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I. INTRODUCTION

A survey of the chemical literature recently under-
taken by us, has revealed that much greater attention
is being given nowadays to organo-sulfur compounds.
New products containing sulfur have emerged and
many of them were isolated from petroleum,? coal,?
plants,* animals® and soil microbes.® A great majority
of them are, however, man-made and are obtained by
intricate but often exciting synthetic procedures which
give rise to new reactions, new chemistry and a great
variety of potentially useful chemical compounds.
These studies led to the synthesis of derivatives of
phenothiazine (1)7 the sulfur analog of phenoxazine,
and to dithieno(2,3-b: 2,3"-e)(1,4)thiazine (2)8,
cyclopental(1,2-b: 4,3-b")-dithiophene (3)® and
benzothienoacridine (4)'° derivatives which are thio-
phene analogs of phenothiazine, fluorene and
benz(c)acridine respectively.

Many of these compounds have found uses which
are comparable, and in many cases, superior to their

carbocyclic analogs. Their uses as dyestuffs, lubricants,
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industrial antioxidants, vulcanization-accelerators,
insecticides, herbicides, disinfectants, germicides and
above all as drugs indicate the wide range of applica-
tions of these products.! 1% The aliphatic mercaptans,
which are characterized by their disagreeable odour,
have now found some interesting applications based on
this property. These mercaptans, particularly those
obtained as by-products of petroleum refining, are
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added to household gas as a warning against leaks or
escaping gas, the effects of which could be disastrous.
Furthermore, they are used in some industrial warning
signals of various types.!® Organo-sulfur compounds, in
general, find the greatest applications in medicine
where they are used as antitussive and antitumor
agents, antihistamines, anthelmintics, antibacterial
agents, antimalarials, local anaesthetics, antipsychotic
agents, anticonvulsants, tranquilizers, antiemetics and
sedatives to mention a few.!%!7 A study of the effect
of replacement of benzene in carcinogenic benzenoid
and benzoheteroaromatic systems with thiophene,
benzothiophene, thiazole, thiopyran and other sulfur
heterocycles has been recently undertaken by many
workers notably Buu-Hoi and his team. A general
reduction in carcinogenic activity was observed and

in the thiophene analog of benz(c)acridine, a complete
destruction of carcinogenic property was reported.'®
Replacement of benzene with thiophene can there-
fore be recommended for drugs with the undesirable
and lethal carcinogenic activity.

In spite of these interesting advances, a lot of work
remains undone in this direction as several aromatic
systems are known for which the sulfur analogs
remain unknown. The main obstacle in this regard
is the scarcity of suitable stable sulfur precursors.
Such sulfur compounds are somewhat more reactive
than their oxygen analogs and are therefore more
difficult to preserve. Mercaptans are readily oxidized
to disulfides by mild oxidizing agents and are re-
generated from the disulfides upon mild reduction.
These oxidation-reduction reactions are claimed to
be utilized in the respiration of living cells where

cysteine (5)-cystine (6) interconversion is probably
involved.

HaN®
I
CHZCHCO0®
!
s
HSCHZCHCO0® |
| s
H3Nea |
CHaCHCOO0®
|
HaN®
5 6

Although the sulfides are quite stable, they are more
sensitive to oxidizing agents than ethers and are there-
fore readily converted to sulphoxides and sulfones.

In contrast to ether peroxides, these sulfoxides and
sulfones are quite stable. Some theories'®~2! have
been put forward to explain these properties but no
general agreement has been reached.

Many of the precursors in question are heterocyclic
thiols, thiocyanates, sulfides, disulfides, thiocarbamates,
and thioureas obtained essentially by methods which
depend on the reactivity of the substrate. It is the
purpose of this paper to highlight the various methods
of introducing the mercapto group on to furan, thio-
phene, thiazole, pyridine, thianaphthene, quinoline,
isoquinoline, pyridazine, pyrimidine, pyrazine,
quinoxaline, purine, pteridine, and pyridazino(4,5-d)-
pyridazine ring systems. It is hoped that this survey
will provide a useful guide in choosing the right method
of preparing the appropriate thiols required as pre-
cursors in the synthesis of novel organo-sulfur com-
pounds particularly in the phenothiazine series.

II. ELECTROPHILIC SUBSTITUTIONS ON HETEROCYCLIC RING SYSTEMS

Owing to the presence of one or more heteroatoms

in heterocyclic rings, an uneven distribution of n-electron

density is expected. This results in certain positions
acquiring more negative characters than the others.
Electrophilic substitutions will therefore take place at
the more negative centers while nucleophilic sub-
stitutions occur in the more positive ones. In pyridine
and pyrimidine, the 2-, 4-, and 6-positions are most
affected by the electron-withdrawing effect of the
more electronegative ring nitrogens are thus positive
in character. Nucleophilic substitutions will occur at
these carbon centers. The 3- and 5- positions of
pyridine and the 5-position of pyrimidine are more
negative as they are relatively unaffected by the
electronic effects of the annular nitrogen. Electro-
philic substitutions will, therefore, take place at these

carbon centers. These substitution reactions may be
facilitated, retarded, or modified, as the case may be,
by the presence of certain groups in the ring. As
examples of these effects pyridine and pyrimidine
that have been utilized in the synthesis of the hetero-
cyclic thiols.

