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I. INTRODUCTION 
The literature concerning thiourea and its derivatives is voluminous. These 

compounds have found their way into almost every branch of chemistry. Com- 
mercially, they are used in dyes, photographic film, elastomers, plastics, and 
textiles. Certain thiourea derivatives are insecticides, preservatives, rodenti- 
cides, and pharmaceuticals. In the academic field thioureas are of great value 
in the characterization of organic compounds. For example, advantage is taken 
of the fact that amines can easily be converted into solid, sharp-melting sub- 
stituted thioureas by allowing them to react with an appropriate isothiocyanate 
(see Section II1,C). Organic acids readily yield pseudothiuronium salts which 
are crystalline and have sharp melting points. The ability of thiourea to  form 
crystalline complexes with branched hydrocarbons and cycloaliphatic structures 
has led to  their use in the separation of mixtures of organic compounds (2, 85, 
86, 87, 143, 171). Thioureas are also widely used as intermediates in organic 
syntheses. Because of the great versatility of these compounds, it was necessary 
to set definite limits to the scope of this review with respect to literature sources, 
types of thiourea derivatives, and their uses. 

A thorough investigation mas made of Chemical Abstracts from January, 190'7, 
through June, 1954. Some selected references from Beilstein were checked and, 
in addition, current issues of certain journals were included. Compounds classi- 
fied in the tables in Section IV are those which pertain to  the biological discus- 
sion or which illustrate the various methods of synthesis in Section 111. Espe- 
cially emphasized are the 1 ,3-di(substituted phenyl) compounds. Considerable 
attention is also paid to all substituted thioureas containing aromatic, aliphatic, 
alicyclic, and heterocyclic groups or any combination of the above-mentioned 
types. Some N-acyl derivatives, pseudothioureas, thiuronium salts, guanylthio- 
ureas, and N-cyclic thioureas where only one ureido nitrogen is involved are in- 
cluded. Omitted are those compounds in LThich both ureido nitrogens or one 
nitrogen and the sulfur are included in a heterocyclic ring (e.g., pyrimidines, 
thiazoles, etc.). Sulfanilyl- and sulfanylthioureas are not included, because they 
have been fully covered in a recent review article (151). 

With regard to applications, only the biological properties of thioureas are 
considered. Some emphasis is placed on thiourea derivatives as chemotherapeu- 
tics for tuberculosis in view of recent interest in this field. 
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The syntheses of thioureas given in Section I11 are those of general applica- 
tion. Certain modifications are often required, owing to the peculiarities of the 
materials involved. These special techniques are in many cases available in the 
references given for specific compounds listed in Section IV. 

The nomenclature used is that designated by Chemical Abstracts. The thiourea 
system is numbered as shown below: 

R’ S R”’ 
\ /I / 

N-C--h‘ 

R”” 
3 \  

R” 

&‘-Substituted thioureas are referred to as pseudothioureas rather than as iso- 
thioureas, although the latter classification is common in the literature. 

11. BIOLOGICAL P R O P E R T I E S  O F  THIOUREAS 

A. AXTITUBERCULOUS ACTIVITY 

In  the early 1920’s a remedy for tuberculosis was patented (251) which mas 
described as the gold salt of the product obtained from the reaction of carbon 
disulfide and an alkali or alkaline earth hydroxide with an amino acid or an ester 
of an amino acid, i.e., a salt such as (KOOCCH&HCS2)3Au. Considerable work 
with gold compounds as chemotherapeutic agents for tuberculosis followed im- 
mediately. However, i t  was not until many years later that thioureas, which 
can also be prepared from carbon disulfide and an amine in the presence of al- 
kali, were considered for the treatment of this disease. 

In  1944 a patent (18) was issued for copper compounds made from thioureido- 
benzoic acids which were said to be active in treating tuberculosis. Since bac- 
teria such as tubercle bacilli contain large amounts of lipoidal tissue, long-chain 
alkylthioureas which are lipoid-soluble were suggested by Massie (161) as thera- 
peutic agents. Chilean workers (35, 236) have reported somewhat favorable 
results using thiourea itself for tuberculosis. Many thiourea derivatives have 
been tested for antitubercular activity. Some showed no activity a t  all (97, 119, 
240), while others did look promising in in vitro studies (30, 33, 110, 219, 239). 
However, excluding the sulfonylthioureas, very little success was found in the 
treatment of tuberculosis with this class of compounds until very recently. 

In  1952 a number of thiourea derivatives of p-aminosalicylic acid in in vitro 
tests were found to be equal to or more active than the acid itself (7, 137, 204). 
Maximum activity in compounds of the type 

HO HOOCDNHCSNHR - 

was achieved when R was aromatic. If R was aliphatic or if o- or m-aminosali- 
cylic acid was used instead of p-aminosalicylic acid, the activity dropped or 
completely disappeared. The compound 4,3-(HOOC) (HO)C6H3SHCSrU”C6H5 
was found to prolong life in animal studies but, although the disease was ar- 
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rested, it did not produce a complete cure. In clinical tests there was no evidence 
of development of resistance to this compound. 

In the following year 4,4’-diethoxythiocarbanilide was found to possess high 
antitubercular activity in mice infected with bacillus H37Rv (121, 164) ; hence 
over three hundred thiocarbanilides were made and tested. These compounds 
were tested in vitro against M .  tuberculosis and i n  vivo in experimentally infected 
mice. Almost one-third of these compounds, the majority of which were 1,3- 
di(4-substituted phenyl)thioureas, showed significant activity in the in vivo stud- 
ies in mice (79). Eight of the more active thiocarbanilides were subjected to 
tests in guinea pigs (149), and seven of these showed suppressive effects. Two 
of the seven thiocarbanilides, 4-ethoxy-4’-isobutoxythiocarbanilide and 4-n- 
butoxy-4’-dimethylaminothiocarbanilide, exceeded the activities of p-amino- 
salicylic acid and streptomycin and approached that of isoniazid. Combinations 
with streptomycin and isoniazid gave enhanced effects. 

From these data certain specific structural requirements xere observed for 
the antituberculous activity of thiocarbanilides of the following structure : 

(a) Shortening of the 4-substituent to  CH30- destroys the activity. 
( b )  Lengthening of the chain in the 4-substituent increases the activity to 

a maximum a t  three to four carbon atoms. Further increase in chain length 
causes a decrease in activity until it completely disappears a t  R = C8H170-. 

( c )  Replacement of the alkoxy group by an alkyl group of the same length 
gives similar activity. 

(d )  Branching of the alkyl a t  the carbon atom adjoining the ring leads to 
loss of activity. 

( e )  If one of the 4-alkoxy groups is replaced by a halogen or dialkylamino 
substituent, activity is retained. 

(f) Replacement of both alkoxy groups by halogen or dialkylamino groups 
causes total loss of activity. 

(9) That the 4-substituent is necessary in both rings is shown by the fact that 
replacement of one alkoxy group by hydrogen causes loss of activity. Further- 
more, the 2- and 3-position isomers are inactive. 

(h)  A second substituent in the ring destroys the activity, as does an addi- 
tional substituent on the ureido nitrogen. 

(i) The thiocarbanilide moiety is necessary, since corresponding carbanilides, 
guanidines, guanylthiourea, dithiobiurets, and cyclohexyl-substituted thioureas 
are inactive. 

KO clear-cut correlation was found between in vitro and in vivo activities. 
Preliminary studies indicate that resistance to these thioureas develops slowly 
in vitro, and no resistance has been observed in animal experiments. Repre- 
sentative compounds showed undiminished activity against streptomycin- and 
isoniazid-resistant strains of ill. tuberculosis H37Rv. 

The mode of action of these thioureas is not yet known, although it has been 
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found that it is not based on phenoloxidase activity nor is it due to an effect on 
cytochrome C (164). Buu-Hoi and Xuong (36), mho also prepared a number of 
thiocarbanilides for antituberculosis studies, believe that the metal-chelating 
property of thiourea and a favorable partition coefficient for the molecule be- 
tween aqueous and fatty phases are instrumental in their activity. 

B. ANTITHYROID ACTIVITY 

One of the most widely studied aspects of thiourea and its derivatives has 
been their antithyroid activity. Many experimental results have been published 
on this subject (4, 43, 100, 126, 131, 135, 156, 159, 188, 192, 194, 195, 212, 213, 
215, 229, 234, 237, 238, 246, 248). There are many discrepancies in the results 
of the different workers which may, in some cases, be due to differences in testing 
techniques. Nevertheless, certain generalities reported in several of the publica- 
tions (5, 6, 165) are in agreement. Thiourea has approximately one-tenth the 
activity of thiouracil. Replacement of one, two, or three of its hydrogen atoms 
by methyl groups has no appreciable effect on the activity. However, 1,1’,3,3’- 
tetramethylthiourea is a considerably more potent compound. Replacement of 
the hydrogen atoms by higher alkyl groups usually gives less active material 
than unsubstituted thiourea. Exceptions to this are 1,3-diethyl-, l13-diiso- 
propyl-, and l-isopropylthiourea. Substitution of large aromatic or polar groups 
for one or more of the hydrogen atoms decreases the activity. Pseudothioureas 
are inactive, but incorporation of the thiourea moiety into a ring not involving 
the sulfur seems to  increase the potency (247). 

C. HYPNOTIC AKD ANESTHETIC PROPERTIES 

The relative hypnotic effects of a number of l-aryl- and l-alkyl-3-arylthio- 
ureas have been correlated (57). It was found that the effectiveness of these 
compounds improved with increasing molecular weight within a homologous 
series. Thioureas of the general formula R”’C6H*S(R)CSSR’R’’ have been 
patented (34) as hypnotics suitable for use as general or local anesthetics. This 
patent specifies those compounds in which R = alkyl or alkenyl (less than eight 
carbon atoms), R’ and R” = H, alkyl, or alkenyl (more than eight carbon atoms), 
and R”’ = alkyl radical of one to eight carbon atoms. High local anesthetic 
activity and low toxicity have been claimed (46) for a group of pseudothiu- 
ronium salts. Sulfur substituents in these salts included 2-aminoethyl, 2-butyl- 
aminoethyl. 2-(  1-piperidyl), 2-(3-morpholinyl), and 3-dibutylaminopropyl 
groups. Another member of this class of compounds, 1 , 4-bis(pseudothiocarbami- 
domethy1)naphthalene dihydrochloride, has been reported to possess analgesic 
properties (8). Certain guanylthioureas of the general formula RKHCSKH- 
(=I\”)XH,, where R is an aromatic radical, have shown varying degrees of 
analgesic action ( 2 2 2 ) .  Some disubstituted thioureas into which a benzothiazole 
moiety has been incorporated, e.g., l-allyl-3-(ethoxybenzothiazole-2)-, l-phenyl- 
3-(benzothiazole-2)-, and 1-phenyl-3-(6-chlorobenzothiazole-2)thiourea, have 
been reported to possess local anesthetic properties (139). 
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D. ANTHELMINTIC ACTIVITY 

A number of patents have been granted for derivatives of thiourea which are 
claimed to have destructive action against trypanosomes. Certain of these com- 
pounds which are dyes as well as anthelmintics (11, 12, 13) are prepared by heat- 
ing thiophosgene and amino acyl derivatives of two different aromatic amino 
acids, a t  least one of which is of the naphthalene series. A similar group of 
compounds for which the same properties are claimed have the formula 
(ArNHX’KHXNNH)2CS, where Ar is phenyl or naphthyl and X’ and X” are 
heterocyclic nuclei (66). Very closely related, but without the -NHX’- in the 
formula given above, is another group of compounds claimed to  be useful in 
combating blood parasites (65). Thiourea derivatives of aromatic heterocyclic 
compounds with a quaternary nitrogen in the nucleus are said to have similar 
activity (209). The anthelmintic activity of eighteen monoaryl-substituted thio- 
ureas was studied with earthworms (218). Of this group, 2-carbethoxyphenyl- 
thiourea showed remarkable vermicidal activity. 1-Naphthylthiourea has been 
found to  be efficacious against intestinal parasites in man and dogs (93). How- 
ever, i t  is interesting to  note that its 2-analog and l ,3-dinaphthylthiourea are 
ineffective. 

