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NOM@NCLATUR

In thls theSLq the folloﬁing nomenclature has
been.emaloyed. | n PR

uereaato - comoounﬂ has been usea to descrlbe the o

uautomerlc ml ture at equlllbrlun and C&PPleS no L
mollcatlon of structure._ Wor example ”u—mefcaoto—
oyrldlne" 1° usea to descrlbe the tautomeric mlxture R

of (1<——> II)

o an
The term "thlol” has been used to- PbIeP to
structures of .the tyoe (I) and the term ”thlone”
or "thloanlde" (a v1nylogous thloam1de in thls cas e)
have been used to refer to Structures of the‘tyoe (II)}

S-methyl derivative or methylmercanto - comoound have

been used to de crlbe derlvatlves of the “thlol?
structure in wnlch the.hydrogen atomton'sul@hur has
been replacedrby a methyl 5.groﬁp._l Fdr“example- |
"u—methylmercapﬁopyridinéi~is Pepresentédvby‘thejl

structure (III)

Sile




N-methyl derivative or N-methyl thione: have been used

to describe derivatives of the "thione'" or "thioamide"
form in which the hydrogen on nitrogen has been
replaced by a methyl - group. For example N(1)-

methylopyrid-4~thione is represented by the structure

(1v),




Table of New Compounds.

%-Benzoylmercantonyrldlne ’
3-lethylmercaptopyridine and hydrocthﬂlde
3=lercaptopyridine methochloride
3-Benzoylmercaptopyridine methiodlde
1-Methyloyrid-4~thione

3-Mercaptoquinoline
3-Benzoylmercaptoguinoline

Di-3-quinolyl disulphide

3- Methylmercaptooalnollne and hydrochlorlde
3-Methylmercanptoguinoline methiodide
3-lercanptoquinoline methiodide and methochloride
3— Benzoylmercaotooulnollne methiodide
h-Mercaptoguinoline
u-Methylmefcabtooulnollne

Di-b=-quinolyl sulphide

Guinoline~5-sulphonyl" chloride
5-Mercaptoquinoline
5-Benzoylmercaptoquinoline

Di-5=-quinolyl disulphide
5-Methylmercaptoquinoline

5-Mercaptoquinoline methiodide
5-Benzoylmercantoquinoline methiodide

. 5=Benzoylmercaptoqguinoline methyl hydrogen sulphate
6-Methylmercaptoouinoline
6-Methylmercantoguinoline methiodide
6-Mercanptoguinoline methiodide and methochloride
6-Benzoylmercaotoguinoline methiodide
8=Methylmercaptoquinoline hydriodide
Di-8-quinolyl disulphide methiodide periodide
8—Metnylmercaotooulnollne methlodlde periodide
l1-Mercaptoisoquinoline - :
1-Methylmercaot01soqulnollne
3-Mercanptoisoquinoline

23— Benzoylmefca3t01soqulnollne
3-ilethylmercaptoisoouinoline hydrocnloﬂlde

- 2-llethylmercaptopyrazine
 1-Methylpyraz-2-thione =
1-Methylquinoxal-2~thione
1-Methylpyrimid-2-thione
u-Methylmercantopyrimidine

- 1-lethylpyrimid-6-thione
1-llethyloyrimid-i-thione
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SECTION I,

INTRODUCTION.

Ovening Remarks.

Twovdifferent tautomeric forms may be‘written for
monQaza-héterocyclic mercapto-compounds, one with
the movile hydrogen atom on sulphur and the other with
the mobile hydrogen on nitrogen. For example U-mercapto-
pyridine may exist in the tadtomeric forms: (1; R = H}

or (II; R = H).

SR ‘
‘ A : HN
w e A oF
N ' N
| |
R , H
(1) ‘ (11) - (111)

Additional NH forms are possiblé for polyaza-
heterocyclic mercapto-compoundse.

The tautomerism of the mercapto-derivatives of
six-membered rings has been little examined. Isolated
gualitative studies of the tautomerism have been -
undertaken bdut no gquantitative approach to the problem
has previously been attempted.

The present investigation was undertaken with the
aim of elucidating the structure'qf simple nitrogenous
heterocyclic mercapnto-compounds in water because of
.their relatidnship to the biclogically important
2=-thiouracil derivatives which may be represented as

(111),
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In the present Wofk‘the mercapto - compounds
ha&e been studied by reference to fixed tautomeric
forms. in which the mobile hydrogen atom was replaced
by an immobile methyl - group e.g. (I and II; R = Me).
This can be doﬁe because changes in ultraviolet absorption
spectra and ionization cohstants are small upon N- or S-
methylation. Finally, by emvloying ionizétion |
constants, “the ratio of the tautomers at equilibrium
in monoaza - heterocyclic mercaosto - compounds was

calculated.,
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HISTORICAL OUTLINE.

Previous work on the tautomerism of nitrogenous
heterocyclic mercanto - compounds in which the
heterocyolio compound is composed of six-membered
rings 1s discussed below,’and that involving five -
membered heterocyclic rings is given in Appendix I .

Mercapto - derivatives of Six - membered Rings.

That tautomerism of six-membered ring nitrogenous
heterocyclic mercapto - compounds is possible is
illustrated by the production of l-methylpyrid-2-
thione, and 2-methylmercaptopyridine by the action of
diazomethane on 2-mercaptopyridine as shown by Renault
(1955). A quantitative study of this type of
tauto&erism has never‘béen undertaken and only isolated
caseé of é qnaliﬁative stndybin variods‘SOIVénté.
(mostly non-aqueous) have been recorded. Generally
these‘are incomolete in that all QOSSible tautomeric
forms were not investigated, even when only two forms
were possibie. Most of the qualitative ﬁork on fhe
tautomerism of heterocyclic mercapto - compounds.
composed of six - membered rings, particularly in
agqueous media, hés been concentrated on diaza - oompounds,
- and generally directed at elucidation of the structure
of 2—thiourécil.

The only conclusivé qualitativé study of

tautomerism involving six - membered ring heterocyclic



mercapto - compounds in water is that of ilarshall

and VWalker (1951) with 2-mercaptopyrimidines in which
it was shown by comparison of ultraviolet absbrption
spectra with N- and S-methyl derivatives thét the
mercapto - compound exists largely in: the NH_form.

The available evidence is presented separately below
for studies in water (because of its importance to the

oresent study), and in non-agueous media.

Evidence in agueous solution. Previous studies of the

tautomerism of six - membered ring nitrogenous
heterocyclic mercapto - compounds in water have been
limited to ultraviolet absorption speétralstudies.

In 1949, Hannan, Lieblich,and Renfrew examined
the ultraviolet absorption spectra of some C-substituted
2- andbu—mérééptdqﬁinblihés énd some S—bﬁtji dériﬁativeé
in acueous acid, aqueous alkali and 95% ethanol. They
reached no conclusions on the structure of the mercapto -
comoounds mainly because they attempted to draw
similarities to the hydroxy - analogues for which the
results and reasoning of Ewing and Steck (1946) are

now known to be in error *

wr

% In the absence of pK values (see Albert and Phillips
(1956)), Ewing and Steck did not obtain the pure ionic

species in solution for spectral study.



The whole of this work is confused by lack of
knowledge of the pi{ values. However, examination of
the authors' results shows that the ultraviolét
absorption spectra of tﬁe mercanto -'comppund and 1its
S-alkyl dérivatives are quite different. Furthep,the
hyosochromic shift observed on conversion of the molecule
of the mercapto - compound into'either the cation or
anion as well as the bathochromic shift observed on
conversion of the molecule o the S-alkyl derivative
to the cation, 1s in agreement with theobservations
recorded in this thesis.fbr a much larger number of
heterocyclic substances. .

Marshall and Welker (1951) attempted the first
systematic qualitative study of the tautomerism of
sixv—IMembered Piﬁg‘hétéPOCYClic mefdaptb‘—‘éomyouhds;.
Théy compared the ultraviolet absorption spectra of the
gggg species (molecules or ions) with the corresponding
species of its N- and S-methyl derivatives in which the
mobile hydrogen‘étom Qf fhe two téutbmeric fofms Was.
replaced by an immobile methyl - group.

e ile ’ ile  He

[:L§N Z SuH l XN l N
N/l\Sh \N S e N Slie N 5
: |

Me
(1v) vy (D (VD



The ultraviolet absorption spectra of 4-methyl-
2-mercaptopyrimidine (IVe—>V) and its N-met hyl
derivative (VII) and 6-methyl-S-methyl derivative (VI)
showed quite clearly that the mercapto - compound
exists mainly in the NH form., Marshall and Walker
also examined the ultraviolet absorptibn speétra of
6-methyl-i-mercaptopyrimidine (VIII) and showed it to
be aquite different from that of its S-methyl derivative,

SH
- o \N

Me: I NéJ'
. (VIII)

- The ultraviolet absorptaon spectra in Water of
2—thionra¢il and some derivatives have been measured by .
a humbef'of.wofkers (Elioh;_ide;ahd Hitéhingé,(i9d6h‘ |
Stuckey, (1949); and Shugar and Fox, (1952)) but the
structure of 2-thiouracil has not been completely
established. For structural considerations of
2-thiouracil, only the‘daté presented by Shugar and Fox
need be considered. |

There are six possible tautomeric forms of
2-thiouracil shown as (IX) to (XIV) (R = R = H)below.
Structures (IX), (XII) and (XIII) can be rejected by -
comparison of the ultraviolet absorption spectra of

their dimethyl derivatives (R = R = Me) (whose

constitution follows from their synthesis) with that



of 2-thiouracil, from which they are quite different.,

’

0 | 0 OR
i l Ry o , NZ ,
RS . S N 5= N
b R R
(1X) | (X)
— [}
. - OR
RSN | |
(XI1I) (XIII) (X))

The ultraviolet absorption spectra of l-methyl-,
S-methyl—, and 1l:3-dimethyl-2-thiouracil and
2-thiouracil ére all similaf; indicating‘that
2-thiouracil may have the structure (X) but comoounds
of the fixed structural types (XI) or (XIV) have not
been available for study. Brown, Hoerger, and Mason
(1955) have shown that 2- and 4-hydroxypyrimidine exist
mainly in the NH  form and the evidence given in this
thesis shows that 2—mercaptopyrimidine exists mainly
in the NH form. - Hence it appeafs unlikely that
either structure (XI) or (XIV)(R = R' = H) could
represent that of 2-thiouracil (Schneider and
Halverstadt (19u48) from infrared absorption studies
have shovn that structures (XI) and (XIV),(R = ' = H)

are unlikely for 2-thiouracil in non-aqueous solution).




HIvidence in non-agueous media. A greater variety

of examples are available on the structure'of
tautomerisable thicamides in non-aqueous media.
Infrared spectral studies have been rather
inconclusive mainly because the absbfption band ‘
(2500 - 2600 cm._l) due to the ~SH group is weak and
there has been considerableldoubt as to the lopation of
the thiocarbonyl absorption band.%
Raman spectral studies by Kohlrausch and Wagner
(1940) indicate that thioamides have the structure
(XV) because bands which are indicative of the» SH

group are absent.

(xv)

% Marvel, Radzitzky, and Brader (1955) have’éhown that
dithiolesters and thioamides absorb strongly in the

1170 - 1265 em, ~T region of the infrared due to the
thiocarbonyl - group and Mecke and Mecke (1956) have
shown that piperid-2-thione and trimethylene—tbiourea
(cyclic thioamides) absorb in the 1100 -1200 e, ~t regioh
due to the thiocarbonyl - group. See Davies and Jones

(1958).




Magnetic susceptibility studies by Clow and
Thompson (1936) also indicate that thioacetamide has
the structure (XV, R = Mé{). |

In the field of hetefocyclic'thioamides, Penfold
(195%b) has studied electroh densityvprojections'of
solid 2-mercavtopyridine and although the results are
inconclusive =, (because»of technical diffiéulties)
the C - S bond was found to have 65% double bond
character. |

In addition, support for the thiocarbonyl
structure of heterocyclic mercapto - compounds is
provided by ultraviolet aﬁsorption spectral studies
which are given below. v

Morton and Stubbs (1939) were the first to attempt
a study of the tautomerism of six - membered ring |
nitrogenous heterocyclic mercapto - compouhds by
ultravioiet ebsorption spectral studies. They examined
u—methyl—2-mefcaptoquinoline and its S-alkyl derivative
in ethanol and found the spectra to be quite different
and concluded that the mercapto - compound must possess
the thione structure. Unfortunately, they did not

confirm this by examining the N-alkyl derivative.

~

= In contrast, O(—pyTidOne was clearly resolved by

Penfold (1953a) and the NH form shown to predominate.
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Ross (1951) examined_the ultraviolet absorption
speétra of uU-mercaptopyridine and its S-alkyl derivative
in alcoholic solution and found them to bé guite
differeht. Again the N—methyl.derivative'was not
examined. | The ultraviblét absorption spectra'of
u;mercaptopyridine underwent a hypséchromic—Shift‘on
conversion to the cation Gr-aﬁionk(greater‘én conversion
to the cation). These results are in‘accqrd with the
results obtained in‘aquebus solqtion-in the present ﬁork;
but in isolation were able to contribute little to
solving the problem. ;

Acheson, Burstall, Jefford,and Sansom (1§5u) have
examined the ultraviolet absorption soectra of 5-mercapto-
acridine and its N- and S-methyl derivatives in methano;
and héve shown théﬁ ﬁhevmefdaﬁﬁo - compouhd ekiéts | |
mainly in the NH form,

Badger and Buttery (1956) found for 8-mercapto-
quinoline that the long - wavelength absorption band
(in the visible region) in élcohol and-aneous aicbhol~
is suppressed in less polar solvents and aﬁ.higher'
temperatures. The suppression of the long - wavelength
absorption bands by less polar solvents has been dbsérved
by Mason (1957) with hydroxy - heterocyclic cﬁmpounds
and has been attributed td'suppression of the NH

tautomer.
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Dipole moment measur ement s have been applied to
the sfudy of tautomerism of one heterocyclic mercanto -
comoound. ‘Schneider and Halverstadt (1943) measured
the dipole moments in dioxane of 2—thiouracii and
compounds of fixed structural types (IX,) (X,) (XII,)
and (X1II,) (R = R = Me.) and found that, of thesé, the
structure (X) was prefefred for 2-thiouracil. Compounds
of fixed structural types (XI) and (XIV) were notlavailable
for study but infrared studies of 2-thiouracil indicated
the presence of a cérbonyl group, absorbing at 1700 cm._l.
Neither of the structures (XI) or (XIV) possess a carbonyl

group so that such structures for 2-thiouracil are

unlikely in non-aqueous solution.
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Scone of the present worke

The work described in this thesis covers the
preparation of the three mercapto-pyridines and their
N~ and S-methyl deri%atives;.six mercaptoquinolines‘and
their N- and S-methyl derivafiVes (excluding the N-
methyl derivative of 8-mefcaptoquinoline), l-mercapﬁo—
isoquinoline and its N—'and-S~methy1 derivative,
B-mercaptqlggquinoline and its:S-methyi derivative,
2-mercapto-pyrazine and quinoxaline and their'N(1)-and
S-methyl derivatives, thezN—methyl derivative of
2—mercaptoﬁgyrimidine,Aand the N(l)-, N(3)- and S-methyl

derivatives of L4-mercaptopyrimidine.

Pyridine Quinoline isoQuinoline

N

‘ﬁ}‘ ’ }’\Iz\ _ s’,4>N
2 ) €Y

Pyrazine Quinoxaline - Pyrimidine
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The ionization constant(s) of each compound have
been determined by potentiometric titration or by
spectrophotometry. The ultraviolet absorption spectra
of the moiecule, monocation, and where possible the
anion of the compounds listed above have also been
determined in aqueous solution.

The tautomerism of thé mercapto - compounds has
been examined qualitatively by reference to the_
ultraviolet absorption spectra of the mercapto -
compound and its N- and S-methyl derivatives and
quantitatively (for the monoaéa—heterocyclic compounds)
by reference to the ionization constants from which the
oroportion of the two tautomers at egquilibrium (water,

20°) has been calculated.
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SECTION II.

DISCUSSION OF THE ORG/ANIC CHEMICAL EXPTRIMENTAL
’ PROCIEDURES.

llethods of Preoaration.

The ?arious general méthdds availablé‘forvéreparihg‘
the desired substénces:will first be reviewed,:and‘their
suitébility‘for differehf isomefs‘indicated.."After»this,
details will bé,given of the_applicatiﬁn bf fhese methods
to the_pfbduction of the substances required.

(1) Mercapto - compounds.' 'From the @reparative-point

of view, two classes of these are distinguishable,’(i)
when the mercanto - group is olor X/to’a ring-nitrogen

atom, and (ii) when it is not.

(i) The mércapto - compounds with the mercaéto - group
0<or'X/to the ring-nitrogen atom were obtained‘either (a)
from the hydroxy—analoguevby the action of phosphorus
pentasdlphide in pjridine,.initetralih (b.p; 207°/760 mh.),‘_
or without a soivent. | |
For example:

oH

X

A}
S S
A 4

F




or (b) from the correg)onaing chloro-or bromd@-7¢6mp§und '
by the action of thiourea followed by sodium hydroxide

or by the action of sodium'(or potaééium)fhydroge#';
sulphide. | |

For example:

Except in the case of 3—mercaptq1§gquinoline (which was
isolated as its S-benzoate), the=-and¥ - mercapto -
compounds wefe first isolaﬁed‘in the free Qonditioﬁ;
Their tendenc& to aerialfoxidation ié smail.

(ii) When the mercapto - groﬁp was not of or ¥ to the
ring—nitrogen atom, the desired substance was obtained

by one of‘the,following'prccédures and isolated as the

S—benzoate, from which the mercapto -‘compound‘wés’readily_-- ‘

obtained by acid hydrolysis.
(a) From the corresponding amine by*diaZOtizaﬁion and o

treatment with potassium ethyl,ianthate; ‘



For example:

(b) By the reduction of the corresponding sulphonyl
chloride with stannous chloride and hydrochloric'acidJ:

For examnple:

S0,.C1 Lo sH
j N 2 snol/mCL i Ny
| : _ o
N _ 1. o1 'Sn911-1- -
_.-H ‘ 4 .
BzCl/NaOH
e - 8Bz
SH . » \ .
I . HCL . | "
Y ——
= 7
N N
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(2) S=Methyl derivatives. ~ S-llethyl derivativés_of

the mercapto - compounds,wefe“prepared‘by difect;methylation

For example:

ifeT/Ta0H

‘.

The methjlating.agents employédlw8fe diazomethane;and
dimethyl sulphate, or,rmore_oohmoﬁly, methyl iodide
with cae. 1 eouivalent of sodium hydroxide. },Tho‘
methylmercapto - compound freouently 1solated as. the
hydrochloride, was examined by paper chromatography in
both butanol + acetic ac1d and 3% aqueous ammonlum
chloride for freedom from the N—methyl 1somer.' By
isolation as the hydrochloridé, €e e (I);'miXed mélting‘

points could also be taken with the N-methyl isomér;,

eeg. (II)
: + 2 v , +
N _ : N -
| Cl ,,', Cl
H : Te

() W
Methylatlon of the mercaoto - compound Wlth methyl. : ' ‘

iodide frequently gave small amounts of the methlodlde

of the methylmefcapto - comoound.
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For example:

HS, ileS

ileI/NaOH

>

e

(3) N-Methyl derivatives. Many of the N-methyl
derivatives were obtained by quaternizing the
corresponding benzoylmercapto—eompounds, exchanging
the anion if necéssary, and then ﬂydrolysing the

protective groupe. For example:

\ SBz

Mel o~

A

N

- SH ‘
’ _ HC1

Z

lLc1

e

It was found.necessary to exchange the anion by
using silver salts before‘the protective group was
hydrolysed, otherwise, insoluble silver mercaotides
were produced. ‘ | | ‘

The N-methyl derivatives of oC-and Y -thio -

compounds were prepared from the well known oxygen-




analogues by the aétion'of:phosphorus pentasulphide in
benzene, in pyridine or without a solvent. =

For example:

v

In one case wvhere this synthesis failed, the prepsratibnﬁ‘,_ﬂ

was achieved as shown belows

HQ:: o NH. SR
é OEt T
4 o+ C=8 —————>
'\f/o £ P |
HC_ ‘ . HNie '
Ine

Synthesisbsf the Gompounds Required. .

Pyridine:

the 2-position, The substances reouired for the present

1nvest1gat10n are 2- mercantopyrldlne, 2 methylmercapto-ﬁ
pyridine and l-methylpyrld—z-thlone- ' The»preparatlpn »
of all three compounds is deséribed in the literatuge.sb
In the present study 2—mercaotonyv1d1ne (IV) was nreoared
by the action of thlourea and sodlum hydr0x1de on :

2-brom0pyr1d1ne (IIL) accordlng to Phllllps and Shaplro
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(1942). It was methylated with methyl iodide and
sodium hydroxide’as described by Renault (1955) to
give 2- me+hylmercaotopyr1d1ne (V) ' l4methylpyrid—2-v'

thione (VII) was prepared from the pyridone (VI) and

phosphorus oentasulphlde accordlng to Renault (1953)

- |
ie v . Ne.
(vI) (VII)

Pyridine: the j—oos1tlon.,‘ The substances required for'.

the‘present investigation‘are B-mercaptoyyrldlne>
3=-methylmercaptopyridine, ehd 34mercaptopyridine—N—
methohalide. Of these only’the first was knowh.' .The
references to the preparetlon of B—mercaotooyrldlne are
(i) a patent reference by Stelger (1950 1951) £a the
reduction of pyridlne 3—su1phonyl chloride w1th stannous
chloride and hydrochloric acid and (11) a reference by
Wuest and Sakel (1951) to the reactlon of 3-bromopyr1d1ne
with pota331um hydrogen sulphlde and copoer powder in
propylene glycol : The preparatlon of the compounds

required in the'present study is_shown 1nAScheme A.
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(VIIT)

<BzCL/Ha0H |sno1,,

e

(XIII) (XIT)

ileI/Na0H MeI/MeOH

Ag L:l l ; i -

tnen ‘1(,1 s | E’ R
I} _ g
Ao

‘ l le E\{Ie

(XIV) (xv) - | (XVI)

(

HC1

i
\ Sie
P .

Cl

=

N

—

Ia)

SCHEME A,
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Pyridine (VIII) was sulphonated with fu@ing sulphuric
acid (20% free SOB) at 2206‘as described by McElvain

and Goese (1943) rather than at the higher temperature
(300°) emnloyed by Zienty (1948).  The pyridine-3-

" sulphonic acid (IX) was converted by the action of
phosphorus pentachloride‘to pyridine-}-sdlphonyl

chloride (X) in accordance with Zienty (19&8) and the
product reduced with stannous chloride and hydfochloric
acid.es outlined by Steiger (1950, 1951).  The mercapto-
compound separated from the reaction mixture as the ) V
stannic chloride double salt (XI). The 3-mercapto-
pyridine was best isolsted as the‘S—benzoate (XII) which
was free from disulphide and could be Peadiiy~§urified
from inorganic impurities. The mercapto - compound

| (XITI) coula bebreadily PeCOVefed'ffom its S-benzoate

‘by hydrolysis with 6N—hydfochlofic acid in an atmosphere
of carbon dioxide as employed previously by Edinger (1908),
and by Ponci and Gialdi (1954) for the ogreparation of
8—aniv6—mereaptoquinolihe from their respective S—benzeates.
The methylation of 3-mercantopoyridine with methyl iodide
and sodium hydroxide was found to proceed smoothly to
give B—methylmercaptopyridinee(XIV). Quaternization’

of 3-benzoylmercaptopyridine with methyl iodide inv
methanol proceeded readilj at 20° ana higher temperatures
were avoided because of the ease ef removal of the

benzoyl-¢group in a number of cases to be described below.
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The 3-benzoylmercaptoqulnoline methiodlde (XV) was |
hydrolysed with hydrochlorlc-ac1d, the product shaken X
with 81lver chlorlde and the 3-mercaptopyr1dine metho-
chlorlde (XVI) ourlfled. uHowever, it is prefeyable

to exchange the anion before hydrolysis to;the‘meroapto—
comoound because of the formatlon of 1nsolub1e 31lver
mercaptides. That thls product (XVI) was dlfferent , |
to B-methylmercaptopyridlne hydnachloride (la) was shown o
by mixed m.p. and by cons1derab1e dlfferences 1n RF>on
paper- chromatograms in outanol + acetic ac1d, and 3%
aqueous ammonium chloride

)

Pyridine: the u—nos1t10n.'s The‘sabstances‘fequired for

the present 1nvestigat10n are u—mercaptopyrldine, _ :
u-methylmercaotopyrldlne and l-methylpyrid—u-thlone._bAli
three substances are now known. However, l-methyl- |
pyrid-4~thione was not described by Jones and Katritzky
(1958) until it had been prepared in the present work,
and its ultraviolet absorbtion spectrum‘published‘by
Albert and Barlin (1958). . |
u-Mercaptopyridine (XVIII) was. prepared from
u-hydroxypyridine (XVII) by the action of phosphorus
pentasulphide and methylated w1th methyl iodide and
sodium hydroxide to give u—methylmercaptopyrldlne (XIX)

as described by King and Ware (1939) 'l-Methylnyrid-u—

thione (XXI) was preoared by heatlng the oxygen-analogueo."

(XxX) with ohosphorus pentasulphlde. _yThe propertles
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agree with those deseribed by Jones and Katritzky.

OH ' Sile

v

 NeI/NaOH !

(xx1)

Quinoline:

the 2-position. The substances required for %he‘present
investigatioh are 2-merca§toquinoline, 2-methylmercapto-
quinoline and l-methylquinol-2-thione.  All three
substances were known. 2-Mercaptoquinolihe (XXII) and
2-methylmercaptoquinoline both of which_are well known‘
were made by the action of phosphorus pehtasulphide in -
pyridine (ef. Klingsberg and Papa (1951))kon 2-hydroxy-
quinoline. (This reaction had previously been‘carriedf

out in the absence of a'solvent‘by'Roos (1888)) and the

2-mercaptoquinoline methylated with dlmethyl sulphate and

sodium hydroxide accordlng to Bellenson and Hamer (1939)

1—Methquuinol-2fth10ne was prepared‘byvthe aetion‘ef,'“-




ohosohorus pentasulohlde oﬁ the oxygen-analogue as
descrlbed by Gutbler (1900) The reactlons 1nvolved
are analogous to those shown 1n Scheme B, p. 24 for the .
4—9051t10n of oyrldlne. ‘ |

In antlclpatlon of future preoaratlons of‘meroapto—,:_o‘.
compounds by reduotlon of disulphldes, d1—2-qu1noly1
disulphide (X IIL) (orenared by ox1datlon of 2 meroapto—
oulnollne w1th hydrooen perox1de) was reduced w1th %
hydrazine hydrate to 2—mercaptoqu1noline (XX1I1). Hhe : |
method Was adooted from that emoloyed by Katz and Schroeder 
(1954) for the preparatlon of (2: u—dlchlorobenzal)
thlosallcylhydra21de by reduct;on of 1ts‘dlsdbh1de -

or 2—(2:u—dichlorobenzalamino),benzisothiazolone-

H,O

. ‘ . P —— . A
. SH I, NH, ~3 .
‘ : , ‘ ‘ o 2
(xx11) S (Y“III) '

Quinoline: the 3-positioh;' fhe substénces'requifes féf”~-
the present investigetion afe’34mercéptoquinoline, |
3-methylmercaptoqulnollne and B-mercaotoqulnollne-N—
methohallde. All three comoounds were unknown. ‘
B—Mercaotoqulnollne (XkVL) ‘was. opepared from 3—am1no— "‘
quinoline (XXIV) by dlazotlzatlon and reactlon w1th
potassium ethyl Xanthate simllar to the method descrlbed

by Parbell and Fukushlma (19u7) for the preparatlon of

m-methylmercaototoluene from m—toluldine.' The B—mercapto-_,g
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guinoline was isolated as'the.s-benzoate (XXV)»from’
which the mercapto - compédnd,:whichzexists-in tWo
cryetalline,forme.was readily obtained by anid' |
hydrolysis;d Attemots to prepare the ammonlum salt of
3-mercaptoquinoline were unsatlsfactory.‘ Di 3—qu1nolyl
disulphide (XXXII) was’ readlly produced when 3-mercapto-
quinoline was mlxed w1th dllute hydrogen perox1de.