A. Electrophilic Thiocyanation Followed by
Hydrolysis

1. Kaufmann’s Thiocyanation Reaction

One of the most successful methods of introducing
sulfur into organic compounds is the application of
Kaufmann’s thiocyanation of aromatic amines. This
reaction was extensively studied by Kaufmann after
whom it was named in recognition of his outstanding
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contributions towards its development. Kaufmann
found that aromatic amines could be thiocyanated at
the para-position with thiocyanogen (7) which is
liberated in situ by the action of chlorine or bromine
on inorganic thiocyanates at low temperatures.

Brg + 2KSCN (SCN)g + 2KB"F

7

The reaction works best in an acid medium which
hinders the hydrolysis of the thiocyanogen. Glacial
acetic acid is the widely used solvent for this purpose.
Satisfactory results were also obtained by the use of
acetone, methyl, and ethyl acetates as solvents. The
use of methanol is equally successful if it is first
saturated with potassium bromide to protect the
solvent from attack by the halogen. 4-Thiocyano-
aniline was obtained in this manner from aniline.2?
If the para- position is blocked thiocyanation takes
place at the ortho-carbon. In f-naphthylamine where
the p-position is blocked, thiocyanation took place
at the a-carbon leading to 1-thiocyano-2-naphthyl-
amine.?3 With the appropriate thiocyanated product,
cyclization could occur leading to benzothiazoles.
p-Nitroaniline, for example, reacts with ammonium
thiocyanate and bromine in glacial acetic acid to
yield 2-amino-5-nitrobenzothiazole (8).24

NHa
+(SCN)g —
02N
NH2 N
/C[ /O: \>‘NH2
O2N SCN ——> O2N S

These reactions are apparently well established in
aromatic carbocyclic systems and have been applied
to heterocyclic systems by several workers, notably
Takahashi and his Japanese school.?* Owing to the
directive influence of the ring nitrogen in competition
with the amino group, the position of attack by
nascent thiocyanogen will depend on the dominating
group. 3-Aminopyridines bearing electron-releasing
groups at the 6-position were converted in this way
to 2-aminothiazolo(5,4-b)pyridines 926 729 yia the
2-thiocyano derivatives. The thiocyanation of 2,6-
diaminopyridine was investigated by three groups of
workers whose results led to contradictions on the
structures, melting points and purity of the products.
Yamamoto, Takahashi and Ueda3® 3! obtained a

product which they formulated as 2,5-diamino-
thiazolo(4,5-b)pyridine, 10.

i N =z s
| \>—NH2 /(I />—NH2
Y s HoN" Xy N
9 10

Bernstein3? confirmed these results and obtained, in
addition, 2,6-diaminobisthiazolo(4,5-b: 5',4"-¢)-
pyridine, 11, if two equivalents of the thiocyanating
agent were used.

S X9
NH2
H2N_<\N | P />—

N N

11
/E\/ESCN NCSI\/[SCN
HaN I N7 “NH3 H2N ! N7 NHz
12 13

Maggiolo,3 on the other hand, reported that the
bisthiazolopyridine compound, 11, is the only
product of the reaction. Baker and Hil134 reinvesti-
gated these reactions and proved that the product
purported as 10 by Yamamoto, Takahashi, and
Bernstein is, in fact, 2,6-diamino-3-thiocyanopyridine
(12) melting at 141°-141.5°. The compound had a
strong infrared absorption at 2160 cm™! correspond-
ing to the thiocyano group. Upon boiling in water
for several hours, it isomerized to 2,5-diaminothiazolo-
(4,5-b)pyridine (10) which lacked the SCN absorption.
A second and less soluble product was also isolated
and identified as 2,6-diamino-3,5-dithiocyanopyridine
(13) (mp ~ 200°(dec)). Like compound 12, it is
cyclized to the bisthiazolopyridine, 11, mp > 300°,
by refluxing this time, in pentyl alcohol for six hours.
Owing to contradictory reports on the structures
and melting points of these products,3® a reinvesti-
gation of these reactions with 3-aminopyridines was
recently undertaken by us.3® The thiocyanation of
3-amino-6-methoxy- and 3-amino-6-chloropyridines,
14, gave products which agree with structures 9 and
15 on the basis of their analysis, ultraviolet and in-
frared spectra. There was no SCN band in their in-
frared spectra (Figures I and II).
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Infrared spectrum of 2-amino-5-chlorothiazolo[5,4-5]-pyridine, (9, R = Cl) in Nujol.

Their proton nmr spectra gave strongly coupled
aromatic protons, J = [0 Hz if R=0Me and J =8 Hz
if R = Cl, showing that these protons are cis to each
other (normal ¢is — Jyy ~ 4-12 Hz while para

— Jypn ~ 0-3 Hz; Figures III and IV and hence the
correct structures are 9 (R = OMe, Cl1). Molecular
orbital calculations of the m-electron densities in
3-amino-6-chloropyridine (16) by LCAO-MO method
also favors an attack of the 2-position by the electro-
philic thiocyanogen. :

0.7164 /H

Xy VH2

R N\NZ SCN

17

0.07

207
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6.0r
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FIGURE HI

Nmr spectrum of compound 9, R = OMe.
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Nmr spectrum of compound 9, R = CI.

