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A formal relationship based upon the solvent system concept may be de- 
veloped between carbonic acid and trithiocarbonic acid, the aquo and thio com- 
pounds on one hand, and guanidine ( A )  and triaminoguanidine (D) as the com- 
pletely ammonated and completely hydrazinated analogs, respectively, on the 
other (1). This relationship can be extended to  include mono- and di-amino- 

c(XI3)(”2)(NZH3) ( B )  
C(NH)(NzH3)z (C) 

C (NH) (NI-Idz 

C(Nz€Iz)(NzHa)z (D) 
[%:;’?;I + [ 

guanidine (B  and C), both of which may be regarded as mixed ammono hydrazino 
derivatives of the aquo and thio acids. The preparation of the guanidines, and 
of the mono-, di- and tri-aminoguanidines (2) is usually accomplished by pro- 
cedures which entail solvation or solvolysis involving reaction between a carbonic 
acid derivative and a nitrogen base. 

Although solvation reactions are limited largely to the preparation of guani- 
dines and aminoguanidines, all members of the series can be prepared by solvo- 
lytic methods. The carbonic acid derivatives available zts starting materials may 

contain such functional groups as: C=O, ) C-5, > C--OR, \> C-SR, 

\> C-”2, ) C=NH, > C-””2, > C=N?;Hs; the choice of reagent 

for preparation of the guanidines or of the aminoguanidines will depend upon 
the relative ease with which these functional groups undergo solvolytic attack. 

The ) C=O group is stable with respect to solvolysis in this series of com- 

pounds and may therefore be eliminated from consideration. It has been shown 

that both the >\ CNHz and > C=S groupings are subject to hydrazinolysis 
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and such reactions have been used preparatively. However, the oxygen and 
thio-ether groups undergo such solvolytic reactions with even greater ease. These 
reactions occur so readily that they may be carried out without danger of solvo- 
lytic attack on other functional groups which may also be present. Since the 
direct alkylation of the oxygen atoms in the carbonic acid derivatives under 
consideration does not take place, it would appear that the method of choice for 
the preparation of the ammono and hydraaino carbonic acids entails the solvol- 
ysis of the appropriate thioethers. 

It is evident from the number and variety of guanidine derivatives which have 
been prepared by aminolysis of the S-alkyl isothioureas that this procedure is 
rather generally applicable (3-5). It has also been shown that S-methylisothio- 
semicarbazides react with amines to give aminoguanidines (6). Since hydrazine 
is a relatively strong solvolytic agent i t  is not too surprising to note that both 
aminoguanidine (3, 4, 7) and diaminoguanidine (8) can be prepared in excellent 
yields by the hydrazinolysis of S-methylisothiourea (Equation 1) and of S-methyl- 
isothiosemicarbazide (Equation 2), respectively. The N-substituted derivatives 
of both have been synthesized using N-substituted isothioureas and isothiosemi- 
carbazides as the starting materials (3, 4, 9). However, the preparation of tri- 
aminoguanidinej or of its derivatives using an S-methyl derivative of thiocarbo- 
hydrazide (an isothiocarbohydrazide) has not been reported previously. 

SCHI ” 
I I/ 

1. HzNC=NH*III + KzH4 -+ H*NCNHNHz*HI + CHsSH 

1 ???Hd 

SCHP 
I 

2. H2SC=?T-NHz*HI + NzH4 + (EI~NNH-)~C=N€I*€II + CHDSH 

!NzH4 (-“I) 

SCHn 
I 

3. HzNh”-C=?rTNHn*HI + NzHa + (HzXNH-)zC=NNH2*HI + CHPSH 

The S-methyl derivative of thiocarbohydrazide, S-methylisothio~arbohydrazide,~ 
was prepared and isolated as the hydriodide by the reaction between methyl 

5 Reference is made to  the Schotte (10) patent which discloses the preparation of tri- 
minoguanidine from isothiourea ethers by treatment with an excess of hydrazine. This 
reaction is believed to  involve initial solvolytic attack and elimination of the mercaptan 
to  form aminoguanidine followed by further hydraxinolysis to  triaminoguanidine with 
elimination of ammonia. 
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6 Somenclature of the compounds described in the present paper is developed along two 



HYDRAZINE DERIVATIVES OF CARBONIC ACIDS. IV 1233 

iodide and thiocarbohydrazide, and was characterized by elemental analysis of 
the hydriodide and picrate salts and by the preparation and analysis of the 
dibenzaldehyde derivative. Hydrazinolysis in ethanol was found to  take place 
rapidly to give triaminoguanidine hydriodide which crystallized from the re- 
action mixture almost immediately (Equation 3), It has been further shown that 
S-methyl derivatives of N-substituted thiocarbohydrazides can also be sub- 
jected to hydrazinolysis. The cyanate condensation product of thiocarbohydra- 
zide (11) was methylated using methyl iodide; the reaction product, l-carbamyl- 
S-methylisothiocarbohydrazide hydriodide was allowed to react with hydrazine 
to give the triaminoguanidine derivative, 1 ,2-diamino-3-ureidoguanidine hydrio- 
dide ( E )  (Equation 5 ) .  This compound was also prepared by the hydrazinolysis 
of 1-amino-3-ureidoguanidine hydriodide ( F )  which in turn was obtained from 
1-carbamyl-S-methylisothiosemicarbazide hydriodide and hydrazine (Equa- 
tion 4). 