(Roos (1%88) prebared d1-2-qu1noly1 dlsulnhlde by
oxidizing 2—mercaptoquinollne~w;thkdilutevhydrogen-

peroxide).

Methylation of 3-mercaptoquinoline with methyl iodide -

and sodium hydroxide prOduced not only 3-methylmercapto+”‘
quinoline (XXVII) but also a small amount of 3-methy1-

mercaptoqulnollne methlodide (XXVIII) The Durlflcatlon

of B—methylmercaptoqulnollne was found to be bestfeffected‘"

through the hydrochloride (XXIX) from which the free base
can be regenerated with alkali. This hydrochloride,
(XXIX) was found to be quite different from its N-methyl
1somer, B—mercantoqulnollne methochlorlde (AAXI) thev
m.ns were depressed on amnlxture and dlfferences in RF
were observed when the samples were chromatographed on
paper in both butanol'+hacetic aeid and in 3%'aQueous |
ammonium chloride.
3—MerceptoquinolinelMethochldrided(XXXI) was

prepared by quaterniZing 3—benzbylmercantoquinbiine o

with methy iodide in. methanol at 200 to glve B—benzoyl- S

mercaptoquinoline methiodide (XXX), the anion exchanged"




by shaking with s11ver chlorlde and the protectlng group
hydrolysed with acid. ‘ When the quaternlzatlon was
attempted at lOOO, the benzoyl - group Was removed and
the product isolated as 3—methy1mercaptooulnollne
methiodlde (XXVIIT). A similar- reaction occurred w1th o
8-benzoylmercaptoquinol1ne’but at 20°, ~~The reason for
the removal of the benzoyl“-'grouo and substitutiOn by
the methyl - group is belleved to be due to the observatlont
that the formation of thlol esters from mercaotans or
thiophenols and an a01d is an equlllbrlum orocess.}~The
free mercaptan, as it was released from the S-benzoyl
ester, reaeted with the methylatlng agent. ' Support,for
this hypothesis is’glven.by the observatlon,that when
8Qbenzoylmercaptoquinoline is boiled with ethanoi; the
solution becomes red, probably due to theﬁformetion of
free 8-meroaptoquinoline, ' Ekanples.of this eqailibrium
have been quoted by Connor (1943). The reactions

described above are shown in Scheme C.

Quinoline: the u—ooeition. k The:Substanceeﬁrequifed:for
the present investigation are u—ﬁercaptoquinoliné,
u—methylmercaotoquinoline‘and lhmethquuinol—q—thione.
The first two oomoounds were unknown. | | |
1-Methy1qu1nol—u-thlone had prev1ously been prepared
by Ceampaigne, Cline,and Kaslow (1950) by the action of |
sodium hydrogen‘sulphide on‘u-ohloroquinoline methiodide..
In the present wofk q;mefoaptoquino1ine'wae prépafed“,

from y4-hydroxyquinoline by heating with phosphorus = .
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oentasul'ohide. u—Mercaptoqulnollne could be
recrystalllsed from both benzene and toluene but

tenaciously;r'etained the solvent, even when heated at

1150/0.01 mn.. - The ‘produc.t was purified by sublimation.

- Me

(xXxx) (V)
- | AgCl/HC1 #leI/NaOH
Vo s
\ !
/

T —

Me oL
(XXX1) ‘ - (XxvII)

- SCHENE c..n

(vIii)

Methylation of u-mercaptoqulnollne Wlth methyl 1od1de f

and sodium hydrox1de gave u—methylmercaptoqulnollne

but attempted *‘nethylat ion Wlth dlmethyl sulnhate and

Sie

I .
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sodium hydroxide‘gave 1-methylouinol-u-one, apparéntly
by hydrolysis of the mercanto - group followed by
methylation of the hydroxy - compound on nitrogen. The-
oroduct was identified as i—methquuinol-u+dne by mixed
MeDe and'chromatography on paper‘in"both butanol’flacetic
acid and also in 3& aqueous ammonlum chlorlde. | _‘>

Hydrolysis of a mercapto - group under the condltlons
of methylation has been encountered before (Renault (1951)
found that-2-mercapto—3:4:5:6~tetrahydropyridine with
sodium hydroxide and alkyl suiphates gave 2-hydrqu—kb
3:l:5:6=-tetrahydropyridine). Nitrogenous hetérocycliC‘
‘mercapto - comoounds methylate rapidly and exclhsively  
on sulphuf whereas theif hydroxy—analogues methyiate much~
movre slowly and generally on the ring-nltrogen atom.
(e.g. RBdinger and Arnold (1901) found that 5-nercapto—
acridine (XXXIII) with methyl iodide and sodium ethoxide
methylated exclusively on sulphur, and Eckert énd’Steiner
(1914) found that 5—hydroXyé¢ridine with dimethyl sulphate
and. Dotégéiﬁm hydroxide’mefhylates‘on nitrogén; 'Elion
Lange,and Hitchings (1956) prepared 6- hydroxy-z-methyl-
mercaptopurine (XXXIV) in 95% yield from 6- hydroxy—z—
mercaptopurlne with dimethyl sulphate and sodium hydrozide
at 300; However,.Beréétrom (194u)-quotes examples where
methylation with diazomethane takes place on_oxygén and ‘
mentions the production ﬁf é—methoxypyfidiné from 2—hydf0xya_

pyridine).



(XXXIII) | o (XxXXIv)
1-Methylquinol-i4-thione was prenared by the actlon of

ohosphorus pentasulphide on the oxygenranalogue (XXXV)
1—Methquu1nol—u-one WaS'preQared frem ufhydroxyqulnollne
by the action of dimethyl sulphate on the botassium salt,
the method was adapted from that emoloyed by Eckert and
Steiner (1914) for the preparatlon of N(lO)-methyl-‘
acrid-5-one, This method was cons1dered preferable to
that described by Spith and Kolbe (1922) who methylated
u-hydroxyquinoline with methyl-ioaide-and‘SOdiuﬁamethoxide":

,in,methanol‘at_looo.

Ou/NaOE |
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e
(XXXV)

One unexpected reactlon shown by u—mercaotoqulnollne
was its conversion, on refluxing with toluene,to}

di-l4=quinolyl monosulphlde (XXXVII). The product_ﬁas—
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insoluble in dilute sodium hydroxide and analysed

correctly for the sulphide. The sulphur analysis was

‘approximately half that of the expected disulphide. Many

examples of the oxidation of'mercapto - compounds to
sulphides appear in théilitérature. King and ware (1939)
found that 4-mercaptopyridine is oxidised by chlorine to
di-l=-nyridyl sdlphide (and u-chloropyridiné); and Cole
(1957) found that an alkaline solution of g—nitfomercapto—
benzene absorbs oxygen and is oXidised to di-p-nitrophenyl
sulohide and di-p-nitrophenyl disulphide. They attribute
the eése of oxidisation to the presence of the nitro -
ETOUD.

The reactions not shown diagramatically above are
gnalogous to those shown in Scheme B, p.2ufor the

u-vosition of pyridine.

Quinoline: the 5~-position,  The substances required for
the present investigation are 5-mercaptoquinoline,
5—methy1mercapﬁoquinoline and 5—mercaptoquinoline5N—
methohalide. All three dompounds were unknown. The
approach adopted in the pfesent work was similar to that
anﬁloyed for Z-mercaptopyridine and its N-and S—methyi

derivatives.

'Quinoline was sulvhonated with fuming sulphuric acid

(204 free 803) in the presence of mercury as described
by Grier (1952). Under these conditions quinoline-5-

sulohonic acid (XXXV) was produced, but, in the' absence
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of mercuny McCasland (19n6)ifonnd’fhat.sulphonation |
occurred in the 8-position;d kQuinolineAB-sulphonyl
chloride'(XXXIX)-was pfepared'by the eetion‘of,phosphorus
pentacnlofide on the sulphoniedécid. Tne~position of_tne
substituent was proven by hydrolysis ofbthe pdrified
sulphonyl chlorlde to qulnollne-S-sulphonio a01d fu51on Xd"
of which with alkali at. 260 gave 5= hydroxyqulnollne (RL)
in 64% overall yield. - The m.o. was not depressed on
qdnlxture with 5- hydroxyqulnollne of other orlgln.
Quinollne-B-sulohonyl chloride was reduced with stannous
chloride and hydrochlorlc a01d and the mercapto - comoound
isolated as the S-benzoate (XLI) Aold hydroly81s of
5-benzoylmercantoqulnoline (XLI) gave 5-mercaotoqu1n011ne
(XLII) which crystallised as a red monohydrate, passing
to the anhydrous form, a: llght Dlnk solld When drled over
phosphorus pentoxide. (ndlnger (1908) found that
8-mercaotoqu1n011ne glves a red hydrate whlch on drying
passes to the anhydrous comoound a v1olet 1iqu1d)
5- Mercantoqulnollne was oxidlsed by dllute hydrogen
oerox1de to the disulohlde (XLlII) Methylatlon of -
5—mercaotoquinoline with methyl 1od1de and sodlum hydrox1de‘

gave 5-methy1mercaptoquinollne (XLIV) Wthh was purlfled

# The temperature of the fu51on was of the order of that
used by Koelsch and Alberton (1953) for the conversion of
isoqulnollne—5—sulphonlc a01d to 5 hydroxylsoqulnollne by ‘

fusion with a mlxture of sodium and potassium hydrox1des
at 230°, : ‘ b :
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through ifs'hydrochloride (XLV).' |

5— Benzoylmercaptooulnollne (XLI) was quaternlzed
both by methyl iodide in nltromethane at- 20 andfbyh
almethyl sulphate in nltrobenzene at 20 to give o
respectlvely the methiodlde (XLVI) and the methyl hydrogen |
sulohate  (Renault (1955) has prepared the methyl
hydrogen sulohate of 2—methy1mercaptopyridlne) 7 A01d
hydrolysis of 5-benzoylmercaptoquinoline methlodlde R
(XxvI ) gave 5—mercaptoqu1noline ‘methiodide (kLVII) The
anion of 5-benzoylmereaptooulnollne methlodide Was exchanged

by shaklng w1th 51lver chloride and the methochlorlde

hydrolysed with a01d. The 5-mercaptoquinoline methochloride'

unlike the methiodide could not be satlsfactorily

cnystallised. ‘ex’

The reactions described above are shown dlagramatlcally ’

in Scheme D.

Quinoline: the 6-position. The substanees required for
the present investigation,are 6-mercaptoquinolihe,
6-methylmercaptoquinoline and G—mercapt0quinolineéNé,
methohalide. Only the firsp‘was kann.wi It had been
prepared by Pon01 and Glaldi (1954) by a pfOCGSS analogous
to that outlined above for 5-mercaotoou1n011ne.:-'The |
position of. the substltuent in the starting maneriai
qulnollne—6-sulphon1c a01d (XLIX), Was fixed by its
synthesis from sulphanlllc acid (XLVIII) " The 6 mercapto— ‘
guinoline was prepared as deserlbed above and purified

by distillation under reduced pressures; The sodlum salt
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as preparéd by Ponci and Gialdi was found,tovbe
unsatisféctory. o

6-Methylmercaptoqﬁinbiine and 6—mercéptoquiholine.
methochloride were made sihilarly to the‘5—iSoméﬁA
6-lMercaptoquinoline methochloride and 6—mercaptoqainoline
mefhiodide*were both nrepared. . Methylatlon of 6-mercapto—'
gquinoline with methyl 1od1de and sodlum hydroxide gave .
6-methylmercaptoqu1nollne and a small amount of 6-methy1-
mercaotoquinoline methiodide (L).»».The procedures-
enployed were the same as ﬁhosé shown diagramatically’in"
Scheme D, p. 3ifor the'S—position._ ‘

SO H
3

L.

v - | S
2 (XLVIII) (XLIX) (L) e L.

Quinoline: the 8-position. The substances required for

the present investigation are 8—mércaptoquinoline,
8-methylmercavtoquinoline and 8-mercaptoquinoline-N-
methohalide. - The firsﬁ two subétanceé were Known. .
8-Mercaptoquinoline has been prépared sevefal times from'
the sulphonic acid, a méthod originally deécribed by
Edinger (1908); the preparation of Bemethylmercapto-
quinoline has been described by Taylor (1951) by
methylation of 8-mercaptoquinoline with methyl iodide and_ '
sodium hydroxide.  Although one wuld expect methylation

to take place on sulphur the structure had not been
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proven nor was the N-met hyl isdmer“known.' ‘A11~attempts"

to prepare the N-methyl isomer in the presentfwérk7‘_

failed,

The method as described by Edinger (1908) was found

most suitable for_the-pfepabgtion of 8-merca§tbquinoline
(LII), the sulphonic acid being most COnvenienfly.
prepared according to Mccéslahd (1946) byAsulbhgﬂating B
quinoliné with fuming sulphuric écid’(}@%“frée1803)’in1
the absence of a catalyst.. ‘(N.B, vIn the.preseﬁce of
mercury, the 5-isomer is‘broduded).‘ : | | AN
8-Benzoylmercaptoquinoline_(LI), 8+benzy1m¢rcapto—
quinoline (LITI) and di-8-quinolyl disulphide (LIA

were also prepared as described by Edinger. The

reactions in the preparation are analogous to those shown

'in Scheme D. p. 34 for the 5-isomer.
B-Methylmercaptoquindline (LIV)'was prepared by a -

number of methods. 8fMercaptoquinoline was methylated

with diazomethane, and with methyl iodide and sodium |

hydroxide; and 8-benzoylmercaptoquinoline and

8-benzylmercaptoquinoline with meﬁhYl iodide‘in methanol_

at 20° ana at IOOO‘respectively gave 8-methylmercapto-
gquinoline hydriodide (LV) from‘whichbthe base was

recovered by the action of alkalis
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The structure of the methylated product was‘proved by
its synthesis from g—methylmercaptoaniline (LVI) by>a
Skraup reaction under cénditions similsr to those used
by King and Sherred (1942) for the synthesis of_8—methoxy-'
quinolihe.‘ This is the first'methylmercapﬁoquinoline |
to be prepared by a Skraup réaction. The serieé‘of
reactions emoloyed in the preparation afe outlined in

Scheme ¥,
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fox 5= | SR
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o> T NO
5 7 10, 0,1 : | 2
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(LVII) c (LVIII)

SCHEME .

" The following attempts‘to prepare 8—mercaptoQuin01ihe ‘
methiodide (LVIi)_or its anhydro-base (LVIII) failed.
(1) (a) Di-8-quinolyl disulphide (LIX) and dimethyl
sulphate in nitrdbénzene at 150o gave a @rdduct, the
analysis of which did‘not correspond ﬁo any of’thg
expected N-methyl'defijatives of the.disulphide. »(This

method is similar to that used by Grandmougin and
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Smirous (1913) for the preoaratlon of 3 6 dlamlno—lO-
methylacrldlnium salts). Reductlon of* the product Was
not attemnted.- | _
(b) D1—8-quin01yl dlsulnhlde and methyl 1od1de at 100
gave 8—methylmercaptoouinollne (LIV) and 8—methylmercapto-"‘
quinollne methlodlde perlodlde (LY)~ The deep colouratlon
of the nerlodlde was dlscharged by sulphur dlox1de,
presumably by convers1on to the 1odide as found by ~i
Ullmann end Maag (1907) for N—phenylacrldlnlum compounds.\:
(c¢) Di-8-quinolyl disulnhlde and methyl 1od1de in: methanolv' 
at 100° gave d1-8-qu1nolyl disulphlde methlodlde perlodide:
(1LXI). The deep-colourat;on of the perlodlde'was f
discharged by sulphur didxide.  '1 | R |

| Rédﬁction'of the monbméﬁhiodide‘peribdide was”néﬁk
attempted because of the Similaf properties eXpegted_fof
the two products. | e

The reactions involved in'(b)‘and-(c) are.shown”below.,

Wel/lieQH

1000

N

Sile
(LIv) o (LX)
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(ii) (a) 8- Benzoylmercaotoquinollne and methyl iodide

in methanol at 20° for 2 days gave 8- methylmercaptoqulnollne
hydriodide. _

(v) 8-Benzylmercap£oquinoliné and methyl iodide in methanol
at 100° gave 8—methylmércaotoquinoline hydribdide.

See Scheme E p. 37 and p.27 for dlscu331on.

(iii) (a) 8- Chloroqulnollne methochlorlde (LXII) and
thiourea in alcohol at 150° dia not react. ﬂcCasland ,
(19u46) found that 8-ch10qudinoline with thiourea aid not
give 8-ouinolineisothiufoniuﬁ éhldride and thence

8- me°captoqu1n011ne. ; » -

(b) 8-Chloroquinoline methOChlorlde and alcoholic sodium
hydrogen sulphlde at 175 dld not react.

The oreparation of the combounds involved in this study

is shown in Scheme G below.

AN .
, Skraup reaction
Z NH2
Cl
$// 1T I~
Cl e C :

SCHEME G. -
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(iv) "Diazoxineh (LXIII)'(lthe»anhydride of 8-hydroxyévv
quinoline methohydroxide, prepared as described by
Phillips and Keon (1951)) did not react with phosphorus
pentasulphide. The reactibn was attemptedkin refluxing
benzene (used by Arndt and Kalischek (1930)'in the
preparation of Néphenyl—ufthid:bhelidamié acid ester),
in toluéne_(used'by Arndt (l932) in'thekpfeparatién of

N-leyridylpyrid—u-thione)vaﬁd.in iylene.

Isoguinoline:

the l-position. The substances required for thé preséntv

investigation are 1—mercaptq1§9quinoline, l-methylmercapto-
isoquinoline and 2—methyl;§gquinol—l—thioneA(LXV) of these,
only the last was knoWn;; It had been prepared as
described by White and Brooker (1950L and Peak and
Stansfield (1952). In the present study it was prepared
from 2-methy11§9quin01fl—one (LXIV) and phosphorus |
pentasulphide without a solvent. | |

The unknown l-mercaptoisoquinoline (LXVII) was prepared
from 1—hydroxy1§gqﬁinoline,(LXVI)’and phosphorhs
pentasulphide and on mefhylation>With methyl iodide and

sodium hydroxide gave the unknown 14methylmerCapto—

L
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~0H B - s « SH, = k;' ”1‘ e Sue ’:
(Lxvi) C(Lxvii) (L)&VIII)

Isoquinoline: the~3—oosition. The substances requlred

for the present 1nvest1gat10n are B—mepcapt01soou1nollne .
B-methylmercapt01soqulnollne and B—mercapt01soqulnollne—N-
methohalide. All three comoounds were unknown. |
B—Mercaptoi§gqu1nollne was prepared in small-yleld frdm
3—hydrbxyi§gquindiine»(LXIX)’ahd phoéphbfué‘péhtééﬁiphide:
in tetralin (Elion and Hitchihgs (1947) thiated uracils
and thiouracils with nhoéphords péntaéﬁlphide in tétralin)
at 1800 and from )-chloroisooulnoline (LXAIII) and o
sodium hydrogen sulnhlde at 205 . - Methylation of
3-mercapt01soqu1noline gave 3—methylmercapt01soqu1nolihe” 

(LXXI) which was isolated as the hydrochlorlde.  fThe s

preparation of 3—mevcaotoisoqu1nollne methochloride Was,“ =

not attempted. The steps 1nvolved in the preparatlon
of B-mercaptoisoqu;nollne_and 3—methylmercapt01soqu1noline’

through 3-hydroxyisoquindline are‘butlined in'Scheme H,
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Below 180° the reaction of 3=hydro xyisoguinoline and
phosphorus pentasulphide\did hot proéeed and the
starting material was recovered unchanged.

The preparation‘of 3-mercaptoisoquinoline (LXX)

through 3-chloroisoquinoline (LXXIII) is Shown in Scheme dJ.

CE CH,CN ~_GH,CO,H
i{b.l\d i dl l . I_z S OLL}
—~C H
€ . 7~COH GO,
0
4 H
\ Cﬁz
\ \C¢ 0
| POGL 5 1
N < C/Nn
1
o
7 X SBz
BzCl ‘
NaOH P .
(LXXII)
SCHEME J.

The reaction of 3-chloroisoquinoliné with sodium
hydrogen sulphide did not proceed readily. When the

reaction was carried out under less vigorous conditions
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than those described~(210°‘for 70 hours), considerable
guantities of 3-ch10f01 isoguinoline were fecovered unchanged.
The product was best isolated as the benzoate (LXXII).

The failure of 3-chloroisogquinoline to react with
p-chloroaniline and 3-diethylaminoethylamine has’been

commented upon by Haworth and Robinson (1948).

@

the 2-->0sition,. The substances reouired for the pfesent

Pyrazine:

investigation are 2—mercaptopyra21ne, Z-methylmercapto-
pyrazine‘and l—methylpyraz;z—thione. or theSé;‘only'the'
firot was known. It has been prepared by Roblin and
Clapnyp (1950) by the actiqn of potassium hydrogen sulphide
on 24chloropyrazine. A better method,was found in the
oresent work, viz, from 0—hydroxy0vraz1ne (LXXIV) with
ohosphorus pentasulpnhide in pyridine. Methylation af
2—meréaptdpyrazine with methyl iodide and sodium hydroxide
gave 2-methylmercaptopyraziﬂe (LXXVI). l-Methylpyraz-2-
thione (LXXVIII) was prepared from its oxygen—analogﬁe
(LXXVII) by reaction with phosphorus pentasulphide in
pyridine. The steps involved in the synthesislare shown

in Scheme K.
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Guinoxaline:

the 2-position. The s@bstances requires for the present

investigation are 2-mercaptogquinoxaline, 2-methyl-
mercaptoquinOxaline and l?methylQuinoxal-z-thione; or
these, the first‘two Were,knowh. 2-Mercaptoquinoxaline

(LXXX) had been prepared“by-Wblf,&Wilso@,aﬁd Tishler
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(1954), and 2-methylmercaptoquinoxaline (LXXXI)’by
Cheésemén‘(l957) 2—Mercantoqu1noxa11ne was Drenared -
from 2-chloroquinoxaline (LXXIX) and thlourea as
described by Wolf, w1lson,andfTishler, and methylated
with dimethyl sulphate and sodium hydfoxide; r‘(Chéeséman,
used methyl 1od1de and sodlum hydrox1de) l—Methyl—
guinoxal-2~ thlone (LXXXIII) was Drepared from the oxygen—
analogue.(LXXXII) w1th phosphorus pentasulphlde 1n4benzene.}

The series of reactions is shown in Scheme L.

eth y‘l ‘:
glyoxylate

hemiacetal

(L Ik)

;; ’.‘.q ‘.: : - ‘
L Me 2SOM/N‘<1QH‘

v 200
N I\ |
S9! L.
§ oo h |
he e | (LX)
(LXXXIII) (LXXXII) ‘e 580, | |
NaOH

Z slle

N

 SCHEME L.
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- Pyrimidine:

I
6 l¢él

NT-

the 2-position. The sﬁbetances required‘forfthe preeentx

1nvest1gation are 2-mercaptonyr1m1d1ne, 2-methylmercapto~o
vyrlmidine and 1—methy1pyr1m1d-2-th10ne.r Of these, the
first two were known and their relevant constants and
ultraviolet absorptlon soectra at varlous ph values N
deteomlned by Boarland and McOmle (1952) The prenaration
of only l-methylnyrlmld-Z—thlone (LXXXIV) Was requlred.'
l—Methylpyrlmld—z thlone could not be prepared frmm _ 4
1~ methyloyrlmld—W—one (LXXXV/ X and phosphorus pentasulphldec’
under a variety of conditlons,‘ranglng from reflux1ng
benzene’to’tetralin at 180°, Its synthe31s however, 

was achieved from commerclal malondlaldehyde tetra—acetal
(LXXXVII) and N—methylthiouvea\(LXXXVIII)"ln‘the presence -
of hydrochloric acid.(Adapted'from HalebandVWiliiams :;
(1915) who prepared i:,LL:Get';r'iine’lcbylpyf‘i;nid—2-'-:thioz-1e from’
acetylacetone'and~N-methylthiourea~injetbanolicbhydrocbloric
acid) | ’ ‘ -
The reactlons 1nvolved in the above preparatlons aref

'shown dladramatlcally 1n Scheme Me

¥ best preoared from 2 hydroxypyrlmidine (LXXXVI) w1th »f

dimethyl sulphate and pota351um carbonate. fv
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SCHEME M.
Pyrimidine: the L-vosition. The substances required

for the present investigation are u-mercaptopYrimidine,
u—methylmercaptopyrimidine,'lémethyipyrimid€6-thione and
l—methylpyrimid—u—thiohe. - Of these only the first was
known. It had been prepared,'and its ionization
constants and its ultraviolet absorption spectrum atf
various pH values determined by Boéfiéﬁd and Mcomie'>
(1952). The‘other compounds‘reguired,~u-methylmercapto-‘
'pyrimidine,‘l—methYlpyrimid46—thione and l—methylgyrimid-  
L-thione were prepared as described below. o o
L4-Methylmercaptopyrimidine (XC)-ﬁas’prepafed}ﬁy 

‘methylation of u—mercaptqpyrimidine'(LXXXIX) with methyl
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iodide and soéium‘hydfoxide. e 1-Methylpyr1m1d—6—th10ne
(XCII) and 1-methyloyr1mld—u-thlone (ACIV) were- prepared
from their oxygen—analobues (XCI XCIII) by reflux1ng w1th
phosphorus pentasulnhlde in pyrldlne._

The steps 1n the syntheses are shown in Scheme N._;eei“\‘
OH ‘ : o

N

- POC1 -
~ o >
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CH N, |
Y ueI/NaOd
U _ Shie -
e
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N oyridine
(xC1) (xe)
0
NH N
I k u’IG v 9_0 OLL
S NaOH
N _ ,
H _
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SECTION IIT,

DUALITATIVE AND QUANTITATIVE METHODS OF EVALUATION OF
LAUTOMERISM o ‘

Qualitative,.

The extent of tautomerism of nitrogenous heterocyclic
mercapto - compounds was fouhd to be revealed most réadily
by ultraviolet spectroscopy. Infraréd speotfoscopy was
considered unsuitable for reésons given below.r

The ultraviolet absorption spectra, in water, of
the neutral molecule and vafious ionic species of the‘
mercapto - comdound and iﬁs - and S-methyl defivatiVes
were determined. The ultraviolet absorption spectrum
of the tautomeriéable mercapto - compound was then
compared with those of thé ﬁwo forms in whiéh ﬁhé mobile
hydrogen had been replaced by an immobile methyl - group.
‘e.g. The ultraviolet absorption spectrum of the molecule
of L-mercaptopyridine (I) was compared with those of the
neutral molecule of u—methylmercaptopyridine (1I) and

l-methyloyrid-4-thione (III).
SH Slie

(1) (11) &5

The results of these comparisons are dealt with in the

"Discussion of Results" D. 67 .
The success of this method in studies of taufomerism

depends on the virtual optical tbansparency.of the methyl -
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group when attached to carbon, oxygen, nitrogen or
sulphur atoms. The following evidence supports this

assumdtion in the present studies.

1. Methyl on sulohur. Theﬁultréviolet absorpﬁion;
spectra of the molecule cf merca@toﬁenzene (1v) éndv
methylmercaptobenzene (V);iﬁ_water.aré shown in'Fig.vl;
It can be seen that the7sh0ulder‘at'275'mp inrmefcapté;
benzene has undergone only a very slight shiftbto '280~

mp in methylmercaptobenzene.

SH ‘ o SHe

(1IV) (V)

2. Methyl'on Nitrogen{ Exemination of the figures

given by Craig and Short (1945) and Turnbull (19u45)
show that the ultraviolet absorption spectra of '
2-aminoacridine cation (protoh on the ring-nitrogen
atom) (VI) in 66% aqueous methanol is almost identical‘
with that of 2—éminoacridine methobfomide (VIi).iﬁ

water.

X T
ﬁ NH

H
(vI)
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The spectral data are given in the following table.