These results show that in 3-aminopyridines sub-
stituted at the 6-position with electron releasing
groups, thiocyanation takes place preferentially at
the 2-position followed by cyclization of the inter-
mediates, 17, to the bicyclic products, 9.

The thiocyanation of 2-amino-6-picoline gave the

3-thiocyano derivative, 18, which cyclizes to 2-amino-
5-methylthiazolo(4,5-b)pyridine (19) on prolonged

heating. Compound 18 had a strong infrared absorp-

WAVELENGTH (MICRONS)
7 8 9 10 1

327

tion at 2145 cm™! (Figure V) and the cis-Tyy for
the two aromatic protons in the nmr spectrum is

9 Hz (Figure VI).
N 5N Z s
0o
7 X N
CHg3 N NH2 CH3 N
18 19

The thiocyanation of heterocyclic compounds is
not confined to pyridine systems. Quinoline,33
isoquinoline,3” ~3% pyrimidine,*® ™ and thiazole
were successfully thiocyanated with bromine and
inorganic thiocyanates in glacial acetic acid. Mag-
giolo33 reported the conversion of 3-aminoquinoline,
20, to 2-aminothiazolo(4,5-d)quinoline (21) but no
physical or chemical evidence was obtained in favor
of the cyclized structure over the thiocyano deriva-
tive, 22 invoked as an intermediate.

42,43

AN NH2
———p
20
NH2
SCN S \
AN NH2 AN
—_—
N/ N/
22 21

3-Aminoisoquinoline (23), on the other hand, gave
the 4-thiocyano derivative (24) in 65% yield. The
SCN band appeared at 2143 cm™ in the infrared spec-
trum. In the nmr spectrum, the low field singlet at
1.297 corresponds to the C-1 proton of the isoquino-
line ring. Cyclization was achieved by refluxing in
aqueous alcoholic HC1.37

3 4 5 1T 12 13 14 s
100F= =1 = . = et 100
i — !
. ]
g\-{-iso m - 80
P ——raa)) = .
= V] i B [\ ﬂ/ i \ \ f\ A
£ 7 | Yy T <
T .. -\ . l{ V
25w | — ! 40
Z L ( : l l N i
£ LBl ‘ |
e il ; ‘ 2
LT | I
4000 3000 2000 1500 cm, 1000 7900 800 700
FIGURE V

Infrared spectrum of compound 18 in Nujol.
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NHo 29 30
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o VH2 AN and Vantaggi** 43 reported the thiocyanation of
Hel 2-aminothiazole with these reagents. The 5-thiocyano
N AN derivative (29), required as an intermediate in their
24 265 synthesis of thieno(3,2-d)thiazole derivative (30) was

A similar reaction with 4-aminoisoquinoline (26)
gave a mixture of 4-amino-3-thiocyanoisoquinoline
(27) and 2-aminothiazolo(5 ,4-c)isoquinoline (28) in
33% and 21% yields respectively.

The infrared and nmr spectra of these products are
in good agreement with the assigned structures.® The
thiocyanation of 2,4-diamino-6-hydroxypyrimidine
by the same method gave the expected 5-thiocyano
derivative which had a sharp medium-to-strong peak
at 2151 em™1.#!

The thiocyanation of heterocyclic compounds is
not confined to six-membered heterocycles. Bellavita

obtained.

Soderback** successfully thiocyanated thiophene
and pyrrole using bromine and excess inorganic thio-
cyanates in the presence of aluminium chloride and
ethyl ether®’ as solvent. With thiophene, 2-thio-
cyanothiophene (31; X = S, R = H) was obtained.

O\RSCN

g
X X X
. ¢ u
Quwn
e 1l
| T
[ o
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However, if the reaction is left to continue for 48 hr
at 0° 2,3-dithiocyanothiophene (32; X =S, R = SCN)
separated. Owing to the high reactivity of pyrrole
compared to thiophene, the thiocyanation of pyrrole
by the method used for monothiocyanation of thio-
phene gave 2,3-dithiocyanopyrrole (33; X =0,

R = SCN) in a good yield.

2. Effect of Substitution on Thiocyanation with Nascent
Thiocyanogen

The effect of substitution in 2- and 3-aminopyridines
and 2-aminopyrimidines on these thiocyanation re-
actions was also studied. The presence of two electron-
releasing groups was found to be a prerequisite for
successful thiocyanation with “nascent™ thiocyanogen.
2,6-Diaminopyridine®® ~33 and 3-aminopyridines sub-
stituted at the 6-position with chlorine, methoxy,
ethoxy, hydroxy, isopropoxy and butoxy groups were
thiocyanated with ease.3% 3! 2.Amino-4-methyl- and
2-amino 5-methylpyridines could not react with this
reagent owing to the lower electron releasing effect of
the methyl group.33 3¢ For the same reason, 2-amino-
5-bromo- and 2-amino-5-iodopyridines failed to re-
act.3% 3! However, if a methyl group is substituted at
the 6-position, thiocyanation of the 2-amino-6-methy!-
pyridine was successful but in a lower yield.3® Similar
results were obtained in 2-amino-4-hydroxypyrimidines
and in these cases, replacement of the hydroxyl group
with chlorine or an alkyl group resulted in sufficient
deactivation which rendered these compounds inert
to thiocyanogen. Thus, 2-amino-4-hydroxypyrimidines
substituted at the 6-position with methyl and pheny!
groups (31) were readily thiocyanated while 2-amino-
4-methylpyrimidines substituted with chlorine and a
methyl group at the 6-position (32) could not react
with this reagent.33

