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1.

INTRODUCTION | A
TUBERCULOSIS 1s a chronic wasting diseese which from
érchaeologicall evidence has afflicted mankind since esarly
antiquity. An excellent description of the disease, referred
to as phthisis, is due to Hippoocrates, and some of the .
earlier remedies such as inorgenic arsenicails, piheaoil,
caleium salts, tannins, chaulmoogra oil, mercury and gold
saita date from his perilod. The iide_spread incidence of
“tuberculosis and the 1neffect1venegs of the eaflier remedies
has resulted in an intensive search for substances which
would be effective in the clinical control, and eradication
of the disease, |

The causative organism Mycobascterium tuberculosis was

first 1ablated by Koch in 1882, Various forms of tuberculosis
such as miliary tuberculosis (galloping consumption),
tubercular miénizngitis, pulmonary tuberculosis, tuberoulosis
empyema ( characterised by the sccumulation of pus in the
chest cavity), lupus (tuberculosis of the skin) and scrofula
(tuberculosis of the lymphatic glands) are known. The
disease begins by ingestion of the invading tubervie

bacillus by normal mono-nuclear phagocytes. The cells
increase in size, the nuclei enlarge and become epitheloid.
Fusion of several epitheloid cells then takes place to give a
"Langhan or Giant cell", and this 1s followed by the formation
of nodules visible to the naked eye. With the progressive
growth of the nodule adjacent tiassue cells are pushed aside
and start dying from nutritional deficlencles caused by the
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pressure of the expanding tubercle. If multiplication of the
bacillus is not checked, the central puytion of the tubercles
die and become necrotic, The necrotic cells lose structure and
outline and the nuclei form a ":aseous mass®, This process is
known as caseation and occurs in practicelly all cases of the
disesse; The softening of the saseous area allows imprisoned
tubercle bacilll to become free and thus infect new sltes,
Heallng often takes place by toxic irritation stimulating the
fibroblaststo increased activity and deposition of calecium
vhosphate. Thls process is known as fibrosis and calcification.
Suech healing will occur only 1f the resistance of the patisnt is
reasonably high and/or invasion is not too severe, If the
resistance 1s iow and invasion great, rapid spread of baeilli
mayrocctr,uaually through the bronchi or blood stream and
- this may prove fatal., Pulmonary tuberculosis is the most
common form of tuberculosis bsceuse infection takes place by
direct invasion of the lungs with infected maverial, Primary
infection may be followed by éecondary infection after a short
pericd, This often results in a more aoute local reaction,
probably because the previous invasion leaves the patient
hypersensitive to tuberculin proteln.

The greet decline in mortality due to tuberculosis may
be attributed to a number of factors. The major contribtwution
is due to wide-spread Xéray campaigns which facllitate eafly
diagnogié, and to the discoveiw'of several antituberculosis
agenta; 1In spite of this great improvement sustained effort
1s necessary if a corresponding changé in morbldity is to be
achievedc An 1desl chemotherapsutlic agent should fulfil the



So
following requirements:

(I) It should be non-toxic to the patient and should
rapidly relleve all symtoms of acute disease,
and prevenﬁ relapse,

(2) It should be easily administered, preferably
orally. '

(3) It should be cheap to manmufacture, and sasily
stored without decomposition.

ACID HYDRAZIDES IN THE CHEMOTHERAPY OF TUBERCULOSIS

The activity of the vitamin nicotinamide was first
discovered in France by Chorine® in 1945, who showed that
;.t' had a marked delaying effect on the development of the
disesse. He further shbwed that antitubercular and vitamin
activity were unconnected; +this assumption was borne out by
the fact that nicotinic acid, desplte its vitamin activity,
was not tuberculostatic, This important discovery passed
unnoticed until McK’enz:‘Lo3 and his co-=workers im 1948 made a
similar observation during the screening of a large number
of substances for tuberculostatic activity. In order to
settle whether the tuberculostatic effect of nicotinamide and
its derivatives was a function of vitamin activity, they :
prepared & number of derivatives and found that they either
exhibited no tuberculostatic activity or decrsased activity
with a corresponding increase in toxicityo They thus
concluded, contrary to Chorine, that the tuberculostatic and |
vitaﬁin activity were related. As a consequance of this,

other vitamins were also examined but all were found %o have
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no inhibitory action on the tubercle bacilius, with the
exception of Rlbeflavin which showed 6n1y 8light activitysa
Thls postulate was subsequently proved wrong when
3-aminoisonlcotinic acid (1) and its methyl ester were
found to possess antltuberculosis activity, although they haed
no vitamin activity. These compounds not only have a
carboxyl group in a different position but also have another
substituent in the ringa This suggested that tuberculostatic
~activity might exist in a wide variety of pyridine derivatives.

OO0

_ (1)
This posaibility was investlgated by Fox? who synthesised a

number of pyridine carboxylic acilds for testing. Whilst all
these compounds proved to be of 1little value in the
treatment of ﬁhe disease, 1t revealsd that eny positional
or stvuctural deviation from 3-aminoisonlcotinic aclid, such
as  reduction or acylation, completely supressed tuberculostatic
activity. _Furthef inveatigation along this line was therefore
abandonedq

With the discovery of p- acetamidobenzaldehyde
thioaemicarbazohe (II) (Tibione) as an active synthetie
tuberculostat, another fiéld of investigation opened up.
This 1nveat1gatioﬁ started originally with Domagk's596
observation that of the many sulphonamides known only two,
~ vig suiphathiazoie (IIX) and the sulphathiadiazole (IV)
showed 1limited in vivo tuberculostatic activityo
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The parallel chemical behaviour of nitrobenzeme and
pyridine derivatives led to. the synthesis and study of
1sonicotinaldehyde thiosemicarbazone by Fox7s4, The early
attempts to obtain the desired thiosemicarﬁaz?me met with
failure because of the unstable nature of isonicotinaldehyde.
However by a modified Mcradyen snd Steven's® peaction Fox%
was able to prepare the compound éy the following series of

reactions,
30-NH oamsunasozcﬁns
Nzﬂ’ §z §§§°SOg§1 :
(VD)
HeN-NH-C~NHg
. 1.RagGos
2 Omz o08 oNH'oma

(VII)
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Two positional isomers picolineldehyde thiosemicarbazone
(VIII) end nicotinnldbhgdp thiosemicarbazons (IX) were
prepared in a similar manner,

-8
CF=N-NH-C-NHgp

(VIII) (IX)

0f the three ihpmerlc thiosemicarbazones, only
isonlcotinaldehyde thlosemicarbazone and nicotinaldehyde
' thiosemicarbazone proved to be active antituberculosis
agents, the former belng more active than Tibione.

In the view of the activity of the B and Y - isomers, \
it seemed desirable to prepare some closely related /
compounds in the hope of discovering additional structures
with antituberculosis activity. Accordingly, the
arylidens group was replaced by an acyl group and
thiosemicarbazides of isonicotinic acid (X), nicotinic
acid, benzoic acid and p-nitrobenzolic acid were prepared.
These compounds showed no significant antituhborsialosia
activity.

| S

i
GO=NH=~NH-C-~NHgp

x)
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In‘ordor_td determine the effect of sn alkyl group

on the énvisubermlosic astiviby, wedhyl d-pyridyi kotons
thiosemicarbazone (XI;RS Ke), ethyl 4-pyridyl ketone
thipsemioarbazon@ (xi);RSEt) and propyl 4-pyridyl ketonse
thiosemicarbasgone (XI;R=Pr) were pmeparedrby.tha method of
Kol%off and Hunber?,

| s

. R ~BN=RH«=8=NH2

| (x1) B
Of these three compoundsonly compound (xI;R%ﬁk) proved to

be active, It could not, howévér, be used to treat
intranasal infection in mice as the therapsutic dose
exéeeded the maximum tolerated dose. The isosterie
semicarbagones were also aotlvéo It eppeared thersfore . thet
the pyridins qucIeus‘offered’a promising starting point
for synthetlic tuberculostats and that the p and¥ = positions
were the ones of cholce for antlituberculosis activity
among the pyridine aldehyde thiosemicarbazcives.

During attempts %o establish a structure - activity
relationship, two 1ntermediates,'1sonicot1nia acid
hydragzide (Iaohiazid) (V) and its benzansaulphpnyl
deriVétiVe (V1), wers obtained in the preparation of
1son1cot1naidehyde thiosemicerbazone. Theas two eompounés9
because ofthg&prélatiph to the structure under investigation,

were also tested for antitubercular activity. The
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benzenesulphonyl derivative showed no activity, but
isonlcotinioc acld hydrezide was found to be even more
active as a tuberculostatic agent than any other known
substance whether synthetic or antibiotic.

Bernstoinm, studing the chemothergyy of experimentel
tuberculosis in mice, found the minimum effeotive dose of
Tsoniezid (V) to be one seventh hundredth of that of
para-sminosalicylic acid,

From the earlier investigation on tuberculostats of
the pyridine series, 1t seemed likely that positional and
structural changes in isonlcotinic acid hydragide would
result in diminition or abolition of aotivity. This was .
substantiated when picoiinic acid hydrazidaV(XII) and
nicotini¢ acid hydraside (XIII) were examined.

The former was found to be actlive but very toxic whilst
the latter was found to be devoid of .activity. The
addition of another acid hydrazide group in the B -
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position of 2, 6 - dimethyl nicotinic acid hydrazide
also produced an inactive compound (XIV).

Hzﬂ HN-0 cowm=m2 ’
CH H
CH s
(XIV)

It was, therefore, apparenb that.ths\(é'poaition was the
posaition bf chpice;lo Any attempt to replace an
amino-hydrogen atom of the hydrazino group by a
benzenesulphonyl group also resulted in the production of
eompuundg(XV) devoid of tuberculosis activity.

(xv)

The effect of substituting a bengene for a pyridine
ring was studied b& preparing a series of benzoiq acld
hydrazidesl? with subsituents in the ortho-, meta- and
para- positions, These compounds proved to be inactive.
However undzhpyag, Afzikyan anﬁ Organesjania have recentiy
prepared a number of %3easylalkylemino-acethydrezides of
general formula (XVI, R:le or Et; RIE§b, Et, n=Pr, n-Bu)

which are claimed to be tuberculostatic.
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CHg-CgHy-OR-p
R-N-CHp-CO-NH-NHg

(Xv1)

The effect of replacing the amino-hydrogen atoms of the
hydrazino molety by a phosphorus atom has been studled.

and compounds with the general formula Ap-CONH-N=P-NH-NHCOL3 ;)_
have been preparedl4, These compounds have also been claimed
to be potent tuberculostats,

Recently compounds with the general structure (XVII)

(R=acyl) have also been prepared. Of these compouhds9

2 - isonicotinylhydrazino-5-nitroso tropone (XVII; R=4-0GCgH4N)

was found to be an active tuberculostat%s

ON.-

(XvVII)

To determine the effect of substitutlon on the
hydrazine moiety, two compounds, 1,2-diisonicotinyi
hydrazine (XVIII) and l-isonicotinyl-2-D-glucosyl hydrazine
(XIX),gg or b) were prepared. Both showed high
antitubercular activity, the latter being more active and
leas toxle in mice than the parent compound.
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(XVIII) _ ‘
O-KH-N=CH- (CHOH ) 4~CHpOH
(XIXa)
H
0-NH-NH
(XIXb)

The high activity of the latter prompted investigation
of alkylidene derivativqs in the hope of revealing
superior tuberculostats and determining if possible, the
stfuctural limits of activity., As a result Fox and
Gibasi6,17,18 prepared some twenty alkylidene derivatives
~ (XX) of 1sonicotinic acid hydrazide by condensation with
aldehydes and ketones.

