


il
T

" Price, As. rz.] (Vol. 124, Part XI, pp. 165 to r)8.

JOURNAL

OF THE

Indian Institute of Science.

CONTENTS. \.\ 70, 3%,

- LENGTHENED OR THO-DI-DERIVATIVES OF BENZENE
_AND THEIR RING-CLOSURE: FORMATION OF POLYMEMBERED
-HETEROCYCLIC COMPOUNDS FROM SUBSTITUTED

PHENYLENE-DICARBAMIDES. -

" RY

Teiéndta Nath Giosh :apd _Pr'abhulla Chandra G‘uh_a.f '

Di. M. O. FoRSTER, F.R.S., CHAIRMAN OF EDITORIAL BOARD.



JOURNAL
OF THE
_ INDIAN INSTITUTE OF SCIENCE

— e

VoLumE  L—(1914-18).

Parts 1—XXI, .
. Vorume  II.—(1918-19).
- Parts I—-XV,
: Vorume 111.—(1920).
Parts 11X,
C Vorume IV.—(1921).
Parts [—XVI '
‘ VoLume V.—(1922).
Parts I—XIV, ,
VoLuME VI.—(1923).
Parts I—XI1I.
VorLume VIL.—(1924).
Parts 1—XV. '
vVorume VIII (A)—(1925).
Parts I—XVI. -
Vorume VIII (B)—1925.
Parts I-11. :
Vorume IX (A)—1926.
Parts 1—-X. .
- VorLume IX (B)—1928.
Parts I—V. - )
Vorome X (A)—1927.
Parts I—-X.

~ Vorume X (B)—~=1927.

Part I.—Tests on Snspension [nsulators after Ten Years’ Service. By A. S. Venkates-
waran and U. Ganguly. Price, Re. 1. s
Part 11.--The Measurement of Voltage Gradient on a String of Suspension lnsulators
By G. Yoganandam and R. K. Sen. Price, Re. 1.
 part 111.—Intensity Variations of Madras (Fort) Radio Station. By K. Sreenivasan.
Price, As. 8.
Part [V.—Suspension Insulator '[‘equng By G. Yoqauaudam Price, As §.

VorLume XI (A)—1928.

Paﬂ,l —-I "Studies on lnvertase, Part . Preparation and Parlfication of the Enzyme.
By B, N. Sastri and Roland V. Norris. II. Note on a Simple Method for
concentrating Enzyme Solutions. By B. N. Sastn Price, Re. 1

Part 11.—The Bleaching of Lac. By M. Venugopalan. Prlee, As. 8. ]

Pm 111, —Contributions to the Stady of Spike-Disease of Sandal. (Santalum Album,
Linn) Part §, Diastatic Activity of the Leaves. ByM Smenlva.saya'

. and B. N. Sastri, - Price, As. 12.

- Part 1V.—A Micro-Method for the Determination of Enzyme Activity 'By B. N, Sasu'i
-and M. Sreenivasaya. Price, As. 12, -

PanV—Tba Dielectric Consmts of Ammoma, Phosphme and A!sme By H. B,

.. Watson. Prlee. Re. 1. .

‘
i



Price, As. 12.) | Vol 12, Parl N/, pp. 105 Lo 174,

JOURNAL

OF THE

Indian Institute of Science.

L 7.
. T,
CONTENTS. - 9o,
% N
\\\&\4\\

LENGTHENED OR THO-DI-DERIVATIVES OF BENZENE
AND THEIR RING-CLOSURE : FORMATION OF PULYMEMBERED
HETEROCYCLIC COMPOUNDS FFROM SUBSTITUTED
PHENYLENE-DICARBAMIDES.

BY

Tejendra Nath Gosh and Praphulla Chandra Guha.