E. ANTIBACTERIAL PROPERTIES 

Various types of thioureas have been reported to  have antibacterial activity. 
An aromatic or heterocyclic amine with an alkyl side chain when incorporated 
into a thiourea shows specific action for the bacteria which cause abortion in 
cattle (19). Certain guanyl compounds, such as S-dodecyl- and S-ethylguanyl- 
pseudothiourea, are claimed to have strong bactericidal properties (81). The 
best of a large group of arylthioureas, tested for fungicidal action in soy sauce, 
was 2-HOCsH4NHCSNH2 (220). Other monoarylthioureas (186) and mercury 
derivatives of arylthioureas (109) have shown antibacterial activity. Thiourea, 
allylthiourea, and butylthiourea inhibit Cryptococcus neojormans (207). Some 
l-aryl-3-allylthioureas have been reported to be effective against bacterial in- 
fections (99). Several sources have reported activity for various pseudothiuro- 
nium salts. Especially effective against gram-negative organisms was a group of 
water-soluble compounds of the general formula RCgH4(OA),,SC(NHR’)=NHa 
H X  (17), where R is an alkyl group of four to twelve carbon atoms, R’ is H, CH3, 
CzHb, or C4Hs, A is an alkylene group of two or three carbon atoms, n is 1, 2, 
or 3, and X is the anion of an acid. Numerous 2-alkylpseudothiourea hydro- 
halides and their 1 , 3-dialkyl derivatives were tested for germicidal properties 
and several showed marked activity (9). Maximum effect against Staphylococcus 
aureus and Eberthella typhi  was achieved when the sulfur substituent was C12H26 
or C&29 and the nitrogen was substituted with methyl or ethyl groups. Some 
alkenylene-bis-pseudothiuronium compounds have been reported to be active 
against certain parasitic and bacterial diseases (45). It is interesting to  note that 
some of the 1 ,3-di(substituted phenyl) thioureas which possessed high antituber- 
culous activity (164) also had significant activity against several species of ac- 
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tinomyces and fungi. Thiocarbamido derivatives of diary1 sulfones and sulfides, 
both mono and bis, have shown marked antibacterial properties (128). 

F. ANTIPHENOLOXIDASE ACTIVITY 

The antiphenoloxidase or antityrosinase activity of thioureas is attributed to  
their ability to form complexes with copper, the essential metal component of 
the enzyme (150). Phenyl-, p-phenetyl-, and p-butoxyphenylthiourea are all 
potent inhibitors. In  addition, 3,4-dimethylphenyl-, 2,5-dimethylphenyl-, 1- 
naphthyl-, benzyl-, allyl-, and ethylenethiourea have all been found to inhibit 
the activity of potato phenoloxidase in descending order (129). hfuch the same 
order was found in the inhibition of melanin formation. An attempt has been 
made to link the toxicity of certain thioureas for rats and their action on phenol- 
oxidase, but no strict relation was observed (130). 

G .  INSECTICIDAL PROPERTIES 

Some thioureas have been found to be useful as insecticides. Thiocarbamido- 
DDT is more effective than DDT against bed bugs, although its action is of 
shorter duration (249). Simple compounds such as phenyl-, allyl-, and tolyl- 
thiourea are useful in destroying larvae and adults of various strains of Dro- 
sophila melanogaster (44). 1-Allyl-3-(4-chloro-2-methylphenyl) thiourea has been 
claimed to be effective in controlling the Japanese beetle or the hlexican jumping 
bean beetle (23). Thioureas which are said to be excellent contact insecticides 
are those with an l-alkyl substituent a t  least eight carbons in length and a 3-sub- 
stituent which contains a water-soluble polar group (202). l-Dodecyl- and 1,3-  
didodecylthiourea are toxic to the flesh fly larva (120). In  this case, a phenyl 
group on the nitrogen or a substituent on the sulfur decreases the toxicity. Cer- 
tain thiuronium salts of phosphorus acids are listed as insecticides (169). 2- 
Benzyl-l-( l-naphthy1)thiourea and its chloro derivatives were found to be eff ec- 
tive against AZtogenus piccus and Tinia pellionella (162). 

H. RODENTICIDAL ACTIVITY 

cy-h-aphthylthiourea (ASTU) is a well-known rat poison. Its success is based 
on the fact that it is much more toxic to rats than it is to cats, fowl, etc. (29). 
Kumerous compounds, many of them thioureas, have been tested to see if this 
property can be improved. Certain specifications have been suggested for the 
structure of thioureas most effective as rodenticides. A study of 196 compounds 
showed that acute toxicity is enhanced when a single aromatic radical is attached 
to  one nitrogen. Two or more substituents on one or both nitrogens or a sub- 
stituent on the sulfur decrease the toxicity (59). Another reference makes slightly 
different stipulations (193). For the general formula RR’KCSSH,, R must be H 
or an aliphatic group of not more than six carbons. R’ must be an aromatic group 
with a molecular weight of a t  least 100, so that the entire molecule has a molecu- 
lar weight of a t  least 175. In  addition to AKTU, 2-biphenylyl- and 4-biphenylyl- 
thiourea are listed as effective compounds. Phenylthiocarbamide shows high 
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toxicity, but its bad taste is revolting to rats. Additional compounds of mild 
toxicity are 1 , 3-bis(2,4,6-trichlorophenyl)thiourea, l-methyl-3-phenylthio- 
urea, and morpholinylthiourea (138). 

Considerable work has been done to determine the mechanism of poisoning by 
ANTU and similar thioureas. It has been found that acute poisoning by y-naph- 
thyl-, phenyl-, and allylthiourea, as well as by thiourea itself, produces hyper- 
glycemia in rats and guinea pigs (69, 70). ANTU and related compounds have 
a selective effect on capillaries of the lungs of rats and dogs and cause an in- 
crease in permeability, with large volumes of fluid collecting in the lungs and 
pleura (154). Thus, dogs and rats tend to die of pulmonary edema, while cats 
and fowl develop fatty livers (29). In  studying the effects of compounds with 
antithyroid activity, it was found that these materials depress thyroid func- 
tional activity. The lowered basal metabolic rate and thyroid hyperplasia re- 
flect the resulting increase in pituitary activity (159). 

Certain thioureas with antithyroid activity tend to protect rats against poi- 
soning by ANTU. Thiourea, phenylallylthiourea, N-ethylidenethiourea, and 
isopropylthiourea reduced significantly the toxic effects on rats (39, 47, 167). 
l-Ethyl-l-phenylthiourea is also effective, while ethyl- and butylthiourea give 
some protection (203). Effective doses of these protective compounds are unre- 
lated to their acute toxicity or to their relative antithyroid activity. 

I. MISCELLANEOUS PROPERTIES 

A number of other biological properties have been observed. Thiourea, when 
used over a long period of time, has been reported to cause the development of 
thyroid tumors, some of which were malignant (185). Other investigators (51, 
235) have found that in certain specific experiments thiourea inhibits cancer. 
4 , 4’-Diaminodiphenylthiourea has also shown an inhibitory effect on experi- 
mental cancer in mice (250). Antipyretic properties have been found for some 
l-alkyl-3-guanylthioureas, but these compounds are too toxic to  be of any value 
(222). l-Methylpseudothiourea displays appreciable anticurare activity (82, 
189). In  contrast to  certain arylthioureas, previously mentioned under rodenti- 
cides, which cause hyperglycemia, methyl- and benzylpseudothiourea have been 
found t o  lower the blood sugar content (188). An attempt to  substitute l-allyl- 
3-guanylthiourea, which also possesses this characteristic, for insulin (114) was 
unsuccessful. A study mas made of the influence of chain length in 2-alkylpseudo- 
thioureas on antiacetylcholine, antihistamine, and tonus-decreasing action on 
the ileum (83). Intensity of action was found to increase two- to  threefold with 
each additional methylene group up to nine carbon atoms. At this point i t  
dropped off, probably because of water insolubility. The search for antimalarials 
led to  the testing of many substituted thioureas and pseudothioureas (52, 97, 
163, 196). However, none of these compounds have been reported to possess 
antimalarial activity. X o  generalization can be made concerning the effect of 
thioureas on blood pressure, since this varies with the compound and the animal 
(38, 56, 188, 242). The use of thiourea for protection against lethal doses of x-ray 
radiation has been considered (112, 170), and in some cases has increased the 
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survival time of mice. Antispasmodic activity has been observed in 3-diethyl- 
aminomethyl-4-hydroxy-6-thiocarbamido-2-methylquinoline ( 101) and in pseu- 
dothiuronium salts prepared from various l-(2-chloroethyl)pyrrolidines (147). 
l-Carbobenzoxy-4-thiocarbamidopiperazine is claimed to he an anticonvulsant 
with low toxicity (103). A study of the influence of phenylthiourea and o- and 
p-tolylthiourea on the amyloclastic activity of amylases showed that all of these 
thiourea derivatives accelerated the splitting action (68). Diethylaminoethyl- 
thiourea and similar compounds have been patented as substitutes for ergot 
(111). In some cases multiple claims are made for particular thioureas. Thus, 
ThBophykme (iodoethylallylthiourea) has been said to be useful against arte- 
riosclerosis, asthma, and scrofula (3). Recently, compounds of the type 
RNHCSNHR’COCH,CN, where R and R’ are alkyl and aralkyl groups, have 
been claimed to be useful as cardiovascular, diuretic, and chemotherapeutic 
agents (179). 

111. PREPARATION OF THIOUREA DERIVATIVES 
There are several common syntheses for derivatives of thiourea. Many varia- 

tions have been applied to each of these when circumstances demanded it. As 
might be expected, certain advantages and disadvantages arise from the use of 
any one of these methods of preparation. 

A. CARBON DISULFIDE AND AN AMINE 

CS2 + 2RSH2 -+ RHKCSNHR + HzS 
The reaction shown in the above equation is the common way of describing 

the overall reaction of primary amines with carbon disulfide to give 1,3-disub- 
stituted thioureas. It does not, however, tell the whole story. Many theories 
concerning the mechanism of this reaction have been published (27a, 67a, 67b, 
122, 156, 158, 240a, 243a), and the conclusions are somewhat conflicting. Con- 
sidering the experimental data which have been presented, the most reasonable 
course for the reaction seems to  be: 

S 
II 

(1) RNH2 + CS2 RHNCSH 
S 
I t  

S 
II 

(2) RHNCSH + RNH2 [RHNCS]-[NRH3]+ 

(3) [RHlVCS]-[NRH,]+ 2 
S 

+ RNCS + RSH2 + H,S 
II 

(4) RNCS + RNH1 + RHNCSNHR 

2Rh”z + CS2 + RHKCSNHR + H2S 
It is generally known that ammonia and primary and secondary aliphatic and 
aromatic amines form dithiocarbamic acids when treated at  room temperature 
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with carbon disulfide (27a, 48a, 87a, 138a, 156, 158). With few exceptions (49a) 
these acids are unstable, but their existence has been confirmed by isolating them 
as salts. Dithiocarbamic acids react with a second mole of ammonia or amine to  
give ammonium or substituted ammonium dithiocarbamates. The salts formed 
with ammonia or aliphatic amines are usually stable enough for identification 
(3a, 24a, 27a, 48a, 170a, 243a). Those formed with aromatic amines are less 
stable, probably because of the lower basicity of aromatic amines (158), and 
usually cannot be isolated (54). It is possible, however, to prepare and identify 
ammonium and alkylammonium salts of aryldithiocarbamic acids (53, 54, 67a, 
6710, 80a, 158). Thus, it seems reasonable to suppose that the arylammonium 
salts do exist for a short time, but rapidly decompose to  the acid and amine 
or via step 3. 

While primary amines give 1,3-disubstituted thioureas with carbon disulfide, 
secondary amines and carbon disulfide do not give the corresponding tetra- 
substituted compounds. This fact, plus studies of the formation of certain tri- 
substituted thioureas when mixed salts of dithiocarbamic acids are decomposed 
by heat (80a, 243a), gives credence to steps 3 and 4. It has been observed that 
salts of monosubstituted dithiocarbamic acids when heated give thioureas, 
whereas salts of disubstituted dithiocarbamic acids do not. 

[RHNCSS]-[SHJi:]+ *L RHNCSKR’R’ + H a  

[R2NCSS]-rnH3K’]+ Lt-+ no thiourea 

The most reasonable explanation for this is that the isothiocyanate is first 
formed, as shown in step 3. In order for this to  occur there must be a hydrogen 
available in the moiety [RHNCSSI-. The isothiocyanate then adds the amine, 
either primary or secondary, which was originally involved in the formation of 
the ammonium salt as shown in step 4. This is borne out by the structure of the 
trisubstituted thiourea which is formed upon the decomposition of such a mixed 
dithiocarbamate and explains why tetrasubstituted thioureas cannot be pre- 
pared by this method. Further evidence of the presence of the isothiocyanate is 
that when the reaction of amine and carbon disulfide is carried out in alcoholic 
medium and the reaction time is lengthy, thiourethans are sometimes formed 
as well as the desired product (157). 

Although the equation indicates that theoretically two moles of amine should 
be used per mole of carbon disulfide, it is usually wise to use an excess of the 
latter in view of its high volatility. Alcohol (7, 118, 178, 181, 201,216) or benzene 
may be used in the reaction as solvent for the starting materials or t o  raise the 
reaction temperature. A commercial synthesis for 1 ,3-diarylthioureas in which 
the reaction is carried out in a partial vapor phase without solvent has also been 
patented (140). It is not necessary to isolate the intermediate dithiocarbamate, 
and the reaction is considered complete when the evolution of hydrogen sulfide 
ceases. 