Compound. Wmax, mu | log & max.
2-aminoacridine 2783366 ;460 1e653.2034415
(monocation) ‘
2-aminoacridine 2763;370;465 Le6034.1254:10
methobromide. '

The method of substitution of mobile hydrogen atous
with immobile methyl - groﬁps has been applied to the
qualitative étudy of.tautomerism in nitrogenoué
heterocyclic mercapto - compounds by a number éf vorkers.

Morton and Stubbs (1939) and Hasan and Hunter
(1936) studies the tautomerism of 2—mefcaptobenzo-
thiazoles; lorton and Stubbs (1939) that of 2-mercapto-
N-methylguinoline; Acheson, Burstall, Jefford and
Samson (1954) that of 5-mercaptoacridine; Boarland
and McOmie (1952) and lMarshall -and Walker‘(1951)_that‘
of 2- and u-mercaptopyrimidines; and Shugar and Fox
(1952) that of 2-thiouracil.

In the present work, no quantitative use has been
made of ultraviolet spectra for determination of thé
tautoméric ratios of the two forms at eqdilibrium. This
method has been applied by Mason (1957) to the
tautomerism of N—heteroaromatic_hydroxy - compounds
but a more'accurate method is provided by potentiometry
which was preferred for the preéeht WOrkKe
Infrared spectroscopy was noﬁ employed in the present
study of thiol-thione tautomerism in ﬁitfogehous

heterocyclic mercapto - compounds for the following
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feasdns.f”

(1) There is stlll uncertalnty concernlng the UOSltlon
of the thlocarbonyl (C S) absorptlon band..

(2) The absorption of the SH groun is weak and cank:\',: :j‘y
ea311y be masked. ; _ i

(3) The- absorptlon peak LOP the NH groun 1s not eaQ11y' ‘x'
‘1cent1fled unamblguously.r’” N |

(4) Infrared Qoectroscopy cannot bu‘used in Water, ana‘
hence the bloloclcal 1nterest of these studles would '

be nulllfied.

quantltatlve.

A ouantltatlve aOﬁroach has-beén made to the tautomerlsm
of nltrogenous heterocycllc mevcaoto - comaounds from a
study of the ionization constants. The methodgwas
developed by Ebert (1926) er“thevdéterhinatioh of
zwitterionic ratios in aminoacids. In fhé‘Dfesént
field its use has been extehded‘by dsall and Blanchard
(1@;3) (de«soribed in Cohn and Uasall 1911,3) It has
since be en applled to a study;of_tautqmerlsm ;nk

N-heteroaromatic hydroxy';zcompounds by'Tgckef aﬁdiIrvin'L;'



56

(1951), Albert and Phillips (1956) and Mason (1958) X
It has now extended to nitfogehous heterocyclic
mercapﬁo - compounds. Since the initial publication,
Albert and Barlin (1958); Jones and Kitritzky (1958)
ha&e published some data bn,2— and u—mercaptopyridine.
The derivation of the relevant expressions is as follows:
Consider L-mercaptopyridine;  the two ionization
equilibria or proton éxchangesbexhibited by U-mercapto-
pyridine are shown in Fig. 2, togéﬁhérkwith the thiol-
thione tautomerism postulated for this oompoundQ

Other resonance structures are possible but are
less significant. Only one of the possible Kekule
structures is shown f'or each species and the structures

comorising a resonance hybrid are enclosed by brackets.

N
k24

Two equations given by Mason are in error.

Touation (4), Ky =K e -1 should read K, =X, _ 4
K1 ‘ KOMe
and equation (5), Kt = 1 \ should read Kt = 1
NMe - 1 ‘ 1 -1
K K e
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The following symbols are used to represent the various
species shown in Fig. 2: QE, the non-iohized pyridthiolj;
QK, the non-ionized pyridthione Whichbis in tautomeric
equilibrium with QE; Q+, the cation formed by addition

of & proton to Qp or Qu; Q , the anion formed by removal

of a proton from & or QK.
iy

Ionization equilibria (proton exchanges) between
soecies are indicated by single arrows. . The thiol-
thione tautomerism between QE and QK is represented

by two broken arrows directly linking these'tWo forms.
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However, it should beAemphaéized that this darriés 
no implication regarding ﬁhé mechanism of the
tautomerisation (the mdst.probable mechanism of
tautomerisétion involves'the ionization stepsféhbwn,
in the upper and lower parté'of Fige 2 with the_iqnic
species Q  and o as infermediates). -

The various ioniZation equilibria can be forMuléted
in terms of the intrinsic conStants, Koo Ky K, and
Kd by the following equatibns in which parentheée$ 
represent activities. |

Considering the equiiibrium_between the cation
and the neutral molecule, the cation may lose a vroton
from either the sulphur or the ring-nitrogen atom.“The
two dissociation'constanfs are: i

K, (gh) (o) 7/ (") 2 ceeeneaea (1)

i

' + + .
Kb (H ) (QE) / ((D‘ ) Oo..o.oc.‘(Z)
Likewise each of the two forms (thiol and thione) may
lose a hydrogen ion to form the anion and the two

dissociation constants are:

k= @ @) /(g e (3)

C

K, = (EY () 7/ (qp) e ()

The constants Ka’ Kb’ Kc and Kd qannot be‘detgrmined

directly. However, two ionization constants, Kl

and K2, can be evaluated experimentally either by
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potentiometric titration or by spectrophotometry and

were found to be w1dely separated.
The constants, Ki and K2, are defined and are "
felated to the intrinsic constants as .

@ (ot @) /@) = B tE ()

i

Ky

K

, = (7" (&~ ) / (QE + QK) = (x, x Ky / (K, K g)+(6)
The tautomerlc equlllbrium between the thlol and thlone‘
(QE and QK) can be described in terms of the constant

K

t ‘ B S
= 3 = - = . . ‘
In determining the ionization constants'f' '
ootentiometrically it is assumed that the equlllbrlum

between the tautomerlc forms Qﬁ and QK is 1nstantaneous.;‘

~and independent of pH. This appears to be the case
with the compounds examined because no drifts were
observed during potentiometric titration, Kt can there-

fore be assumed to be a true constant.
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With these assumotions, ionization constants K.can
be evaluated as outlined in thed”Experimental".

The two ionization cqnetantsvof y-mercaptopyridine
can also be evaluated speetrophotometrically in as
much as non-ionized u-mercaptopyridine and the two
ionized species, Q° and @, have‘distinct,and

characteristic absorption’SQectra. Presumably the two

% These classical ionization constants are evaluated
in terms of concentrations rather than activities.

The thermodynamic ionization constant and the classical

ionization constant (as determined using concentrations)

are Pelated approximately by the equation

K, (thermodynamlc) = oK (as determined) +O 5'Jr

where I is the ionic strength at half -

neutralisation, Albert and Phillips (1956) haveﬂ
calculated the following corrections for conversion
of the pKa (as depermined) to the pKa (thermodynamic):
An acid titrated at the following molarities should
have the guantities in parenthesis added to the DK
values as determined: O 05 molar (0.08); 0.02 molar
(0.05); 0.01 molar (0.03); 0.002 molar (0.02);
0.0QOB molar (0.0l). For bases, these quentities

are subtracted.




61
tautomers,'QE and QK’ differ'in aosorption sPect?a? o
but there appears to be no'satiafacﬁory'orooedufen o
for obtaining the characteristic. absorotlon of each
1nd1vidual tautomer since it must be assumed - that both‘
are present in the equilibriam mixture at all>times; ja
With the additional aseumoﬁion that K, is a true. |
constant (fallure of the valldlty of thls aeeampoion'
would become aooarent Ln dev1atlon of the expefihentai
-data from the theoretloal relatlonshlps employed),_-
the ionization constants can be evaluated soectro-’
photonetrically at selected Wavelengths in buffered
solutions (of known pH)4of u—mercaotooyridine. The
ionization constants have: essentlally the 31gnif1cance
of equations (5) and (6) With the exceotion that the
1onizatlon constants are expressed in terms of“

and @

. +
concentrations of the eoecies Y QK’ Q

rather than activitles.

The procedure for evaloating the:ionization
constants is.outlined in thejExpefimenta1 section and
is similar to that of Irvin and IP&in (1947, 19&8).

If in addition~to.Kl and Kz,?the vaiue of any one’

of the four constants K_, K, K, or K, is known, the

value of the other three‘may be determined‘ Although

it is not possible to determine the ionization constant
of either of the two tautomers,~it‘is’pOSSible"to

determine the cationic lonization constants of their
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respective derivatives where the mobile hydrogen has
been substituted by an immobile methyl - group{

For calculations inlﬁhe:present‘wdrk,‘the cationig'
ionization constant of thé S-methyl derivative‘(Ke) is
assuned to be equal to that of the thiol tautomer and

B o= () (4) /(@) = Ky e (8)

Equation (8), in céntpast to'earliep‘equatiohs Which
are exact, is apﬁroximaté. kby | bjkwrg

That this is a reasonabie asSumpﬁion\iSJSupported
by the following evidence.

The pKa values given by Hallband Sprinkle (1932)
for aniline, o-, m-, p-methoxyaniline are respectively
4458, LeL49, 4.20 and 5.29. Invm4methoxyanilihe,vonly
the inductive effect (-I) is operating, and it is4base ‘
weakeﬁiﬁg. The othér‘isomers show the opposed
influences of the -I and the (base - strengthening)
mesomeric effect (+M). The pK_ values given by Kuhn
(1928) for o-, m-, and Q#hydroxyanilihe afe réépectively
u.72,‘u;l7 and 5;50. Comparison of the gfdebivatives
shows that the inductive effect of methoxyl;and
hydroxyl - groups are identicaliand this has been
demonstrated with acids by Dippy (1939) e.g. u;OQ and
4.08 respectively for the pKa vaLﬁes of @—méthoxy->and
m—hydroxy-benzoic‘acid;' Inspection of‘thé’Values fop.
the o- and p-isomers reVeais thatbthe fM effécté of |

methoxyl- and hydroxyl - groups are Very similar, that
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of the hydroxyl - group belng somewhat greater. The

maximum dlfierence between the ionlzatlon constants
of the hydroxy - and methoxy—anlllnes is O. 23 unlts.
Figures are not avallable for the sz of mercapto—,
and methylmercaoto—anlllnes out it is expectedvthat
they would follow: anorox1mately the relatlonehlps of

their oxygen - analogues..

However, the dipole moments given by Lumbroso andf

Marschalk - (1952) rfor phenol and anisole are 1. 60 and

1.28D reSJectlvely and for mercaptobenzene and methyl—

mercaotobenzene 1. 19 and 1. 38D resnectlvely. The .

difference in dlnole moment between phenol and anlsole o

(O 32D) is greater than that between mercantobenzene :

and methylmercaptobenzene (0.19D). On thls basis onee

would not expect the maximum difference in pK between

the mercapto- and methylmercapto-anilines to exceed

that of their oxygen - analogues i.e. 0.23 units. The

assumption then that the pK of u—methylmercaotopyridlne

is eoual to that of the thlol - tautomer does not
appear unreasonable and even 1f thlsﬁassumptionvls in
error to the extent of O.231units the or der of the
tautomeric ratio ealculatedfas shown below is not

significantly altered.
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From the equations givenléboVé it can be derived

that:

I\'e
| and K, = antilog (pKe - pKl) - 1 )
= antilog (pK S-methyl - pkK mer*c‘aptan)wv_.:_l" ,‘.‘.76(9)
Similarly it can be derived that: PRI ‘

—%~ = antilog (pK N-methyl ~ oK mercaptan> -1 ...(10)

ch

of these, equation (9) is by far the more serviceable.
Bouation (10) loses in accuracy because the difféfences are
smell in the present study and the error in the
determinétion of the ionization constant s bechesA
significant. The assumption in the derivafion of

(10) that the pK of the thione tautomer is equal to

that of the N—methji_derivative is probably less

justified than t hat invéivihg-the thiol tautomer and

the S—ﬁethyl deniVative.: | | o

Eguation (9) (deriﬁed on the assumstion that the
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pK of the thiol tautomer is equal to that of its
S-methyl derivative) was ﬁhefefore selected to calculate
the tautomeric ratios because'the differences in pK
used in the expression abe,éonSidérable and do not
suffer greatly from small inaccuracies of determination
or of the assumontion.

The equations derived above for uémercaptoﬁyridine
may be applied to the othér mercapnto —‘compbunds
studied. Possibleexceptions are given below..‘

(1) VWhen the mercapto - group is %ftb the fing—nitrogeh,
e« g» 2-mercaptopyridine, the methyl derivativéé'(VIiI)

and (IX)»were examined.

. l N
e
(VIII) (1x)

In (VIII) it is possible that steric hinderance by
the methyl - group will effect the pK of the thione
tautomer of the mercapto - cdmpound. On the other
hand it is most unlikely that steric hinderance in:i
(IX) by the methyl - group will effect the pK of the
thiol tautomer, which it is taken to represent.

Fortunately the exclusive use of the equation (9)
in the nresent work means’that the oK of the N-methyl
derivative is th required for caléulatioﬁ of the

tautomeric ratios.
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(2) In one case however, that of 8-mercaptoquinolin%
steric hindrance may be interfefing. In (X) a
naturally - existing hydrogen bond becomes imgossible
after methylations. |

- This could make the methylmercapto - compduhd a
stronger base than the true thiol tautomer because
hydrogen ions would have easier access to the methyl—
mercaptb - comoound. Thus the tautomeric ratio of
thione to thiOlvforms Obtéined from 8~mercaptoguinoline

may be slightly too large.

rd
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SEGDION IV

DISCUSSION oF RESULTS.

Ultraviolet Absogptlon Spectra.

Summary. A study of the ultrav1olet absorption"
spectra of nltrogenous hetero-cyclic mercapto = '
compounds and thelr N-'and S—methyl derlvatlves has
given a clear denonstratlon that .1n aqueous ‘1
solution the tautomerlc forms of the mercapto -
comoound with the moblle hydrogen atom on nltrogen,
are favoured over those with hydrogen,on sulphur
i.e., the thicamide form e.g. (I) or zwitterionic

form e.g. (11) is preferred.

H o : S N

O € 2 9] |
The ratio of NH tautomer to SH tautomer is even
higher than the ratié of' NH formvto OH form found
for the corresmonding hydroxy - compound by Albert
and Phillips (1956) and Mason (1957). |

Ultrav1olet absorption spectra_haﬁe beeh} :

obtained in aqueoué solution for the-néutral moiecule
and varlouo 1onlc sp601es of some mercapto - | |
compounds (and thelr N- and S-methyl derlvatlves)
of pyridine, qulnoline,viggqulnollne,=pyrazlne,

quinoxaline and oyrimidine.
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‘Tbese spectra are given in Table l together
With ﬁhe pH of the'aqﬁeous‘solution in Which the
spectrum was deﬁerminéd. (The Spectra,were‘
determined at leastﬁZ»pH units away from the.
relevant pK value (given iﬁ'Table 2) unless’the'f
nearness of two pK% made ﬁhis impbssible, in whiéh
case the isoelectric point was chosen).‘i |
The diaza -- compounds (examples havé been ¢ﬁqsen with
one ring-nitrogen atom}aﬁto the mercapto -1group'and
the other o, & or'inja n§n-conjugated éosition),have
been found to exiét in the thioamide form with the

‘mobile hydrogen favouring the nearer ring-nitrogen.



Ultraviolet speétra of substances (in water at 200).

| Table le Values uvniderlined reisr to shoulders or inflexions.
Heutral molecule or zwitterion . Prozggt%ii?ed Pro?gﬁié?§t

No. Substance. Mnax.(%p) log & oH \inax (@p) log pﬂﬁ)max (@p) log£ d oH
PART 1 (ONZ RILG NITROGELN. )

2 2=-lercaptopyridine |273;3u5 u;03;3.87 u.7. 2383302 3¢ 7933.94L -3,61 2643310 11+103 %467 12.¢
3 N-methyl 27030l 1.01;3.91 7.0 | 2403301 Ze 7633096 -%.6

i S-methyl 2173293 34913 3.62 6.0 | 2503317 3¢ 3633.90 1.0

5 %-lercaptopyridine [2323;290;362  L.15;4.093;3.37 5.1} 221;255;310 4.06;3.89;3.50 O 21932693313 32.99;3;4.13;3;3.41 10.C
6 H-methyl 2363290 ;%69 u.l?;u.O?;B.Bu 7.0 | 22032583314  1.07;3%.86;%.u5 0

7 S-inethyl 2533294 3;94;5.q0 9.0 | 228;268;328  14.01;3.94;3.1t5 1.0

3 L-ilercantonyridine {231;275:;327 1.02;3.12;4.34  L.7 | 223;282 ‘3.90;4.23 -1.68 222;287 e Oly3i1e 18 12.¢
9 li=methyl 23132 5;335 5839 33%.05;1L. 37 7.0 | 2243236 509054629 -0.90 |
10 S-imethyl 264 lte 10 9.0 | 229;299 2.9l ;0428 2.0
12 2-‘ercantocuinoline |275;376 Le?530.10 7.0 g§9;261;3u2 Lellsite 3530011 -9.5"267,_21;35u lle 273 e U364 3.9 124C
13 l=methyl 2743371 e 38 31a10 7.0 | 2373;260;338+ 0.063U.3030.13+ =4,0

345 Lel3

1 S-methyl 2573338 e 36334832 ls 0

7.0

21032663353

141eO073l1e 203!




Table 1 (continued)

P. (V

15
16

17

l-methyl

S=methyl

n-iercaptoguinoline:

H=methyl

S=methyl

5-ilercantoquinoline

N=iiethyl

S=methyl

6-ilercaptoguinoline

3-ilercantoguinoline. 224;264;289;

‘308;u16

22143202;3267;

29233113426

2313;258;290;
3u2

2273;200;26L;
303+3113330

227;240;268;
305+317;392

2273312

2511;278;322;
163

258;281;320;
4@6
20933113320+
332

220;21u5;283;
3223430

Lels03ie 33344093
359375 5U

lle 3534020544265
0e033%.91;33650
Be3230e2833472;
3.62

LeltB 300153534503
3¢57+3e50311e 19

LBellh3116 07330353

Le53;e0U

34358 .
hellj;le23;3%435;
3453
Ue2U353.52;3.50+
3456

lie 305 11e 18 5114 263
-’20 28;30 32

9.5

He22

2u1;2§5;325§
| 357

| |
| 2445270532l ;

358

2n4+253%;2530;
i 326;382

2393286;320+

333
2003299320+
334
23832503307
238;259;3513;
3233373
2003260;312;
3253375
2Ul13266;316;
001 '
261;324;356

11650334 QlL 33452
3. 62 |

1e3953. 30534615

3456

u.35+a.§z; 9L

—

235052400

e 573346334, 00+
lte 00 :

e 363353 ;14 00+
399

1.523;3.9630.17

—
e

LeO23Ue30 355, Lit;
3¢ 149336 39

3:973L.2353.53;

36033007

g-%ﬁsu.z9;3.03;
Jell

1.5033.563;3.57

-1.68 263;293;3

-Us 13\

o
1225325037

“'2. Ol

1.0

-1.63 2603374

1.0

03

e BL311e 0235466 Gl

VLLY lle }-l(; ;}J.o 0 ) ;“—. QLI- 130

e JU;He52; 13.




Tavle 1 (continued).

p-TL

25

26

28

N
(@]

N
e

Ul
nNo

Ul
Ul

l-=methyl

S-methyl

3-ilercantoquinoline

S-methyl

l-levcadntoiso-

cuinoline

HN=methyl

S=methyl

S=tlercaptoiso-

auinoline

S—methyl

218 2933330;
| unb

25052583343

2513;280;323;
161

e t33/1e 553 3. 6l ;
30 98

Lo LL“.;LL. 2/.1.;50 L'-?

Be 3113500935977
‘)o /l, 7' 25

9.0

e lt
5.0

261133273365

229;3272;254;
3163357

23332713283

i 3473 .)‘DO

Le5L;3.61;5.50

LLe3931.08; “__Z
_)072, 3

Le2l; u.lj,}. 1:
3,0),? 16

He5L3l,0l; .31y

%.30. Je )8

[O)Y

Q.53;3.?u;%. 5
30‘30;5. \32

Lo WO Fla il 334 813
“.002+D' OL‘-, )'O )+

3093

, - -
Helt233453;5.61

1.0
o
-2.01.2.6%;375 e 2832455 12.
0
|
|
~114 20 2_-)':); ( 1.2’:)\-)> 5 . (Jo _j}l/ s 1_:)0 L
51:%;:552 e 7,_ . )9
~l1e 20
-“.JO ))—2 /‘\)w’) 6 /.?.. }LZ)); . { s 1200
S22
1.0



Tanle 1 (conulnuuu) P- 72

i i e

2 (00 RING WIPROGSIS) ; !
2-llercantonyrazine ? 2732793332  3.533;1.09;3.82 3.u8§260;291;u48 2001504103361 =2.95:226;5270;53ul  3.7230.05;3.70 9,2
H=-methyl !222;279;375 5e5630.07;3.31 7.0 126052015435  3.50;04.17;3.60 =2,95,
S-methyl j251 7003322 3.89:3.513;3.73 7.0 23832673359  3.7L33.03;3.58 =2.35
2-llercanto- 3230 3355007 0.2952,0034.07  Le3 29153705483 0e3933.30353.08  —0.20:250:2705756 1,053022;33.95 12,0
quinoxzaline 3 L
§(1)-methyl 273333535399 Ue32;2sU7;108 7.0 (28953653472 Len037.03:7.91 -ha20
| f ;
S-methyl 121132653 361 LelG3hel033. 00 7e5 25632753397  143233.95335.93 -2,01:
i ' P i
2-ilcrcapto- [278;3u6 Le33354042 e9 1203352353378 3.3734.51;%.1% C.C 2313270 Do 003 le 23 15,0
nyrinidine i :
H=mathyl 12795300 e 263354115 9.0 {283;373 LeBl;3e1l ~-2.95.
- } _ i .
S—methyl ¢ 1250 Lel2 5.9312104535255;310 3.39;4.1633.54 0.0 |
L-liercapto- | 2853327 1.0333.91 a5 1306 l1e 30 0.0 2Cz-y Ul 13,0
pyrimicdine - f i
1i(3)-methyl 12373322 e 03335, 91 7+15: 500 .23 -2.95
W(1)=-m=thyl 228 lie33 7.0 309 L2l -2.01
S—methvl 2573279 33533, 91 7.0 2213302 Delt3e 23 040
S | - SNSRI | - - 1 ——- <4
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Notes on Table 1.

a. DH values below O have been 05taihed in‘séiuﬁibns
of sulphuric acid to which'Hwnmett's acidity functions
havé been assigned. | |
b. Spectrum of cation in agréement Wi£h.that reported

by Mangini and Passerini, Gazzetta, (1951, 54, 36.

Ce McOmie and Boafland, Je Chem, Soc.,Kl959,'§716.;

de The basic p%iof u-methyle-methylmercaptopyrimidine

given by Marshall and Walkeb J. Chem. Soc., (1951), 1004

is 1.95.
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DE FINI ION OF "SIMILAR"

In the follow1ng dlscu381on of spectra, the term

"similar" when used in comparlng spectra 1molles that the
spectra have the same nuMber of dbsorption max1ma and
inflexions (a little varlatlon of fine structure is
permitted). The maximum tolerance allowed for “the
logarithm of the extlnctlon;coefflclent,ls O.ZQ.; ‘The
tolerances alloWed for the wavelength (Which'are.greateb
for the,longer‘wavelengths:to ellow.for ﬁhe broader,_

absorptionlregions) are shown below.

Wavelength mp Tolerance mpu
220 - 300
300 - 350 | 6
350 - 400 | 8
oo - 500 | 15

Monoaza-heterocyclic compounds.

Neutral Molecules.

The ultraviolet absorptlon spectra are shown in
Fig. 3 for the molecules of 3—merca0topyr1d1ne and
3-methylmercaptopyr1d1ne (I1II, R H) (at such pH values
as to exclude any of the ionic spe01es) together with

3-mercaptopyridine methochloride (V) adjusted in.solution

to a pH (see.pKain Table 2):where it had loet the elements
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of hydrogen cnlorlde and was entlrely the zw1tterion

(IvV; R = Me), Fig. 3 shows quite clearly the 31m11arity_
in the spectrum of B—mercantonyrldlne to that of its N-
methyl dewivative, and the difference from that of the

S-methyl der1vat1ve.

SR
8
_ Me Gl
(I11) (V)

The two tamtomeric formslef 3¥mercaotopyridine.areb>
(I1T, R = H) and (IV, R = H). It is evident from the
above- that of these, the zwitterion (Iv, R = h) is
preferred to the thiol (III, R ;H) in agueous solutioﬁ,b
When the mercapto - growp is «Cor ¥ to a ring-nitrogen
atom, a third tantomeric form, the thioamide form

(esege VI, R = E) is.possible. It isvevident that |
VI, R =H)and (VIII,R = H)are likely to be.canonical forms
of a single resonance hybrid. : |
The spectra of the neutral‘moleculesbef u—mePCapteQQinOline
and its N- and S-methyl derivatives are shown iﬁ’Fig; Le.
It can be seen that the specfrum’of u—mercapteouinolihe’is
similar to that of the N—Methyl defivatiVeie (1—methyl~
quinol-y-thione;(VI, R = Me)) Even the smallest
characteristics of the spectrum of the’ N—methyl der1vat1vel
are retraced in the soectrum of the mercapto - comoound

although, there are small. varlatlons 1n the wavelengths of;;-
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the absorotlon maxima. - The\eﬁectrum of u;ﬁéfoebﬁo;: |
guinoline 1s qulte dlfferent from that of’ the S-methylﬁfne-”,‘
derivative (VII, R = Me ) the long -‘wavelength
absorption band of the latter belng at oon31derably

shorter wavelengths than in the mercapto—comoound.

(VI) o (VII) PR RRRET (VIII)
It is ev1dent from this snectrosooplc ev1dence that

u-mercaptoqulnollne ex1sts.1n aqueous'solution-predomlnately“
with the mobile hydrogen atom on the ringfnitrogenVrathefﬂ.
than on the-sulphur;‘ | |
Bxanining the situation more broadly it may be seen
from the ultraviolet absorptioh'sbeotra given’in(Table i
Part 1 (for monoaza—heﬁérocyélic'comoounds) thaf; fof é
partlcular mercapto - compound %, the specﬁré ofvthev
molecule of the mercapto - compound and the N—methyl
derivative are similar. On the other hand the specura:‘
of the molecules of the mercapto- comoound and the S—methyle
derivative are quite d;fferent, in_that the 1ong wavelepgth

absorption band of the S-methyl derivative lies at

% Although the spectra of,6—mefoaptoquinoline‘and,its
N-methyl derivative are notJ"Similar" by the ab0ve'SOmewhat:

rigorous definition, they agfee quite’éloseiy.



79 | |
considerably shorter Wévéléﬁgths (fangé 38—136'@ﬁ)»than :
that of the'mercabto-comnouhd. These relatlonshlps hold
1rresoect1ve of the Dositlon of the mercapto - group. 'Thév
two examoles dlscussed above are therefore tynical of the
whole series. Even in 6—mercaptoou1nollne where
considerable soatlal separatlon of charge is requlred in
theéwltterlon (IX) ‘and where the spectral agreemenh is not
good, the mobile hydrogen atom still favours the rlng—‘

nitrogen.

1x),

In two cases, 8-mercaptOQuindline and B—mercaptdlggquinoline
the N—methylrderiVative is unknown but, at least the usual
difference:'between the spectra of the mercapto - compoundl
and the S-methyl derivative was observed. - These results
contrast with those for hydroxy - compounds which have

been determined by Mason (1957). He found that
tantomerism of hydroxy—quinolines and‘—iﬁgquinolines'wiﬁhb
the hydroxyl - group olor Y to the,fing—nitrogen atom
favours the NE tautome, but when the hydréxyl'-rgroup is
neither c<'nor"5/to the rihg-nitrogen, the OH?Ttautomer is
preferred. Metzler and Snell (1955) have also shoWn byk o
ultraviolet spectroscopy thatvjfhydfoiypyridiﬁé ekiéts
equally as the enol aﬁd‘zWitterioni¢>forms in neutral -

agqueous solution.