Dg. M. O. FORSTER, F.R.5., UBAIRMAN OF EDITORIAL BoArp,



- T ~
Gz mm-0

LENGTHENED ORTHO-DI-DERIVATIVES OF BENZENE AND
THEIR RING-CLOSURE: FORMATION OF POLYMEMBERED

HETEROCYCLIC COMPOUNDS FROM SUBSTITUTED
PHENYLENE-DICARBAMIDES.:

By Tejendra Nath Ghosh and Praphulla Chandra Guha.

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., 18gs,
28, 946 ; 1896, 29, 2506 ; Arndt and co-workers, Ber., 1921, 54, 2089;
1922, 55, 341; Fromm, Aunalen, 1923, 433, 1; Monatsh., 1924,
44, 298 ; Der., 1923, 56, 1370; Guha, J. Amer. Chem. Soc., 1922, 44,
1502 ; 1923, 45, 1036; 1925 47, 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 1 : 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? have now been prepared from o-phenylene- or
o-tolylenediamine,

CsH(NH-CSNHPh), (1)
CH,(NH-CS'NHC,H,CH,), (o and p-) (11, III)
C,H (NHCS*NH-CeHy(CHy)y), (IV)
CH,C,H,(NH-CS-NHPh), V)
CsH (NH-CS'NH'CHy), (VI)
C,H (NH-CS-NH-C,H,), (VII)

NH—CS—NHPh

CH (V1LI)
" \NH—CS—NH'C,H,

' Reprinted from the Journal of the Indian Chemical Sociely, 1929, 6, 181.
® Compounds I, VII, XV are known (Annalen, 1885, 228, 200, Ber., 1883, 16, 592) but
no unsymmetrically substituted mono- or dithiodicarbamide is known.
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NH-—CS—NHPhH
CSH.<

NH—CS—NH—CH,—CH, (o- and ) (IX, X)
NH—CO—NH Ph

CGH.< (XI)
NH—CS—NHPH

NH-—-CO--NHPh

C6H4< (X11)
NH—CS—NH—C,H,CH,
. NH—CO—NHPh
CGH‘< (X111)
NH—CS—NH—CH,
_NH—_CO—NHPHh |
O (XIV]
| NH—CS—NH—C,H,
CeH(NH—CO—NH,), XV)
C:H(NH—CO—NHPh), XV1)

The unsymmetrically substituted dithiocarbamides VIII, IX and
X have now been obtain,

ed by the action of one molecule of mustard
oil upon compounds of the diamine with one molecule of 3 mustard
oil, thus :

NH, RNCs NH—CS—NHR

R'NCS NH-CS—NHR

NH—CS—NHR’
whereas the monothiodic.arbamides, X1, XII, XIII and XIV have
been prepared by the action of phenyl zsocyanate upon compounds
of the diamine with one molecule of 3 mustard oil, thuys :
NH—CS-~NHR PhNCO

CGH‘ —_ CsHt
NH, NH—CO—NHPh
o-Phenylenediphenyldithioc
aniline on being heated with st
potassium hydroxide solution.
take place in either of the follo
2-anilino-4 : 5-benzo-7-thioketo- 1

arbamide (I) loses a molecule of
rong hydrochloric acid or 20 per cent,

The elimination of aniline might
wing two different ways forming
* 3 ¢ 6-heptathiodiazine (XVII) or
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i =-benzo-1 : 3 6-heptatriazine (XV 1la),
. =.dithioketo-4 : 3-benzo-1: 3:
1-NV-phenyl-2: 7 dit
thus :

NH—CS—NHPh L, NHES S
CH < s LGH,,\N c
" “\NH —CS—NHPh = en
| (XV1I)
NH—CS
C5H4< NP
NH—CS
(XVIla)

i -mercaptan
ly isolated behaves hk_e a mono-mer
‘ The comp(f)“:gda(é]t;;zz]fgr disulphide formation tfwod;rzglff;f;afé
as it has ber ire only two atomic proporthns ohxod_ (compare
the substance requ‘J/ m. Soc., 1922, 44, 1502). ‘ So, t qh_lm ba[r)nides
Guha, /. Amer. O c.ted ’The other disubstituted d‘lit .1ocgfr}haViour
formuta hads li??lnl-r)eg)e rese.mble the dighepyl conz})lolun Xl)r(]” XXI\;
(!Ii?j/iix;I;ubstituted aminoheptathiodiazines X ,
yie

—XXVI respectively.