0 NH 
/scH3 I /  /I 

0 
II 

4. HzNCNHNHC=NH*HI + NzHp 4 HzNCNHNHCNHNHz*HI ( F )  + CHaSH 

+ NaH4 
(-“I) 

0 NNHz 
/scH3 11 ll 

0 
I I  

5. HZNCNHNHC=NNHz*HI + NzHa -+ H2NCNHNHCKHNHz*HI (E)  + CHaSH 

It should be noted that (E)  and ( F )  are the products to be expected from the 
condensation of cyanic acid with tri- and di-aminoguanidine, respectively. 
Earlier efforts in these laboratories to obtain these compounds by such a con- 
densation reaction had failed to give the desired products. 

It now became possible to compare the relative tendencies of the ,,) C=S 

and >\ C-SCH,  groups to undergo solvolytic attack by studying the action of 

\ 

specific lines. The mixed ammono hydraeino carbonic acid derivatives, the aminoguanidines, 
are named as substituted guanidines, where positions are designated in accordance with 
the indexing system used by CHEMICAL ABSTRACTS. Thus, NHz*NH C(  :”He) 

NHNHCONHz is a triaminoguanidine derivative, 1,2-diamin0-3-ureidoguanidine. Some- 

what more difficult to  name are the derivatives of thiocarbohydrazide, especially where 
alkylation on the sulfur atom has been achieved. It is obvious that  thiocarbohydraeide, 
like thiourea and thiosemicarbazide, t o  both of which it is generically related, may be repre- 
sented by an is0 structure: HzN*NHC(S)NHPJHz % H2N*NHC(SH) :NNHz. We are there- 
fore assigning to  the S-alkyl derivatives of thiocarbohydrazide the “isothiocarbohydrazide” 
terminology. The compound H2K’SHC (SCHs) :NNH2 is named S-methylisothiocarbohy- 
drazide. Symmetrically substituted 1,5-aldehyde and ketone derivatives could be 
designated a8 S-methylisothiocarbohydraaones; others would be designated by position 
reference, as for example, HzN*NHC(SCHI) :N-NHCONH>, which is given the name 

1-carbamyl-S-methylisothiocarbohydraeide. 

1 a 

3 

6 4  a 2 1  
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hydrazine on thiocarbohydrazide, CS(NzH&. The latter contains only the C=S 
group which is subject to hydrazinolysis. However, the simple displacement of 
hydrogen sulfide from thiocarbohydrazide by hydrazine cannot be evaluated 
in an alkaline medium for two reasons: (a) a cyclization reaction occurs which 
involves essentially the loss of hydrogen sulfide and hydrazine from two mole- 
cules of thiocarbohydrazide to form 3-hydrazino-4-amino-5-mercapto-l, 2,4-  
triazole (12) and (b) triaminoguanidine is unstable in basic solution. The hydra- 
zinolysis of thiocarbohydrazide was therefore effected using hydrazine niono- 
hydrochloride as the source of hydrazine. Reaction in what amounts to an acidic 
medium prevents formation of the cyclic product and stabilizes triamino- 
guanidine. Refluxing an aqueous solution containing equimolar amounts (0.1 
mole) of hydrazine monohydrochloride and thiocarbohydrazide for eight hours 
gave less than 3 '% triaminoguanidine hydrochloride. Most of the thiocarbo- 
hydrazide was recovered unchanged. This slow rate of reaction may be con- 
trasted with the very rapid reaction of S-methylisothiocarbohydrazide hydriodide 
with hydrazine. It is furthermore pertinent to this investigation to note that 
attempts to hydrazinolyze carbohydrazide failed to give any triaminoguanidine. 

Consideration of the experimental evidence presented in this paper denion- 
strates that ease of hydrazinolysis of specific functional groups increases in the 
order: 

\ 
/ / / 

C--NH2 < C-SR 
\ \ \ 

EXPERIMENTAL 

S-MBthylisofhiocarbohydl.azide ( G ) .  To a suspension of 12 g. of thiocarbohydrazide in 
400 ml. of absolute ethanol heated under refiux, there was added dropwise a total of 18 g. of 
methyl iodide over a period of 30 minutes. Heating was continued until all of the thiocarbo- 
hydrazide had undergone reaction. The resulting solution was filtered hot; the desired prod- 
uct crystallized on cooling. A yield of 22 g. (80%) of G i n  the form of the hydriodide, (m.p. 
145" with dec.) was obtained. 

