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In the course of experiments to elucidate the chemistry of the preparation of a blood volume expander, "Oxypolygelatin," 
a new synthesis of 2-imino-4-imidazolidones (glycocyamidines) has been accomplished by the interaction of guanidine with 
glyoxals. The glycocyamidines, isolated as the 1-benzenesulfonyl derivatives, are converted by acidic hydrolysis to the cor
responding 1-benzenesulfonylhydantoins. The latter are readily hydrolyzed with base to the N-benzenesulfonyl deriva
tives of a-amino acids. Six new compounds, 1-benzenesulfonylglycocyamidine and its picrate, 1-benzenesulfonylhydantoin, 
1-benzenesulfonylalacreatinine and its picrate, and l-benzenesulfonyl-5-D,L-methylhydantoin, have been prepared and their 
structures established by analyses and syntheses. 

Glyoxal has been proposed and employed as a 
cross-linking reagent to change the shape and to 
increase the molecular weight of individual protein 
molecules in solution. The first step in the prepara
tion of the blood volume expander, "Oxypoly-
gelatin" (OPG) involves the reaction of gelatin 
molecules with glyoxal.2 The chemistry of the 
cross-linking reaction of gelatin with glyoxal is in
completely understood at present. Some aspects of 
this reaction could perhaps be clarified by observing 
the reactions of glyoxal with model compounds. 

The coupling reaction of glyoxal with amino 
groups in the gelatin molecule, e.g., the e-amino 
group in the lysine side chain, can proceed in either 
of two directions; both reaction paths have been 
observed in non-aqueous media. 
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The reaction of glyoxal with guanidino groups, 
e.g., the 5-guanidino group of arginine, however, is 
more complex than the amine-glyoxal interaction, 
for the polyfunctionality of the guanidino group 
can lead to either an intermolecular condensation 
polymer (cross-linking) or to an intramolecular 
cyclization (no cross-linking). The analogous 
cyclic products of the reaction of glyoxal with 
guanidine should be either 2-imino-2-isoimidazole 
(I) or 2-imino-4-imidazolidone (II, glycocyami-
dine). Products corresponding to I have thus 
far not been isolated although the reaction of gly
oxal sodium bisulfite with guanidine carbonate 
yields the sodium salt of 2-amino-4-irnidazolesul-
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fonic acid.5 The isolation of glycocyamidine (II) 
from the interaction of glyoxal with guanidine is 
reported in this paper. This particular reaction 
apparently has not been previously described, 
although some similar general reactions have been 
observed. Thus glyoxal reacts with urea to give 
hydantoin8'7 and acetylene diurein,7'8 whereas 
methylglyoxal (pyruvic aldehyde) reacts with 
thiourea to give 5-methyl-2-thiohydantoin9 and 
with urea to give methylacetylene diurein.10 

Phenylglyoxal has been reported to react with 
urea to yield 5-phenylhydantoin.u 

There is no evidence to indicate that the cycliza
tion reaction between glyoxal and the substituted 
guanidino group of the arginine side chains in 
gelatin does occur in the preparation of OPG. 

All reactions at-
(a) RN=CH-CH=NR + 2H2O* t e m p t e d b e t w e e n 

glyoxal and substi
tuted guanidines led 
to viscous residues 
from which no defi
nite product could 

be isolated (see Miscellaneous reactions). 
The reaction of an equimolar mixture of aqueous 

technical glyoxal and guanidine hydrochloride at 
95° followed by treatment with benzenesulfonyl 
chloride yields N-benzenesulfonylguanidine and 
the amphoteric l-benzenesulfonyl-2-imino-4-imi-
dazolidone (Ilia, 1-benzenesulfonylglycocyami-
dine). The latter reacts with picric acid to yield a 
picrate (IVa); it is also readily hydrolyzed with 
acid to l-benzenesulfonyl-2,4-imidazoledione (Va, 
1-benzenesulfonylhydantoin). The hydrolysis of 
Va with base results in the formation of N-benzene-
sulfonylglycine (Via). 

The reaction described above is probably general 
for glyoxals, for methylglyoxal (pyruvic aldehyde) 
reacts with guanidine hydrochloride (and subse
quently with benzenesulfonyl chloride) to give 
1 - benzenesulfonyl - 2 - imino - 5 - D,L - methyl - 4-
imidazolidone (IHb, 1-benzenesulfonylalacreatin
ine). The latter yields the corresponding picrate 
( I V b ) . Acid ic h y d r o l y s i s of I H b l eads t o 1-ben
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zenesulf onyl-5-D,L - methyl-2,4-imidazoledi-
one (Vb, l-benzenesulfonyl-5-D,L-methyl-
hydantoin). Basic hydrolysis of this hy-
dantoin yields N-benzenesulfonyl-D,L-ala-
nine (VIb). 