. II.

e =Ph, XVII; o-tolyl, XVIII;

NHCS (s ;{-to]yl, XIX; xylyl, XX; Me

C6”4< ‘>b XXI11; CyH, XXIV; XXV=
N = SR XV ; XXVI=XIX.

: ,and X the
is significant that although in cc_)mpou%dstxglzfiégei{l Grous

It.IS sign ide groupings are substituted by C.HCHL,) aniline
e thg)(;‘alr}?aréu}‘{e gCeHsZ O'Cst'CH3’ CGHS: - Coll 3

, . 53 5
gwizrl’varfabfy eliminated in each case. ithiocarbamide (V1) is
) The behaviour of o-Phenylenediallylczrlxt(gleocclillia aof sulphuretted
e . e ! .

: i llylamine one o o-
peculiar and ;]?;:?sgtegi v::itl); the formatior:hzi 21 7-diallylamin
hydrobg;nzolls D3 6-thioheptadiazine, XX, :
4:5° e

N H-C,H,
N=C .
_NH—C,H
" NH—CS—NH 3 5_» C5H4< /SH
¢ ‘< —C;H =C
" \NH—CS—NH—GH; N=S\NHCh,
_—st N=C\S or CGH‘ N,CsHs
— G N——C< N=C
T \NH-C,H; NH-C,H,

(XXII)
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The alternative formula has been rejected on the ground of its
showing no mercaptanic properties and also because it forms a diacetyl
derivative from which no acetyl group can easily be removed by
hydrolysis as would have been the case with an acetylthiol compound
(vide Guha, i67d). Acetic anhydride brings about the same type of
ring-closure yielding the diacetyl derivative of XX11I which can be
deacetylated only by boiling with strong hydrochloric acid. This
peculiar behaviour of the allyl compounds, vzz., favouring the formation

of sulphur-containing rings will also be noticed in th . :
allylthiocarbamide, XXX V1. e case of mono

The action of strong hydrochloric acid on th
mono-thiodicarbamides XgI, XI11, XIII and X1V has t}aoef:r:l rstgc]l]ieelzly\]:ix:g
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 XTI and XII, which are substituted by aryl groups,
give 1-N-phenyl-2-keto-4 : s5-benzo-7-thioketo-1 : 3 : 6-heptatriazine
(XXVII) and 1-AM-tolyl-2-keto-4 : s5-benzo-7-thioketo-:

heptatriazine (XXVIII) respectively. t3 06
- <NH-—CS>NPh - /NH—C$>N'C -
NH—CO N\NH—CO st H,
(XXV1I) (XXVII)

The mono-thiodicarbamide (XIII) yields with the loss of one
molecule of water 2-methylamino-4 : 5-benzo-7-phenylamino-1 : 3:6
thioheptadiazine (XXIX), whereas from (XIV) there is obtained 2-
phenylamino-4 : 5-benzo-7-keto-1 : 3: 6-thioheptadiazine (XXX)

N=C, —NHPh NH'CO
CGH‘< S C6H4< S

(XXIX) (XXX)
Phenylenediurea (XV) yields phenylenebiuret (XXXI), whereas

the corresponding diphenyl substituted compound (X VI i ;
affected by the action of hydrochloric acid. P ( ) remains un

NH—-CO--NH, HC(Ci NH—CO
el e
NH—CO-NH, NH-—CO

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

NH,-C,H,NH-CS-NHPh (XXXII), |

NH, C;H NH-CS'NHC;H,CH; (ortho and para) (XX X111 and
XXXIV),

NH,"C;H/ NH-CS'NH'CH, (XXXV),

and NH,C;H NH'CS-NH-C;H; (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-1 : 4-thiazole (XXXVII), thus:

NH—CS—NH—CH; -NH,Ph NH\
CQH‘< —_—> C6H4< /CS
NH, NH

NH—CS—NH CH, -NH,

Ny,
—> C¢H, <S /C—N H-C;H;

(XXXVII)

A suitable reagent for building up arylaminobenzothiodiazine
compounds has been foupd iq ferric chloride, whiqh acting upon
(XXXII) and (XXXIV) gives rise to 3: 4-benzo-6-anilino-1 : 2 : 5-thio-
diazine (XXXVIII) and 3: 4-benzo-6-p-tolylamino-1 : 2 : s-thiodiazine
(XXXIX) respectively thus:

CHA~NH
2

NHPh (or tolyl)
N=C’\
CH, SH

—— | .
NH—S
(XXXVIII, XXXIX)

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

H,
FeCl, N = C—NHPh (or tolyl)
cH.

NH—CS - NHPh /N H—CS-—NHPh
C‘H‘< CGHA\
=CHPh N=CH—CH,—NO, (0- and p- )
(XL1IY) (XL and XLI)

NH—~—CS—NHPh
C¢H4<

N=C H—'C.H‘—‘O H
(XLII)
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of which the first one has been oxidised by ferric chloride to 2-phenyl-
4 : 5-benzo-7-anilino-1 : 3 : 6-heptathiodiazine (XLIV), thus :

NHPh NHP
CH N.—C<S —H, /N=C< "
H — s CH ;
*“\N=CHPh — i Nl (XLIV)
CoH,
EXPERIMENTAL.

2-Phenylamino-4 : §-phenylenc-y-thioketo-y : 1. 6-thi azine
(XVII).—o-Phenylenediphenyldithiocarbamide (23 2. preézlﬁ;ﬁm:zz?é“
ing to the method given in Annalen, 1885, 228, 200) was heated und -
reflux with hydroch}oric acid (65 c.c., & 1'19) for about half an hoer
when a green solution mixed with some tarry matter was obtainelcllr
On further heating for 15 minutes, the tarry mass solidified The
reaction mixture was allowed to cool and the green precipitate f{lterede
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
caustic soda solution. Yield 1’1 g. (Found: S, 22:61. C,H,N 3
) . 114V,

requires S, 22:45 per cent.). The presence of aniline i !
was proved. P aniline 1n the acid ﬁltrate

The acetyl devivative.—The above com

- ; ] pound (o0'5 g.) was h

with about 5 c.c. of acetic anhydride under reflux for ab%gt 15 min?tt::j
when a perfectly clear solution was obtained, which, on being pouréci
into cold water, yielded a white crystalline mass. It was furth
crystallised from acetic acid, m.p. 160°. ‘ o

The disulplude.—Tlodine dissolved in potassium iodi
drop by drop to an alcoholic solution (ff the abov:dtlgfozg?naddeg
(XVII) and gently warmed. On dilution with water it gave a POl;]n
wish amorphous mass which was washed free from excess of _yz_o-
with potassium iodide solution, water and finally with al lohlrlu?
m.p. 210° (0°067 g. of the substance required 00312 2. of 90d9 ;
for oxidation. C,,H;N;S, with one thiol group re uiresg‘ of iodine
iodine ; with two thiol groups it requires 0°06 g. of i?)dine) 03 g of

Action of caustic potask solution on o- : iy
afrb{zmz'a'e : Formation of Compound ( XVII?,fIZ:.” g}ﬁ:ﬁﬁgﬁg}’ 1‘;;’”“0]'
dithiocarbamide (2 g.) was heated under reflux Wizh ° 1p enY;
potassium hydroxide solution (20 per cent.) for about 2 hourxcxt:'shS °
clear solution was obtained. The solution after cooling was salc’d'ef;x 3
with hydrochloric acid when a white solid came dowgn with lslli %t
evolution of sulphuretted hydrogen. The white precipitate afgter
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itH a few drops of
cold dilute alkali
ercaptide with

filtration was crystallised from hot water acidulate
hydrochloric acid ; m. p. 290-291°. It is soluble
and is precipitated by acids. It gives an insolub
mercuric chloride and a disulphide (m.p. 210°) with
S, 22°59. C,,H; NS, requires S, 22°45 per cent.). The idémity
compound with (XVII), obtained on treatment with hydrochloric acid;,
was confirmed by the mixed melting point.