Anal. Calc'd for C2HJNaS: C, 9.68; H, 3.66; N ,  22.58. 

Conversion to  the picrate was accomplished by adding alcoholic picric acid to  a solution 

Anal. Calc'd for C8HlS707S: C, 27.51; H, 3.18; S ,  28.07. 

The dibenzaldehyde derivative was prepared by direct combination of the appropriate 
reagents in a water-alcohol mixture. The product first isolated contained a non-stoichio- 
metric amount of hydriodic acid from which it wa8 freed by solution in a small quantity of 
ethanol and addition of the resulting solution to  a large volume of water. Some iodine which 
also precipitated was removed by dissolving the product in chloroform and shaking this 
solution with an aqueous thiosulfate solution. The chloroform solution was evaporated to  
dryness and the solid product was purified by recrystallization from a 3: 1 ethanol-water 
mixture. The free base melts a t  146-147". 

Anal. Calc'd for 1 ,&dibenzylidene-S-mcthylisothiocarbohydrazone, Cie,Hie,K4S : C, 64.84; 
H, 5.44; S,  18.92. 

Found: C, 9.81; H,  3.63; K, 22.61. 

of hydriodide in water. The product melts a t  168-169". 

Found: C, 27.65; H, 3.24; N ,  28.25. 

Found: C, 84.73; 11, 5.40; S ,  18.71 
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The dibenzaldehyde derivative may be converted t o  the hydriodide by treating an alco- 
holic solution with hydriodic acid; however, the salt (m.p. 200') could not be obtained 
analytically pure. 

Triaminoguanidine hydriodide.  A refluxing solution of 5 g. of G .  hydriodide in 130 ml. of 
ethanol was treated with 1 ml. of 95% hydrazine. The solution was heated for five minutes 
t o  assure complete reaction, then cooled. The resulting precipitate was removed and re- 
crystallized from a 1:4 water-alcohol mixture to  yield 3.8 g. (82%) of a crude product (m.p. 
227'). After two recrystallizations the compound was found t o  melt a t  232". The product 
was further identified by conversion to  the picrate [m.p. 173" (13)l. 

Anal. Calc'd for 1,2,3-triaminoguanidine hydriodide, CHgIS6: C, 5.18; H, 3.91; K, 
36.22. 

Found: C, 5.42; H, 4.12; N, 36.54. 
1-Carbamyl-S-methylisothiosemicarbazide ( H ) .  A suspension of l-carbamylthiosemicar- 

bazide (13.4 g.) in hot ethanol (90%) was treated with 15 g. of methyl iodide and refluxed 
until complete solution had taken place. The desired product which crystallized on cooling 
as the hydriodide, was filtered off and washed with absolute alcohol. Recrystallization from 
90% ethanol gave 22 g. (80%) of H*HI ,  m.p. 192-193". 

Anal. Calc'd for C3HgIN40S: C, 13.04; H, 3.28; N,  20.29. 

The picrate was prepared as a characterizing derivative and was recrystallized from 

Anal. Calc'd for the picrate of 1-carbamyl-S-methylisothiosemicarbazide, CgHllN7O8S : 

Found: C, 13.44; H, 3.16; N ,  20.41. 

water. It melts a t  199". 

C, 28.65; H, 2.94; N, 26.00. 
Found: C, 28.84; H,  2.95; N, 26.03. 

I-Amino-3-ureidoguanidine (F). A solution containing 8.3 g. of H as the hydriodide and 
1.2 ml. of 95% hydrazine in 200 ml. of 95% ethanol was refluxed for 45 minutes during which 
time methyl mercaptan was evolved continuously. The solution was concentrated t o  100 
ml., then treated with 1.5 ml. of hydriodic acid and cooled to  give 5 g. (64%) of a product 
melting a t  187-188'. Two recrystallizations from a water-ethanol mixture failed to  raise 
the melting point despite the fact that  analytical results did not check for the hydriodide 
of F. 

The benzaldehyde derivative of F was prepared by treating an alcohol-water solution of 
the hydriodide with benzaldehyde and heating the resulting solution. Upon cooling a 
white solid precipitated which gave a positive test for iodide ion indicating the formation 
of the hydriodide of the desired product. It was converted to  the free base by treating an 
alcohol-water solution with concentrated ammonium hydroxide. The white solid which 
precipitated from this solution was recrystallized from a 1: 1 water-ethanol mixture and 
found to  melt a t  210". 

Anal. Calc'd for CaHlzN6O: C, 49.08; H, 5.49; N, 38.16. 