CO-NH-N=CRR

(xx)
All were active, and the in vivo actlivity of severel was
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greater than any known synthetie¢ tuberculostat except
that of the parent compound (V). With the exception of
?he elloxan derivative (XX; RR= ﬁﬁo ) all were readily
hydrolyéableo In addition some sugar derivatives were
also‘brepared and studied for in vivo activity in
infected mice. They also were very active and relatively
leas toxile,

Since scission of the Schiff's base linkage took
place even in the solid state, 1t was decided to eliminate
the double bond by hydrogenating the alkylidens derivatigga®ls 2
under milé conditions,

O-NH-N=CRK , O-NH-NH-CERE

Pt/nz__ 3

rd

4050 P.8So)

A1l the alkyl and most of the cyclo-alkyl and
aralkyl derivatives were tbuﬁd to be active tuberoulostats.
When complete reduction of the ring was carried out the
resulting compound showed no activity at all. The
replacement of the imino hydrogen in the hydraszide moiety
by alkyl groups gave compounds smer = less active than
their counterperts with alkyl substituent on the terminal
nitrogpna |

The fact that 1,2-dlisonicotinyl hydrasine has been

shown ©to be an active tuberculostatic in vivo indicated
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that acyl derivatives might show bubergulostatic aotivity,
Therefore, a serlies of mono-acyl and diacyl derivativesZd
'of isonlcotinic acid hydrazide were prepared by the action
of the appropriate acid chloride or acid anhydride on the
parent compound. The phthalyl derivative could be
 obtained similarly from 1sonicotinyl. hydraside and
phthalic anhydride to give l-{isonicotinyl)-2-({&-hydroxy
earbonylbersey? ) hydrazine (XXII) which then cyclised to
give l-isonicotinyl-2-phthalyl hydraszine (XXIIa) by
heating at 200-210°C,

COCE

...a>

(xx11)

.
q-mE-__

¢ £200-210% R

(XXIIa)

Kakimoto and Yemamoto®% prepered and exesmined a
series of hydraionoa (XXIII) by condensing the three
isomeric pyridine oafbnxylib,acid hydrasgides with the three
isomerio pyridine aldshydes. These deﬁivatives’showed high
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in vive activity and were claimed to be superior even to

that of isonicotinic acid hydrazide,

H
O=-NH-N=C

| (XXIII)

Sailkchl, Aramaki and Aeh1?5 prepared the S5=nitro
furfurylidene derivatives (XXIV) by condensing 5=
nitrofurfuraldehyde with the three isomeric pyridine
carboxylic acid hydrazides, These compounds were also

found to poasess high tuberculostatic activity.

ogx@ca&a R= CO-NH-N:

(XXIV)

Since the structure=activity lnvestigation of
isonicotinic acid hydrasgide suggested the posaiblility of
tuberculostatic properties in a wide range of structure,
Fox and Gfbaszs carried out the prepafation of a series of
dialkyl derivatives, Two types were posaible, one in
which both hydrogen atoms on the terminal nitrogen were
replaced by alkyl groupsor by a cyclic structure, and the

other in which one hydrogen on each hydrazide nltrogen was
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replacod by an alkyl or equivalent group. Compounds of
the first type were prepared by condensing isonicotinyl
chloride hydrochloride with the appropriate unsymmetricaiZ’
hydrazine in the presence of pyridine. The second type
were prepared by treating lmiaonicotinyl-zaalkylhydraz1na§
with the appropriate alkyl halide in the presence of sodium
ethoxide. laIsoniootinylaa,5édmmethy1 pyrazole (XXV) was
prepared by ocondensing lsonicotinyl chloride hydrochloride
with 3,5-dimethyl pyrazole in the presence of pyridine or
alternatively from iaonicotinic‘aoid hydragide and

agetylacetons,

CHz

(xxv)

Most of the compounds of the firat type were found
to possess tuberculostatic activity, probably beoause these
compounds, like alkylidene, phthalyl and diacyl derivatives
of 1aonicotlhic acld hydrazide, also have both the hydrogens
on the terminal nitrogen atom replaced by substituent groups.
However compounds of the sec&nd typé showed much reduced
activity and l-isonicotinyl-3,5-dimethyl pyrazoie in which all
the three hydrasino hydrogans are replaced was inactive,
It was expected that NINZNPtrialkyl derivatives®® would
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therefore be inactive, and, as antloipated, they were found
to be elther inactive or weakly active in mice infected with
‘Myoobacterium tuberculosis.
A aimilar investigation was nndortaknﬁ by

Cymermen=Craig end Wil11s29, who prepared N n1=a1metny1 -

H Nl- diisonicotinyl hydrasine (XXVI), N-methyl-N-
isonicotinyl hydrazine (XXVII), and its benszylidene
derivative (XXVIII). All were devoid of tuberculostatic

activity,
Hy
08?a =Es00
,‘ Hy
(XXv1)
GH3 :
OﬁCaReNscﬂwcsﬁs
(XXVIII)

Further modification of the acid hydrazide molety was
carried out by Kinlg, Siefkin and 0ffe°? by replacing the
oxygen function by sulphurs Among the compounds tested
ageinst tuberculosis were thioisonicotinio acid hydrazide
and its bensylidens and salicylidene derivatives.
Tuberculosis activity waa greatly diminished compared with
lsonlcotinic acid hydrazide,

In order todstermine the effect of sepérating the acid
hydrazide molety from the pyridine nuoleus, Katritsky°l
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prepared 4-pyridylacethydrazide (XXIX), p-4-pyridyi

- propionhydvranidé  (XXX), and P-4-pyridyl acrylhydrazide
(XXXI) from the corresponding esters. These compounds
‘showed no aotivity in tuberculosis infected mice. 1It;
however, indicated that the attwhment of the - coaunaﬁnz
group to a pyridine mucleus is a necessary requirement for
antituberculosis activity.

9=CO-NH-NHg T
HsCH-CO-NH-NHp
(Xx1X ) (XXX)
(XXXT)

The effect of separating the acid hydraside group.
from the pyridine micleus by a thiomethylene group was
investigated by Japanese workers32, who prepared
o€ =(4-pyridylthio) acethydrazide (XXXII; ReR=H) ana its
jsopropylidene derivetive (XXXIIg R R’fgzc ifep). These were

also inactive,
L]
&cﬂzacoé'm:}gon

(XXXIX)
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The high activity of Isoniazid and its derivatives
encouraged investigation of other heteroeyclic syatem355°
The most active compounds were 2-furoic acid hydrazide
(XXXIII), thicphene-2-sarboxylic acid hydrazide (XXXIV), and
imidazole=4 (6) - sarboxylic acid hydrazide (XXXV).

.Gge‘*ﬁﬁ“gﬁ% @w | o /
o Qe Do
. |

(XXXIII)
(XXXIV) {XXXV)

In addition acld hydrazides of verious other
heterocyclic aystems, e.g., pyrrole, pyrimidine end
pyrazine®4s55,56 yong also prepared and exemined against -

Mycobacterium tuberculosis. While several of these
hydrazldes showed slight activity in vivo, none appﬁafad to
warrant further investigation. Quite recently some |
oxaszolone, thiazolidine, piperidone, indolyl and imidagzolone
acid hydrazides37o58 have bveen prepared and it is claimed they
are potential tuberculostatic agent. Although heterocyclic
acid hydragzides, in general, did not show any proﬁiaea
pyrasinemide has proved to be highly active. Pyrazinamide !
(XXXVI) which is isosterlc with nicotinamide was synthesized g
by Kushner and his associates®®, Early reports on its |
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in vivo activity were coniflicting. Marked variation of
activity was apparent from one culture medium to another,
but Tompsett and his associatea4? ghowed that pyrazinemide
was a potentially useful drug.

O-NHg

(XXXVI)

The first chemical trial of pyrazinamide conducted by
Yeager and his aaapciabea4i showed that it was moderately
antitubercular but its effect was not sustained and
reaistance developéd rapldly. The drug’'s hbpato=taxioity
has discouraged its clinical use, ZHowever comblﬁed with
S.treptomyein or with Isoniasid 1t mey have partleular value,
enhancing activity, and delaying onset of resistance to the
drug with which it is combined. |

Investigation of non-pyridinoid acid hydrazides
was carried oub by_Foxga, and by Bernstein%®, who prepared
a number of chloro-, hydroxy- and amino-bengolc acid
hydrazides but none was active., However Buu=Ho143 gng
his coworksers have shown that 5-substituted saliecylic acid
hydrazides (XXXVIIg X=C1,Br) and 2-hydroxy -3- naphthoic acid
hydrazide (XXXVIII) were antitubercular. Misaki%4 nag
claimed that p-sminosalieylic acid hydragide (XXXIX) hes
greater activity than p-aminosalicylie acid (PAS) (3), but
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is inferior to Isoniazid,

O-RH-NH,
OH H
x [—3 A}
O-NH-NH,,
(xxxvii) (XXXVIII)
0=NB=NH2 OOH
OH OH
2 “Bg
(XXXIX) (XL)

Compounds®® (XLI, XLII, XLIII) with two or more

aromatic groups have also been prepared and found weakly

tuberculostatioc.
%O%
J0-NH=-NH 2
: ' 0=NH=NHp
02 (XLI) {(XLIX)
Hsp 6H5

CO-NH-NH,

(XLIXL)
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Few aliphatic acid hydrastdes?D are active
tuberculostats, an exception being cyanoacetic acid

hydrazide (XLIV).

CN~CHp~CO-HE-NEg
(XLIV)

Clinical trial of this compound by Scheu% yielded results
whioch indicated activity comparable to that of Isoniazld.

It 1s, however, rathsr toxic and, acoording to Bernon,
Aulenier end Tricoire4”, it 1s two to three times more toxic
than Isoniazid. It may, however, be capable of delaying
emergence of resistant strains in patients undergoing
treatment with Isoniaszid, Streptomycin and pars-aminosalicyliec
aoid.

In vitro and in vivo studies of Isoniazid and related
hydrazones showed that the latter were significantly lesa
toxlc, @.g., Rubbe, Edgar and Vaughan?8 prepared a series of
hydrazones to test their relative activity in experimental
‘animalso Comparison showed that veraside (l-isonicotinyl-
2-veratrylidenehydrazons) (XLV) exerted marked
antituberculosis aotivity in experimentally infected gulne: -
Plgs and the acute toxicity in mice was about one third that
of Isoniagid. Similar experiments carried out by cther
investigatoras49s50 naa confirmed fhiso
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O=NH-N

(XLv)

Since Isoniazid has a marked tendency to form shelate
compounds, vit was thought that chelation with divalent
metals might be an essentlal prerequisite determining the
antltuberculoais activity of Isoni#zi.d and veragzide.

In order to test this assumption, the iron, cobalt, zinc
and copper complexes of Isoniaszid (XI1vI,a) and veraside
(XLVI,b) were prepared and tested for antituberculosls
activity?8, The results of these tests showed that the
activity of all the metal complexes was bquai to thet of
the uncomplexed drug, It A14 not appear therefore that
the role of the potentiator (oi- antagonizer) of Isoniazid
could be assigned to any of the metals examined,

""“mz MO ' { :
c/ . - of ?sﬁg(w-ﬂa)g
4' \0"".”'“ Qg 150, \o«»-ni'-—-ong 880,
Hg0 T
OH,

(XIVIa) | (XIVID)
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The effect of replacing a hydrogen atom of the
primary nitrogen of the isomeric pyridinse carboxylic acid
hydrazldes by a p-acetamidobenzenesulphonyl group was studied
by Dornow and Wedekind5l, put these compounds ({XLVII) were

inactive,

C=D
«C gH4=S02-NH-NH-CO0

(XIVII)

Several aromatic - sulghenylhydrezides were also
prepared and subjected to in vivo and in vitro examinations
but were found %o be devoid of activity.

\ To investigate thé effect on entituberculosis activity
of replacing the carbonyl by asalphonyl group, Talik and
Plazek52, end Comrie and Stenlake53, synthesized some
pyridine=2, and pyridine-4=sulphonhydrazides (XENIIIsa,b)
and their derivatives but none showed any significant

activity against chobacterlqg;tubggguléggga

°2®N36N32

(XIVIIIa) (XLVIIIb)



24,

The effect on the antituberculosis activity of
quaternizing the »ring nitrogen of Isonlazld was studied by

Yale and his coworkers??, wno showed that the mompound (XLIX)

had lower activity than isonlcotinic aold hydrazide.

Oc-m‘?mz

(XLIX)
Ageln to determine the effect of modifying the ring
nitrogen functioﬁ on the tuberculosis activity, Yale
pmeparpd isonicotinic acid hydreside - 1 - oxide (L).

This compound, however, was found to be leas active than
Isonlazid.

O-NH-NH,

<

0.