The most common application of this method is to  synthesize 1,3-disubsti- 
tuted thioureas. However, it can also be adapted to (a)  l-monosubstituted, 
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( b )  unsymmetrical 1,3-disubstituted, and (c) certain 1,3 3-trisubstituted thio- 
ureas. 

(a) RHNCSSH + NH3 -+ [RHSCSS]-[NH4]+ heat+ RHNCSNHz + H2S 

RNHz + CSZ ---t RHNCSSH 

heat (b) RHNCSSH + R’KHZ + [RHNCSS]-[NR’H,]+ --+ RHNCSKHR’ + IJ,S 

(c) RHNCSSH + It&H + [RHNCSS]-[NR:H2]+k% RHNCSHR: + Hz8 

If the ratio of the basicity of the two amines to be used is sufficiently great, i t  
is possible merely to  add the stronger of the two amines to  the dithiocarbamat,e 
formed from the weaker amine and carbon disulfide and then apply heat. 

[C~HSNHCSS]-[NHJC~HS]+ + NH(CH3)2 + 

[C4HgNHCSS]-[NH2(CH3)2]+ + C4I-IUSH2 
heat 1 

If this difference in basicity is small, it is necessary to  prepare the mixed dithio- 
carbamate via a different route (24a) and then to  decompose by heating. 

A major drawback in using this method to prepare 1,3-disubstituted thioureas 
is that i t  is often very slow. For example, i t  was found necessary to warm m-ni- 
troaniline and carbon disulfide for 200 hr. in forming the disubstituted thiourea 
(174). Several means have been successfully employed to accelerate this reaction. 

1. Addi t ion  of sulfur 
It was reported in 1899 that the reaction rates of a number of amines with 

carbon disulfide could be greatly increased by adding 10 per cent of sulfur (122). 
In  later years it was found that only a trace of sulfur was sufficient (36, 105, 123, 
187). A serious disadvantage of this means of catalyzing the reaction is the rc- 
moval of sulfur from the product, especially in cases where the latter possesses 
solubility characteristics similar to those of sulfur. 

H2S + C4HgNHCSN(CH3)2 a 

2. Addi t ion  of hydrogen peroxide 
The addition of dilute aqueous hydrogen peroxide is an effective method of 

speeding up this reaction (25, 26, 123). Instead of hydrogen sulfide, free sulfur 
is formed as a by-product. Thus, the method has the same disadvantage as 
method A,1. 

3.  Addi t ion  of potassium or sodium hydroxide 
The most obvious way to  accelerate this reaction is to  remove the hydrogen 

sulfide by adding a base such as sodium or potassium hydroxide. This can be 
done by adding either an ethanolic (153, 157, 187, 191, 221) or an aqueous (15, 
90, 92, 187, 224, 225) solution of the hydroxide to  the mixture of carbon disul- 
fide and the amine. The latter is preferable, since the presence of alcohol may 
lead to  the formation of side products, especially thiourethans (157). Optimum 
results are achieved by combining equimolar quantities of amine, carbon di- 
sulfide, and aqueous 40 per cent sodium (or potassium) hydroxide, with cooling 
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and agitation. In  general, the yields are excellent. However, the method does not 
work with some amines, e.g., 0- and p-chloroanilineand 0-, m-, and p-nitroaniline. 

4. Addition of iodine and pyridine 
In 1913 an interesting variation of this general method of preparing thioureas 

was published (95). Pyridine was found to promote the reaction by forming an 
unstable addition product with hydrogen sulfide. 

CsH6N + HZS $ CcH6N.Ha 

Even thioureas from such amines as 0- and p-chloroaniline could be prepared 
in this way, although yields were only moderate. &lore impressive results were 
obtained by adding the calculated amount of iodine to a solution of the amine 
in carbon disulfide and pyridine. The iodine eliminated the hydrogen sulfide 
by the reaction, 

H2S + 1 2  + 2HI + S 
and the hydrogen iodide was, in turn, removed from the solution by conversion 
to pyridinium iodide, which is insoluble in carbon disulfide. The overall reac- 
tion is 

2RNH2 + CSB + I? + 2CeHEr\rT + (RJSH)&S + 2CeH.5Y.HI + S 

Csing this procedure, thioureas from such amines as aniline, 0-, m-, and p-chloro- 
aniline, m-nitroaniline, and ?n- and p-aminobenzoic acid were obtained in yields 
of 75-99 per cent (95, 187). Especially impressive was the good yield of thiourea 
obtained from m-nitroaniline in 3 hr. as compared to the 200 hr. required for a 
poor yield when no catalyst was added. In further studies, the relative reaction 
rates of halo-substituted anilines mere found to be o > m > p and I > Br > 
C1 (96). 

Best results are obtained when the reactants are used in the following ratio: 
2.0 moles of amine: 1.0 mole of iodine:4.0 moles of pyridine:3,000 ml. of car- 
bon disulfide. The reaction is complete when the color of iodine has disappeared 
and the pyridinium iodide has completely precipitated. The mixture is then 
steam-distilled until all traces of carbon disulfide and pyridine are gone. Pyri- 
dinium iodide is easily removed by washing with water and the product is puri- 
fied by recrystallization. It is essential that the reactants he carefully weighed, 
since an excess of iodine may lead to the formation of the isothiocyanate: 

RNHZ + CS, + 1 2  + 2CCH6X + KSCS + 2CijHsN.HI + S 

Yields by this method are excellent if the reaction is permitted to  go to com- 
pletion (123), except for 0- and p-nitroaniline and o-aminobenzoic acid. 

5 .  Addition of ethyl potassium xanthate 
Addition of a trace of ethyl potassium xanthate also catalyzes this reaction 

(107, 108, 191). The reaction rate is somewhat slower than when sulfur is added, 
but the product is purer. 
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Thus, the combination of carbon disulfide and primary amine is a convenient 
way to  prepare many 1,3-disubstituted thioureas. Arylamines with strong 
negative substituents may fail to undergo this reaction or give only poor yields 
of the desired product (107, 163). Many heterocyclic amines are also reluctant 
t o  react, by this method. 

B. THIOPHOSGEXE .4ND A S  AMINE 

Primary amines react with thiophosgene to give either an isothiocyanate 
(see Section III ,C, l )  or a 1,3-disubstituted thiourea depending upon the ratio 
of the reactants. 

CSCl2 + RXH2 -+ RXCS + 2HC1 

CSClz + 2RSHz --+ RHIYCSXHR + 2HC1 

Secondary amines give only symmetrical t’hioureas. The mechanism of these 
reactions has been explained in the following manner (74): 

RR’KH + CSClz --+ [RR’SHClCSCl] -+ RR’YCSCl + HCI 
I 

(a) When R’ is not H or if R’ = H and I is stable: 

I + RR’XH --+ RR’SCSNRR‘ + HC1 

( t i )  When R’ = H and I is unstable: 

RHSCSCl -+ RSCS + HC1 

RXCS + HeSR -+ RSHCSNHR 

Thus pri nary amines may go by either route (a) or route (b), whereas secondary 
amines can proceed only by way of route (a). Proof of this mechanism lies in 
the fact that I has been isolated and identified in certain instances even when 
R’ is H. When a secondary amine is used in a 1 : 1 ratio with thiophosgene, the 
reaction stops short a t  the thiocarbamyl chloride stage and I is often quite 
st able . 

Preparation of thioureas by this method is best carried out by refluxing one 
mole of thiophosgene with two moles of the amine in an aqueous (71, 74), chloro- 
form-aqueous (76, 78) ,  or acetone-aqueous (172) medium. When thiophosgene 
no longer appears in the reflux condenser, a mole of potassium carbonate is 
added and the heating continued for several hours. The product is then isolated 
and purified in a manner appropriate to  the particular compound. The labora- 
tory procedure for the preparation of thiophosgene (72, 77) is tedious, but 
fortunately this substance is commercially available. 

Because of the objectionable nature of thiophosgene, this method is usually 
reserved for those instances where other methods do not work, e.g., the conver- 
sion of aromatic amines with strong negative substituents (107) and of secondary 
amines to  the corresponding symmetrical thioureas. 
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C. ORGANIC ISOTHIOCYANATE AND AN AMINE: PREPARATlON O F  ISOTHIOCYANATE8 

RNCS + R’R’WH .--$ RNHCSNR’R” 

This is the most common method of preparing unsymmetrical thioureas. 
Ammonia, primary amines, or secondary amines may be used, and R, R’, and 
R” may be aromatic, aliphatic, alicyclic, or heterocyclic. R may also be acyl. 
In this way 1-mono-, 1 , 1- or 1 , 3-disubstituted, or 1 , 1 , 3-trisubstituted thioureas 
have been synthesized. Because of the simplicity of the reaction and since most 
thioureas are solids, it is also a widely used method for characterizing amines 
(28, 31, 37, 94, 102, 113, 116, l T T ,  198, 199, 230, 232). Conversely, isothiocy- 
anates may be characterized by conversion to a thiourea with a nmonia or an 
amine (144). 

Studies have been macle to determine the effect of nuclear substituents on 
the reactivity of aryl isothiocyanates (32). Conclusions were based upon the 
ease of urethan formation when the isothiocyanate and alcohol were refluxed. 
It was found that halogen, nitro, m-methoxy, and m-ethoxy groups accelerate 
the rate of reaction, whereas alkyl or 0- and p-alkoxy groups retard it. The effect 
of more than one substituent is additive. m-Substituted compounds are always 
more reactive than their 0- or p-isomers. Acyl isothiocyanates are more reactive 
than alkyl or aryl; e.g., diphenylamine adds only to  acyl isothiocyanates (62). 

The addition of the amine to the isothiocyanate is usually carried out in the 
presence of a solvent such as alcohol. Frequently the reaction is exothermic, 
and cooling may be necessary to keep it from getting out of hand. In  some 
cases it is necessary to heat, the mixture, and then a higher alcohol (91) or prefer- 
ably an inert solvent such as benzene or toluene may be used. Use of alcohol as 
solvent when a long reflux period is required may cause urethan formation 
between the alcohol and isothiocyanate to  predominate over the desired thiourea 
synthesis. Pyridine has also been used successfully as a solvent (7, 49). The 
thiourea often precipitates from the cooled reaction mixture, since in most 
cases it is less soluble than the starting material. 

In addition to urethan formation, another complication may arise. The 
following exchanges have been observed in a number of instances (252): 

2RNCS + R’nTH2 -+ R’KCS + (RHN)zCS 

2RNCS + (R’HN)&S -+ 2R‘KCS + (RHN)zCS 

Since similarly substituted thioureas melt a t  nearly the same temperature 
and isomorphism may make mixed melting points unreliable, elemental analysis 
or an infrared spectrum is often essential in the identification of the reaction 
product. 

The isothiocyanates required for this synthesis may be prepared in a number 
of ways. 

1. Thiophosgene and a pr imary  amine 
When one mole of a primary amine is permitted to react with one mole of 

thiophosgene an isothiocyanate is formed (see Section II1,B). This synthesis 
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has been known for many years (89, 134, 190, 24.5). X number of investigators 
have studied its effectiveness with both aromatic (48, 71, 74, 7 5 ,  7 6 )  and ali- 
phatic (78) amines. Certain substituents in aromatic amines were found to 
retard the reaction or prevent it from taking the desired course (73, 7 6 ) .  Cyano, 
Ilromo, iodo, and nitro groups retard isothiocyanate formation. Chloro sub- 
stituents in the meta or para positions do not affect the reaction, but one o-chloro 
group hinders the reaction and two stop it entirely. The method was also found 
to fail with naphthyl compounds (48). In spite of the unpleasant nature of 
thiophosgene, this procedure is still in general use because it is an effective syn- 
thesis (7, 117) and can be used where many other methods fail. 

The isothiocyanate can best be prepared (73, 74) by slowly adding with 
agitation one mole of the amine, either pure or in aqueous solution, to one mole 
of thiophosgene in aqueous or chloroform solution. The mixture is heated to  
reflux. Upon completion of the reaction, the product is steam-distilled or ex- 
tracted. 

2’. Decomposition of substitziled thiorireas 
RHKCSNHR -+ KHZR + RSCS 

*in acid is usually used to decompose 1,3-disubstituted thioureas and tie up 
the liberated amine. Acetic anhydride (54, 124, 125, 198, 199), phosphoric acid 
(221), concentrated hydrochloric acid (133), and 30-50 per cent sulfuric acid 
(244) are frequently employed. The pure product is usually obtained by steam 
distillation. 