o-Phenyleneds-o-tolyldithiocarbamide (11).—An alcoholic solution
of o-phenylenediamine (2°1 g.) was heated under reflux ion 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°. Yield is almost quantitative (Found : S, 15°62. C3;H,N,S,
requires S, 15'76 per cent.).

2-0-Tolylamino-4 : §-phenylene-7-thiokelo-1 = 3 6-thiokepladiazine
(XVIII).—Two gms. of the above compound (II) were heated under
reflux with hydrochloric acid (60 c.c., @ 1°19) forabout 30 minutes when
a green solution with tarry matter was obtained. On further heating,
the tarry mass solidified and was crystallised from alcobol; m.p. 300°
(Found: S, 21°31. C;sH;N:S, requires S, 21'40 per cent.). The
acetyl derivative was crystallised from acetic acid ; m.p. 200°.

o-Phenylenedi-p-tolyldithiocarbamide (I11).—The method of prepar-
ation was the same as in the case of the preceding compound (II).
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, 1576 per cent.).

2-p-Tolylamino-4 : §-phenylene-y-thiokelo-1 @ 3 ff-l/tio/zeplaa’iazhw
(X 1X).—The method of preparation was the same as in the case of the
preceding compounds (XVII and XVII). It was crystallised from
alcohol ; m.p. 300.° Itis soluble in cold dilute alkali frorp which it is
precipitated by acids (Found : S, 21°26. C;sHpN3S, requires S, 21740
per cent.). The disulphide was prepared as in the case of the corres-
ponding phenyl compound; m.p. 190° (0°206 g. of the substance
required 0°088 g. of iodine for oxidation. C;sHNsS, containing one
thiol group requires 0'087 g. of jodine). The acety/ derivative was
obtained in the usual way and was crystallised from acetic acid ;

m.p. 200.°

0-Phenyleneds-(1: 3 4)-xylyldsthiourea (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. 145°
(Found: S, 14°39. C,HyxN,S, requires S, 14774 per cent.).

Action of strong hydrockloric acid wpon (1V):  Formation of

21 3 4)-xylylamino-4 : §-phenylene-7-thioketo-1 : 3: 6-thiokeptadiazine

.
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(XX).—This was prepared similarly to the compounds (X V11, XVIII,
XIX) and was crystallised from alcohol; m.p. 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, 20713, CHyN;S, requires S, 2044 per cent.). The acety!
derivative was crystallised from acetic acid ; m.p. 296°.

o 7 oIu}{/mze.a’z’p/zmyldz't/zz'omréamz'a’e (V).—An alcoholic solution of
o-toluylenediamine ( 1'2 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. C,HxN,S,
requires S, 16732 per cent.).

Action of strong hydrochloric acid upon (V): Formation of
2-Phenylamino-4:  5-methylbenzo-7-thioketo-1 3:  6-thivkeptadiazine
(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, 1421,
C,;sHuN;S, 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 acety/ derivative was crystallised from acetic
acid, m.p. 185°.

o-Phenylenedimethyldithsocarbamide (V 1).—Phenylenediamine (3g.)
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,
m. p. 175° (Found: S, 2485.  CyH,/N,S, requires S, 2515 per cent.).
" 2-Methylamino-4 : 5-benzo-7-thioketo-r : 3 6-2izdokeptadiazine
(XXI11)—Two grams of the compound (VI) were boiled with strong
hjdrochloric acid (65 c. c.) for about 2 hours. The solution, when
cold, gave a white crystalline mass which was further crystallised from
.alcohol; m. p. 168°, It is soluble in cold alkali from which it is
precipitated by acids (Found : N, 19:15. C,H;N,S, requires N, 18-83
per cent.). The disulphide was prepared in the usual way ; m.p. 194°.

