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Summary
The preparation of 3,3',3",3""'-tetranitro-,
3,37,3",3"" tetraamino- and 3,3',3"/,3’-tetra-
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(acetylamino)-tetraphenyldiarsyl has been de-
scribed.
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The Action of Amines on the Esters of Carboxy Substituted Ureas, Thioureas and

Guanidines.

III

By J. ALbEN MuURRAY aND F, B, DaIns

This is a continuation of the study of the action
of amines on carbonyldiurethan and allophanic
ester! together with their sulfur analogs and on the
ethyl esters of guanidinecarboxylic acids. These
latter can be regarded as derivatives of allo-
phanic ester or carbonyldiurethan in which the car-
bonyl oxygen is replaced by S, CH;S, NH or NHa.

The experimental results have shown that with
the sulfur derivatives the S or CH;S was the first
point of attack, while with the guanidinecarboxy-
lic esters, as in carbonyldiurethan, the carbethoxy
groups were first affected. In some cases ring
closure occurred to form heterocyclic compounds.

Experimental

1. TUrea Derivatives

Methyl and Ethyl Amines and Allophanic Ester,—On
loug standing the ester went into solution in the amines
(339%,) and from the residues, on evaporation, were iso-
lated 1-methylbiuret (m. p. 175°) and I-ethylbiuret (m.
p. 159°) in 609, yields.?

Benzylamine and Allophanic Ester.—y-Benzylallo-
phanic ester® (I), CqH;CH.NHCONHCOOC,H;, was the
main product when the components were heated at 135°
for three hours.

Heated at 150° for five hours, 1,5-dibenzylbiuret (II),
HN(CONHCHCsHs)e, (m. p. 169°) resulted, while at 200°
the biuret dissociated to give cyanuric acid and s-dibenzyl-
urea {m. p. 169°).¢

Phenyl Isocyanate and Allophanic Ester.—The ester
and isocyanate were heated at 125° for five hours.? The
residue consisted of unchanged ester, carbanilide, and the
addition product I1-phenyl-5-carbethoxybiuret (m. p.
175°).%

Phenylhydrazine and vy-Phenylallophanic Ester.—This
mixture, when heated at 130° for five hours, gave aniline
and 1-phenylurazole (m. p. 263°).7

(1) (a) Dains. Greider, and Kidwell, THIS JoUrnaL, 41, 1004
{1919): (b) Dains and Wertheim, ibid., 42, 2303 (1920).

(2) Hofmann, Ber, 4, 265 (1871); Biltz and Jeltsch, ibid., 56,
1919 (1929).

(3) Preparell, for comparison, in 70%, yield by heating benzylurea
and ethyl chloroformate on the steam-bath for an hour.

74} A mixture of the biuret and urea melted about 150°.

(5) T.ukra wml Dains, Turs JourNaL, 81, 2221 (1929).

“tiy Ref. 1u, p. 1007.

(7) Ref. 1t p. 2308

Methyl and Ethyl Amines and Carbonyldiurethan,—The
diurethan dissolved immediately in an excess of 339, ethyl-
amine solution, but in a few minutes a deposit of allophanic
ester appeared.® On two weeks standing this dissolved and
the solution was found to contain 1-ethylbiuret and traces
of an oil, the ethyl ester of ethylcarbamic acid.®

With methylamine, the diurethan gave, iu thirty-six
hours, 1-methylbiuret.

Benzylamine and Carbonyldiurethan.—In water solu-
tion on standing, and at 115° without water, the reactants
formed allophanic ester and ethyl benzylcarbamate (1n. p.
49°),1% results due to simple aminolysis. At 135° the
products were ammonia, allophanic ester and ethyl -
benzylallophanate (I); at 160°, 1,5-dibenzylbiuret (II);
and at 200° s-dibenzylurea.

Hydrazine and Carbonyldiurethan.—On standing in
alcoholic solution, allophanic ester alone. was isolated.

Phenylhydrazine and Carbonyldiurethan.—When molar
quantities were heated at 115 or 140° 1-phenylurazole
was the main product,’ but at 160° iminodicarboxylic acid
diphenylhydrazide (III), HN(CONHNHCH:),, was
formed. It is soluble in sodium hydroxide.

2. Thiourea Derivatives

Thioallophanic Ester, H,NCSNHCOOC,H;."'—-The es-
ter was hydrolyzed to thiourea by aqueous aminionia and
alkyl amines, and by alcoholic potassium hydroxide.
Heated at 160° for an hour with aniline or o-toluidine, it
yielded the s-diaryl oxygen ureas. Efforts to methylate
the ester were fruitless.

