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Three of the possible nine structural isomers of sulfanilylmethylaminoguanidine have been synthesiz;d. T.hese isomers,
1-sulfanilyl-3-methyl-3-aminoguanidine (I), 1l-sulfanilyl-l1-methyl-3-aminoguanidine (II) and 1-sulfanilylamido-3-methyl-
guanidine (III) have been shown to be distinct compounds and not tautomers by X-ray analysis, formation of chemical

derivatives and by observation of other physical properties.

On the basis of their modes of formation, formulas have been

assigned to each compound. The reasons for the formation of each isomer have been discussed and logical explanations

have been postulated.

Introduction

In a previous paper® the existence of structural
isomerism of sulfanilyaminoguanidine was demon-
strated. Definite structures were assigned to the
three possible isomers and it was shown through X-
ray analysis and chemical derivatives that these
materials were not tautomers of each other.

A similar investigation was undertaken with sul-
fanilylmethylaminoguanidine where nine structural
isomers are possible. The present paper de-
scribes the preparation and properties of 1-sulfan-
ilyl-3-methyl-3-aminoguanidine (I), l-sulfanilyl-1-
methyl-3-aminoguanidine (II) and 1l-sulfanilylam-
ido-3-methylguanidine (III). A partial synthesis
of 1-sulfanilyl-3-methyl-1-aminoguanidine, 1-sul-
fanilylamido-1-methylguanidine and 1-(N'-methyl-
sulfanilylamido)-guanidine has been carried out
and will be described in a later paper.

TABLE I
PROPERTIES OF THE THREE ISOMERS
Isomer I IT 111

M.p. (uncor.), °C. 215-216 165-167 143-145 dec,
Density at 20° 1.46 1.36 1.31

Crystal system® Monoclinic Monoclinic Orthorhombic
No. molecules/unit cell 4 8 4

Unit cell vol. (4.)8 1100 2390 1250

Molecular weight from X-
ray datab 243 246 246

e X-Ray data obtained by Weissenberg moving film tech-
nique, seeref. 3. ? Caled. mol. wt., 243.

Discussion

Three sulfanilylmethylaminoguanidines have
been prepared with the empirical and molecular
formula CgH;30.N;S. The properties given in
Table I demonstrate that these isomers are indeed
different compounds and not tautomers of each
other,

The conditions given have been selected to pro-
duce one distinet isomer. We were unable to iso-
late more than one isomer under the same condi-
tions. Furthermore, if the conditions used in the
Schotten-Baumann reaction were changed too dras-
tically, poor yields were obtained. Mainly, the re-
duction of yield was caused by undue decomposition
of the isothioureas and the isothiosemicarbazides,

(1) Abstracted from part of the thesis submitted by Albert H.
Greer to the Graduate Faculty in partial fulfillment of the Ph.D. de-
gree in Chemistry, 1949,

(2) The Permutit Co., Birmingham, N. J.
this paper should be sent to the above address.

(3) A. H. Greer, J. Kertesz and G. B. L. Smith, Tu1s JourNar, 71,
3005 (1949).

(4) A. H. Greer and G. B. L. Smith, #bid., 72, 874 (1950), The syn-

thesis of I-methylaminoguanidine was described recently by W. G, Fin-
negan, R. A. Henry and G. B, L. Smith, ¢bid. 74, 2081 (1952),

Inquiries concerning

formation of the sulfonium salts and sometimes di-
sulfanilylguanidine derivatives.

In those instances where more than one amino or
imino nitrogen was present it was not possible to
predict with certainty where condensation would
occur with a sulfonyl chloride. The position of
condensation was determined by the ability or
failure of the material to form benzylidene deriva-
tive and the availability of hydrazine nitrogen as
determined by the Jamieson method. The as-
signed structure of isomer I is supported by the
formation of a benzylidene derivative, indicative of
a primary hydrazine group. Furthermore, the
presence of a >N-NH, grouping was substantiated
by a qualitative Jamieson titration similar to that
obtained for 1-sulfanilyl-l-aminoguanidine.® It is
reasonable to assume that in methylhydrazine the
nucleophilic center would be the nitrogen adjacent
to the electron-donating methyl group. This as-
sumption is supported by the fact that identical
isomers were obtained when methylhvdrazine was
used in reactions of hydrazination and hydrazinoly-
sis (reaction A-2 and A-3, respectively).

