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The ring-closing action of hydrochloric acid, sodium hydroxide and 
acetic anhydride upon hydrazodicarbamides, mono- and dithioamides 
has been studied in some detail and a large number of thiodiazole 
and triazole derivatives have been obtained (Freund, Ber., I895, 
ZS, 946; 1896, 29, 2506; Arndt and co-workers, Ber., 192 1,54, 2089; 
1922, 55, 341; Fromm, Annalen, 1923, 433, I; Monatsh., 1924, 
44,298; Ber., 1923, 56, 1370; Guha, J. Amer. Chem. Soc., I922, 44, 
I502; I923, 45, I036; I92547, 387). It was thought worth while 
to extend the field of such dicarbamides so as to comprise the corres
ponding -CO-NHR and -CS-NHR derivatives of aromatic and 
aliphatic I: 2-diamines. Phenylene- and ethylenediamines, it is 
well known, form dithiocarbamides with ammonium sulphocyanide 
which readily form phenylene- or ethylenethioureas. The following 
mixed and simple disubstituted dicarbamides as also the mono- and 
dithiocarbamides 2 have now been prepared from o-phenylene- or 
o-tolylenediamine. 

C.H.(NH·CS·NHPh), 

C.H.(NH·CS·NH·C.H .. CH3), (0- and po) 

C.H.(N H ·CS· N H ·C.H3(CH,lzlz 

CHiC.H3(NH·CS·NHPhh 

C.H.(N H ·CS· N H ·CH3), 

C;H,(NH·CS·NH·C3H,), 

/NH-CS-NHPh 
C.H., 

'\NH-CS-NH ·C3HS 

(I) 

(II, III) 

(IV) 

(V) 

(VI) 

(VII) 

(VIII) 

1 Reprinted'from tbe Journal of the Indian Chemical Society, 1929,6,181. 
2: Compounds I. VII. XV are known (Annalen, 1885, 228, 200, Bey., 1883, 16, 592) but 

)lO unsYIDIQ.etrically s~lbstituted mono~ or qith!odic~rbamiqe is knowu, 
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NH-CS-NHPh 

C6H.< ' 
NH-CS-NH-C6H,-CH3 (0- and po) (IX, X) 

NH-CO-NHPh 
C6 H., < (XI) 

NH-CS-NHPh 

/NH-CO--NHPh 
CoHn, , ' 

'-N H-CS-NH-C6H,Cll.1 

/NH-CO-NHPh 
C6 H,,

'-NH-CS-NH-CH, 

/NH_CO-NHPh 
CaH,,

'-NH-CS-NH-C,H5 

C6H 4(N H-CO-N H2), 

C6H.(NH-CO-NHPhj, 

(XII) 

(XIll) 

(XIV) 

(XV) 

(XVI) 

The unsymmetrically substituted dithiocarbamides VIII, IX and 
X have now been obtained by the action of one molecule of mustard 
oil upon compounds of the diamine with one molecule of a mustard 
oil, thus; 

/NH-CS--NHR 
C6H,,,, 

NHz 
R'NCS /NH-CS-NHR 

~ C6H, "" NH-CS--:NHR' 

whereas the monothiodicarbamides, XI, XII, XIII and XIV have 
been prepared by the action of phenyl isocyanate upon compounds 
of the diamine with one molecule of a mustard oil, thus: 

<NH-CS--NHR PhNCO /NH--CS--NHR 
C,H, --;.. C,H, '" 

NH2 NH--CO-NHPh 

o-Phenylenediphenyldithiocarbamide (I) loses a molecule of 
aniline on being heated with strong hydrochloric acid or 20 per cent 
potassium hydroxide solution. The elimination of aniline might 
take place in either of the following two different ways forming 
z-anilino-4: s-benzo-7-thioketo-I : ;3 : 6·heptathiodiazine (XVII) or 



I-N-phenyl-z: 7-dithioketo-4: s-benzo-I : 3: 6-heptatriazine (XV Ha), 
thus: 

/NH-CS-NHPh 
C,H" 

'NH -CS-N1-lPh 

+ 
/NH-CS", 

C,H" /NPh 
'NH-CS 

(X VIla) 

The compound actually isolated behaves like a mono-mercaptan 
as it has been found that for disulphide formation two molecules of 
the substance require only two atomic proportions of iodine (compare 
Cuha, J. Amer. Chem. Si?C., 1922, 44, 1502). So, the dimercaptanic 
formula has been rejected. The other disubstituted dithiocarbamides 
(II-VI and VIII-X) resemble the diphenyl compound in behaviour, 
yielding substituted aminoheptathiodiazines XVII-XXII, XXIV 
-XXVI respectively. 