Since certain disubstituted thioureas cannot be prepared by method II1,A 
or III,B, the decomposition of mixed disubstituted thioureas is of interest. It 
has been observed (41) that the more basic moiety is isolated as the amine and 
the less basic portion is incorporated into the isothiocyanate. Thus, the con- 
version of a negatively substituted amine, such as 2,4-dichloroaniline, to  the 
corresponding isothiocyanate can be readily achieved in this fashion : 

C l O N H z  - + CeHsNCS 2-3 hr. 
> C ~ H ~ C ~ Z N H C S N H C ~ H ~  heat on water bath 

c1 
dil. &SOc ---f 0 S . S  + C~HE.”Z .HzSOI 

It is not necessary to isolate the thiourea, for the decomposition can be carried 
out directly upon the reaction mixture. Yields are quite satisfactory, and it is 
possible to recover the amine from its salt and use it again. 

A new synthesis for isothiocyanates has been reported (10) which fits into 
this general category. Monoarylthioureas when heated at  150°C. in a suitable 
solvent undergo fission into ammonia and the aryl isothiocyanate. The best 
solvent for this reaction is chlorobenzene, although others have been used. A 
good yield of the isothiocyanate is isolated by removal of the solvent under 
vacuum and extraction with light petroleum ether. 

steam distillation 
C1 
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3.  Decomposition of ammonium dithiocarbamates 
RNHCSSKH4 + h4Xz -+ RSCS + N H Z  + MS + H X  

An aromatic amine with carbon disulfide and ammonia yields the ammonium 
salt, RNHCSSKHr. This, in turn, gives the isothiocyanate by removal of NH,SH. 
Many reagents, such as ethyl chloroformate (l), cupric sulfate (158), and lead 
carbonate (115) have been studied as aids in the decomposition of ammonium 
dithiocarbamates. The cation in the salt MX, must be capable of forming a 
stable sulfide and the anion an ammonium salt. Ferrous sulfate and lead nitrate 
were found to  be most effective (54). The success of the reaction depends upon 
the degree of formation of the ammonium dithiocarbamate and upon the ease 
and completeness of the separation of the isothiocyanate from the sulfide pre- 
cipitate. A general procedure for the preparation of aryl isothiocyanates by 
this method using lead nitrate is given in Organic Syntheses (53). The method 
fails when applied to p-KOzCeH4NCS or 2-CloH,KCS. 

This means of synthesizing isothiocyanates has also been applied to aliphatic 
amines. In this case ammonia is not necessary, and it is possible to decompose 
the amine salt of the dithiocarbamic acid with mercuric chloride (84, 118, 183). 
However, this involves several operations and half of the amine is lost as hydro- 
chloride, so that certain improvements, which are effective in the aromatic 
series (104, 158), have been recommended (58). Upon mixing the amine, carbon 
disulfide, and sodium hydroxide in molar proportions, the sodium dithiocar- 
bamate is obtained. Treatment of this with basic lead acetate gives the isothio- 
cyanate, water, lead sulfide, and sodium acetate. Excellent yields are obtained 
with methyl-, propyl-, isobutyl-, and benzylamine. 

A similar method has been used successfully in the preparation of aralkyl 
mustard oils (27). I t  involves treatment of the amine and carbon disulfide in 
alcoholic solution with iodine and sodium. The reaction proceeds 
lowing manner: 

4RSH2 + ZCS, --+ 2RSHCS-(SH,K)+-JL 1 
S 

SC(=S)NHR 

SC(=S)NHR 
+ /I 

in the fol- 

2RXH3+I- 

I, SC(=NlZ)SKa 2Wa 1 
2S + 2KaI + 2RXCS t- 1 t-J 

SC (=XR)SXa 

It mas not possible to convert 4-nitrobenzylamine to the isothiocyanate by this 
method. (Note also that if an excess of iodine is used in method 111,A,4, an 
isothiocyanate may be formed.) 

4.  Alkal i  thiocyanate and organic haZide 
Sodium, potassium, or ammonium thiocyanate reacts with an organic halide 

to give an organic thiocyanate which, upon heating, is converted to the iso- 
thiocyanate. 

RC1 + KSCS -+ RSCX &% RNCS 
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The reaction is usually carried out by heating the reactants in 1 : 1 molar ratio 
(a slight excess of the thiocyanate is sometimes used) in an inert solvent such 
as benzene (133). Anhydrous conditions are used to prevent the addition of 
water to  the isothiocyanate. Alcohol is also avoided, since its presence may 
lead to urethan formation. This method is suitable for the preparation of acyl 
(232), alkyl (144), and aralkyl isothiocyanates. 

5 .  Sandmeyer  reaction 
CUSCY Aromatic amine + HONO -+ diazo compound - ----*+ 

thiocyanate &% isothiocyanate 

This well-known adaptation of the Sandmeyer reaction has been used quite 
successfully in preparing aromatic isothiocyanates (60). The major restriction 
is that the initial amine must be able to withstand diazotization without injury 
to  other functional groups which may be present. 

6.  A d d i t i o n  of sul fur  to cyanides and cyanates 
An early preparation of phenyl isothiocyanate was accomplished by heating 

either phenyl isocyanate or phenylurethan 11 ith phosphorus pentasulfide (P,S,o) 
a t  160°C. (168). The addition of sulfur to  benzonitrile to give the isothiocyanate 
was reported by Weith in 1873 (243). This general approach is still used with 
some modifications. In a recent patent (214) organic isothiocyanates were 
prepared by heating an organic halide, an alkali metal cyanide, and sulfur in 
the presence of an oxygenated organic solvent such as an aliphatic aldehyde or 
ketone. 

RC1 + S + XaCK *% RTCS + SaCl 

Because of its simplicity and the availability of starting materials, this prepara- 
tion is suited to large-scale production. 

D. ALKALI THIOCYANATE S N D  AMINE HYDROCHLORIDE 

It has long been known that heating ammonium thiocyanate at 160°C. for 
several hours causes it to  rearrange to  thiourea (127). The same rearrangement 
occurs when the ammonium ion is mono- or disubstituted (63), but not when i t  
is tri- or tetrasubstituted. Yse is made of this rearrangement in preparing l-mono- 
substituted (57, 60, 80, 98, 153, 173, 184, 200, 211, 218) and 1,l-disubstituted 
(57, 148, 180, 211) thioureas. 

R 'RSH + HC1 + PI"4SCS -+ SHdC1 + R'RSHZSCN 

R'RXHZSCK &% R'RXCSNHP 

The reaction can be carried out in either (a) an inert organic solvent (67, 21 1) 
or ( b )  aqueous medium (57, 80, 152). 

( a )  Chlorobenzene is a commonly used solvent. I t  is saturated with hydrogen 
chloride, and the amine and thiocyanate are added. The mixture is then heated 
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at 110-120°C., the length of time depending on the components. Organic salts 
are removed by filtration, and the product is isolated from the filtrate. 

( b )  One mole of the amine is dissolved in water containing 1.3 moles of hy- 
drogen chloride. Ammonium thiocyanate is added and, after a reflux period, 
the solution is evaporated to  dryness on a steam bath. The residue is heated 
for several additional hours, taken up in benzene, and washed with dilute hydro- 
chloric acid. Evaporation of the dried benzene layer yields the product. 

Both methods are simple to use and suitable for aromatic or aliphatic amines. 

E. THIOUREAS AND ORGANIC HALIDES 

Thioureas react with acyl, alkyl, aralkyl, and heterocyclic halides to give 
thiourea derivatives. It has been observed on many occasions (61, 62, 63, 64, 
208) that when thiourea is treated with acyl halides S-acylation occurs first. 
Then, upon being heated or sometimes merely upon standing a t  room tempera- 
ture, the acyl group transfers to  an N-position. In other cases the transformation 
is so rapid that the S-substituted compound is never discernible. However, when 
an S-alkylpseudothiourea is heated with an acyl halide in the presence of a 
weak base, an N-acyl-S-alkylpseudothiourea results, indicating direct N-acyla- 
tion (42, 210). When diacylation occurs by this method it gives a 1, l-diacyl- 
thiourea in preference to a 1 , 3-diacylthiourea. Thus, when the latter is desired 
it is necessary to use method II1,C. Monoarylthioureas upon treatment with 
an acyl halide give first the S-acyl-N-aryl compound. Heating converts this 
first to  the l-aryl-l-acyl- and finally to the l-aryl-3-acylthiourea. 

Alkyl, aralkyl, and heterocyclic halides give stable S-substituted products 
with thioureas, and this is the most common method of preparing pseudo- 
thioureas. The reaction may be carried out by mixing a 1:  1 molar ratio of the 
reactants directly in an inert solvent (9, 17, 5 5 )  or in anhydrous ethanol (24, 
30, 88). Almost quantitative yields of the hydrobromide or hydroiodide salts 
are obtained when the halide used is the bromide or iodide. Alkyl chlorides are 
less reactive, and certain adjustments must be made at  times in the procedure 
to  give optimum yields of the corresponding hydrochloride. To obtain the free 
base of the pseudothiourea, the salt is washed with dilute alkali. Other common 
alkylating reagents such as dimethyl sulfate (217, 226) or esters of p-toluene- 
sulfonic acid (146) can be used to prepare S-alkylpseudothioureas as the corre- 
sponding salts. 

Pseudothioureas can be prepared from mono-, di-, and tri- but not tetra- 
substituted thioureas. This is true because a t  least one ureido nitrogen is essen- 
tial for the tautomerism which must occur with #-substitution : 

RHN-C-NR’R” $ RN=C-NR’R” 
I 
SH 

/I 
S 

The salts of pseudothioureas are referred to  as pseudothiuronium salts. Thus, 
the hydrochloride of 2-methylpseudothiourea is methylpseudothiuronium 
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chloride, the 2-benzyl homolog is benzylpseudothiuronium chloride, etc. In the 
literature, several structural formulae are used for these compounds: 

RSC(=NH)NHz.HCl [RSC(=NH)NHa]+Cl- [RSC(=SHZ)NH2]+C1- 

Because of the simplicity of their preparation, pseudothiuronium salts of alkyl 
(or aralkyl) (14, 22, 31, 106, 136, 176) or heterocyclic (21, 166, 181, 182, 227) 
halides are often used in characterizing these compounds. Some of the more 
common pseudothiuronium compounds, e.g., benzyl- and 4-chlorobenzylpseudo- 
thiuronium halides, are often used in identifying carboxylic acids by conversion 
to the salts of the latter (50, 141, 142, 231, 233, 241). Sulfonic acids can be 
characterized in the same way (228). 

F. SOME SPECIAL SYNTHESES O F  SUBSTITUTED THIOUREAS 

A great number of special syntheses for thiourea derivatives have been re- 
ported. Many of these are specific for a single compound, while others are of a 
general nature. Included here are those in the latter category which are less 
common than the methods described in Section II1,A-E. 

Diarylthioureas (1,3-) can be prepared by heating a primary amine with a 
salt of trithiocarbonic acid. Heavy metal salts have been especially recom- 
mended (67). This method appears t o  have little advantage over method II1,A 
and requires more steps. 

2CS2 + 2C6HsNHz + 2SaOH --+ SC(SHCsI~a)2  + Na2CS3 + 2Hz0 

Sa2CS3 + E v , ~ 1 2  squeous medium + MCS3 + ‘LXaC1 (M = heavy metal) 
MCS3 + 2RNH2 -+ CS(SHR)* + MS + HAS 

However, an interesting variation is 
?;a2CS3 + 2hrNO + HzO --+ SC(SHAr)2 + Sa2S203 

This has been successfully used in preparing 1 ,3-bis(4-hydroxyphenyl)- and 
1 ,3-bis(4-dimethylaminophenyl)thiourea from 4-nitrosophenol and 4-nitroso- 
dimethylaniline, respectively (146). 

The addition of a sulfide to  an unsaturated bond has also been used in pre- 
paring thioureas. Cyanothiourea can be prepared by heating a metal dicyan- 
amide with hydrogen sulfide (160). Pseudothioureas are formed by heating a 
mercaptan and cyanamide (205, 206) in aqueous or alcoholic medium. 