The preparation of isomer II through reaction B-
1 is an unequivocal procedure for the establishment
of the structure assigned. The formation of a ben-
zylidene derivative indicates an available primary
hydrazine grouping and the obtainment of a quan-
titative Jamieson titration designates that the hy-
drazine grouping to be -NH-NH,.?

When N4-acetylsulfanilyl chloride was added to
a solution of S-methyl-N-methylisothiourea in a
cold aqueous acetone solution containing sodium
hydroxide, only N*-acetylsulfanilylmethylcyana-
mide could be isolated. This unexpected reaction
may have been caused by the excessive decomposi-
tion of the S-methylisothiourea in strong basic me-
dium. However, when the S-allyl homolog was
used with sodium carbonate as the alkaline me-
dium, the expected product was obtained as shown
in reaction B-2. The isolation of isomer II from
both reactions B-3 and B-4 serves to indicate that
the nucleophilic center of the substituted guani-
dines under these conditions was the nitrogen ad-
jacent to the methyl group.

The assigned structure of isomer III is sub-
stantiated by its failure to form a benzylidene deriv-
ative, indicating the absence of a primary hydra-
zine group. A negative Jamieson titration indi-
cates the grouping S-N-N-C to be present similar
to that found in sulfanilylamidoguanidine.?

In reaction C-1, sulfanilylthiosemicarbazide gave
no benzylidene derivative and the subsequent reac-
tions of methylation and aminolysis can only give a
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A. 1-Sulfanilyl-3-methyl-3-aminoguanidine (I)

Acetone . HCl
(1) N*%Ac-CsH,SO,Cl + NH,—C—N—NH; ——————> N*Ac-CHSO:—NH—C—N—NH; ——
‘ H;0, K:CO; ‘ H,0
HN CH; HN CH,
p-NHzCsH,,SOzNHlC~Il\'—NH2
HN CH;
I

NaOH
(2) (N%Ac-Cell S0 N=C=N—)Ca —H—O—> p-NHyCsHyN=C=NH + CH;NHNH; —> 1

Acetone HCI
(3) A\w-AC—CeH‘;SOQCl + N'I'Iz—C:NH —_— ¢\:4-AC-C6H4802—NH—C=NH —_
\ H;0, K,CO; 5 H.0

SCH; SCH;

p-NHCeH SO NH—C=NH -+ CH NHNH; —> I

SCH,
B. 1-Sulfanilyl-1-methyl-3-aminoguanidine (I1I)
Na dil. HCI
(1) NA-AC-CQH(;SOzNHCHs '.—'_——) N4-AC-C6H4502N—C}13 + BrCN —> :\"4-AC>C5L{4SOZN—'C}{3
isopropylate | |
Na C=N
p-Nchstso2?'—CH3 + N:H;H,O —> p-NH2C6H4SO‘2'_11\I_?_NI{NI{Q 1I
C=N H,C NH
(2) N4 “Ac-CeHSOCl + CH—NH—C=NH ——> N*Ac-C¢HS0,—N—C=NH ———>
! acetone Lo EtOH
SC3H4 Hsc SC3H4
p-NH,CeHiSO;,—N—C==NH + N;H;, —> 1]
CH; SCiH,
Pyridine H.
(3) N%Ac-CeH,SO,Cl + CH;NH—C—NH—NO; ———> N"—AC—CJ’RSOz‘}'—%—N}{NOz —P—d)
! i
NH H,C NH

dil.
X4—AC—C5H4502‘N—-9'—‘N1{—NI{2 Ea) 1

L
H.C NH

Pyridine HCI
(4) N4-AC-CGI{4502C1 + [CH;( \'HC*NHNszI ++ SOF — N"AC-C5H4502$—?’—NHNH2 T II
! I 2
NH‘Z 2 HJC NH

C. 1-Sulfanilamido-3-methylguanidine (I1I)

(CH;)%S80
(0 p-NfIzC51{4SO:I\'HNH,C'—N}{g et it & p-NHCeH SO NHNHC=NH + CH;NH, —>