R=Ph, XVII; o-tolyl, XVIII; 
p-tolyl, XIX; xylyl, XX; Me 
XXII; C3Hs, XXIV; XXV= 
XVIII; XXVI=XIX. 

It is significant that although in compounds VIII, IX, and X the 
two thiocarbamide groupings are substituted by two different groups 
(viz., C,Hs: C,Hs, C6HS: o-C6 I-I,CH" C,Hs: p-C,H,CH3) aniline 
is invariably eliminated in each case. 

The behaviour of o-phenylenediallyldithiocarbamide (VII) is 
peculiar and instead of allylamine one molecule of snlphJlretted 
hydrogen is eliminated with the formation of z: 7-diallylamino-
4: s-benzo-I: 3: 6-thioheptadiazine, XXIII, thus: 

<NH'C3 H s 

<NI-I-CS-NH-C3H s / N = C SH 
CoH, -> C,H.", SH 

NI-I-CS-NH-C3H S N = C/ 

/NH'C3H s 
-H,S <N=C", 
~ C,H, <s or 

N=C 

2 

NH'C,Hs 
(XXIII) 

"'NH'C H 3 5 

N=C-SH 

/ '" C,H., /N'C H 'N = C'" 3 5 

NH'C,Hs 
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The alternative formula has been rejected on the ground of its 
showing no mercaptanic properties and also becau~e it forms a diacetyl 
derivative from which no acetyl group can easIly be removed by 
hydrolysis as would have.been the .case ~ith an acetylthiol compound 
(vide Guha, ibid). Acetic anhydrIde brIngs about the same type of 
ring-closure yielding the diacetyl derivative of XXIII which can be 
deacetylated only by boiling with strong hydrochloric acid. This 
peculiar behaviour of the allyl compounds, vit., favouring the formation 
of sulphur-containing rings will also be noticed in the case of mono
allylthiocarbamide, XXXVI. 

The action of strong hydrochloric acid on the four phenylene 
mono-thiodicarbamides XI, XII, XIII and XIV has been studied with 
the result that they have been found to yield types of compounds quite 
different from those obtained from the compounds containing dithio· 
carbamide groupings. 

Compounds XI and XU, which are substituted by aryl groups, 
ITive r-N-phenyl-2-keto-4 : s-bcnzo-7-thioketo-r : 3 : 6-heptatriazine 
(XXVII) and r-N-tolyl-2-keto-4 5-ben7.0-7-thioketo-l: 3 : 6-
heptatriazine (XXVIII) respectively. 

NH-CS 
C,H.( "'/NPh 

NH-CO 

/NH-CS", ' , 
C,H,'-. /N'C,H4CH, 

'--NH-CO 

(XXVII) (XXVIII) 

The mono-thiodicarbamide (XIII) yields with the loss of one 
molecule of water 2-methylamino-4: s-benzo-7-phenylamino-r : 3 : 6-
thioheptadiazine (XXIX), whereas from (XIV) there is obtained 2-

phenylamino-4 : s-benzo-7-keto-I : 3: 6·thioheptadiazine (XXX). 

/N=C>-NHPh 
C6H". S 

'--N=C -NHCH, 

NH'CO C6H,( )S 
N = C -NHPh 

(XXIX) (XXX) 

Phenylenediurea (XV) yields phenylenebiuret (XXXI), whereas 
the corresponding diphenyl substituted compound (XVI) remains un
affected by the action of hydrochloric acid. 

/NH-CO-NH, HCI /NH-CO> 
C6 H" ---';> C,H" NH 

'NH-CO-NH, '--NH-CO 

(XXXI) 



The first four of the following five mustard oil compounds of 
o-phenylenediamine, viz., 

NH2'C6H,NH'CS-NHPh (XXXII), 

NHz'C6H,NH-CS-NH'C6H,CH, (oytho and para) (XXXIII and 
XXXIV), 

NHiC6H,NH-CS-NH'CH3 (XXXV), 

and NH,.C6H,NH·CS·NH·C3Hs (XXXVI) 
react with strong hydrochloric acid to yield o.phenylenethiourea, 
evidently with the elimination of the respective amines, whereas, the 
last one behaves in a quite different manner to yield s-allylamino-2 : 3-
benzo-I : 4-thiazole (XXXVII), thus: 