The picrate was prepared by heating a water-ethanol solution containing equivalent 
amounts of F*HI and picric acid. The solution was cooled to  precipitate the product which 
was then recrystallized from the minimum amount of alcohol. The picrate melts a t  191". 

Found: C, 48.93; H,  5.36; N, 38.02. 

Anal. Calc'd for CsHllN908: C, 26.60; H, 3.07; K,  34.90. 

1 ,d-Diamino-3-ureidoguanidine ( E ) .  A solution containing 13.8 g. of the hydriodide of 
1-carbamyl-S-methylisothiosemicarbazide ( H )  and 5.0 ml. of 95% hydrazine in 200 ml. of 
absolute ethanol was refluxed for 30 min. during which time methyl mercaptan and am- 
monia were evolved continuously and a white solid precipitated. The reaction mixture was 
chilled and the solid product was collected, washed with ethanol, and dried. There was 
obtained 10 g. of product melting a t  197". This was recrystallized from 18 ml. of water con- 
taining 10 drops of hydriodic acid to  give 8 g. of product melting at  209". Since the loss on 
recrystallization was considered t o  be excessive, a small quantity of the product was re- 

Found: C, 27.02; €1, 3.02; N, 34.77. 
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crystallized from a water-alcohol mixture. The melting point was raised to  216" but analysi8 
of the product indicated i t  was not yet pure. Consequently, the picrate was prepared as a 
characterizing derivative and was recrystallized from water. It melts a t  200". 

Anal. Calc'd for 1,2-diamino-3-ureidoguanidine picrate, CsHlzNloOs: C, 25.53; H, 3.22; 
N, 37.23. 

Found: C, 25.65; H, 3.21; N, 37.24. 
The identity of the product was further proven by preparation of the dibenzaldehyde 

derivative. An aqueous solution of E-HI was allowed to  react with an excess of benzalde- 
hyde. The resulting precipitate was dissolved in alcohol and treated with concentrated 
ammonium hydroxide to  obtain the free base. The latter was recrystallized from a water- 
alcohol mixture to a constant melting point, 209-210". 

Found: C, 59.69; H, 5.35; N, 30.23. 
Anal. Calc'd for C I ~ H I ~ S ~ O :  C, 59.43; H ,  5.30; X, 30.33. 

I-Carbamyl-S-methylisothiocarbohydrazide hydriodide ( I ) .  A suspension of 3.0 g. of l-car- 
bamylthiocarbohydrazide in 150 ml. of 95% ethanol containing 3.0 g. of methyl iodide was 
refluxed for 2.5 hours; small amounts of methyl iodide were added occasionally to  maintain 
an excess of that  reagent. The hot reaction mixture was then filtered to  remove unreacted 
starting material and the filtrate was evaporated to  a volume of 50 ml. The desired product 
precipitated when this solution was chilled in an ice-bath. After two recrystallizations from 
small amounts of 90% ethanol, 2.0 g. of product (41%) melting at  182" was obtained. 

Anal. Calc'd for C3HloINsOS: C, 12.38; H, 3.46; N, 24.06. 

One gram of I and 0.5 ml. of 95% hydrazine were dissolved in 20 ml. of 95% ethanol and 
the solution was heated on a steam-bath until its volume had been reduced to  10 ml. The 
solution then was cooled to  give a small quantity of pink solid, which upon recrystalliza- 
tion produced a white, crystalline solid melting a t  216'. The latter was shown to  be identical 
with 1,2-diamino-3-ureidoguanidine hydriodide (E), obtained by the hydrazinolysis of the 
hydriodide of 1-carbamyl-S-methylisothiosemicarbazide (H), both by a mixture melting 
point and by preparation of the picrate (m.p. 200"). 

Found: C, 12.63; H, 3.53; N, 24.18. 

SUMMARY 

Hydrazinolysis of S-alkyl derivatives of the ammono and hydrazino thio- 
carbonic acids affords a convenient preparative means for introduction of the 
hydrazide function. Hydrazinolysis reactions have led to preparation of the 
following compounds : 

(a) triaminoguanidine from S-methylisothiocarbohydrazide 
(b) 1 ,2-diamino-3-ureidoguanidine from the S-methyl derivative of l-car- 

bamylthiocarbohydrazide (and from 1-amino-3-ureidoguanidine) 
(c) 1-amino-3-ureidoguanidine from the S-methyl derivative of l-carbamyl- 

thiosemicarbazide 
These substances have been isolated as the hydriodides and have been further 
characterized as the picrates and the benzaldehyde derivatives. 

Hydrazinolysis of thiocarbohydrazide using hydrazine hydrochloride allows 
only limited conversion to  triaminoguanidine. 
demonstrates that the ease of hydrazinolysis of 
creases in the order: 

Other experimental evidence 
specific functional groups in- 

\ 
icsn 

C-NH, < 
\ 
/ 
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