SCH,;
p—I\'HgCJLSOzNHNHF'—NHCH.g 111
\1
NH
Pyridine HCl
{2) N4LAc-CeH,S0,C1 + f\'HzNH(H‘,—NHCHg —_— N‘-AC-CGI-hSOyi\'HNHE—NHCHg ———>O
i 12
S S
(CH;).S0,4 B . Ly ;
p—NHZCGILSOZNHNH%~ANHCH;; —_— p—NI{ngI{asozNIII\I{(’:~1\HCI{a + NH; —> III
g SCH;
Pyridine o +H,
|
NH, N

Fig. 1.—Preparation of sulfanilylinethylaminoguanidines.

material with no available primary hydrazine group. of the C==S group may reduce the basicity of the
The reaction of acetylsulfanilyl chloride and 4- amido nitrogens and thus their ability to act as
methylthiosemicarbazide (reaction C-2) may give nucleophilic centers.

three possible isomers. However, isomer III was In all of the previously described reactions, either
the only isolable product after S-methylation and N+*acetylsulfanilyl chloride or p-nitrobenzenesul-
aminolysis. In all probability the acidic nature fonyl chloride could be used interchangeably as the
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TABLE 11
INTERMEDIATES OBTAINED BY SIMILAR REACTIONS
Empirical Sulfur, %
Compound M.p., °C. formula Caled. Found
p-NO—CH,—SO. NH—C—N—NH;* 256-260 CeH11N;0,5 11.70 11.50
HN CH;
£-NO;—CH,—S0;NH—C—N—N=CHC¢H, 198-200 CisHyN; 0,8 9.60 9.30
HN CH;
p-N Oz-C6H4—SOzTT—TIl—N HNO,® 153-155 CsHyN;O6S 10.50 10.50
H;C NH
$-NH,CeHSO;—N—C—NHNO;* 140-142 CeHuN;0.S 11.60 11.20
H;C NH
p-N02C5H4SOgN—?—NHNHg“ 209-210 CsHuN;08 11.60 11.90
H;C NH
N‘—AcC5H4802NHNH(‘l=NH“ 173-175 dec. Ci1oH1uN.O;S: 21.20 20.90
SCH;
p-NH,CeH SO NHN H—CllzN He 150-153 dec. CsH 1sN0:S, 24.60 24.80
SCH,
NH; NH—C—NH—CHj; 160-163 dec. CsHN;S-HI S,12.95 13.02
I,51.40 51.32
SCH,;-HI
NL-ACCGH4SOQNHNH—C—NHCH3f 208-210 dec. C11H12N40352 ‘HI S, 6.88 6.80
SCH;-HI

¢ By reaction A-1. ? By reaction B-3.

4 By reaction B-4.
rivative for the latter compd.

starting material to produce the same sulfanilyl-
methylaminoguanidine with the proper materials,
When p-nitrobenzenesulfonyl chloride was con-
densed with 1-methyl-3-aminoguanidine sulfate in
pyridine the expected condensate was not ob-
tained. After reduction of the nitro group the
material was found to be isomer III and not isomer
IT (reaction C-3). When the methylaminoguani-
dine iodide salt was used the reaction was similar
to reaction B-4. No definite explanation can be
given for this abnormal behavior.

In the course of this investigation, it was found
that great difficulty was encountered in the success-
ful amination or aminolysis of an intermediate that
contained a p-nitro group. The order of ease of
reactivity was found to be NH, >> NHCOCH; >
NQ,. This relationship is coincidental with the
decrease in basicity of the substituent group and
its subsequent decreasing effect in inductive neu-
tralization of the acidic sulfonyl group.

Experimental
1-Sulfanilyl-3-methyl-3-aminoguanidine (I). Reaction
A-1.—A mixture of 15.0 g. (0.11 mole) of 1-methyl-1-amino-
guanidine sulfate* and 23.3 g. (0.10 mole) of Nt-acetylsul-
fanilyl chloride was added for 30 minutes to a stirred sus-
pension of 30.0 g. (0.23 mole) of anhydrous potassium car-
bonate in 100 ml. of acetone and 30 ml. of water. The tem-
perature was kept at 10-15° with an ice-bath. When the
addition was complete, the ice-bath was removed and the
milky, white suspension was stirred for three additional
hours at room temperature. The product was filtered from
solution, washed with water and dilute acetic acid. Re-
peated washings with water were made and the material air-
dried. The product was crystallized from a large quantity
of hot water to afford 18.0 g. (65%,) of fine white crystals,
m.p. 249-25]1°.
Anal. Calcd. for CmeNsOaS: S, 11.00.
11.25.