<

NH-CS-NH-C6H s -NHzPh <NH".. 
C6H, --'>- C,H, /CS 

N~ NH 
/NH-CS-NH--C,Hs -NH3 /N" 

C6H,".. -~ C6 B,,,, /C-NH'C,Hs 
NH, S 

(XXXVII) 
A suitable reagent for building up arylaminobenzothiodiazine 

compounds has been found in ferric chloride, which acting upon 
(XXXII) and (XXXIV) gives rise to 3: 4-benzo-6-anilinO-I : 2 : S-thio
diazine (XXXVIII) and 3: 4·benzo-6-p-tolylamino.! : 2: s-thiodiazine 
(XXXIX) respectively thus: 

/NHPh (or tolyl) 
/N=C\ 

C6H,"... SH 
NIlz 

FeCI, <N = C-NHPh (or tolyl) 
--+ C.H, I 

NH-S 
(XXXVIII, XXXIX) 

The free amino-groups of the mustard oil compounds of pheny
lenediamine react readily with aldehydes to yield 

NH-CS-NHPh /NH-CS-NHPh C6H,( C.H,,-
N=CHPh '-N=CH-C.H,-NOz (0- and p- ) 

(XLIII) (XL and XLI) 
/NH-CS-NHPh 

C.H,,-
'-N=CH-C,H,-OH 

(XLII) 



of which the first one has been oxidised by ferric chloride' to 
4 : s-benzo-7-anilino-l : 3 : 6-heptathiodiazine (XLI V), thus: 

NHPh NBPh 
N,=C< ' -H2 /N = C< 

C6B,< SB -~ C,B" <5 
N=CHPh 'N=C 

CoBs 

EXPERIMENTAL 

2-phenyl-

(XLIV) 

2-Phmy!amiito-4: 5-phenJ'!ene-7-thioketo-1 : 3: 6-!!lioheptadiaziite 
(XVII),-o-Phenylenediphenyldithiocarb.unide (2 g., prepared accord
ing to the method given in Anrulim, 1885, 228, 200) was heated under 
reflux with hydrochloric acid (65 c.C., d 1'19) for about half an hour 
when a green solution mixed with some tarry matter was obtained. 
On further heating for IS minutes, the tarry mass solidified. The 
reaction mixture was allowed to cool and the green precipitate filtered, 
washed with water and finally crystallised from water acidulated with 
a few drops of hydrochloric acid, separating in beautiful white rect
angular plates, m.p. 290-291°. It can be precipitated by acid from a 
caustic soda solution. Yield I-I g. (Found: S, 22'61. C14H uN3S2 

requires S, 22'45 per cent.). The presence of aniline in the acid filtrate 
was proved. 

The acetyl derivative.-The above compound (0'5 g.) was heated 
with about 5 C.c. of acetic anhydride under reflux for about IS minutes, 
when a perfectly clear solution was obtained, which, on being poured 
into cold water, yielded a white crystalline mass. It was further 
crystallised from acetic acid, m.p. 160°. 

The disulphide.-Iodine dissolved in potassium iodide was added 
drop by drop to an alcoholic solution of the above thio-compound 
(XVII) and gently warmed. On dilution with water it gave a yello
wish amorphous mass which was washed free from excess of iodine 
with potassium iodide solution, water and finally with alcohol; 
m.p. 210° (0'067 g. of the substance required 0'0312 g. of iodine 
for oxidation. C'4Hl1N,S2 with one thiol group requires 0'03 g. of 
iodine; with two thiol gro4.Ps it requires 0'06 g. of iodine). 

Action of caustic potash solutioit Oit o-phenylenediphenyldithio
clZ;rb~mide: formation of Compound (XVIl).- o-Phenylenediphenyl
dlthlOcarbam,de (2 g.) was heated under reflux with excess of 
potassium hydroxide solution (20 per cent.) for about 2 hours when a 
cl~ar solution was obtained. The solution after cooling was acidified 
WIth hydrochloric acid when a white solid came down with slight 
evolution of sulphuretted hydrogen. The white precipitate after 



filtration was crystallised from hot water acidulated with a few drops of 
hydrochloric acid; m. p. 290-291°. It is soluble in cold dilute alkali 
and is precipitated by acids. It gives an insoluble mercaptide with 
mercuric chloride and a disulphide (m.p. 2IOO) with iodine (Found; 
S, 22'59. C,4HllN3S, requires S, 22'45 per cent.). The identity of this 
compound with (XVII), obtained on treatment with hydrochloric acid, 
was confirmed by the mixed melting point. 

o-Plzenylenedi-o-talyldithiocarbamide (Il).-An alcoholic solution 
of a-phenylenediamine (2' I g.) was heated under reflux 'on the water
bath with o-tolyl mustard oil (3 g.) for about half an hour when a white 
crystalline precipitate was obtained and recrystallised from alcohol; 
m.p. 161 0

, Yield is almost quantitative (Found; S, lS·62. CzzH"N4S, 
requires S, 15'76 per cent.). 