CHsSH + 
It has also been observed that the sulfur of a 1,3-disubstituted thiourea will 
add to an acetylenic bond to give a pseudothiourea salt in acid medium (40). 

acid RSHCSNHR’ + BzCECH solution -+ RHS(IZ’S=)CSCH=CHBz. HA 

In some cases it has been found possible to heat thiourea and a primary amine 
and obtain 1-monosubstituted thioureas (175, 197). Small yields of the sym- 
metrical disubstituted thioureas have also been observed in this reaction. 
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TABLE 1 
Mono-N-substituted thioureas 

A. Brylthioureas, RHNCSSHa 

References 
R 

Section I1 i Section I11 

( a ,  39, 14, 57, 59, 68, log*, 150. 165, ( 5 7 ,  59, 175, 318) 1 -193, 195, 218, 219, 229) 

' (218, 219, 599) 
' (59) 
1 (39) 

~ $9, 118. 218, 21% 

(218, 2191 
(219' 
(218, 21Y) 
(218, 219, 220) 
(13i )  
(119, 218, 219) 
( 5 ,  57, 59, 109*, 218, 219) 
( 5 i ,  log', 218, 219) 
(57, 1099, 119) 

(59, 193) 1 (59, 138, 193) 

( S i ,  59, 218, 219) 
( 5 7 )  
(57, 59, 119, 219) 
( 5 i )  
( 5 7 )  
(57, 150) 
(19) 
(121. 150) 

~ 

I ('218, 219) 
(119) 

, (109t,  219) 
(109)t  
( l o s t ,  219) 
(218, 219) 
(218, 219) 

1218, 219) 
(119) 
(186) 
(29 ,59 ,70 ,93 ,  129. 135, 154, 193,219) 
(59, 93, 135) 

, ( 7 6 )  
(59, 74, 218) 
(59, 74, 152) 
(59, 74)  
(41, 59, 74, 218) , (32) 

i ( 7 6 )  
(76) 

i (218) 

1 
(218? 

, (218) 
' (74)  

(74, 218) 
(57 ,  59, 74 ,  197, 218) 
(57, 74, 218) 
(57, 71, 197, 211) 1 ( 3 2 )  

I ( 3 2 )  
(59) 
(59 

~ ( 7 6 )  
I (76) 
, (57,  59, 76, 80. 218) 
~ (57, 76) 
~ (57, 59, 60, 74, 76, 2001 

(57, 76) 
~ ( S i ,  76) 

(57, 60, 74, 76) 

- 

Dimercury derivative. 
t Monomeroury derivative. 
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TABLE 1-Continued 
A. Arylthioureas, RHiTCSSHz-Continued 

References 

Section I1 Sect ion 111 
~- __ i 

i R 

( 5 ,  6, 59, 131, 195. 2291 
(59, 203) 
(165) 
(6,  59, 167) 
(50, 203, 207) 

(59, 120) 
(39, 44, 5 9 , W  100, 129, 131, 156, 16 

207) 

(126. 128, 218, 219) 
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TABLE 1-Concluded 
C. Heterocyclic, alicyclic, and acyl thioureas, RHNCSNHe __- 
R 

Cyclohexyl- 
6-Quinolyl- 
8-Chlorod-quinolyl- 
3-Diethykminomethyl-4-hydroxy-Z- 

methyl-l-quinolyl- 
2-Carbazyl- 
9-Ethyl-3-oarbaeyl- 
4-Indasyl- 
I-Morpholinylmethyl- 
1,2,3,4-Tetrahydro-2-naphthyl- 
CeHsCO- 
CHaCO- 
CHaCHzCO- 
CHI(CHZ);CO- 
CHa(CHs)4CO- 
cHa(cHx)bco- 
CHI(CHZ)~CO- 
CHl(CHa)aCO- 
(CHa)xCHCO- 
(CH~ZCHCHZCO- 
(CHa)sCHCHzCHzCO- 
(CtHa) ~ ~ - C d h ) c ~ I C o -  

R 

C H s  
ClH6- 
C 2 H P  
cZH6- 
CZHP 
CeHb- 
c6H8- 
4-CHsOCeHr 
4-ROcdh- 
C s H s C H r  
CHaCO- 
CHnCO- 
CHaCO- 
CHGO- 
CHaCO- 
CHaCO- 
CHsCO- 
c6H6co- 

References 

Section I1 

(69) 
(59) 
(1001 
(5, 159, 196, 214) 

TABLE 2 
Disubstituted thioureas 

A. 1, LDisubstituted thioureas, RR’NCSNHt 

R’ 

Section I11 

4-CHaCeHr 
CeH5- 
l-cloH7- 
4-CHaCnH4- 
4-CzHsCeHc 
ceH6- 
Z-CloHV- 
2-ClOH7- 
4-HOCeHd- 
CeHrCHz- 
CHCO- 
CBHK- 
4-BrC6Hc 
4-ClCoH4- 
4-CHaCsH4- 
4-CzHbOCeH4- 
C~HKCO- 
~ - C H I C B H ~  

References 

Section I1 Section 111 
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TABLE 2-Continued 
B. 1,3-Disubstituted thioureas 
(1) Diarylthioureas, (RNH) 2CS 

R 

CsHs- 
Z-BrC&- 
3-BrCdh- 
4-BrC sH4- 
Z-ClCsH4- 
3-ClCnH4- 
4-clc6H4- 
3-FCsH4- 
4-FCsH4- 
2-ICeH4- 
3-IceH4- 
&IC&- 
4-Hzh'CsHc 
4-C1HsNHCsH4- 
4-CHaCONHCeHr 
3-(CHhNCsH4- 
4-(CHs)zNCaH4- 
4-(CzHs)zNCeHd- 
3-HOCeHc 
4-HOCsHc 
Z-CHaCnHe- 
3-CHaCnH4- 
4-CHsCoH4- 
4-n-CsH7CsHc 
4-n-C4H~CnH4- 
4-te~t-C4HaCaH4- 
4-n-CsH11CsH4- 
4-im-CsHiiC6H4- 
4-tert-C ~HiiC6H4- 
~-CHSCHZOCH~CHZC~HI- 
~ -CH~OCHZCHZCHZC~H~-  
2-CsHsCaH4- 
4-CaHsCaH4- 
2-(4-C1CsHWsHr 
4-(4-ClCeH1)CeHr 
3-FaCCnH4- 
3-N&CsH4- 
4-NsCeH4- 
2-CHaOCeHc 
3-CHaOCsH4- 
4-CHaOCsH4- 
Z-CzH6OceH6- 
3-CzHsOC8Ha- 
4-CeHsOCbHc 
4-n-CaH7OCsH4- 
4-iso-CaH7OCeH4- 
4-n-C4HaOC6H4- 
4-ko-CaHaOCnH~- 
4-sec-CaHoOC 6 H r  
4-n-CsHnOCsHc 
4-iso-C~HnOCaH4- 
4-n-CsHiiOC sH4- 
4-CHzXHCHzOCsH4- 
4-CHsCHzOCHtOCaHr 
4-(CzH6)zNCHnCHzOCoHa- 
4-CsHaOCeHc 
2-0zNCeH4- 

References 

Section I1 

(6, 21, 43, 69, 131, 196) 

(164,250) 

(121, 164) 
179) 

(59) 

(79, 121, 149, 164) 
(36, 79, 149) 
(79) 
(79, 121, 164) 
(36, 79) 
(79) 
(36, 70) 
(36, 79) 
(121) 
(79) 
(79) 
(20) 

Section I11 

(96, 122. 140, 174, 224) 
(76, 96) 
(26, 96) 
(26, 74, 96, 122, 108) 
(26, 74, 95, 98, 174) 
(26, 74, 96, 96, 225) 
(26, 74, 96, 96, 121) 
(32, 123) 

(76) 
(123) 
(26, 74, 96) 

(174) 
(76) 
(1233 
(76) 
(174) 
(74) 
(74, 174) 
(74, 122, 114, 177, 223, 225) 
(28, 74, 174) 
(25, 74, 122, 174, 223, 225) 

(32, iaa) 

(187) 
(28, 31, 187) 
(187) 
(187) 

(76, 123) 

(76, 174) 
(76, 123) 
(26, 37, 60, 74, 76, 174) 

(76, ias) 

(76) 
(76) 
(26, 60, 74, 76, 122) 
(38) 
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- 
CZE5- 

n-CdHe- (6, 59, 165, 247) 

(5, 159, 155, 185, 234, 247) 
iso-CaH7- (59) 

C7HlS- 1 (5) 
CHa(CHz)u- (5, 59, 120) 
CHs(CHz)ilr (161) 
CH8(CHa)n- (161) 
C H d C H z h r  (59) 
CHFCHCHF (59, 159, 247) 
CHaCO- (214) 
CsH6CHz- (126) 
CGH~CH(CH~) -  (165) 

~so-C~HB- 1 (59) 

- 
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(74, 174) 

TABLE 2-Continued 
B. 1,3-Disubstituted thioureas-Continued 
(1) Diarylthioureas, (RNR)zCS--Continued 

R 

3-OzNCsH4- 
4-OaNCsHr 
2-HOOCCoH4- 
3-HOOCCeH4- 
4-HOOCCaHc- 
2-CHsOOCCeHc 
3-CzHaOOCCaHc 
4-CzH5OOCCeHd- 
3-CHaCOC8H4- 
4-CHCOC6H4- 
1-ClaH7- 
2-ClOH7- 
2,5-BrzC6Ha- 
3 , I -BnCeHr  
3,h-BrzCeHs 
2,3-ClzCaHs- 

2,5-ClzCoHs- 
3 ,6 -C lzCaH~ 
2,4-(CHs)zCsHr- 
2,5-(CHa)zCa’hr 
2, 6-(CHa)zCeHr 
3,4-(CHs)zCsHr- 
2,6-(CHaO)zCsHa- 
3,4-(CHaO)zCaHs 
2 , 4 -  (Br) (C1)CaHs 
4,2-  (Br) (C1)CaHs- 
3 , 4 -  (Br) (CHs)CsHs  
5,2-(Br) (CHa)CeHa- 
5,2-(C1) (CHa0)CeHr 
2,  5-(CHa) (iso-C1H7)CsHr 
2,6-(CHa0) (CHa)CaHn- 
4 ,3 -  (CzHaO) (CHa)CsHb 
2,5-(CHa)(NOz)CsHs 
2,5-(CHaO)(NOz)CeHr 
5, %(Nod  ( ~ - C S H ~ O ) C ~ H P  
4,3-(COOH) ( 0 H ) C a H s  
4,3-(CHsOOC) (0H)CeHa- 
2,4,6-ClaCeHz- 
3,4,6-ClaC6&- 
2,4,5-(CHa)aCaHa 
2,4,6-(CHa)nCaHz- 

2, 4-ClZC&Ik 

References 

Section I1 Section I11 

:71, 74, 95, 174, 187, 199) 
:71. 74) 
7 6 )  
(95) 
:7, 96) 
1201 
$6 j 
:26, 74, 76) 
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CaHsCH2CHf- 
CeHs(CHda-- 
CeHs(CH&-- 
(C6Hs)zCH- 
4-CHaOC6H4CH5- 
4-CHaOC6H4CHzCHr- 
4-oaNC6H&CHzcHz-- 

205 

(27, 74) 
(27) 
(27) 
(27) 

(164) (27) 
(15) 
(15) 

TABLE 2-Continued 
B. 1,3-Disubstituted thioureas-Continued 

(2) Dialkyl- and diaralkylthiouress, (RNH)&S-Conlinued 

References I Section I1 i Section I11 
R 

5-Quinolyl- 
6-Quinolyl- 
7-Quinolyl- 
8-Quinolyl- 
4-Amino-6-quinolyl- 
3-Quinaldenyl- 
4-Amino-6-cinnolyl- 
2-Pyridyl- 
3- (6-n-Butoxypyridy1)- 
Cyclohexyl- 
2-Methyloyclohexyl- 
1-Nitro-2-fluoryl- 
2-Kitro-7-fluoryl- 
(2-Hendecyl-2-imidazolin-1-y1)ethyl- 

(4a) Diarylthioureas, CsHsNHCSNHR 

2-BrCaH4- 
3-BrC8H4- 
4-BrC5H4- 
Z-ClC8H4- 
3-ClCaH4- 
4-ClC6H4- 
4-ICeH4- 
4-HOCL"- 
2-CHgCnH4- 
3-CHsC gH4- 
4-CH8C6H4- 
4-C6HaC&e- 
2-CHgOC6H4- 
4-CHgOC6Hd- 
4-CzHsOC6Hc- 
~ - ( C Z H ~ ) Z N C H Z C H ~ O C B H ~  
2-02Xce%- 
3-0zNC~H4- 
4-OzNCoH4- 
~ - ( ~ - O Z N C ~ H & ) C E H ~ -  
4-(4-0zNCsH450z)CaH~- 
l-CioHr- 
2,4-(CHs)zC6Rs 
2,5-(Br) (CHa)CaHr- 
4,2-(OH)(CHs)CsHr 
2,  &(CHI) (NOz)Cd%- 
3,4-(CHa) ( N O d C a H r  

* ALSO the dimethiodide. 
t Aho the dimethoohloride. 
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TABLE 2-Continued 
(4a) Diarylthioureas, CaHdNHCSNHR-Continued 

R 

4,2-(CHt) (N0z)CsHr  
4,3-(CHa)(NONaHr 
2,6-(CHsO) (N0s)CaHa- 
4,3-(HOOC) ( 0 H ) C a H r  
4,3-(CHaOOC) ( 0 H ) C s H r  