2: 7-Diallylamino-4 : 5-benzo-1: 3 : 6-thiokeptadsazine (XXIIT).—
Three g. of o-phenylenediallylthiourea (VII) (prepared according to
the method given in Aunalen, 1885, 228, 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

ilution with water, gave no precipitate, but on making alkaline with
ammonia a white solid mixed with tarry matter was obtained, and was
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purified by dissolving in diltue hydrochloric acid and precipitating
with ammonia. It was finally crystallised from acetone, m. p. above
300° (Found: N, 20°37. C,.H;N,S requires N, 20°58 per cent.)

Action of acetic ankydride upon 0~P/tenylenedia//yldit/zz’ocfzréamia’¢ :
Formation of diacetyl compound of (XXII1).—o-Phenylenediallyldithi-
ourea (2 g.) was heated with 10 c. c. of acetic anhydride under reflux
for about 45 minutes when a clear solution was qbtamed and on cooling
gave a crystalline mass. It was further crystallised from acetic acid in
slender white needles, m.p. 185° (Found: N, 16:11. C3HyN,S requires
N, 1573 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 300° (Found :
N, 20°39 C,,H;4N,S requires N, 20°58 per cent.).

o-P/zenylme-sym-/)/zmylal/yldzﬁiourz;a (VIII).—An  alcoholic
solution of 1-0-aminophenyl-3-phenylthiocarbamide (2'5 g.) and allyl
mustard oil (1 g.) was heated on the water-bath under reflux for about
2 hours. The reaction product was alloyved to cool when a crystalline
mass separated and was further crystallised from alcohol, m. p. 245°
(Found : S, 18+48. C;H;N,S, requires S, 1871 per cent.)

2-Allylamino-4:5 benzo-7-thioketo-1: 3: 6-l/zz'q/zepladiazz'ne(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.
293°. 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, 16'58. C,H;N,S, requires N, 16'226 per cent.). The
disulphide was prepared as usual ; m. p. above 300°.

0-Phenylene-sym-phenyl-o-tolyldithiourea ( I'X).—-An alcoholic solu-
tion of 1-0-aminophenyl-3-phenylthiocarbamide (24 g.) and o-tolyl
mustard oil (1'5 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. 136° (Found: S, 16:59. C,HxN,S, requires S, 1632
per cent.).

2-0-Tolylamino-4 : 5-phenylene-7-thiokelo-1 : 3 6-thiohepiadiazine
(XXV).—Two g. of the compound (IX) were heated with strong
hydrochleric 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. 300°. It is soluble
in cold alkali from which it is precipitated by acids. The presence of
aniline in the acid filtrate was proved (Found: N, 14°31, CsH;N,S,
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requires N, 14°04 per cent.). Identity of this compound with the com-
pound (XVIII) was further confirmed by the mixed melting point.

0-Phenylene-sym- phenyl.-p-tolyldithiourea  (X).—The method of
preparation was the same as in the case of the compound (IX). The
substance was crystallised from alcohol ; m. p. 165° (Found : S, 16°48.
CaHyN,S, requires S, 16-32 per cent.).

2-p-Tolyamino-4 : s-phenylene-7-thioketo-i: 3: 6-thioheptadiazine
( XXVI).—The method of preparation was the same as in the case of
the compound (XXV). The substance was crystallised from alcohol ;
m. p. 300° (Found: N, 14-28. C;;H;N,S, requires N, 14'04 per cent.).
The identity of this compound with (XIX) was further confirmed by
taking a mixed melting point.

1-Phenylcarbamido-2-phenylthiocarbamidobenzene  (X1.)—An  al-
coholic solution of 1-o-aminophenyl-3-phenylthiocarbamide (2'4 g.)
and phenyl zsocyanate (1°2 g.) was heated for about 30 minutes when a
white solid separated and was crystallised from alcohol; m. p. 200°
(after shrinking at 140°). (Found: N, 15-27. C,H,,ON,S requires
N, 15°46 per cent.).