2-0-Tolylamino-4; s-phe1zylene-7-thioketo-r; 3: 6-thioheptadiazille 
(XVIII).-Two gms. of the above compound (II) were heated under 
reflux with hydrochloric acid (60 c.c., d 1"19) for about 30 minutes when 
a green solution with tarry matter was obtained. On further heating, 
the tarry mass solidified and was crystallised from alcohol; m.p. 300° 
(Found: S, 21'31. C'5H'SN3S, requires S, 21'40 per cent.). The 
acetyl derivative was crystallised from acetic acid; m.p. 200°. 

o-Phmylenedi-p-tolyldithiocarbamide (III).-The method of prepar
ation was the same as in the case of the preceding compound ([ I). 
The yield was almost quantitative. It crystallised from alcohol in 
shining white plates, m.p. 178° (Found: S, 15'82. C"H"N,S, requires 
S, 15'76 per cent.). 

2-p-Tolylamino-4: 5-phenylene-7-thioketo-l: 3: 6·thioheptadiazitze 
(XlX).-The method of preparation was the same as in the case of the 
preceding compounds (XVII and XVIII). It was crystallised from 
alcohol; m.p. 300.° It is soluble in cold dilute alkali from which it is 
precipitated by acids (Found: S, 21'26. C,5H,3N,S, requires S, 21'40 

per cent.). The disulphide was prepared as in tqe case of the corres
ponding phenyl compound; m.p. 190° (0'206 g. of the substance 
required 0'088 g. of iodine for oxidation. ClsH13N3S2 containing one 
thiol group requires 0'087 g. of iodine). The acetyl derivative was 
obtained in the usual way and was crystallised from acetic acid; 
m.p. 200.° 

o-Phenylenedi-(r: 3: 4)-xylyldithiourea (IV).-The method of 
preparation was the same as in the case of the corresponding phenyl 
and tolyl compounds. It was crystallised from alcohol; m.p. 1450 

(Found: S, 14'39. C"H 26N,S2 requires S, 14'74 per cent.). 

Action of stron/[ hydroch/o1"tC acid upon (IV): Formation of 
~-(I : 3: 4)-xylyiamino-4: 5-Phenylene-7·thioketo-l: 3: 6-thioheptatiiazme 
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(XX).-This was prepared similarly to the compou~ds (x:vn, XVIII, 
XIX) and was ~rystallise~ fr?m alcohol; t;J.J? 295. It .IS soluble in 
cold dilute alkalI from whIch It can be precIpItated by aCIds. It gave 
an amorphous disulphide (m.p. 172°) with iodine solution (Found: 
S, 20'13. C16H1SN,S.z requires S,. 20':44 per ce~t.). The acetyl 
derivative was crystallIsed from acetIc aCId; m.p. 296 . 

o-ToluylenedipJzenyldithiocarbamide (V).-An alcoholic solution of 
o-toiuylenediamine (r'2 g.) was heated under reflux on the water-bath 
with phenyl mustard oil (2'7 g.) for about 30 minutes when a white 
crystalline precipitate was obtained which was crystallised from alcohol; 
m.p.142°. Yield is almost quantitative (Found: S, 16'48. C21 H20N,S, 
requires S, 16'32 per cent.). 