OH CH3

XN N

R N)\NHz R N)\NHz

31: R= CHg, Ph 32: R=Cl, CHg3

A stronger reagent is needed therefore for the thio-
cyanation of monosubstituted heterocyclic compounds.
In this regard, Baker and Hill3* used chlorothiocyanogen,
a stronger thiocyanating agent than thiocyanogen, but
instead of the expected product, a complex compound
of unknown structure was obtained.

3. Base-Catalyzed Hydrolysis of Thiocyanopyridines and
Thiazolopyridines

One of the most useful properties of these thiazolo-
pyridines and thiocyano derivatives of heterocyclic
compounds is the readiness with which they are con-
verted to pyridine thiols. Takahashi and Yoshii*®
claimed that 2-amino-5-ethoxythiazolo(5,4-b)pyridine,
(9, R = OEt) could be hydrolyzed by refluxing in 20%
NaOH for one hour. The ease of cleavage of the
thiazole ring is puzzling because of the anticipated
aromatic stabilization of the thiazole ring. As an
explanation, Baker and Hill®* suggested that the
reported hydrolysis could well be that of the non-
rearranged structure 33. This, in fact, is the case with
compound 1234 which was incorrectly reported as
the cyclized structure, 10.3%3!

(\INHQ (\jl\NHz
PN
CaHg0 N/ SCN R N S

H
33 34
AN NH2
R \NZ NsH
35

Since ortho-aminomercaptopyridines are useful pre-
cursors for our azaphenothiazine work, these base-
catalysed reactions of thiazolopyridine and ortho-
aminothiocyanopyridines were further investigated
by us.3® Base-catalyzed hydrolysis of 2-amino-
thiazolo(5,4-b)pyridines (9) gave the corresponding
3-aminopyridine-2(IH)-thiones, 34, after acidification,
and no evidence for the thiol (lactim) tautomers 35
was found in the nmr spectra.

Takahashi, Yoshii, and Maki*® 47 had previously
reported their inability to recrystallize compound 34
formed by hydrolysis of the thiazolo(5,4-b) pyridines
using 10-20% sodium hydroxide solution. If barium
hydroxide, however, is used purer products were
obtained.*” In a subsequent study, the impurities
were identified as 2-mercapto-3-pyridylureas, 36,
formed by incomplete hydrolysis of the thiazolo-

pyridine. 48
H
/ N ﬁ/N H2
L

o)
R N SH

36

In our studies, we found that by refluxing these
thiazolopyridines with 20% sodium hydroxide
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solution for 3 hr, the corresponding 3-aminopyridine-
2(IH)-thiones, 34, were obtained in excellent yields.
These products dre recrystallizable from methanol,
and analytically pure products were obtained in this
way.36

Base hydrolysis of 2-amino-3-thiocyano-6-picoline
(18) gave the dipolar salt of 2-amino-3-mercapto-6-
picoline, formulated as structure 37, on the basis of
infrared and nmr evidence.*®

s©

CH3 NH2

These ortho-aminomercaptopyridines were success-
fully converted to derivatives of 1,3,6-triaza- (38)5°
and 1,3,9-triazaphenothiazines (39)*° by reacting
with 4,5-dihalogenopyrimidines. The two rings are
the only known isomers of triazaphenothiazine.

H
T
XN SLN
38
H
/N N N\l
X | SLN
39

The cleavage of the thiazole ring in thiazolo(4,5<¢)-
quinoline®! and thiazolo(4,5-d)pyrimidine®? by acid
and base catalysis respectively was also reported.

NH2
S"( SH
N H
N CH3
AN HCI X Y
o
s
N N
40 a1
OH OH
v s SH
NZ NaOH N
HO™ XN N HO N NH2
42 43

Bachman, Welton, Jenkins, and Christian®! reported
the hydrolysis of 2-methylthiazolo(4,5-«)quinoline
(40) in dilute acids to yield 3-acetylamino-4-quino-
linethiol (41). Using 10% sodium hydroxide solution,

Baker and Chatfield converted thiazolo(4,5-d)-
pyrimidine-5,7-diol (42) to 4-amino-5-mercapto-
pyrimidine-2,6-diol (43) in 86% yield.5?

B. Sulfenylation and Hydrolysis of the Sulfide

Sulfur heterocyclic thiols have been successfully
prepared by Friedel Crafts reaction of the hetero-
cyclic compound with a reactive benzenesulfenyl
chloride followed by base-catalyzed hydrolysis.