The;present observations”X-ShoW thatlisbiateaifn
previous obsérnations ap¢,pa££ Of a,genefal_battéfh;lll
For example: _ |  ?Hv v ‘ N ‘Y |
(1) Acheson, Burstall Jefford and Sanson (1954)

compared the ultrav1olet absorpt1on spectra of

5= mercaptoacrldlne and 1ts N— and S-methyl derlvatlveseffv

in methanol and found a close resemblance between
spectra of the mercapto -.combound and the N-methyl
‘derlvatlve but no resemblance to that of ‘the S5~ methyl
derlvatlve. |

(2) Morton and Stubbs (1939) found ‘that the ultrav1olet
absorption spectra of u-methyl-2—mercaptoou1n011ne
and its S—methyl derlvatlve in alcohol1c solutlon are

quite dlfferent.

% After the results reported here ‘had been obualned and,

in part, Dub11shed (Albert and Barlln, 1958), Jones and

Katritzky (1958) Dubllshed some results on the tautomerism :

of 2- and u-mercaptopyrldine 1n~aqueous solution. They
compared the ionization constantsvand ultraViolet
absorption spectra of the'mereantob- oomooundlwith'iﬁs
N-methyl and.S—benzyl derlvatives and arrived at the

same conclu51ons as found 1n the present study.
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Examination of the ultraviolet absorptionHSPectra
of the molecule of the mercapto —'compound given,in Table -
1 Part 1 shows that the mercapto - compounds with the
mercapto - group P to thé riﬁg—nitrogen or in the
a@joining benzene ring'inVariably absorb at a longer
wavelength than those in which fhe meréapto - group is
= or Z/to the ring—nitrogen atom. It seemé like1y fhat
the first group of com@oﬁnds absorb atllonger Wavelengths
due to the preponderancefof the zwitterionic fdrm € Lo
(11). On the other hand, the mercapto - compoﬁndslwith
the mercapto = groprXfor X/tofthe ring—nitrogén, have
structures modified by (ob even pfedominately) the thioamide
chponent of the resonance hybrid and the absofptiqn‘at.
shorter wavelengths is most likely ﬁokbe an expression of
this difference in electronic distfibution.‘

It can also be seen from Table 1 ?art 1 that the
spectrum of B-mefoaptoquinoline at long - anelengths is
almost identical with that of the b-isomer.

Cationse. Fig. 5 shows the ultraviolet absorption spectra
of the cations of u—mercaptoquinoline and ité - and S-
. methyl derivatives. All three compounds should give a

cation e.g. (X) with similar spectra.

SR

(%) - | | (X1)
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It is seen from Fig. 5 that the spectra of thé.
cations of u—mercaptoquino;ine and its N-methyl
derivative are "similar!" but the spectra of the mercapto -
comoound and the S-methyl derivative are not "similar"
(as rigidly defined on p. 74 ). The long - wavelength
absorption maximum exceeds thé limits of similarity by
8 @p but it way well be that S-methylation is mofe |
bathochromic in a cation than in a neutral moiecgle’
(see p.52 for the effect of S-methylation én the spectrum
of mercastobenzene). |

Inspection of Table 1 Part 1 shows the similarity
of the spectra of the cations of the mercapto - compound
and the N-methyl derivative and the»difference of the
spectra of the cation of the mercapto - compound and the
S—méthyl derivative,xl

It is also scen from Table 1 Part 1 that the long -
wavelength absorption‘band of the molecule of the mercapto -
compound and its N-methyl derivative recede to shorter
wavelengths on COHVGFSiOn’ihtO the.cation, however, whén

the molecule of the S-methyl derivative is converted into

~r

* The differences are sometimes small €.g. the cations
ofjrmercapto;§gquinoline and its S-methyl derivative;
and the spectra of the cations of 8—mercaptoquinoline
and its S-methyl derivative are "similaf" (as defined on

De T )



8L
the cation, the long - wavelength absorptibn band
undergoes a bathochromic shift to longer Wavelengths
(eege the absorption peak of 2-mercaptooyr1d1ne at 3&5
my. shifts to 302 mp, and the absorptlon.peak of
l-methylopyrid-2-thione at 34l mp. shifts to 301 qp, but:
the absorption peak of 2—methylmercaptopyridineyéﬁx293
uhE shifts to 317 mp, on conversion of,the»moleéﬁléﬁinto
the cation). This élearly demonstrates thexsiﬁilar
structures of the mercapto -ydompound and_the‘ﬁémethyl
derivative.

The marked hypsochromic shift shown by the mercapto:-
comdounds when converted from the molecule into the caﬁion
br anion has also been noted by Hannan, Lieblich, and
Renfrew (1949) with substituted 2- and u—merqaptbquinolinesX
The authors also noted the bathochromic shift shpwn by the
S-alkyl derivatives on passing from the molecule to cation.
Anionse. Exaninatiop of Table 1 Part 1 shows,thaﬁ
conversion of the molecule of the mercapto - compdund'into
the anion moves the long - wavelength absorptioh peak of:
the molecule to shorter Wavelengths (as is‘also the‘case
for the cation, see above)‘ The spectra of the molecule
of u—metnylmercaotooulnol1ne and the anion of u—mercapto—

gquinoline are shown in Fig. 6. ‘The hypsochromic shift

% A similar obsérvation'was made by Tucker and Irvin
(1951) for uy-hydroxyquinoline and its N- and O—methyl

derivatives. (see Albert and Phillips (1956)for.pK values).
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observed on conversion of a molecule to the apion (e.g.
o] mp for the long - wavelgngth absorption band of |
u—mercaptqquinoline) is not as great as observed on
conversion of a molecule into the cation (e,g.551 qp
for the long - wavelength absorption band of L-mercanto-
guinoline). It has been found that the spectrum of
mercaptobenzene (XI, which cannot exist in a thione form)'
undergoes a bathochromic shift on conversion of the
molecule into the anion and the spectra are shown in Fig.
1 %, Henée the éontrast between mercaptobenzené:and the
heterocyclic mercapto - compounds is additional evidence
against a thiol structure for the‘neuﬁral molecule of the
heterocyclic - compound. |

The speétra of an ahion éhd the.correSPondiné éétién

are quite different],

~r

% Similar bathochromic shifts were observed by Doub
and Vandenbelt (1947) when phenol is converted tb'its‘

anione.

1‘ Jones and Katritzky (1958) incorrectly report.i
analogous spectra for the anion and cation of both 2- and
n-mercaptopyridine and conclude that both species have

similar < -electron distrivutionse.



87

Diaza - hetcrocyclic comoounds.

Neutral molecules. The ultraviolet absorption spectra

of the neutral molecules of some diaza - heterocyclic

mercapto - compounds and'their N- and S-methyl defiVatives

are presented in Table 1 Part 2. It can be seen in each
case that there is a very élose>resemblanCe between ﬁhe
spectra of the mercapto —'compdund and'a Nf methyli
derivative and a diffefénce from that of its S-méﬁhyl
dervivative. This clearly;indicates the thione stfuCturé
of the mercapto - compound. " The long - wavelength

absorption band of the S-methyl derivative is invariably

at a shorter wavelength than that of either the mercapto -

compound or its N-methyl derivativelg. - |

In diaza - heteroéyclic’mercapto - coﬁpbunds, the
mobile hydrogen atom may bééupy one of two alternative
oositions on ring-nitrogen atoms.

In 2-mercaptopyrimidine both positions‘arevidéntical
but in 4-mercaptopyrimidine (XIV; R = H) they are not.
The spectra of u—mercaptopyrimidine énd its‘Né‘ahd
S-methyl derivatives are‘shown in Fig. 7. The épeétrum
of the molecuie reported by McOmie and;Boarland'(1952)
is similar to that of 1-methy1pyrimid—6éthione‘(XII; R=H)

but different to that of.l—méthylpyrimid-u-thiong-’

(XIII; R = H) and u—méthy}mercéptopyrimidine_(XIV; R':,Me)j;-
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II) A (XI11) = (XIVS_‘

This clearly indicates that the structure(XII, R =,@;_
with the mobile hydrogen'atomvon the nearerering-nitrqgeng
is preferred. It is interesting that‘BroWn, Hoergef’

and lason (1955) found this isbaisb the §ﬁeferred
orientation in the hydroxy—enalogde; u—hydroxypyrimidihe;'
Examination of the spectra of~2-mefeaptopyrazihef(Xv; R=H) .
and its N(1)- and S-methyl defivatives elearly'iﬁdieatesf

th

0]

similarity in structw e of the mercapto - compound
and the N(1)-methyl derivati&e,’but these are quite
different from the S—methyljderivative.

The N(u)-methyloyrazine derivative was not prepared fof
the following reasons. |

(1) Mason (1957) has found that in diaze - compounds’with
one ring-nitrogen atom either o or tho’the'hydrexyl o
group and the other in a noh - conjugated DOSition €e e
(XVI, R = H), the structure with the hydrogen on the
conjugated nitrogen is favoured. Thls is understandablev
from the extra resonance energy.ava;lable to the‘ O
zwitterion with the proton on N(1), through the amide

structure (XVII, R = H). ,The.zwitterioﬁfheweveflwithe



OR - 0
'!\Q‘ v
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(XV) (XvI)

(XVII)

the proton on N(u) enjoys no such fesonance,

(2) The similarity of the épe§tra’of the N(l)—methyl-“
derivative to that of the mefdapto —vcompoupd.' .
Cations. The ultraviolet absorpﬁion spectra of the
cations of somé diaza - heterocyclic mercapto - compounds
and their N- and S-methyl derivatives are presented'in
Table 1 Part 2. As cbserved with monoaza -heterocyclic
mercapto - compounds, the spectra of the cations”of,the
mercapto -~ compound and its N-methyl derivatives are
similar ¥ and are généfally‘Quite different'ffém'thét of
the S-methyl derivative. Excluding u—mercapﬁopyrimidiné
and its S-methyl deriVative,'the differences betwéen the
long - wavelength absorption maiima of the cétions of the
mercapto - compounds‘and its S—méthyl derivative are from
68 to 91 mp, with the absorption maxima of the S-méthyl

derivatives at the shorter wavelengths,. Hence it appears

= The difference in wavelength of the long - wavelength
absorotion maxima of the cations of l—mercaptoquinoxa1ine
and l-methylquinoxal-2-thione exceed the limits of

"similar™ as defined on pe 74 by 1 mp. Sl



unllkelyvthat a common. catlon.ls produced by the‘: 

mercapto - combound and its N—vand S-methyl derlvatlvee;;j”f
In contrast to the monoaza - comoounds dlscussed .

above, conversion of the molecule of ‘the mercaptO’—

compound of diaza - heterocycllc comoounds or their N—

methyl derlvatlves into- the catlons Droduced a bathochromlc

shift of the long - wavelength absorotlon band € g.

2-mercaotopyrazlne and 1ts N—methyl derlvatlve (excepting

u-mercaotopyrldlne and 1ts N—methyl derivatlves) >The |

long - wavelength absorotion band of the S methyl derlvatlves f‘

as with the monoaza - heterocycllc compounds, undergoes a

bathochromic shift on changing from molecule”ihto:cation. *

The spectra of the cations of u—mercaptopyrlmldlne
(XIV, R = H) and its N- and S-methyl derivatives are
shown in Fig. 8.  The agreementfbetween the‘sbéctna”of
the mercapto - comoound and‘both'N-methyl.derivatives” |
(XII and XIII, R = Me) is particularly olose but they are
also similar to that of the. methyl derlvatlve (RIV R_Me)
The agreement between the spectra of both N—methyl
derlvatlves and the mercapto —_comoound is orobably »
consequent on the formatlon of 51m11ar chromoohore

systems on the addition of the proton. - Thls,has;been.

% Parallel observations were‘made bynMarshell“end Walker
(1951) for some C- methyl derlvatlves of 2- mercaptooyrlmldlne

and its N- and S-methyl derlvatlves.“
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postulated for u-hydroxypyri&idihe’and itSNN;mebhjl“l
derivatives by Brown, Hoerger, and llason (l955). |
Similarityyto the S-methyl derivative may;be foftuifous.:
The long - wavelength absorption band of u-mercaoto-‘
oyrlmldlne % and both N—methyl derlvatlves moves to
shorter wavelengths on conver31on of the molecule 1nto:
the cation; that of the,S-methyl derivaﬁive moves to
longer - wavelengths as observed for. the other S—methyl
derivatives of heterocycllc mereaoto - compounds.
Anionse. The ultfaVLolet absorptlon spectra of the anlons
of some diaza - heterocyclic mercapto - comoounds are
presented in Table 1 Part 2 and the spectra‘of‘the anion
of u—mercaptoqulnolnne and the molecule of u—methyl—
mefcaptoqulnoline are Shown in Fige: 6. As in. the case
of monoaza.— heteroccyclic mercaoto - comoounds, it can
be seen that the long - wavelength absorptlon band of the
anions is at a shopter wavelength than that of the molecule
and that the spectra of the anion of‘the‘mereaoto -
compound and the mclecule of the S-methyl dérivatl?e are
quite different, It is clear from a sﬁody of the

mono - substituted derivatives (see Fig. 6) that a

% Parallel observations were’made by Marshalljand
Walker (1951) with 6- methyl-u—mercaptopyrlmldine and

its S-methyl 6er1vat1ve.




o
comparison of the spectra of the S- méthyl derlfatlve;
with that of the anion of the mercapto - comoound
cannot be used to substantlate or ellmlnate the
20ssibility of a thiol structure e.ge. Shugar and Fox‘
(1952) have attemptedvto;resolve‘the structure'of  fJf

2-thiouracil and have included this comparison.
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Ionization Constants.

The DK; values, representing protons gained by the

neutral molecule,

Monoaza — heterocyclic comooundss. The ionization

constants of the compounds examined aré expressed as
pK; values in Tablé > Part 1, Potentiometfio and
spectfophotometric.methods were employed in the
determinations and the experimental detalls are given
in Section V.

For determination of the ionization constant by
potentiometric titration, the substances in the form
of neutral molecules, e.g. (XVIII, R = H or Me) were
submitted to conditions of increasing acidity, but when
the substanée was in thevfbpm_of a salt e.g. metho-

chloride (XIX), it was submitted to decreasing acidity.

(XVIII) | (XIX) ;
The effect of different ionic strengths on the pKa

value determined by potenﬁiometric titration was also
examiﬁed. For u—methylmercaptopyridine it was found (see
."Experimental", Section V) that in solutions of potassium
chloride from O to % molar, the pK; value as determined

by potentiometric titration rose from‘5.98 to 6.48.
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Table 2. Toniz=tion of Substances (in water at 207).
e -
Proton gained Proton lost i
0e Substance oK Sp:@eac‘x“l Goncn.a pK Sppeada Conon.a snalytical
' + 1T a + LT WAV E 1oL -
() (i) () I8 navelen:th
. a2
SART 1 (O RING (iTPROCGEHI).
1 Pyridine 5.23b
2 2-liercanto -1.07 0. 06 0. 0001 9.07 0.03 0.01 a5 (pKg )
3 H=methyl -1.22 0.09 0, 0001 ALl
M S-methyl 3,62 0.02 0.01
5 F=ilercanto 2.28 O.ClL 0.005 7.01 0.03 O QU5
6 li=neshyl 2.27 0.06 0.005
7 S-nmethyl lte 115 Ol 0u 0.01
/
3 n-lercanto 1.43 0.07 e VLOI25 3.83 0.02 0.01 %27 (pKa )
9 H-methyl 1.30%  o0.0n  0.05
10 S—methyl 5.97 0. 0L 0.01
11 Juinoline 1. 93%¢




Pable 2 (continued)

2-liercapto -

H-methyl
S-methyl
3=liercanto
li-methyl
S=methyl
L-ilercanto
N=mzthyl
S—-inethyl
5=llercapto
W-methyl
S=methyl

b-liercanto

0.09
0.1

0.05
0.05
0.07
0.03
0.05
0.09
0.03

0.0001
0.00u0125
0.00C05
U,.,000025
0, 000025
0.000025
0.080025
0. 000025
C. 000025
0. 000025
0. 000025
0.000025

0., 000025

10.21

3.33

Gelt8

0.0U

O. 02

0.07

OQ O\)\z\l N

0, 002025

0.000025

0. 000025

O . \/\\_"»-):)25

%92

-

349

37u(0K,)

nO5(pK, ) ana (9K, )

/

and (pKﬂ J

252 (pX_ ) snd 24l
i
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Pable 2 (continued) p. 98

25 Li=methyl 4,12 0.03 0. 000025 Lnb
26 S—-methyl lte 75 0e95 0, 000025 272

27 A-ilercanto 2,05 0.0L 0., 000025 3429 0.03 0. 000025 280( vk ) and (:
. o

G

k')

e e e et e = e o e ey

28 o S-methyl 13450 0,01 0. 000025 25]
29 isofuinoline 95.u6c
i 30 l-iiercanto i=1.9 0.1%. - 0,000025 10.82 0e0n 0. 000025 BBO(qu) and. (pK: ;

Ll
=

Ul
N

{

{
l-methyl -2.13  0.08 0,000025 320
S-methyl %

3.93 0,02 0,000025 362
(

i 33 3-uercapto ! 0.’)9 0.06 0.0’J\JJ25 Be53 0.04 0. 000025 LL16 «I‘r) anc ()I\"_I‘L )
i [ I
34 S-methyl C 3.1 0,00 0.000025 | 37
i : L

PART 2 (TWO RING NITROGILIS)
10.6° - |

35 2-ilercapto ;-0.73 0.1 0., 000025

Pyrazine

a
0.03 04005 ' 282(nK

(o))
°
(&
N

36 l-methyl —0.n5 0.1 0.000025




Tabl~ 2 (continued) P- 99
37 S-methyl 0e48 0.06 0.000025 3
Quinoxaline 0.56°
33 o-liercanto -1.11F 7.72€
39 11(1)-methyl
40 S-methyl 0.26%
Pyrimidine . Z.Ob
oul o-ilercanto 1.30 7.2h
: u2 N-methyl 1.66 0.02 0.000025 BN
u3 S=nethyl
; Ll L-ilercanto ; 173 6. 70
§ u5 N(3)=-methyl é 0.56 0.03 0. 000025 Oy
g u6 #(1j-methyl f 1.16 0.01 0.000025 3
‘ uy S-methyl g 2.48 0.02 ~ 0.05
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Notes,for'Table'Q.

‘a, These results are given only for new deterninations.

b. Albert, Goldscre,and Phillips, J. Chem. Soc., (1948),

2240,

¢. Albert and Phillips J. Cherm SOC., (1956) i29u.
ds Thermodynamlc.
€. An. entry in this oolumn means that the determlnatlon

was soectr050001c (otherw1se Dotentlometrlc)

f. Cheeseman, Je uhem.Soc., (1958), 108.
g« Determined in 5065 ethanol by Cheesemah,‘ A

J. Chem. Soc., (1958), 108.

h. Boarland and licOmie, J. Chem.Soc., (1952), 3716.

je 'The basic pKa‘of 6—methyl;u~Mercaptbpyrimidine,.

given by liarshall and Valker, J. Chemn, Soc., (1951),
100 is 1.8, | | |
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Although the pK; as detennined'by~pqtentiometric

titration is effected by ionic strength, the small 

variations which would be encounted in the.?resenﬁbstudy‘ f-’“
are no£ considered significant. Low éK; Valués
correspond to,wéak bases. _ | | }

It is seen from Table 2 P'afti 1 that the pK; "
values of each mercapto - compound and its N—mefhyl ‘ 
derivative are . very neap,and‘qgite différént{ from £hat’ ‘ '
of iﬁs S—methylrderivative. " The pK;_ valués df the
N~ and S-methyl derivatives are more widely separated
when the mercapto - group is efor ¥ to the riné-nitrbgen
atom; and closer together when a thioamide form is not
possible (mercapto - groupiattaohedkto the pyridihe
nucleus), or is in an adjacent benzéne ring. |

The results substantiate what has already been shown
above with ultraviolet spectra, i.e. thatvthe tautomeric
equilibrium in the mercapto -~ compounds Favours forms
which have thé mobile hydrogen atom bn the ring—nitrogen,

Compariéonbof the resulfs given in Tablé‘Z’Part 1 ‘L
with those given by Albert and Phillips (1956) and Mason
(1957) for the corresponding hydroxy - compounds‘shows |
that the mercapto - compounds are’from 0.7 to 3.0 pK
units weaker as bases than their‘hydroxy - analogues.

The two series prescrve much the sahe order of basic-
strength, the l-isoouinoline derivative beiﬂg the'Wéakéét

base in each, followed by the 2-quinoline and 2-pyridine
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derivatives. The N-methyl derivatives of-the mercapto -
and hydroxy - series also differ within éimilar limits.
On the other hand the 5- and the O-methyl derivatives
differ by very little (e.g. the pK_ range.for:,pK;
O-methyl - DK S-methyl is -0.3L to 0.88).  This last
observation accords with the knowledge that the inductive
effects of the methylmercéptb - and methoxy_f.groups~are
similar and the mesomeric effects are not gréétly
different in the benzene-series e.g.-Bordweli-and:Cooper
(1952) and Hall and Sprinkle (1932_) give the following

pggvalues; aniline (4.58); m-met hylmercaptoaniline

(4.05), m—methoxyaniline (4.,20);  p -methylmercaptoaniline

(4.u0) and _Q—methoxyaﬁilinév(5;29).

Figures are not available to»compare the,indﬁctive
effeétidf‘é mérbéptd —‘and éﬁ hydfoxy —‘groﬁpndn‘ah.
aromatic base but the picture would be com@licated by
zwitterion formation.

In thé methylmercaptopyridines, we have the
ovposing influences of the.mééoméric elecfron reléase
and the inductive electron Withdréwl; Ih the 3-position
only the inductive effectvcan operate and this is
slightly base weakening, hence we find that 3—methyl4‘
mercaptopyridine is only a slightly ﬁeakef base thén

nyridine.

However in the 2-and L-positions the base weakening

inductive effect is modified, by the base strengthening

' ' o ‘
mesomeric effect. The pK, values of pyridine, and
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2-and u—methylmeroaptopyridine are 5.23, 3.62_and
5.97 respectively. Hence the base strengthening
mesomeric effect overcomés the»baée weakening inductive
effect in the 4-position; but in ﬁhe 2—positioh the
inductive effect is more important. The above reasoning
also applies to 2-, 3-, and A-methylmercaptoquinoline.
The early work of Bredig (1894) indicated that
auaternary compounds are étrong bases; but this is not
general for heteroaromatic bases e.g. the quaternary
compound of 1lO0-methylacridine has pK; 9.85 (given by
Albert (1950)). In the present work the quatérnafy
compounds e.g. (XX, or XXI which is XXII minus the
elements of water) have beenvshown to be even weaker

bases and may have negative pK; values.
S SH

SH
g @
=
. L -
e Ok e Me OH
XX XXI) (XXII)
(xx) ( .

On the éxisting evidence, no explanation can_be
offered for the wéakness of bases of the N-methyl
derivatives relative to the S-methyl derivatives.

The mercapto - compounds wifh the mercapto - group
ol or ¥ to the ring-nitrogen atom (excepting 3-mercapto-

. . o ' . .
isoquinoline) have pKa values from 4.5 to 5.8 pK units
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below that of the S;methyl derivative, When the
>mercapto - group'islﬁ to the ring-nitrogen or in the
benzene ring of quinoline, the pK; values are from -
0.8 to 2.2 pK units beloﬁ'that of the S-methyl derivative.
The pK; values of the mercapto»— compound, irreSpective
of the position of the mercépto - group, have been found
to vary only * 0.2 pK units from that of the N-methyl
derivative. In two cases that of the N-methyl
derivative of 3- and b6-mercaptoguinoline, are the
N-methyl derivatives stronger bases than the mercapto -
compound but they are only very slightly so.

In 3-mercaptoisoquinoline (XXIII) neither six-
membered ring can have a true‘aromatic.structure when
the mercapto - compound is in the thione form (XXIV)
and the pK; difference bétweén the mercapto - compound
and the S-methyl derivative (3.0 pK units) lies between
the corresnonding difference for the 2- and B—isomers

of quinoline (5.15 and 1.55 pK units respectively)e.

/ S
AE g
' S—H"
(xxut) (xxiv) (xxv)

In 2-mercaptogquinoline the aromatic structure of the
benzene ring is retained with the thione structure but
in 3-mercaptocuinoline, the thione structure is not .

possible.
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S-MercabtoquinOlineV(XXV)'is'a weaker ﬁasé thah‘
the 5-or 6-isomer. This is believed to:befdde to
internal hydrogen bonding;bmaking-it a‘wéakér‘bQSé;7in
S0 fér as the ring—nitrogen'is~not'fréeiy accessible '

to aporoach by the proton.

Diaza - heterocyclic  compounds. Comparison of the
RV ' R B ‘
ionization constants, expressed as pKa; valuesv(allbthe

values are not known)'for the'compounds shown[in Table

2 Part 2 shows that, as for monoaza-heterocyclic. compounds

the DK' value of the mercaptb -~ compound is'neaf‘to
that of the N-methyl derlvatlve which it has been shown
to resemble snectrosconlcally but dlflerent from that
of the o—methyl derivative.

In 2=~ mepcaoto nyra21ne ana dulnoxallne the DK
values of the N(1)-methyl derlvatlves are hlgher than that
of the mercapto - compound. |

Comparison of the pK; rvalues available with those
given by Albert and Phillips (1956) for‘their oXygenf
analogues show that the_pK;'kvalues for the Q—me£hyl
derivative do not vary greatly from those'found fdr.the
S- methyl derivatives. = A similar observation was made
with the monoaza -heterocyclic compounds (see p.102) and
is attributed to the 81m11ar.1nductlve_and’mesomerlgH
effects of the O-methyl and‘S-mefhyl‘groups, _.Tﬁe ngff
values of the mercapto -‘compoundband~its N—methyl"

derivative are from 0.3 to 1.2 pkK units lower than their
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oxygen—analogués. Thiskdifférence is not aslgfeat:rv
as with the monoaza - heterooyclic compounds but ére
similér to those found for diaza - heterocyciio
meroaoto - coinpounds by Marshali and Walksru(1951)

.The effect of the 1ntroduct10n of the second
ring-nitrogen atom is to decrease the oa81c strength '
of the S-methyl derlvatlve s.g; the pKa‘ valuss»of
2-methylmercapto - pyridine:and eréziné and u-mefhyl-
mercaptopyrimidine are 3,62, 0.48 and 2.48:Pespec£ivély»‘
and that of 24methylmeroapto—quinoline and quinoxéliné
are 3.7l and 0.26 respectively. This is,the asual
effect of 1ntrodu01ng a second rlng-nltrogen dtom (ses
Albert, Goldacre,and Phllllps (1948)).

The oK values representing protons lost by the neutral

molecules.

Monaza - heterocyclic comoounds.> The ionization‘
constants of the heterocyclic mercapto - compounds as
acids, expressed as pKa vaiues are given in Table 2 Part
1. Low pK_ values corréspondvto strong acids. |
Potentiometric and spectfophotometric msthods were
employed. For potentiometric"titration,vthe substances
as the neutral moleculete;g;r(XXVI) were, sabmitted |

to conditions of decreasing acidity.
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It can be seen from Table 2 Part 1 that the pK_

values of the compounds ih‘which the mefcapto - gfoup
is «~or Y’to the‘ring—niﬁrogeh atom. are gonsidérably
higher i.e.bare weaker aéids, than those Wheré ityis
not. This is due to the stabilization of the odor

bimercapto - compound by resonancé'and hehde making'v
them weaker acids. The resultant of the inductive1
and mesomeric effects of the mefcaoto - grbuprare éuéh
that the o-mercapto - éompouhds are weaker acids than
their ¥-isomers e.g. thé'pKa values of 2- and u—meréépto-'
oyridine and quinoline as acids are 9.97, 8.8%; 10,21
and 8.8% respectively. In B-mercaptoquinoliﬁe (XXV)
internal,hydrogen.bonding“is alstpossibie and it is’
a weaker acid than 5¥ orv6-mercaptoquinoline.

