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Synthesis of Thioamides
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Exhaustive data are given on methods for the synthesis of thioamides, which have now found wide application in synthetic
practice, in medicine, biology, and analytical chemistry, in the foodstuffs and metallurgical industries, and in other fields.
Attention is paid mainly to methods for preparing thioamides from nitriles and amides and by the Willgerodt-Kindler

reaction.
references contains 378 items.
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INTRODUCTION

Thioamides are reactive compounds which, because of
the diversity of their chemical properties, find wide appli-
cation in technology !¢, in agriculture?~12, and in synthetic
practice and medicine. They are used as vulcanisation
accelerators 315, additives to lubricating oils, corrosion~
inhibitors for metals6-19, flotation agents!~8, insecticides
and fungicides, preservatives?°-26, medicinals for the
treatment of poisoning by salts of heavy metals, starting
materials for the preparation of certain vitamins (e.g. B,),
and other pharmaceutical preparations26-38,

Thioamides have been studied in detail: more than 400
representatives of this group have been synthesised, and
about 500 papers and patents have been published. How-
ever, this information is scattered among many periodi-
cals, and is difficultly accessible.  The Soviet literature
contains no review papers on the chemistry of thioamides,
apart from a publication on the use of thioacetamide to
replace hydrogen sulphide3® in the analysis of metals. The
foreign literature contains publications of a review charac-
ter40745, but they are either out of date or incomplete.
These are the reasons for the publication of the present
review.

1. PREPARATION OF THIOAMIDES BY THE REACTION
OF NITRILES WITH HYDROGEN SULPHIDE

Various method of preparation have been suggested for
thioamides. The most convenient of them is based on the
reaction of nitriles with hydrogen sulphide, since it uses

readily available materials and there are practically no
by -products 46-70;
RCN + HsS — RCSNH,

As early as 1841 the first member of the group—thiobenz-
amide-—~was obtained by this method”. The reaction be-
tween nitriles and hydrogen sulphide is usually conducted
in various solvents and in the presence of amines, both of
which influence the yield of thioamides. Among solvents
which have been used are ethanol (aqueous or absolute) 7277,
aromatic hydrocarbons, dioxan, acetone® ~53:80 chloro-
form®, pyridine®-%, and in some cases water%, The
nitrile solution was saturated with hydrogen sulphide
usually at 0°C or room temperature (sometimes at 60°C 3),
a high concentration of hydrogen sulphide promoting better
formation of thioamides . After saturation the reaction
mixture was either left at room temperature for a few
days, or heated at 80-100°C, 885 gometimes at 100-150°C,
for 6-10 h.

In isolated cases the solvent used has a substantial
influence on the character of the products. Thus 1-ethoxy-
ethylidenemalononitrile is able to give various reaction
products with hydrogen sulphide depending on the solvent %:
in benzene o -cyano-p-ethoxythiocrotonamide (I) is formed,
whereéas in ethanol cyanothioacetamide (II) is obtained:

OCsH; .
OC,H, 0
CN
oN benzene CHy—C=C <
CHy—C=C{_ +HiS — CSNH,
CN GHOH | Ne CH,—CSNH,  (IT) .

The difference in the course of the reaction is explained by
the differing solubility of the product (I) (formed initially
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in both cases), which is insoluble in benzene and is preci-
pitated, whereas it dissolves slightly in hot alcohol and
reacts with hydrogen sulphide:

OCH,
o OCH, oy OCyH,

cn._c=c< S | cHy—C—cln ~CHs—C @D
CSNH, du Deswm, 1

(111

Ammonia, diethylamine, triethylamine, trishydroxy-
ethylamine, and alkali-metal and ammonium hydrogen
sulphides are used as catalysts ®:87:88, When primary and
secondary amines are used, mono- and di-substituted thio-
amides respectively are formed49,50,89:%0 Hydrogen sul-
phide adds to nitriles especially readily in the presence of
pyridine and of triethylamine 82,83,

Under otherwise similar conditionst, the yield of a
thioamide depends on the nature of the nitrile: aliphatic
nitriles usually add hydrogen sulphide with greater diffi-
culty than do aromatic nitriles. The yields of aliphatic
thioamides are increased by conducting the reaction at
elevated temperatures and pressures. Inthe case of
aromatic nitriles the yields are greatly affected by sub-
stituents in the aromatic ring: thus under identical condi-
tions yields were obtained of 100% o-chlorothiobenzamide,
95% phenylthioacetamide, 94% thiobenzamide, 90% p-meth-
oxythiobenzamide, 86% thionicotinamide, 81.5% p-amino-
thiobenzamide, 80% p-acetamidothiobenzamide, 70%
p-ethylsulphonylthiobenzamide, 70% 3,4-dimethoxythio-
benzamide, 65.5% thiopicolinamide, 60.5% dithiotere-
phthalamide, and 48.5% p-chlorothiobenzamide®!.

The nature of the nitrile influences not only the yield of
thioamide but also the reaction velocity. In the prepara-
tion of aromatic thioamides from benzonitriles containing
various substituents in the ring, the following relative re-
action velocities were obtained at 60°C and 1.75 atm (rate
of addition of hydrogen sulphide to benzonitrile itself
taken as 100): m-bromo 831, p-iodo 518, p-chloro 493,
p-bromo 451, p-methyl 51.9, and p-methoxy 41.6. o2

The action of hydrogen sulphide on dinitriles under the
same conditions yields bisthioamides. Cyanogen reacts
with hydrogen sulphide in the presence of bases to form
dithio-oxamide (rubeanic acid C,H,N,S,)58:92-1%0,  The re-
action is conducted by saturating alcohol with the gaseous
reactants or by mixing cyanogen with liquid hydrogen sul-
phide 27,58,92,100_ the latter component being taken in excess
in both cases. Cyanothioformamide is formed as an
intermediate in the reaction®, and has been isolated by

- carrying out the reaction in alcoholic solution with excess
of cyanogen®. Sometimes potassium hydrogen sulphide %
or the sodium compound?3,%4,1% is used instead of hydrogen
sulphide.

Dithio-oxamide has been obtained also by treating ethyl
cyanoformimidate NC.C(:NH).OC,H, or diethyl oxalyldi-
imidate C,H,0.C(:NH).C(:NH).OC,H, with hydrogen sulphide
in the presence of bases0l, It has been proposed to obtain
rubeanic acid on an industrial scale by passing a mixture
of cyanogen and hydrogen chloride with stirring into an
alkaline aqueous solution (pH 7-9) of sodium hydrogen
sulphide at temperatures below 50°C:*®

(CN)g +2H* + HS™ — H,NCSCSNH; .
No secondary products are formed in this case, unlike the

process considered earlier. The initial mixture of cyano-
gen and hydrogen chloride is obtained by the interaction of

+The course of the reaction is greatly influenced by,
for example, the degree of reagents and solvents.
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chlorine and hydrogen cyanide at a high temperature in
tubes filled with wood charcoal®s,

The reaction between a nitrile and hydrogen sulphide can
be accomplished also in the absence of a solvent, by using
the liquid reactants under pressure 102, Hydrohalic
acids % or an aluminosilicate ! are used as catalyst in
this case, besides amines. When liquid hydrogen sulphide
and a liquid nitrile are used, the reaction is conducted at
50-60°C, a high yield of the thioamide being obtained. In
the presence of an aluminosilicate catalyst the reaction
between nitriles and hydrogen sulphide takes place under
considerably more severe conditions (249-260°C) 102,104,

Under pressures of ~ 8500 atm hydrogen sulphide adds
to nitriles at 80~100°C even in the absence of catalysts 5,
Thus acetonitrile and hydrogen sulphide at 80°C give thio-
acetamide (83%) and a certain quantity of by-products,
mainly diethyl trisulphide. The temperature of the reac-
tion must be carefully controlled, since hydrogen sulphide
already acts as a reducing agent at 125-150°C.