References 

Section I1 Section I11 

(4b) Diarylthioureas, I -C~HsOC~H~NHCSNHR 

4-BrCaH4- 
4-FCaH4- 
4-ICaH4- 
4-CaHsNHCsH4- 
4-(CHa)aNCsH4- 
4- (CzH6)zNCsHc 
4-(n-C4Hg)zNCaHc 
4-HOCsH4- 
4-CHaCsH4- 
4-iso-CaHiCsHr 
4-n-C4HoCsH4- 
4-tert-C4HeCsHc 
4-n-CaHnCsH4- 
4-n-CsHiscsH4- 
4-CsHaCsHc 
4-CHaCHzOCHzCsH4- 
4-C HaOCHiCHzC sH4- 
4-CHaOCHzCHnCHzCsHr 
4-CHaOCsH4- 
Z-CZH~OC&- 
3-C~H60CaH4- 
4-n-CaH?OC6H4- 
4-iso-CaH7OCsH4- 
4-n-C4HgOCsH4- 
4-iso-C4HsOCsH4- 
4-aec-C4HoOCsHr 
4-n-C6HnOCaH4- 
4-i~o-CsHiiOC~H4- 
4-n.CoHnOCeH4- 
4-n*CiH160CeH4- 
4-CaH5OCaH4- 
4-C~He0CsH4- 
4-HOCHaCHzOCsH4- 
4-CzHaOCHzCHzOCaH4- 
4-(CHs)zNCHzCHzOCaH4- 
4-(CzHs)zNCHzCHeOCaHa- 
4-CzHsSCsHd- 
4-n-CaHiSCsH4- 
4-CzH~OCHzCHzSC~H4- 
4-CHaCHzCOC6H4- 
2,3- (C1) (CzH5O)CsE4- 
3,4-  (CHsCONH) (CzHsO)C6H8- 

i79 j 
(36, 79, 164) 
(36, 79, 149, 164) 
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TABLE 2-Continued 
(40) Diarylthioureae, RHNCSNHR’ 

R R’ 
References 

Section I1 
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TABLE 2-Continued 
(44 Diarylthioureas, RHNCSNHR'-Continued 

R 

4-HOCaHd- 
4-HOC sH4- 
4-HOCsHc 
2-CHaCoH4- 
2-CHsCsH4- 
Z-CHaCeHr 
Z-CHaCeH4- 
2-CHaCaHr 
2-C Hac sH4- 
2-CHaCaH4- 
2-CHsC6Hc 
Z-CHaCaH4- 
2-CHaCaH4- 
2-CHaCsHr 
Z-CHaCsH4- 
2-CHsCsHc 
2-CHsCsH4- 
2-C HsC s H r  
2-CHaCsH4- 
Z-CHBC~H~- 
3-CHaCaH4- 
3-CHaCsHr 
3-CHGaH4- 
3-CHaCfiH4- 
3 -C HsC aH4- 
3-CHnCaH4- 
3-CHsCaH4- 
3-CHsCaH4- 
8-CHaCaH4- 
3-CHaCsH4- 
4-CHsCoH4- 
4-CHsCsH4- 
4-CHaCsH4- 
4-CHsCaHr 
4-CHaCsH4- 
4-CHaCaH4- 
4-CHsCaHr 
4-cHaC~H4- 
4-CHaCsH4- 
4-CHaCaH4- 
4-CHaCsH4- 
4-CHaCaH4- 
4-CHaCsH4- 
4-CHaCaH4- 
4-CHaCeHc 
4-CHaCsH4- 
4-C Hac sH4- 
4-CHsCsH4- 
4-CHsCsH4- 
4-CHsCaH4- 
4-CHaCcH4- 
4-n-C4&csH4-- 
4-CsHaCsH4- 
4-CoHGsHa- 
4-ceH6CaH4- 
Z-cIhOceH4- 
3-CHaOCfiH4- 
4-CHaOCsH4- 
4-CHaOCeH4- 

R' 
References 

Section I1 
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TABLE 2-Continued 
(40) Diarylthioureas, RHKCSNHR'-Continued 

R R' 

Z-cIoH7- 
4,3-(HOOC) (H0)CoHs- 
4-n-C~HvOCsHr- 
4-iso-CaHilOCsH4- 
4-iso-C4HgOCdb- 
4-n-CsHuOC aH4- 
4-iso-C sHiiOC6H4- 
~ - ( C Z H ~ ) Z ~ C H Z C H ~ O C ~ H ~ -  
4-CHaOCH-EHzCHzCsH4- 
~-~SO-C~H!IOC.&~- 
4 . i so -c~~11oc6~4-  
3-OzNC6E4- 
1-cIoH7- 
2-CxoH7- 
2,5-(CHs) (X0z)CsHa- 
4-0aNCsH4- 

2-CloHi- 
3,4-(Br) (CHa)C&- 
2,4-(CHs)(XOz)CaHs 
2,5-(CHa) (N0z)CeHs- 

4,3-(CHn)(K09)C6Ea- 
2,5-(CHsO) (N0z)c~H:- 
1-CloHi- 
2-ClOH7- 
2,4-(CHa) (N0z)CsHa- 
2,5-(CHs) (NOz)Cd&- 
4,2-(CHs) (NOZ)C~HZ- 
4,3-(CHa) (N0z)CsH:- 
2,5-(CHs) (N0z)CeH:- 
4,3-(CHaOOC) (HO)C6&- 
2,4,5-(CHa)(IIO) (iso-CsHi)C6Hz- 
3,4-(Cl)(CHaO)CsH:- 
4,3-(C1) (CHa0)CaHs 
2,3-(CHa)(NOs)C6Hr 
2,4-(CHs)(NOz)CsH:- 
2.5- (CHa) (N0z)CeHa- 
4,2-(CHa) (N0z)CoHa- 
4,3-(CHs)(KO9)C6Hs 
5,2-(CHa) (N0z)CeHa- 
2,5-(CHsO)(NOz)CaHr 
2,3-(Cl)(CHa)CsHa- 
2,4-(Cl)(CHs)CsHa- 
2,6-(C1) (CHa)C&- 
2,6-(CI)(CHs)CaHa- 
4,3-(C1) (CHs)C&- 
5,2-(C1) (CHa)CeHa- 
2,4-(CHa)(NOz)CsHs 
2 ,  5-(CHa) (N0z)CaHr  
4,2-(CHa) (X0z)CsHs  
4,3-  (CHa) (xOz)CaHr  
5,2-(CHa) (N0z)CeHs  
2,6- (CHaO) (NOdC6Hr  

1-ClOH7- 

4,2-(CHs) (KOZ)C~HS- 

~ 6,3,5-(Cl)(CHa)zCsHr 
6 , 2 , 4 ,  6-(C1) (CHs)aCeH- 

References 
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TABLE %Continued 
(6) Aryl-heterocyclic and aryl-alicyclic thioureas, RHNCSNHR' 

R R' 

2-Pyridyl- 
5-Phenyl-2-oxazolyl- 
5-Benz ylmeroaptomethyl-2-oxeaolinyl- 
2-Thiazolinyl- 
6-Methyl-2-thiazolyl- 
5-Phenyl-2-thiazolyl- 
Z-Benzothiazolyl- 
6-Chloro-2-benzothiazolyl- 
5-Chloro-2-thenyl- 
5-Methyl-2-thenyl 
5-tsrt-Butyl-2-thenyl- 
5-4nilino-3-(1,2, 4-triazolyl). 
5-Anilino-1-phenyl-3- (1,2,4-triazolyl)- 
5-Benzylthio-3-(l,2,4-triazolyl)- 
3-Benzylthio-l-phenyl-5-(1,2, 4-triazolyl) - 
5-Benzylthio-1-phenyl-3- (1,2,4-triazolyI)- 
€LMethylthio-l-phenyl-3- (1,2,4-triszolyl) - 
l-Phenyl-5-thio-3-(l,2,4-triszolyl)- 
1-Butyl-2- (2-thieny1)ethyl- 
1-Ethyl-2- (5-chloro-2-thieny1)ethyl- 
1-Ethyl-2- (6-ethyl-2-thieny1)ethyl- 
1-Ethyl-2- (5-methyl-2-thieny1)ethyl- 
1-Ethyl-2- (5-propyl-2-thieny1)ethyl- 
Cyolohexyl- 
2-Pyridyl- 
2-Pyridyl- 
2-Pyridyl- 
2-Pyridyl- 
Cyclohexyl- 
Bornyl- 
Csmphyl- 
Cyclohexyl- 
3-Quinolyl- 
4-Piperidyl- 
4-Ethoxyoyclohexyl- 
2-Pyridyl- 
Cyclohexyl- 
Cyclohexyl- 
Camphyl- 
Cyolohexyl- 
2-Thiazolyl- 
2-Piperidyl- 
2 -Pipsridinoethyl- 
4-Amino-2-methyl-6-quinolyl- 
2,3-Dimethyl-l-phenyl-5-pyrazolin-4-yl- 
Cyclohexyl- 

References 

Section I1 

(6) Aryl-aralkyl and aryl-acyl thioureas, RNHCSNHR' 

c6H6- 
4-CeHsCeHd- 
4-CHaOCeH4- 
4-CHaOCsH4- 
1-cIDH7- 
2-ClOH7- 
4,3-(HOOC) (H0)CeHa- 
4,3-(CHaOOC) (H0)CeHa- 

Hydrochloride. 

Section I11 



THIOUREAS 211 

(6) Aryl-aral 

R 

3,4, ~ - ( C H I ) ( K O ~ ) Z C ~ H ~  
CeHs- 

4-ClCoH4- 
Z-CHGaH4- 
3-CHCnH4- 
4CHaCsH4- 
2-OzNCeHd- 
3-0zNC1H4- 
4.0zNCnHd- 
2-HOOCCsH4- 
4-HOOCCaH4- 
l-cIDH7- 
2-cIoHT- 

4,3-(CHs)(NOz)CaHr 

4-BrCsH4- 

a, 4-(Br)(CHa)CsHr 

CeHfi- 
CsHr- 
CsH6- 
C a H r  
CaHr- 
c6&- 
c&- 
CaHs- 

C6Hfi- 

CeHs- 
CaHr -  
CsHs- 
4 - c l C ~ H r -  
4-ClC6H4- 
4-ClCsH4- 
4-HzNC6H4- 
3-CHsCONHCsH4- 
4-CHsCONHCsH4- 
2-CHaC6H4- 
Z-CHsC6H4- 
2-CHsCaHr 
2-CHaCgH4- 
3-CHsCsH4- 
3-CHaCsH4- 
3-CHaCsH4- 
3-CHaCeH4- 
4-CHaC6H4- 
4-CHaCaH4- 
4-CHsC sH4- 
4-CHGaH4- 
4-CH8CnH4- 
4-CH3CaH4- 
4-CHaC aH4- 
4-CHaCaH4- 
4-CHaC sH4- 
4-CHaCnH4- 

C6HS- 

C6HS- 

c6HS- 

TABLE %Continued 
yl and aryl-acyl thioureas, RKHCSNHR'-Continued 

R' 
References 

Section I1 

(7) Aryl-alkyl and aralkyl-alkyl thioureas, RHNCSNHR' 

CHF- 
n-CaH7- 
n-C4Hg- 
n-CsH11- 
CllH26- 
cI4HlV- 
CiaH8:- 
C Hz=CHC Hz- 
CHz=C (CHa)CHz- 
CHa=CHCH(CH:)- 
CHBCH~HCHZ- 
CHzWHCHiCHs- 
CH80CHz- 
CzH6OCHs- 
(iso-CsHiiO)CHr- 
CHa- 
iso-CaH7- 
N E C -  
CHz=CHCHz- 
CH-CHCHz- 
CHz=CHCHz- 
C H s  
n-CsH7- 
n-C&Ha- 
n-C~Hii- 
CH3- 
n-CsH7- 
n-CdHo- 
n-Cs€Iii- 
CHB 
n-CaH7- 
n G H r  
n-CsHn- 
CH2-C HC Hs- 
CHz=CHCH(CHa)- 
CHF=C(CH~)CH~- 
CHaCH=CHCHz- 
CH~=CHCHZCHP 
CHaOCHz- 

Section I11 
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TABLE 2-Continued 
(7) Aryl-alkyl and aralkyl-alkyl thioureas, RHr\'CS?r"R'-Continued 

R i References 
R' 

1 Section 11 

CzHzOCHa- 
iso-c~H~rOCHz- 
CHn- 

n-Cd%- 
nC4Hs- 
n-CsHii- 
nGHi6- 
CHz=CHCHs- 
CHa- 

~ C ~ H Q -  
WCGHII- 
CHa- 
n-CsH7- 
n-CdHg- 

c8118- 

72-CZH7- 

%-C5HIl- 
C H s  
n-CaH7- 
n-C4€1~- 
iso-C4FIa- 
n-CsHii- 
n-C~Hi5- 
CHs- 
n-Cs%- 
n-C4Hg- 
n-CbHir- 
C H r  
n-CaH7- 
n-C4Hn-- 