1-Phenyl-2-keto-4: 5-benzo-7-thioketo-1: 3-6-heptatriazine (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. C,H,ON,S requires N, 1561 per cent.)
The presence of aniline in the mother-liquor was proved.

The disulphide was obtained in the usual manner; m.p. 128-130°.

t-Phenylearbamido-2-p-tolyl-thiocarbamidobenzene (XI1).-—An al-
coholic solution of 1-0-aminophenyl-3-p-tolylthiocarbamide (5 g.) and
phenyl #socyanate (2°7g.)was heated for about 30 minutes when a white
solid separated and was crystallised from alcohol ; m, p. 165° (Found:
N, 1469. CyH»ON,S requires N, 14'97 per cent.).

1-p-Tolyl-2-keto-4: 5-benzo-7-thioketo-1: 3: 6-heptatriazine (XXVIID.
—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 1s soluble in cold alkali from which it is precipi-
tated by acids (Found: N, 14:67. C,H,ON,S requires N, 1479
per cent).

The disulphade was obtained in the usual manner; m. p. 164°.
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1- Phenylcarbamido-2-methylthiocarbamidobenzene (X111).—An al-
coholic solution of 1-g-aminophenyl-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. 98°
(Found : N, 1838. C,;sH;sON,S requires N, 1867 per cent).

1-Phenyiamino-3 . 4-benzo-6-methylamino-2 : 5. 7-thiohepladiazine
(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, 1878. C,H,N,S
requires N, 19°14 per cent.).

1- Phenylcarbamido-2-allylthiocarbamidobenzene (X1V).—~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,
17:41. C;,H,gON,S requires N, 17°17. per cent.).

1-Phenylamino-3 : 4-benzo-6-kelo-2 . 5: 7-thiokeptadiazine (XXX).
—Two grams of the compound (X1V) 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,1246; S, g-os.
C,,H,,ON,S, 3H,O requires N, 12°39; S, 9°4 per cent.).

2 :7-Diketo-4: 5-benzo-1: 3: 6-heplatriazine (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 300° into shining mica-like
plates, and is soluble in cold alkali from which it is precipitated by
acids (Found: N, 19°90. CgH,;N;O,, 2H,0 requires N, 19*71 per cent.)

The acety/ derivative was crystallised from acetic acid ; m.p. 190°.

o-Phenylene-sym-dsphenylcarbamide  (XVI).—Phenyl socyanate
(2°3 g.) was added to an alcoholic solution of o-phenylenediamine (1 g.)
and the solution boiled for sometime when a colourless crystalline
mass came out which crystallised from alcohol: m. p. 220° (Found :
N, 1599. CxH,;;O,N, requires N, 1618 per cent.). Action of strong
hydrochloric acid produced no change.

Actson of strong hydrochloric acd upon (X XX11).~—Formation of o-
Phenylencthiourea,—1-0- Aminophenyl-3-phenylthiocarbamide, prepared
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according to the method of Lellmann (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°. Lellmann (Annaler, 1884, 221, 14) gave 290°
as the m.p. of this compound (Found : N, 18:42. C,HgN,S requires
N, 18-66 per cent.). 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°.

1-0-Aminophenyl-3-o-tolylthiocarbamide (XXXI1I).--It was pre-
pared in the same manner as the phenyl compound. It was crystallised
from benzene ; m.p. 160° (Found : N, 16°18. C,H,N,S requires N,
16°34 per cent.). Like the corresponding phenyl compound (XXXII),
it gave o-phenylenethiourea by the action of strong hydrochloric acid.

1-0- Aminophenyl-3-p-tolylthiocarbamide (XXXIV).—It was also
prepared in the same manner as the corresponding phenyl compound
(XX XII) and crystallised from benzene in shining white crystals, m.p.
146-147° (Found : N, 16-14. C,HN,S requires N, 16°34 per cent.).
It also gave o-phenylenethiourea with strong hydrochloric acid.