Found: S,

¢ Obtained by reduction of previous compd. with hydrogen and Raney nickel.
¢ Obtained by treating acetylsulfanilylthiosemicarbazide with methyl iodide or with the sulfani.lyl .de—
/ Obtained by treating 1-N4-acetylsulfanilyl-4-methylthiosemicarbazide with methyl iodide.

Twenty grams (0.07 mole) of the above material was
heated with 137 ml. of 2 109, hydrochloric acid solution for
30 minutes in a boiling water-bath, then 30 ml. of water and
5 g. of decolorizing charcoal added to the solution and heat-
ing continued for ten additional minutes. The solution was
filtered while hot, the filtrate chilled in an ice-bath and a
409, solution of potassium hydroxide in water was added to
bring the pH to 5. A white precipitate formed which was
collected on a filter, washed with water and crystallized from
hot water to give 10 g. (59%) of I as white needles, m.p. 215~
216°.

Anal.
13.10.

Reaction A-2.—Sixty-five grams (0.25 mole) of calcium
Nt-acetylsulfanilylcyanamide® was heated under reflux for 30
minutes in 300 ml. of a 109, solution of sodium hydroxide in
water. Five grams of decolorizing charcoal was added and
the mixture was heated for five additional minutes and then
filtered. The filtrate was cooled and made slightly acidic
with dilute hydrochloric acid to precipitate a heavy white
material. This material was redissolved in sodium hydrox-
ide solution and reprecipitated with acid. The product,
sulfanilyleyanamide (yield, 659%) was collected on a filter,
washed with water and air-dried, m.p. 290-295° dec.

Anal. Caled. for C;HyN3Q.S: S, 16.2. Found: S, 16.0.

To a solution of 19.7 g. (0.10 mole) of sulfanilylcyanamide
in 100 ml. of dry isopropyl alcohol was added 10 g. (0.22
mole) of anhydrous methylhydrazine. The solution was
heated under reflux for 24 hours, decolorizing charcoaladded,
the solution filtered and the filtrate evaporated to nearly
20 ml. on a steam-bath. The concentrate was cooled and I
precipitated with the addition of cold water. The product
was recrystallized from hot water to give 8.0 g. (40.5%),
m.p. 215-218°. A mixed melting point determination with
a sample of I from reaction A-1 gave no depression.

Reaction A-3.—A solution of 13.8 g. (0.09 mole) of methyl-
hydrazine sulfate in 10 ml. of ice-water was neutralized to
congo red paper with a measured volume of a 409, solution
of potassium hydroxide and then an equal volume of the
potassium hydroxide solution added. The hydrazine solu-
tion was added to a suspension of 7.6 g. (0.03 mote) of sul-

Caled. for CgHisN3;0.S: S, 13.20. Found: S,

(5) E. Leitsch and E. Gnasky, Can. J. of Research, 139 (1945).
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fanilyl-S-methylisothiourea® in 10 ml. of water and the mix-
ture heated under reflux for three hours until no further
evolution of methyl mercaptan was detected. The solution
was evaporated on a steam-bath to one-half of its original
volume and cooled. A white crystalline material separated
and was removed by filtration and washed with a large
volume of cold water. The material was twice recrystal-
12158(3 from boiling water to yield 4 g. (61%,) of I, m.p. 215~

Anal. Caled. for CsHisN;O0.S:
Found: N, 28.79; S, 13.0.

A mixed melting point determination with a sample ob-
tained from reaction A-1 gave no depression.

A benzylidene derivative of I was prepared by dissolving
1.0 g. {0.004 mole) in 100 ml. of water containing two drops
of glacial acetic acid and adding 0.4 ml. of benzaldehyde.
The mixture was warmed for two minutes at 45° where-
upon a white precipitate formed. The material was filtered
and crystallized from 309 aqueous ethyl alcohol to yield
1.2 g. of product, m.p. 188-190°.

Anal.  Caled. for C;H i N;0:S: 8, 9.6. Found: S, 9.3.