Amines and the Methyl Ether of Thiocarbonyldiurethan,
CH;SC(NCOOC,H;)NHCOOC;H;.1*—The primary am-
ines react with the methyl thioether in alcoholic solu-
tion with the loss of niercaptan and the formation of sub-
stituted guanidines. The yields were very satisfactory.
Thus, methylamine gave y-methyl-3-dicarbethoxyguani-
dine (IV), CH;NHC(NCOOCH;)NHCOOC;H;. Analo-
gous results were obtained with ethylamine (V), ethanol-
amine (VI), benzylamine (VII), aniline (VIII), o-toluidine
(IX), phenylhydrazine (X), o-aminophenol (XI), p-
aminobenzoic acid (XII), anthranilic acid (XIII), and
methyl anthranilate (XIV).

(8) Ref. 1a, p. 1007.

(9) Basterfield, Woods and Whelen, THIS JOouURNAL, 49, 2848
(1927).

(10) Hantzsch, Ber., 31, 180 (1898).

(11) Doran, J. Chewm. Soc., 69, 325, 331, 336 (1896): Dixon and
Taylor, ibid., 93, 696 (1903);, Dixon and Kennedy, (bid., 117, 80
(1920).

(12) Olin and Dains, Tu1s JourNaL, 52, 3316 (1930).
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Glycine and the Methyl Ether of Thiocarbonyldiurethan.
Dicarbethoxyguanidineacetic Acid (XV), HOOCCH,NHC-
(NCOOC,H;)NHCOOC,H;.-~The components were re-
fluxed in water-alcohol solution. The compound was
soluble in hot water.  When boiled in aleoholic potassium
hydroxide (5%) for tweity Ininutes, it gave potassiuin
hicarbonate and the potassinm salt of monocarbethoxy-
guanidineacetic acid. The free acid (XVI) was practically
insoinble excapt in acids and bases.

on hvdrolysis of XV with dilute hydrochiloric acid car-
bouyldiurethau und glycine were formed.

The ethyl ester of dicarbethoxyguanidineacetic acid
(XVII) was formmed when an alcohol-waler solution of tle
thio methyl ether aud ethyl aminoacetate stood for six
weeks.

Heterocyclic Compounds

Hydroxylamine and the Methyl Ether of Thiocarbonyl
diurethan. Tetrahydro-3-carbethoxyimino-5-oxy-1,2,3,4-

12 3 4 B
oxdiazole (XVIII), ONHC(NCOOC.H,)NHCO.-~Hy-
L \

droxylamine and the coster, on standing in alcohol
solution, evolved mercaptan and gave the oxdiazole,!®
whicl was very solulile in acids or bases.

Hydrazine and the Methyl Ether of Thiocarbonyldi-
urethan,  Tetrahydro-3-carbethoxyimino-5-oxy-1,2,4-tri-

1 2 3 4 )
azole (XIX), NHNHC(NCOOC,H;)NHCO.~The hydra-

zine was allowed to react with the thioether in alcohol solu-
tion or the mixture heated gently until the evolution of mer-
captan ceascd. The precipitate, whicli was about 19 solu-
ble in water, was readily soluble in aminonia or weak bases.

o-Phenylenediamine and the Methyl Ether of Thio-
carbonyldiurethan. 2 - Carbethoxyimino - 2,3 - dihydro-

9

benzimidazols (XX) C,HAHC(NCOOCH:)NH.—Molar

quantitics were lheated in alcohol solution. The diffi-
cultly soluble himidazole is a weak base, being preeipitated
from its solution in glacial acctic acid by water.
Anthranilic Acid Derivatives
2-Carbethoxyimino-4-oxy-1,2,3,4-tetrahydroquinazoline

12 3 4
(XXT), CHNHC(NCOOC,H;)NHCO, was formed in sinalf
! _l

yicid wlien the guanidine ester (XIV) was heated carefully.

It was also formed, in good yield, when either of the
guanidine esters (XITI) or (XIV) was boiled for fifteen
isinutes in an aleoholic solution of an equivalent quantity
of potassiutit hydroxide. The mixture was poured into
water and acidified and the precipitate recrystallized from
159, alcohol.

2,0'-Dicarbomethoxycarbanilide (XXII}), CO(NHCsH,-
COOCHS;)s, was formed when the methyl thioether and
methyl anthranilate were heated at 140° for three hours.
It was identical with a specimen synthesized from phos-
gene and metlyl anthranilate.