(L)
A similar investigation was carried out by workers5¢ in
Poland, who prepared zwhydrazinnisonicotinyl hydrazine (LI)

and ita N-oxide (LIX). These compounds have been found to

be only weekly tuberculostatic.
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(L1) (L11)

The high activity of thioisonicotinamide (LIII) in

experimental tuberculosis prompted Gardner, Wenis and
Lee®® to prepare the N-oxides of the isomeric pyridine

it e e o ey

carboxamides (LIV) and thiocarboxemides (Lv)e These

P

compounds were elther inactive or less active than

thioisonicotinamide.
SNHz
_GOHH2
¥
0
(LIII) (LIV)
cent,
&
0
(v)

During an attempt to obtaln tuberculostats more

potent than thioisonicotinamlde, alkyl derivatives of this
drug were prepsred and examined ami2-ethyl thiolsonicotinamide
(LVI) proved to be an active tuberculostat, This compound
was first synthesized by Libermann and the biological studles

were carried out by Rist, Grumbach, Hoyeux, Cals, Rounaix
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and Clavel®’, High in vivo and in vitro sctivity
agéi.nst Isonlazid resistant stains of Mygobasterium
tuberculosis encouraged its olinical useb8,

GSN}IB
Hz‘”cns '
(LvI)

The effe‘ot of replacing the carbonyl group in
1sonicotinic acld hydrazide-l-oxide by a aulphOnyi group
was studied by Apg\;lb and MunioiB?, who prepered pyridine-4-
sulphonhydrazide-1-cxidé (LVII) and some Of 1ts
derivatives (LVIII)o

— S0, +NH-N=CRR.
Og-HE-iy g*WB-HoGR

‘ ¥
14 0
(LVII) (LVIII)

All these compounds were found to be either inactive or
less active than isonicotinic acid hydraside;
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MODE OF ACTION OF ANTITUBERCULOSIS AGERT

At present there 1s no esteblished mechanism to explain
the activity of any antituberculous agent, although a number
of hypotheses have been advanced, One of the most widely
advocated, postulates that antituberculous activity of.
compounds sush as hhg“thioaemicarbézidas, the thioureas,
hydroxemic acida, wp'—fam;i:sacsalicyllc'gcid, pyridine
carboxylic acild hydrazidea'and their derivativeasis
asgociated with their ability to form stable compléxes with
metals such as copper and iron which may be essential for
‘the metabolic‘processes of the tubercle bacillus8061,62,65
Bergel has postulated that copper and iron are
"pro-oxidants", which act by catalysing the auto-oxidation
of lipidan When copper and iron form chelates with drugs,
this Pole is inhibited. Thus he assumed that the
antituberoculous activity of a compound is a function of iis
anti-oxidant activity,

The chelation hypothesis fails to explain the inactivity
of nicotinic acid hydrazide although it 1s as effective as
Isonlazid as a chelating agent®4, Foxiénd'GibaszB have,
however, shown thnt‘at least in one case ohelating ability
is not sasentiel for astlisunarculons aebivlity smeang acld
hydrazidaag by euamining leiaOnigotinyleléiaOmepyi Kydrazine
(LIX) which, though sﬁroﬁgly tuberculostatic, does not form

a copper chelate.
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cH (035 )2
O=N-NHg

Continuing possible do‘gl’ation between antitﬁbomulous
activity end chelating ability, Cymerman-Craig and Will1sZ9
prepared glgendimethylaglgze dﬂsomcotiml hydrazine (XXVI)
and the benzylidene derivative of gl-mathyleglaisoniootinyl
hydrazine (XXVIII). Both compounds were inactive and since
they are incapable of chelation via & pseudo-acid and give
neither a colour change nor a prscipitate with cupric ions
they concluded thet a dirsct «eonnectioh between chélating
ability and antituberculous activity might exist. The
evidence 1is thereforgconflicting. Another hypothesls ¢
explain a drug-tubercle relationship postulates that the
di'ug mterferéa with tubercle enzymes. Popssand Yoridaee
have shown that a number of metabolites of posaible
significance antagonized the action of Isonlazid., Of these
pyridoxine (1LX) was the most effective, and there were reasons
for believing that essentlal enzyme systems of the tubercle
bacilli containing pyridoxal phosphate as a vital component
are inhibited by Iaoniasido Pyridoral containing enzymes
play a prominent role in decarboxylation,tranémination and
othex; reactions of aminowacid metabolism, et :»Keto;;lutarid
acid also inhibited the action of Isoniazid. Barclsy snd his
co-urtsnf? have shown that tubercle bacilli sensitive to
Isoniazid fixed the dmg firmly., Thus it 1s assumed that
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after up-take of the drug by the tubercle bacilli normal
engyme activity was hindered, A decrsaese in the pyridine
nucleotide level in tuberculosis infected animals, and
subsequent return to normal after the administration of
Isoniazid, led Pat1ala®® to suggest that Isoniazid
inhibited enzymatlc reactions in which pyridine nucleotides
are 1hwolved; thls is probably due to the structural
similarity of nicotinamide and Isoniazid which replaces
nicotinaemide in the pyridine nncleotid§ to produce 2
biologically inaotive compound. GoldmanS9 has 1solated the
Isoniazid nucleotide anaiogue of diphosphopyrldine _
mcleotide (DPN), |
. -
HOHC . H

GHS

(IX)

Modification in anabolic activity and reduction in
lipid synthesis have also been observed., All these
changes show thet after treatment with Isoniazid loss of
engymatic aoctivity ensues. |

The possibility that antibacterial activity of the drug
may be due to its abillty to modify surface tension has alsc
been advanced in the case of surface active agents such as
polyoxyethylens ethers7®. The 1dea is supported by the
observation that thoée substances depress tuberoculln

sensitivity in guinea-pig’l and stimulate macrophages to
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kill or inhiblt growth in the macrophsges which have not
been exposed to the surface active agpntvzo

MONO-AMINE OXIDASE INHIBITORS. (MAOTI)

During the search for more potent tubersculostats,
Fox and Gibas prepared a lerge number of l-allkyl-2-
1sonicotinyl hydrazine derivatives, one of these being
1-1sopropyl-2-1sonicotinyl hydrazine (LKI)o

0-NH~NH~CH(CHg )g

(IX1)

On clinical 1nvestigation75, this compound showed marked
central nervous actlivity, manifested in an fmprovement of
appetite snd mental attitude,  &lmmltaneously with these
clinical findlnga, the powerful mono-amine oxidese

‘inphibiting effect of Iproniszid was demonstrated by Lellsy
and hls associatesz4s75976977 and this led to the synthesls
and exemination 6? e large numbey of hydrazine derivatives,
The b101051cal-examination of alkyl hydrasines reveeled thai
activity was greatest with alkyl.substituenté with twe o
four carbon atoms; Iincrease 1n<the mumber of carbon atoms led

to a decrease in actlivity which was negligibls above elight
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carbon atoms 0579,  ppg replacement of an alkyl group in an
alkyl hydrezine by an aromatic or heteroaromatic groupacva1
often resulted in a loss of antidepressant activity,

However 1n most cases arell.yl hydrazineaezvss proved to be
effective, e.g., P-phenylethyl hydrazine (LXII)(Pheneolzine)
and Pwphsnylisopropyl hydrazine (IXIII) are efficient
mono-amine oxidase inbibitors which have been used
clinically as antidepressants,

H 55, ‘
o=CHo-NH-NH, . GHFCH-NH-NH,

(IX1I) (IXIII)

Phenylisopropyl hydrasgine is twice as active by the
intraéperiténeal route as by the oral route and its action
is prolonged.’ Sﬁereospeaificity84985 was also observed
in these substances; e.g., the optical isomer of
paphenylisopropyl hﬁdrazine which corresponds to
D-amphetamine is effective in vivo and in vitro.

| The study of symmetrical dialkyl hydrazines86 showed
that they are not generally efficient inhibitors in vivo.
Nevertheless with suitable alkyl or aralkyl groﬁps strong
mono-emine oxidase inhibitors were obtained, e.g., 1,2,a2
dilsopropyl hydrazine (IXIV) exhibits an effect equivalent

to that of isopropyl hydrazine.
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(CHz )o .CH-NH-NH.CH{CEy }p

(IX1IV)
{CHy, )gCH-NH-NH=CHpC gt
(1Xv)

1l
E-=Benzylw§?w130propy1 hydrazine (LXV) is insctive in vitro
but active in vivo and is fbﬁr timeg'as active

intraperitoneally as orally. The onset of action of

§1=benzy1f§2 =isopropyl hydrazine is fairly rapid and its
activity decreased four hours after administration.

The structure-activity relationshlip of hydrazides showed
that by selective aoylation87988 of allgyl hydrazides it wes
possible to achieve control over biological potency and
diatribufion of these compounds in the body, The alkyl
group in alkyl hydrazides played & prominent role in
determining the MAOI activity, e.g., the activity rises to a
maximum at three to four carbon atoms and declines markedly
at seven to nine carbon atoms®® Arallkyl hydrazides often
showed higher activity than the corresponding alkyl
hydrazides, but the aryl hydrazides were found to be lnactive.
Acylation of alkyl or aralkyl hydréaldea at the nitrogen atom
which already carried an alkyl or aralkyl group always led %o
decrease in antidepressant activity. The introduction of 8

second alkyl group in the hydrazine moiety of alkyl hydrazidss
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led to two types of derivative, namely, g%gggaialky1

derivatives (IXVI) and NZ2.dialkyl derivatives (IXVII).

R=coa7i'ﬁ=1|¢°n RCO-NH-N-R
Nt

R R R
(IXVI) (LXVII)

It was noted that active E%E?adialkyl hydragides could be
obtained from weakly active §2_monoalkyl hydrazides by
introducling a second alkyl group; the introduction of a
second alkyl group as in odmpbundv(IIVII) falled to effect
improvement: This Telationship has been confirmed in the
case of the isopropyl group.

. R

Compound Activity index|
ReH; ReH; R°CH liep 100
. RBCHM523 RﬂH;-R=GﬂE02- ' i?4
| ReCH¥eo; ReR*H 66
| ReH; ReR=CHisg 88
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The diaralkyl hydrazides have not been thoroughly investigated,
hence generalization concerning structure-activity
relationshipeis not possible. Diacyl hydrazides also
showed MAOI activityS?

Whilst many aliphatic, arylaliphetic and
cycloaliphatic hydrazides have been synthesized and
examined, no relateble pattern of structure to activity
has been discovered. The higher fatty acid hydrazides are
generally less effective, this being attributed to
diminished solubllity, e.g., g?aiaomepyl stegric acld
hydragide (LXVIII) is devoid of MAOI activity.

CHg-(CHp))6CO-NE-NH=CH=(CHz)g
(IXVIII)

Aliphatic hydrezides with branching on the oC or B-carbon
invariﬁbly showed less activity thin the corresponding
unbranched derivatives, and unsaturated acld hydfazidea
were more effective than saturated acld hydrazides.
Avomatic and heteroaromatic acid hydrazides®®
usually showed MAOI activity, The introduction of
substituents in many cases was unfavourable with respect
to activity. Aromatic acid hydrazldea.wiﬁh a free
phenolic group were less active e.g., compound (IXIX)
is an active mono-amine oxidase inhibitor but the
replacement of the chlorine atom by a hydroxyl group

(compound IXX) abolishes actlvity§9
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O-NH=NH-R O-NH-NH-R

é_i : OH
(IXIX) (1XX )

Pyrimidine, pyrazine and yyridazine carboxylic acid
hydrazides, generally, yielded potent mono-smine oxidase
inhibitors. Among the 1soxazole carboxyllc acid
hydrazides, 5§meth§1 1soxazolga3=carﬁbxylic acid
hydrazide (LXXI) has been found to possess the highest
MAOI activity.

~—(00-NH-NK,
033@ |

0

(IxxI)

Reocently Isocarboxazole (IXXII) was found to be a

potential antidepressant and is now in clinicel use,™®

o;maunacngfcsas
L |

(IXXII)
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Sulphonation of benzyl hydrazine with an aromatioc
or an aliphatic sulphonyl chloride gave aulphonyl
hydrazides with good mono-amine oxidase inhibiting |
activity. The Nl.penzyl sulphonyl hydreside (IXXIII)
showed specially high activity,

Sl
 Clo=CgHg

(IXXIII)

MODE_OF ACTION OF MONO-AMINE OXIDASE INHIBITORS

Antidepressant drugs can be divided into three groups:
(1) the mono-amine oxidase inhibitors (2) Imipramine
(IXXIV) and related 6ompoundé and (3) amphetemine (LXXV)
like substances, Much of the present day theory depends
upon the acceptance of the physiological 1%10 in the brain
of the chemical transmitter subatancasgl notably
bsympa‘.thin which is a mixture of adrenaline (IXXVI), and
noradrenaline (ILXXVII), dopamine (IXXVIII) and

5-hydroxytryptemine (LXXIX).