1-Sulfanilyl-1-methyl-3-aminoguanidine (II). Reaction
B-1.—N*Acetylsulfanilylmethylamide, m.p. 185-189°,717.4
g. (0.073 mole), was partially dissolved in 300 ml. of warm
anhydrous isopropyl alcohol and there was added at one
time, 0.01 mole of sodium isopropylate dissolved in 100 ml.
of hot isopropyl alcohol. The remaining undissolved mate-
rial entered into solution with the formation of the amide
sodium salt which precipitated upon cooling. The mixture
was refrigerated overnight, filtered and the residue washed
with cold ether. The amorphous material weighed 10 g.
(55%). Additional material (5.0 g.) was obtained by evap-
orating the filtrate and washings to a small volume and
adding cold ether. The total yield was 809, and the product
did not melt below 320°.
12A_nal. Caled. for CyH; 1 N20,SNa: S, 12.8. Found: S,

B.

Ina flack, 8.0 g. (0.075 mole) of freshly prepared cyanogen
bromide® was dissolved in 175 ml. of dry isopropyl alcohol,
and 18.6 g. (0.075 mole) of dry sodium Ntacetylsulfanilyl-
methylamide was added with vigorous stirring. The flask
was stoppered and shaken for 30 minutes, heat was evolved,
the material turned deep pink in color and grew very bulky
in volume. The mixture was gently heated on a water-
bath for one hour and the solvent evaporated on a steam-
bath. The residue was cooled and transferred to a flask,
100 ml. of water added and the flask stoppered and
shaken for five minutes. At first, nearly complete solution
took place, but then with continued shaking a heavy white
precipitate formed. After cooling overnight, the material
was collected, washed with a 59, aqueous solution of so-
dium hydroxide and then with water and air-dried. The
crude N*acetylsulfanilylmethylcyanamide was recrystal-
lized from 809, ethyl alcohol in water to yield a pure product
that weighed 12 g. (639%,), m.p. 179-182°.
125(1)719&1. Caled. for CpHuN;0.S: S, 12.7.

Four grams (0.016 mole) of the above material was heated
for one hour with 50 ml. of a 15% aqueous hydrochloric acid
in a boiling water-bath. Decolorizing charcoal was added
and the solution was filtered, the filtrate cooled and neu-
tralized with a 109, aqueous solution of sodium hydroxide
whereupon a fine white precipitate formed. The product
was filtered from solution, washed with water and air-dried
to produce 2 g. (609,) of sulfanilylmethyleyanamide, m.p.
119-122°.

Anal. Caled. for CgHyN;0.S: S, 15.1. Found: S, 14.7.

Four grams (0.02 mole) of sulfanilylmethylevanamide was
heated under reflux for 30 hours with 2.4 ml. (0.04 mole) of
859, hydrazine hydrate solution dissolved in 40 ml. of iso-
propyl alcohol and containing a few crystals of sodium bi-
sulfite. The initial red color of the solution turned to straw
vellow at the end of the reflux period. A mass of white

N, 28.81; S, 13.2.

Found: S,

(8) E, H. Cox, J. Org. Chem., T, 307 (1942),

(V) B. Post, M.S. Thesis, Polytechnic Inst. of Brooklyn, 1949.

(8) H. Hartman and E. Dreger, *Organic Syntheses,” Coll. Vol I1,
John Wiley and Sons, Inc,, New Vork, N, VY., 1941, p. 250.

(9) N4-Acetylsulfanilylmethylcyanamide also was obtained in a
409 yield by direct condenmsation of methyl cyanamide and N4
acetylsulfanilyl ehloride in dry pyridine.
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crystals was obtained at the end of the reaction. The
material was filtered and the mother liquor was evaporated
in vacuo to one-half its volume and then 25 ml. of water
added to precipitate an additional crop of crystals. The
product was crystallized from 509, aqueous ethyl alcohol and
then from water to yield 3.0 g. (65%) of 1I, m.p. 165-168°.

Anal. Caled. for CsH;3N;0:S: S, 13.15. Found: S,
12.90.

Identical treatment of N¢acetylsulfanilylmethylcyana-
mide with hydrazine hydrate gave a 359, yield of 1-(N*

acetylsulfanilyl)-1-methyl-3-aminoguanidine, m.p. 195-
198°,
Anal.  Caled. for CeH;;N0:8: S, 11.2. Found: S, 10.9.

The material was deacetylated according to procedures
described in this paper to vield II.