Evidence for the position of the benzene-
sulfonyl group in the heterocyclic ring was 
obtained from the various hydrolytic degra
dations. The hydrolysis of glycocyamidine, 
substituted with a benzenesulfonyl group 
(Ilia), to the correspondingly substituted 
hydantoin (Va)12 eliminates the possibility 
of the attachment of the benzenesulfonyl 
group to the imino group in the 2-position. 
As hydantoins with a substituent in the 
1-position are hydrolyzed to amino acids 
in which the substituent is linked to the 
a-amino nitrogen atom,13 the appearance 
of N-benzenesulfonylglycine (Via) as the 
hydrolysis product of Va, indicates that 
the benzenesulfonyl group is attached to 
the 1-position of the glycocyamidine and 
not to the 3-position. 

The identification of I l i a and HIb as 1-benzene-
sulfonylglycocyamidine and 1-benzenesulfonylala-
creatinine, respectively, was accomplished by their 
preparation via another synthetic route. Glycocy-
amine and alacreatine14 were cyclized with hydro
chloric acid to glycocyamidine and to alacreatinine. 
Treatment of t i e latter two compounds with ben
zenesulfonyl chloride gave compounds which were 
identical with HIa and IHb, respectively (Fig. 1). 

The second step in the preparation of OPG in
volves the treatment of the cross-linked gelatin 
molecules with hydrogen peroxide.2 The reaction 
of the glyoxal-guanidine hydrochloride reaction 
mixture with hydrogen peroxide was, therefore, 
investigated. Almost all of the glycocyamidine 
present was recovered (as the 1-benzenesulfonyl 
derivative, HIa) after the reaction mixture was 
treated with hydrogen peroxide at a concentration 
greater than that encountered in the OPG prepara
tion. 

Experimental 
General.—The reaction of both glyoxal and methylgly-

oxal with guanidine hydrochloride was conducted under con
ditions similar to those encountered in the preparation of 
"Oxypolygelatin" (aqueous solution, steam-bath tempera
ture, slightly acidic pH) and no attention was paid to ob
taining a maximum yield of product. Samples of technical 
and purified glyoxal, as well as technical methylglyoxal 
(pyruvic aldehyde) were provided by the Carbide and Car
bon Chemicals Corp. The reaction of guanidine hydro
chloride with technical glyoxal gives the same product as 
the reaction with purified glyoxal. The use of the latter 
material leads to less resinous reaction products with a re
sultant increase in the yield of glycocyamidine. AU melting 
points are corrected. 

Reaction of Glyoxal with Guanidine Hydrochloride.— 
Ten ml. of a purified glyoxal solution (30% w. /v . , 0.05 mole) 
was added to a solution of guanidine hydrochloride (9.55 
g., 0.1 mole) in 50 ml. of water and the resultant solution 
was heated at 95° for 8 hours. After concentrating the 
dark reaction mixture under reduced pressure to a volume 
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of 12 ml., the viscous residue was made alkaline with 10% 
sodium hydroxide and treated with benzenesulfonyl chlo
ride. The alkali - insoluble N - benzenesulfonylguanidine 
separated (5.5 g., 27.6% yield, m.p . 215.5-216.5°, lit. 
m.p . 2 1 2 V 6 ^ 215-216°160). I t did not depress the melting 
point of an authentic sample (m.p. 217.5-219°). 

l-Benzenesulfonyl-2-imino-4-imidazolidone (HIa) was 
precipitated as an amphoteric solid on acidification of the 
filtrate. I t was isolated by neutralization of its solution in 
excess acid with sodium bicarbonate. I t was recrystallized 
from ethanol (charcoal) to give small colorless crystals 
(5.4 g., 45.2% yield, m.p . 223-224.5° with decomposition 
to a black ta r ) . 

Anal. Calcd. for C9H9N3O3S: C, 45.18; H, 3.79. Found: 
C, 45.44; H , 4.02. 

l-Benzenesulfonyl-2-imino-4-imidazolidone picrate (IVa) 
was prepared and recrystallized from ethanol (needles, 
m.p. 185-186.5° with decomposition to a black tar) . 

Anal. Calcd. for Ci5H12N6O10S: C, 38.47; H, 2.58. 
Found: C, 38.79; H , 2.68. 

Acidic Hydrolysis of l-Benzenesulfonyl-2-irnino-4-imida-
zolidone (Ilia).—A 2 5 % hydrochloric acid solution of I H a 
was refluxed for 15 minutes. A voluminous precipitate of 
l-benzenesulfonyl-2,4-imidazoledione (Va) suddenly ap
peared; it was collected and recrystallized from ethanol 
(colorless needles, m.p. 241.5-242.5° without decomposi
tion). 

