

S. Kirkwood and L. Marion, J. Amer. Chem, Soc., 1950, 72, 2522.

€.P. White, New Zealand J. Sci. Technol., 1944, 25, 157; Chem. Abs., 1944,

38, 6494,
H.P. List and H, Hetzel, Planta Med., 1960, 8, 10S; Chem, Abs., 1960,
54, 16556,

G.B, West, J. Pharm, and Pharmacol., 1958, lg,‘SBQE 1959, 11, 319; 1959,

!_]_.., Su 1’ 275T; Chem, _Ai:io, 1959’ i:i, 1579,

N.K. Yurashevski and S.I. Stepanov, Zh. Obshch, Khim., 1939, 9, 2203; 1940,

10, 17813 Chem. Abs., 1940, 34, 4071; 1941, 35, 4016.

M.S. Fish, N.M, Johnson, and E.C. Horning,'g.'Amer; Chem. Soc., 1955, 77,
5892.
1.J. Pachter, D.E, Zacharias, and O, Ribeiro, J. Org. Chem., 1959, 24, 128S.

F.A. Hochstein and A.M. Paradies, J., Amer., Chem, Soc., 1957, 79, 573S.

S. Szara, Experientia, 1956, 12, 44l.
A, Hofmann, R, Heim, A, B£ack, and H, Kobel, ibid., 1958, 14, 107; Chem. Abs.,
1960, 54, 3709, ’

R, Heim and A, Hofmann, Compt. rend. Acad. Sci., 1958, 247, 557,

R Heim, A, Brack, A. Hofmann, and R, Cailleux, ibid., 1958, 246, 1346.



18,

19,

20.

21,

22,

23,
24,
25,

26.
27,
28,

29,
30,
3l.
32,
33,
34.
35.
36,
37.

38,

-157=

M. Gordon, "Psychopharmacological Agents", Academic Press, New York,
1964, 1, 562.

A, Hofmann, Proc. Intern. Congr., Neuro-Pharm., Ist, Rome, 1958,

H.0.J. Collier and G.B. Chesher, Brit, J. Pharmacol., 1956, 11, 186;

Chem. AbS., 1956, _5_0_’ la057o

K. Bowden, B.G. Brown, and J.E. Batty, Nature, 1954, 174, 925,

V.E, Tyler Jnr. and M.H, Malone, J. Amer, Pharm. Assoc, Sci, Ed., 1960,

49, 23,

V.,E. Tyler Jnr., Science, 1960, 128, 718,
D.W, Bruce, Nature, 1960, 188, 147.
"S-Hydroxytryptamine", ed., G.P. Lewis, Pergamon Press, London, 1958.

J.H. Welsh, Ann. Acad. Sci. N. Y., 1957, 66, 618; Chem, Abs., 1957, 51,

15779.
V, Espamer, "Progress in Drug Research", éd., £. Jucker, Bifkhauser, Basel,
1961, 3, 151.

J.H. Gaddum, Ciba Foundation Symp. on Hypertension, Churchill, London,

1953, 75..

D.U. Woolley and E. Shaw, Science, 1954, 119, 567,

D.W, Woolley, "The Biochemical Basis of Psychoses", Wiley, New York, 1962,
S. Garattini and L. Valzalli, "Serotonln", Elsevier Publ, Co., 1965,

H.S. Allen, J. Chem. Soc., 1918, 113, 389,

I. Langmuir, J. Amer. Chem. Soc., 1919, 41, 868, 1543,

H.G. Grimm, Naturwiss., 1929, 17, 535; Chem. Abs., 1929, 23, 5364,

H., Erlenmeyer and M. Leo, Helv. Chim. Acta., 1932, 15, 1171,

H. Erlenmeyer and M. Leo, ibid., 1933, 16, 1381,

H.L. Friedman, Nat. Res. Counc., Wash, D. C., 1951, Pus. 206, 295,

C. Ainsworth, J. Amer, Chem, Soc., 1957, 12, 52453 G, Bertaccini and

P, Zamboni, Arch. Internat. Pharmacodyn., 1961, 133, 138,




39.

40,

41,

42,

43.

44,

45,

46.

47,

48,

49,

50,

51,

52,

53.

54,

55.

56.

57.