ScCl
NO2
| |+ _—
S
NO2
44 45

46

In the presence of stannic chloride catalyst, 2,4-
dinitro-benzenesulfenyl chloride (45) reacts with
thiophene and the mono- and di-alkyl derivatives in
methylene chloride to give a variety of thienyl 2,4-
dinitrophenyl sulfides, 46, in good yields.53

In Table I, the results obtained by alkyl substitution
on thiophene and thianaphthene rings are presented. It
can be seen that owing to the electrophilic nature of

TABLE |
Compound R Yield, % Mp
o
44 s 89 119-120
:CH3_
47 S 63 120

I8\
48 3 S 65 105-106
/\
3/(sj\c”3 92 115
|
50 : S CHz 73 176-177

.

H
H

C
49 C
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these reactions, the presence of electron releasing
groups at the 2-, 3- and S-positions of thiophene
facilitates the reaction leading to increased yields. As
expected, the yield is highest in 2,5-dimethylthiophene.
With 2-methylnaphthalene, the corresponding thia-
naphthyl 2 4-dinitrophenyl sulfide (50) was isolated
in a good yield. Thianaphthene itself gave a mixture
of 2- and 3- thianaphthyl 2 4-dinitropheny! sulfides.
The use of other catalysts was also investigated.
Anhydrous lithium aluminium hydride and anhydrous
ferric chloride gave intractable tarry products while
anhydrous stannic chloride was ineffective at tem-
peratures below the boiling point of methylene
chloride. With stannic chloride, the reaction works
best at the reflux temperature of methylene chloride
for a period of, at least 14 hr.
The diaryl sulfide, 51, is cleaved by methanolic
sodium hydroxide to yield the heterocyclic thiols,
52, and 2,4-dinitroanisole (53) with extensive disulfide,
54, formation, after acidification.

O2N NO2
acidify A l
R ) +
-8 s SH
S \/5
OMe
1

5 52

OMe

NO2
[
A
s $-8 s
NOo
53 54

The yields of the thiophene thiols were increased to
48% by reducing the reflux time to 20 min while
running the reaction in a nitrogen atmosphere to
reduce decomposition and air oxidation of the mer-
captide ion. Further increase in the yield of the
heterocyclic thiols was obtained by isolating them as
their mercuric chloride salts by reacting with mercuric
acetate.”3

III. NUCLEOPHILIC SUBSTITUTIONS ON HETEROCYCLIC RING SYSTEMS

The ease of nucleophilic substitution in nitrogen
heterocyclic systems is the major difference between
them and aromatic carbocyclic rings. As we pointed
out earlier in this paper, the 2-, 4- and 6-positions in
pyridine and pyrimidine are most susceptible to
nucleophilic attack. The readiness with which these
heterocyclic rings undergo nucleophilic substitution
has been utilized in the synthesis of heterocyclic
thiols.

A. Nucleophilic Thiocyanation Followed by
Hydrolysis

Although Kaufmann’s reaction provides a work-
able method for thiocyanating heterocyclic compounds,
nucleophilic displacement of halogen with thiocyano
group has been found useful. This reaction works well
if the heterocyclic halide is substituted with an
electron-withdrawing group. Takahashi and Ueda’*
converted 4-chloro-3-nitropyridine (55) to 3-nitro-
4-thiocyano-pyridine (56) by reacting with potassium
thiocyanate at room temperature.

Cl SCN

X V02 Xy NO2
——

N/ N/

65 56

By treating 2-chloro-3-nitropyridine with potassium
thiocyanate in the presence of copper powder, 3-nitro-
2-thiocyanopyridine (57) was obtained. Reduction of

the nitro group with stannous chloride and con-
centrated hydrochloric acid gave 2-aminothiazolo-
(5,4-b)pyridine (58) in a good yield.’* The same product
was isolated if the nitrothiocyanopyridine (57) were
treated with concentrated ammonia.’®

AN NO2 X NO29
l Z l Z
N cl N SCN
67
Z N Xy NH2
| \>—NH2 - l
XN s N NSCN

58 59

By refluxing the thiazolopyridine with 10% sodium
hydroxide solution at 140° in the presence of
arsenious oxide, 3-aminopyridine-2(1H)-thione (34,
R = H) was obtained.

In the pyrimidine series, 2,4-dichloro-5 -nitro-
pyrimidine reacts with potassium thiocyanate to give
2-chloro-5-nitro-4-thiocyanopyrimidine.5” These
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thiocyanated heterocyclic systems can be converted
to the corresponding thiols by refluxing with dilute
sodium hydroxide followed by acidification.

B. Direct Introduction of SH Group with HS® as the
Nucleophile

Heterocyclic thiols are also prepared by nucleo-
philic displacement of halogen in heterocyclic halides
with hydrosulfide ion.

Propylene
A glycol X
| +KSH —0— | + KBr
~——Br a
N N S
H
60

Pyridine-2(IH)-thione (60) was obtained in 85% yield
by reacting 2-bromopyridine in propylene glycol’®
with potassium hydrosulfide (generated by saturating
an aqueous solution potassium hydroxide with hydro-
gen sulfide) at 170°-175°. The reaction is facilitated
by the presence of suitably substituted electron-
withdrawing groups in the heterocyclic ring. By re-
fluxing 2-chloro-3-nitropyridine (61) with methanolic
potassium hydrosulfide, 3-nitropyridine-2(IH)-thione
(62) and bis(3-nitro-2-pyridyl)disulfide (63)°° were
obtained.