6-llercaptoquinoline is an exambdle in which the

mercapto - groud 1s in a position where it'is least
disturbed by inductive or mesomeric effects (only the
3=, 6= and 8-isomers éan, from considerations of Valency';:”f
have no thioamide’compbnent);_, The acidic pKa “value -
of 5-mercaptoquinoline resembles that of the 6-isomer
and suggest that ﬁhe thiocamide form (XXViI)‘doesAnot
stabilize the 5-isomer to any extent, although'valengy
would permit it. This is in keeping with what is knoﬁﬁ
(see Albert (1959), Broﬂn.and Mason‘(l956) ghd»ﬁaéon
(1957)) of the fceble energy available for'traﬁSannular

tautomerism, esnecially when the'orthoquinonoid form
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would be involved.;

Comparison of-ihe pKa’valueé'of the méréa@to.éy
compounds and their hydroxy‘4:analogues given byb
Albert and Phillips (1956) shﬁws that és.acids,_the |
mercapto - coumpounds éré frbm_l.B to 2.4;0K*uhit5' |

stronger than their hydrdky é'analogues.“ The pK of

merca)tobenzene has now been determlned spectroscoplcally

in water dnd.found to be 6e7 = O 1 and may be compared

with 9.98 for phenol given by Bordwell andkCooper_ﬂl952);

In each case substitution of oXygen by Slehur‘résnlts
in acid strengthening.

In 3—mercapto§§gquinoliné,bresonance stabiiiZation
of the thione structure (XXIV) will not be as great’
as in the 1- {somer and hence 3—merca3t01soqu1nollne 1s

a stronger acid than 1- merca0t01soou1nollne.

Diaza — heterocyclic compounds. The ionization
constants of some diaza - heterocyclic'mercaﬁto‘—,
compounds as acids, exprcssed as pKé values are given
in Table 2 Part 2. | . | o

It can be seen on comoarlson with the DK values
given by Albert and Phllllbs (1956) for the hydroxy -
analogues that the strength of ~the mercaoto - comoounds,
as acids, are from 1.9 to 25 pK unlts stronger than
their hydroxyeanalqgues." S;mllar observatlons‘have

been made by Marshall and Walker (1951). This is 7
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similar tobthe findings for monbaéab— heterocyclic
mercapto = comnounds and‘ﬁefcéptobenzene.~' L

Ffom Table 2 it can be seen that thé effe¢t10f '
introducing a secondAring—nitrOgen"atom in the u-posifion
of a of -mercapto -.compound or in the 34posiﬁion.bf a
ol or ¥ mercapto - compound is to ihcrease‘acidiéyte.g.
the pK,  of 2—mercaptopyrazinevis 6.32 and of 2-mercapto-

oyridine is 9.97. The increase was from 2.1 to 3.7 b

pK units in the compounds examined. Similar observations

were made by Albert and Phillips (1956) with’heﬂerocyC1iq

hydroxy - compounds.
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Tautomeric Ratios

Mlonoaza - heterocyclic comnounds.
The tautomeric ratio ¥ <Kt)’ the ratio of the NH‘!
form to the SH form, at equilibrium in an'aqueous‘
gsolution of the monoaza - heterocyclic mercapto -
compound may be caiculated7by the equation:

K¢ = antilog (oK S-methyl ~ pK mercaptan)'— lovso(9)
where pK S—methyl is the basic pK of the S-methyl

derivative and pkK mercaptéﬁ is the ba31c;pK of - the

-mercapto - compound.

The derivation of this equétion is given in'Séctibn III,
"Qualitative and Quantitative ilethods of Evaluation of
Tautomerism".  This approach assumes that the basic
ionization constanﬁ of the‘thiol tautomer of the ‘H_
mercapto ;.cdmgbund alfhodgh not diréctly determinéble,
will be practically identical with that of its S-methyl

derivative and that the NH and SH tautomers €. ge

* The téuﬁomeric ratio has not béen qalculated3from
the ultraviolet absprption SPectra as used by'Mason
(1957) for the detenninétién of the tautomeric ratio
in N-heteroaromatic hydroxy - compoﬁhds;*because the
method is suitsble only when the ratio is of the order

of unitye.
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(XXVIII¢— XXIX, and XXVII), form a common cation e.ge

(Xxx).
SH

x

L

(XXVII) (XXVIII)

Ideally tbe,basic pKa,value of theomeroaptO‘;
compound should lie betwéén‘those of its N- and-S-methyl
derivstives, houever, ih two cases the basic DK. Value
of the mercaoto - comoound lies sllghtly below that of
the N—methyl derivative, z;g, in 3- and 6- mercaoto-’
guinoline.

The tautomericvratio of the_NH.form‘to‘the-SH form
for monoaza - heterocyclic mercapto - compounds in
agueous solution are given in Table 3 together with the
ratio for the corresponding hydroxy - compound as
determined by Albert and Phillips (1956) and Mason (1957)

Examination of Table 3 shows that the tautomerlc

ratio, the ratio of the NH form to the SH form, is qulte
high in all cases. Even in 6—meroaotoqu1n011ne,,Where
no thioamide form e.g. (XXXI) is possible and the NH
tautomer must exist as the zwitterion (XXXII), the

tautomeric ratio (K£)is 5.
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Tablé 3e 'Approximaté'ratibs.Of forms haviné'a‘hydfogen
atom on nitrogen tovthose having hydrogeh on
sulphur (neutral mole&ﬁles at equilibrium in

water atIZOO). ;:' o

Pyridine PR
o-lMercapto 49,000 2-Hydroxy BMQa‘
3-Mercapto IISO;fFA B-Hydréiy \. .1a,b
L-lMercapto 35,000  |4-Hydroxy 2,200%

Quinoline | o
2-Mercapto 130,000 2-Hydroxy 3,000a’
3-Mercapto 2L | B—Hydroxy “ O;O6b
n-Mercapto 110,000 u-Bydroxy - 21,0002
5;Méfcapto ‘15 “5—Hydroxy “, 0.05b

 6-Mercapto 5 6-Hydroxy 0.01°

8~Mercapto 27 S—Hydfoxy‘ O.Ou.b
isoQuinoline

1-Mercapto 680,000 1-Hydroxy 18,000

Z-Mercapto . ;,OOO

Notes to Table 3.

a. Albert and Phillips, J. Chem. Soc., (1956), 1294

b. Mason, J.’Chan.‘soc.,(195w, 5010, which uses. a ,

spectroscopic method more suited to low values. -
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)

(XXXT) | e (XXX?I)

In 5—mercaptoquinoliné, wheré the thioamide form‘
(XXXI) is possible, the ﬁautomeric ratio is not gfeatly:
affected but is higher than in the 6-isomer.. This )
aécords with the.éondlusionsuof Albert (l959); Brown;lb
~and Mason (1956), aﬁd'MaSOn‘(i95?)‘that'energy available
for transannular tautomerism is small, especially when
an ortho-quinonoid fdfm is involved.

In 8—meroaptqquinoliné;‘where the thioamide'form
is not possible (as‘for the 6-isomer), the taufoméric
ratio is higher than for the 6-isomer. This effect
may be accounted for by internalyhydrogen bonding which
has made 8-mercaptoguinoline a weaker.base than wbqld
be expected if hydrogen bonding was'notvaSSible (éee
5. 66).  Such bonding would make the tautbmeri¢ ratid,
calculated from the pK; values of the mercapto - compound :
and its S-methyl derivative higher than otherwise
expected. |

When the meréapto - group is OCOP'B/to the ringé‘
nitrogen atom, the thioamidé form'(XXXIII) bécomes.an‘
important contributof,to the reéénance hybrid and the‘

NH form is further stabilized. ‘It baﬁ[be‘seenffrom




114

Table 3 that in these cases the ratio of NH form
to SH form is very high indeed, being greatest in the
case of l-mercaptoisoduinoline. |
It can also be seen from Table 3 that the tautomeric
ratio is higher for the a(lmercapﬁo - compouuds of
oyridine and quinoline thén it is for the aﬁisomefs,
3-Mercapto;§gquinoline is a special qase;;-Although
the mércanto - group is°<'tO“the*ring—nitrégen atom and
a thioamlde form is 90531b1e, the benzenoid structure L
of the benzene ring is replaced by an ggEQg—qulhOhOld
structure in the thioamide form., " Gore and Phllllps
(1949) present éome evidence that the resohanéé bf
an orthoguinonoid ring in héteroaromaﬁic_uhemiétny‘is'

much less than that of a'benzene ring.

oS C(l

H o (xxx111) - XAXIV) (k”"

From Table 3 it is seen that the tautomerlc ratlu
for 3—mercant01soqu1nollne is greater than that for
3-mercaptoquinoline for which a thiocamide form is not
possible, but considerably leés’ﬁhan that of 2-mercapto—'
guinoline in which the benzenoid structure is not
replaced in the thione form (XXXV) : |

It can also be seen from Table 3 that the addition
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of a fused benzene ring in the 5:6 position of

pyﬁidiné increases X the tautomeric ratios of the

ol and. Zﬁmmrcapto- compounds (the benzene ring'ex£ends‘
the conjugation) but decréases the tautomeric ratio’of
the ﬁ—mercapto - compound_whére a thioamide fvorm is ’not |
possiblé. | |

Practical eXperience in the handling of the
substances under discussion iﬁdicateé that éQmpounds-
with high tautomeric ratios are quite stabie:but those
with low tautomeric ratios are usually more or less>
easily oxidised in air.

Comparison of the tautomeric ratios Qf_the mercapto =
compounds with those of their’hydroxy - analogues‘
obtained by Albert and Phillios (1956) and Mason (1957)
and given in Teble 3 shows that the tautomeric ratio is
much higher for mercapto - compounds than for their

hydroxy - analogues.

% Mason (1957) has shown with transannular heterocyclic
hydroxy — compounds that the addition of a fused
benzene ring, when it can conjugatebwith‘an amidefform,

enhances the value of the tautomeric_ratib.
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These results éontrastlwith wﬁat'ﬁas beéﬁlpreaiéféd
from metnjldtlon studies e.gs héterbéyolic mercaﬁto -
generally

zompoundspuiethylate faaldly aﬂd exolu51vgly on sulohur
but hetefocycllc nydroxy - comooundo methylate mucb mor e
zlowly, usually on the ring—p;trogen-atom.tf However,

eaction rates are notbriousiy unreliabi"&uidés'ﬁo:
tautomeric.fatios, the uautomef orwsent 1n smaller amount
may be the more reactive and as it is~cdnsumed*in.a»
reaction, it is rebenerated oy the ‘tautomeric process.

Some examples of the v1dely held (out m1staken)
visw that heterccyclic mercapuo - comoounds are in the SH
form (on the grounds that they methylate on the,sulphqr,
atom),are affordedjby'(a) Camnaigné, Cline, and Kaslow'
(1950) wbo considered the methylatlon (by Klng and Hare
(1939)) of u-mepcao ooyrldlne with methyl iodide to glve
h-methylmercaptonyridine indicated thatju—mercapto-
oyridine existed entirely as the thiol and () Gleu and
Schaarschmidt (1939) who found Similariy that‘méféapto¥ 
acridines gave exclusively the S—alkyl'dsrivative upén
slkylation and concluded that they exist principally in
the thiol form. | |
The results obtained above for hetGPOCJCllC

mercapto - compounds contrast v1th the results oonalned
by Albert and Phillips (1956) and Mason (1957) for ﬁheir
hydroxy - analogues. Albert and Phiilips; and Mason

found that generally when the hydroxy - g roup is
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neither a(or K/to the ring;nitrogén atbm, or,is5in an
adjoining benzene ring, the OH form was thé‘pred6Minant>:
tautomer. In ol-and’ Xthdroxy - comoounds Whére'ﬁhéu
NH form p?edbminétes, the tautomerié ratio ,for‘the X?
was much higher than for the OC—hydroxy;— compdunds.

Disza - heterocyclic compounds.

The calculation of the tautomefiC’ratib has not been.
extended to the diaza - heterocyclic mercapto - compduhds
under study because'théféxperimental evidéﬁce,mékes it

seem unlikely that a common cation 1s produced from the
mercanto - compound eeg. (TXXVI), and its li- and S-metbyl
derivatives e.ge (XXXVII and XXXVIII resoectlvely) (see‘
nage 96}. With the‘exc@Jtlon of uemercaptopyrlmldlne

and its S-methyl deplvatlve, verJ con31de able‘differehcésA
are obs ﬂved in uhe ultpaV1olet absorptlon spectra vlven

in Table 1 Part 2 for the oatlons of the diaza-

-

neterocyclic mercanto - .compounds and thelr S—methyl

derivatives,
Ny S T/4§§N
;%L~SH ﬂ//LB
il ﬁ '
Me:- . _ _ e ‘ v
(XXXVI) o (xmxvir) - (XXXVIII)

In the monoaza - heterocyclic mercanpto = compounds
examined, differences of 4 to 28 @P (avefage 18 qu) are

observed in the long - Wavelenath absorotlon max1ma of
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the cations of the mercaptd —,compound and;ité,sfmethyl'
derivative and this is bélieved-to be due to a sﬁeéial
bathochromicbeffeétﬂqf methylation on sulphur in a
cation (see pe. 83 ). - |

In the diaza - heterocyclic mefcapto -.compounds
the difference is ffom 68 to 91 va(excluding’
L-mercaptopyrimidine énd its,SQmethyl derivative), aﬁd
the long - Wévelength ab;orption makima of fﬁe S—methyl.
derivative lies at_ﬁhe'éhorter Waveiength. Hence it
appears unlikely that a common éétion:is producéd.

Even in u-mercaptopyrimidiﬁe‘ana its S—methyl.derivative
the agreement may be fortuitous .

In spité of this lack of a basis for quantitétive
asseésment, it is clear (frb@ qualitative cbnéideratidns
of the ionization constants and ultraviolet absorption.
spectra) that for the diaza - heterocyclic meréapto -
compounds examined, the NH form predominates over the

SH form in aqueous solution.
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SECTION V.

EXPERIMENTAL.

Microanalyses were kindly carried out by Dr..J.E. 

Fildes and her Staff in the Department of" Medical Chemlstry, e

Australian National Univer31ty, Canberra, and by Dr. K.W |
Zimmermann and his Staff in the C.Se. I R.O. Microanalytical
Laboratory, Melbourne.:

All melting p01nts recorded below were taken in soda—xf
, : BRI
glass capillarles and are uncorrected. ’ugn,ﬁi

’/,‘:-/7,,“‘; AR

Compounds were also examined for bothvfluOPescing and:l;

absorbing impurities by paper chromatography using.Whatman',.

No. 1 paper. Both (a) 3% aqueous ammonium chloride and
(b) n—butanol (7 volumes) + 5N—acefic acid (3 Volumes) were
used as solvents. The paper chromatograms Were examined,
under ultraViolet”light:at”two wavéiengths, (a);with a
mercury vapour lamp and Wood’siglass filter (principally
265 mp), and (b) w1th a mercury resonance lamp and Chance

Brothers 0X7/19874 filter (principally 251 mp) S The last

named combination proved particularly useful for 1mpurities;‘in

which absorb ultrav1olet light, and which were seen as dark

spots against the fluorescence of the paper.

Solid compounds for analysis were dried at 1000/0 1 mm.,i‘

unless otherwise 1nd10ated. _
All new compounds are underlined at their first

mention in the body of the text.» (As in the Journal of

the Chemical Society, names Whlch are paragranh headings
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are also underlined'but‘this does not indicate that the

compound is new).

PYRIDINES.

2-llercaptopyridine was prepared from 2-bromopyridine

and thiourea as described by Phillips and Shapiro (19u2)
and had MePe 130-132,5°. , (Found: C, 5L4e5; H, L.45;

S, 29.1.. Calculated for»05H5NS: C, 54.0; H, 4.5; | |
S, 28.8%). (Phillips and Shapiro give m.pe. 125°; Thirtle
(1916) gives m.D. lZSQ;and Jones and Katritzky (1958) give
Mm.p. 124-126°).

2-llethylmercantopyridine. llethylation of 2-mercapto-

pyridine with methyl iodide and sodium hydroxide as
described by Renault (1955) gave,2—methylmerca9topyridine,
b.p. 100-104°/%3 mm. (Renault reports b.v. 91°/22 mm, ).
Paper éhfdmatography in aqﬁeous émmbniﬁm éhlbbide and
butanol+acetic acid revealed no tfacebof the N-methyl
isomer,

l-Methylpyrid-2-thione was prepared from l-methyl-

pyrid-2-one and phosphorus pentasulphide at 125—1300
according to Renault (1953). The product melted at 90°.
(Renault gives m.p. 89-90°).

Pyridine-3-sulphonic acid was prepared by sulphonating

oyridine with fuming sulphuric acid (20% free 803) at 220°
in the presence of mercuric sulphate according to McElvain

and Goese (1943). The product had meD. 3L43=3460

(Mcilvain and Goese gilve MeDe. 352-356°),
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Pvrldine—B-sulphonyl chlor1de was- obtalned by the

action of phosphorus pentachloride on pyridine—j—sulphonic.v‘
acid accordlng to Zienty (l9u8)..

Reduction of pvridlne-ﬁ-sulphonyl chlorlde to

S-mercaptopyridine was effected with stannous chlorldev

and hydrochloric acid as descrlbed by Stelger (1950) |
(1951). The B—mercaptopyrldine (= R). separated from the '
reaction mixture‘ae;the‘dodble salt,R.HCl.SnClu 1n 6uﬁ -
yield, | | - o

3-Benzoylmercaptopyridine. The above double salt

(10g.) was ground with Water,_decomposedlwith'eodium'
hydroxide, the solution'heated tolboilingAand filtered{f_
The cooled. flltrate was shaken with benzoyl chloride

(10 mil. ), and the oil Whlch separated soon SOlldlfled. ‘It

was collected and recrystalllsed’from.llght petroleum (bep.

60—800) giving 3-benzoylmercaptopYridine as‘colohrless»
needles (3.66g., 69%), m.p._78;5+80.5°. (Found;forA

material dried at 55°/0,05 mn. : C, 66.9; H, u-z.e-_J’
012H9ONS requlresbq,‘66.95, H, Le2%)e | “A ,. :',-‘ L
3-Mercaptopyridine. - 3-Benzoylmercaptopyrldine (lg.)_'

was refluxed with 6N-hydrochloric acid (10 ml.)vln an
atmosphere of carbon dioxide for 1 hodr;,‘ The benzoic aéidA
(0. 53g., 93%) Was extracted Wlth chloroform and the cold
aqueous solution adgusted to pH u.u. 5 The solutlon was

again extracted with chloroform, the extract drled (NaZSOu)_f
and the solvent evaporated g1v1ng 3—mercaptopyrid1ne T

(Oul5ge; 87%) as a yelloW.oll,ﬁWhichysolldlfied onvcooling
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and recrystallised from a mixtdre‘of benzene and‘light
petroleum‘(b.p. 60-800) as bright vellow crystals, meDe
81°.  (Wuest and Sakel (1951) give m.p. 78-80°).

3—Methvlmercaptopvridine.' 3-Mercaptonyr1d1ne (2.5g.

crude; 0,023 mole) in N—sodium hydroxide (24 ml.) was 'v
shaken with methyy&odlde (1. 5 mle;  0.024 mole) for 2 hours.
The alkallne solutlon was extracted with chloroform and |
after drying (Na ) the solvent was evaporated. ’fThe

3-methylmercaptopyridine distilled ‘as.a colourless 011

(1.71g.; 61%), bep. 102°/17 mm. = (Found: C, 5765 H, 5.7;
N, 10.9.  CgHNS requires c,‘57.6;d H, 5.6; N, 11.2%).
Paper chromatography'in\aqgeous ammonium chloride and
butanol+acetic ecid revealed no trace of,the‘N—methyl—_
analogue (see below). o |

" 3-Methylmercaptooyridine hydrochloride.

lON—Hydrochloric acid was sdded to B-methylmercaptopyridine
in alcohol and the solution evaporated to dryness under
reduced pressure, The residue was recrystallised from an

ethanol and benzene mixture giving 3—methylmercaptonyridine

hydrochlorlde as a colourless solid, MeDe 15645- 158 5°

which was depressed on admlxture w1th 3-mercaptopyr1d1ne “e
methochloride (see below) (Found: 0C1, 21.7,22.1.
CgHGNC1S requires Cl, 21. 9ﬂ). | |

3-Benzovlmercaptonvrldine methlodide. 3-Benzoyl-

mercaptopyridine (5.0g.; 0.023 mole) in methanol (30 ml )

was allowed to stand at ca. 20 ‘w1th methyl iodide (2 5 ml., g

/“;h,,na MYy
“ ) I \
.=T LIZRARY :

1\" U YIvER 5\"\‘- j
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0.04 mole) for 2 days), The solvent was evapOrated and
the residue recrystalllsed from ethanol glVlng yellow

3~-benzoylmercaptopyridine methiodlde (4e95g. ; 60%), MeDe

163°, (Found: C, u3.4; H, 3.3; N, 3.9, 4L,0; S, 9.0.
C)5H) ,ONIS requires C, U3.7; H, 3.u; N, 3.9; S, 9.0%),V

j—Mercaptgpyrldlne methochloride. 3-Benzoylmercapto—

pyridine‘methiodide (1g.) Was”refluxedfwith 6N-hydrochioric’
acid (10 ml.):in aﬁ atmosphere of carbon dioxide for»1 hour.
After the benzoic acid (0.283.; 80%) had been extractedr
with ether, the agueous solution was shaken Wlth freshly:
precipitated silver chlorlde (ca. Oe 6g.) for 30 minutes.

The solution was evaporated to dnyness in a vacuum'and the
residue extracted with ethano;, Removal of the solvent

gave 3-mercaptopyridine methochloride (0.27g.; 60%) which

Pe0ﬁystalliSedbffom a mixture of'ethanol end'efhy1 acetafe;
it had mep. 182-183.5°  (Found: G, Li4.5; H, 4.9;

Cl, 22,2. G H/NC1S requires C, uu.6; H, 5.0; Cl1, 21. 9p)
The mepe of 3- methylmercaptopyrldlne hydrochlorlde was
depressed on admixture with the above samole./ .Paper
chromatography in agueous ammonium chloride and butanoi+
acetic acid revealed oonSiderable’differences in R, between
these two isomers.

U-Hydroxypyridine was prepared as” described by Bowden

and Green (1954). Pyridine reacted w1th thionyl chlorlde
to give u—pyridylpyridinium dichloride which was hydrolysed"

to 4-hydroxypyridine, b.p..l944206°/0;5“mm. ' (Riegel~and”"
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Relnhard (1926) give D :2 257—260°/1o mm.)

Q-Mercantopvridine._' h-Hydroxypyrldlne reacted w1th

phosphorus pentasulphide at 120 as descrlbed oy King and
Wware (1929) giving a—mercaptopyridine, Me D 179—189

(decomp)._ (Found: C, 54.0; H, Leboe Calculated for |
C5H5NS C, 54.0; H, uQB%) | 'Recorded m.ps vary from
177° (Koenlgs and Klnne (1921)) to 186° (King and Ware) .

geMethvlmereaptoovridlne.. Methylatlon of u-mercapto-'d'

pyridine with methyl 1odide as descrlbed by Klng and Ware;
(1939) gave u-methylmercaotopyrldine, MeDPe: u? . (King
and Ware recorded mMe.De. uu—u5°). : Paper chromatography in
agueous ammonium chloride and'butanol+acetic acid revealed
no trace of the N-methyl isomer. |

l—Methylpyrid—g—oner u—Hydroxypyrldine was methylated

with methvl’iodide'in‘methanol at 1uo as described by

Ruzicka and Fornasir (1920) to produce the hygroscoplc

1-methylpyrid-u-one, beD. 153—156°/0 05 mm. (Tschitschibabln

and Ossetrowa (1925) give b De 230-2330/13 mm.)

1—Methylpxrid—4—th1one. A mixture of

l-methylpyrid-4—one (3.72g.; 0.034 mole) and phosphorus

pentasulphide (7;ug.; .0.033 mole)rinva,flask.fitted:with

a short.air'cohdenSer ahd dﬁying’tdbe was heated to llOO; =
vigorous reactlon ensued.: Thermixtdre was. heated~at

125° for 1 hour, cooled and water (15 ml ) was added to

decompose excess ohosphorus pentasulphide. The solutlon

was. neutrallsed to pH 7, extracted with chloroform, the

extract dried (K2 3) and_the solvent evaporated glvlng;_.,
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orange l-methvlovrld-u—thlone (2.62g.; 61%), which was

recrystallised from ethanol and had m.p. 168. 5 17o°

(Found: C, 57.5; H,-5.5;’ N,.11.2, 11.3; S, 25. 7. 06H7NS
requires C, 57.6; H,'5,6;'.H; l1.2; vS, 25.6%). ,(During
the coursevof the‘present wotk,‘this subStanCe Wéé preparedr

by Jones and Katritzky (1958)'who'recorded\m,p.‘161-1630).

QUINOLINES.

Z—Mercantoquinoline.‘ A‘mixture of 2—hydrdxyquinoliné  “
(5g+.; 04035 mole) and phosphorus pentasulphide (8. 53g.,» |
0.038 mole) in pyrldlne (51 ml ) was refluxed for 2 hours.;
The mixture was poured into hot water (330 ml. ) with
stirring, and the crude oroduct (5 ulg.) recrystallised
from benzene as yellow plates (2. 56g., u6%), mep, 178-179. 5
(Fischer (1899) gives M Do 175 ),} | =

Di-?=quinolyl disulphide was pfepared'by the oxidation
of 2-mercaptoguinoline in aqueous ethanol with dilute
hydrogen peroxide as described by Roos (1888 ) “The
product had m.p. 139°. (Roos cives m.p. 137 )

Reductlon of di- 2-qu1nolvl dlsulphide to 2—mercanto—

quinoline.  Di-2-quinolyl disulphide (O.21g.) was suspended

in a mixture of methanol (4 ml.) and pyrldlne (ulml;) and
hydrazine hydrate (1 ml; iOQ%) was added. The ﬁixture
allowed to stand and the disulyhide slole diséol#ed.

After 30 minutes at 20o a mlxture of acetlc acid (3 ml. )
and water (13 ml. ) was added and the almost pure mercapto-

compound (0.07g.) meDe 179 ,_was flltered off.,v .
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2?Methylmercaptoquin01ine was prepared by the action

of dimethyl sulphate on 2—meroaotoqu1noline as described

by Beilenson and Hamer (1939) . The product recrystallised"

from light petroleumv(b.p. 6Of800), had meDp. 599,
(Beilenson and Hwner'give Me Do 550) Paper chromatography
in aqueous ammonium chloride and butanol+acetic acid
revealed no trace of the N-methyl 1somer.

l-Methylgulnol:g—one. Qulnollne was converted to,

l—methquuinol—Z-ohe by the“action of dlmethylvsulphatevx
" and potassium ferricyanide aecording to’Perkin"and“
Robinson (1913), The product, once recrystallised from |
light petroleun (b.p. 60-100°), had m.p. 73°%  (Perkin
and Robinson give m.Dp. 7u°); |

l-Methquuinol—2-thio§§; "Reaction of

l-methquuinol-z-ohe,with phosphorus peutasulphide'at'
130o as described by Gutbier (1900) gave l-methylguinol-

-2-thione, m.pe. 115°. (Gutbier gives m.p. 118°).

3-Benzoylmercaptoquinoline, 3-Aminoquinoline (30g.; -
0.21 mole) was added slowly to a well cooled, Well stirred

mixture of 1ON-hydrochloric acid (u2:ml.)kand ice.(42g.).