Reaction B-2.—Methylthiourea,® 16.0 g. (0.18 mole), was
treated with 22.0 g. (0.183 mole) of allyl bromide in 30 ml.
of ethyl alcoho! and the mixture heated under reflux on a
water-bath. The solvent was removed under slightly re-
duced pressure leaving 35 g. of crude S-allyl-N-methyl-
isothiourea bromide in the form of a light vellow sirup.
Into 200 ml. of acetone containing 5.3 g. of anhydrous so-
dium carbonate, 10.6 g. (0.051 mole) of the above bromide
salt was dissolved and then 11.7 g. (0.05 mole) of recrystal-
lized N4-acetylsulfanilyl chloride was added at one time.
The mixture was stirred for one hour and then heated under
reflux for an additional four hours. The insoluble inorganic
material was removed by filtration and the solvent removed
in vacwo. The residue remained as a non-crystallizable oil.
The oil was mixed with 12 ml. of a 4% ethanolic hydro-
chloric acid solution and heated under reflux for one hour.
The solvent was evaporated and the residue dissolved in a
small volume of ethyl alcohol. Dilute agueous ammonia
was added until a pH of 5 was attained whereupon the bro-
mide salt of l-sulfanilyl-S-allyl-N-methylisothiourea, m.p.
150-152°, was precipitated and was crystallized from ethyl
alcohol.

Anal.
17.3.

The above material, 3.3 g. (0.01 mole), and 1.8 ml. (0.03
mole) of 859, hydrazine hyvdrate solution was added at the
same time 10 4 m!. of water. An exothermic reaction set in
and two layers appeared. The mixture was allowed to
stand for 24 hours and then heated under reflux for one hour.
The allyl mercaptan was removed by ether extraction and
the aqueous layer was diluted with water to precipitate TI.
The product was filtered, crystallized from water and air-
dried to vield pure II weighing 2 g. (82%), m.p. 166-168°.
Mixed melting point determination with a representative
sample of II from reaction B-1 gave no depression.!!

Reaction B-3.—Thirty grams (0.26 mole) of methylnitro-
guanidine!? was dissolved in 160 ml. of dry pyridine and
cooled to 10° with an ice-bath and then 58 g. (0.25 mole) of
recrystallized Nt-acetylsulfanilyl chloride was added with
stirring for 80 minutes. When addition was complete, the
mixture was heated at 65° for two hours. The mixture was
then cooled and an equal volume of water added. The
solution was neutralized with concentrated hydrochloric
acid and the solvent removed in zacwo at 40°. The oily
residue was acidified with coned. hydrochloric acid, a 1:1
mixture of isopropyl alcohol-ethyl ether added and the en-
tire mixture refrigerated overnight. The precipitated
material was dried in an Abderhalden oven and then reerys-
tallized three times from 909, ethyl alecohol to vield 28 g.
(349,) of 1-(N*-acetvlsulfanilyl)-1-methyl-3-nitroguanidine,
m.p. 183-165° dec.

Anal. Caled. for CioHisN;0:S: S, 10.15.
10.33.

Caled. for CiHi;;0.N38,Br: S, 17.5. Found: S,

Found: §,

(10) M. Moore and F. Crossley, Org. Syntheses, 21, 81 (1941).

(11) When S-methyl-N-methylisothiourea sulfate, m.p. 150-152°,
was treated with acetylsulfanilyl chloride in a sodium carbonate-
acetone mixture no reaction occurred. However, when sodium hy-
droxide was substituted for sodium carbonate, methyl mercaptan was
given off and the isolated material was found to be N¢-acetylsulfanilyl-
methyl cyanamide, In order to show that this material was identical
with the product obtaiued in reaction B-1 the material was deacetyl-
ated with acid to give sulfanilylmethylcyanamide, m.p. 118-120°, which
when treated with hydrazine hydrate gave II.

(12) T. L. Davis and A. J. Abrams, Proc. Am. Acad. Arts and Sci.,
61, 437 (1926).
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Twenty-one grams of the above product (0.067 mole) was
suspended in 100 ml. of water and reduced at 25° with hy-
drogen in the presence of 0.5 g. of 5%, palladium-on-char-
coal at 50 p.s.i. for 10 hours when adsorption of hydrogen
ceased. The catalyst was removed and the filtrate concen-
trated in vacuo to yield a material which when crystallized
from boiling water gave 15 g. (819%) of 1-(N*-acetylsulfanil-
yl)-1-methyl-3-aminoguanidine, m.p. 193~195°.