Several nitriles, e.g. those of alanine, glycine, and
N-acylanthranilic acids tend to cyclise when an attempt is
made to prepare thicamides from them%5, When an
acylaminobenzonitrile is treated with hydrogen sulphide,
ring closure occurs with the formation of thiadiazines15:

SN

(v~ [ (0
U _NHCOR Jncor] ") J-r

where R = CH,, C,H;, CH(CHy),, or C,H,. The same
heterocycle can be obtained from the nitrile of unacylated
anthranilic acid by treating with the anhydride of a carboxy-
lic acid its reaction product with hydrogen sulphide

7N I——CN

(0-aminothiobenzamide):
s
l\ _{RCOO [rj_CSNH’ ]_.(]/ \NH .
J—ncor \x SR

When the reaction is conducted in alcoholic-ammoniacal
solution, too, cyclic products are formed. In the pres-
ence of an amine instead of ammonia an acyclic product
can sometimes be isolated. Thus a small quantity of the
non-cyclic thioamide of N-acetylanthranilic acid has been
isolated from the reaction mass resulting from the inter-
action of o-acetamidobenzonitrile with hydrogen sulphide
in the presence of trishydroxyethylamine; even in this
case, however, the main product of the reaction was a
cyclic thioamide.

The action of sodium sulphide and the anhydride of a
carboxylic acid on an amino-nitrile gives a good yield also
of the corresponding thiadiazine 105:

[\l_CN (RCO)O+NaS (ﬂ/ S\NH
—NH, /\N/'\R ’

The reaction is conducted in sealed tubes at 100°C. Cyclic
thioamides have been obtained also by interaction between
o-amino-nitriles and thiolic acids in acid medium under

pressure 105;
r’ —CN -+ HsS —CSNH,3 ”
J—NHCOC;-I, -—NHCOCH. N ,_CH,

—CN  cucosH |
(= ==

Cyclisation occurs also when hydrogen sulphide acts on
aminoacetonitrile or o-aminopropionitrile in ammoniacal
alcoholic solution containing ammonium sulphate, with the
formation respectively of 2,5-dithionopiperazine and
3,6-dimethyl-2,5-dithionopiperazine respectively, but the

——CSNH,
(o
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yield is low in both cases. It is assumed that the normal
thioamide is formed initially, and ammonia is eliminated
from two molecules thereof with ring closurej:

HyNCHCN 4 HyS — HyNCH;CSNH,
2HyNCH,CSNH, — HyNCH;CSNHCH,CSNH; + NH,
H
AN
HiN—CHy—CS—NHCH(CSNH, —» /L ) )
N

H

a~-Aminopropionitrile reacts with hydrogen sulphide
under the above conditions to form mainly aminobisprop-
ionitrile. Other a-amino-nitriles do not give dithiono-
piperazines at all on reaction with hydrogen sulphide.
Thus «-aminoisobutyronitrile gives under the same con-
ditions a crystalline product C,H,,N,S, for which the struc-
ture 2,2,4,4-tetramethyl-5-thionoimidazoline was proposed:

2 (CHy)y C (NHy) CN -+ NH [C (CHs), CNJ; + NH(':H

3\
M
NHLC (CHy CN], 223 NH (C (CH) CSNHgly ——— /] .
N
>ONs
CHy CH,

This scheme is supported by the fact that iminodi-isobuty-
ronitrile on treatment with hydrogen sulphide yields the
same cyclic product. 2-(N-Acetylsulphanilamido)benzo-
nitrile on treatment with hydrogen sulphide in pyridine at
100°C gives the normal, acyclic thioamide 1%,

An interesting variant of the reaction of hydrogen sul-
phide with nitriles is that of perfluoroalkylnitriles with
thiols and hydrogen sulphide. Perfluoronitriles add thiols
in the presence of amines to form perfluorothioimides,
from which perfluoroalkylthioamides and dithiocarboxylic
esters are formed by the action of hydrogen sulphide 107;

5 o AH e NH - HCI
RCN+RSH —2, R ~c<SR ~Hel g —c<’$R ,

The mechanism of the reaction of nitriles with hydrogen
sulphide has not been adequately studied. With a tertiary
amine as catalyst this reaction is assumed to go according
to the scheme #

N NH NH,
=i B R/ HS_, p_ R 2
R—E N Rc —25-R C<SH R_c<s .

If the reaction is catalysed by a primary or a secondary
amine or by ammonia, it is supposed that an amidine is
formed initially, and interacts with the hydrogen sulphide
to give the thioamide:

+H,S

s
e orcf

\NH, N

RON 4+ NHg— R-CL
+ N R,

There is some indication that amidines could be isolated
and that they are converted into thioamides by the action
of hydrogen sulphide (see below). However, these
schemes probably represent only secondary reactions be-
tween hydrogen sulphide and nitriles in the presence of
amines. Such reactions include also the formation of
imidic esters when alcohols are used as solvent, especial-
ly as, like imides, these compounds are converted into
thioamides by the action of hydrogen sulphide.

{The interaction of thioamides with primary amines is
known to liberate ammonia and involve ring closure. In
the present case one thioamide molecule reacts as a pri-
mary amine, while the other acts as a thioamide.
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It may be postulated that hydrogen sulphide adds directly
to nitriles to form thiolomides, which then isomerise into
thioamides:

/NH /NH,
R—C=N+H,S—> R—C\SH - R_C\S

Such an assumption is supported by the fact that hydrogen
sulphide reacts with nitriles at elevated temperatures and
pressures to form thioamides even in the absence of
amines. The role of amines as catalysts appears in the
formation with hydrogen sulphide of hydrogen sulphides,
which, because of the greater polarity of the bond, add to
nitriles considerably more easily than does hydrogen sul-
phide itself.

2. PREPARATION OF THIOAMIDES BY THE REACTION
OF AMIDINES, AMIDOXIMES, AND IMIDIC ESTERS WITH
HYDROGEN SULPHIDE

As shown earlier, amidines and imidic esters§ are
intermediates in the preparation of thioamides from
nitriles and hydrogen sulphide. Therefore the reactions
under consideration can be regarded as variants of the
reaction of nitriles with hydrogen sulphide. They involve
the intermediate addition of hydrogen sulphide at the
multiple bond in the imino-compounds with formation of
unstable products, which are then converted into the thio-
amides.

Both unsubstituted!?,118 and substituted1®-123 thio-
amides have been obtained by these methods. The follow-
ing dithio-oxamides (percentage yields in parentheses)—
NN’-dibutyl (70), NN’-diethyl (45), NN’-bis-3-methoxy-
propyl (60), and NN’-bis-2-hydroxyethyl (8.5)—have been
isolated by saturating alcoholic solutions of the oxamidine
derivatives with hydrogen sulphide 123, N-Substituted
thioamides are obtained also by heating N-substituted
amidines with hydrogen sulphide at 100°C.12¢ Hydrogen
sulphide acts on NN-diphenyloxamidoxime (C,H;),N.CO.
.C(:NOH).NH, in ammoniacal solution to give the corres-
ponding thioamide 128 (C¢H,),N.CO.CS.NH,

An interesting example of the use of imidic esters to
obtain thioamides is the preparation of dithio-oxamide by
the reaction of hydrogen sulphide with ethyl oximidate,
which is readily formed from cyanogen chloride and etha-
nol, the yield of the thioamide being 90%:10*

c.H,o—c“——%—x)c.u. S, HN—C—C—NH; |
Iy
NH NH S S

3. PREPARATION OF THIOAMIDES BY THE REACTION
OF NITRILES WITH THIOPHOSPHORIC ACIDS AND THIO-
AMIDES

A variant of the reaction of nitriles with hydrogen sul-
phide is the addition of thiophosphoric acids and thio-
amides to nitriles, These two groups of reagents serve
in such cases as sources of hydrogen sulphide. 0O’-Di-
ethyl hydrogen dithiophosphate has been used as the thio-