CHa- 
n-C&- 

n-C~Hii- 
HOCHzCHz- 
C H e 4  H-C HP- 
C H s 4 H C H z -  
CHF~HCHZ- 
n-CaHi- 
n-CaHT- 
CI+=CHCH%- 
CHz==CHCHr- 
C H a 4 H C H r -  
CHI- 

n-CaHl- 
iso-CaH- 
n - C 4 H r  
2-C4He- 
n-C5Hll- 
iso-C5Hii-- 
(CHa)zCHCH(CHd- 
n - C s H i r  
iso-CnHia- 
nGHifi- 
2-C7H15- 
n-CaHu- 
2-caH17- 

n-C 5Hli- 

72-CaH9- 

cZH5- 
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TABLE 2-Concluded 
(7) Aryl-alkyl and aralkyl-alkyl thioureas, RHNCSKHR'-Concluded 

R 

~-ci&T- 
2-CioH7- 
2-CloHI- 
2-CloH7- 
2-cIoH7- 
Z-CloHv- 
3,4-(Br) (CHa)CeHa- 
4,2-(CI)(CHa)CeHs 
2, &(CHI) (N0z)CsHr  
2,5-(CHa) (K0z)CeHa- 
4,2-(CHa)(KOz)CaHr- 
4,3-(CHs)(NOz)CeHs 
2,5-(CHa0) (NO2)CnHa- 
4,3-(HOOC)(HO)CaHs 
4,3-(HOOC)(HO)CsHr 
4,3-(HOOC) (H0)CeHa- 
4,3-(HOOC) (H0)CsHa- 
4,3-(HOOC) (H0)CsHa- 
4,3-(CHaOOC)(HO!CsHr 
3,4,6-(CH~)(IYO?)zceHi- 
3,4,6-(CHsj (K0z)zCsHz- 
3,4,6-(CHs)(KOz)zCeHz- 
3 , 4 ,  B-(CHs)(NOz)zCaHz- 
3,4,6-(CHa)(NOz!zCeH,- 
3,4,6-(CHs) (N0z)zCaHz- 
3,4,6-(CHa)(NOz)zCaHz- 
(C&,)zCH- 

CaH7- 
4-czH6ocsH4- 
CHa- 
CH%=CHCHz- 
H0;SCHzCHz- 
CHa- 
CHa- 

CHI- 

iso-C&- 
iso-CaHT- 
CHz=CHCHr 
CHz=CHCHz- 
CH*=C€TCHw 
C H z q H C H z -  
CHz=CHCHz- 
C H F ~ H C H Z -  
CHF=CHCH- 
CHz+HCH- 
CHFK!HCHZ-- 
CHz=CHCH- 

C€IF=CHCHZ- 
CHz*HCHz- 
CHCO- 
CHaCO- 

R' 

CHa- 
CzHs- 
n-CaHT- 
nGHs-  
n-C6&- 
n-C,Hu- 
CHI- 
CHz=CHCHz- 
n-CaHv- 
n - C s H r  
n-CmHv- 

n-CaH1- 
C H r  
CzHs- 
n-CsHT- 
n-CdHg-- 
C H z 4 H C  HY 
(C%H6)z?JCHzCHz- 
CHa- 
CzHs- 

n-C3H7- 

n-C&- 
n G H r  
iao-C4Hs- 
n-C5Hii- 
iso-C6Hii- 
im-CsHii- 

References 

Section I1 

(8) Other 1 ,a-disubstituted thioureas, RHNCSNHR' 

(CeHs)sCHCO- 
~ -CH~OCEH~CHA-  
iso-CmHi- 
CHm(CHz)ii- 
CHa(CHz)ii- 
1 -Methyl-5-carbethoxy-4-imidaaolyl- 
2-Benzyl-5-oitrbethoxy-l-methyl-l- 

5-Carbethoxy- l-methyl-2-phenyl-4- 

2-Pyridyl- 
6-Met hoxy-8-quinolyl- 
8-Pyridyl- 
3-Thiazolinyl- 
6-~fethyl-2-thiazolyl- 
&Et hoxy-2-henzothiazolyl- 
&Et hoxy-8-quinolyl- 
5-Benzylt hiomet hyl-2-oxazolinyl- 
5-Anilino-3- (1,2,4-triazolyl)- 
b-Benzothio-3-(1,2,4-triazolyl)- 
3-Benzylthio-l-pheny1-5-(1,2,4-triazolyl)- 
5-Benzylthiomstliy1-l-phen~l-3-(1,2,4- 

5-Methylthio-1-phenyl-3- (1,2,4-triazolyl)- 
1-Phenyl-5-thio-3- (1,2,4-triasolyl)- 
5-Carhethoxy-2-phenyl-4-imidazolyl- 

imidesolyl- 

imidazolyl- 

triaeoly1)- 

8-Carhethoxy-l-methyl-Z-phenyl-4- 
imidazolyl- 

Section I11 



214 DOROTHY C. SCHROEDER 

TABLE 3 
f,l,d-Trisubstituted thioureas, RR’NCSNHR” 

R 

C H r  
C H r  
C H r  
ciH6- 
CiHs- 
CaHs- 
CZHI- 
CiHs- 
CaHs- 
~ - C I H ~ -  
n-CaH7- 
~ G I H T -  
nGH7- 
n-CdHs- 
n-C4Hr- 
nGH9- 
iso-C~Hc- 
n-CsHn- 
s-CsHii- 
n-CsHn- 

ceH6- 
CaHs- 
CeH8- 
c6Hs- 
CeHs- 
CeHsCHa- 
CoH8CHa- 
Cyolohexyl- 
CeHsCHzCHz- 
4-(HOOC)CsHr 
4,3-(HOOC)(HO)C@Hr 
N=CHaCO- 
NGCCHaCO- 
CHIOOC- 
CHI- 
CHaCO- 
CHI- 
CHI- 
C H r  
C H r  
CHI- 
C H r  
C H r  
C H r  
C H r  
C H r  
C H r  
C H r  
CzHs- 

CzHs- 

CzHs- 
CzHs- 
CZHK- 
CaHs- 
CaHs- 

ieo-C6Hll- 

CZH6- 

cztrs- 

R’ 

CHI- 
C H r  
CHa- 
CaHs- 
CaHs- 
CzHs- 
CaHs- 
CzHs- 
CaHs- 
n-CaH7- 
n-CaH7- 
n-CaH7- 
TI-C~HV- 
n-C4H9- 
n-Cdh- 
n-C4Hs- 
~BO-C~HQ- 
n-GHii- 
n-CsHii- 
n-CsHii- 
iso-CsHii- 
CsHs- 
CsHs- 
C&- 
CsH6- 
CsHs- 
CEHSCHZ- 
CaHsCHz- 
Cyclohexyl- 
CHa- 
C H r  
C H r  
n-CnH7- 

4-CzHs0C~H4- 
CeHs- 
CeHs- 
CeHs- 
CaHfi- 
c6Hs- 
c6H6- 
K a C H z C O -  
l-Ethyl-~-teBsrolyl- 
l-Isobutyl-5-tetrazolyl- 
1-n-Heptyl-5-tetrasolyl- 
1-Cyclohexyl-5-tetrazolyl- 
I-Phenyl-5-tetraeolyl- 
C6Hs- 
CsHs- 

?E3ZCHiCO- 
1-Methyl-5-tetrazolyl- 
1-Ethyl-5-tetrazolyl- 
I-n-Propyl-5-tetraeolyl- 
1-Isopropyl-5-tetrazolyl- 
1-n-Butyl-5-tetrasolyl- 

N S C H S C O -  

R“ 

CHa- 
4-CeHsCsHr 
2-ClOH7- 
CoHs- 
4-C&sC6&- 
~ - C H ~ O C E H ~ -  
l-CioHF 
2 - C i o H ~  
Cycrlohexyl- 
4-CsHsCsHr 

2-CioHr 
3,4,6-(CHa) ( N 0 a ) n C e H ~  
4-CeHsC6H4- 
4.cH10CaHr 
1-ClOHF 
2-CioH7- 
4-CaHsCsH4- 
2-CioH7- 
3,4,6-(CHe)(NOz)aCaHr 
l-CioH7- 
CHaCO- 
c6H6co- 
3-OzNC6H4CO- 
CHsOOC- 
CaHsOOC- 
I-CioHT- 
4-CHaOC6H4- 
4-CH10CeH4- 
C H r  
CHa- 
CHa- 
n - C a H r  
~BO-C~HS- 
CsHs- 
4-CzHsOC6H4- 
4-CzHsOC&- 
iso-CaHiIOCHz- 
4-BrCeH4- 
4-CH@C&- 
4,3-(CHsOOC) (H0)CsHa- 
3-OzNCsH4Co- 
5-Hydroxymethyl-2-thenyl 
iso-CaH7- 
CsHs- 
CsHs- 
CsHs- 
CsHs- 
C a H r  
4-CHaOC6H4- 
4,3-(CzHsOOC) ( H 0 ) C s H r  
n-CaH7- 
CsHsCHr- 
CeHs- 
C6Hs- 
COHK- 
csH6- 
CsHs- 

1-ClOH7- 

References 
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R’ 

TABLE 3-Concluded 
I ,  1, %Trisubstituted thioureas, RR’NCSN””-Concluded 

1-Isobutyl-5-tetrasolyl- 
1-n-Amyl-5-tetrazolyl- 
1-Isoamyl-5-tetrazolyl- 
1- (3-Amyl)-6-tetrazolgl- 
1-Cyolohexyl-5-tetrasolyl- 
1-Phenyl-5-tetrazolyl- 
1-Benayl-6-tetrazolyl- 
1-Phenethyl-5-tetrazolyl- 
1-Ethyl-5-tetrazolyl- 
1-3lethyl-5-tetrazolyl- 
1-Ethyl-5-tetrazolyl- 
1-Cyolohexyl-5-tetrazolyl- 
1-Ethyl-6-tetrazolyl- 
1-Cyclohexyl-5-tetrazolyl- 

R” 
References 

Section 
11 

TABLE 4 
Pseudothioureas 

A. 8-Substituted thioureas and thiuronium salts, HN=C(SR)NHs 

R 

CH3- 
CzHs- 
wCaH7- 
iao-C3H7- 
n-CiHe- 
iBo-CdHr- 
sec-C*Hg- 
~-CBHII-- 
iso-C6H11- 
sec-CsH~i- 
n-CaHia- 
n-CaHi7- 
CHa(CHg)sCH(CHs)- 
CHs(CHa)3CH(CaH,)CHa- 
n - C s H i r  
n-CioHai- 
n-CiiHaa- 
ndhH36- 
CidHm- 
CieHaa- 
n-CiaHn- 
C H n X H C H r -  
HOCHzC H r -  
HOCHzC (CHa)==CHz- 
ChHvOCHz- 
iuo-C ~HIIOCHZ- 
CiaHmOCHz- 
CHaOCHzC(CHa)MHs- 
CaHsOCHzC (CHa)WHa- 
~~-CIHIOCH~C(CHS)=CHZ- 
~ S O - C ~ H ~ O C H Z C ( C H ~ M H P -  
CIR~OCHZC (CHa)*Ha- 
HOOCCHz- 
HOOCHzCHr- 

Section 
111 

References 
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TABLE &Continued 
A. &'-Substituted thioureas and thiuronium salts, HN=C(SR)NHa-Continued 

R 

HOOCCHEH(CHd- 
CHaCOOCHzC (CHs)=CHp 
CZHSCOOCHZC(CH~)=CHY 
n-CsH7COOCHzC (CHs)=CHr 
iso-CaH7COOCHzC (CHa)=CHp 
HOOCCHBrCHa- 
HOOCCHClCHz- 
HOOCCHClCH(CHs)- 
CHiOOCCHClCHt- 
OHCCHClCHz- 
CaHs- 
l-CloHT- 
CeHsCHz- 
(C6Hs)zCH- 
l-CioHGHzCHz- 
4-(CHi)aCCHzC (CH~)~CEHIOCHZCHF 
~-(CHS)ICCHZC(CHI)~C~H~(OCIH~)~ 
~-CHSC~H~SO~CHZCHF 
CsHsCOCHzCH? 
CeHsCOCHsCH- 
Cyclohexyl- 
Phthalimidomethyl- 
3-Phthalimidopropyl- 
4-Phthalimidobutyl- 
5-Phthalimidoamyl- 
Tetrsaoetyl-8-D-gluoPYranOSYl- 
Tetraacety~-~-D-ga~actopyranosy~- 
Triacetyl-8-D-xy~pyranOSyl~ 
Heptaacetyl-~-D-cellobiosyl- 
Tetraacetyl-~-D-glucPyranosyl- 
2-Pyridyl- 
2-Amino-4-thiazolylmethyl- 
2-Methyl-4-thiaaolylmethyl- 
2-Phenyl-4-thiazolylmethyl- 
2,4-Dimethyl-6-pyrimidyl- 
4,6-Dimethyl-2-pyrimidyl- 
2-Methylmeroapto-4-methyl-6-pyrimidyl- 
2-Et hylmercapto-4-methyl-6-pyrimidyl- 
4-Amino-6-nitro-6-methyl-2-pyrimidyl- 
4-Methyl-5-nitro-6-smino-2-pynmidyl- 
2- (1-Pyrrolidy1)ethyl- 
2- (2-Methyl-1-pyrro1idyl)ethyl- 
1-Xethyl-2- (1-pyrrolidyUethy1- 
1-Methyl-3- (1-pyrrolidyl)pro~yl- 
4- (1-Pyrrolidy1)butyl- 

References 

Section I1 Section I11 

(a) p-Toluenesulfonate. 
(b) Hydrobromide. 
(d Hydrochloride. 
(d) Hydroiodide. 