~(CHg )3

-

(1xx1y) CHp=CHp-N(Me)p
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YHy
fﬂz—é Hucna
OH

(LXXV) CHOH-CH-NH-CHz
(IXXVI)
. H ; H . .
l! ' H OH
Hg-ChrNHp - .
| HOH-CHg-NH,,
{IXXVIII) (IXXVII)
5o OBy -Ciigoiy
"
(EXXIX )

5-Hydroxy tryptemine and tryptamine are belleved to be
derived from tryptophen and dopamine and nor-adrenaline
from tyrosine, and act mainly on the sub-cortical region
of the brain. It has been shown that relatively large
améunts of these amines are concentrated in the
hypothalamus and other cortical regions ;or the brain.
Their chlef action is excitation; under the effect of

nervaus stimull thess substances are liberated at the
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receptor sites in the cells, They are not allowed to
accumulate at these sites but are oxidized to inactive
compounds by mono-emine oxidase which thus prevents their
accumulation, Many of the antidepressants have been shown
to inhibit the action of mono-smine oxidase and are
described oollectively as mono-amine oxidase inhibitors.
Since one of the function of this ensyme is concerned with
inactiviation of S-hydroxytryptemine and perhaps also

bf noradrenaline, drugs which impair its activity in any
way wiii interferewith metabolism of S-hydroxybryptamine
end the other aminss. This causes the amines to
acoumulate and leads to exaggeréted action., For this
regison the characteristic effect of the antidepreésants
upon the mood of the depressed person has been suggested
to be dué to the accumulation in the brain of the
‘ogtecholaminesgz'gs (noradrenaline, adrenaline, dopamine or
S-hydrozytryptemine). A number of other potent
antidepressant drugs have also been shown to inhibit
enzymes. However, there are drugs which are effective
aritidepressants but which do not inhibit mono-emine oxidase
LN Imipfamim and orphenadrs.nq' (Xkx).

(CH3 )p-N=CHp-CHp-0-0

(IXxx )
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On the other hand the antihistaminic diphenhydramine
(LXXXI) is a mono-amine oxlidase inhibitor but does not
exert antidepresszant effects. These facts are difficult
to explain and i1t is possible that the antidepressant -
drugs and other central nervous stimulants, e.g., the
amphetaminesexert their effect primarily by increasing

- the level of energy-yielding compounds in the brain.

CH-0-CHp~CHo-N (CHg )g

(LXXXI )

All the antidepressants drugs have aside-effects?4-96
Several reactions during therapy are due to individual
ausceptibility or to incompatibility with certain
exogenous substances, The main side-effects are
'prolonge'd hypertonsion‘ and over-stimmlation which
results in agibation and excitemsnt. .w:.tht_ixfawal
symptoms may start after two or three days and may last

for several weeks. These symptoms 1nclt;de hesadache,

dreesming, irritability, dizsziness, insomnia and somnolence .

Sexual function may be disturbed in different ways
| depending v.ery mach on individual susceptiblility.
Muscle jerking, tremors, fits and peripheral neuritis
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have also been reported in susceptible individuals,






4.
DISCUSSION

From the widely differing nature of current clinical
tuberculostats it would appear that there are a few
specific chemicai structures which can be aseociated with
tuberculostatic activity, and, within each group proviced
structural variation is not too radical, it is possible
to prepare derivatives in which activity i1s retained,
Thus among the pyridine carboxylic acid hydrazides
structural varlation with retention of activity was
confined to the hydrazide molety of the molecule, and
further theo(- and Y- positions were the ones of choice.
This structural activity pattern led to the éynthesis
and examination of a large number of pyridine-2 and -4
carboxylic acld hydrazide derivatives.

A number of aliphatic acid hydrazides, arylaliphatic
hydrazides, aromatic ﬁcid hydrazldes, carboecyclic acid
hydrazides and other heterocyclic hydrazides have been
prepared and examlined for antituberculosis ac%gﬁfgﬁu
The study of these acid hydrazides showed that the
aliphatic hydrazides were often devoid of activity and
that aryl hydrazides lacking an amino or hydroxyl group
possessed significant activity. Talik and Plazekd?
heve shown that l-isopropylidene=2«pyridins-f-sulphonyl)
hydrazine was tuberculostatic, but they falled to '
1solata.and examine the parent‘éubstance'° Comrie and

Stenlak953 also found that some of the derivatives of

pyridine-4-sulphonhydrazide were very weakly tubsreulostasi

97-100

|
!
|
?
|

|
|

}
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In view of the tuberculostatic activity of l-isopropylidene-2-
(pyridineezisulphonyl) hydrazine, it was decilded f:o prepere
pyridine-2-sulphonhydrazide and pyridine-2-sulphonhydrazide-
l-oxide and .it& derivatives. Thie course of study was
also encouraged by the observation of Steinbarg42 and his
co-workers who have shown that in general the N-oxides of
isonicotinlc acid and picolinic acid hydrazide .were active
and less toxic than most of th&ir other derivatives,
'Furthermorq Angulo and Munic384 also showed that pyridine-
4-sulphonhydrazide-l-oxide and its derivatives were more
active than the corresponding pyridine-4-sulphonhydrazide
and its derivatives,

Separation of the pyridine nucleus'from the hydrazide
moiety in isonicotinic acid hydrezide by a thiomethylene
group indicated that the resulting compounds were leas
tuberculostatic than Isoniazid®® It was, however, planned
to examine the effect of separating the acid hydrazide
moiety from the pyridine nucleus in plcolinic acid hydrazide
and its géoxideo ‘Pour lines of investigation were
envisaged:
1 The synthesis of pyridine-2-sulphonhydrazide. ~—
2, The synthesis of pyridine-2-sulphonhydrazide-1-oxide

and 1ts derivatives.

3, The synthesis of L -(2-pyridylthio) acethydrazide and

1ts derivatives.
4, The sﬁnthasia of ¢ =(2-pyridylthio)acethydrazide-1=

oxide and its derivatives.
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2-Bromopyridine was obtained in quantitative yield
by the method described by Allen and Thirtlel9} pug
oxldation of 2-bromop;ridine to zmbromOpjridinewlwoxide
was unsuccessfuil. Bernstein end his co-workersiO®2
obtalned the latter compound in good yleld using peracetic
acld as the oxidising agent, but repetition of this method
gave 1lnstead white crystalline material which was not
homcgenous but decomposed over the range of 20° and had
none of the propérties of the requiréd compound. It was
hygroscoplec, developed a pyridine-like smell after some i#iue
and failed to react withﬂthioufea or fOﬁm a mercury complezb‘
Oxidation with perbenzoic acid however gave 2-
bromopyridine-l-oxide in the reported yield, If the
mixture of perbenzoié acld and Z2-bromopyridine in
chloroform was kept at room temperature for seven days
instead of five days as in the method described by
Bernstein the yleld of 2-bromopyridine-l-oxide was
increased, Conversion of 2-bromopyridine-l-oxide into
2-mercaptopyridine-l-oxide was carried out by the method

described by Bernstein and Shawl02

o but the literature
yleld could not be reproduced. The conversion of
2-bromopyridine into 2-mercaptopyridine with thiourea was

carried out by the method described by Phillip and Shapirn?;o5

PREPARATION OF PYRIDINE-2-SULPHONYL CHLORIDE.

The difficulty in syntheslizlng pyridine and quinolinem

2_and- -4-sulphonyl chlorides from the corresponding



sulphonic acid or its sodium salt, and thionyl chloride,
phosphorus pentachloride, chlorosulphonic acid or
benzotrichloride has been reported by King and Warel04
Caldiell and Kornfeldl%® ang by Kwart and M11lerl9® gng
probably results from the elévated temperature necessary for
the transformation, exceeding that of the thermal
stability of the sulphonyl chloride. From the nature of
the products isolated 1t appears that a‘combinad
desulphonation and nucleophilic replacement takes place,
The mechanism of‘scission of the carbon to sulpﬁur bond
has been postﬁlated by Kwart and Miller to tuke place as

‘followés

=3 =
o

5
3k

In the case of the correasponding pyridine derivatives the
relatively unstable 4-chloropyridine is formed which
undergoes a process of self-condensation. The nature of

the products formed depends upon their method of ;solationg
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This difficulty has been overcome by the low temperature
chlorination of the parent mercaptan under acid conditions,

.ATTEMPTED SYNTHESIS OF PYRIDINEoEaSULPHONHYDRAZIDEo

Pyridine-2=sulphonyl chloride was prepared by the
chlorination of 2wmercaptopyrid1ne in hydroéchloric acid
at low temperature and lsolated by neutralizing and
extracting into chloroform. When the chloroform salution

was poured into cold hydrazine hydrate (2 moles) the
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mixture became slightly warmer and gummy material
separated out, Attemps to purify the product drastically
reduced the yleld. The white solid which was obtained
only in milligrem amountsevolved sulphur dioxide when its
aqueocus solution wus wwmed, Extracting the sulphonyl
chloride into methylene chloridel® instead of chlcroform
falled to increase the yleld and varying the experimental
condlitions was also unsuccessful. Since sulphonamidés
are more stable and more easily prepared than
sulphonhydrazides, preparestion of pyridine-2-sulphonamide
was attempted to show the formation of sulphonyl chloride
but again a poor yield was obtainqd, probably as a

result of desulphonai; ion,

'(/),,5' !

Y/

D\a €1 + S0
¢l

PYRIDINE-2-3SULPHONYL CmORIDEe1=OXIDEo

While the preparation of pyridine =2-sulphonemide
and Z-sulphonhydrazide from 2-mercaptopyridine had been
unsatiéfactory, a parallel- series of Jexperiments.with
2-mercaptopyridine-l-oxide was more satisfactory. |

Chlorination took place readlly and on passing a dry
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stream of ammonia into a chleroform solution of the
sulphonyl cilo ridea;aoxide s Pyridine-2-sulphonamide-l-oxide
identlcal with the product obtained from the peracetic acid
oxidation of pyridinem2wsu1phonam1de107 was obtained.

The greater stability of pyridine-2-aulphonyl chloride
-l-o0xide 1s probably due to electron relsase from the
N-oxide to the nqclaus increasing electron density at the
£ and Y-positions, and thus inhibiting the desulphonation
and nucleophilic replacement which takes place readily in
the deoxygenated parent compound.