§Imidic esters are easily obtained by saturating a dry
equimolecular mixture of the nitrile and the alcohol with
dry hydrogen chloride 108-116,
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phosphoric acidY. The addition product is cleaved at the
sulphur -phosphorus bond:

s
OCaH OCaH; Hel NH OC,H,
R—cN+Hs—P{ " ' Rec—s_ti OCHs Bl —cf _+ St
g OCH, b NoC:H, 1 SH ' ¢ NOCsH,

S

R—c\/-NH,

The yield of thioamides reaches 50-90%. 128
Chlorothioacetamides, inaccessible by other methods,
can be obtained*412%, In their synthesis, e.g. by the addi-
tion of hydrogen sulphide to chloroacetonitrile in the pres-
ence of ammonia, a sulphide is first formed, and is then
converted into a bisthioamide 128;
Cl—CH2CN + HoS +2NH; —~ $ (CHsCN); +-2NH,CI
S (CHaCN)y +2H,S — HyN—C—CHy;—S—CHs—C—NH, .
HS I
The reaction of nitriles with thioacetamide involves an
intermediate stage in which mixed anhydrides of thio-
imidic acids are formed130-134;
R—C=N 4 CH;CSNH3 > R—C—~S—C—CH, — RCSNH; 4 CH,CN |,
B Nu

When the low-boiling acetonitrile is distilled off, the equili-
brium is shifted to the right, and good yields (63~87%) are
obtained of a thioamide containing more atoms than the
original, Benzonitrile reacts less smoothly with N-sub-
stituted thiobenzamides.
Unsubstituted thioamides react with cyanamide in warm
alcoholic solution, giving a good yield of thiourea:
R—CSNH, + HyNCN — R—C-S—C—NH, — s,
e o
NH NH, NH,
/
+ C—SH — C=§

—HCl1 '
Cl \NH \NH.

Interaction of these reactants in cold alcoholic solution in
the presence of a mineral acid forms in good yield a salt
of thiodiformamidine NH,C(:NH)SC(:NH)NH,. The same
product can be obtained by the reaction of thiourea with
cyanamide.

ke

4. PREPARATION OF THIOAMIDES BY THE REACTION
OF IMIDOYL CHLORIDES WITH HYDROGEN SULPHIDE
AND THIO-ACIDS

Thioamides are formed!3% by the reaction of nitriles
with hydrogen chloride and hydrogen sulphide or a thio-
acid:

cly

R—C=N+ HO —— R—CK
ether \NH

c /Cl +H,S SH

_ /P S
R-CS gy Ther R K gy = RC

\NH,

recd® 4 reosH — [Recl
—Sw T —Hal \SCor’

/NH 4HCl _, R S .
[ R—C\SCOR'] R C\NH. +4R°COCI

1 For the preparation of dithiophosphates see Refs.
126 and 127.

tDoubt has recently been cast on the formation of
imidoyl chlorides in this way: formation of a complex
of the nitrile with hydrogen chloride is regarded as
more probable 136,
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These reactions can likewise be regarded as a variant of
the addition of hydrogen sulphide to nitriles, distinguished
by the use of hydrogen chloride instead of ammonia as
catalyst. Other hydrohalic acids also catalyse the inter-
action of hydrogen sulphide with nitriles: thuse use of
hydriodic and hydrobromic acids as catalysts for the reac-
tion conducted in sealed tubes at 32-50°C gave yields of
thioamides of 51-93% with various nitriles0s,

Another product of the reaction, besides those given in
the scheme, is the di-imidoyl sulphide, probably formed
by reaction between the nitrile and the thioamide:

R—CN + R—CSNH; - [R—C (:NH)}; S .

The relative proportions of thioamide and di-imidoyl sul-
phide depend on those of the reactants: the more nitrile
is present, the higher the yield of the di-imidoyl sulphide.

The yield of a thioamide depends on the nature of the
thiolic acid and the nitrile, under otherwise similar con-
ditions. The yield of thiobenzamide was 75% when thio-
acetic acid was used, 100% with thiobenzoic acid; on the
other hand, interaction of p- and m -nitrobenzonitrile with
acetothiolic acid gave 40% and 6% yields respectively of
thiobenzamide derivatives. Some nitriles, e.g. p-tolunitrile
and naphthonitrile, give hardly any thioamide under these
conditions. A by-product in the preparation of thiobenz-
amide was dibenzimidoyl sulphide C;H,C(:NH)SC(:NH)C,H,,
which is formed in good yield when benzonitrile is treated
with thioacetic acid. Thiobenzoic acid gives less by-
products than does thioacetic acid.

When thioacetic acid is used, an N-acetylthioamide may
be formed as a by-product, probably by isomerisation of
an intermediate product 137-138;

0
+cHed S
R—C—Cl SH_, [R—C—SCOCH;]— R—C<
i i NHCOCH, .
NH NH

This rearrangement can be avoided by conducting the pro-
cess at room temperature.

A somewhat similar method is the reaction of amides
with phosphorus pentachloride and hydrogen sulphide in an
inert solvent 81,140,141 in which thioamides are formed.
Imidoyl chlorides are also formed as intermediates in this
case:

0
/
R—C{_

o, A 5
R—C S LR HCl .
[ at ] \an+

When amides containing hydroxy- and amino-groups are
used, these groups are protected by treatment with tolu-
enesulphonyl chloride. This method has been used for the
preparation of thiophenacetin p-C,H,0C,HNHCSCH,,
p-acetylthioacetanisidine p-CH;COC,H,NHCSCH,, p-phen-
ylene-NN'-bisthioacetamide p-CH;CSNHC,H,NHCSCH,, and
thioacetamide~trimethylpyrogallol, N-Thiobenzoylbenz-
amidine has been prepared from N-benzoylbenzamidine 8:

PCI,
CoHyCONH—C—C,Hy —— C.H;——C=N—?;.—C.H,
NH-HCI 1 NH

CyHy—C=N—C—CyHy ——— CeHy—C—N=C—CqHj .
gl 1y l] 6t 15 (CaHeN Lk ) " l I}{6
1 NH S NHy

N-Thiobenzoylanisoylamidine and N-thiobenzoyl-p-chloro-
benzamidine have been obtained in the same way, in yields
of 48% and 26% respectively 8. However, three products
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were obtained from N -benzoyl-p-methylsulphonylbenz-
amidine, owing to cleavage and hydrolysis:

——+ CH,C—NHC—¢ »—SOiCH

e NH—C—d N\ . N\_ch
CeH E NH 'E,H {___>—S0:CH, - CHi80—¢ __ > C\s

— Cuﬂi—c<:Hl

The action of arenethiols on imidoyl chlorides yields
isothioamides (thiolimidic esters):

a SCeH,
Colly— SH — CeHy—C{ .
oty C<NC,H. + CoHy: oty \NC.H.

p-Tolyl N-p-tolylthiobenzimidate has been obtained from
N-p-tolylbenzimidoyl chloride and toluene-p-thiol14?,

In several cases thiocarbamoyl chlorides are used for
the synthesis of such compounds. Thus the reaction of
thiocarbamoyl chloride with phenol has yielded thiosalicyl-
amide, p-hydroxythiobenzamide, and phenyl thiocarba-
mate 14!:

—_— s
, Ho—Z  N_¢/
Ho—{__ >~

S  CH0H — S
_c/ OHl_ LT
HN=C, o ="K,

H

— H,N——C{S
OC¢H;

Analogous methods have been used to obtain N-thioacyl-
thiocarbanilic esters4?, di-imidoyl sulphides 43,144, and
several other derivatives 45,

The reaction of imidoyl chlorides with hydrogen sulphide
in many cases enables thioamides to be obtained which are
difficultly accessible by other methods. Thus a-chloro-
thioacetamides are obtained from a-chloroiminium chlo-
rides and hydrogen sulphide 148:

a «a cl
x—¢ (‘:""N/RCI'—}—HS Xebmcon N +2HCl
N S o Xl

% + \R' ® "S \R: .