A solution of sodium nitrite. (15 3g.) in water (36 ml.) Wasl;;f

then added during 15 minutes, keenlng the temperature below 2

5 o The dlazotlzed solution was added during 30 minutes
to a well stirred solution of potassium ethyl_xanthates
(42ge; 0426 mole; Cranendonkv(l95l)) in Water (51 ﬁl)

at 45° and the mixture maintained etjtﬁisltemperature‘for
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1 hour, during Which’time’nitrogenewas evolved, and the
yvellow solidywhich formed initially changed to a thiCke

red oil. The reaction mixﬁufe was extracted with ether
and the exﬁract washed with 2.5N—sodiﬁm hydroxide (fo
remove any 3—hydroxyquinolihe),‘and then with water; Aftef
drying (Na ‘) the ether was evaporated and the res1due
was dissolved in ethanol (300 ml.), heated to b0111ng,
ootassium hydroxide‘(u9g.) added slowly, and theZMixture
refluxed for 10 hours in aneatmosphere of‘nitrogen; »The'
ethanol was evaporated, the residue dissolved‘in Watef and
the solution extracted with ether-(discarded). The aqueous
solution was shaken with benzoyl chloride‘(32vml.) for a
few minutes. The solid (5&.3g.), was filtered off »aﬁd_ :
recrystalllsed from a mlxture of benzene and light

petroleun (b.p. 60-80°) giving 3—benzoylmercagtoqulnoline,»

as colourless plates (37.8g.; 68%), MeDe 111°, (Found,.
for material dried at 200/1Omm.: C, 72.5; _H, 4.3;

N, 5.2, 5.3; S, 11.9. 16H110NS requires C, 72. 5,

H, 4.2; N, 5.3; S, 12.1%). |

}—Mefeaptoquinoline. 3—Benzoylmercaptoquinoline

(1g.) was refluxed with'6N—hydrochloric acid (10 ml, ) in
an atmosphere of carbon dioiide fer 1 hour. The benzeic4
acid was extracted with ether (discarded). - The aqﬁeous
solution was chilled, adjusted to pH 4.5, ethaCfed‘With>
ether, the extract dried (NaZSOu)‘and the solvent |

evaporated. There remained a red oil (0.55g.; 91%)
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which was sublimed twice giving 3-mercaptoguinoline,

m.o. 58°. (Found: C, 66.7; H, u4.5; N, 8.6, 8.7:

5, 19.7. C.H,NS requires C, 67.05; H, u.u; N, 8.7;

7
S, 19.9%)., . 3-=Mercaptoquinoline exists in two crystalline
forms, a bright red and a pale pink crystaliine solid,
which were found to be interconvertible on sublimation,
nossensed the same m.p., and were indistinguishable on

paper chromatography in both agueous ammonium chloride and

butanol+ acetic acid.

Di-3-quinolyl disulphide. To 3-mercastoquinoline,
suspended in aqueous alcohol, hydrogen peroxide (10%)
was added until the red colour of the mercapto-compound

diseppeared giving di-3-guinolyl disulphide which was

collected and recnysﬁallised from aQueous ethanol as
colourless needles, m;p; 150—151.50. (Founa: C,_67.u;b
Hy, 3.u4; N, 8,63 S, 19.7, 19.8. C1gH1 518, reguires
¢, 67.5; H, 3.8; N, 8.7; S, 20.0%).

Di-3*-guinolyl disulphide was also produced when an
ammonﬁéél benzene solution of B—hefcaptoquinoline waé

exposed to the air.

Methylation of 3-mercasntoguinoline.  3-Mercapto-

ouinoline (from 5g.; 0.019 mole of 3-benzoylmercapto-
quinoline) in N-sodium hydroxide was shaken with methyl
iodide (1.5 ml.; 0.024 mole) and allowed to stand

overnight. An oil and a yellow’solid'separétéd. The

0il, 3-methylmercaptoquinoline, was extracted from the
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aqueous solution with ether, and the solid,

Z-methylmercaptoquinoline methiodide (O.4lg. ; 7%); which
was insoluble in ether‘was filtered from the aquéous
solution and recrystallised'from ethanol as yellow needles,
@ p. 245°, (Founa: cC, u1.6;; H, 3.7; N, u.u.‘CllleNIS
reqguires C, ul.6; H, 2.8; N, L.u4%). The ethereal |
solution was dried (Na,S0,) and dry hydrogen chloride
passed in toc precipitate 3-methylmercantoquinoline .
hydrochloride, which wasrfiltered»off, washed with ether,
and decomposed with 2N-ammonia. The free base was
extracted with ether, the extract dried (Na2sou), and the
solvent evaporated leaving an oil (2.67g.), which was

distilled giving 3-methylmercaptoguinoline (1l.76g.; 52%)

as a pale yellow liguid, b.p. 112-113°/0,06 mm.; 118-
119°/0.2 mm.. (Found: C, 68.,2; H; 5.2; N, 7.9;

5, 18.6. ClOH9NS requires C; 68.5; H, 5.5; N, 8.0;
S, 18.3%%).

Z-lMethylmercavtoouinoline hydrochloride. 3-Methyl-
mercaptoquinoline was dissolved in ether and the yellow

3-methylmercaptoouinoline hydrochloride precipitated with

dry hydrogen chloride. The product was collected, washed
with ethef, recrystalliséd from butanol and sublimed. It

G1S

nad m.p. 205-209°%  (Found: 8, 15.1.  CjgH, NG

requires S, 15.15%).
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3—Benzoy1mercggtoquinoline with methyl ‘iodide in

methanol at 100°, BABenzoylmercaptoquinoline‘(O{2g.;

0.0008 mole), methyl iodide (O.i.ml;; ‘0.0016'mole) and
methanol (6 ml.) were heated in a sealed7tube‘at 100° for

5 hours. Evaporation offﬁhe eelvent and reerystalliéatioﬁ
of the‘residﬁe from a mixture of,methanol and‘ethanel gave
B—methylmefcaptoquineline methiodide (O;l5g;;.63%),Um.p;v |
2u0—2u2.5°. The m.p; was notidepreseed’oh édmixtdre_wiﬁh S
3-methylmercaptoquinoline methiodide obtained above bj -
methylationbof 3-mercaptoquinoline. V(Found; for material
dried at 20°/10mm. C, 4l.5; H, 3.8; N, Nalty s",_'l'o‘.'o". |
C11H12NIS requires C, ul. 6-; H, 3.8; Ne‘u.u;, S,vlo.iﬁ)f‘

B—Benzovlmercaptoqulnoline methiodlde. (a),A'mixture
of 3—benzoy1mercantoquinoline (5g., 0.019 mole),bmethyl
iodide (3.5 ml.,; 0,057 mole) and nltrobehzene‘(ZO’mi;) wes :
allowed to stand at 20° for 8 days. The precipitate was
collected and crystallised from meﬁhanol giving orénge

3—benzovlmercantoquiholine methiodide (5 38g., 70”) MeDe

199- 201 , which was depressed on admlxture w1th
3-methylmercaptoquinoline methlodlde. "~ Paper. chromatography
in aqueous ammonium‘chloride‘andkbutanol+acetlcfac1q"
Pevealed,considerable differehces in RF betweenABABenzoyl—’:
mercaptoquinoline methiodide and B-methylmercébteqﬁinoline
methiodide. (Found, for materlal dried at 20°/lOmn. {

C, 50.0; H, 3.5; N, 3.43 S, 7.9. Cy
C, 50.1; H, 3.5; N, 3.4; S, 7.9%).

17 luONIS requlres
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(b) A mixtﬁre of 3-benzdylmercapfoquiholiné (6g.; ,0.023.
mole),‘methyl iodide (3 ml.; 10.0&9‘mole)‘and nitromethane
(50 ml.) was set asidewéﬁ‘ZOQ_fof 12 days. The pfecipitate
was collected, and recrystallised from methanol; éiving
3—benzoy1mercaptqquinolinevmethiodide (3.36g.;‘ 3&5), MeDe
198.5-201.5°%  The m.p. was not Gepressed on admixture
with the product from (a). | e

3-Mercaptoguinoline methiodide.'v 3-Benzoylmercapto-

guinoline methiodide (O. 5g.) was refluxed w1th 6N;
hydrochloric acid (6 ml.) in an atmosphere_of carbon
dioxide for 1 hour. The benzoic acid was exffacted,With
ether, the agueous solution evaporated to. dfyness under
reduced pressure and the r651due crystalllsed from a
mixture of methanol and ethanol containlng a little

hydriodic acid, giving yellow 3-mercaotoqu1noline methlodlde,

m.p. 229-231°,  (Found: N, u.6; S, 10.5. 1OH10N184
requires N, 4.6; S, 10,6%).

j:Mercaptoouinbline methochloride. 3—Ben2§ylmer¢apto-
guinoline methibdide (1g.) was suspended inlwatéf aﬁd'“
shaken with an excess of freshly prec1p1tated silver
chlorlde until the methiodide- dlssolved. The precipitate
was filtered off, and the Shaking with Silvér chlofide‘.
repeated. The filtrate.waé e#éporated_tb'dryness in a =
vacuum and the residue ofu3;benzbylmer¢aptoquinoiine; 
methochloride (0.73g.§ 94%) reflﬁxed forkl;25 hbdréiWith
6N-hydrochloric acid (10'mlf)'in’anuathdsphéré"pf carbon _."

dioxide. The benzoic acid'Wés extracted1With ether, the
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aqueous solution evaporated to dryness in a vacuum, and
the re31due crystalllsed from a mlxture of methanol and

ethyl acetate giv1ng cream coloured 3-mercaptoouinoline"‘

methochloride, Me Do 261—262 5 . (Found for materlal

which had been allowed to reaoh equil1brium w1th water
at 20°: G, 50.5; »H,;5,_; N, 5.8, 5 9; s,‘13,6§, ey
(C1 H gNC18) 5. 3H 0 requires’C, 50.3; H, 5,5;d;3;‘5;9;,p
S, 13-’14-%) . o ' e

2- Carbethoxv—u-hydroxvquinol1ne, was obtalned by

reacting aniline with ethyl sodio-ethoxalylacetate as‘d‘%
described by Riegel, Alblsett;, Lappln,andkBaker-(19u6b).
The crude 2—capbethoXy-uehyaroijuin§1ine*had,m;p;fzoa;’
206°, (Riegel, Albisetti,‘Lappip;andeakerVéi?eiﬁgp.
)150). PRl R A TV S e 3

urHvdroxyqulnol1ne was obtained by hydroly31s and

decarboxylatlon of 2-carbethoxy-u-hydroxyqulnollne ag
described by Riegel, Alblsettl, Lappin,and Baker (l9u6b)ll
The u—hydroxyqulnollne had m.p. 200-2010 (Rlegel
Albisetti, Lapoln and Baker give m.p. 200—2010). :

ngercaptoqulnollne. u-Hydroxyqulnollne (2g., 0.0lu

mole) and phosphorus pentasulphide (ug.; 0. 018 mole) were.f"

heated at 1u6 for u hours, and flnally at 155 for l hour.‘l“
The excess phosphorus pentasulphide was decomoosed by |
warming with water (8 ml. ) and the cold solutlon adjusted
with sodium carbonate to DH 5 5.«; The mixture was ’

extracted with chloroform,. the extract dried (NaZSO ) and
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the solvent evaporated 1eav1ng an orange residue - (2 31g.)‘
which crystallised from a large volume of toluene as yelloW
needles, (l.u8g.; theoretical yield 2.22g.). ' The product

sublimed at 125-1550/0.005 mm;'giving 4-mercaptoquinoline

as a waxy red product whichelatef’solidified. LIt had
Mep. 158-162° (decomp) (Found: C, 67.0; ‘H, 4e5s
N, 8.5 9 7NS requlres C 67.05,‘ H 4;4; N, 8.7%)

Methylation of uwmercaotoguinollne (a) with methvl

iodide and sodium hydvox1de. , u—Mercaptoqulnollne (1 16g.,;
0.0072 mole) in N-sodium hydroxide (8 ml.) was shaken with
methyl iodide (O.u46 ml.; 0.0072 mole) for 30 minotes.A The
oil was exfracted with chloroform and the extract'dried

(K 3) The solvent was evaporated and the product
(1.22g.) extracted with b0111ng llght petroleum (b.p.
60-80°).,  There remsdined an insoluble yellow solid (O.24g.)

which was rejected. The extract was concentrated,‘andvon.

cooling deposited colouriess needles of u-methzlmercapto-
quinoline (O.84g.; 67%), mao. 70-720. (Found, for |
material dried at 20°/10mm: C, 68.45; H 5.3; N, 7.8,
CloﬁéNS requires C,'68.5; H, 5.2; N, 8.0%).f Paper
chromatography in agueous ammonium chloride  and butanol+

acetic acid revealed no trace of the N-methyl isomer.

(b) with dimethyl sulphate and sodium hydroxide. u—Mercapto— :

quinoline (0.75g.; 0.0047 mole) in Nfsodium‘hydroxidef
5 ml.) was shaken vigorously as'dimethyl sulphate (i ml, ;

0.011 mole) was slowly added. 2N-Sodium hYdroxide‘was



e
added from time to time to keep the solution alkaline.
The mixture was extracted Wifh;ehlorofofm,~fhe‘exiraet7
dried (K2C03) and the solvent evaporated. The residae
(0. 81g.) was recrystallised from a m1xture of benzene and“_:v
light petroleum (b.p. 80-100 ) glving l-methquulnol-u-one
(0.28g. ;. 38“), m. De 151 152. 5 i Wthh Was not depressed on
admixture with authentic l—methquulnol-u-one (see below)
(boand. C 75 6; H, 5.7, N,,8.7, 8.8, _Qaleulated for» ‘
CloH9ON : C, 75.u5; H, 5;7;} N,-8;8%).s"Both sa@ples>gave
identical spots When'chromangfaphed on papér inFooth |
aqueous ammonium chloride and butanol+acetle a01d..'~ .
y=-Methylmercaptoquinoline was 1dentified in the flltrate by
paper chromatography alongslde an authentlc sample‘qf |

u-methylmercaptoquinoline.

Dif&—Quinolyl salphide.ilfu—Mercapﬁoéuinoline*Was
cefluxed with charcoal invtoluene"fof~gg{‘l hour. Tﬁe’
solution was filﬁered and the filtratefe?aporated‘ih'al
vacuuma. The résidue,,ﬁhichiwas insoluble in-sodium.

hydroxide; was recrystalliSed from aoueous"alcohol ‘giving

colourless dl-u—culnolvl sulnhlde, e Do, 146 1u7 5 . (Found;
requires C, 75.0; H,tu;Z" N, 9 708, 11 1ﬁ)

l-Methvlquinbl-u—one.:' u—Hydroxyquinoline (1g.,__ =

0.007 mole) was d1ssolved 1n a little water containlng
ootas31um hydrox1de~(2g. _ O 036 mole) and the solution ;
evaporated to dryness in- a vacuum.a‘ Dlmethyl sulphate

(Le5 ml.; 0,016 mole) Was added to the residue and the
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mixturé warmed on a water bath. A reactidn soon
comnenced and was moderated by cooling. The mixture

was then warmed:on‘the water'bath.fpr ca. 15 minutes,
water (10 ml.) was added, and the mixture was extracted
with chloroform. After drYing (KédOi),'ﬁhe solvent was
evaporated giving l-methylquinol-i-one <0.89g;; 82%)
which crystalliSed from bénzene; | It‘had‘m.p; 150-152°,
(Spith and Kolbe (1922) give_m.§.~15z°),, B |

1-Methylguinol-i-thione.  l-Methylquinol-4-one
(0e75g.; 0.0047 mole) and phosphorus'pentasplphidé_
(1.5g.; 0.0068 mole) were heatéd»at 140-150° for u hdurs;
The mixture was cooled, and exceés phosphorus pehtaé@lphide
was decomposed by warming with water (5 ml.)s The solution
was neutralised‘with éodiﬁm‘céfbonate to pH 7, aﬁd ﬁas |
extracted with chloroform.  Aftér'dryihg (KZCOB)'the‘
solvent was evaporated and the crude l-methquuinol;u—thione‘
(0.80g.; 97%) recrystaliised from ethanol as yellow needles
m.p. 209-211°, (Campaigne, Cline,and Kaslow (1950) givé
m.p. 209-210°), | R | |

Quinoline-5-sulphonic acid was prepéred by the action
of fuming sulphuric acid (20% free»SOB) on quinoline in

the presence of mercury as described by Grierv(195u).

Quinoline-5-sulphonyl chloride. Quinoline-B—sulﬁhonic
acid (10g.) and phosphOPQS‘pentaéhloridé (lOg;) Wére'heéted
to 130°, when a reactich‘cbmmenéed,band fihally to 1500;,.
The phosphorus oxychlorideywas rgmoved'undéf réduced

pressure; After cooling, ice water and sodium bicarbonate




126
were added; ‘The solid slowly dissolved, a white"
precipitate seoarated and was extracted w1th chloroform.
After drying (Na )-the solvent was evaporated and,the. :
oily quinollne-B-sulphonyl chloride (7.68g. 'f~ﬁ)*which:‘ S
solidified on cooling was recrystalllsed from llght ‘h
petroleum;(b.p. 60e80°),‘ The colourleas product softened
withoutxmeltihg'at 91—95 . (Found. G, 47, u,v ﬁ,»Z.M,‘) 2
S, 1lu.0. C9H6O NC1S requires c, 47 5; H, 2.7; S "1@;1%) ‘
The product produced. . only one spot when paper chromatographed_'
in (1) agueous ammonium chloride and (11) butanol+acetic
acid. The RF in each case was con31derably different from %
that of quinollne-B- ulohonic acid.

Conversion of qulnoline-5—su1phonv1 chloride to

g—hydroxvquinoline. Quinoline—S—sulphonyl chloride o

(2g.) was refluxed with N-sodium hydrox1de (20 ml. ) for.
2.5. hours. The yellow solution was evaporated to dryness
under reduced pressure. A sanole of this re31due when
paper chromatOgraphediin‘aqueous ammonium chloriderand "
butanol+acetic acid gave, in sach caee;la'epotfidenticaleb
with that obtained for quinoline-5-sulphonic acid. The
quinoline-5-sulphonic acid and‘sodium chloride mikture was
added to a mixture of sodium hydrox1de (10 8g.) and water
(1.0 ml.) at 260°, and kept at that temperature for 5
minutes., The reaction’ mixture was cooled dlssolved in
water and filtered. | The filtrate was adausted with ‘ ‘
10N-hydrochloric acid tolpH 6,8fa"k The pK values of S

5-hydroxyquinoline are 5.26 and 8.54;(A1b¢pt and;?hillipel‘;;ﬂ”’
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(1956)) . . The product eXtracted With hot chlorOform,.‘

and after drylng (NaZSOu), the solvent was evaporated and
the cream coloured 5- hydroxyqulnoline (0.81g.; ~6m%)-was' o
crystallised from a mlxture,of ethanol and benzehe;_ .
followed by aqueous alcoholf‘~ It had m.p. 2éj—é26°

which was not depressed on admixture with authentic
5-hydroxyquinoline (L Light & Co.). ~ The. product and-.

5~ hydroxyquinoline were 1ndist1nguishable When paper
chromatographed in aoueous ammonium chloride and butanol+
acetic acid.

- Reduction of gquinoline=5-sulphonyl chloride;‘

Quinoline-5-sulphonyl chloride‘(lu.88g.)lih IONthdrochloric

aeid (60 ml.) was added dropwise with Stirrihg to a solutioh:ff’

of $nCl,.2H,0 (u8g.) ih 10N;hydrochloric acia'(105 mle).
The mixture was‘warmed‘ahd‘s‘jellow precipitate seperated.
When the addition was complete, water (84 ml.) was added,
and the mixture chilled overnight., The tin.complex

(18.7g.) was filtered off and dried in air.

5 Benzovlmercantoqulnoline was prepared by decomposing ’

the above tin comolex (18 7g.) with warm 2. 5N—sod1um .

hydroxide (250 ml,) in an atmosphere of nitrogen, flltering,

and shakihg the cold filtrate With benzoyl chloride (10 ml.) -

for 30 minutes.  The 011 whlch sq>arated solldifled on -
chilling, and was filtered off. . The crude . product
(13.77g.; 80% based on the sulphonyl_chloride)ﬂwas’

chromatographed in chloroform over alumina and the colouré

less 5—benzoylmercaotoquinoline’crystallisedrfrom 1ight«

TEEA
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petroleum (b.p. 80—100°)" 'lffhéd.m.h; 880. (Found ’
for. materlal dried at 600/1mm..' C, Tl. 8’ H, 4.45,

N, 5.2, 5.25; S 12, 05

16H110NS requires c, 72 5, .J'f

H, 4.2; 'Ny 5433 S 12, 1/0)

Q:Mercaptoquinoline.f,;5-Benzoylmercaptoquinoline

(ug.) was refluxed for 1 hour With 6N-hydrochlorlc acid
(u0 mi. ) in an atmosphere of carbon diox1de..’ On cooling,‘
benzoic acid separated ‘and was extracted with ether.v The
aqueous solution was chilled and adgusted to- pH 3 with :

2 5N—sodium hydroxide. ; The S—mercaptoouinoline monohydrate

was flltered off and gave red crystals, m.p. 87 5- 89 , from
aqueous ethanol. (Found, for material dried at 200/1Omm
without a des1ccating agent ; C 60 ?, H, 5. 0, KN,_7,9,
7.85 8, 17.7. C9H7NS H2O requlres a, 60. 3; H, 5‘1-»

N, 7.8; S, 17.9%). When the product was dried at 20 /10nm;

over P205, a light pink solid anhydrous 5fmercaptoqu1noline°

was produced. (Found:C, 66.6; H, L.l4; S, 19.8. C9H7NS

requires C, 67.05;  H, Lelt; S, 19.9%).

Di—5-quinoly1 disulphide;_ 5 Mercaptoquinollne was“

suspended in water and hydrogen peroxzde (l5p) was added.
The red 5-mercaptoqu1noline monohydrate soon. dlsappeared

giving a colourless,solid, d1—5—qu1nolyl dlsulphlde, which

was recrystallised from a mlxture of benzene and light
petroleum (b P. 60-80°), It had m.p. 109,.7 (bound
for material dried 7o°/1 mm._: C, 67.6; H, 3.8; N, 8.6;

S, 19.65. C18H12N282 hequires c, 67 5, ”H"sti' Ni'?'j;:ﬂ
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S, 20.0%). Aefial oxidation gave the same prodﬁct.

5-Methvlmercaptoquinoline. 5-Benzoylmercaptoqulnoline :
(2.0g. 0,008 mole) was Pefluxed for 1 hour with 6N—
hydrochloric acid in an ahnosphere of carbon ledee, and
the benzoic acld extracted with ether. The aqueous
solution was made alkaline w1th 10N-so0dium hydroxide and
shaken with methyl iodide. (O 5 ml., 0. 008 mole) for 15
minutes. The 011 was extracted With ether the extract
dried (Na ) and the solvent evaporated. y The pnoduct
(1.06g.; 80%)-was dlssolved in ether, dry}hydrogen |
chloride was passed into thé'sOlution and‘the‘precloitatei
of 5—methylmercaptoqu1noline hydrochloride crystallised
from butanol. Subsequent sublimatlon gave a yellow solld,
m.pQ 24142u3;5 , which was decombosed w1th 2V—ammon1a. The
product was extracted w1th ether, the extract dried

(Na a), the solvent evaporated and. the 5- methylmercapto—

quinoline distilled as an almost colourless oil b.p.
104°/0.09 mm. (Founda: ¢C, 68 63 H 5.2. GlOHQNS requires
C, 68.5; H, 5.2%). R T

5-Benzoylmercaptoqulnoline methlodide.f' SQBenZOyl-' o

mercaptoqu1nol1ne (O 2g.,e O. 00075 mole) and methyl 1odide i
(Oel ml.; 0,0016 mole) 1n nltromethane (1 ml ) Were set
aside at 20° After 7 days the mixture was chllled the

yellow precipitate collected and washed Nlth ether. behe

5-benzoylmercaptoouinoline meth;odide'(0.16g.,5 52%)

crystallised from ethanol. It had m.p. 207, v,(bound'z"A

C, 50.3; H, 3.5; N, 3.4, 3.5; 8, 8.0. 017314°NIS




p———

140

requires G, 50.1; H, 3.5; N;'B.uj S, 7.9%).

S5~Mercaptoquinoline methiodide. 5-BenzOylmercapto-

quinoline methiodide (O.4g.) and 6N-hydrochloric acid

(5 ml.) were refluied-for‘1~hourwinﬁan‘at¢osphere of carbou
dioxide, cooled, and fhe benzoic‘ecid extracted_with ether,
The aqueous solution was evaoofated to dryhess underbreduced'
pressure. vThe fesidue (Oll9g;_; 63 ), recrystalllsed from B

ethanol containlng a little hydrlodlc acid gave yellow

5-mercaptoquinoline methiodide, m.pe 189 . (Found:_
C, 39.5; H, 3.4; N, 4.5; S, 10.55. clOHlONIs‘rgquires
C, 39.6; H, 3.3; N, u.6; 8, 10, 6N)

5—Benzovlmercaptoqulnollne methyl hydrogen sulphate.

Dimethyl sulphate (0.1 ml.; 0.001 mole) and 54benzoyl—
mercaatoouinollne (O 2g., 0.0075 mole) in nitrobenzene

(1 ml.) was allowed to stand at 20° for 5 days. The

nitrobenzene was distilled with water under reduced pressure. .

The residue crystalllsed from a mlxture of ethanol and

ethyl :=acetate, 5—Benzoy1mercaptoqu1nol1ne methyl hydrogen;'

sulphate had m. D. 170-172 . (Founa: C, 53.8; H, L4l

87177572
Qulnollne—6-sulphonlc a01d was’ prepared from :

N, 3.65.' Cq H O.NS requires C, 54.1; H 4.0 ? N, 3e7%)e

sulphanilic acid, glyeerol nltrobenzene and sulphuric

acid as descrlbed by Ponci and Gialdi (1954).

Quinoline-6-sulphonyl chloride. Qulnollne—6—su1phonic."'

acid was heated with phosphorus pentachlorlde as descrlbed :

by Ponci & Gialdi (1954). The product'wasAreerystalllsed
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once from light petroleum,(b,p. 60-800). ‘It'had'm.p.

900. (Ponci and Gialdifgivé m.p. 910).

Reduction of guinoliné-6-sulphbnyl chlbfide.
Quinoline—6-suiphonyl chloride was reduced~with.5tannous
chloride and hydrochiorid acid. - The 6-mercaptoquinoline
separated as the tin salt §s.&escribed by Pohci,andj
Gialai (195u). N

6-Benzoylmercaotoguinoline. The tin salt of

6-mercaptoquinoline above was dissolved in sodium hydroxide -

and benzoylated with benzoyl chloride according.fo Poneci
and Gialdi (195L4). The 6fbenzoy1meréaptoquinqline,ﬂonce

recrystallised from acueous alcohol had m.p.‘lu7elu9q

(Ponci and Gialdi.give.m.p; luB—lBOO).

6—Mepcaotoquinoline was prepared by acid hydrolysis

of 6- benaoylmepcd>toou1nollne as described by 3ohci and
Gialdi (1954) and the red 0il distilled, b.p. 114°/0.1 wm..
(Pound; N, 8.55; S, 19.65.‘ Galcglated fpr’C9H7NS,‘

¥, 873 8, 19.9%). e |

Methylation of 6-mercantogquinoline, ©O-lercapto-

guinoline (2.15g.; 0.01% mole), N-sodium hydroxide (13ml.)
and methyl iodide (0.83 ml.; 0.013 mole) were shaken for
15 minutes and extracted with cnloroform. There remalned_;

a yellow, chloroform and water 1nsoluble materlal,

S-methylmercantoguinoline methlodlde (0. 88b.; 21‘) whlch B
wag filtered off and cnystalliéed from alcohblras yellow
needles, m.p. 237-238.5% (Found:' C, ul.9; H, 4.0

W, m,3; 8, 10.0, llHlZNIS requires C, u4l. 6; H, 3.8;




: lﬁz
N, Lelt; S, 10.1%). |
The ‘chloroform extract‘was'dried (Na '),”fhe solvent

was evaporated and the re31due was extracted w1th llght

etroleum (bep. 60-80°) glVlng 6—methvlmercaptoqu1nol1ne
(1.27g.; 5uﬁ) which cnystallised from light netroleum |
(bepe 60-80°) as colourless needles; m.p. uu—46 (Found
for material dried 20°/10 mm;. C, 68.9; H, 5. 3, N, 7.8.
ClOHgNS requires C, 68.5; H " Be é,. 8 O%) | |
6—Benzovlmercaptoqu1noline methlodlde. 6—Benzoy1—

mercaptoqulnollne (l.5g« O 006 mole), methyl 1od1de'
(0.75 ml.; 0,012 mole),'and methanoli(6 ml.)*were'heatedv
at 100° for 5 hours. The solvent was eYaporated_andfthe
residue was recrystallieed from avmiktuﬁe‘of'metﬁanol‘and‘

ethanol giving yellow'6—ben2oylmercaptoqﬁinoline methiodide g

(2.05g.5 89%), m.D. 205-207.5°. d‘(qundﬁ'e,"sofz- H 3. 5,
N, 3eu4; S, 7.8
N, 3.4; S, 7.9%).