PYRIDINEa2mSﬁLPHONHYDRAZIDE=1;QXIDE AND ITS DERIVATIVES,

‘From the ease with which the sulphonamide-l-oxide
was obtained 1t was expected that the sulphonhydrazide =l-
oxlde would be obtained by the treatment of the sulphonyl
chloride-1-oxide with hydrazine hydraﬁeo Accdrdingly the

‘chloroform solution was added in small portions to

hydrazine hydrate, A mixture of the product and hydrazine
hydrochloride was obtaihed corresponding to an overall yield
in the reglon of 50%, but recovery of pyridine-2-
sulphonhydrazide-l-oxide was less than 10%, A somewhat

less ﬁure product (m.p.98%) could, howevér, be obtained in
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‘about 15% yield by carefully suspending the product in,
and washing with, ice-cold water. This was sufficlently
pure for most of the subsequent synthesas undertaken,
This product reduced ammonical silver nitrate in the cold
and was sparingly soluble in water, methanol and ethenol
fﬁom which 1t could be crystallized by caustiously warming
to effect solution., Attempts to improve the yield by
varying the experimental conditions and method of
separatioQ of product from by-product met with no Succesao
It 1s unstable end loses sulphur dioxide when warmed in.
aqueous solution. Under the same conditions the

isomeric 4éaulphonhydrazide is converted into pyridine-4-
sulphinic ae1dl%® (rxxx11),

S0oH

(LXXXII)

ALKYLIDENE DERIVATIVES OF PYRIDINE-2-SULPHONHYDRAZIDE-1-

OXIDE, |
Pyridine-2-sulphonhydrazide-1-oxide reacted readily

under mild conditions with aromatic aldehydes to give

sulphonhydrazones.
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SOQ“NHQN'He SOgmNHQN gom
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The general method qégd involved suspension of pyridine-
2=sulthQQggrazids=1moxide in methanol and edding one
molecular proportion of the appropriate aldehyde dissolved
in methanol, On shaking the reaction mixture the
sulphenhydrazide dissolved and, on leaving at room
temperature'arAéﬁ 09, the product eventually precipitated.
Analytically pure samplea were readily obtained by
rocorystallization from a suiltable solvent. The

yields varied from good to excellent, The condensation
of pyridine-2-sulphonhydrazide-l-oxide with salieylalidwiyde
was anomolous and falled to give the expected
sulphonhydrazone. The physlcal and analytlcal data
agreed well with sallicylazlne and this was confirmed by

an undepressed melting point on admlxture wlth an authentic
sample of the azine, It 1s diffioultlﬁo readily

accbunt for the formation of salicylazine under these
conditions and the reaction raquireé further investigation
and comparison with the reaction of‘other phenoiic

aldehydes with the sulphonhydrazide-l-oxidse.
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PREPARATION OF DERIVATIVES IN WHICH THE HYDRAZIDE GROUP

IS SEPARATED FROM THE NUCLEUS,

The effect of separating the pyridine micleus and
the hydrazine molety in iaonicotinic acid hydrazide by
a fhiomethyiena group has been shown to abolish sctivity,
It was of interest, however, to dlscover if the seme
effect obtalned in the case of picolinic aeid hydrazide

which 13 an active but more toxic tuberculostat,

ATTEMPTED SYNTHESIS OF Ne(2-PYRIDYLTHIOCARBONVLEYDRAZINE <

Condensation of 2-mercaptopyridine end ethyl
chloroformate was carried out in cold ethanocl., The
cream-coloured solid which hed a fruity smell and was
hygroscopic, was refluxed with anhydrous hydrazine
{(2mole) in dry éthanolo Removal of the solvent gave a
viscous o1l which failed to crystallize., The oil was
extracted with ethsyr till the ether extract was colourlesgs,
On concentreting the other, a yellow solld orystallized
out;, A mixed melting point with BumercaptOpyridina did
not show any depression, It tﬁerafore seemed that
hydrazinolysis of the ester had taken.placeo An analogous
reaction sequence has been reported with 4wmercapbopyridin%99
Attempts to prepare the desired compound by modifying the‘
experimental conditions were unsuccgssfulo The synthesis
of =(2-pyridylthio Bcetliyirenide-toonldin way nezs

considered.
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SrreRETs.

The interaciion 0f 2-mercaptopyridine-l-oxide and
ethyl bromoacetate on refluxing in agqueous solutlon gave
a cryétalline product which falled to analyse for the
expected ester, It was acid to limus its infra-red
spectrum showed the presence of & carboxyl function and
the elementary analysis was sajisfaciory for
« =(2-pyridythlo) acetic acld-l-oxide.

The required ester was however obtalned as its
hydrobromide whon the condesétion was carried out in

alecohol and when bolled with water it gave the parent

acld,
Br-CHg-COOEt '
+ 4+ HBw
o Hy0
- Reflux SocﬂchOH
A &
0
Et0H R
- Reflux
Heo
S.CH meOOEt Re flux
I ' '
3 HBr ,




ARALEYLIDENE AND ALKYLIDENE DERIVATIVES OF ol «({2-PYRIDYLTHIO )

ACET HYDRMZIDE -1-0XIDE,

¢{ - (2-Pyridylthio) acethydrazide-l-oxide reacted
readily under mild condition with aliphatic and aromatic
aldehydes and ketones, as well as heterocyclic cérbonyl
compounds , The general method involved suspension of the
% = {2-pyridylthio)azeiinydiaside-1-0554s. in methanol,
heating if necessary tc effect solution and adding one
molecular proportion of the appropriate carbonyl compound
dissolved in methanol. On shaking the reaction mixture
vigorously for some time and leaving it a% room
tenperature, & crystalline subs%ane@ eventually ssparated
out, ‘Analytically pure samples were obtained by
recrystallizetion from a suiteble solvent.te’conﬁﬁimﬁ
decomposition point - and Aremoving adherent solvent
in wacuo, The ylelds varied from goed %o éxceliento
The reaction with acetophenone was slow as might be
expected for 2 ketone and the mixture had to be refluxed
on a water-beth for ons hour before the product separated.
On the other hexd the reaction with.acetaldehyde and
butanal at room temperature was vigorous and gave
semiaaoiid resinoﬁs,material which did not erystalllze
from the usual solvents., The reaction with glucose,
fructose and ribose gave solids which were very hygroscopic
and ligulfied even during filtration, All attempts to

isolate the sugar derivatives were unsuccessful,
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ACYL AND SULPHONYL DERIVATIVES OF s -(2-PYRIDYLTHIO)
ACETHYDRAZ IDE-1<0X1IDE,

¢ «=(2=Pyridylthio) acethjdrazidewlaexide reacted
smoothly with acid chlorides, acid anhydrides énd
sulphonyl ehlorides giving well-defined crystalline
derivatives in good yiélds, according to the following

acheme .

-SCHp-C0-NH-NH-COR

[

0
dioxan T (RCO )20

- p Gl S0,0gH.CHy
|ary pyridine |

S+ CHp-CO-NH-NHg

RCOCL|
0 \ dry | pyridine
RCOCR , '

dioxen { 8 ,CHp=CO-NH-NH-COR
SeGHamGOQEH?NHQEQS ‘ ¥
0
¥
o .
«CHp-CO-NH-NH-COR
J, .
0

Toluene=-p-sulphonyl chloride in dry,pyridﬂ.ne.wa.s added

to a suspension ofcl =( 2=»pyridylthip oeinydrazgide-l-cxise
in the same solvent., Thee(~(2~pyridylthio )acsiaa_m;y’dz'ézié.@m e
l-oxide dissolved, and the mixture which had turned orangs
was heated for half an hour on a water=bath. The produect

was fsolabed by the addition of water and %the cruds product
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purified by'recrystallization from ethanol,

CONDENSATION OFETHYLOK=(§mPYRIDYLTHIO) ACETATE<1-0XIDE WITH
HYDROXYLAMINE ,

The required compound was prepared by interaction of
ethylel ~(2=pyridylthio) acetate with hydroxylamine
hydrochloride in the presence of sodium ethoxide. The
product, obtained in moderate yleld, gave a positive test

for a hydrozamic acid,

PREPARATI ON OF &4 - (2-PYRIDYLTHIO) ACETHYDRAZIDE AND ITS

DERIVATIVES

Condensation of Z2-mercaptopyridine and ethyl
bromcacetate was carriedous in @%&&mﬂ;The cfaam coloured
8011d which hed a fruity smell and was hygroscopic, was
refluxed with hydrazine (2moiéa) in dry ethanol,
Removal of the solvent gave a viscous oll which
crystallized after some time. It was further purified
by suspending the crude prodﬁct in, and washing with ice
cold water and used as such as was the case with
o =(2:pyridylthio) acethydrazide -l-oxide, Lt reduced
ammonical silver nitrate in the cold, and was sparingly
soluble in water, insoluble in ether, chloroform and
benzene, soluble in methanol and ethanol from which

analytically pure samples could be obtalned by

recrystallization.



ALKYLIDENE AND ARALKYLIDENE DERIVATIVES OFsf-(2-PYRIDYLTHIO)
ACETHYDRAZIDE . |

As with its l-oxide, =X =(2mpyfidy1thio}aéw&ﬁ&ﬁéaﬁi&@*
reacted at room tempereture with'allphatie and‘aromatic
aldehydes and ketones, as well as heterocyclic carbonyl
compounds. The general method involved suspension of the
6‘=(2qpyr1dylth10)aéeehyﬁfuzi@@» in methanol, heating if
necessary to effect solution and adding one molecular
proportion of the appropriate carbonyl compound dissolved
in methanol. On shaking the rsaction mixture for some
time and leaving it at room tempsrature, a crystalline
product eventually separated oﬁto Analytically pure
samples were obtained by recrystallization from a suitable
solvent to constant melting point and removing the last
traées‘of adherent solvent in vacuo, The reaction with
acetaldehyde and butanal was vigorous, and as in the case of
thel-oxide, gave a resinous material which did not
crystallize from the common solvenis. Preparation of
sugar derivatives again proved difficult and the product
séparating was too hygroscopic to be isolated. The
structure of the alloxan (hexahydro <2,4,5,6~ |
tetr@xyggyﬁgiéﬁﬁg}\ derivative of Isoniaszid. Nza(294,6=
triox§=5éﬁyriﬁidjiidens)=N1@1sonicotiﬁy1hydrazins has
been formulated as (IXXXIII) by Fox and Gibasl
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From the physical evidence for the structure of alloxan}\m
the derivative with« -(2-pyridylthio)assthydrasids-
is probably better represented by structure (LXXXEV)

rather than structure {IXXXV).

OH e
NHm@:’E@C&aCHgaS»{ % )

(IXXXIV)

- H=NH=-C0-CHy . Hgo

(1XXXV)

The condensation between alloxan and ok-(2-pyridylthio)
acethydragide thus parallels that with Isoniazid and also
pyﬂd&ne-e-4=aulphonhydrazide‘o



SYNTHESIS OF ACYL AND SULPHONYL DERIVATIVES OFK «

(2=PYRIDYLTHIO ) ACETHYDRAZIDE.

& -(2-Pyridylthio)aéeibiirusids . reacted smoothly
with acld chlorides, asid aanydrides sad sulphonsl
chlorides, glving well-defined crystalline derivatives

in good yield, according to the‘followings
5= Clg-CO-NH-NH-COR
dioxan T(RCO)zo

i

p-C1-800gH, .CHy

S-C Ha =0 QQNH@NHE—-
) RCOC1
| J XY dry pyridins

8- CEg=CO-NH-NH-COR »

S Gﬂzuc Q=NH-NHT oas‘dioxan !

_#-S-Clo=CO-NE-NH-COR .

Two derivatives were obtained with acetlc anhydride,
depending upon the relative amount of anhydride added.
With one molecular proportion and using methanol or
dioxan as solvent the monoacetyl derivative (IXXX¥T)
was obtained whilst treatment of the hydrazlde with

excess acld enhydride gave the diacetate (LXXXVII).
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~CHp~C0-NH~NH-CO-CH;
(LXXXVI)

SvGH2=COQNHaH;(CGCH5)2”

_ (LXXXVII)
« =(2-Pyridylthio) acethydrazide reacted Wwith Hoiuwnn-

p=sulphonyl chloride in ths presence of pyridine to give
a well-defined crystalline product. 4&s before the
mixture turned orange, and was heated for 1 hour on a
waterwbathkto complete the reactionoy The product was
isolated as bafore by the addition of wsbter and purifisd

by recrystallizatvion from ethanol.

ATTEMPTED SYNTHESIS OF‘ALKYL AND ARALKYL DERIVATIVES OF

&4~ (2~-PYRIDYLTHIO) ACETHYDRAZIDE,

In view of the antitubercular and MAOI activity of
substituted hydragides 1t was consldered of interest to
attempt the ayntbesis of soms alkyl and aralkyl
derivatives of el =(2-pyridylthiomcethylrasido.

Catalytic rssluction of alkylidene and aralkylidene
derivatives of isonlazid takes place smoothly te give the
alkyl end aralkyl derivatives in gcéd yield, Reduction
of the Schiff's base linksge of the corresponding



derivatives of d o ( 2-pyrildylthlo)asedigdrazide however
resulted in hydrogenolysis and mgenera%;ion of

2c+mercaptopyridineo Several cther methods were

attempted without succesz (vide infra) ,

B
Catalyst ~SH

S—CHg=C0-NH-N=2CRR

THCL S~CHg~CO-NH-NH-CHRR

1 RFCH-NH-NHg/
S-CH B0 3 ”
20 Tgae 1 8~CHp-CO-NH-NH-CHRR

~CHg-CO-NH-NH,,

O

L R CHQC:B. /\
baae 7

S~CHp=CO-NH-NH-CH.C ¢Hg

SEMICARBAZIDES OF o4~ (ZéPYRIDYLTHIO ) ACETHYDRAZIDE AND
ITS 1-0RIDEo

Allylisothiocyanate and phenyl isocyanate condensed
with el=(2-pyridylthio acethyirezidc - and its L-oxids
respectlively in acetonitrile to give the appropriste

somicarbazides,

RoNHNH.C (:X)NHR (X= © or &)
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PREPARATION OF STARTING MATERIALS.