Iminium chlorides have been obtained by the addition of
hydrogen chloride to 1,2-dichloro- and 1,2,2-trichloro-
vinylamines:

Cl cl Ccl

| /R (LR
X—C=C—<N\ Cl—C=——=C—N¢ .
R’ \R'

The iminium chlorides used for the preparation of tri-
chlorothioacetamide were formed by the addition of chlo-
rine to the above chlorovinylamines. Iminium chlorides
are prepared also by the action of carbonyl chloride on
NN -disubstituted amides of carboxylic acids.

Difficultly accessible N-substituted o -oxothioamides
have also been prepared by the reaction of imidoyl chlo-
rides 147,148,

o +H,S
R—ﬁ—Cl-{— C=NR’ - R—C—C=NR’ —— R—C—C—NHR’ ,

i —HCl
0 0 a § ¢
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5. PREPARATION OF THIOAMIDES BY THE REACTION
OF AMIDES WITH PHOSPHORUS PENTASULPHIDE

The interaction of amides of carboxylic acids with phos-
phorus pentasulphide involves exchange of oxygen for
sulphur with formation of thioamides:

S5RCONH; -+ PaSy — S5RCSNH3 + P50, .

This method, first proposed in 1878, is among the most
frequently used for obtaining unsubstituted and substituted
thioamides 149,150, In the latter case substituted amides
must be taken:

5RCONR; - P3Ss — S5RCSNHj -+ P20,

where R, R’ = H, Alk, Ar.

When unsubstituted amides are used, nitriles are ob-
tained as by-products, pr bably owing to decomposition of
the resulting thioamide under the influence of phosphorus
pentoxide 151,152;

rR—cl’

PO R—C=N+ HS
\NH e

This side-reaction is sometimes so rapid that the amide is
converted-—not into the thioamide —but into a good yield of
the nitrile!®3, Side-reactions go less vigorously with
secondary 48,1537158 and tertiary 7® amides; aromatic amides
react more smoothly than do aliphatic amides.

Various thioamides have been obtained by this
method157-17%, The process is conducted with heating,
mostly in benzene, toluene, xylene, and tetralin; tetra-
hydrofuran, dioxan, and other ethers are also used as
solvents. The reactions between phosphorus pentasulphide
and amides are very rapid, being complete in a few
minutes 150,

If the reaction between an amide and phosphorus penta-
sulphide is conducted in the presence of a primary or a
secondary amine, N-mono- and NN-di-substituted thio-
amides can be obtained under suitable conditions. In this
way N-substituted and NN-di-substituted thioformamides
have been obtained by a one-stage process!%,

Depending on the amount of phosphorus pentasulphide
taken, diamides can yield either mono- or bis-thioamides.
For example, with a molar ratio of 2,4-diacetamidotoluene
to phosphorus pentasulphide of ~ 2:1 a mixture of mono-
and bis-thioamides (7:2) is formed!®, Similarly,
N-phenyloxamide yields the corresponding monothio- and
dithio-compounds C;H,NHCOCSNH, and C;H,NHCSCSNH,, 15
where further treatment of the former compound with phos-
phorus pentasulphide converts it into the latter, N-phenyl-
dithio-oxamide. Oxanilides C;H,NHCOCONHC.H, behave
in the same way. The preparation of ethyl thio-oxanilate
CeH,NHCSCOOC,H, showed that the ester group does not
influence the results of the reaction154,182,188 Ap excep-
tion to this rule is the reaction of methyl N-acetylanthr-
anilate with phosphorus pentasulphide, accompanied by
replacement of oxygen by sulphur in both amide and ester
groups with cyclisation of the product to 3,4-dihydro-2-
methylbenzo-3,1-thiazine-4-thione:

o _ s
~ /(":-OCH, /\V/g-oc“’ [/\/g\
—_— i 3
I\/"‘"“—‘,f—CH" X k" e, - \J\N E—cHs
I )

(o]
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Formation of a thiazoline by the action of phosphorus
pentasulphide of an N-2-hydroxyethylbenzamide is repre-
sented by the scheme 184,185

| AR 1S \l/
NS N _$—P—OH
H,(l:-——éﬂ — H,(l: o — H2(|Z —
0 Z0
HL_ - H,C\N /C<R 2KN /c<R
H H
\ll’/—OH
T\ [ P
Py = C T /—R
=P N “Hp$§
H,c\E AC—R TO=PT I_H,l\ HN/ RS e ,

The yield of thioamides obtained by treating substituted
benzamides with phosphorus pentasulphide is greatly
affected by the nature of the substituents. Thus treatment
of m- and p-nitrobenzanilides with phosphorus pentasul-
phide in boiling xylene gives 70-90% yields of the corres-
ponding thioamides; under the same conditions the
aminobenzanilides form thioamides in only 5% yield€®,
Similar results were obtained in toluene, reaction being
rapid with the nitro-derivatives and slow with the amino-
derivatives. No thioamide is formed when pp’-dinitro-
oxanilide is treated with phosphorus pentasulphide in xylene
for 7 h, the nitro-groups undergoing reduction to amino-
groups!8%, However, no systematic study has yet been
made of the influence of substituents on the yield of thio-
amides.

The reaction of phosphorus pentasulphide with certain
N-substituted amides (containing a functional group in the
B-position with respect to the nitrogen atom) is sometimes
accompanied by cyclisation184,187;

oy
cuf ’_“

N/ e

CH;CONHC(CHj)y CH,Cl —ESte,

P.,S; N
CeHsCONHCH,CH;OH —PSs_, ‘ | .
—C,H,
\s

Inthis example formation of 2-phenylthiazole is accompanied
by that of a cystamine derivative (C;H,CONHCH,CH,S),. 13

With hydantoins phosphorus pentasulphide yields thio-
hydantoins, whose specific action is weaker and less pro-
longed than that of the corresponding derivatives of barbi-
turic acides,

The yield of thioamides obtained from amides and phos-
phorus pentasulphide is appreciably increased by the pres-
ence of oxides or carbonates of alkaline-earth metals1%;
potassium sulphide also has a favourable effect185, In the
latter case a suspension or a solution of the amide in
xylene was treated with the carefully mixed finely ground
phosphorus pentasulphide and potassium sulphide in amounts
sufficient for the formation of potassium thiophosphate:
P,S; + 3K,S — 2K, PS, (sometimes a slight excess of potas-
sium sulphide is taken). This reaction goes especially
well in pyridine 90,

In order to eliminate the inconvenience of working with
a mixture of two solids (potassium sulphide and phosphorus
pentasulphide), amides were treated with salts of thio-
phosphoric acid, this method giving yields of ~ 80% of
thioacetamide 1915192,  Ap 80% yield of thioacetamide was
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also obtained by treating acetamide with a mixture of phos-
phorus pentasulphide and potassium sulphide (in the molar
ratio: 1,5:5).108

The yield of thioamides depends on the nature of the
initial amide. For example, treatment of acetamide in
benzene with a mixture of phosphorus pentasulphide and
potassium sulphide gave an 80% yield of thioacetamide,
whereas the yield of isovaleramide was 0.4% (the main
product being the nitrile). 103

Thioamides can be obtained by the action of phosphorus
pentasulphide on amides also in the absence of solvents 49,
153-186,162-164  |n this case equimolecular quantities of the
amide and phosphorus pentasulphide are melted together,
and the thioamide is extracted from the resulting resinous
mass with a suitable solvent. The yield of thioformamide
prepared in this way is ~ 50%. 12!