-158=

A. Burger, "Medicinal Chemistry", Wiley-Interscience, New York, 1970,
3rd ed., Part 1, 64.

D.F. E1liot and C. Hartington, J. Chem. Soc., 1949, 1374,

C. Hansch, Accounts Chem. Res., 1969, 2, 232,
J.K. Seydel, "Drug Design", Academic Press, New York, 1973, 1, 343,
A.J. Wohl, ibid., 1971, 1, 381.

R.L. SChnaare, ibido, 1971, l, 4050

B.R. Kowalski and C.F., Bender, J. Amer. Chem, Soc., 1972, 94, 56323 1973,

K.C. Chu, Anal, Chem., 1974, 46, 1181,

R.D. Cramar 111, G. Redl, and C.E;.Berkoff, Jd+ Medicin, Chem,, 1974, 17, 533.
KeHe Ting? R.C. Lee,.G.w.A. Milne, M.‘Shapiro, and A,M, Guarino, Sciencs,
1973, 180, 417.

G.W., Adamson, M.F. Lynch, and W, G Town, 3. Chem, Soc. (C). 1971, 3702,

M. Davis, Adv. Heterocyclic Chem., 1972, 14, 43.

Badische Anilin-und Soda Fabrik A.G., French Patent 2,002,8913 Chem. Abs,,

1971, 74, 63483,

C.F. Laueri and E. Gaetani, Boll. Soc. Ital. Biol. Sper., 1972, 48, 297;
Chem. Abs., 1972, 17, 126487, | .

Badischse Anilin-und Soda Fabrik A, G., French Patent 2 012, 748' Chem. Abs.,
1971, 74, 13138, |

G. Laber and E. Schuetz, German Patent 2,340,709; Chem, Abs., 1974, 81,
68558,

" '
H., Boshagen, K.G. Metzger, and D. Ruecker, German Patent 1,912,223;

Chem, Abs., 1970, _7_:1’ 120610,

T, vitali, v, Plazi, and C.F, Laureri, Farmaco Ed. Sci;, 1972, 27, 773

Chem, Abs., 1973, 78, 25184,

T. Vitali, M.R, Miniardi, and C.A, Maggiali, Farmaco Ed, Sci., 1973, 28, 83

Chemo Abs., 1973, 7_8.’ 124486.



58,

59.

60,

61,

62,

63,

64.

654

66,

67.

68,
69,
70,
71.
72,

73,

74.

=159-

T, Vitali, F, Mossini, R.M, Miniardi, £, Geatani, and v, Plazzi, Ateneo

Parmense, Sez 2, 1971, 7, 713 Chem. Abs., 1973, 77, 15390,

T. vitali, C.A., Maggiali, C.F, Laureri, and M.T, Lugari Mangia, Ateneo

Parmense, Sez 2, 1971, 7, 115; Chem. Abs., 1973, 77, 57517.

T. Vitali and M.T. Lugari Mangia, Ateneo Parmense, Acta Natur., 1973, 9,

29; Chem, Abs., 1974, 81, 86655,

F. Becke, A, Fischer, and H., Hagen, German Patent 1,915,387; Chem. Abs.,
1970, 73, 120611.

T, Vvitali, P, Scrivani, G, Pellegrini, R, Ponci, F, Grialdi, and E. Arsura,
German Patent 2,029,387 Chem. Abs., 1971, 74, 76408.

Fui-Tseng Lee and G.P. Udlﬁ, U.S, Patent 3,786;150; Chem, Abs,, 1574, 80,
82943,

L. Katz and W, Schroeder, U.S. Patent 2,767,172; 2,767,174; Chem. Abs.,
1957, 51, 6703; 1957, 51, 6704. |

J.C. Grivas, U.S. Patent 3,821,389; Chem. Abs,, 1974, 81, 120614,
I.'Chiyomaru, S. Kawada, Y. Ikegaya, and K. Takita, Japanese Patent
7,388,214; gE_n_u Abs., 1974, 81, 59312d.

M. Giannella, F. Guattieri, and C, Melchiorre, Phytochemistry, 1971, 10, 539.

C. Branca and E. Gaetani, Atti Accad. Naz. Lincei, Cl. Sci. Fisey Mat. Natur.,

1973, 54, 275; Chem. Abs., 1975, 82, 1218,

T. Vitali, C. Branca, and P.V. Plazzi, Boll. Soc. Ital. Biol. Sper., 1972,

48, 989; Chem, Abs., 1974, 80, 67297,

C. Branca, Experientia, 1974, 30, 105; Chem, Abs,, 1974, 80, 104765,
E.M. Cook, W. Davies, and W.E. Smith, Nature, 1937, 139, 154.