Action of strong- hydrochloric acid upon (V): Formation of 
2-Phenylamilzo-4: 5-methylbe1Zzo-7-thioketo-I: 3: 6-thioheptadiazim 
(XXI).-The above compound (V, 2 g.) was heated under reflux with 
concentrated hydrochloric acid (60 c.c.) for about half an hour when a 
green solution was obtained, and on cooling deposited a solid which 
was crystallised from alcohol, m.p. 265°. It is soluble in cold dilute 
alkali from which it is precipitated by acids (Found: N, 14·ZI. 
ClsH13N3S, requires N, 14'04 per cent.). The presence of aniline in 
the acid filtrate was proved. The disulphide was prepared in the usual 
way; m.p. 137°. The acetyl derivative was crystallised from acetic 
acid, m.p. 185°. 

o-P h81tylenedimethyldithiocarbamide (V 1).-Phenylenediamine (3 g.) 
was dissolved in alcohol to which methyl mustard oil (4 g.) was 
added and the solution boiled for some time. The clear solution, on 
cooling, gave colourless crystals which were recrystallised from alcohol, 
ID. p. 175° (Found: S, 24'85' ClOH I4N.S, requires S, 25'19 per cent.). 

2-Methy!amino-4 : s-benzo-7-thioketo-l : 3 : 6-thioheptadiazine 
(XXII)-Two grams of the compound (VI) were boiled with strong 
hydrochloric acid (65 c. c.) for about 2 hours. The solution, when 
cold, gave a white crystalline mass which was further crystallised from 
alcohol; ID. p- 168°. It is soluble in cold alkali from which it is 
precipitated by acids (Found: N, 19'15. C,H,N,Sz requires N, 18'83 
per cent.). The disulphide was prepared in the usual way; m.p. 194°. 

2: 7-Diallylamino-4 : s-benzo-l: 3 : 6-thioheptadiazine (XXIII).
Three g. of o-phenylenediallylthiourea (VII) (prepared according to 
the method given in Annalen, 1885, ZZ8, 201) were heated with strong 
hydrochloric acid (70 c. c.) under reflux for about 30 minutes when a 
greenish coloured clear solution was obtained. The cold solution, on 
dilutio~ with ~ater, !);ave .no pre.cipitate, but on making alkaline with 
illllIIJ.Owa a white solId mIXed WIth tarry matter was obtained, and was 



purified by dissolving in diltue hydrochloric acid and precipitating 
with ammonia. It was finally crystallised from acetone, m. p. above 
3000 (Found: N, 20'37. C14H ,6N,S requires N, 20'58 per cent.) 

Acti01t of acetic anhydride UP01l o-Phenylenediallyldithiocarbamide: 
Formation of diacetyl compou",l of (XXIII).-o-Phenylenediallyidithi
ourea (2 g.) was heated with 10 c, c. of acetic anhydride under reflux 
for about 45 minutes when a clear solution was obtained and on cooling 
gave a crystalline ma·5S. It was further crystallised from acetic acid in 
slender white needles, m,p. r85° (Found: N, 16·II. C,sH20N,S requires 
N, rS'73 per cent.). Deacetylation was effected by boiling with 
strong hydrochloric acid for about half an hour when a clear 
solution was obtained, and on being made alkaline gave a white 
precipitate which crystallised from acetone, m. p, above 3000 (Found: 
N, 20'39 C14H ,6N4S requires N, 20'58 per cent.)_ 

o-Phenylene-sym-pheny!allyldithiourea (VIII).-An alcoholic 
solution of I-o-aminophenyl-3-phenylthiocarbamide (2'5 g.) and allyl 
mustard oil (r g.) was heated on the water-bath under reflux for about 
2 hours. The reaction product was allowed to cool when a crystalline 
mass separated and was further crystallised from alcohol, m. p. 2450 

(Found: S, r8'48, C17H 'SN 4S, requires S, 18'71 per cent.) 

2-A Ilylamino-4: 5 benzo-7-thioketo- I : 3 : 6-thioheptadiazine(XXIV).
Two g. of the compound (VIII) were heated with strong hydrochloric 
acid (50 c. c.) under reflux for about an hour. The solution became 
red with the separation of a solid which crystallised from alcohol, m.p. 
2930. It is soluble in cold dilute alkali from which it can be precipi
tated by acids. The presence of aniline in the acid filtrate was proved 
(Found: N, r6·58. Cn H

"
N3S, requires N, 16'86 per cent.). The 

disulphide was prepared as usual; m. p. above 3000. 

o-Phenylene-sym-phenyl-o-tolyldithiourea (IX).-An alcoholic solu
tion of r-o-aminophenyl-3-phenylthiocarbamide (2'4 g.) and o-tolyl 
mustard oil (r-S g.) was heated on the water-bath under reflux for about 
2 hours. The product on cooling gave a solid which crystallised from 
alcohol; m. p. I36° (Found: S, r6·59. C21H zo N,S, requires S, r6'32 
per cent.). 