The mechanism of the interaction of amides with phos-
phorus pentasulphide has not been established exactly.
The reaction is presumably represented by the scheme 193

N/

P

AN

s=pi "§_yﬁ /O

> I~ C

9 — T N

R'—NH—C—R RENSE R RN i R
_ omig

) ,

R'-NH-C-R

6. PREPARATION OF THIOAMIDES BY REACTION WITH
ALUMINIUM AND IRON SULPHIDES

Thioamides are formed by the action of aluminium sul-
phide on amides, nitriles, and ammonium salts 194-1%,
1 or 2 moles of water being added to the mixture when an
amide or a nitrile is used. This is usually added as water
of crystallisation (e.g. Na,SO,.6H,0). The process is
conducted in a sealed tube or an autocalve at 200-250°C
for ~ 90 min. When ammonium salts are used, water is
not required,

Aromatic and aliphatic thioamides are obtained in good
yields by this method®4,

Sulphides of other metals, e.g. iron, can be used
instead of aluminium sulphide 195,

7. PREPARATION OF THIOAMIDES BY THE WILL-
GERODT-KINDLER REACTION

There exist several modifications of this method for
obtaining thioamides— (@) reaction of sulphur with ketones
or aldehydes in the presence of an equimolecular quantity
of an amine 185,187-200  (h) direct oxidation of the amine by
sulphur 20,202 and (c) interaction of sulphur with an alkyne
and ammonia 203,208 —these three variants being included
under the combined term the Willgerodt-Kindler reac-
tionzm-ezv_

Several reviews have been devoted to this reaction207-
200,228,229 and special papers have been published on its
mechanism 208,230-232 However, the mechanism of the
Willgerodt reaction is still not clear. Thiols are probably
formed as intermediates, and are converted into thio-
amides 228:

RCOCH; —» R—CH,CH;SH — R—CH,CSNR; .
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The conversion of thiols into thioamides takes place when
both sulphur and an amine are present. The formation
of thioamides is represented by the scheme

2RCH,SH + § 52 R—CHy—SSCHy—R -+ HyS
R)NH 4§ — R;—ﬁ—é ~ RNsH

R;NSH + R—CHySSCHs—R — R—fH—SS—CH:—R + HsS

NR;
R;NSH + R—CH—85—CHy—R - R—CH~SS—CH—R + H,$
l ’ l . I ’
NR, NR, NR,

R—CH—SS—CH—R +2R;NH — 2R—CH (NR}); + HsS + §
| |
NR,  NR

2R—CH (NRp); +$ — R—CSNR; - HNR; .

A rather different assessment of the mechanism of the
Willgerodt-Kindler reaction has recently been expressed?2
in connection with an investigation of the formation of a
thioamide from 3-oxothietan, a secondary amine, and
sulphur:

+$g, HNR'R?
—

R—CO—CH, R—CO—CH,SH
+$
CH, :
Vi ~H,S
C=0 2
e Sy 0
R—CO—CH,—$—S—CH;—CO—R = —
HNR'R? Ss
ontaneousk
» Yl (R—CO—CHy~S—NR'RY
l + R—CO—CH,SH
L . R—CO—CH==S
HNR'R? Sy

R—CO—CS—NR'R’ + R—COCH,SH
+HyS

R—CH,—CS—NR'R®

where R = CH;. According to this scheme the reaction
begins with formation of an a-mercapto-ketone, thisbeing
the rate-determining stage. The disulphide, which is
formed very readily, passes via the oxosulphenamide into
an oxo-thial. In the presence of an amine the oxo-thial
undergoes disproportionation by the Cannizzaro reaction
with formation of the o -mercapto-ketone and an a-oxo-
thioamide, the latter then being reduced to the required
thioamide.

There are also other interpretations of the mechanism
of the Willgerodt~Kindler reaction. In this connection the
view of several authors 165,18 must be accepted, that this
reaction, which is characterised by a great variety of
starting materials and process conditions, does not fit into
a single mechanism.

NN-Disubstituted thioamides can be obtained in good
yield from aromatic aldehydes2!2, Under the conditions
of this reaction diketones are reduced to monoketones,
which then give thioamides?!5, @ ~Cyano-ketones form
o -oxo-thioamides with loss of one carbon atom2!6:

/TN /TN
CyH;COCH,CN + S+ HN /o —» C4HyCOCSN! 0.

N

Variants of the Willgerodt—-Kindler reaction have been
described in which certain heterocyclic compounds, di-
methylformamide, and iodine are involved in the reac-
tion 209,217,218, Thug the NN-dimethylthioamide of pyrazine
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has been obtained from methylpyrazine, dimethylform-
amide, and sulphur in the presence of iodine?!#:

/N —CH, ’ N¥
l\ \|| +HCON (CHas —— | |
N/ NN/

ﬁ"’N (CHg)s
N

while the use of 2-methylpyridine and methylformamide
yields N’-methylpyridine-2-thioamide 22°:

/ s /\ s
[\ | - HCONHCH, L JI_. 1l
—CH, C—NHCH, .
Y4 3 3

In this way quinaldine is converted into quinoline-2-thio-
amide. The reaction does not take place when anthrani-
lic acid, o-aminophenol, sulphanilic acid, 2-aminothi-
azole, 2-amino-1,3,4-thiadiazole, or 2-aminopyridine is
used as the amine component 221,

S-Acylmethyl thiosulphates form with amines good
yields of NN-disubstituted a-oxo-thioamides 233:234;

R—C—CH,—SSO3Na + HN/ }) —+R—C—C—N 0,
1l Ne—r/ (!l) 'é N—r

It has since proved possible to bring into reaction with
sulphur secondary and tertiary alcohols, thiols, disul-
phides, imines, alkenes2%, diazo-ketones?2%, Schiff
bases?!9, and also af-unsaturated acids?® (in the last
case thioamides are obtained having one carbon atom less
than in the initial acid)235-242,

Thioamides are formed whenamines are heated with sul-
phur even in the absence of carbonyl compounds 210,248-253,
Heating benzylamine with sulphur in a sealed tube at 180°C

-gives a 91% yield of thiobenzamide:

Ce¢HyCHgNH, -+ S; — C,HyCSNH; -}- HsS .

Copious evolution of ammonia occurs when this reaction is
conducted in an open vessel207;

2C4H,CHyNH; 2 CgH,CHyNH—CH;C¢Hy + NH,
CoHyCSNH,+ CoHyCHaNH, 2> CyHsCSNHCH;C¢H; + NH, .

The interaction of benzylamine, sulphur, and lead mon-
oxide in benzene at 20°C gives bisthiobenzamido-disulphide:

2C,HyCH4NH; +5S — (CH,CSNHS—)3 +-3H,S .

A modification of the Willgerodt-Kindler reaction in
which an enamine is one of the components is of practical
interest, the process being conducted in a polar solvent at
room temperature. Thioamides in yields of ~ 75% are
formed222,223;

S
R, —C (NRy) =CH; —- R, —CH;—CSNR; .