1-0- Aminopheny!l-3-methylthiocarbomide (XX XV).—It was prepared
in the same manner as the phenyl and tolyl compounds and was
crystallised from benzene; m.p. 117° (Found: N, 23'07." CiH,N.S
requires N, 2320 per cent.). It also gave o-phenylenethiourea (m.p.
301-302°) with strong hydrochloric acid.

1-0-A minophenyl-3-allylthiocarbamide (XXXVI).—It was also pre-
pared similarly to the phenyl and tolyl compounds and was crystallised

from benzene; m.p. 115° (Found: N, 2004. C,Hj;N,S requires
N, 20°28 per cent.).

Action of strong hydrockloric acid upon (XXXVI): Formation of
5-Allylamino-2 : 3-benzo-1 : 4-thiazole (XXXVI11).-~The compound
(XXXVI; 1-5 g.) was heated under reflux with strong hydrochloric
acid (55 c.c.) for about an hour giving a clear solution which, on
cooling, and dilution with water, gave no precipitate; it was neutralised
with dilute caustic soda under cooling when a white shining crystalline
mass came out which was further crystallised from alcohol ; m.p. 180°
(Found: S, 16:52. C,H;)N,S requires S, 16:84 per cent.).

The acety! derivative melted at 198°.
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Action of fervic chloride upon (XXXII): Formation of 6-Pheny!-
amino-3 : 4-benzo-1 : 2 : 5-thiodiazine (XXXVIII).—Excess of ferric
chloride solution was added to 1-0-aminophenyl-3-phenylthiocarbamide
(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. C,HyN,S requires S, 13°27 per cent.).

6-p-Tolylamino-3 : 4-benzo-1 : 2 : 5-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. C,JHiN,S requires S, 1254 per cent.).

1-0- Nitrobenzalanilino- 3- phenylthiocarbamide (XL).—An alcoholic
solution of 1-0-aminophenyl-3-phenylthiocarbamide (25 g.) and o-nitro-
benzaldehyde (1°5g.) 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.
C»H;sO,N,S requires N, 14°89 per cent.).

1-m-Nitrobenzalanslino- 3- phenylthiocarbamide (XLI).—To a hot
alcoholic solution of 1-0-aminophenyl-3-phenylthiocarbamide (25 g.) an
alcoholic solution of m-nitrobenzaldehyde (1°5 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. CxH;sO.N,S requires
N, 14°89 per cent.).

1-0-Hydroxybenzalanilino-3-phenylthiocarbamide (XLI1).—It was
prepared similarly to the foregoing compound and was crystallised
from alcohol ; m.p. 180° (Found : N, 12:°05. CyxHON,S requires N,
12°10 per cent.).

_1-Benzalamino-3-phenylthiocarbamide (XLI111.)—It was prepared
similarly to the compound (XLI); m.p. 265-267° (Found: N, 12°92.
CxH;NsS requires N, 1268 per cent.).

Action of ferrvic chlovide upon (XLII1): Formation of 2-Phenyl-
4 : 5-bemzo-7-phenylamino-1: 3 : 6-thiokeptadiazine (XLIV),—i-Benzal-
anilino-3-phenylthiocarbamide (1°5g.) 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, 1258,
CyH NS requires N, 12'76 per cent.). ’ :

[
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. Phenylthiocarbamidophenylurethane, CO, EtNH-CiH ,-NHCS:
NHPh.—To a hot benzene solution of 1-0-aminophenyl-3-phenyl-
thiocarbamide (2'4 g.) chlorcarbonic ester (1-1 g.) was added. The
reaction took place at once and the separated white solid crystalh;ed
from alcohol ; m.p. 288-290° (Found: N, 13:13. C;3H,;O,N,S requires
N, 13-33 per cent.). Strong hydrochloric acid was without action.

Department of Organic Chemistry,

Indian Institute of Science,
' Bangalore.
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