2-o-Tolylamino-4 : s-phenylene-7-thioketo-r : 3: 6-thioheptadiazine 
(XXV).-Two g. of the compound (IX) were heated with strong 
hydrochloric acid (50 c. c.) under reflux for about an hour when a clear 
solution was obtained. This, on being further heated, gave a solid 
mass which was crystallised from alcohol; m. p. 3000. It is soluble 
in cold alkali from which it is precipitated by acids. The presence of 
aniline in the <\cid filtrate was proved (Found: N, 14'3I. C,sH 13N,S, 
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requires N, 14'04 per cent.). Identity of this c?mpound.with the com
pound (XVIII) was further confirmed by the mIxed meltmg point. 

o_Phenyle1le-sym-phc1tyl.-p-fo!yldz"thiourca 
preparation was the same as in the case of the 
substance was crystallised from alcohol; m. p. 
CuHzoN,S, requires S, 16'32 per cent.). 

(X).-The method of 
compound (I,x). The 
1650 (Found: S, 16'48. 

z-p-Tolyamz"no'4: 5-phcnyli'1lc-7-thiokcto-J: 3: 6-thioheptadiazi1lc 
(XXVI).-The method of preparation was the same as in the case of 
the compound (XXV). The substance was crJ:'stallised from alcohol; 
m. p. 3000 (Found: N, 14'28. C15H13N3S2 reqUlres N, 1<,'04 per cent.). 
The identity of this compound with (XIX) was further confirmed by 
taking a mixed melting point. 

1 -P he1lylcarbamido- 2-phenylfhiocarbamidobenzene (X I. )--An al. 
coholic solution of I-o-aminophenyl-3-phenylthiocarbamide (2'4 g.) 
and phenyl isocyanate (1'2 g.) was heated for about 30 minutes when a 
white solid separated and was crystallised from alcohol; m. p. 2000 

(after shrinking at 140°). (Found: N, 15'27. C ZO H 180N,S requires 
N, 15'46 per cent.). 

I·Phenyl-z-keto·4: 5-benzo-7-thioketo-l: 3-6-heptatriazitze (XXVII).-
Two grams of the compound (XI) were heated under reflux with concen
trated hydrochloric acid (60 c.c.) for about 2 hours when a solid mass 
with a greenish coloured mother-liquor was obtained. The solid was 
filtered, washed with water and crystallised from hot alcohol: m.p. 185°. 
It is soluble in cold ditute alkali from which it is precipitated by 
acids (Found: N, 15'30' CuHuON3S requires N, 15'61 per cent.). 
The presence of aniline in the mother-liquor was proved. 

The disulphide was obtained in the usual manner; m.p. 128-13° •. 

I-Phenylcarbamido-2-p-tolyl-thiocarbamidobenzene (XII).--An al
coholic solution of r-o-aminophenyl-3-p-tolylthiocarbamide (5 g.) and 
phenyl isocyanate (z·7g.)was heated for about 30 minutes when a white 
solid separated and was crystallised from alcohol; m. p. 165° (Found: 
N, 14'69. C21H 2oON,S requires N, 14'97 per cent.). 

I-p-Tolyl-2-ketlJ-4: 5-betzzo-7-thioketo-1: 3: 6-heptatriazitze (XXVIII). 
-The method of preparation was the same as in the case of the 
compound (XXVII). The product was crystallised from hot alcohol; 
m. p. 175-176°. It is solnble in cold alkali from which it is precipi
tated by acids (Found: N, 14'67. C1,HI30N3S requires N, 14'79 
per cent). 

The disulphtde was obtained in the lisual mapner; m. p. 164°. 
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I -Phenylcarbamido-2-methylthiocarbamidobenzene (XI II).-An al
coholic solution of l-o-aminophenyJ-3-methylthiocarbamide (3 g.) and 
phenyl isocyanate (2'4 g.) was heated for about half an hour when a 
white solid separated and was crystallised from alcohol; m, p. 980 

(Found: N, 18'38. C,s H ,60N,S requires N, 18'67 per cent). 

I-Phenytamino-3: 4-benzo-6-methylamino-z: 5: 7-thioheptadiazine 
(XXIX).-Two grams of the compound (XIII) were heated under 
reflux with strong hydrochloric acid (60 c.c.) for about 2 hours. The 
clear solution, on cooling, gave a colourless crystalline mass which 
was recrystallised from alcohol; m. p. 195°. It is soluble in hydro
chloric acid but insoluble in alkali (Found: N, 18'78. C1sH 14 N,S 
requires N, 19'14 per cent.). 