Thioamides are formed by the action of sulphur on un-
saturated hydrocarbons in the presence of ammonia or an
amine. The reactions are conducted in dry solvents at
50-300°C, gaseous ammonia or a low-boiling amine (e.g.
methylamine) being used under pressure. In this way the
interaction of acetylene, sulphur, and ammonia (or an
amine) in dioxan or pyridine at 50-100°C has been applied
to the preparation of thioacetamide 24®, dithio-oxamides,
and other thioamides 203,204,260-283

The interaction of styrene and sulphur in the presence
of morpholine gives a 52% yield of phenylthioacetomorphol-
ide %, whereas in the presence of benzylamine the main
product is phenylacetic acid contaminated by N-benzylthio-
benzamide. Phenylthioacetomorpholide is obtained in 20%
yield also by the action of sulphur on phenylacetylene and
morpholine 232,25,
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It has recently been shown that acetylenic ketones do
not yield thioamides-~as has hitherto been supposed—but
isomeric thiophen derivatives2!1;

CeHC=CCOCH, + S + HI\<:>O —#> C.H5c_ccuz(iN/_\o
Y J
N\
N b +
" W
CoHy H, _/

m Caly

The ratio of the isomers (I) and (II) thus obtained is 9:1.

8. PREPARATION OF THIOAMIDES BY THE THIOACYLA-
TION OF AMINES

The thioacylation—analogous to acylation-—of amines
often results in the formation of thioamides in very good
yields. Carbodithioic acids 255-257, their salts258-264,
esters, and chlorides, as well as O-esters of carbothionic
acids 26! 265-268  are used as thioacylating agents. Depend-
ing on the reagent used, hydrogen sulphide, thiols, hydro-
gen chloride, and alcohols are also isolated in this reac-
tion. The amines used are ammonia and primary and
secondary amines.

An example of thioacylation by means of thiocarbonyl
chlorides is the reaction of thiobenzoyl chloride withaniline
to form thiobenzanilide2%®. This method is of no practical
value because of the relative inaccessibility of thiocarbonyl
chlorides?™, Carbodithioic acids and their salts are used
considerably more often}{. For example, sodium cyano-
dithioformate, obtained from carbon disulphide and sodium
cyanide, gives with diethylamine and dimethylamine the
NN -dialkylamides of cyanothioformic acid?.

Potassium dithioformate} reacts with an aqueous solu-
tion of an amine at room temperature to form an N-sub-
stituted thioformamide; with water-insoluble amines the
reaction is conducted in organic solvents (ether, chloro-
form, dioxan?262,2™), The yield of thioformamide obtained
by the action of ammonia on dithioformic acid reached 30%,
higher than in its preparation from formamide and phos-
phorus pentasulphide?82, Aniline and 6-aminoquinoline
give the corresponding substituted thioformamides in
theoretical yields. The reaction does not take place with
indole, diphenylamine, or N-methylaniline 262,

Diamines form with carbothioic acids unstable com-
pounds, which readily undergo cyclisation. Thus o-phen-
ylenediamine in aqueous solution at 10°C gives an unstable
product, which at room temperature is rapidly converted
into benzimidazole 2?62, though other results indicate that
N-o-aminophenylthioformamide is produced in this
case 271,272:

—_

Z\

/\,/NH' [\/"\N/CH s
+ HCSSH — H
LJ\NH; \—NH‘
\J—NHSCH

1The preparation of the initial carbodithioic acids and

their derivatives has been studied in very great detail 228
22952715272
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Cyclisation does not occur when dithioformic acids act
on 4,5-diamino~-6-methylpyrimidine 262 or on 4-amino-5-
aminomethyl-2-methylpyrimidine 275277, because of the
feebly basic character of the amino-groups in the starting
materials.

o-Aminobenzylamine and o-aminoacetanilide with di-
thioformic acid give quantitative yields of dihydrobenzo-
pyrimidine and stable N-o-thioformamidoacetanilide 262:

N
7 \\\\

f CH

’ + HCSSH — L J’ |
NH

N NCH,NH, NcH,”

7N /NHCOCH,

I “ 4+ HCSSH -
AWVAN NH,

N /NH;

N /NHCOCH3

L/ \NHSCH

5-Thioacylpyrimidines, which are not formed from 5-acyl-
pyrimidines and phosphorus pentasulphide, are easily
obtained by this method 262,274-261,

m-Tolyldithioacetic acid forms with 1- methyl 1-phenyl-
hydrazine the corresponding hydrazide 292;

CH3CoH,CH,CSSH + HyN-—N (CHj;) CgHg — CH3C4HCH,CSNH—N (CHj) C4H,

By the action of aqueous solutions of salts of dithio-
acids on amines in the presence of an aqueous solution of
iodine and potassium iodide N-substituted thioamides are
formed in yields of 95~100%.258,283 [t is supposed that
thioacylsulphenamides are formed initially, and split off
sulphur to give the thioamides:

RCSSNa + HyNCyH, s —250__, RCSSNHC,H; 5 ~» RCSNHC4Hy 3 -

Thus addition of a solution of an N-substituted dithiocarba-
mate and iodine or 10% sodium hypochlorite solution (in
equimolecular quantities) to excess of concentrated am-
monia produces an NN -dialkylthioacylsulphenamide, which
on prolonged standing or on heating passes into an N-sub-
stituted thiourea 2%

NaOCl
RR’NCSSNa + NH; "—NaOH+Nacl ~ RR’NCSSNH; — RR’'NCSNH; .

N-Chloropiperidine gives with salts of dithio-acids a
quantitative yield of N-2’-thiofuroylpiperidine and N-thio-
benzoylpiperidine. Here, too, sulphenamides are prob-
ably formed as intermediates 2585295,

Carbodithioic esters 255,256,296 gre often used for the
thioacylation of amino-acids 229,255,207-288§ and the synthesis
of purine derivatives ®¢, vitaminB,, ¥* and other biological-~
ly active substances. Equimolecular quantities of carb-
oxymethyl dithiobenzoate and aminoacetic acid interact in

§ Amino-acids are thioacylated also by the action of
ammonium or potassium thiocyanate in acetic anhydride
at 60-80°C, 1-acetyl-2-thiohydantoins being formed,
from which the free 2-thiohydantoins can be isolated by
the action of excess of concentrated hydrochloric acid30:

NH-CO
H4NCHR -+ HSCN — HyNCSNHCHRCOOH — 2‘,8 '

hr—cHR

where R = H or CH;. Ammonium thiocyanate acts on
ketones in carbon disulphide to form dithiohydantoins 301,802;
NH

Ry Ry Cs—
>(:=o ——»"m::‘;"s >c<
Ry Ry N
\,{:‘cn /é:,

Riy AN .
Ra/ o,
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an aqueous solution of a base at room temperature to give
a 90% yield of thiobenzoylglycine 2%°:

C4H;CSSCH3COOH -+ HyNCH;COOH — C¢HyCSNHCH,COOH .

Similarly, the interaction of carboxymethyl dithiobenzoate
and anthranilic acid gives a good yield of thiobenzoyl-
anthranilic acid?®,

DL-Lysine interacts with carboxymethyl phenyldithio-
acetate to give a monoacylated derivative, probably
C¢H,CH,CSNH[CH,],CH(NH,)COOH (the product gives a
positive ninhydrin reactiony). No racemisation was ob-
served in the thiobenzoylation of the L-stereoisomers of
alanine, valine, isoleucine, and leucine25%,  Diethyl
aminomalonate is more conveniently thiobenzoylated in
pyridine to which triethylamine has been added?®”.  The
thiobenzylation of diamines gives good yields of polymeth-
ylenebisthiobenzamides CgH,CSNH[CH, |xNHCSCGH, (x =
1-6). An a-aminoisobutyrate does not undergo thio-
benzoylation, probably owing to steric hindrance 255,25,

Carboxymethyl dithioacetate as thioacylating agent is
added in excess (10%) to a solution of the sodium salt of the
amino-acid in alcohol803-805,  N-2-Arylethylthioamides
RCSNHCH,CH,C H, have been obtained by this method in
yields of 86-99%. 306

Thiobenzamides are formed in good yields by the reac-
tion of dithioic esters with morpholine and with aniline 2%,
Carbothionic esters RCSOR’ react similarly with amines 256,
307,308,  In this way a phenylthiohydrazide has been obtained
from phenylhydrazine and a carbothionic ester 263, the re-
action being conducted in ether or excess of phenylhydra-~
zine. The interaction of ethyl thiobenzoate with excess of
2-aminoethanol and isopropylamine respectively has given
N-2-hydroxyethylthiobenzamide and N-isopropylthiobenz-~
amide in yields of 53% and 63%. 26!