AN NO5
l —
N/ Cl
61 0N
+
N N7 S 8—87 NP
H
' 62 63

Also Kruger and Mann®® obtained 3-nitropyridine-
4(1H)-thione (64) in this way while Rodig®' and his
coworkers prepared, by an identical method, 3-amino-
pyridine-2(IH)-thione (34; R = H) required for their
azaphenothiazine studies.®? 3-Amino-2-chloro-
pyridine, 65, required for the preparation of com-
pound 34, R = H, is obtained by Hofmann’s re-
arrangement of nicotinamide (66) using chlorine

and sodium hydroxide as the catalyst.%3 The re-
arrangement proceeded smoothly in small amounts

and was accompanied by chlorination at the 2-position.

A violent explosion was reported during the rearrange-
ment of nicotinamide if large amounts of the reactants
were used.5! The explosion is probably due to a high
build-up of perchlorate ions by interaction with

N

chlorine and sodium hydroxide. If bromine were used
in place of chlorine in this reaction 3-aminopyridine,
67, was obtained without 2-halogenation taking
place.64

o]
[ AN NHo
Bra Cl2
40'-{ NP NaOH\A
X~ NH2 g6 Ej:l’m
N/ N/ |
67 65

2-Chloro-5-methyl-3-nitropyridine, 2-amino-3,5-
dibromopyrazine, 5-amino-3,6-dichtoropyridazine and
2-amino-3-chloroquinoxaline were converted to
5-methyl-3-nitropyridine-2(1H)-thione (68)%° 2-amino-
5-bromo-3-mercaptopyrazine (69),%% 67 5.amino-
3-chloro-6-mercaptopyridazine (70)%® and 2-amino-
3-mercaptoquinoxaline (71)%° respectively by re-
fluxing with methanolic potassium hydrosulfide. In

a similar way, 2,5-dimethylpyrazine-3-thiol (72) was
prepared. This compound inhibits the growth of
phythopathogenic fungi.”® 2,5-Dimethyl-3-thio-
cyanopyrazine has a similar effect.”?

N
Me\(\/ENOQ BI\E ISH
N S N/ NHg
H
68 69
HZNf\(Cl @ENISH
HS \N/N N/ NH2
0 71

7

When 2-chloro-3,5-dinitropyridine (72) on the other
hand, was treated with the same reagent, a vigorous
reaction took place; the desired 3,5dinitropyridine-
2(TH)-thione could not be separated. The expected
substitution of chlorine with mercapto group took
place accompanied by reduction of the 5-nitro
group.”? The product, 5-amino-3-nitropyridine-
2(IH)-thione (73; R = H) was characterized by the
failure to convert the monoacetyl derivative (74,

R = acetyl) to a thiazolopyridine showing that the
amino and mercapto groups are not in ortho-
position to each other.

N NO RHN NO
02 AN 2 KSH AN 2
| MeOH l
=
N Cl N S

H
73: R=H
74: R = Ac
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C. Organometallic Method

The introduction of mercapto group into hetero-
cyclic rings has also been achieved by conversion of
heterocyclic halides to the corresponding organo-
metallic salts followed by the action of elemental
sulfur and acidification. This method is most applic-
able to thiophene heterocycles and was extensively
studied by Gronowitz and his co-workers.

A series of 2-(75)"% and 3-thiophenethiols (76)7*
were prepared by Gronowitz in good yields by
halogen-metal interconversion between 2- and
3-bromothiophenes and n-butyl lithium at —70°
followed by the action of elemental sulfur and
acidification.

oLi?

Br SH
] 7
s/ SH
w’ (”y' 76 75
Et20
Mgx® (2) Hzo®

[

A lower yield of compound 76, however, was obtained
by treating 3-thienyl-magnesium iodide (78; X =1I)
with sulfur followed by acid hydrolysis.”® Challenger
and Harrison reported the isolation of 2-ethyl-
3-thiophenethiol, 79, by reduction of thieno(3,2-b)-

thiophene, 80, with sodium and ethanol.”®
s\l‘ ' SH
L —
S s Et
80 79

Other methods involving zinc dust-sulfuric acid’’

and lithium aluminum hydride”® 79 reductions of
some 2- and 3-thiophenesulfonyl chiorides gave the
corresponding 2- and 3-thiophenethiols.

D. Substitutions Proceeding Through Diazonium
Intermediate—The Chugaev Reaction

Another method of practical importance for the
conversion of aromatic amines to thiols, known as
the Chugaev Reaction, was first described by Chugaev®®
after whom the reaction was named. It involves the
conversion of alcohols to their xanthates, 81, by the
reaction of their potassium salts with carbon disulfide.

The aromatic amine was then diazotized and reacted
with the potassium alkyl xanthate, 81, thus obtained,
to give the aralkyl xanthate 82.

