
AMINO ACIDS 
IV. T H E  REACTION O F  GLYCINE AND 8-ALANINE W I T H  CARBON DISULPHIDE1 

ABSTRACT 
Glycine and 8-alanine on condensation with carbon disulphicie gave the corresponding 

1,3-di-(carboxyalkyl) thioureas. 1,3-Di-(carbosyinethyl) thiourea is rearranged to 2-thio-3- 
(carboxymethyl) hydantoin by warming with hydrochloric acid solution or heating above its 
melting point. Evidence is presented for the reversible condensation of 2 mole equivalents of 
the sodi~1111 salt of 2-thio-3-(carbo~ymeth~l) hydantoin by the elimination of water. This 
coildensation product is obtained a s  well-defined pink crystals. 1,3-Di-(8-carboxyethyl) 
thiourea was oxidized with an  alkaline solution of hydrogen peroside or sodi~im hypochlorite 
solution to  1,3-di-(8-carboxyethyl) urea. 1,3-Di-(8-carboxyethyl) thiourea and 1,3-di-(8- 
carboxyethyl) urea have been cyclized by heating with p-toluenes~~lphonic acid. The products 
were 2-thio-3-(S-carboxyethyl) hydrouracil and 3 - (8 -ca rbo~ye th~ l )  hydrouracil respectively. 

The reaction ol several a-amino acids and carbon disulphide in aqueous sodium 
bicarbonate solution has been studied earlier by Kodama (1, 2). In most cases, he found 
that the only identifiable products were substituted thiohydantoins, which presumably 
were formed by cyclization of the intermediate 1,s-di-(carboxymethyl) thioureas. I11 
the reaction with glycine, however, no distinct products were obtained although the 
copious evolution of hydrogen sulphide indicated that condensation had occurred. The  
reaction has now been reinvestigated in conjunction with the condensation of glycine 
and its homologue, ,B-alanine, with carbon disulphide. 

Sodium glycinate and carboil disulphide were condensed in aqueous solution to yield 
the crude disodium salt of 1,3-di-(carboxymethyl) thiourea (Ic). Reaction of this disodium 
salt with methanolic hydrogen chloride a t  room temperature gave 1,3-di-(carbomethoxy- 
methyl) thiourea (Ib) in 25% yield. The combined mother liquors on treatment with 
concentrated hydrochloric acid gave 2-thio-3-(carboxymethyl) hydantoin (IIa) (m.p. 
214"-215" C. dec.) in 17% yield. The latter compound was identified by analysis and by 
desulphurization with aqueous chloroacetic acid, to the known 3-(carboxymethyl) 
hydantoin (IIIa) and methyl ester of 3-(carboxymethyl) hydantoin (IIIb) (3). The 
methyl ester of 2-thio-3-(carboxymethyl) hydantoin (IIb) melted a t  113°-1140 C. 

2Na02C CH2NH2 + CS2 d RO2C CHaNH C NH CHaCOzR 
II 
S 

Ia, R = H 
Ib, R = CHI 
Ic, R = Na 

I 
CHzCOzR 

I I I a ,  R = H 
I I Ib ,  R = CHj 

I 
CHzCOzR 

IIa,  R = H 
IIb,  R = CHs 

'Manuscript  received November SO, 1967. 
Contribution frorn the L. G. R y a n  Research Laboratories of Monsanto Canada Limited,  Montreal, Quebec. 
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TARLTON A N D  McKAY: iIM1NO ACIDS. 1V 49'7 

Careful sapo~lificatio~l of the dimethyl ester (Ib) gave 1,3-di-(carboxymethyl) thiourea 
(Ia) which melted a t  164O-165O C. with loss of 1 mole of water and resolidilied to form 
2-thio-3-(carboxymethyl) hydantoin which then nlelted a t  214O-215O C. with decomposi- 
tion. 1,3-Di-(carboxymethyl) thiourea was previously reported (4) as melting a t  170' C. 
with decomposition. In concurrence with previous \vork (4, 3) this thiourea diacid (Ia),  
its dimethyl ester (Ib), and disodium salt (Ic) all cyclize in acid solution to give 2-thio-3- 
(carboxymethyl) hydantoin. As a preparative method, the reaction mixture of crude 
disodium 1,s-di-(carboxymetl~yl) thiourea (Ic) 011 brief treatment with concentrated 
hydrochloric acid gave the thiohydantoin (IIa) in 48y0 yield. 