Amines and Thiocarbonyldiurethan, SC(NHCGCOC,-
H;):.12—Tn co-tradiction to carbonyldiurethan, in which
the carbethoxy groips are thie points of attack, the thio
analog is charccterizeld by its eapecially active sulfur aton.
It forted thio vtturs atul was casily desulfneized.,

(12) Johuson wd Monge, On. Cleseo J., 82, 370 (1104).
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TaBLE I
Yield, M.p., Nitrogen, %
No. Compound T °C. Caled. Foumi
1 v-Benzylallophanic es-
ter (CtHuN:0-) .. 103 12.44 12.61
11 1.5-Dibenzylhiuret
(C1sH17N302) .. 169 14 .82 14.84
1t I minodicarboxylic acid
diphenylhydrazide
(C1uH15N;509) .. 201 24 .67 24.55
v R-a.3-Dicarbethoxy-
guanidines
v Methyl (CsHiN3O4) (25) 70 71 19.33 19.14
v Ethyl (CoH17N304) 75 (0il) 18.18 18.33
V1 B-Hydroxyethyl
(CoH 17N 30s) 80 98 17.06 16.98
Vi Benzyl (CubHiaN30y) (65) 85 (0il) 14.33 14.40
Vil Phenyl (Ci3H15N:04) 70 7 15.05 15.17
11X o-Tolyl (C14H1eN:01) 90 75 14.33 14 .37
X Anilino {Ci13H1sN404) (55) 85 192 19.04 19.03
X1 o-Hydroxyphenyl
(C1sH15N:05) 50 135 1423 14.18
X11 p-Carboxyphenyl
(CisH17N500) 60 198 13.00 12.94
X111 o-Carboxypheny!
(CuaH1:N«Os) 43 174 13.00 12.92
X1V o-Carbomethoxyphenyl
(C15H19N:05) 40 67 12.45 12.49
XV Acetic acid (CoH1sN:05) 40 210 16.09 16.16
XVI Acetic  (8-Carbethoxy) 65 Chars
(CsHuN30s) 250-275 22.22 22,17
XVt Ethylaceto (CuuH1sN:Os) 30 56 14.52 14.30
XV111l Tetrahydro-3-carbethoxy- 45 226 U428 24.25
iniino-5-oxy-1,2,4-0x- C 34.66 34.92
diazole (CsH;N304) H 4.07 3.76
XIX Tetrahydro-3-carbeth- 60  Over 335 32.56 32.65
oxyimino-5-oxy-1,2,4- C 34.88 34.85
triazole (CsHgN103) H 4.H8 4.38
XX 2-Carbethoxyimino-2,3- 97 320 (dec.) 20.49 20.43
dihydrobenzimidazole C H%.51 B58.55
(CioH1N302) H 5.41 5.31
XXIT 2-Carbethoxyimino-4- (13) 85 163 15,02 1%.03
oxy-1.2,3 4-tetrahy- C 56,63 55.35
droquinazoline 54 176 4.76
(CuHuN;O2)
XXI11 o0.,0'-Dicarbomethoxy-
carbanilide {CisH1sN20;) 30 144 8.04 8.43
XXI111 Hexahyvdro-1-phenyl-2,6-
dioxy-4-imino-g-tri-
azine (CoHgN:O2) 30 Over 333 37.44 27.50
XXI1V¢  @-Methyl-a, v-dicarb-
ethoxyguanidine
(CsH1sN304) 97 85 19.34 19.31
XXV  Carbethoxvdicarboxzani-
lidoguanidine
(C1sH1sN3s04) 40 151 (dec) 18.19 19,22
XXV1 Hexahydro-1-phenyl-2-

thio-4-inino-6-oxy-s-
triazine (CoHN4OS)
XXV1I 1-Phenyl-2-inethylithio-
4-imino-6-oxy-1,4,5,6-
tetrahydro-s-triazine
(CroHi1oN:08) 40 247 23.01 23.84
Amines, on heating in alcoholic solution, eliminated
hydrogen sulfide with the formation of the same guanidine
derivatives that were obtained from its methyl ether.

(50) 90 180 (dec.) 25.45 25.50

3. Guanidine Derivatives

Aniline and Dicarbethoxyguanidine!4
Hexahydro - 1 - phenyl - 2,6 - dioxy - 4 - imino-s-triazine
12 3 4 5 8
(XXIID), CeHaNCONHC(NH)I\DTHJCO.—Molar quantitics
Lo

of the ester and aniline were heated at 140° with the loss

(14) Ref. 12, Vield, 90-959%. The picrate welts at 1507,
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of ammonia and ethyl alcohol. From the reaction mass
were isolated carbanilide and the triazine, which was very
insoluble in boiling alcohol but dissolved in cold sodium
hydroxide (10%,).

a-Methyl-a,v-dicarbethoxyguanidine (XXIV), HNC-
(N(CH;)COOC,H;)NHCOOC,H;, was obtained from the
potassium salt of dicarbethoxyguanidine and dimnethyl
sulfate in dry acetone on five hours of refluxing. Its
structure was proved by the fact that it is different from
the isomeric methylimino compound (IV).