Anal. Calcd. for C9H8N2O4S: C, 45.00; H , 3.35. 
Found: C, 45.26; H, 3.26. 

Basic Hydrolysis of l-Benzenesulfonyl-2,4-imidazoledione 
(Va).—Six-tenths of a gram of Va in a solution of 0.3 g. so
dium hydroxide in 100 ml. of water was refluxed for two 
hours; ammonia was rapidly evolved (odor, indicator 
paper). The hydrolysate was acidified and concentrated 
to a volume of 15 ml. The N-benzenesulfonylglycine which 
was deposited was recrystallized from water-ethanol (char
coal), m.p. 170-171.5°; lit. m.p. 165-166°. l to 'b I t did not 
depress the melting point of an authentic sample (m.p. 171°). 

Reaction of the Glyoxal-Guanidine Hydrochloride Re
action Mixture with Hydrogen Peroxide.—The black vis
cous liquid (6.3 g.) from the interaction of guanidine hydro
chloride (19.1 g., 0.2 mole) with 40 ml. of the 30% w. /v . 
technical glyoxal (0.2 mole) was treated with 7 ml. of a 3 0 % 
hydrogen peroxide solution for three hours at 95°. The 
reaction mixture, a pale orange-yellow viscous residue, was 
treated with benzenesulfonyl chloride to give IHa (m.p. 
224-225°) with decomposition, 3.5 g., 24% yield. 
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The Identification of I l ia as l-Benzenesulfonyl-2-imino-4-
imidazolidone. (A) Preparation of Guanidinoacetic Acid 
(Glycocyamine).—Guanidinoacetic acid (Vila) was pre
pared by the interaction of glycine with S-ethylthiourea hy-
drobromide.14 The prepared glycocyamine was surprisingly 
insoluble in water and did not melt at the reported tempera
ture of 280-284° with decomposition; it darkened at 240° 
and charred up to 300° without melting. This behavior 
has been previously reported.17'18 Glycocyanine, however, 
also has been reported to decompose at 250-260° without 
melting,19 to melt at 280-284° with decomposition14 and to 
decompose at about 300°.20 Glycocyamine picrate, pre
pared as a derivative for analysis, was recrystallized from 
water (m.p. 204-205.5°; lit. m.p. 199-200° with decompo
sition,21 20t°,2 2 202° with decomposition,1820 and 210° with 
decomposition18). 

Anal. Calcd. for C9H10N6O9: C, 31.22; H, 2.91. 
Found: C, 31.59; H, 3.01. 

(B) Cyclization of Glycocyamine to Glycocyamidine.— 
Two grams of glycocyamine was refluxed with 50 ml. of 18% 
hydrochlciic acid for 18 hours. The solution was evapo
rated to dryness and three individual portions of the residue 
were treated in the following manners. 

(1) The residue was recrystallized from ethanol (charcoal) 
to yield glycocyamidine hydrochloride (m.p. 213-214.5° 
with decomposition, lit. m.p. 208-210° with decomposition,23 

2100,24 211-213°,26 and 213°18). 
(2) Glycocyamidine picrate was prepared and recrystal

lized from water (m.p. 212.5-213° with decomposition; 
lit. m.p. 195° uncor.,26 210° ," 214-215° with decomposi
tion,18 215° decomposition,24 215-216°25). 

(3) The residue was treated with aqueous sodium hy
droxide and benzenesulfonyl chloride. The isolated 1-
benzenesulfonyl - 2 - imino - 4 - imidazolidone, recrystallized 
from ethanol (charcoal), has the same melting point (224-
225° with decomposition) as does IHa . 

Reaction of Methylglyoxal (Pyruvic Aldehyde) with 
Guanidine Hydrochloride.—To a solution of guanidine 
hydrochloride (19.1 g., 0.2 mole) in 300 ml. of water was 
added 43 ml. of a 33.4% technical methylglyoxal solution 
(0.2 mole). The resulting solution was heated to 95° for 
1.5 hours. The reaction mixture was concentrated to a 
reddish-brown sirup. 

Treatment of the sirup (10 g.) with benzenesulfonyl chlo
ride gave some alkali-insoluble N-benzenesulfonylguanidine 
(m.p. 212-214°); the filtrate was acidified and neutralized 
with sodium bicarbonate. The collected amphoteric solid 
was recrystallized from ethanol (charcoal) to give 1-ben-
zenesulfonyl-2-imino-5-D,L-methyl-4-imidazolidone (1-ben-
zenesulfonylalacreatinine, I H b , colorless prisms, m.p. 
212.5-214° with decomposition to an orange liquid, 3.04 g., 
25.2% yield). 