(e) Piorate. 
Acetate, 

(E) Dihydroohloride. 
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TABLE 4-Continued 
B. Pseudothiuronium salts of carboxylic acids, HzNC(=NH)SR.A 

-CHz- 
-CHzCHz- 
-(C He) a- 
-(cHZ)4- 

R 

CeHrCHz- 
C~HSCHZ- 
C nH5CHz- 
CeHsCHz- 
CoHsCHz- 
4-BrC eH4CHr- 
4-BrCoH4CHa- 
4-BrCoH4CHz- 
4-BrceH4CH~- 
4-BrCnH4CHz- 
4-BrCnHCHz- 
4-BrCaH4CHz- 
4-BrCoH4CH9- 
4-Brc~HhCHz- 
4-BrC6HLXz- 
4-BrC6HGHz- 
4-BrCeHdCHz- 
4-BrCeH4CHz- 

4-BrCeH4CHa- 
4-BrCaHiCHa- 
~ - C ~ C & C H P  
4-ClCeH4CHz- 
4-ClCeHCHz- 
~ - C ~ C ~ H ~ C H F  
4-ClCoHGHz- 

4-BrCoH4CHz- 

Picrate 
p-Toluenesulfonate 
Bromide 
Bromide 

A 

trans-4-Octene-1-carboxylic acid 
t~ans-1,  trans-7-Undecadien-1-carboxylic soid 
cis-1, trans-7-Undecadien-1-carboxylic acid 
2,4-(CzHsO) (CHa0)CeHaCOOH 
2,4-(CHaO)sC8HaCOOH 
CHaCRzCOCHzCOCOOH 
CHa(CHz)aCH(CHs)CH(CHa)COOH 
CHa(CHz) jCH=CHCOOH 
CHs(CHz)~CO(CHz)nCOOH 
CHs(CHz)iCHOHCOOH 
CHs(CHz)eCH (CHs)CH (CHs)COOH 
CHa(CHz)aCOCHzCHOHCOOH 
CHa(CHz)rCH=CHCOOH 
CHa(CHz)sCH(CHa)COOH 
CHa(CHz)sCH(CHs)CHzCOOH 
CHs(CHz)sCH(CHa)CH(CHa)COOH 
CHa(CHz)sCH=CHCOOH 
CHa(CHz)sCOCHzCHOHCOOH 
CHa(CHz)ioCH(CHa)CHzCOOH 
CHs(CHz)iaCH(CHa)CH(CHs)COOH 
CHs(CHa)iiCH=CHCOOH 
CaHrCH(S0aH)COOH 
C8HsCHzCH(SOsH)COOH 
CsHa(CHz)zCH(SOaH)COOH 
CaHs(CHz)aCH(SOaH)COOH 
(CaHs) (CzHa)C(SOaH)COOH 

--(CHz)i- 
- (C Hz)a-- 
-(CHz)m- 
--(CH2)10- 
-CHzCZCCHr 
--CHsC (=CHz)CHr 
-CHGH (CH=CH+ 
-C HzC H=CClC Hz- 
-CHzCH=CHCH (CH+ 
- C H ~ C H ~ C H ~ € I C H Z C H Z -  
- - C H z C Z Z - C 3 X H r  
-CHGH=CHCH=CHC€h- 
-CHaCHzCGCCHzCHa- 
2-4mino-4,6-pyrimidylene- 
6-Methyl-2, I-pyrimidylene- 
4-Xet hyl-5-nitro-2, B-pyrimidylene- 
13-Methyl-5-nitro-4, B-pyriinidylene- 

C. Di(S-substituted1 thiuronium salts, [H~NC(-NH*HX)S]ZR 

Picrate 
Picrate 
Picrate 
Bromide 
Chloride 
Chloride 
Chloride 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Chloride 
Chloride 
Chloride 
Chloride 

- 

References 

Section 11 I Section 111 
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TABLE 4-Concluded 
D. 8- and N-substituted thioureas, RSC(=NR')NR"R"' 

R 

CHI- 

C H r  
CHa- 
C H r  
C H r  
CzHs- 
CaHs- 
C%Hfi-- 
'&HE- 

CHI- 

~ - C ~ H Q -  
n-CuH17- 
HOOCCHClCHr 
CsHrCOCH=CHr  
CHGO- 
CHaCO- 
C H r  
CHa- 
CHI- 
CHI- 
C H r  
CHa- 
CHs- 
CHs- 
C H r  
C H s  
cZH6- 
CzHs- 
CzHs- 
CzHb- 
7 ~ 3 H 7 -  
n-CaHT- 
n-CaH7- 
nGH9- 
n-CdH9- 
C10H21- 
CtoHzt- 
CIOHZI- 
CIOHZI- 

CiaHzs- 
CuHw- 

ClZHZ5- 

Cl%HZ6- 
C14HZ9- 
Cl4HlP 
c14H29- 
C14Hw- 
C d h -  
ci6H8s- 
C d h -  
C G H S C O C H = ~ H ~ -  
CHaCO- 
CHaCO- 
CHs- 
CHs- 
C H s  
2-Benzothiazolylmechyl- 
CHa- 

R' 

H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
CHa- 
CH8- 
CzHs- 
iso-CsH7- 

C6H6- 
C 6HsC Hz- 
CHaCO- 
CsHsCO- 
4-OzNCsH4CO- 
CeHs- 
CHaCO- 
c6H6Co- 
4-02NCoH4CO- 
c6H5- 
CsH6- 
4-CHgC6Hr- 
c6Hs- 

CHa- 
CzHs- 
iso-CaH~- 
n-CdH9- 
CHa- 

bo-CaHT- 
n-CdH9- 
CHa- 

iso-CaHT- 
n-C4Hg- 
CHI- 
CzHs- 
i so-CsHr  
CeHd3Hz- 
c&- 
%-CHiC6?1&- 
H- 
H- 
H- 
H- 
C6H6- 

c6H5- 

G6Hfi- 

cZH6- 

CZHC- 

R" 

n-CeHia- 
C H z 4 H C H g  
COHK- 
4-ClCnHd- 
4-CHaOCfiH4- 
2-cioH7- 
iso-CaH7- 
csH6- 
4-C4HoOCeHr 
l-CloH7- 
C&s- 
CfiHs- 
CzHs- 
CeH&Hz- 
%-CHsCsH4- 
4-CHsCoH4- 
CsHs- 
C sHaC Hn- 
CnHc 
6-Xet hoxy-8-quinolyl- 
4-Br C aH4- 
Cyolohexyl- 
Cyclohexyl- 
CHaCO- 
c6H6co- 
4-OaNCdhCO- 
Cs&- 
CHsCO- 
C6Hsco- 
GOzNCnH4CO- 
C6Hs- 
4-BrCsHA- 
k-CHaCnH4- 
CeH5- 
S-BrC6H4- 
CHI- 
3zHs- 
so-CaH7- 
wC4H9- 
3Hs- 
CzHs- 
180-CsH7- 
nC4He- 
CH3- 
CzHz- 
SO-G~HV- 
m-C4Hg- 
CHa- 
C2H5- 
iso-CaH7- 
C.sHsCHz- 
CeHs- 
2-CHaCbHk- 

H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
K- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
H- 
CHa- 
C#H&Hs- 

CPHS- 
CHs- 

cZH6- 

References - 
Section 

I1 
Section 

111 

" Hydroiodide. tHydrochloride. $Hydrobromide. 
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TABLE 6 
Guanylthioureas 

n 
X 

HzNC(=NH)NHCSNHz 
HzNC (=NH)NHCSNHCHa 
Hzh’C(=NH)NHCSNHC$Hs 
HzNC (=NH)NHCSNHCaH? 
HzNC (=NH)NHCSNH-iso-C4Hs 
HzNC (=NH)NHCSNHCaHs 
H*h’C(=NH)NHCSNH[I-(CHs)lNCsH41 
Hzh-C(=iNH)NHCSNH (3-HOCaH4) 
HINC(=NH)NHCSNH(~-HOC~H~) 
HsNC (=NH)NHCSNH(4-CHaOCsHd 
HaNC (~h”)NHCSNH(4-CzHsOCsH4) 
HnNC ( = N H ) N H C S N H ( ~ - C Z H ~ ~ O C C ~ H ~ )  
HaNC (~NH)NHCSNH(~-CH~COOCOH~) 
H A T  (=NH) NHCSNHI3, 4- (Br) (CzHs0)CoHaI 
4-CICsH4NHC (=NH)CSNHa 
~- (CH: )ZNC~HINHC(=~”)CSNH~ 
4-HOCsHrNHC(=NH)CSNHa 
4-CHsCsH&HC(=NH)CSNHz 
4-CHaOCoH&HC(=NH)CSNHz 
4-OzNCsHtNHC (=NH)CSNHz 
4-HsNSOzCeHiNHC(=NH)CSNHz 
(CaHaNHCSNH)G=NH 
(iso-CsHlih’HCSNH)zC=NH 
(CsHsNHCGNH)sC=NH 
(~-CZH~OC~H~NHCSNH)ZC=NH 
CsHsNHC(=h’CsHa)NHCSNHCHa 
~-CH~C~H~NHC[=N(~-CH~C~H~)INHCSNHCSHS 
1,4-[NHCSNHC (=NH)NHzlzCsH4 
HzNC (=NH)NHC(=NH)SCzHs 
HzNC (=XH)NHC (=NH)SClzHm 

Section I1 

References 

Section I11 

TABLE 6 
N-Cyclic thioureas, RCSR‘ 

R 

1-Piperidyl- 
1-Piperidyl- 
1-Piperaz yl- 
1-Piperazyl- 
4-Carbobenzoxy-1-piperazyl- 
4-Morpholinyl- 
2-Imino-3-thiazolinyl- 
2-Imino-3-thiazolinyl- 
2-Imino-5-methyl-3-oxasolinyl- 
2-Imino-6-benzylt hiomethyl-3-oxazolinyl- 
2-Imino-5-benzylthiomethyl-3-oxazolinyI- 

R’ 

4-CHaOCsH4NH- 
CsHs(CHz)dNH- 
4-CHaOCeH4NH- 
4,3-(CzHsOOC) (H0)CnH:NH- 
“2- 

NHz- 
CeH5NH- 
CaHbNH- 
CnHsNH- 
CsH5NH- 
CaHsNH- 
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TABLE 7 
Miscellaneous t hioureas 

R 
References 

Section I1 Section I11 

Another novel approach to the preparation of substituted thioureas is to  
heat a thiourethan, a primary amine, and phosphorus pentoxide in xylene a t  
140-150°C. In some cases a good yield of disubstituted thiourea is obtained 
(197). 

Ethereal thioureas undergo a transfer with alcohols (132). 

RNHCSNHCHZOR + R’OH + RNHCSNHCHZOR‘ + ROH 

This is a reversible reaction, and it is not influenced by the boiling point of the 
alcohol or the size of the alkyl group in the ether moiety. 

Guanylthioureas are usually prepared by method III,C, using guanidine and 
an isothiocyanate (222). Syntheses for thioureas labeled with and Sa5 have 
been reported (16) which are useful in metabolic studies of thiourea derivatives. 
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IV. CLASSIFIED TABLES OF THIOCREAS 

In tables 1 to  7 thioureas are classified according to the nature and the number 
of the substituents. The references for each compound are segregated to show 
whether they pertain to the biological discussion in Section I1 or to the methods 
of synthesis in Section 111. 

The author is grateful to Miss Margaret A. Connolly and Miss Patricia Oke 
for their assistance in the preparation of this paper. 
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