I
RCHoCHZ09K® + €83 ——> RCH2CH20C—-SOK®

8t

NaNO3, HC!
Ar-NHy ———2 "5 ArNg®CI®

l+a1

s
ArSH+ (1) HO®/EIOH, A I
R—CH=CHy «————————— Ar—S—C—OCH2CH2R

R
+CO {2) H30
cOos 82

Base catalysed decomposition of this ester would
give a high yield of the thiophenol as well as an olefin
and carbon oxysulfide. The reaction is well estab-
lished for converting aromatic carbocyclic amines to
thiophenols®! 83 and has been extended to hetero-
cyclic systems by Katz, Schroeder and Cohen.34
Instead of the anticipated heterocyclic thiol, the
disulfide, 83, was obtained in 77% yield.

AN Nz“’CIe s
l + EtOCSOK®

Z
\S OEt
CrY
N/RS

N R
lKOH, A

e
N/ R \N R R N/
83

84

The desired mercaptopyridine, 84, can be obtained
however by reducing the disulfide with hydrazine,34
zinc and acetic acid®> or lithium aluminium
hydride.”®7?

E. The Use of Thiourea as Nucleophile

A useful method of introducing the mercapto
group into heterocyclic systems was provided by
Surrey and Lindwall.26 They reacted 2-chloro-5-
nitropyridine with thiourea in absolute alcohol and
obtained 85% yield of an addition product identified
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as the isothiouronium salt, 85. This product was
formed by nucleophilic displacement of the halogen
by the thiourea and it is quite stable and isolable.
However, when treated with sodium carbonate, it
decomposed to yield 5-nitropyridine-2(IH)-thione,
86, in 95% yield.

s
O2N AN HzN)J\NHg
| -
N/ Cl
02N x NH2 Na2CO3
l | HCI
c
NZ g~ CXNH
85

N S

H
86

This reaction was successfully applied by Bradsher,
Lohr and Andrew to prepare some interesting
thiazolo(3,2-a)-pyridinium- (87)%" and thiazolo-
(2,3-a)isoquinolinium salts (88)38 and by Caldwell
and Kornfeld3® to obtain some potential antiparasitic
pyridine sulfonamides.

Z s N
| \} Cl04©
P ZNE
87 sj

F. Intramolecular Schonberg Rearrangement and
Hydrolysis

A very successful and widely applicable method of
synthesizing thiophenols, 89, from phenols, 90, was
discovered by Schonberg®® %! and his co-workers in
1930. The Schénberg rearrangement involves the
pyrolytic conversion of O-aryl thiocarbonate to S-aryl
thiocarbonate. Hydrolysis of the S-aryl thiocarbonate
led to the desired aryl thiol. Improved yields were
obtained by converting the phenol to O-aryl dialkyl-
thiocarbamate, 91, by the action of dialkylthio-
carbamyl chloride in DMF.%*? Pyrolysis of compound
91 led to its isomerization to S-aryl dialkylthio-
carbamate 92 in high yields. The S-aryl dialkylthio-
carbamate is easily hydrolyzed in 10% sodium
hydroxide and gave the corresponding thiophenol
89 in near quantitative yields.”3

S S

PN .

ArOH 4 R3N ct —— ArO

90 91

Ja

o}

Ranay, Ni 10% NaOH )k
ArH €———— ArGH «— ArS§ NR2

93 89 92

These reactions were recently investigated thoroughly
by Newman and Karnes®® who also found them
applicable for the conversion of heterocyclic phenols
to the thiols. Hydrogenolysis of the thiophenols with
Raney nickel led to the replacement of the mercapto
group with hydrogen and thus affords a good method
of converting heterocyclic phenols to their parent
compounds, 93. Blanz and his coworkers®’ used this
method recently to prepare 5-mercapto-2-picoline
required for their anticancer agents.

The mechanism of Schonberg rearrangement was
also studied by Newman and Karnes.’* They observed
that the presence of electron-attracting groups in the
aryl portion lowers considerably the temperature
needed for the isomerization. The rearrangement of
boron trifluoride and hydrochloride salts of O«2-
pyridyl)- and O«4-pyridyl) dimethylthiocarbamates
proceeded smoothly at room temperature. Further-
more, it was observed that O-p-nitrophenyl dimethyl-
thiocarbamate (94) rearranges more readily than
O-p-nitrophenyl methyl-p-nitrophenylthiocarbamate

(95).
Me

G- NMeg
O ﬁl/
S
OaN
94

|

(o] N
s
02N NQO2g

95

These observations support an ionic mechanism
involving a nucleophilic attack of the sulfur ion on
the ring carbon bonded to the oxygen followed by
scission of the Ar-O bond and formation of the
S-arylthiocarbamate, 96.