2=Mercaptopyridine was prepared from 2ebr0mopyridinb and

thlourea by the method described by Phillip and
Shap1rol®® and Thirtieil

2=Mercaptopyridine-l-oxide was prepared from

2-bromopyridine-l-oxide and perbenzoic acid‘by the

method described by Shaw, Bernstein, Losee and Lott}og

Perbenzoic acid was prepared by the method described

in Organic synthesis%lg

Anhvdrous Hydrazine:- Hydrazine Hydrate (75g., 1°5 mole)

was added ﬁ@ sodiuﬁ hydroxide (80g., 2 mole) in toluens
(6°5 mole), After twenty four hours the mixturé was
refluxed at 120-130° for one hour, access of moisture
being prevented by a caicium chloride drying tube
attached to the condenser outlet. The mixture was then
distilled, the distillate (b.p. 94-95°) collected, and
the lower layer consisting of anhydrous hydrazine‘(SOgo)

drawn off,

2-Sulphonamidopyridine-1-oxide. 2-Mercaptopyridine-1-

oxide (1l-2g,, 0-01 mole} was dissolved in a cold mixture
of concentrated hydrochlorié acid (75 ml) end water
(2 ml) and cooled in a mixture of crushed ice and salt.

When the temperature had dropped to -10°, chlorine gas:
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was bubbled through at such a rate that the temperature
was maintained at about - 5%, When the temperature
started to drop, the flow of chlorine through the mixture
was increased, and, towards the end of the reactlon; 1%
was passed vigorouslyo The reaction was compiete when the
temperature did not rise deapite the rapld stresm of
chlorine passing through the solution. The solution

was treated at - 5° with calcium carbonate added in small
portions t0 effect neutralization. Cold chloreform

(60 ml) was added during neutralization.and_after
vigorously snaking the clear chloroform solutioh was
decanted from the white sludge which was further washed
with cold chloroform (40 ml)o The combined ehloroform
extracts were dried (Nags0,) at 0-8°, filtered, and a
steady streaﬁ of dry ammonia gas passed through. The
crude product was filtered, washed with cold water and
dried;iﬁ a vacuum deslccator, ﬁeeryatallization from
methanol gave 2=sulphonamidopyridihealwoxide as ghiniag
white crystals (Oc4g., 33%) m.p. 228° (Literaturgggopo2289)o

PREPARATION OF PYRIDINE-3.C0XIDE-£-SULPHOHHYDRAZXDE AND SCHE
ARLIEYLIDENE DERIVATIVES.

Pyridine-l-oxide-2-sulphonhydrazide. 2-Mercaptopyridine-1-

oxide ( 102730, 0-01 mole) was converted 148 pyridine -=1-
oxideazbgulphonyi ohloride as above. The cold, dry
chloroform solution of pyridine-l-oxide-2-sulphonyl chloride
was added in portions (10-20 ml) to hydrazine hydrate

{(lg., 0-02 mole) and vigorously shaken after sach addition.
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The mixture was left overnight at 0° and the solid
flltered and washed with a little ether, The dry
product was suspended in ice~cold water and sucked dry
before transferring to a vacuum desiccator. The

- product m.p, 96-98°, crystallized from methanol as the

' monohydrate. It was sparingly soluble in water,
methanol and ethanol, and insoluble in non-polar
solvents.(Found: C, 2808; H, 3.9, Gsﬁg*N504s requires C,
28093 H, 4°3%).

1=Benleidane=29(gzgidina=1~oxide=2=3ulghogxl2 hydrazine.

Benzaldehyde (0-106g., 0001 mole) in methanol (5 ml) was .

added to pyridine-l-oxide-2-sulphonhydragide (0-189g »
02001 mole) in methanol (5 ml) and the mixture
vigorouély shaken t1ll only a faint smell of benzaldehyde
remained, The white solld which separated was4f11tered9
washed with & little methanol and ether, and dried in

a vaouum desiccator. Recrystallization from methanol
gave the product (0-16 g.) as white needles m.p. 145-147°
(decomp.) (Found: C,5806; H,40l; N, 1604. CygH;3N303S
requires C,52.0; H,4.0, N, 15.8%),

l-Veratrylidene-2-(pyridine-1-oxide-2-sul 1) hydrazine
Pyridine-1<oxide-2-sulphonhydrazide (001898,,,0o001 Mole)
was treated with veratraldehyde (00166g., 00001 mole)

as desoribed above. Recrystallization from ethanol gave

the veratrylidene derivative (0-15 g.) &8s needles. mops

146-148° (decomp.) (Found: C,;49-2; H,4.13 N, 1207,
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Cy2H1305N,S requires C, 49-8; H, 4043 N,12:45%),

Salicylagine: Pyridine-l-oxide-2-sulphonhydrazide
(0-186g., 0601 mole) reacted with salicylaldehyde
(00122g., 00001 mole) as above, The crystalline solid
separating was recrystallized from ethenol to give
salicylagine (m.p. é10=212°) (Found: C, 69.8; H, 4.8,

Galc., for Gy4HypNgOp G, 70:0; H, 5.0%). v

{
Attempted synthesis of N-(2-pyridylthio) carbon drazlne

Method I

The chloroformic ester (0:011 mole) was added
dropwise to an ice-cold solution of 2-mercaptopyridine
(0-01 mole) in water (25 ml) containing sodium
blcarbonate (0.1l mole) and vigorously shaken till only a
faint smell of the chloroformic ester remsined. The
mixture was extracted with ether and the ether dried
(Nng 894) then removed under reduced presaurento give a
viscous oil which did not crystallize. The oii (O°1g)
showed maximum absorption at 2853 mpo |

~ Method II

2-Mercaptopyridine (0°0l mole) was dissolved in
N sodium hydroxide (10 ml) end the solution evaporated
to dryness under reduced pressure. The residue waé
dissolved in dry alcohol (20 ml) and ethyl shioroformete
(1e1g., 00011 mole) added. The mixture was filtered and

the filtrate evaporated to dryness, leaving a viscous oll
(0:06g., 50%) which failed to orystallize. Distlllation
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at 3°0 =200 mmHg gave a white viscous oil which showed

maximum absorption at 253 mu and an ester peak at 1730uu,

Method III

2=Mercaptopyridine (lollg?, 0-01 mole) was added to
a solution of ethyl chloroformate (l-llg., 0-01 mole)
in dry ethanol (30ml). The mixture was vigorously shaken
wlth oocaslional warming on a water=bath till a faint smell
only of ethyl chloroformate remained, and then it was
evaporated to dryness under reduced pressure, The
residue was redissolved in dry ethanol (20ml) and the
solution refluxed with anhydrous hydrazine (0.5g.) for
three hours. Removal of the solvent under reducéd
pressure gave a viscous oll which crystallized from
ether as a yellow solid (1g.) m.p.218%, A mixed
melting point with 2-mercaptopyridins . showed no

depression,

PREPARATION OFe¢ ~(8-PYRIDYLTHIO) ACETIC ACID ~1-0XIDE
ITS ACID AMIDE AND HYDRAZIDE.

o -(2-Pyridylthio) acethydragide-l-oxide. =2-Mercapto
pyridine-l-oxide (3.8g., 0003 mole) was added to a solution
of ethyl bromoacetate (4-0lg., 0-03 mole) in dry ethanol
(50ml). The mixture was refluxed for 1% hour, and then
evaporated to dryness under reduqed pressure. The
cresm=coloured solid (3°9g.) was refluxed with anhydrous

hydrezine (0-9g.) in dry ethanol {(40ml) for flve hr., and
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then evaporated to dryness under reduced pressure to give

a orystalline residue which w;s suspended in ice-cold water
(15m1), quiokly filtered, washed with more . ice-water (10mi),

‘ann sucked dry before transferring to a vacuum deslccator.

It was washed with a large excess of ether and again dried

in a wacuum desiccator. The ggdrazido_(zoséo, 73%),

m.p. 200-201° (decomp,) crystallized in colourless needles

from ethanol. a(‘=(2aﬁyridylthio)éaeﬁﬁyﬁwaésﬂ@w&ﬁcmiﬂ@r

1s insoluble in benzene, ether and chloroform, sparingly

soluble in ethanol and soluble in methenol and hot water.
(Found: G,420°2; K,4°4; N,E055. CpHgN,0oS requires G, 4202;

H, 4o5; N, 20.6%).

'zanriqxlthioséazamidaaléqgiaaga 2-lercaptopyridine-i-oxide

(1-27g., 0+0) mole) was added to & solution of ethyl
bromoacetate (1.68g., 0-01 mole) in dry ethanol (10ml).
The mixture was refluxed for lihr., and then evaporafed
to dryness under reduoed pressure. The oream coloured sait
S ethyl (2epgr1dy1thio)acéﬁu§§: (1°6g.) was dissolved
in ethanol (10ml), treated with excess of concentrated
ammonia at room temperature, vigorously shaken and
evaporated to dryness under reduced pressure. The amide
(1g.), mopo 216° (decomp.), orystallized in white needles
from methanol. (Found: C,45.6; H, 4033 N, 1504, CyHgNg0gS
requires C, 46-65; H, 4:3; N, 1504%),
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2a§xridxlthioacet1é acid-l-oxide, '2=Marcapt0pyr1dinb~1e-

oxide (1°27g., 0001 mole) was converted into ethyl
(2-pyridylthio) acetate-l1-oxide as described above., The
oream coloured solid obtained was refluxed for lihr with
water (10ml)., The product (lg.), m.p.288° (dacompoj was
recrystallized froﬁ‘aqueoua methanol. (Found; C, 4508;

H, 4°0; N, 7°7. CrHpNOz;S requires C, 45-4; H, 3-8; N, 7-6%),

The infra-red spectrum showed absorption mexima at 17009&&1
and 54000m§1

PREPARATION OF ALKYLIDENE AND ARALKYLIDENE DERIVATIVES OF
o( = (2=-PYRIDYLTHIO) ACETHYDRAZIDEwleXIDEa

VﬁLBenz lidenead% 2
aKu(2aPyr1dy1thio) acethydrazide-1-oxide (00398go, 0°05 mole)

idylthio Jacefbydrenide-3-cxiab, .

in methanol (5ml) was added to benzaldehyde (Oy2123°)

in methanol (5ml) and the mixture vigorously shaken till
only a faint smell of bénzaldehyﬂe remained, The
mixture was then left overnight in the refrigerator. The
white crystalline solid which separated was filtered,
washed with a little methanol and ether, and dried in a
vacuum desiccator, Recrystallizetion from methanol gave
the benzylidene derivative as white needles (0°4g.) mop.
202-203° (decompa) (Found: C, 5805; H, 4-56; N, 140956,
Cq4H;3N3028 requires C, 6806; H, 4-5; N, 14-7%),
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)
N-Salioylldene- -(2-pyridylthio) scethydrazide-i-oxide.
K =(2-Pyridylthio )acuﬁhjn&x‘wﬁ&a;:&sexiﬁé-; (0-398g., 0006mole)
was treated with salicylaldehyde (0-244g., 0:05 mole) in

the manner described for N-benzylidene -4-(2-pyridylthio)
acethydrazide-l-oxide. The white orystalline solid which
separated on standlng was flltered, washed with a little
methenol and efhe‘r and dried in a vacuum desiccator.
Recrystallization from methanol gave the salicylidens
derivative as needles (0-4lg). m.p. 230-232° (decomp.)
(Found: C, 55055; H, 4°0; N,_, 13.9, Cq4Hy3N3058 requires

C, 550453 H, 4033 N, 1309%}, |

N’aIsogro pylidene-s¢- @=pxr1dzlthio 2 acet_k;ﬁrazidealaoxidq o

o= (2-Pyridylthio) acethydrazide-l-oxide (00398g., 0-05 mole)}

was treated with excess acetone. The mixture was
vigorously shaken for some tlzc and. then evaporated to dryneas
under reduced pressure., The residue was crystallized from
ethsnol to give the iaogromlidene.derivative (0c4g.)

m.po 210-211°(decomp.) (Found: C,6003; H, 533 N, 1707,
Cy0H12N30gS requires C, 50°3; H, 5°4; N, 17°6%).