6-Mercantoqu1nollne methiodlde. 6 Benzoylmercapto— -

k017H140NIS requires.c, 50.;; H, 3 5,»

quinoline methiodide (0.5g.) was refluxed with
6N;hydrochloric acid (6 ml. ) in an atmosphere of carbon
dioxide for 1 hour. The benzoic a01d was extracted w1th
ether, the aqueous solution evaporated to dnyness underJd**
reduced pressure and the re31due crystalllsed from methanol

containing a little hydrlodlc a01d glving 6-mercaptoquin011ne

methiodide, m.p. 225- 227 . (Found' N, u.5,v 8, 10,u.._d‘j{‘

ClOHlOINs.requires N, &fé’” s 10 6@)
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6-Mercantoquinoline methochloride. 6—Benzoy1mercapto?,

guinoline methiodide (1g.) was shaken with freshly
precipitated 311ver chloride (from 2g. AgNO ) in Water

at 20° for 25~m1nutes. The prec;pitate was flltered

of I’y washed thoroughly with ethanol, with Water, and the .
filtrates evaporated. = The. residue, 6-benzoy1mercapto-\fﬁ
quinoline methoohloride (O 76g., 98%) was crystallised
once from a mlxture of ethanol and ethyl acetate glVlng :
yellow crystals (O.67g.),rm.p. 180—182.5 . Thls product
(0.67g.) was refluxed with 6N—hydroohloric acid (10 mi )
for 1.25 hours in an atmosphere of carbon d10x1de, and the
benzoic acid (0.2ug.; 92%) extracted with ether. The
aqueous solutlon was evaporated to dPyness under reduced

pressure at ca, 600 and the 6—mercaptoqu1noline

methochloride.(0.36g.; 80%) feofyetaliieedvfrom‘ethahoi;’

The cream product had m.p.v2l9—221.5°. (Found:~C,u56.ux

10710

H, 4.9; N, 6.75; S, 15.0, G, ,H ,NC1S requires
C, 56.7; H, 4.83; N, 6.6; S, 15.15%). |

Quinoiine-B-sulohonic aciddwas prepafed by sulphonating‘

quinoline with fuming sulphuric acid (30%'free1803) as

described by McCasland (1946).

Quinoline—8-sulphonyl chloride was prepared from
phosphorus pentachloride and quindline—8—sulphufic;aoid
as described by Ediuger'(1908) and modified by=McCasiand“
(19u6). The quinoline- 8-su1phonyl chlorlde crystalllsed

from a mixture of benzene and llght petroleum (b p. 80-1000)
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It had m.p. 1310.' ‘Badger and»Buttery (1956)give'm;p.
128.5-1290; McCasland gives m.p. 12u—l26° _and;Edlnger_
gives m.p.'122 . |

Reduction of ouinoline—B#sulphonvl chlorideito

8-mercaptoquinoline was achieved w1th stannous chlorlde

and hydrochloric acid as descrlbed by Edlnger (1908) The e

8- mercaptoqulnollne precipltated as. the tln complex.:»

Di-8- guinolvl disulphlde.l B-Mercaptoqulnoline (aS‘
the tin complex) was ox1dlsed w1th iodlne in sodium
hydroxide by the method of Badger and Buttery (1956) but
the quantity of iodine employed wes 10 times'thai Steted
oy Badger and Buttery and more in line with that glven by
Riegel et. al. (19u6a) for the preparation vl
di-(4=chloro-8-quinolyl) dlsulphide.' The - product
crystallised from benzene aS'colourless crystals, m.p.b
206-208.5°. Badger and Bufteny give MmeDe 205—206O

8= Benzovlmercaotoqulnollne was prepared by the action

of benzoyl chloride and sodlum hydrox1de on the tin complex

of 8-mercaptoqu1nollne as described by hdlnger (1908) The_i“

product had m.p. 109-112° (from aqueous alcohol). (hdlngep‘;”'

gives m.p. 110°).

8-Benzylmercaptbquinolihe was-prepared asedescribed'

by Edinger (1908), by the action of benzyl chloride and
sodium hydroxide on the‘tinfCOmplex_of S-mefcaptoquihollne;
The product had m.p. 114-115° (from ethahol);;f‘(Ediﬁgef'

gives m.p. 112°).
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8-Mercaptoquinoline., Acid hydrolysis of 8-benzoyl-

mercaptoquinoline as described~by Edinger (1908) gave
8-mercaptoquinoline as the dihjdrate, m.p.~59°. - (Edinger
gives m.p. 58-59°). |

Di-o-nitrophenyl disulphide, was'prepared.frbm

o-chloronitrobenzene and sodium polysulphide as described
by Foster and Reid (1924). The di-g-nitrophenyl disulphide
crystallised from benzeneﬁas yellow needles (52%),’m.p.

196-197.5°. (Elgersma (1929) gives m.pe. 1950);,"

o—Methylmercaptonitrobeﬁzene;  Di-Q%nitrophenyl
disulphide was reduced wifhvéodium ﬁydrogen sulphidebto
o-mercaptonitrobenzene which Wés methylated immediately
with methyl iodide as described by Foster and Reid (1924). |
The g—metﬁylmercaptonitrbbenzéne>(78% based Onldisulphide)
cnystaliiséd from ethanol as Yeiiowbcfyétélé;Vm;p;IGOO. |

 (Foster and Reid give m.p.v59—60°).

o-Methylmercaptoaniline was prépared by feduction of .
Q—methylmercaptonitrobénzene with irbn and hydrochloric‘
acid acéording to Brand and Stéllmann (1921). The .
g-methylmercaptoéniline (39%) was distilled, Depe 1qa-lu6°/‘
34 mm. (Brand and Stallmann give bepe 133-134°/15 mm. ). .

8-Methylmercaptoquinoline. - Q-MethylmércaptOQniline
(2.76g.), arsenic pentoxide (2;9Og.);giycer01‘(6;20g.L'and
%6N-gulphuric acid (5.6g.) wéfe heated under réflﬁx,for |
1.5 hours. Water (50 ml.) was added to the.dald miXturé;

and it was made alkaline with sodium hydroxide, and
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extracted with chloroform. After drying (Nazsoq)'the.
solvent was evaporated and the crude 8-methylmer¢apto-
quinoline (1.52@;.;‘ uu%) recrystallised both from light
petroleum (b.pe. 60-8 Ob) and from aQueous alcohbl.“‘ It had
Me D 85 which was not deuressed on adnixture Wlth the
product obtained by methylation of 8-mercapto§uinoline'
described below. (Found, for‘material dried ZQp/lo.mm:‘
C, 68.5; H, 5.3; N, 7.8, Calculated for ClOH9NS::
C, 68.5; H, 5.2; N, 8,0%).

Methylation of 8-mefcagtoquinoline (é).with methyl

iodide and sodium hydroxide. ~,84Mercaptoquinolinei
dihydrate (2.12ge; 0,011 mole) in N-sodium hydroxide

(12 ml.) was shaken w1th methyl iodide (0,69 ml., 0,011
aole) for 30 mlnutes. The white 8- methylmercabtoqulnollne
(1.37g.; 73%)’801idified, was flltered off and crystallised
from light pvetroleum (b.p. 60-80°), It had me.pe. 8l
85.50, and was not depressed on admixture with a sample

of 8—methylmercaptd“quinoiine prepafed by the Skraup
reaction on o-methylmercaptoaniline as describéd'above;
(Found, for material dried,atbzoo/lo mm. $ C,‘68;6;

H, 5.,1; N, 8.1. Calculated for 010H9NS C,168.5;

H, 5;2; N, 8.0%). (Taylor (1951) gives m.p. 28-80°

for 8—methylmercantoquinoliné). Pagper chromatography

of the product in agueous ammonlum chloride and butanol+
acetic acid gave only one spot in each case. Methylmercaptan
was not produced when 8-methylmercaptbquindline“was (i)

warmed with 5N-sulphuric acid or (ii) heated at 100” for
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2 hours with 1ON-sodium hydroxide'and the:mixture:v~

acidified.

(b) with diazomethane. Div‘az_emethanev in ether was

prepared as described by Arndt'(l9u3a) fromlnitresomethyl—
urea (lg.)-which had been”pregared éccordlng to;Arndtl
(1948b).  The ethereal diazomethane was added ~dropwise

with stirring to a cold (OOG) solutlon of B-mercapto-;‘
quinoline (0.3g.) in methanol (30 ml.) and the mlxture
stirred for 30»m1nutes andvallowed to stand Qvernlght,

The solvent’was evaporafedeand the 8-mefhy1mepcapto— «
quinoline (0.25g.; 77%)‘recrystallieed’from light"petroleum :
(b.ps 60-80°), It had m.p. 82.5-84°, which was not

depressed on admixture with the product prepared in (a).

S;Methylmercaptoauinelihe hydfiodidea (a) SéBehzoyl-,
mercaptoquinoline (0.2g.; 0.0075 mole);«methanol'(5 ml,)
and methyl iodide (0.1 ml.;‘ 0,0016 mole) Wefe set,éeide
at 20° for 2 dayse ‘The solvent was evaeorated andv -

8-methylmercantogquinoline hydriodide crystallised fn)m

ethanol as yellow needles, m.p. 196—197.5 . (Found.
Cy, 39.u; H, 3.3; N; Ue5, Lebs ClOHlONIS requires
C, 39.6; H, 3.3; N, L.6%). | o

A sample of 8¥methy1mercaptoquinolinevhydriodide~in ‘
water was made alkaline with sedium hydfoxide and the White
precipitate of 8-methylmePcaptoqulnollne collected and
crystallised from llght petroleum (b.p. 60— 0%. It had
Me Do 84=85,5° , which was not depressed Wlth 8—methylmercapto-ﬁd

guinoline from the Skraup react;on.r<-Paper chromatography o
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in aqueous ammonium chloride and‘butanol+acetic aéid
indicated the identity of these two sampless

(b) 8-Benzylmercaptoguinoline (1g.; 0.0ou'molé), hethandi
(13 ml.) and methyl iodide (0.6 ml.; 0.0l mole) were

heated at 100° for 6 hours. = The éolventlwas evaporatéd

and the residue (1l.u44g.) Wés extracted with light pe£rQ1eﬁm |
(b.p. 60-80°)giving 8-benzylmercaptoguinoline (0.15g;;

15%) and the remainder was crystallised from ethanol as
vellow needles of 8-methylmercaptogquinoline hydfiodide’
(0.62g.; 2%9%)e It nad MeDoe 189-193? which was hqt'depressed
when mixed with a sample frém (a). (Found: C, 39.7;

Hy, 3¢3; N, ue6.  CqgH; NIS requires G, 39.6; H, 3.3;

N, Lie65)s |

Di-8-qguinolyl disulphide and methyl iodide in methanol

at 100°. Di-8-quinolyl disulphide (0O.lg.; 0.0003 mole),
methanol (3 ml.) and methyl iodide (0,075 ml.; - 0,0012 mole)
were heated at 100° for 8 hours. On cooling the dark brown

crystals (0O.lg.), believed to be di-8-quinolyl disulphide

methiodide periodide, were filtered off and recrystallised

from methanol. It had m.De 198°, (Found: C, 31.5;
H, 2.0; N, 3.9. 019H15N21332 requires C, 31.8; H, 2.1;
N, 3.9%)s The deep colouration was discharged by sulphurous

acid.

Di-8=qguinolyl disulphide and methyl iodide at 100°,
Di-8-quinolyl disulphide (O.2g.; 0.0062 mole) and methyl

iodide (4 ml.) were heated at 100° fof 3% hours. The volatile_
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matter was reno#ed and‘thekfeeiduee(0.37g.)‘extfaoted
with benzene giving B-methylmeﬁcaptoquinoline[(0;16g.;';
73%) which was sublimed. It had m.p.‘82.5-84°,-which
was not depressed on admixtureewith 8—me£hylmerceptoquinoline
from methylation of- 8-mercaptoqu1nollne w1th methyl iodlde.
Paper chromatography of both these samoles in aqueous
ammonium chloride and butanol+acetlc ac1d gaveeldent;cal
woote. ; . , )

The benzene insoluble product belleved to be

8-methzlmercaotoqulnoline methlodlde perlodide crystalllsed

from ethanol as purple—brown needles (0. llg., 15%) M Do
130°,  (Found: C, 23,43 H, 2,0; N, 2.3; S, 5. 5.\
011H12N133 requires C, 23 1; H, 2. 1-A N, 2, 45; S, 5. 6m)
The deep colouration was dlscharged'by suthurous acid.

Di-8-quinolyl disulphide w1th dimethyl sulphate in

nitrobenzene at 150°, Di-8-quinolyl disulphide (0.38g,. )

in nitrobenzene (4 ml.) was heated with dimethyl sulohate
(0.9 ml.) at 150° for 1.3 hours. After chilllng the
nitrobenzene was decanted and the crystals washed with
ether and crystallised from‘akmixture of methéhol aﬁdr
ethanol giving yellow crystals (b.22gQ),bm;p. 218-2209.
Found: C, 41.9; H, 4.5, N, 4a7, 4e9; 'S, 21,9%).

8-Chloroqu1nollne was prepared from o—chloroanlllne, L @

glycerol arsenlc pentox1de and sulphuric acid as descrlbed
by Fourneau, Trefouel and Wancolle (1930), and the product
distilled, b.p. 138-~ 1u0°/ca. 3=5" mm.- (Fourneau, Trefouex,

and Wancolle give b.p.'l63°/20 MM ) e
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8-Chloroouinoline methochloride was prepared as

described by Claus and Scholler (1893). ‘ 8-Chloroquinoline»,-;

methiodide was obtalned by heatlng 8-chloroqu1n011ne w1th
methyl iodide in methanol at_lOO . The productfwas then -
shaken with silver chloride giving 8—chloroquinoliﬁé
methochloride, m.pe 1ul-lu2.5°‘(decomp.). v(Claggsando-ov<
Schéller give m.p. 140°). | T

8~-Hydroxyguinoline with.diazométhane._ _"Diazoxine"..

"Diazoxine" was prepared by.the:actiOn of'aiazohétﬁané'On 
8-hydroxyquinoline as described’by Phillips and Keoh»(195ljv
"Diazoxine", once cnystalllsed from benzene as red crystals
had m.p. 108-112°, (Phllllbs and Keon glve m.o. 119

(decomp.)).

. IS0QUINOLINES.

l—Hydroxyisoquinoline'Was prepéred from iSOQQinoline,

hydrogen peroxide and acetic acid through the N-oxide as
described by Albert and Phillips (1956). .Thé |
l-hydroxyisoquinoline once cryétallised from water,vhad
m.p. 202-207°, (Albert;and“Phillips give me.De. 208°).

1—Mercaptoisoquinoline. A mixture of 1—hydroxy—

Egoquinoline (lg.; 0. 0069 mole) and phosphorus
pentasulphide (1g.- 0.00u5 mole) was heated at'150-l60°
for 3.5 hours. After coollng the exceqs Dhosphorus
pentasulphide was decomoosed by warming w1th water (8 mil. )
the solution adjusted to pH 6. 8 Wlth sodium carbonate and
was extracted with chloyoform."oAfterodry;ng‘(NaZSQu):a,

the solvent was removed and-tho[crude l-mercaptoisoquinoline

i
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(1.00g.; 90%) recrystallised}from ethanol,-and*aqueous
ethanol as orange-brown cpystals‘(0.92g;), Me Do 179-1710.‘
(Found: C, 66.6; "H; Lol S; 19.8. C9H7NS :quires
C, 67.05; H, L.u; S, 19.9%).

l-Methylmercaptoisoguinoliné. l—MercaptOiggquinolihé

(2.76g.; 0.017 mqle)'in N;sodium’hydroxide (54 ml.) was
shaken with méthyl iodide (1.2 ml.; 0;619‘moie) for 5
minutes. The mixture was extréétéd with‘chldroform, thé»
extract was dried (NaZSOu) and‘the solvent ranoved;;‘ The

residue was vacuum distilled givinglrmethylmercapto?

isoguinoline as a pale yellow 0il (2.3u4g.; 78%), DeDs
100°/0,08 mm.. (Found: G; 68;7§:VH, 5.3; S,yiS.}.'
CyoHgNS requires C, 68.5; H, 5.2; S, 18.3%). Paper
chrbmatogfaphy in égueous‘ammoﬁium chloride and bttaﬁoi+

acetic acid revealed no trace of £he N-methyl isomef;'

o-lMethylisoauinol-l-thione. 2-Methyll§gquinol-l-oné
(1g.; 0.0063 mole) prepared aé described by Albert and
Phillips (1956) and phosphorus pentasulphide (1g.;
0.0045 mole), were heated at 130-140° for 4 hours. After
cooling the excess phosphorus pentasulphide'wés decomposed
by warming with water (8 ml), fhe solution adjustéa to
pH 7.0 with sodiumﬂcarbonate'and was extracted with
chloroform. The extract was dried (NaéSOu),’the éblvent
removed and the 2-methy1;§9quinoiei—thibnej(l.05g.; ;95%)
recrystallised from aqueods alchol as yellow crystalé,
m.p. 112°,  (White and Bfooker (l951)fgive¥m.p. 118-119O

and Peak and Stansfield (1952) give m.p. 110°),
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Isoquinoline—}Qaldehyde_was prepared by‘the‘oxidation

of 3-methylisoquinoline witheseienium diokide-adoofdingﬁ o
to Teague and Rowe (1951) and the product, distilied. "The,U‘>
fraction b.n. 150-170°/12 mm. was employed in the next
experlment.‘ (Teague AdRowe glve b p. 1500/10 mm,)

Oxidation of isoqulnollne-B-aldehyde. To ;SOquinoline

-3-aldehyde (47.2g.) in acetone (ca. 150 ml. ), was added'
hydrogen peroxide (23 ml.';. 30%), and the mlxture allowed
to stand at 20°, The temnerature rose to ca. 50 and aftef
3.5 hours more hydrogen perox1de (3u mle; "~ 30%) was added d
and the mixture allowed to stand overnlght at 20 7 The |
solution was evaporated almost to dryness under reduoed'
pressure and the product b011ed Wlth water (uOO ml e

There remained an insoluble colourless solld (22 38g.)
which was flltered off and Pecrystalllsed from ethanol
giving isoqguinoline-3-carboxylic a01d—2-ox1de, m,p.,216°
(decomp. ). (Baumgarten and Dlrks (1958) give'm.p. 211-»
211.5° (decomp.)). (Found- c 63.1; ;171, 3 7,, N, 7 3,
Tolle Oalculated for ClOH703N C, 63.5; H 3.7,

N, 7.u%). R ”

The filtrate when chilled depoSited{1§QQuinoline-3-
carboxylic acid (2u.3ug.;' Q?%fbased on iggquinoline
-3%-aldehyde employed) as colodrleSaneedles and
corresponding to the-pdbliShed‘deScription-

Isooulnoline—}—carboxamlde -(a)“Isoouinoline

-3-carboxamide was prepared‘by reflux1ng 1soquinoline

—5—carboxylic acid with ethanol and sulphurio aold, and
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pouring the ester into aqueous ammonia as deécfibed By;
Case (1952). The crude 1soqulnol1ne—3-carboxam1de had
Mmep. 203=-205°, (Case glves m.p. 206° for the crude‘
product). | |
(b) Isoguinoline-3-carboxylic acidr2—oxide’waé féflﬁxéd'
with phosphorus trichloride in chioroform'and the acid
chloride mixed with concentréted aqueoﬁs,ammonia as o
described by Baumgarten and‘birks (1958).‘ The
isoquinoline-3-carboxamide, once crysta1iisedverm, v
methanol, had m.p. 207-208,5°.  (Teague and wae’(1951).'
give m.p. 213°; énd Baumgarten and Dirks'givé m;§;’212—A'
213°).

3—Am1n01soqu1n011ne was prepared from 1soqu1n011ne—3-

oarboxamide by the action of bromlne in ootassium hydroxide
according to Teague and Rowe (1953). »'Therproduct; once
crystallised from benzene, had m{p. 175-1780. (Teague

and Rowe give m.p. 178°). |

3-Hydroxyisoquinoline was prepareduaccordihg to

Boyer and Wolford (1956).  3-Aminoisoquinoline Wﬁs

converted by the action of freShlyvprepared iSoamyl,nitrite'

(prepared according to Cohen (1949)) in glacialvaCeti§ aéid‘

to 3-acetoxyisoquinoline which was hydrolysed withyaQuéous
sodium hydroxide to 3-hydroxyisoquinoline. The~
3-hydroxyisoauinoline (76%) based on BQaminOiéoquinoline)_

recrystallised from aqueous alcohol as yellow néédles,'m.p.

198°,  (Boyer and Wolford give resinification and charring

at ca. 205°).
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3-Mercaptoisoouinoline. A mixturevqf 3-hydr0£yl§g¥
quinolineb(lg.; 0.00?‘mole), phosbhorus pentasulphide
(?g.; 0,012 mole) and tetralin: (20 ml,) was refluxed
with stirring at 180-185° for 4 hours. After chilling
overnight the tetralinwﬁwas decantedﬁahd the residue
refluxed with benzene, filtefed‘(charcoal), coﬁeenﬁrated
and chilled. The orangeered erystels'(0-2lg.; ] c'-~’) of 

3-mercaptoisoqu1nollne were recrystalllsed from benzene, and

had Ne Do 217 . (Found.' C, ‘66093 'H, LI-OLL, 8 50
CgH NS requires G, 67 05; H, u.u; N, 8. 1%)

j—MethvlmercaDt01sooulnollne hydrochloride.

3-Mercapto;§9quinoline (0.09g.; 0.0006 mole) in N-sodium
hydroxide (1 ‘ml. ) was shaken with methyl 1od1de (0. 05 mle ;
0.0008 mole) for a few minutes and extracted w1th ether.
The extract was dried (Na,SO

2
was passed intothe ethereal solution. The ether was

u) and dry hydrogen chioride

decanted and the sticky yellow precipitate was boiled with
benzene and ethyl acetate, and crystallised from a mixture

of ethanol and ethyl_acetate. The 3-methylmercaptoiso-

guinoline hydrochloride'sublimed giving light yellow

crystals, m.p. 197-199°.  (Found: C, 56.7; H, 4.9;
N, 6.65 8, 15.0. CyoH
N, 6.6; S, 15.15%).

1oNC1s rquiresec,.56.7. Hy U4.8;

o-Carboxyphenylacet@nitrile was prepared from phthalide

by the action of potassium cyanide according to Price and '

Rogers (19&2) | The o~carboxypheny1aceton1trile had m.p.;

* lactone of o-hydroxymethylben201c a01d.”
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113-115°.  (Price and Rogers give m.p. 113-115°),

Homophthalic aeid was prepared aocording‘te Priee
(1942). Hydrolysis.of g-carbeiyphenylaeetOnitriie with
sulphuric acid gave homophthalic*acid, MeDe 177—1790.
Price notes the variability of m.p. with rate of heatlng
and gives m.ps-of 174-175° and 182-183 . |

Homophthalimide was prepared from homophthalic'acidi_;
by heating the ammonium Salt'according to Baer and Kates
(19u5). A sample of homophthallmlde was - sublimed. It |

had m.De 230—233- (Baer and Kates give m.p. 230-233°)

3-Dichlor01soquin011ne was prepared by the action
of phosphoryl chloride on homophthallmide as descrlbed by
Gabriel (1886) The 1: 3-d1chlor01soqu1nollne, once |
recrystallised from ethanol, had m.p. 116-118O (Gabr1e1
gives mep. 122-123°),

3—Chloroisoquinoline was prepared from l:3—dichloroi304

quinoline by the action of red phosphorusband hydriodic
acid in acetic acid according to ﬁaworth’and Robineon-
(1948). The crude product had MeDe ul—uu . (HaWorth
and Robinson give mep. U46.5 —u7. 0) |

3—Chloroiaoou1noline with sodlum hydrogen sulphlde

Sodium hydrogen sulphide reagent was prepared by saturatlng
a solution of 2.5 N-sodium hydrox1de (25 ml.) with hydrogen
sulphide until there was 1o 1mmed1ate,colour ehange:ew1th.
phenolphthalein. | '

3-Chloroisoquinoline (O, 5g.) and the aoueous sodium

hydrogen sulphide were heated at 200—210° for 70 hours.
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After chilling, the yellow‘solidl(O.Bg.) was,filtéred 6ff

and the unchanged 3—chloroi§gquinoline»extrécted with 1igh£

petroleum (b.p. 60-800) leaving only a trace of yellow’

solid, 3-mercaptoisoquinoline which.was sublimed once.’

It had m.p. 204-207%  (Found: S, 19.7. CgH_NS requires

S, 19.9%). o - ¥
The filtrate was shaken‘with benzby1 chloride:(gg. |

3 ml.) and sodium hydroxide, and the oil which sépérated

solidified on chilling,  Recrystallisation of the product

from light petroleum (b.p. 6Of800) gave white needles of

3-benzoylmercaptoisoquinoline (0.32g.; 39%), m.p. 139°.

(Found: C, 72.2; H, 4.0; 8, 12,2, C,gH 1 NOS requires
C, 72.5; H, 4.2; S, 12.1%). |

PYRAZINES.

2-Aminopyrazine was prepared from lumazine by the

actioqbf 100% sulphuric acid according to the directions
of Weijlard, Tishler, and Erickson (1945).- The 2-amino-
pyrazine sublimed as yelloﬁ crystals, m.p. 117—1200;
(Weijlard, Tishler,and Erickson give m.p. 118-120°),

2-Hydroxypyraziné was prepared from 2-aminopyrazine

by treatment with nitrosylsulphuric acid according to
Erickson and Spoerri (19u6)vand the product once crystallisedv
from acetone had m.p. 185-1870. (Erickson and Spoerri

give meDe 187-188°9),

2-Mercaptoonyrazine. 2-Hydroxypyrazine (lg.§ :O'Ol

mole) and phosphorus pentasulphide (1.5g.; 0.007 mole)




157

were refluxed in pyridine (8.5 ml.) for 45 minutes and

the pyridine evaporated‘under:reduced pressure.‘ fxcess
phosphorus pentasulphide was decbmposed*by Wéfming with
water (ca. 5 ml.) and the mbctﬁre evaporated to dryness
under reduced pressure. The residue was diésoi#ed in
N-sodium hydroxide (ca. 15 ml.); filtered,-and‘the'

filtrate adjusted to‘pH Z.With'hydrochloric acid.' After 
chilling the precipitate (1.03g.) was filtered off and
crystallised from water (chabcoal) giving 2~mercaptopyrazine
(0e52g.; Wu6%) as yellow plates, M.De 2290. ‘(Roﬁlin#and
Clapp (1950) give m.De 215—21803.» Found fof material dried

2

at 20°/10 mm.; 8, 28.7. Calculated for C,H NS, S, 28.6%).

2-Methylmercaptopyrazine.  2-Mercaptopyrazine (0.u47g.;

0.0042 mole) in N-sodium hydroxide (15_m1.) was shaken
with methyl iodide (0.3 ml; 0.0049 mole) for 20 minutes
and extracted with ether, ~ The extract was dried;(Na2804)

and ether evaporated giving 2-methy1mércaptopxrazine

(0.36g.; 66%) which was sublimed at 30°/0.lmm. as a pale
cream-coloured solid, m.p.'uu—u7°. (Found:' C;148.2;

H, Leb; N, 22.2, 22.3; S, 25.0. 'C5ﬁ6N28'r¢qui?es

C, 47.6; H, 4.8; N, 22.2; 8, 25.4%).

1—Methy1pyraz-2-one was prepared from‘2-hydroxypyrazine
and diazomethane as described by Dutcher (1947) and the -
product sublimed as reported by Albért and‘Phillips»(l956).
The white sublimate had m.p. ?uo. >(Duﬁcher givesbm.p.