Good thioacylation results have been obtained by the
interaction of carbothionic esters with substituted anilino-
magnesium bromides 309,310;

RO—CyH,—CS—OC,H; -+ BrMgNHC,H,OR’ - RO—C,H,CS—NHC(H,OR’ - C;H;OMgBr.

A convenient thioacylating reagent is a thioacylsucci-
mide, obtained in good yield by reaction of an aromatic
unsubstituted thioamide with succinyl chloride 3!!:

CO—CHj
CO—CHj

Unsubstituted thioamides are also thioacylating agents.
Under mild conditions they undergo transamidation with
primary aliphatic amines to form N-alkylated thioamides.
This has been termed the Wallach reaction®2, Several
derivatives of dithio-oxamide havz been obtained in this
way, the two unsubstituted thiocarbamoyl groups being
involved in the reaction3!3:

2R—CHy—NH; -+ H;N—CS—CS—NH, — R—CH;—NH—CS—CS—NH—CH,—R+2NH,

ArCSNH; -+ CICOCH;CH4COCI - ArCS——N<

where R = COOH, SO ;H. Only the thiocarbamoyl group is
involved in the reaction of monothio-oxamide with aliphatic
amines 43,312,  Morpholine reacts with dithio-oxamide to
give N-morpholinodithio-oxamide 44,313, and other thio-
oxamides have recently been obtained by this method 34,
Amino-acids also canbe thioacylated with dithio-oxamide 315,
NN -Dimethylthioformamide gives amidines with amines 318,
Substituted thioformamides are obtained in good yield
by the interaction of chloroform, an amine, and hydrogen

1 Boiling amino-acids with an aqueous solution of
ninhydrin (indane-1,2,3-trione hydrate) produces a blue
coloration.
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sulphide in alkaline solution®7, It is assumed that di-
chlorocarbene is formed initially from the chloroform

(by a-elimination), and then reacts according to the equa-
tion

:CCly+ R'R'NH +-2SH" — R'R'N—CSH + H,S +2C!- .

9. PREPARATION OF THIOAMIDES BY THE REACTION
OF ISOTHIOCYANATES WITH ORGANOMETALLIC COM-
POUNDS, C-H ACIDS, AND ENAMINES

These reactions are employed considerably more rarely
than those considered earlier for the preparation of thio-
amides. They are based on the addition of nucleophilic
reagents at the multiple bond in an isothiocyanate, and in
this respect show great similarity to the corresponding re-
actions of isocyanates:

o+ 8- o- 8+
R—N=C=S + R~ X — R—N=C—SX
X
where X = M, H. The symbol X denotes a metal when an
organometallic compound 38333 or a C-H acid in the form
of its sodium or lithium salt is used, and hydrogen in the
case of an enamine.

The reaction between isothiocyanates and organometallic
compounds was first studied by the use of Grignard re-
agents. Thioamides are obtained in good yield by the
action of Grignard reagents on phenyl isothiocyanate fol-
lowed by hydrolysis of the addition products 258,318-320;

HO —~ R—NHC=S

CgHgN=C=S + CH;3Mgl —» C,HyN=C(CHj)—S—Mgl — C,H,;NHCSCH; ,

The action of dimethyl sulphate on the addition product
of phenylmagnesium bromide and phenyl isothiocyanate
gave an S-methyl derivative of an isothioamide 321;

CoHy—N=C(CeHly)—S—MgBr + (CHyO)s SO — CeHyN= C(CH{)SCH, .

N-Substituted thioamides of valeric acid were obtained
in 90% yield by the reaction of n-butylmagnesium bromide
with isothiocyanatess$?2, Phenylmagnesium bromide reacts
with phenyl isothiocyanate to give thiobenzamide in 88%
yield?2es,

Isothiocyanates react with excess of a Grignard re-
agent at high temperatures to give other products. Thus a
45% yield of o-phenyldiphenylmethylaniline was obtained
from phenyl isothiocyanate and phenylmagnesium brom-
ides2s,

Bifunctional thioamides are formed by the interaction of
sodium alkyls with phenyl isothiocyanate 325-328;

58— 0+ O+ 80—
RCHaNa-+C,H;N=C=S—>RCHyCSNa. +MNa
fl —H

NGH,
NCgHy
& sna CSNHC,H,
__,R%TJ_C_SNQ SHiN=C=S R{H iy RCH )
N NeH, C—SNa CSNHCH,H;
g}C.H,

1,2-Addition products of sodium to alkenes react with
isothiocyanates to form disodium derivatives, which canbe
hydrolysed to bisthioamides 327,334;

2C3HNCS+(CeHy)sCNa—CNa (CyHy)s — CoHN(Na)CSCSN (Na) CyHy+4-(CyHs)sC=C(CsHy)s
2C3HyNCS + (CgHs)}sCNaCHyCHyCNa(CyHs)s — (CeHy)s=C—CHsCH, (CyHs)CSN(Na)C;H, o

CSN (Na) C,H,
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Organolithium compounds also can be used as the
organometallic compounds. Thus 3-methyl-2,2-diphenyl-
but-3-enothioanilide was isolated after reaction with phen-
yl isothiocyanate of the organolithium compound obtained
from the corresponding alkene and lithium 327, a 57% yield
of thiobenzamide after reaction with triphenylsilyl isothio-
cyanate 32, and N -phenylthiobenzamide when phenyl iso-
thiocyanate was used [with phenyl-lithium]3s°;

CoHyLi 4 CoHNCS— CoH)N (Li) CSCoHy ™5 CHNHCSC,H, + LiOH .

Triethylaluminium (or a mixture of ethylaluminium
dichloride and diethylaluminium chloride) gives with ali-
phatic and aromatic isothiocyanates a series of thicamides
of propionic acid in yields of 58-96%. 331,352

Phenyl isothiocyanate reacts with sodium tetrahydro-
borate to form thioformanilide 333,336;

CeHgN=<C=$ -+ NaBH, - [C;H;—NHCS—BH;Na] 3 C,H,NH—C—H .
I

Isothiocyanates react with C~H acids in practically the
same way as with organomagnesium compounds, since
these acids are usually employed in the form of their
alkali-metal salts 324,336~350;

R R R

\ N
R'—C—Na} R"NCS  R'~C—C—N—Na T2EL . R c_coNRvH ,
R/ R/ g - R/ g

Triphenylmethylsodium reacts with isothiocyanates,
e.g. with allyl isothiocyanate to form N-allyltriphenyl-
thioacetamide 328,

Sodiomalonic ester gives with p-phenylene di-isothio-
cyanate in absolute alcohol the sodium salts of mono- and
di-addition products, from which acidification yields
diethyl N-p-isothiocyanatophenylthiocarbamoylmalonate (@)
and tetraethyl p-phenylene-~NN'’-bisthiocarbamoylmalonate

0):e

S=C=N—C¢H,—~NH—CS—CH (COOC,.Hj), (a)
(C4H;0C0):CH—CS—NHC,HNH—CS—CH (COOCsHy), - ()

Sodioacetoacetic ester forms only the monoaddition
product, which breaks down in alcoholic solution at room
temperature into ethyl acetate and ethyl N-p-isothio-
cyanatophenylthiocarbamoylacetate 349,350;

COCH,
S§=C=N—CyHNHCS—C—H ~ S==C=N—CgHNHCS—CHyCOOC;H; -+ CHyCOOC,Hj .
N\COOC,H,

Sodium acetylacetonate reacts with aryl isothiocyanates

in absolute alcohol to form NN’-diarylated bisthioamides
of malonic acid34®,

The sodium salt of acetylthioacetanilide reacts with
phenyl isothiocyanate to give the dianilide of acetylmalono-
dithionic acid35°;

CSNHCH;
CH,—([.l‘.——C'H—ﬁ:—NHC.H. + CgHyN=C=S — CH;—C—C—H .
+

I\
Na S O CSNHCGH,

Other derivatives of malonodithionic acid have been ob-
tained by using substituted phenyl isothiocyanates under
the same conditions.