Hydrolysis of Dicarbethoxyguanidine.—A boiling satu-
rated alcoholic solution of potassiumm hydroxide was
treated with an equivalent weight of dicarbethoxyguani-
dine and boiled for a few miinutes. The solution was
evaporated on the steamn-bath, the residue made up to the
original volume with water and evaporated twice, and
finally dissolved in an equal volume of water and cooled.
An alimost quantitative yield of monocarbethoxyguanidine
hydrate!® was obtained. The hydrochloride melted at
128-130° and the picrate at 227°.

Phenyl Isocyanate and Carbethoxyguanidine. Carb-
ethoxydicarboxanilidoguanidine (XXV), (CeHsNHC-
ONH).C(NCOOC,;H;).—Carbethoxyguanidine was treated
with an excess of phenyl isocyanate and the reaction com-
pleted on the steam-bath. A little carbanilide was formed
but the main product was the above diurea.lt

(153 Vinck and Blair, THiS JoUurNaL, 49, 509 (1927); Basterfield
and Paynter, shid., 48, 2177 (1926), Nencki, Ber., 7, 15838 (1874);
J. prakt, Chem., [2] 17, 237 (1878).

(18) Johusov, «Am. Chem. J., 29, 482,
p. 2224,

30, 172 (1903); Ref. 5,
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Phenyl Isothiocyanate and Carbethoxyguanidine.
Hexahydro-1-phenyl-2-thio-4-imino-6-oxy-s-triazine (XX-

12 3 4 56
VI), GH:NCSNHC(NH)NHCO.- —The mustard oil and
{ ;

guanidine were warmed in alcohol solution for eight hours
or, witlh better yield, heated without a solvent at 115°
for two hours. The triazine was difficuitly soluble ecxcept
in acids and strong bases.

It gave a methyl thio ether (XXVII) with dimethyl
sulfate in dry acetone solution.

Summary

1-Methyl and 1-ethyl biuret have been formed
from allophanic ester and carbonyldiurethan by
the action of methyl and ethyl amines. Amines
have been found to easily hydrolyze thioallo-
phanic ester to thiourea.

Thiocarbonyldiurethan and its methyl ether
have been found to give with amines alkyl and
aryl dicarbethoxyguanidines. With hydroxyl-
amine, hydrazine, o-phenylenediamine, and an-
thranilic acid, heterocyclic compounds have been
synthesized.

From dicarbethoxyguanidine, monocarbethoxy-
guanidine and «-methyl-e,v-dicarbethoxyguani-
dine, were obtained, while with aniline and with
phenyl isocyanate triazines were formed.

LAWRENCE, KANSAS ReCBIVED AucuUsT 7, 1933
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The Preparation and Reactions of Some Furyl Isocyanates

By A, T. BLoMmguisT! AND H. B. STEVENSON

A survey of the literature of the furan series
affords relatively meager information regarding
amines and their derivatives in which the nitrogen
atom is directly attached to the furan nucleus.
Only in those instances in which the furan nucleus
has been substituted with negative groups, such as
nitro, carboxyl and carbethoxyl, has it been
possible to isolate aminofurans. Typical ex-
amples of amines which have been obtained in the
furan series are 5-amino-2-furoic acid,? 3,4-
diamino-5-nitro-2-furoic acid,® ethyl 5-amino-4-
nitro-2-furoate* and ethyl 4-amino-5-acetamino-
2-furoate.?

All attempts to isolate a simple amino deriva-
tive of furan, or of one of its homologs, have been

{1) National Research Fellow in Chemistry.

1) Marquis, Ann. chim., [8] 4, 196 (1505).

i3) Traube and Lazar, Ber., 46, 3438 (1913).

t4) Rinkes, Rec. trav. chim., §1, 353 (1932).

(5) Cilman and Burtuer, Tars JourNac, 66, 2903 (1033).

unsuccessful. Marquis? attempted the prepara-
tion of a-aminofuran by decarboxylation of 5-
amino-2-furoic acid and by hydrolysis of «-
acetaminofuran. Freundler® and Leimbach’ were
also unsuccessful in preparing «-aminofuran by
hydrolysis of the urethan obtained when furoyl
azide was heated with methyl alcohol.

Tlie more precise information now available
concerning the behavior of furan compounds has
made it seem possible that suitable conditions
might be developed for the isolation of simple
aminofurans. Indeed, several types of furan
compounds (e. g., a-furfuryl chloride® and 2-iodo-
furan®), which could not be obtained by earlier
workers, have recently been isolated in the pure
state. From a consideration of the behavior of

(68) Freumller, Bull. soc. chim., 17, 424 (18937).

(7} Leimibach, J. prakt. Chem.. [2] 65, 35 {1902)

(8%) Kirper. Iims Journarn, 50, 1955 (1328,

(M3 Gilutan, Mallory awd Wright, ihid., 54, 737 (1450