When the condensation of sodium glycinate and carbon disulphide was conducted in 
the usual manner and the reaction mixture was acidified a t  room temperature to a pH of 
2 with l~ydrocl~loric acid, no precipitation of product occurred. However, the solutioil 
yielded an  orange-colored product (V) melting a t  287'-290' C. with decomposition. A 
23% yield of 2-thio-3-(carboxymethyl) hydantoin (IIa) was obtained fro111 the inother 
liquors. In another experiment, the high melting condensation product (V) appeared in 
31y0 yield on acidification of the reaction mixture with 2.2 moles of hydrochloric acicl, 
followed by subsequent evaporation and extraction. In this case, the residue from the 
mother liquors gave on methylation 2-thio-3-(carbomethoxymethyl) hydantoin (IIb) 
in 770 yield. The colorecl co~lde~lsation product (V) proved to contain chemically bound 
sodium but it gave a negative halogen test. Potentiometric titration of the compouncl 
in aqueous solution with standard alkali sho\\red it to be an acid with a primary PIC, of 
3.4 ancl a neutralization cquivalent of 373, which agrees with the acid equivalent (374.31) 
of the empirical formula C ~ O H ~ N ~ O & N ~ ~ .  Attempts to methylate this product with 
methanolic hydrogen chloride gave 2-thio-3-(carbomethoxymethyl) hydantoin (IIb) in 
81yo yield. Brief treatment of the condensation product (V) with concentrated hydro- 
chloric acid gave an 84y0 yield of 2-thio-3-(carboxymethyl) hydantoin (IIa),  while 
desulphurizatioil with aqueous chloroacetic acid followed by methylation gave 3-(carbo- 
methoxymethyl) hydantoin (IIIb) in 25% yield. Other attempted alkylation experiments 
with benzyl chloride or dimethyl sulphate in the presence of aqueous base led to  the 
isolation of 2-thio-3-(carboxymethyl) hydantoin (IIa) and not to  a derivative of the 
condensation product (V). Empirically, these observations indicate the condensation 
product (V) to be the result of an easily reversible condensation of 2 moles of the sodium 
salt of 2-thio-3-(carboxymethyl) hydailtoin with the elimination of 1 mole of water in 
such a way as to leave a titratable acid function in the product. Potentiometric titration 
data on 2-thio-3-(carboxymethyl) hydantoin (IIa) and the colored condensation product 
add additioilal evidence to this hypothesis. 

The titration of 2-thio-3-(carboxymethyl) hydantoin (IIa) (Fig. 1, curve A) with 
0.1 N sodium hydroxide solution gave a typical titration curve for an  acid (pK, 3.2) with 
an  observed neutralization equivalent of 173 (calculated, 174). At the neutralization 
point (nl) the color of the solutioil changed from yellow to red-orange. The  solution was 
then back-titrated with standard hydrochloric acid (Fig. 1, curve B). Again, a t  the 
neutralization point (nz), a color change of red-orange to orange occurred. Curves A and 
B do not coincide and it  will be observed that if the amount of sodium hydroxide solution 
(0 to nl) required to neutralize 2-thio-3-(carboxymethyl) hydantoin (IIa) is 1 mole, then 
the difference between nl and nz is 0.5 mole. This can be explained by consideration of 
the following reaction sequence: 

2Tlzis product i s  referred to hereafter a s  condensation product. 
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0 5 10 15 20 25 32 35 40 45 
MI. of NaOH 

FIG. 1. Titration ( A )  and back-titration (B) ol 2-thio-3-(carb~xymeth~l) hydantoin (IIa) in aqueous 
solution. 

MI, of NoOH 

FIG. 2. Titration (C):and back-titration (D) of condensation product (V) in aqueous solution. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 O

F 
B

IR
M

IN
G

H
A

M
 o

n 
11

/1
6/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



TARLTON AND McKAY: AMINO ACIDS. 1V 499 

OH- - Hz0 
IIa d Monosodium salt of IIa (IV) d Condensation product (ClaH,NdO;S?Na2) (V) 

OH- + Sodium salt of condensation product (CloH7N.tO:,S?Na3) (VI). 
H' 

Followiiig curve A, the conversion of 2-thio-3-(carboxymethyl) hydantoin (IIa) into 
its monosodiunl salt (IV) is complete a t  nl;  a t  nl, IV uildergoes self-condensation with 
elimination of water to give the condensation product (V), which is in turn neutralized 
to give VI. The neutralization of V to  VI requires 1 mole of base per mole of condensation 
product or one-half the amount of base required to neutralize I I a  originally. On the back- 
titration curve B, the conversion of VI to V begins a t  n2 and should be complete a t  P. 
The validity of this interpretation rests on the isolation of the condensation product 
(V) from the solution used in the titration and back-titration of IIa.  Experimentally, 
this method gave an 80% conversion of I I a  into V. The analytical values obtained for 
the condensation products prepared by the two methods agreed within experimental 
error. However, in both cases the values obtained for hydrogen were higher than the 
value calculated for the empirical formula CloH,N406S2Na?. 