Anal. Caled. for CpoHisN30:S: S, 11.20.
11.00.

This material, 28 g. (0.1 mole), was heated under reflux
for one hour with 100 ml. of 1:1 109% hydrochloric acid
solution and ethanol. Decolorizing charcoal was added and
the solution filtered. The filtrate was cooled, and the pH
of the solution was adjusted to 56 with 409, aqueous so-
dium hydroxide. The crude II which had settled out was
filtered, washed with cold water and crystallized from hot
water to vield pure IT weighing 16 g. (66%), m.p. 165-167°.
A mixed melting point determination with a representative
sample from reaction B-1 gave no depression.

Anal. Caled. for CgH;3N;0.S: S, 13.18; N, 28.80;
N;H, (hydrazine), 13.18. Found: 8, 13.18; N, 28.65;
N:H, (hydrazine), 13.10.

One gram of II (0.004 mole) was suspended in 20 ml. of
ethyl alcohol and the mixture heated under reflux until
complete solution took place. One drop of concentrated
hydrochloric acid was added followed by 0.4 ml. of benzal-
dehyde and the solution heated under reflux for one hour.
A yellow precipitate settled out. This material was filtered,
washed with alcohol and water to yield 1.2 g. of the benzyli-
dene derivative of II, m.p. 278-280° dec.

Anal, Calcd. for C15H13N5028: S, 9.65. Found: S, 9.75.

Reaction B-4.—1-Methyl-3-aminoguanidine sulfate,!® 18
g. (0.13 mole), was dissolved in 160 ml. of dry pyridine and
cooled to 10°. During 30 minutes, 39 g. (0.17 mole) of N*-
acetylsulfanilyl chloride was added at 10-15°. The mixture
was heated on a steam-bath for two hours, cooled, neutralized
with dilute hydrochloric acid and the solution evaporated
vacuo. Theresidue was extracted with ethyl alcohol, acidified
with hydrochloric acid and refrigerated overnight. A white
crystalline material was removed by filtration, and crystal-
lized from ethyl alcohol to give 16 g. (43%) of 1-(Nt-acetyl-
sulfanilyl)-1-methyl-3-aminoguanidine, m.p. 190-192°.

Anal. Caled. for CipHp;sN;0.S: S, 11.20. Found: S,
11.09.

Six grams (0.02 mole) of the above product and 75 ml. of a
59, ethanolic hydrochloric acid solution was heated under
reflux for two hours. The solvent was evaporated, hot
water added to dissolve the residue and the cooled solution
treated with dilute aqueous ammonia to precipitate crude
II. Recrystallization from boiling water afforded 4 g.
(80%) of pure 1I, m.p. 165-167°. A mixed melting point
determination with a representative sample obtained from
reaction B-1 gave no depression.

1-Sulfanilylamido-3-methylguanidine (III). Reaction C-1.
—Eleven grams (0.044 mole} of sulfanilylthiosemicarbazide
was suspended in 20 ml. of water and 3.0 ml. of dimethyl
sulfate. The mixture was heated under reflux for two hours,
neutralized with 409, aqueous sodium hydroxide and 7.5
ml. (0.06 mole) of a 259, aqueous solution of methylamine
added. The deep red colored solution was heated under re-
flux until no further methyl mercaptan was evolved. The
solution was evaporated on a steam-bath and the residual
oil mixed with 50 ml. of a 1:1 mixture of ethyl alcohol and
ethyl ether and refrigerated overnight. A crude dark
brown material was isolated and recrystallized several times
from a minimum amount of hot water to yield 3 g. (28%)
of III, m.p. 143-144° dec.

Anal. Caled. for CgHpN:0.S: S, 13.15;
Found: S, 13.15; N, 28.72.

Reaction C-2.—In the preparation of 1-(N4acetylsulf-
anilyl)-4-methylthiosemicarbazide, Roth and Degering!¢used
Néacetylsulfanilyl hydrazide and methyl isothiocyanate
with no reported yield. The following procedure is a di-
rect one-step preparation of this compound.