N’ aPigronxlideneq;wgzepgridxlthio ) acethxdr_azidevalmoxide o
o0 =(2-Pyridylthio) acethydrazide-l-oxide (0<398g., 0°05 mole)

was treated with piperonel (0°3g., 0°056 mole) as

) . -
describved for _hl=salicy11dene=m(-»(2épyr1dylthio)
acethydrazide-l-oxide. The product (0041g.) m.p,207-2089
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was obtalned by recrystallizing the precipitate from
‘ methanol. (Found: C, 54.2; H, 393 N, 1201001511131‘33045
requires C, 54¢4; H, 3°9; N, 12:7%),

, | .
N-((=Phenylethylidene )-={-(2-pyridylthio) acethydrazide-l-

oxide, Acetophenone (00132g., 0°05 mole }in methanol

(5 ml) was added tox =(2=apyr1dyltmq}' acethydrazide -1-
oxide (00398g., 0°05 mole) in methanol (5 ml) and
refluxed for one hduro The mixture was concentrated and
left overnight at room temperature to crytailizeo The
pgoduct (0°42g.) m.p. 201m203°(decomp;) was ébtained by
rscrysthllizing the p:g'ecipitéte from methanol. (Found:

C, 60555 H, 5°05 N, 1305, CygHygN500S requires C, 5993
H, 5°0; N, 13-8%),

N’»Ve ratrylidene-#{~(2-pyridylthio) scethydrazide-1-oxide.

ol-(2=Pyridylthio jacathyidrezide-2=cxuite = (00398g,, 0-05mele)
was treated with veratraldshyde (0:166g., 0006 mole)

as described under the benzylidens derivative . The
product (0°42g.) m.po 213m214°(decompo) was obtalned by
recrystallizing the preciplitate from methenol. (Found:

C, 54¢8; H, 5°1;, C1gH17Nz04S requires C, 55°0;, H, 6°0%),

Nﬁnimetnglaminobenzglidanew«a{agpgpidylthia) acethydrazide

~1-0x1de, e =(2-Pyridylthio hesinydraslas-1-o4ids @ (0:398g.,
0005 mole) was treated with p-dimethylaminobenzaldehyde
(00298g:, 05056 mole) as above, A crystalline solld hed-

separated after four days. Recrystallization f£ruw othanol
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gave the product (0°38g.) as needles mop. £18-220°(decompo ).
(Found: C,5806; H, 5-5, N, 1602, Ci16H18N4025 requires
C, 5802;' 4, 5453 N, 160.6%),

]
N-Hexahydro=2,4,6-trioxy-6-pyrimidylidene-4-(2-pyridylthio)
acethxdrazidealeoxideo'@Ea'(Bwaridylthio) acethydfazidewlm

‘oxide (0-398g., 0005 mole) was treated with hexahydro-2,4,5,
6-tetrewypfrinidion  (0:33g., 0-05 mole) as before. The
solid whiéh had separated after three days was ftltereds
washed with a little methenol and recrystallized from
methanol to give tné product (0°4g.) m.p, 183°( decomp.)
(Found: G, 37.8;, H, 3.8; N, 1905. C11HgN50gS requires

C, 38003 H, 3:5; 20.0%),

b "
N=Cinnsmylidens-«=(2-pyridylthio) acethydrazide-1-oxide,
- o€ =(2-Pyridylthio) acethydrazide-l-oxide (0-398g., 0¢05 mols )

in methanol (5 ml) was treated with cinnamaldehyde
(0°132g., 0005 mole)in methanol (10ml), The product
(0042g.) mo.p. 220-223°(decomp.) was obtained by
recrystallizing the precipitate from methanol. (Found:

G, 610865, H, 400 N, 133, C1gHygNz0pS requires C, 61055;
H, 4°8; N, 13:5%).

)

N-Vanillylidens-«-(2-pyridylthio) acethydragide-1-oxide.

o =(2-Pyridylthio) acethydrazide-l-oxide (0°398g., 0005mole)
in methenol (Sml) was treated with vanillin (0-304g.,

0205 mole) in methanol (Sml)o‘ The solid which separated
was filtered, washed with a 1ittle methanol and ether and

dried in a vacuum deslccabtor,. Reerystallization from
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mothanol gave the product (0-3g,) as needles mop. 198-200°
(decomp.) (Found: G, 5402; H, 4055; N, 128, CygH15N5048
requires C, 53:9; H, 4.6; N, 12.3%).

ﬁl(@mphengletgglideno)a<;(zapxg;gglthio» scethydrazide-1-
oxide. « -(2-Pyridylthio) actehydrazideoléoxide (0-398g.,
0°05 mole) in methancl (56ml) was treated with freshly
distilled phenylacetaldshyde (0°212g.) in methenol (10ml).
After four days the solid which had separested was filtered,
washed with methanol and ether. Recrystallization from
methanol gave the product (0°31g.) as needles m.po 190-191%
(Found: C, 60005, H, 5023 N, 10:0., Cy5Hy5N305S requires

C, 59085 H, 5.0; N, 1003%)o

ﬁLAcetzlisopﬁgpylidenemd;(Zggzridzlthiﬁ) acethydrezide-1-

oxide, % <=(2-Pyridylthlo) acethydrazide-l-oxide (0-398g.,
0005 mole) was treated with acatylacetone (0:2g., 0005 mole)
as described above, The white crystalline solld which
sepsrated was filtered, washed with methanol and ether

and dried in a vacuum desiccator. Recrystallization

from ethasnol gave the product (0.32g.) as fliie needles.
m.po 175° (decomp.) (Found: C,51026; H, 5073 N, 16-4,
Cq2oHy5N3035 requires C, 51.25; H, 5:3; N, 1409%).

N&Furfur lidene-oC-(2-pyridylthic) acethydraszide-i-oxide.

¢4 (2-Pyridylthio) acethydrazide-l-oxide (0.398g., 0-O6mole)

was ivestod with furfuraldehyds (0.1923., 0005 mels)
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in metheanol (10ml), and the solid separating filtered,
washed with methanol and ether and dried in a vacuum
desiccator. Recrystallizstion from ethanol gavé the
product (O-4g.) as fine needles. m.p, 180-182° (Found:
C, 51-9; H, 4-2; N, 15.8. 012H11N5058 requires C, 5200;
H, 4°03 N, 15°4%),

CONDENSATION OFet - (2-PYRIDYLTHIO) ACETHYDRAZIDE=1-OXIDE WITH
ACID ANHYDRIDES, ACID CHLORIDES AND SULPHONYL CHLORIDES .

ﬁ:g;acetx}~ =(2-pyridylthio) acethydrazide-l=-oxide.

Qta(zéPyridylthio) acethydrazide=1-oxide (0°398g., 0°05 mole)
was added in small portions to zp2jiy éahyﬂrids

(5m1) and warmed till solution was complete, On cooling
the crystalline solid separating was flltered, washed with

a large excess of ether to remove acetic anhydride and dried
in a vacuum deaiccatofo It was twilce recrystallized from
methanol to give the dlacetyl derivative (Oc4g.) as needles
. m.po 135° (decomp.) (Found: G, 44.5;, H, 4.8; N, 14-8.
C1yHysN304S requires C, 45-2; H, 465 N, 1403%).

ridylthio) acethydrazide

=l=0x1d6, e<;42uPyr1dy1thio) acethydrazide-1-oxlide (0:398g.,
0-06 mole) was added to succinic anhydride (0°2g., 0005 mole)
in methanol (10ml). The solid separating was twice
cfyatal;izé¢ from methanol to give the product (0O-4g.) as

needles. mopo 200-201°(decomp.) (Found: C,4404; H, 4.55;
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N,14086, C31HyzNz0gS requires C, 44.1; H, 438; N, 14-06%)

N-Toluene-p-sulphonyl-«(~{2-pyridylthio) scethydrazide-1-

oxide, & «(2-Pyridylthio) acethydrazide-1-oxide (0-398g.,

0°05 mole) in dry pyridine (10ml) was treated with
toluene-p-sulphonyl chloride (0-05 mole) and the mixture
heated on & water-bath for 15 minov The mixture was
cooled and an excess of distilled water added. | After
three hours a white crystalline solid had separated,
This was flltered, washed with a little water and dried
in a vacuum desiccators, ARecrystailization from ethanol

gave the toluene-p-sulphonyl derivative (0-20g.) as

needle m.ps 242° (decomp,) (Found: C, 47-4; H, 4°B;

014315N304§érequ1res C, 47,65 H, 402%), .

ﬁ;Beﬂgdrqucarbonzlachloxlada(eapyridz;thio) acethydrazide

=l-0xide, K -(2-Pyridylthio) acethydrazide-1-oxide (0°398g.,

0006 mole) was treated with maleic anhydride (0°06 mole)
as described for gﬁpmhydroxyoarbonylpropionylau-(2=
pyridylthio)acetihydraside-i-czifle,» The crystalline
solid separating was filtered, washed with a little
methanol and ether and dried in a vacuum desiccator.
Recrystallization from methanol gave the product (0°3 g.)
m.po 110-113°, (Found: G, 44.8; H, 4-8;3 N, 1409,

011311N3°53 requires C, 44.4; H, 4.0 N, 14¢16%).
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1= =(2-Pyridylthio) acetyl =4-phenylsemicarbazide-l-oxide.

& -~ (2-Pyridylthio) acethydrazide-l-oxide (0-398g., 0°05 mole)
was treated with phenylisocyanate (0.2g., 0.05 mole) in dry
acetonitrile (10ml). The mixture was vigorously shaken
for 1 hr., and evaporated to dryness under reduced pressure.
The white crystalline solid remaining was recrystallized
from ethanol to give the semicarbazide (0-2g.) as needles
mopo 184-196°., (Found: C, 52.7; H, 4.2; N, 18.0,

-

14814¥,058 requires C, 52:8; H, 4043 N, 17.7%),

el =(2-Pyridylthio) acethydroxamic acid-l-oxide.

Method I

Ethyl (2=pyridylthio) acetate -l-oxide (lo6g.) was
added to an 85% solution of potassium hydroxide (3ml)
in methanol (15 ml) containing hydroxylamina
hydrochloride (0c6g.). The potassium chloride was filtersd
off, washed with a little methanol and the filtrate and
the washings left at room temperature to crystallize. The
3511@ . separating was dissolved in a mixture of water
(10ml), neutralized with acetic aclid but the product failed

to separate,

Method II o |
Ethyl (2-pyridylthio) acetate-l-oxide (1°6g.) was
added to a solution of hydroxylamine hydrochloride (lclg.)
in methanol (15ml) containing sodium methoxide (lo1g.)o
The precipitate wés quickly filtered and washed with a



1ittle methanol. The combined filtrate and washings
were concentrated to small volume under reduced pressure
and left at room temperature to crystallize. The

hydroxamic aclid (0-5g.) separated in firie needles.

mopo 195-197° (decomp,) (Found: C,41.9; H, 402,
CrligNo048 requires C, 42,05 H, 400%),

PREPARATION OF -(2-PYRIDYLTHIO) ACETHYDRAZIDE AND ITS
DERIVATIVES. - |

2=-Mercaptopyridine
(1°11g., 0301 mole} was added %o a solution.of ethyl
bromoacetate (1:67g., 0001 mole) in dry ethanol (30ml),
refluxed fa: two hr., and evaporated to.dryness uﬁder
reduced pressure, The off-white solid (193g. ) was

refluxed with anhydrous hydrazine (0099g.) in dry

ethanol (40m1) for 5-6hr., and again reduced to drynsss
under reducsed pressure. The residue was suspended in
ice-c0ld water (10ml) and then sucked dry before transferring
to & vacuum deslccator. The dry solld was liberally washed
with ether and crystallized from ethancl to give the

product (1¢2g.) as needles. mop, 90-92° (Found: C,46°0;

H, 409; N, 229, CyHgN:;0 S requires G, 45.9; H, 4.9;

N, 22-2%);

ALKILIDENE AND ARALKYLIDENE DERIVATIVES ORs-(2-PYRIDYLTHIO)

ACETHYDRAZIIE.