The titration and back-titration of the condensation product (V) gave the same result 
(Fig. 2). Again, the difference between the two curves (C and D) a t  n3 and nr represents 
approxiinately one-half the amount of base required to reach n ~ .  In  analogy with the 
titration experiments on 2-thio-3-(carboxymethyl) hydantoin (IIa),  it appears that  the 
condensation process has again occurred. 

Although there is not sufficient evidence to formulate the structure of the condensation 
product (V) with its two combined sodium atoms, the data  suggest that  the product 
has a free carboxyl group and that  the sodium atoms are bound as  salts of an enolic 
structure. Furthermore, the structure of the initial condensation product (V) must,be 
such that the same mode of self-co~ldensation can be repeated. 

X VIII 
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The co~lde~lsation of sodium P-alaninate ailcl carboil clisulphicle proceeded normally. 
The product, 1,s-di-(p-carboxymethyl) thiourea (VIIa), provecl to be very water soluble 
and hence was isolated in the form of its dimethyl ester (VIIb) in 56% yield. Saponificatioll 
of the diester (VI Ib) in aqueous base readily gave the diacicl (VI In). This thiourea-diacid 
(VIIa) was oxidized with 4 moles of aqueous soclium hypochlorite or hydrogen peroxide 
in the presence of 4 moles of base to 1,3-di-(P-carboxyethyl) urea (VIII). 

There are numerous examples in the literature of the cyclizatioll of P-thioureido and 
P-ureido alanines to hydrouracil and its derivatives. This was accomplished by the 
cyclizing action of acetic anhydride, hydrochloric acid, or simply heat (6, 7, 8 ,  9, 10, 11) 
on the P-ureido alanines, while others (12, 13, 14) found that  the corresponding esters 
undergo ring closure in the presence of sodium alltoxides. When 1,3-di-(P-carboxyethyl) 
thiourea (VIIa) was heated with p-toluenesulphonic acid a t  160'-175' C., 2-thio-3-(p- 
carboxyethyl) hydrouracil (IX) was obtained in 85% yield. In accordallce with observa- 
tions on other hydrouracil derivatives (7, 15) this process was easily reversed by the 
action of warm aqueous base on IX. Similarly, the actioll of hydrochloric acid or acetic 
anhydride on 1,3-di-(p-carboxyethyl) urea (VIII) gave 3-(P-carboxyethyl) hydrouracil 
(X) 

As a preparative method, the 2-thio-3-(P-carboxyethyl) hydrouracil (IX) call be 
prepared in 467, yield from the crude 1,3-di-(p-carboxyethyl) thiourea (VIIa) by 
cyclization with p-toluenesulphonic acid. I t  is of interest to note that  the cyclization of 
1,3-di-(carboxymethyl) thiourea (Ia) to yield 2-thio-3-(carboxymethyl) hydantoin (IIa) 
is more facile than the ring closure of its homologue (VIIa) to the thiohydrouracil (IX). 
This is demonstrated by the behavior of the two con~pounds on fusion. As noted above, 
1,3-di-(carboxymethyl) thiourea (Ia) loses water readily a t  its melting point while VIIa 
remains unchanged under these conditions. 

During the investigatioll of the cyclization of 1,3-di-(P-carboxyethyl) thiourea (VIIa) 
with acetic anhydride under reflux, desulphurizatio~l as well as  cyclizatioll occurred. The 
product, 3-(P-carboxyethyl) hydrouracil (X), was obtained in 26% yield. T o  our ltnow- 
ledge, the desulphurization of a thiohydrouracil with acetic anhydride has not been 
observed previously. 

EXPERIMENTAL3 

1 ,S-Di-(carboxymetlzyl) Tlciourea and 2-Thio-3-(carboxymethyl) I3ydantoin 
A stirred mixture of glycine (20 g., 0.26 mole), carbon disulphide (10.2 g., 0.13 mole), 

and water (20 ml.) was treated dropwise with a solutioll of sodium hydroxide (10.68 g., 
0.26 mole) in water (27 ml.) over a period of 15 minutes. After the initial heat effect had 
abated additional carbon disulphide (2 g.) was added and the solution was held a t  the 
reflux temperature of carbon disulphide for 30 minutes. The excess carbon disulphide 
was evaporated and the remailling solution was refluxed for 7 hours. During this latter 
heating stage copious evolution of hydrogen sulphide occurred. Tlle solution was cooled, 
filtered, and divided into two equal portions. 