Hydroxide ion attack on the carbonyl carbon of
the thiocarbamate would lead to hydrolysis and the
formation of the thiophenol.
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e
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IV. CONDENSATION OF PHENOLS WITH P,S;

The replacement of oxygen by sulfur using P,Ss as
the thiating agent has been widely applied to hetero-
cyclic systems particularly the nitrogen heterocycles
where the phenolic hydroxyl group attached to the
ring is tautomeric with the cyclic amide structure. In
the absence of a solvent, King and Ware®® converted
4-pyridone to pyridine-4(IH)-thione in 86% yield by
this method. The reaction was also successful in
benzene®” and toluene solvents.’® These reactions
are apparently limited to low melting pyridones which
would be soluble in benzene or toluene or would re-
act, without decomposition, in the absence of a
solvent. Klingsberg and Papa®® later found that
pyridine is a more suitable solvent for this reaction
owing to its high solvent power for the reactants, a
suitable reflux temperature (100°) and its miscibility
with water, providing a simple method of isolation.
Thus, on heating a mixture of 3,5-dijodo-2(IH)-
pyridone (98) with P,S; in pyridine for 14 hr, 89%
yield of 3,5-diiodopyridine-2(IH)-thione (99) was
obtained. In a similar way, 3,5-diiodopyridine-4(IH)-
thione (100) was obtained in a quantitative yield
from the 4-keto analog.

s
! X ! P2SE t AN 1 I ]
| poomeadill | |
Pyridine
N o 100° N s N
H H H
98 29 100

The thiation of heterocyclic phenols is not con-
fined to pyridine systems. Robins and Lin'% con-
verted some 6-hydroxypurines, 101, to the corres-
ponding 6-mercaptopurines (102) in this way.

Pteridine-7-thiol (103) was prepared in 48% yield
by Albert, Brown, and Wood %! by the action of
P,Ss on 7-hydroxypteridine in pyridine.

OH SH
N
N" N N Ny N X
Ny — A\
Ty — I
NN ’i‘ NN T n N7 SSsH
CH3 CH3
101 102 103

Similarly Castle and his co-workers obtained a better
yield of 4-mercaptocinnoline (from 4-chlorocinnoline)
compared to the yield obtained by reaction with
thiourea.!®? More recently Dorman,!% Singerman
and Castle!%® converted pyridazino(4,5-d)pyridazine-
1,4-thiol and 3-methyl-pyridazino(4,5)pyridazine-
5,8-diol to the corresponding 1,4-dithiol, 104, and
5,8-dithione, 105, respectively by the action of phos-
phorus pentasulfide in refluxing pyridine. -

SH
# Nx
T { XN HN , N
| f
N N HN
XN A ZNCHj
SH s
104 105
SH SH
NI\ NH2 N/l N\>
SRS
106 107
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Hanh, Prijs, and Erlemeyer!®® also converted S-amino-

4,6-dihydroxypyrimidine to the 4,6-dithiol analog,
106, required as an intermediate in the synthesis of
7-mercaptothiazolo(5,4-d)pyrimidine (107), an anti-
tumor growth inhibitor.!%¢ Falco and Hitchings'®”
used the same reaction to convert some 4-amino- and
4-hydroxy-S-benzamidopyrimidines (108) to the
corresponding thiazolo(5,4-d)pyrimidines (109).

R

H
N Ph
NZ PS5 N7 '\\
/l\ I ol Pyridine /k | /_Ph
R \N X R \N §
108: X = OH, NHa 108

When Rith'%® treated S-iodo-2-pyridone (110)
with phosphorus pentasulfide at 185; pyridine-
2(IH)-thione (60) was obtained. Contrary to
expectation, the iodine was lost in the process, being
replaced by hydrogen.

110 111
(o] SH
N R N/ SH
\ ]
X R Ny sH
112: R=CI 114
113: R=Br

An equally interesting result was reported by Castle
and his coworkers!%® who observed a novel nucleo-
philic displacement of halogen in pyridazine halides
with phosphorus pentasulfide in refluxing pyridine
solution. 4,5-Dichloro-3-pyridazone (112) and 4,5-
dibromo-3-pyridazone (113) were converted, in this

way, to pyridazine-3,4,5-trithiol (114) in 76% and 89%

yields respectively. This reaction was further investi-
gated by these authors!!% 712 who also extended it
to cinnoline ring systems.!!3 The condensation of

4,5-dichloro-3-pyridazone (112) with sodium hydro-
sulfide in ethanol did not give the expected 3-pyrida-
zone-4,5-dithiol, 115, but rather a dimer whose
structure was established as compound 116 was
obtained in 90% yield. The phenyl derivative 117
was isolated in 62% yield by a similar reaction with
4,5-dichloro-1-phenyl-6-pyridazone (1I1).

(o] (o]
T T
|
o]
115 116
o]
"1 1
N NPh
x S
o]
117

The dimer, 116, was subsequently converted to
pyridazine-3,4,5-trithiol (114) in 88% yield by the
action of phosphorus pentasulfide in pyridine.'!?

In an attempt to extend this thiation reaction to
imidazopyridazine systems, 7-chloroimidazo(4,5-c)-
pyridazine (118) was treated with phosphorus penta-
sulfide in pyridine.!*

Ci SH SH
- N N NH2 =z N
oy — KI NHI\>
SN N NP NH2 SN N
118 120 119

The expected imidazo(4,5-c)pyridazine-7-thiol (119)
did not form, but rather, the halogen atom was re-
placed by a mercapto group while the imidazole

ring was ruptured to give 3,5-diaminopyridazine-
5-thiol (120) in only 17% yield.
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