I-Pltenylcarbamido-2-allylihiocarbamidobenzene (XIV).--The method 
of preparation was the same as in the case of the compound (XIII). 
The product was crystallised from alcohol; m. p. 160° (Found: N, 
17'4I. C17 H 1BON,S requires N, 17'17. per cent.). 

I-Phenylamino-3: 4-beJtzo-6-keto-2: 5: 7-thioheptadiazine (XXX). 
- Two grams of the compound (XIV) were heated with strong hydro
chloric acid under reflux for about 2 hours. The clear solution on 
cooling, gave a crystalline mass which was recrystallised from hot water 
acidulated with a few drops of hydrochloric acid. It is soluble in 
hydrochloric acid but insoluble in alkali (Found: N,12'46; S, 9'05. 
C14 H nON3S, 3HzO requires N, 12'39; S, 9'4 percent.)_ 

2 :7-DiketO-4: 5-benzo-l: 3: 6.heptatriazine (XXXI).-o-Phenylene
diurea (XV) prepared according to the method given in Ber., 1883,16 
592; 2 g.) was heated under reflux with strong hydrochloric acid for 
about 40 minutes when a greenish black solution was obtained. 
The solution, on cooling, deposited crystals which were recrystallised 
from hot water acidulated with a few drops of hydrochloric acid It 
sublimed slowly without fusion above 3000 into shining mica-like 
plates, and is soluble in cold alkali from which it is precipitated by 
acids (Found: N, 19'90. CBH,N30 Z' 2H20 requires N, 19'71 per cent,) 

The acetyl derivative was crystallised from acetic acid; m.p. 1900. 

o-Phenylene-sym-diphenylcarbamide (XVI).-Phenyl isocyanate 
(2'3 g.) was added to an alcoholic solution ofo.phenylenediamine (I g.) 
and the solution boiled for sometime when a colourless crystalline 
mass came out which crystallised from alcohol: m, p. 220

0 (Found: 
N, 15'99. C2QH1BOzN. requires N, 16'18 per cent.). Action of strong 
hydrochloric acid produced no change, 

Action of stro1zg hydrochloric acid upon (XXXII).-Formation of 0-

Phenylenethiourea.-I-o-Aminophenyl,~-phenylthiocarbamide, prepared 



according to the method of LelImann (Annalen, 1885, 228,212) was 
heated with strong hydrochloric acid under reflux for about 10 minutes 
when a clear solution was obtained. The solution was further boiled 
for about 40 minutes when greenish white crystals came out, which 
crystallised from hot water acidulated with a few drops of hydrochloric 
acid; m.p. 301-302°. LelImann (Annalen, 1884, 221, 14) gave 2900 

as the m.p. of this compound (Found: N, 18'42 • C,H6NzS requires 
N, 18'66 per cenL). The presence of aniline in the acid filtrate was 
proved. 

The disulphide prepared in the usual manner melted at 230°. 

The acetyl derivative melted at 200°. 

l·o·A minophenyl· 3-0-to1ylthiocarbamide (XXXI I 1).-- It was pre
pared in the same manner as the phenyl compound. It was crystalIised 
from benzene; m.p. 160° (Found: N, 16'18. C,.H,sNaS requires N, 
16'34 per cent.). Like the corresponding phenyl compound (XXXII), 
it gave o-phenylenethiourea by the action of strong hydrochloric acid. 

l-o-Aminophenyl-3-p-tolylthiocarbamide (XXXIV).-It was also 
prepared in the same manner as the corresponding phenyl compound 
(X.XXII) and crystallised from benzene in shining white crystals, m.p. 
146-147° (Found: N, 16'14. C14Hl.IN,S requires N, 16'34 per cent.). 
It also gave o-phenylenethiourea with strong hydrochloric acid. 

I -o-A minophenyl-3-methylthiocarbamide (XXXV).-I t was prepared 
in the same manner as the phenyl and tolyl compounds and was 
crystallised from benzene; m.p. 117° (Found: N, 23'07. CSHllN"S 
requires N, 23'20 per cent.). It also gave o-phenylenethiourea (m.p. 
301-302°) with strong hydrochloric acid. 

l-o-Aminophenyl-3-a11ylthiocarbamide (XXXVI).-It was also pre
pared similarly to the phenyl and tolyl compounds and was crystallised 
from benzene; m.p. 1150 (Found: N, 20'04. C,oH"N,S requires 
N, 20'28 per cent.). 