JQBenleidensadpg2apxrldzlthio[ acethydrazide. ol=(2=

varidylthio) acethydrazide (00183gs, 00001 mole) in



78

methenol (5ml) was added to benzaldehyde (0°106g., 0900imole )
in methanol (5ml) and vigorously shaken t11l only &

faint smell of benzaldehyde remeined., It was left
overnight to crygtallize and the solld washed with a little
methanol and etnér and dried in a vacuum desiccator.

Recrystallization from methanol gave the benszylidene

derivative (0-2g.) as needles. mop., 191-192°. (Found:
C, 62003 H, 4°7; N, 1405, C44H;3Nz0 8 requires C, 6203
H, 40753 Ny 14.9%).

]
N=Salicylidene-a-(2-pyridylthio) acethydrazide,

e\ =(2-Pyridylthio) acethydrazide (00183g., 0-001 mols)
in methanol (5ml) was added to salicylaldehyde (00122g.,
00001 mole) as described above, Recrystallization

from ethanol gave the salicylidene derivative as needles

(0°2g.) mepo 200-201° {decomp.) (Found: G, 580253 H, 403
N, 1406, Cq,H;H3005 reauires G, 58053 K, 4083 N, 14:5%},

=, PO DY, = {2=-pyridylthic) acethydrazide,
o = (2-Pyridylthio) acethydrazide (0°183g., 02001 mole)
was allowed to react with acetone (10ml) and the solid
recrystallized from ethenol to glve thergroduct (0-2g.)
as needles. mop. 128-130°. (Found: C, 53-5; H, 508;

N, 19°0, CqoH;sN20 S requires C, 53°8; H, 5°8; N, 18°8%),

ﬂ;&z@Phqulgtgllidenelada(zegxridxlthio) acethydrazids.

ol -(2-Pyridylthio) acethydrazide (0.183g., 0°001 mole)
in methanol (Sml) was added to acetophenone (0-1g.,
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0-001 mole) in methenol {10mL) and the solid separating
recrystallized from ethancl to give the product (0-2ig.)
as fiie needles. mop. 142-144°, (Found: C, 63013 H, 50653

N, 15¢0. C3gHygNz0 S requires C, 630185 H, So4; N, 14.8%).

ﬂmPiggronylidenanda(zwpyrigglthio} acethydrazide. % (2~

Pyridylthlo) acethydrazide (6018580’ 00001 mole) was
mixed with piperonal (0.15 g., 0.001 mole) in the

manneyr described for the sallecylidene derivative above

and the light cream-coloured solid obtained recrystallized
from ethanol to glve the product (0°19g.) mop. 167-170°
(Found: C,57.435 H, 483. CygHy 50,5 requires G, 5701

H, 4°1%)s

NLVeratrylidegeaXm(nggridﬁlthislgaceﬁgg@FaZidﬁg o ={2=

Pyridylthio) acethydrezidsa {0183g., 00001 mole) was
added to veratraldehyde (0.166g., 0:<001 mole) as
described above, Recrystallization from ethanol gave
the product (0:199g.) mop. 138-141° (Found: C, 57463
H, 5o4. CygHyyN303S requires C, 57-9; H, 502%).

,ﬂ;gggggzgromzﬁén6¢triaxgm5wpyrimidylidene=ﬂp(2w

‘gzridzlthid) acethydrazide, o =(2-Pyridylthio)

acethydrazide (0°183g., 00001 mole) was treated with
hexahydro=2,4,5,6-tetromyoyriaiding . (00001 mole) in
methenol (5ml). The mlxture was vigorously shaken and
left to crystallize. Recrystallization from methanol
gave the product (0°2g.) m.p. 290°(decomps) as the
monohydrate. (Found: C, 4083 H, 393 N, 819,
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011H11N5053 requires 03 40°9§ Hg 3043 N» 2106%)o
laminobensy

lidene-sl-(2~pyridylthio) acethydrazids,

N=Dime iy

ol-(2-Pyridylthio) acethydrazide (0:183g,, 0001 mole)

in methanol (5ml) was treated with p-dimethyleminobenzaldehyde
(0-001mole) as described above. Recrystallization from
methanol gave the product (0-29g.) as needles, m.p. 186-188%
(Pounds C, 60°9; H, 597, C3gHygN40 S requires C, 61-0;

H, 5°7%)

ﬁLG1nna@xlidenew&w(Qapyridglthia) acethydrazide, o -(2-

Pyridylthio) acethydrazide (0-183g., 0-001 mole) was
treated with clnnamaldehyds (OolSng, 0s001 molé) as
before to give the product (0-16g.) as needles., m.po
135-136°; (from methanol). (Found: G, 64.28; H, 409;

N, 15°7. CygHqsN50 5 requires G, 64-63 H, 5°03 N, 1501%) .

NiVanillylideneo«o(empy?i&yithio} acethydrazide. « =-{2-

Pyridylthio) acethydrazide (0-18lg., 0<001 mole) was
treated with wanillin {(00152g., 00001 mols) as before to
glve the product as the hemihydrate. mopo 165-167°
(Found: C, 55-75; H, 5:4. CygH3sN3038, #Ho0 requires
C, 5554; H, 4-95%).

d&!BaPhenxletgglidena)aﬂw(2=gxr1dy1thio) acethydrezide,
- & =(2=-Pyridylthio) acethydrazide (0:183g., 00001 mole)

was treated with freshly distilled phenylacetaldehyde
(0001 mole) as before to give the product (0-198g.)
mepPo 152-153°(from methanol), (Found: C, 62:93 H, 5o4;
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N, 15°4. Cy5HygN308 requires C, 63°0; H, 5°3; N, 14°7%) o

4

§29191°h°&x1id°§9:x~(2epxgidy1thio) acethydrazide. « «(2-

Pyridylthio) acethydrazide (0-183g., 0001 mole) was
treated with cyclohexanone (Océﬁgo, 00001 mole) as
before to give the product (0-19g.) as needles. m.p.
112-114° (from methanol). (Found: C, 59.35; H, 606,
C13Hy7N30 S requires C, 59°35; H, 6945%),

i
N-p-Methoxybenzylidene-«-(2-pyridylthio) acethydrazide,

o ~(2-Pyridylthio) acethydrazide (0-183g,, 0°001 mole) was
treated with p-methoxybenzaldehyde (0-136g., 0°001 mole)
in methenol (10ml) and the solid separating recrystallized
from metheanol to give the product (0clg.) as needles

m.p. 136-1389 (Found: C, 59:5; H, Bol. OqgHygNz0pS
requires C, 59.8; H, 5:0%).

4 .
ﬁagwﬂgdroxybenzylidenSqﬂ»(Zepgridylthio) acethydrazide.

e =(2-Pyridylthio) acethydrazide (0:183g., 00001 mole) was
treated with p-hydroxybenzaldehyde (0-122g., 02001 mole)
as before ﬁo give the product (0o15g.) m.p. 194° (decomp.)
(from methanol). (Found: C, 5607; H, 4o7. Cy4H3zN3z025
requires G, 5603; H, 4.7%),

CONDENSATION OFed -(2-PYRIDYLTHIO) ACETHYDRAZIDE WITH ACID

ANHYDRIDES , ACID CHLORIDES AND SULPHONYL CHLORIDE.

&wbiacegzlfxb(2-pxr1dylthio) acethydrazide. « -(2-
Pyridylthio) acethydrazide (0°183g., 0°001 mole) was

added in small portions to freshly distilled acetic
anhydride (5 ml). The mixture which solidifled
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immediately was sucked dry at the pump, washed with a
large quantlity of ether and dried in a vacuum desiccator,
Recrystallization from ethyl acetate gave the diecetyl
derivative (0-19g.) as needles m.p. 141-143°, (Found:

C, 47-9; H, 4.9, Cy7H)3N3025 requires C, 47-75; H, 5:1%),

-pyridylthio) acethydrazide,

% =(2-Pyridylthio) acethydrazide (0-183g., 0-001 mole)

in methanol (Sml) was treated with succinic anhydride
(0°116g., 0°001 mole) in methanol (5ml), The crystalline
solid which'Sapgrated gave the product (0-2g.) as needles
Mmopo 150-1510 (f}om isopropenol) (Found: G, 46023 H, 47,
Cy3Hy3Nz045 requires C, 460555 H, 4°6%),

NﬁAcetE}exm(Zapxg;gglthio) acethydrazide, ¢ =(2<Pyridylthio)
acethydrazide (0°183g., 60001 mols) in pyridine (&mi) wes
treated with acetic anhydride (0o018g., 00001 mole) in

dry pyridine (5ml). The solid obteined was recryatallized
from ethyl acetate to give the acetyl derivative (Oclg.)

as needles. m.p. 138-140°, (Found: C, 48-0; H, 8013 N, 17-3,

CgH31N302S requires C, 48003 H, 5:03 N, 1801%),

ﬁoTolueneoEweulggonxlaaagzagzridxlthio} agethydragide. To

of = (2-pyridylthio) acethydrazide (0°366g., 0-0bmole)
in dry pyridine (10ml) was added toluene-p-sulphonyl
chloride (0:38g., 0°06 mole), The mixture was heated on a
water-bath for 10 min., and allowed to cool to room
temperature. Water (50ml) was added and the white solid
which had seéarated after lhr., was flitered, washsd and
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dried in a vacuum desiccator. Recrystallization
from ethanol gave the product (0°1g.) m.p. 165=16V°,

(Fpund: C, 49:3; H, 4.6, 014H15N50582>requ1res C, 4908;
H, 4"45%)0

1= X =(2-P)

ridylthio)acesyl-4-allylthiosemicarbazide. o <(2=

Pyrldylthic) acethydrazide (0-366g., 0°05 mole) in
acetonitrile (6ml) was added to allylisothiocyanate
(0°198g., 0905 mole) and the mixture heated on & water-
bath for 10 min., then allowed to cool to room
temperature. Recrystallization from ethanol gave the
product (0v32g.) (mop,116-2277) {Found: C, 833 &, 5:0.,

§31Hy 45,058 veyuires O, 46-8;3 H, 500%).

ATTEMPTED SYNTHESIS OF ALKYL AND ARALKYI, DERIVATIVES OF

(= (2=-FYRIDYLTHIO } ACETUYDRALIDE .

A, Methoed I,

§£&sopropylidenem“¢(Ewpyridylthic} acethydrazide
(1g., 000045 mole) was dissolved in methanol (20 ml) and
hydrogenated at room temperature &nd atmospheris pressure,
using Adam®s platinum oxide catalyst (Oclg.). There
was no uptake of hydrogen and on filtration and
evaporating the solution to dryness starting material was

recovered,

Method II,
Q;BanZylidenem%a(zapyridylthio) acethydrazide

{lg., 0-004 molel was Gilsgolved iIn N methanolie
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hydrochloric acid (20 ml) and hydrogenated under
pressure, using Adem’s platinum oxide catalyst (0O-lg.).
On filtering - and evaporating the solution to dryness a
yellow s0lid was obtained (m.p, 118°), A mixed
.melting point with 2-mercaptopyridine showed nd

depresslon,

MethodIXI,

Pinely devided iron powder (1°0g.) was added
to. a bolling solution of N-bensylidene-«~(2-pyridylthio)
acethydrazide (1lg., 00004 mole) in ethanol (15 ml).
Concentrated hydrochloric acid (10ml) was added drbpwiae
over 2 period of 30 mln., and the mixture refluxed for
a further 1lihr., before taking down to dryness under
reduced pressure. The solid was redissolved in water
and neutralized with ammonia, Removal of the solvent
gave & white solid (mo.p. 909%, A mixed mﬁltiﬁg point
with authentic cd=(2-pyridylthio }acra"i';l‘z';rr‘?z'azﬁrl@’ - showed

no depression,

_Method I,

Ethyle =(2-pyridylthio) acetate hydrobromide
(1g., 000035 mole) in ethanol (20 ml) was treated with
sodium ethoxide (0:34g.). The sodium bromide was
removed and the solution heated at 120° under reflux
with unsymmetricel dilsopropylhydrazine (0-48g.)

for six hr. Removal of the solvent gave a viscous oll

which did not crystallize,.
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Method 11,

& =(2-Pyridylthio) acethydrazide (1lg., 00052 mole)
in pyridine (20 ml) refluxed with benzyl chloride

(0-005 mole) for six hr., gave a white solid which was
not identified.
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