G. Casini, F. Guateri, and M.L. Stein, J. Heterocyclic Chem., 1965, 2, 385.

T. Vitali, M. Impicciatore, and G, Bertaccini, Boll, Sdc. Ital. Biol., Sper.,

1971, 47, 2963 Chem. Abs., 1972, 76, 254,

T. Vitali and G. Bertaccini, Farmaco Ed. Sci., 1974, 28, 109; Chem. Abs.,

1974, 81, 45387,



75.

76,

7.

78,
79,
80,
8l.
82,
83.

84.

85,
86.
87,

88.

89,

90.

9l.

92.

93,
.94,

95,

~160-

L., Amoretti, M, Impicciatore, and T, Vitali, Boll., Soc. Ital. Biol. Sper.,

1971, 47, 801; Chem. Abs., 1973, 77, 56391,
L. Amoretti, P.L. Catellani, M. Impicciatore, and G. Bertaccini, Ateneo

Parmense, Sez 2, 1972, 8, 95; Chem. Abs., 1974, 80, 10335,

L. Amoretti, P.L. Catellani, M, Impicciatora; and A, Cavaggioni, Farmaco Ed.
Sci., 1972, 27, 855; Chem, Abs., 1973, 78, 4170.

A. Ricci and A. Martani, Ann, Chimi. (Rome), 1963, 53, 577.

A, Ricci and A. Martani, Ric. Sci. Parte 2, Sez B, 1962, 177.

M.S. E1 Shanta, Ph.,D. Thesis, University of Hull, 1969,

D.E.L. Carrington, Ph.D. Thesis, University of Hull, 1969.

Ke. Clarks, C.G. Hughes,.and R.M, Scrowston, J. C. S. Perkin 1, 1973, 356,
R.J. Crawford and C, Woo, J. Orq. Chem., 1966, 31, 1655,

D.E.L. Carrington, K. Ciarke, C.G. Hughes, and R,M. Scrows?on, J. Co S.
Perkin 1, 1972, 3006, |

€. Haddock, P. Kirby, and A.W. Johnson, J. Chem. Soc. (C), 1971, 3994,
D.E.L. Carrington, K. Clarke, and R.M, Scrowston, ibid., 1971, 3903,

A. Reissert, Ber., 1928, 61, 1680; .

D.E.L. Carrington, K. Clarke, and R.M. Scrowston, J. Chem. Soc. (C), 1971

3262,

E. Campaigne and N.S. Neiss, J. Heterocyclic Chem., 1965, 2, 231.
J.D. Wilson and H. Weingarten, Canad.'g,.Chem.,_1970,f£§, 983.

G.A. Reynolds and C.R. Hauser, Org. Synthesis, 1950, 30, 70.

G.Te. Morgan and J.E. Moss, J. Soc. Chem. Ind., 1923, 461; Chem, Abs,, 1925,

19, 262.

r‘k‘

F. Arndt, A. Kirsch, and P, Nachtwey, Ber,, 1926, 59, 1074,

A.E.A. Werner, Scient. Proc., Royal Dublin Soc., 1947, 23, 199,

A.I. Finkelshtein and Y.I. Mushkin, Zh, Orgah. Khim., 1965, 1, 1747;

Chem, Abs., 1966, 64, 3345,



96.

97.

98.

99,

100,

101.
102,

103,

104,

105,

106.
107,

108,

109,

110.

111.
112,
113.
114,

115.

-161=-

"pDictionary of Organic Compounds", Eyre and Spottiswoode Ltd., London,
4t eq., 2, 768,
J. Cooper, Ph.0. Thesis, University of Hull, 1970.

A. Ricci, A, Martani, O, Graziani, and M.,L. Oliva, Ann, Chim. (Rome),

1963, 53, 1860.
M, Davis and A.W, White, 3. Chem, Soc. (C), 1969, 2189,
R.A., Gillham Jnr., Ph.D. Thesis, California Institute of Technology, 1969}

Diss., Abs, Int. B., 1970, 30, 3095,

W.R, Boon, J. Chem, Soc., 1945, 601.