One portion of the solution was evaporated to dryness ifz vacua on the steam bath and 
the residual viscous red oil was dried i n  vacuo over potassiun~ hydroxide pellets. This 
residue was treated with 10% methanolic hydrogen chloride solution (100 ml.) a t  room 
temperature. A pale yellow solutioll colltaillillg some illsoluble crystals of sodiuln chloride 
was obtained. Methylation was allowed to proceed a t  room temperature overnight. The 
filtered solutioll was evaporated to dryness in vacuo and the residue was dissolved in 

3.-111 ~ i z i ~ l f i n g  points are z~ncorrecled. i l I icroa~talyses  zuere perforticed b y  il f icro TeclriLaboratories, S k o k i e ,  
Illiirois. 
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TARLTOS A N D  MCKAY: AMINO ACIDS. IV 501 

chloroform. The  chloroform solution was extracted with water, dried, and then evapor- 
ated to dryness. The residue on treatment with benzene gave 3.7 g. (25y0) of crude 
crystalline 1,3-di-(carbomethoxymethyl) thiourea (m.p. 97"-98" C.). Several crystal- 
lizations from benzene-hexane solutioil gave colorless platelets melting a t  99°-1000 C. 
Anal. Calc. for C7Hl0N2O1S: C, 38.17; I-I, 5.49; N ,  12.72; S ,  14.56%. Found: C, 38.59; 
H,  5.61; N, 12.81; S ,  14.10y0. 

Part of the 1,3-di-(carbomethoxyinethyl) thiourea (0.5 g., 0.002 mole) in a solution 
of sodium hydroxide (0.3 g., 0.007 mole) in water (7 ml.) was heated 011 a steam bath for 
30 minutes. The  solution was cooled to O0 C. and acidified with cold concentrated hydro- 
chloric acid solution. The crystals (m.p. 157O-158°C.; resolidifies and remelts with 
decomposition a t  214"-215O C.) were recovered by filtration, yield 0.38 g. (89%). This 
material was purified by solution in cold inethanol and precipitation with benzene. The 
pure sample gave a double melting point of 164°-1650 C. and 214"-215" C. with decom- 
position. Anal. Calc. for C5HsN204S: C, 31.25; H,  4.20; N ,  14.58; S,  16.69y0. Found: C,  
31.49; H ,  4.23; N, 14.43; S,  16.61%. 

The mother liquors and washings from the ~repara t ion  of 1 ,3-di-(carb~methoxymeth~l) 
thiourea were combined and evaporated to dryness. The residue in concentrated hydro- 
chloric acid solution (35 ml.) was warmed on a steam bath for 20 minutes. When the 
solution was cooled, 2-thio-3-(carboxyn1ethyl) hydantoin (m.p. 210°-2120 C. with decom- 
position) separated as pale yellow crystals, yield 2 g. (1770). Recrystallization from 
methanol-benzene solution raised the melting point to 214"-215" C. with decomposition. 
The melting points reported in the literature are 212" C. with decomposition (4) and 
210'-212°C. (3). Anal. Calc. for C5H6N2O3S: C, 34.47; H,  3.47; N ,  16.09; S, 18.41%. 
Found: C,  34.35; H,  3.54; N ,  16.10; S ,  18.21y0. 

A solution of 2-thio-3-(carboxymethyl) hydantoin (0.5 g., 0.003 mole) in 10% methan- 
olic hydrogen chloride solution (10 1111.) was allowed to stand a t  room temperature over- 
night. The solvent was removed in vucz~o a t  rooin temperature and the crystalline residue 
was crystallized from benzene (3 ml.) to yield 0.49 g. (91%) of 2-thio-3-(carbomethoxy- 
methyl) hydantoin melting a t  112°-1130 C. One crystallization from benzene-hexane 
solution raised the melting point to a constailt value of 113"-114" C. Anal. Calc. for 
C G H & ~ O ~ S :  C,  38.29; H ,  4.28; N ,  14.89; S,  17.04yo. Found: C,  38.51 ; H ,  4.37; N ,  14.46; 
s, 16.7470. 