Action of strong- hydrochloric acid upon (XXXVI): Formation of 
S-Allylamino-2 : 3-benzo-1 : 4-thiazole (XXXVII).--The compound 
(~VI; 1'5 g.) was heated under reflux with strong hydrochloric 
aCldJss c.c.) .for. abo~t an hour giving a clear solution which, on 
c~ohn&" and dIlu~lOn WIth water, gave no precipitate; it was neutralised 
wlth dIlute caustIc soda under cooling when a white shining crystalline 
mass came out which was further crystallised from alcohol; m.p. 1800 

(Found: S, r6·S2. C,oH,oN2S requires S, 16'84 per cent.). 

The acetyl derivative melted at 1980, 
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Action of ferric chloride upon (XXXII): Formation of 6-Phenyl
amino-3 : 4-bertZO-I : 2 : 5-thiodiazitte (XXXVIII).--Excess of ferric 
chloride s,olution was added to l-o-aminopbenyl-3-phenyltbiocarbamide 
(3 g.) and the mixture heated under reflux for about an hour; when 
cooled, a yellow solid mass mixed with some black tarry matter 
separated. After the removal of the tarry matter with steam the 
residual solid crystallised from alcohol in yellow slender needles; m.p. 
155-156°. It is insoluble in alkali but soluble in hot hydrochloric 
acid (Found: S, 13'13. C13HllN3S requires S, 13"27 per cent.). 

6-p-Tolylamino-3 : 4-benzo-l : 2 : S·thiodiazine (XXXIX).-The 
method of preparation was the same as in the case of the previous 
compound (XXXVIII). It was crystallised from alcohol; m.p. 93° 
(Found: S, 12'13. C14H13N3S requires S, 12'54 per cent.). 

1-0-Nitrobenzalani!ino-3-phenylthiocarbamide (XL).-A n alcoholic 
solution of l-o-aminophenyl-3-phenylthiocarbamide (2'5 g.) and o-nitro
benzaldehyde (r'S g.) was heated on a water-bath under reflux for 
half an hour. On cooling, orange-coloured crystals gradually separated 
and were recrystallised from alcohol, m.p. 215° (Found: N, 15'17. 
C20 H160 2N.S requires N, 14'89 per cent.). 

1 - m· Nitrobenzalanil£no· 3-phenylthiocarbamide (XL 1).-T 0 a hot 
alcoholic solution of r-o-aminophenyl-3-phenylthiocarbamide (2'5 g.) an 
alcoholic solution of m-nitrobenzaldehyde (I'S g.) was added when at 
once a yellowish white crystalline mass came out which crystallised 
from alcohol, m.p. 153-154° (Found: N, 15'21. C20H 160 2N,S requires 
N, 14'89 per eent.). 

I -o-H ydroxybenzalanilino-3-phettylthiocarbamide (XLI 1).-1 twas 
prepared similarly to the foregoing compound and was crystallised 
from alcohol; m.p. 1800 (Found: N, 12'05. C2oH 170N3S requires N. 
lZ'ro per cent.). 

1 -Benzalamino-3-phenylthiocarbamide (XL II I.)-It was prepared 
similarly to the compound (XLI); m.p. 265-267° (Found: N, 12092. 
C20H'7N3S requires N, 12'68 per cento). 

Action of ferric chloride upon (XLIII): Formation of 2-Phenyt-
4: s-benzo-7-phenylamino-l : 3 : 6-thioheptadiazine (XLIV).-I-Benzal
anilino-3-phenylthiocarbamide (loS g.) was heated under reflux with an 
excess of ferric chloride solution for an hour when a yellow solid mixed 
with some tarry matter was obtained. After removing the tarry 
matter with steam, the solid was crystallised from alcohol; m.p. 105°. 
It is insoluble in alkali but soluble in hot acids (Found: N, 12'580 
ClOH15N3S requires N, 12'76 per cent.). 



Phenylth£ocarbamidophenylurethane, CO, Et'NH'C6H, 'NH'CS' 
N HPh.-To a hot benzene solution of !.o-aminophenyl-3-phenyl
thiocarbamide (2'4 g.) chlorcarbonic ester (l'X g.) was added. The 
reaction took place at once and the separated white solid crystallised 
from alcohol; m.p. 288-290° (Found: N, 13'13· C16H ,70,N,S requires 
N, 13'33 per cent.). Strong hydrochloric acid was without action. 
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