J.R. Merchant, A.,R. Bhat, and D.V. Rege, Tetrahedron Letters, 1972, 2061,

A. Markovac, C.L. Stevens, A.B. Ash, and B.E., Hackley Jnr., J. Org. Chem.,

1970, 35, 841,

A.I. Vogel, "Textbook of Practical Organic Chemistry", Longmans, Green &>Co.,

London, 379 €d., 721.

L.F. Fieser and M, Fieser, "Reagents for Organic Synthesis", Wiley and éons,
New York, 1967, 653.

J. Millard and D.L. Pain, J. Chem, Soc. (C), 1970, 2042,

N.J. Leonard and S.N, prd, J. Org. Chem., 1946, 11, 405,

J.C.E. Simpson, C.M. Atkinson, K. Schofigld, and 0. Stephenson, J. Chem. Soc.,

1945, 646,

A. Ricci and N. Cagnoli, Ann. Chim. (Rome), 1955, 45, 172,

S.N. Sawhney, Ph.D. Thesis, University of Hull, 1966,

K.S. Sharma, Ph.D. Thesis, University of Hull, 1969,

F.G. Bordwell and H., Stange, J. Amer., Chem. Soc., 1955, 77, 5939,

T. Sandmeyer, Ber., 1884, 17, i633.

T.J. Flautt and W.F, Erman, J, Amer. Chem. Soc., 1963, 85, 3212,
" ‘
H. Boshagen, H, Feltkamp, and W. Geiger, Chem, Ber., 1968, 101, 2472,

"
H. Boshagen, W. Geiger, and H, Medenwald, ibid., 1970, 103, 3166,



116,

117,

118,
119.
120.
121.
122,
123,
124,
125,
126.
127.
128,
129,

130,

131.

132,

133,

134.

135.

136.

137.

138.

139,

-162-

He Bgshagen, v, Geigar? and H, Medenwald, ibid., 1969, 102, 1961.

H, Bgshagen, W, Geiger, and H. Medenwald, South African Patent 7,624;
Chem, Abs., 1970, 72, 90444, |

T.M, Sutton, Phe0. Thesis, University of Hull, 1973.

D.E.L. Carrington, private communication.

N.B. Chapman, K. Clarkg, and B, Iddon, J. Chem. Sgc., 1965, 774.°

F.R. Mayo and W,B. Hardy, J. Amer. Chem. Soc., 1952, 74, 911,

R.F. Cookson and A,C, Richards, J. C. S. Chem, Comm., 1974, 585,
M. DE18pine, Compt. rend., 1895, 120, 501,
L. Friedman and H, Schecter, J. Org. Chem., 1960, 25, 877,

R. Jannin, Helv, Chim, Acta, 1966, 49, 412.

D.S. Tarbell, Orgq. Reactions, 1944, 2, 1.

P.M, Chakrabarti, N.B. Chapman, and K. Clarke, 3 Chem. Soc. (C), 1969, 1.

A, Mustata, S.M.A.D, Zayad,»and A. Emran, Annalen, 1967, 704, 176.

R. Adams and I. Levine, J. Amer, Chem, Soc., 1923, 45, 2373,

S. Sethna and R. Phadke, Org. Reactions, 1953, 7, 1.

B. Iddon and R;N;lscfawston, Adv. Hetérocyclic Chem., 1970, 11, 326,
N.B. Chapman and,::F.A. Williams, J. Chem. Soc., 1952, 5044,

W.J., Hickinbottom, "Reactions of.ﬁfganic édhpqynds", Longmans, Lbndon,
3™ ed,, 482, | o -

K. Hayamizu and 0. Yamamoto,>g, Mol. Spect., 1969,-29, 89;

Re. Ponci, A, Baruffini, M, Croci, and F. Gialdi, Farmaco Ed. Sci., 1963,

18, 7323 Chem. Abs., 1964, 60, 2919.

T. Vitali, P, Sgrivani, G. Pellegrini, R. Ponci, and F, Gialdi, German
patent 2,029,387; Chem, Abs., 1971, 74, 76408,

J.L. Wood, "Organic Reactions", Wiley and Sons, Neuw Yofk, 1946, 3, 245,
Ref. 135, 251. |

n
H,P. Kaufmann and K. Kuchler, Ber., 1934, 67, 944,



140,
141,
142,
143,
144,
145,
146.
147,
148,
149,
150,
151,

152,

153,
154,
155,
156,
157,
| 158,

159.