Anal. Calcd. for C10HnN3O3S: C, 47.42; H, 4.38. 
Found: C, 47.67; H, 4.53. 

l-Benzenesulfonyl-2-imino-5-D,L-methyl-4-imidazolidone 
picrate (IVb) was recrystallized from ethanol (needles, m.p. 
184.5° with decomposition to a red liquid). 

Anal. Calcd. for Ci6Hi4N6Oi0S: C, 39.83; H, 2.93. 
Found: C, 39.91; H, 3.00. 

Acidic Hydrolysis of 1-Benzenesulfonylalacreatinine 
(Illb).—A 36% hydrochloric acid solution of I H b was re-
fluxed for three hours. The l-benzenesulfonyl-5-D,i,-
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methyl-2,4-imidazoledione (Vb), which separated upon 
cooling, was recrystallized from water (m.p. 181°). 

Anal. Calcd. for Ci0Hi0N2O4S: C, 47.24; H, 3.96. 
Found: C, 47.49; H, 3.85. 

Basic Hydrolysis of l-Benzenesulfonyl-5-D,L-methyl-2,4-
imidazoledione (Vb).—A solution of 0.4 g. of Vb and 0.27 g. 
of potassium hydroxide in 50 ml. of water was refluxed for 
three hours. The acidified hydrolysate was concentrated 
to dryness. Extraction of the residue with boiling ethanol 
gave an impure material, m.p . 79-92°. Recrystallization 
from an absolute ethanol-benzene mixture (charcoal) gave 
N-benzenesulfonyl-D,L-alanine (needles, m.p. 124.5-126°; 
lit. m.p. 124-1250,27 126°28a'l>). I t did not depress the 
melting point (124.5-125.5°) of an authentic sample. 

The Identification of IHb as l-Benzenesulfonyl-2-imino-
5-D,iv-methyl-4-imidazolidone. Preparation of D,i,-a-
Guanidinopropionic Acid (D,i,-Alacreatine).—D,L-a-Guani-
dinopropionic acid (VIIb) was prepared by the interaction of 
D,L-alanine with S-ethylthiourea hydrobromide.14 Portions 
of the reaction mixture were treated in the following man
ners. 

(1) Isolation of Alacreatine.—The solution was concen
trated, treated with charcoal and filtered. The crystals 
which appeared upon standing overnight (ice-box) were re
crystallized from an ethanol-water mixture to give D1L-
alacreatine (m.p. 228-230° with effervescence; lit. m.p. 
226° (efferv.),22 228°,29 246-247° (efferv.)18). 

Alacreatine picrate was recrystallized from water (m.p. 
187-188.5° with decomposition; lit. m.p. 187° with de
composition18). 

(2) Cyclization of Alacreatine to Alacreatinine. (a).— 
The reaction mixture was refluxed with an equal volume of 
36% hydrochloric acid for 11 hours. Part of the hydroly
sate was concentrated to dryness. The residue of alacre
atinine hydrochloride was recrystallized from absolute eth
anol (m.p. 200-202°; lit. m.p. 202-203°,26 and 203-204°18). 

(b).—Alacreatinine picrate, prepared from another por
tion of the hydrolysate, was recrystallized from water 
(prisms, m.p. 206-207° d e c ; lit. m.p. 212° (dec.),25 214-
215° dec1 8) . 

(c).—A third portion of the hydrolysate was treated with 
benzenesulfonyl chloride to give 1 - benzenesulfonyl - 2-
imino-5-D,L-methyl-4-imidazolidone ( IHb , m.p. and m.p. 
of a mixture with M b , 208-208.5° with decomposition.) 

The 1-benzenesulfenylalacreatinine I H b , prepared above, 
gave a picrate which was recrystallized from ethanol to give 
material identical with 1-benzenesulfonyl alacreatinine 
picrate (IVb, m.p. and m.p. of mixture with IVb, 183.5° 
with decomposition). 

Miscellaneous Reactions.—The reaction of aqueous gly-
oxal with N-butylguanidine bicarbonate (in alkaline, neu
tral and sodium acetate solutions), N-benzylguanidine ni
trate, glycine, glycine ethyl ester hydrochloride, ammonium 
chloride, dimethylamine hydrochloride, acetophenone and 
dimethylamine hydrochloride (extension of the Mannich 
reaction), n-butylamine (in alkaline, neutral and acidic 
solutions), ethylenediamine, aniline and D-glutamic acid 
under experimental conditions similar to those in the reac
tion with guanidine leads to either the recovery of the origi
nal reactants or to decomposition and resinification reactions. 
Some of this work is still in progress. 
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