83—840 for pure l-methylpyraz-—2-one).
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l-Methylpyraz—é-thione. leMethylpyraz-Z—ohe_(O,lg.;
0.0009 mole) and phosphorus oentasulphide (Q;Bg;;’ O;Qol24‘
mole) were refluxed in pyridine (3 ml, ) for 2 hours.: The
pyridine was evaporated under reduced pressure, thevexcess
ohosphorus pentasulphide decoMoosed by warmingkwlthtweter'
and the solutlon adgusted to pH u.? w1th sodlum carbonate.
The solution was extracted Wlth chloroform, the extract
was dried (Na'SO ), the solvent evaporated and the oroducﬁ
washed with a little cold llght petroleum (bepe 60- Oo)
The résidue (0.12g.) was crystalllsed from light petroleum

(b.pe 60-80°), glving‘yellow needles of l-methylpyraz-2-

thione (0.06ge; 53%), mep. 132°, (Found: C, 47.4;
H, 5.0; N, 22.1, 22.3; S, 25.7. ‘05H6N230requir¢s
C, U47.6; H, L.8; N, 22.2; S, 25.4%). Y

QUINOXALINES,

2-Hydroxyguinoxaline was prepared from gephenylene
diamine and ethyl glyoxylate hemiacetal of Rigby.(l950),
as described Gowenlock, Newbold,and Spring,§l9&5);bwho
however used ethyl glyoxylate.‘ - The crude 2-hydroxy-
quinoxaline had m;p. 270—2730. (Gowenlock, Newbold,and
Spring give’m;p. 271°X | e

2=-Chloroguinoxaline was prepared from 2-hydroxy-

quinoxaline by the action of phosphorus oxyChloride
according to Gowenlock, Newbold, and Spring (19&5) The
2—chloroqu1noxallne was distilled b De 96 /l Bmm., me."

u9-50.5 . (Gowenlock, Newbold,and Sprlng glve‘b.p.‘SOO/‘
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Ou5mMMe, MeDe 46 470)

2-Meroantoqu1noxaline Was prepared from 2—chloro—

quinoxallne through the lggthluronlum salt by the.method
of Wolf, Wilsoh,and'Tishler (1954).  The 2-mep¢épto;'
quinoxaline had m.D. 2090. .f(Wolf Wllson and Tishler glve
mep. 204-205°), (Found: C,_58;7, H, 3.9; N 17.1.
Calculated for CgHN,8: G, 59. 25; H, 3.7; N, 17.15).

2—Methvlmercaptoquinoxal1ne.’ 2- Mercaotoqulnoxallne

(1.86g+; O, 011 mole) in 2N-sodium hydroxide (oa. 15 ml., )

was shaken vigorously as dlmethyl sulphate (l T8e 3 .0,013 o

mole) was added in small portions. The oily product‘
(1. 85g.) which separated, solid1f1ed on cool1ng, was
filtered off, and dlstllled b. p. 151- 1540/13 mm, The
2—methylmerca)toqulnoxallne (1 08g., 3“) crystalllsed
from llght petroleum (beDpe 40- Oo) as yellow needles, m.p.e
16°.  (Checseman (1957) reports M. Do u6-47° for
2-methylmercaptoquinoxaline).i :(Found, for materiel dried.
at 200/10 mm: C, 6le4;  H, 4;6; N, 15.8. Caloulated
for CyHgN,S: ~ci-61‘3; H, u.éf' N, 15.9%). ' |

l-Methvloulnoxal 2—one was Drepared by the actlon of

dlmethyl sulnhate on 2 hydroxyqulnoxallne 1n sodium
hydroxide as described by Cheeseman (1955) The product*
once crystallised from llght petroleum (b.p. 80—1000) had

m. p. 117-119 .b (Cheeseman glves m.p. 120-1210)

1-Methylgquinoxal-2-thione, 1- Methquulnoxal-Q—one

(Oe5gs; 0,003 mole) and nhosphorus pentasulphide (lg.,
0,009 mole) were refluxed in benzene (lO ml ) for 20
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minutese. The benzene was recovered and the residue
warmed with 5N-ammonia (10 ml.) to decompose excess
ohosphorus pentasulphide. The solution was extracted
with chloroform, the extract was dried (NaZSOu) and the
chloroform evaporated. The residue (O.uOg.; 73%) was‘
chromatographed in chloroform over a little alumina, and

the l-methylouinoxal-2-thione crystallised from‘aqueous

alcohol as yellow needles; MeDe 123-1259. (Found;'for
material dried at 200/10 mn. ¢ G, 61l.0; Hy L.5;

N, 16.2. C9H8NZS requires C,_61.3; H, L4e6e L, 15.9%).

SYRIMIDINES.

2-Hydroxypyrimidine was orepared from 2-amino-

pyrimidine by the action'of.lON#sodium hydroxide accdrding_

to Brown (1950). The product had m.p. 179-182°,
(Brown gives meD. 178~1800).

l-llethyloyrimid-2-one. (a) l-lMethylpyrinid-2-one

was orepared by the action of dry ethereal diaszomethane

on 2-hydroxypyrimidine as described by Brown, Hoerger, and

Mason (1955)., The product, once crystallised from benzene,

had m.p. 123-125°, (Brown, Hoerger, and lason give m.p.
127-128°).

(b) Dimethyl sulphate (1.25 ml,; 0.01% mole) was added
to a mixture of 2-hydroxypyrimidine (lg.; 0.0l mole) and
potassium carbonate (2g.; 0.014 mole) in Wéter (5 ml.),
the mixture warmed to 7OO for 15 minutes and allQWed‘to

stand overnight at 20°, The solution was extracted with
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chloroform, the extract was dried (Na2

evaporated and the residue crystallised from benzene

SOu), the solvent

(charcoal) giving white neédles (0.61g.; 53%),_m-P-’1299,

(Brown, Hoerger,and Mason give m.D. 127-1280).

1-lethylpyrimid—-2~-thione. ION-Hydfochloric_acid

(1 ml.) was added to a mixture of malondialdehyde
methyltriethylacetal (2g.; 0.01 mble)‘ahd N-@ethylthiourea;
(1g.; 0.011 mole) in ethanol (20 ml.) and the mixtufe set
aside overnight at 20°.  The mixture was evéporatedktov
dryness, the residue dissolved in water (ca. 20 ml.), made
alkaline with potassium carbonate and the solution extracted
with chloroform. After drying (Nazsou),the solvent was |
evaporated and the residue (1535g.)_chromatpgraphed in
chloroform over alumina and beérystalliséd from ethanol \

giving]émethYIpyrimid—2—thibne‘as yellow crystals (0.67g.;

55%), mepe 189-191.5°%  (Found: ©C, 47.7; H, 4.9;

N, 22.1; S, 25.6; CgHgN,S requires C, 47.6; H, 4.8;
N, 22.2; S, 25.4%).

u-Chloropyrimidine hydrochloride was\pfeparedAfrdm

n-hydroxypyrimidine by the action of phosphorus oxychloride
as described by Boarland and McOmie (1951). The product
which is unstable was used immediately in the next

preparation.

Lu-Mercaptooyrimidine hydrbchloride was prepared from - . i
L-chloropyrimidine hydrochidride and thiourea as described

by Boarland and McOmie (1951). ' The l-mercaptopyrimidine




162
hydrochloride CrystalliSed'from ethanolvasiyellow R
needles,’m,p;-gg. 227° (deCOmp;)y(Boarland anqucomia:_
give m.p. 2209). | | : N

Q-Methylmercaotopyrimidine. | u-Mercaptopyrimldlne

hydrochloride (1.22g.; O. 0082 mole) in N—sodlum hydroxide
(16,4 ml. ) was sheken with methyl 1od1de (o 5 ml° o 0082
mole) for ca. 15 minutes. . The mixture Was extracted with
chloroform, the extract was dried (Na ) and the solvent B
evapcrated. The r831due was dlstllled giving u-methyl-

mercaptopyrimidine (O, 67g., 65ﬁ) as a clear 011 b. p.

86'870/12 Mile (Found: | Cy, UTe53 Hn’ 14-09, N".' 21.79;
S, 25.2.  CgHgN,S requires C, 47.6; H, 4.8; N, 22.2;
5, 25.u8). L |

1—Metbylpyr1m1d-6—one was prepared from h-hydroxy-

oyrimidine and.ethereal dlazomethane according to Brown,
Hoerger,and lMason, (1955). The product, once crystallised
from light petroleum (b.p.;60—800),'had[m§p,,l20—1239, |
(Brown,Hoerger,and Mason crystalliSe‘from'chloroformvin
which it is very soluble and’give m;p. 12541260)'> |

l-Methvloyrimid—6—thione. : l-Methylpyrlmld-6—one

(0.2g.; 0,0018 mole) and phosphorus pentasulphide (O 6g.;
0.0027 mole) were refluxed 1n,pyr1dine»(6_ml.) for 1.5.
hour s. The pyridine was eyaporated under;reddced_pressuregk
the excess phbsphords pentasulphide‘Was decomposed’by:> ‘
warming with water and the'solution.concentrated'tohloﬁml'”'
adjusted to pH 4 with sodium carbonate and extracted w1th

chloroform. The extract was dried (NaZSOu), the solvent
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evaporated, and the residue (0;23g.)’crystalliSed‘from‘

light petroleum (b.p. 60-80°) giving l-methylpyrimid-6-

thione as light cream coloured?dnystéls (0. l5g;; 71%),~
Mme 0. 97-98.5°. (round for materlal dried. at’ 200/10 mms
C,u7.4; H, u4.8; N, 22,2,4,8, 2545 C5H6N28 requlres

C, u7.65 H, u.8; N, 22.2; S, 25, u).

The N—methvl-z-methylmercaptopvrlmldones. ~2—Thiouréci1‘”

was methylated with dlmethyl sulphate and sodium hydroxide
as described by Brown, Hoerger,and Mason (1955) The
l-methyl- 2-methylmercaotopyrim1d—6—one had M Da 126= 128O
(Brown, Hoerger,and Mason give m.D. 122- -1239). The
l-methyl-2-methylmercaptopyrimid~L-one was best‘purified
by cnystallisatioh fron acetone'aé colourless plates; MeDo
170-172°. (Brown, Hoerger and Mason give m.n. 168-169 )

—Methyloyrlmld—u-one was prepared by the B

desulphurisation of 1-methyl—2—methylmercaptopyrimid—u%one
with Raney nickel according to‘Brown, Hoerger, and Maéon-
(1955). The l—methylnyrimid—q—ohe hadkm.p. 159°, (Brown,
Hoerger, and Mason glve m.p. 155- -1569), |

l—Methylovrimid-u-thlone. 1—Methylpyr1m1d9u-one

(OuBge; 0.,0045 mole) and ohosphorus Dentasulphlde (1g.,
0.00u5 mole) was refluxed in pyrldine (10 ml. ) for 1 hou{
and the pyridine evaporateq upder,reduced»pressure.‘ Thef
residue was extracted with boiling methanol aﬁd:tﬁe,

product (0.51g.) crystallised from methanolg(dhércoal)

giving]rmethylpyrimid—uithidné'aéfyéilbw‘ﬁeedles (0.30g.;
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53%), mep. 2u46°. (Found, for maferial dried at 20°/
10 mm: C, 47.4; H, 4.8; N, 21,9, 22.0; S, 25.3.

CgHN,S requires C, 47.6; H, 485 N, 22.2; S, 25.u%.

BENZENE DERIVATIVES.

Mercaptobenzene. The B D.H. mercaptdbenzene was

fractionated and the fractlon, b De 1610/710 3 mme collected.
(Fischer (1915) gives bep, 168-1690/7u3 mm.)g |

Methylmercantobenzene. Mercaptobenzene was methylated 

with dimethyl‘suiphate‘in sodium‘hydroxidé és deséribed

by.Vogel (19u48).  The produét was distilled, b.pe 184~

135°/697.5 mm. (Vogel‘givéSfb.b. 1925192.50/761 mm. for

methylmercaptobenzene). k | | o
: Methylmercaptan could not be detected when

methylmercaptobenzene was heated with 5N-sulphuric acid.
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DETERMINATION OF PHYSICAL CONSTANTS.
(1) IONIZATION CONSTANTS.

WWhere possible, ionizatioﬁ constants were deterﬁined
by potentiometric‘titrationvbecause of 'its convenience,
but the more laborious spectrometri@(méthod Was adopted
in cases where (a) the solubility was th.1oW (lO'BM‘is
usually the lower limit of accqracy for poteﬁtiometric
titration), or (b) the constant was extreme (e.g.
potentiometry loses in accuracy’When the p%iié less than
the logarithm of the dilution).

(i) POTENTIOMETRIC TITRATIONS.

The dried specimen (0.0005 mole) Was'dissolved in
air-free water and titrated under nitrogen at,209, a
Gambridge pH set beiﬁg uéed With glass and calomel
electrodes (standardized to pH l4.00 with 0.05 molar
potassium hydrogenvphthalate and 9.20 with 0,05 molar
borax at 200). When agreement on festandardization of.
this instrument after a titration was less than : 0.0é |
unit, the figureé were rejected andva new titration
undertaken. Hydrochloric acid or carbonate-free
potassium hydrpxide (Ce9 equivalents) was édded in ﬁine'
equal portions. The nine pKévaluqéffor each:pH reading
were calculated (for acid regions)gfrcm the formula :

pK_ = pH - log ( [B} + ] 7 B - [&] )
wherel§H+]and[B]are the coﬁcehtrations of the m01ecule,

protonated and non-protonated respectivé1y if hydrolysis
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corrections (taken care of by the rest of the formula)
are neglected, and (for alkaline‘regions) ffom: |

e, - os + 205 ([l + Br] / [] - o] ) (o
where Eﬁq‘and [}-] are the concentrations of the molecule
and anion respectively. Activities were employed'ink
place of concentrations in fdrmula (1) to calculéte the -
pK_ (thermodynamic) in one_¢aéé»Whengthe pKa‘(l;30) 1ay
near the limits for accuraté determihation'by'tiﬁraﬁion
at the concentration (0.05 molar)vemployed»:
The activity éoefficient f:Was‘calculated‘fromkthe

expression:

- 1‘ogf= g Y1 - 0.21) O0.5. | (3)
where I is the ionic strength of the’protonated molécuie. ‘
The nine:pKévalues Were>converted into antilogarithms
before averaging. The smallbspreads encountered gave
additional cdnfirmation of the_puritykof the substance,
Solutions of the substance'Were‘made_as concentrated X
as solubility permitted to‘kéep the hydrolysis corréctions
low. The strength of the titranﬂ was O.1 molar (added
from a burette), or 1 molar (from a miérometer sYrihge)

for the more concentrated solutions.

~ but not sbove 0,05 molar to avoid association effects.
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(a) Effect of ionic strength on QKé values determined

by potehtiometrictitration.'
The pK; of u-methylmercéptopyridine was déﬁérmined'
at various ionic strengths4¢f-potassium chldride'by’”
ootentiometric titrafion?of a 0.1 molar éolutioniwithv 

1 molar HC1. The results are summariZed below;

Molarity KC1 1 = pK;\
0,00  ‘.‘ 5.98
0.1225 o 6..09
0.50 | 6.20
1.4 i - 6.33
3.0 - 6.48

(ii) SPECTROMETRIC DETERMINATIONS OF DK . Solutions

(usually 0.000025 molar) were made in a series of
buffers, standardised wifh a glass electrode. This
series decreased in pH down to values Where-the change'
in spectrum, corresponding,td the step of iqnization
under study, ceased; -and similarly it increased towafds -
the alkaline direction. Buffers (0,0l mqlar)‘of low
ultraviolet absorption (ethylamine,»borate, phosphate;
acetate, formate and diluﬁé-hyardéhlofié acid) werg‘uSed,

and for low values the acidity‘functioh solutions
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(sulphuric acid) of Hammétt and Paul (193u), Hammett
(1cu0), and iMichaelis and Granick (19u42). MeaSQranénts
were made in the Hilger "Uvisoek" H700/301 Qﬁartz
Spectrophotometer using 1‘orvu cm, cells, ‘Bﬁffer
solutions of the same strength were used as‘dontrbls, =
at wavelengths selecﬁed becéﬁse;bf»markéd diffébencésQ
found between the extindtion'coefficients of the ﬁwb:
species involved in the‘equilibfium undePIStuéy; "FoP'.
an equilibrium between a neﬁtral molecule ahd’é brotonated
form, the extinction coefficients bf the ﬁeuﬁral:molééule
(EM) and the protonated form (EMH+)'and the extinction
coefficients of the sum of the two species (E)fwefe;
measured in solutions of such pH values‘as were f0uhd_
during the course of the déﬁerminatipns to‘coffédend‘to
the range from 20 to 80% pfotonétion“in'7 equal steps. |
The pK; ’s were determined from the following formula:

oK, = pH - log [(ﬁmm—i ) / (e - SM)]
converted into antilogarithms and averaged.‘ A similar

method and formula was used for the_equilibriqm>inVolving

the néutral molecule and anion. No hydrolysis éorrection"

is required in this method, but the usual activity “,

corrections apply (Herington (1950)).

% The apopropriate amount of iodide ion was included
in the control when methiodides were being exémined.
‘'he iodide ion has an absofption maximum'at‘228—229 mu;
log 3.88 and its ultraviolet absorption spectrum is :

shown in Appendix II.
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(2) ULLRAVIOLET ABSORPTION SPECIRA of the various
species were taken in the Hilger "Uvispek" H7OQ/301
Guartz Spectrophotometer. ,.The solutions were buffered
(the same series of bufferé.as used in spectrdphotometric
determinations of pKa), at least 2 pH units away from the
previously determined pKa‘value, ﬁhus ensuring at 1east
9g¢. of the required species‘(except when thé‘twdvpKé
values of a mercapto - Qompound wefe'less than 4pH units
apart when the ultraviolet absqrption'spectrum of'the
rolecule was taken at a pH mid—way between thé twb pKa
values). Measunements'were'taken in i and Q cm.
stoonered cells, ’Decomposition of the compound in
solutionvwas found to 5e negligible in stqppered cells
during me: surement of the spectrum.

(a) Bxamole of neutralization of solution in sulphuric

acid, A 0,0001 molar solution of l-methylpyrid-u4-thione
in 4.13% N-sulohuric acid was neutralised under an
atmosphere of nitrogen with 1ON-sodium hydroxide and the
solution diluted to 0.0000é5>holar at pH 7.0. Ultraviolet
spectral reading showed that the molecule’of lfmethylf
nyrid-li-thione was present in solution and the extinction
coeflficients were alm&st identical with those found
oreviously for the molecule. This proéess_was carried
out to make sure that the\g@lghurio acid‘used in‘the
measurenent of the spectra of thé cation had not destroyed

the substance.
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APPENDIX I,

HISTORICAL OUTLINE.

Mercaéto - derivatives of Five - mémberéd Rings.

The possibility of tagtom'epism in nitrogenous
heterocyclic mercaptd'r qomppunds in~whi9h‘the |
heterocyclic nucleus‘is-é fiVe - membefed ring 15] 3-u l
illustrated by the follow1ng observatlons. ‘ .

(1). Reed, Robertson, and Sexton (1939) found that
o-mercaptobenzothiazole (Iﬁff—>II) with methyl iodidev
or dimethyl sulphate and alkali gave mainly the
S-methyl derivative, but Sextoﬁ and Spinks (1948) found
that 2- mercaotobenzothlavole w1th agueous or alcoholic
formaldehyde gave the N—hydroxymethyl derlvatlve.' The
structure of this derivative was definitely establiShed
by comparison of its ultraviolet ébsorptibn specﬁrum
with that of the N- and S—methyi derivatives of

2-mercaotobenzothiazole.
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(2) Stewart and_Mathés (l949)-fouhd that reactibns
involving the éodium sa1t of L4:5-dimethyl-2- mercaoto-
thiazole (III) and‘haiogenated reagents (e g n-butyl |
bromide) usually gave S-substituted derivatives but |
reaction of the sodium salt with acrylonitrile or of ‘:
the molecule of (III) with formaldehyde gave the
N—substituted derivative. The position of the
substituent was established by ultraviolet absorption__

spectral studies.

Me-0—S8
Iy
C—SIi

V4

He=C -1

(111)

nwvidence of the state of‘tautomerism at equilibrium

in non-agueous media. The tautomerism of five-

membered ring nitrogenous heterocyclic mercapto -
compounds has been studied only in non-aqueous media;
Infrared, rluorescent and ultraviolet absorption spectral
measurenents have been made, and in one case dipole
moments have been determined.

In each case the thiocamide structure is favoured
at the expense of the thiol structure.

(i) Infrared absorption spectra. A large amount of

data has been publiched on the infrared asbsorption

spectra of five - membered ring nitrogenous heterocyclic
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mercanto - compounds in non-aqueous solutione. . Fof
example Gompper and'Herlinger (1956b) have examined
2-mercapto-oxazoles e.g. (IV) and one N-phenyl
derivative, and 2-mercaptd~iminazoles e.g. (V); Mecke
and lecke (1956) have exanined 2-mercaptopyrrolidine
(VI), 2-mercapto-oxazoline (VII) and ethylenethiourea
(VIII); Fleet (1953) has examined 2-mercaptothiazoline
(IX) and its S-methyl derivative; and Ettlinger (1950)
has discussed the infrared abéorption‘speétra of
2-mercaptothiazoline (IX), 2-mercapto-oxazoline (VII)

and l-methyl-2-mercaptoiminazole (X).

C==C—R p-ge==C-—7 - G,
N A A i
- AT ad _d=s

: g §
o B
(1v) (V) o
H,C—CH 1= CH My — ¢
2y (2 Pé' ?}2 | %t i
HN\C/ J HN\ ‘/L\AH HR \O/S-
8 s ’
(VII) (VIII) (IX)

2

M
Wil

Me—Ni_ _IH
e

=C
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This evidence is considered by the authors to be
consistent with a pfincipally thiocamide structure.for
the mercapto - compdund. However, in general; |
cdmparisons of the mercapto - compound with its N-
and S- substituted derivatives have not been made.When
such comparisons have‘been made, they haye suppOrted
these conclusions. Thus, Gompper and Herlinger showed °
that the infrared spectrum of L:h-dipropyl-2-mercapto-
oxazole (IV: R = Hj R’;_Pr) and its N-phenyl
derivative were similar, and Fleet has shownvthat the
infrared spectra of 2-mercaptobenzothiazole aﬁd its

S-methyl defivative were Vefy different.

(ii) Ultraviolet absorption soectrae. The ﬁltraviolet'
absdr@tibn spectra bf é‘nuMber of mercapto - compounds
of five-menbered heterocyc1i¢ rings and their N- and

S-methyl derivatives have been examined and illustrate
the existence of the mercapto - compound mainly in the

thioamide form.

(a) Thiazoles. Hasan and Hunter (1936)‘éxamined'the

ultraviolet absorption spectra in methanol,of some'

6- substituted 2—merca9tobenzothiazbles CegZe 6-methyl-
Z—mercaoﬁobenzothiazole and their N- and S-methyl
derivatives and found that the.spectrum of the mercapto -
compoundbwas strikingly siﬁilar to that of the ﬂ—methyl

derivative but quite different from that of the S-methyl

derivative., The spectrum of the mercapto - compound
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underwent a hypsochromic shift when treated with alkali
as obssrved in the present studies of mercaptb -
Gerivatives of mono-and diaza-heterocyclic compounds
of six-membered rings. ilorton and Sﬁubbs (1939)
examined'the ultraviolet absorption 5pectra in,alcohoiic
solution of 2-mercaptobené%hiazole and its N- and S-
methyl derivatives-and'fouﬁd that‘the spectrum of fhe
mercapto - compound also_corresponded‘tdkthat-of the
N-methyl derivative but was quite different from that
of the‘S—metﬁyl defivatiye. Koch (1949) arrived at
the sane conclusions'fn>m:u1tfaviolet absorption
spectral studies in ethanol, benzene and chloroform,.
Stern (1949) exmlinéd‘the ultraviolet absprption_ 

spectra published by Cook et al. (1947, 1948) and has

‘suggeSted‘that'Q—mercaptofg—phényl—54aminothiézble‘(XI)

exists as the thicl form due‘tovoonjﬁgation of the

benzene ring with the thiol structure.

mn — 71

Ph"' il

Ca

—— |

()
[ o

X~

e
-

I
(XI)

He bases.his conclusions on the differehce of* the
ultraviolet absorption spegtra of ‘the Y-phenyl derivative
from 2-mercapto-5-aminothiazole and its U-n-hexyl ahd
u-l'—ethyl-g-amyl derivatives, and claims that the

long- wavelength absorption band (which lies at shOrtef‘

A\
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wavelengths ih the ufphenyl‘derivaﬂiVe) indicates the -
existence of the thiol form. = He mentiohs tﬂe" o
hypsochromic shift in the spectrum‘of the other

mercapto - comoounds when they are treated with alkall'

but 2-mercapto-li-phenyl-5-aminothiazole undergoes a

bathochromic shift. However, Stepn hao compared the

spectrum of (XI) in dioxane with the others in alcohollc
solution and Wlthout regard to pK values.'-Thls is not
good'practice'and aoy’conclusions‘ﬁust therefofe be
suspect. ’ |
Oxazoles. Gompper and Herlinger (l956a)‘havekshow5ss"
by fluorescent end ultraviolet absorption speotrelof(
studies in methanol thatvﬁ'5Fdiohenyl-2-meroapto-oxaéoie
(XII) exists malnly as the thloamlde because the speotrum
resembles that of the N—methyl demlvatlve and not the
S-methyl derivative.

Imidazoles. Lawson and Morley (1956) have measured

the ultraviolet absorption spectra_ofsQ-mercapto-q—

methylimidazole (XIII) in ethanol.

PL~?===?‘-w%1 , | HG*%%rf—~ge'
! , |
N §) . .
H”\c/' N, AH
i R il
S S

(XI1) o (XI1I)

They found it to be similar to that of the N(1)-methyl
derivative but quite different:to‘thateofUthevSQmethyl

derivative.
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(iii) Divnole moment measurements. Additional

evidence for the dominance of the thioamide structure
of 2-mercaptobenzothiazole and its 4- and 6-methyl
derivatives in benzene solution has been obtained by

Oesper, Eewis and. Smyth,(l9u2) from dipole moment

) .
measurement s. They have shown that the dipole'momenb
of 2-mercaptobenzothiazole (4.00 D.) is similar to that
of its N—methyl derivative (4.30 D.) but guite different

to that of its S-methyl derivative (1l.42 D.).
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APPENDIX II.

Ultraviolet Absorntion Sovectra.

The ultraviolet absorption spectra of the cation,
anlecule (or zwitterion) and anion (where possible) of

b

each substance = are shown in the following figures. .

Pig. : - . Substance.
i 2-Mercaptopyridine
10 1-Methyloyrid-2-thione
11 2~Methylmercaptopyridine
12 3-iercastopyridine '
13- N-ilethyl derivative of - B-mercantopyrldlne
1L - 3=llethylmercaptopyridine - : _
15  L=llercaptopyridine -
16 1-ethyloyrid=4-thione -
17 L-lethylmercaptopyridine
18 2-Mercaptoquinoline
19 l-Methylouinol-2-thione
20 2-Methylmercaptoguinoline
21 - 3-Mercaptoguinoline
22 N-lMethyl derivative of 3—mevcaptoqu1nolinev
| 23 3=-llethylmercaptoguinoline
| _ 2U L-ilercaptoquinoline
| 25 | 1-Methylguinol-uy-=thione .
| 26 L-lMethylmercaptoouinoline
| 27 H5=-Mercaptoquinoline ‘
28 N-Methyl derivative of 5—mercaotoou1n011ne.
29 -5=Methylmercaptooiinoline _
30 6-Mercaptoquinoline ,
31 N-ilethyl derivative of 6—merca0toqu1nollne
32 . b=llethylmercaptoquinoline
33 8~Mercaptoguinoline
3l 8-Methylmercaptoguinoline
25 l-iercaptoisoquinoline
76 2-Methylisoquinol-l-thione
37 1-Methylmercaptoisoquinoline
38 3-llercaptoisoquinoline
| ‘ 39 3-iethylmercaptoisoquinoline
1o 2-llercavtopyrazine ,

~

% The spectrum of iodide ion is shown in Fig. 50.
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1-llethyloyraz-2-thione

2-ilethylmercaptopyrazine
2~llercaptoquinoxaline
l-llethylouinoxal-2-thione
2-llethylmercaptoquinoxaline-
1-Methyloyrimid=-2=-thione
1-llethylpyrimid=-4=-thione
1-Methylpyrimid-6-thione
y-Methylmercaptopyrimidine
Todide ion :
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