=163~

Ref. 135, 257.

Ref, 105, 1153.

R.G.R. Bacon and R.G; Guy, J. Chem. Soc., 1960, 318.
B, Iddon, Ph.Ds Thesis, University of Hull, 1964, |

J.C. Collins, W.W. Hess, and F.J. Frank, Tetrahedron Letters, 1968, 3363.

R. Royer and P, Demerseman, Bull. Soc. chim. France, 1968, 6, 2633.

K. Bailey and A.H. Ress, Canad, J. Chem., 1970, 48, 2257,
A, Manolis, Ph,D, Thesis, University of Hull, 1970,

E. Campaigne and A, Dinner, J. Medicin, Chem., 1970, 13, 1205,

S. Huenig, G. Kiesslich, and H. Quast, Annalen, 1971, 748, 201.

M.J. Kornet, Poo Ann Thio, and Sip Ie Tan, g, Org. Chem., 1968, 33, 3637.
R.D. Schuetz, G.P, Nilles, and R.L. Titus, ibid., 1968, 33, 1556.

A1, Vogel, "Textboqk of Practidal’ﬂrganic Chemistry", Longméns, London,
3™ gd., 168, | . s
Ref, 152, 169.

Ref. 105, 78.

Ref. 152, 189,

E.W, McClelland and A,J. Gait, J. Amer. Chem. Soc., 1926, 48, 921;
A. Reissert, ' - . Ber,, 1928, 61, 1680.
D.J. Harvey, M.Sc. Thesis, University of Hull, 1964.‘

R. Stollé and W. Geisel, Angew. Chem., 1923, 36, 159,



SUMMARY



Summary of Thesis submitted for Ph.D. Degree
by
Brian Gleadhill
on
Some Derivatives of 1,2-Benzisothiazole
derisakues -

The biological properties of some important indole and l,2—benzisothiazole}\
are reviewed and the concept of isosterism, in ths light of modern theories of
drug design, is discussed briefly. Methods used to obtain some 3-substituted
derivatives of 1,2-benzisothiazole are also outlined.

Starting from the known 3-methyl- and S-amino-3-methyl-l,2~benzisothiazole
a number of derivatives have been prepared. These include 4=bromo, 4=chloro,
4-nitro, S~bromo, 5-chloro, S-hydroxy, S-methoxy, S-nltro, 7-amino, 7=bromo,
7-chloro and 7=-nitro=3-methyl-l,2-benziscthiazole. In order to prepare S-hydroxy=-
3-methyl-l,2-benzisothiazole, by a method similar to that for S-amino=3-methyle-
1;2-benzisothiazole, the thiocyanation of m~hydroxyacetophenone and related
compounds k:;; been investigated. |

Some electrophilic substitution reactions have been carried out on 4~bromo,
S-acetamido, S-amino, 5-bromo, S-hydroxy and 5-methoxy-3-methyl—l 2-benzisothiazole
' and the results arse generally as would bs predicted. The bromination, nitration
‘and oxidation of 3-methyl-l,2-benzisothiazole have also been completed. |

The side-chain bromination of 3-methyl and 5-bromo, S5-chloro and S-methoxy-
3-methyl=1,2-benzisothiazole ;t:; been acheived and the difficultiss encountered
dascribed. The aminomethyl and various NN-disubstituted aminomethyl groups have
been introduced into the 3-position of 3¥methyl-l,2-benzisothiazole and its
s-halogeno derivatives. Difficulties were encountered in the preparation of
(5-bromo and S-chloro=-1,2-bsnzisothiazol-3-yl)acetonitrile by the usual treatment

of the S~halogeno-3-bromomethyl derivative with sodium cyanide in aqheous acetone,



Although the required nitriles were obtained by the use of dimethylsulphoxide as
solvent, due to the low overall yield, an alternative preparation is described.

The corresponding acetic acid derivatives have been prepared but the lack of

time prevented the preparation of other related compounds., A number of rsductions
of (1,2-benzisothiazol-3-yl)acetonitrile have been attempted but these
unforﬁunately failed and the lack of time has prevented investigation of alternative

routes.