Cyclic C-H acids also react with isothiocyanates to
form thioamides. In this way good yields of variously
substituted anilides of pyrrolecarbothionic acid have been
obtained by the use of pyrrole 35!,
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The addition of isothiocyanates to dimedone in aceto-
nitrile in the presence of a small amount of alkalis5? leads
to the formation of a thioamide in 60% yield:

0 0
i i
7 ¢ —CSNHR
HC | +R-N=C=5»HC| |
HaC/\/ No Hoe” N/ No

where R = CgH,, p-CIC.H,, p-NO,C.H,, 1-naphthyl. The
reaction does not take place in ethanol3ss,

Alkali-metal cyanides give with isothiocyanates N-sub-
stituted cyanothioformamides, which react with hydrogen
sulphide to produce N-substituted dithio-oxamides 3%,

The best yields of thioamides are obtained with potassium
cyanide:

KCN + R—NHCS - R—NHCSCN ™5 R_NH—CS—CS—NH, .

Alkoxypheny! isothiocyanates form with sodium cyanide
alkoxylated cyanothioformamides, which are converted by
hydrogen sulphide into alkoxyphenyldithio-oxanides 355,
Isothiocyanates react with phenols in the presence of alu-
minjum chloride 3%-3%  wijth the formation not of thio-
neurethanes but of thioamides:

(‘)H (l)H
N 7\
() se=-{}
\ )

S=C—NHCH, .

Thioamides are formed with phenyl ethers (and also ethyl
phenyl sulphide) and phenyl isothiocyanate 360,

In the presence of aluminium chloride phenylacetyl
isothiocyanate undergoes intramolecular rearrangement to
give a 40-70% yield of homomonothiophthalamide 38!;

N
|

\/C

/ \I=O

/N
U e |
PRV,

i S

S

Isothiocyanates react in the presence of aluminium
chloride also with aromatic hydrocarbons 32,

Enamines react with aryl isothiocyanates to form
amides of g-aminocycloalkenecarbothioic acids, which
are readily saponified to thioamides of g-oxo-carboxylic
acids 36s-ses;

++R""-N=C=$§

H—C=C—NR, - R"—N‘H—%——C:C‘,—NR;" )

A2 ; ke

The enamine of 1,1-dipiperid-1’-ylethylene adds two iso- .
thiocyanate molecules 3¢é;

/TN N
, N > s /r( /)
o~ " mN=ess RNH_%_CH=< EN=c=s
N PN
W W D
N/ S
N/ N
7/
3 A
—_— (RNH—C):—C=(4/ -
ANV
\ /
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where R = Ar, Alk. Cyclic enamines also react with iso-

i 352.
thiocyanates 352: o o
1 I ,
- R‘—N=C=S -~ /CSNHR
me| | = omey
H,¢” N/ NHR Hyc” N/ “NHR

where R = H, CH, and R’ = C¢H;, p-CIC.H,, p-NO,C.H,.
Substituted A!-triazoles react with isothiocyanates to
form thioamides (yield 50~99%):367~370

CQHE
LN | NHCH) cpes |, /NHCH,
) x| < ‘
N7 \CSNHC,Hs

10. PREPARATION OF THIOAMIDES BY THE CLEAVAGE
OF HETEROCYCLES

Certain heterocyclic compounds (derivatives of thiazole
and oxazole) can undergo cleavage under the influence of
alkaline reagents or hydrogen sulphide, thioamides being
formed 371 ~37,

When 4-benzylidene-2-phenylthiazol-5-one is boiled with
dilute caustic soda, a -thiobenzamidocinnamic acid
C,H,CH:C(NHCSC,H,)COOH is formed3™. This reaction is
reversible, heating the resulting substituted cinnamic acid
with acetic anhydride giving an 85% yield of the original
thiazolone 37:

Iﬁ——~’=CHC,H, o ?OOH
a
P e — o
H,,C,—\S Ao 00 C.H,CH_C—aNH—tﬁ—C.Hﬁ .
S

The original 4-benzylidene-2-phenylthiazol-5-one was
prepared by the reaction of 4-benzylidene-2-phenyloxazol-
5-one with thioacetic acid3™:

N——=CHC,H, N—— =CHC,H;

CH,COSH L
—CH,COOH

I
HsCe— N0 N0 Hbce_‘\s/ \0
Heating this thiazolone with piperidine gives an N-piperidyl
derivative of a-thiobenzamidocinnamic acid in 60% yield:

- —CHCH,
Iﬁ CHGHs |

Toatu? , C6H5CH=?~NHCSC6
H;C./ \S/ o

CONCSH 10

Hs

Mixed thioamide—amides of arylmalonic acids are obtained
by the action of amines on 4-aryl-3-chloro-5-keto-1,2-di-
thioles 373:

N > TN “’(_> TN
Cl—f:__—_—_lC—Ar —_ < /N—C CAr —=2__, ¢ /N~—‘C:S
Ne o -4 }:\ ST HoC—Ar
Ns” No S
< N__c=0"
N—/

Similarly, N-a«-thiobenzamidodihydrocinnamoylpiperidine
is obtained from 4-benzyl-2-phenylthiazolone.

Thioamides are formed also by the cleavage of oxazol-
ines by hydrogen sulphide. Treatment of a solution of
2-phenyloxazoline in methanol with ammonium sulphide
(or ammonium hydroxide and hydrogen sulphide) gave
N-2-hydroxyethylthiobenzamide (yield 77%):26

rﬁ’—_l + H,S — C4H,CSNHCH,CH,;0H

Celly” N0

31

Substituted 1,3-dithi-ins, formed from gem -dithiols and
malononitrile, when heated decompose into thioketones
and thioamides $™:

H,C SH HC

c< + (CH)(CN), —> l\c
SH

S
I
C H,c\
C==C

l/ ]
(H,C), CN

/
— H2C—>‘CH2)5' * I—NH2
s

(n=3,4)

11. CONVERSION OF BENZENESULPHONATES OF KETO-
OXIMES INTO THIOCAMIDES

Benzenesulphonates of ketoximes, formed by the action
of benzenesulphonyl chloride on the ketoximes in pyridine,
are converted in the presence of hydrogen sulphide, as a
result of spontaneous Beckmann rearrangement into sul-
phonimidates, into good yields of N-substituted thio-
amides375-378;

Ry AN
C=NOH + CHySO:Cl —zer—  C=NOSO4C,Hy
R/ .04
R s
C==NOSO,CeHy ——— CyH0,S0—C=NR 222 R'—C—NHR .
R'/ lll’ I

A great variety of thioamides have been obtained by this
method using aliphatic, cyclic, aromatic, and mixed keto-
Ximes.
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