Twenty grams (0.19 mole) of 4-methylthiosemicarbazide!s

Found: S,

N, 28.80.
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was suspended in 146 ml. of dry pyridine and the mixture
cooled to 10° with an ice-bath. During 30 minutes, 49 g.
(0.21 mole) of N4-acetylsulfanilyl chloride was added at 10—
15°. The solution was then heated to 60-65° for one hour
on a steam-bath, cooled and poured into a liter of 109
aqueous hydrochloric acid. The precipitate that formed
was filtered, washed with water and dissolved in cold dilute
sodium hydroxide solution. Decolorizing charcoal was
added and the mixture stirred in the cold for 30 minutes and
then filtered. The filtrate was neutralized with cold dilute
aqueous hydrochloric acid and the precipitate that formed
was collected on a filter, washed with water and air-dried to
vield 45 g. (799%) of 1-(N*acetylsulfanilyl)-4-methylthio-
semicarbazide, m.p. 225-227° dec. No benzylidene de-
rivative could be formed.

Twenty-two grams (0.073 mole) of the above product and
210 ml. of a 15% aqueous hydrochloric acid solution were
heated on a boiling water-bath for one hour. Five grams of
decolorizing charcoal and 20 ml. of water were added and
the heating continued for an additional ten minutes. The
mixture was filtered and the filtrate chilled. When the pH
of the solution was adjusted to 6 with 409, aqueous sodium
hydroxide solution, I-sulfanilyl-4-methylthiosemicarbazide
settled out. The material was filtered, washed with water
and air-dried to yield 15 g. (799%,) with a melting point of
242-245° dec.

Anal. Caled. for C8H12N40282: S, 24.60.
24.83.

In an all-glass apparatus fitted with a reflux condenser
were placed 16.5 g. (0.064 mole) of the above material, 30
ml. of water and 32 ml. of dimethyl sulfate. The mixture
was heated under reflux for two hours when complete solu-
tion took place. The solution was cooled and neutralized
with a 409, aqueous sodium hydroxide solution. The solu-
tion was transferred to a 100-ml. two-necked ground-glass
flask fitted with a condenser and a capillary tube. Concen-
trated ammonia solution, 5.4 ml. (0.08 mole), was added
and the solution boiled under reflux for two hours under
slightly reduced pressure. An additional 2 ml. of concen-
trated ammonia solution was added after the first hour.
The solution was concentrated i# vacuo on a steam-bath to
a thick oil, 10 ml. of water added and the mixture warmed
until incipient crystallization. Eight grams (55%,) of III
was obtained; m.p. 142-143° dec. A mixed melting point
determination with a representative sample obtained from
reaction C-1 gave no depression.

Reaction C-3.—Fourteen grams (0.15 mole) of 1-methyl-
3-aminoguanidine sulfate was dissolved in 125 ml. of dry
pyridine, cooled to 10° and 29 g. (0.13 mole) of p-nitro-
benzenesulfonyl chloride added for 30 minutes with stirring
at 10-15°. The mixture was heated for two hours on a
steam-bath and the solution evaporated i vacuo to a residual
oil. Approximately 250 ml. of water was added, and a yel-
low material settled out which was filtered, washed with
dilute hydrochloric acid solution followed with several wash-
ings with water and air-dried. The material was recrys-
tallized from boiling water, decolorized with charcoal to
vield 15 g. (55%) of pale yellow crystals of 1-(p-nitroben-

Found: S,

zenesulfonylamido)-3-methylguanidine, m.p. 155-158°.
Anal. Caled. for C3H11N504S: S, 11.70. Found: S,
11.43.

The above product, 10 g. (0.037 mole), was dissolved in
100 ml. of ethyl alcohol and reduced with hydrogen in the
presence of 0.5 g. of 5% palladium-on-charcoal at room tem-
perature at 50 p.s.i. After 90 minutes no further adsorp-
tion of hydrogen took place. The mixture was filtered and
the solvent evaporated # vacuo at 30°. The solid residue
was recrystallized from hot water and yielded upon cooling
5 g. (56%) of III, m.p. 143-144° dec. A mixed melting
point determination with samples obtained from the previous
two methods gave no depression. No benzylidene derivative
could be obtained.

Anal. Caled. for CgHi3N;0.S: S, 13.15;
Found: S, 13.42; N, 28.87.
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