The methyl ester of 2-thio-3-(cai-boxymethyl) hydantoin on hydrolysis with either 
6% potassium hydroxide solution or 37Yo hydrochloric acid solutio~l gave a 72% yield of 
2-thio-3-(carboxyinethyl) hydantoin (n1.p. 214"-215" C. with decomposition). The pro- 
duct was identified by a mixt~lre melting point determination with an authentic sample 
of 2-thio-3-(carboxyn1ethyl) hydantoin. 

The second portion of solutioil from the original reaction was acidified to a pH of 2 with 
concentrated hydrochloric acid solution. This solution was evaporated to dryness in 
vucuo and the residue was dried in vucz~o over potassium hydroxide pellets. The 
dried residue was extracted with boiling methanol (2x100 ml.) and the insoluble in- 
organic salts were removed by filtration. After the methanolic filtrate was taken to 
dryness, the residue was crystallized froin water (15 ml.). Orange-red crystals of con- 
densation product (m.p. 270"-275" C. with decomposition) were obtained, yield 2.9 g. 
(24y0). One crystallization from water (7 ml.) together with treatment with Nuchar * 

raised the melting point to 287"-290" C. with decomposition. The product gave a negative 
halogen test and it gave a neutralizatio~l equivalent of 373 on titration with 0.1 N sodium 
hydroxide solution. .lnal. Calc. for CIOH~S4O5S2Na2 (mol. wt. 374.31): C, 32.09; H, 
2.13; N, 14.97Yo. Found: C,  32.30; H ,  3.13; N, 15.11; Ash, 17.53y0. 
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The mother liquors from the conclensation product were evaporated to dryness and 
the residue was heated with 37y0 hydrochloric acid solutio~l (25 ml.) for 1 hour on the 
steam bath. The solution was cooled and a crystalline precipitate of 2-thio-3-(carboxy- 
methyl) hydantoin (m.p. 210"-212" C. with decomposition) was obtained, yield 2.6 g. 
(23y0). This product was identified by a mixed melting point determination with a 
known sample of 2-thio-3-(carboxymethyl) hydantoin (m.p. 214"-215" C. with decom- 
position). 

In  another experiment, after the stage of the condensation reaction, the reaction 
m i x t ~ ~ r e  was acidified with 1.1 mole of hydrochloric acicl per mole of sodium hydroxide 
originally used. The colored conclensation product (m.p. 285"-290" C. with decomposition) 
was obtained in 32y0 yield. The dry residue from the mother liquors was methylated with 
10yo methanolic hydrogen chloride to yield 7% of the methyl ester of 2-thio-3-(carboxy- 
methyl) hydantoin (m.p. 112°-1130 C.). This product gave no depression in melting 
point on admixture with an authentic sample of 2-thio-3-(carbomethoxymethyl) hydan- 
toin (m.p. 113°-1140 C.). 

Direct Preparation of 2-Tlzio-3-(carboxymethyl) IIydantoin 
A mixture of glycine (150 g., 2 moles), carbon disulphide (76 g., 1 mole), and sodium 

hydroxide (80 g., 2 moles) in water (350 ml.) was condensed in the above-described 
manner. After complete reaction, the solution was filtered and evaporated to dryness. 
The residue in concentrated hydrochloric acid solution (500 ml.) was heated on a steam 
bath for 45 minutes. The yellow solid which separated was collected and dried to give 
84 g. (49y0) of 2-thio-3-(carboxymethyl) hydantoin (m.p. 214"-215" C. with decomposi- 
tion). This product was identified by a mixture melting point determination. 

3-(Carboxymetl~yl) I3ydantoin 
2-Thio-3-(carboxymethyl) hydantoin (1.3 g., 0.007 mole) was converted into 3- 

(carboxymethyl) hydantoirl (m.p. 183"-191" C.) in 37% yield by heating with chloro- 
acetic acid under the conditions described by Johnson and Renfrew ( 5 ) .  Two crystalliza- 
tions from ethanol-hexane solution raised the melting point to 197"-198" C. The melting 
points reported in the literature are 190"-191" C. (6), 195"-196" C. (IG), and 199"-201" C. 
(17). Anal. Calc. for C5H6N204: C,  37.98; H ,  3.83; N,  17.72%. Found: C,  38.28; H ,  3.94; 
N ,  17.95%. 

A solution of 3-(carboxymethyl) hyda~ltoin (0.1 g., 0.0006 mole) in lOyo metha~lolic 
hydrogen chloride solution (8 ml.) was allowed to stand overnight. The solvent was 
removed in vacuo and the residue was crystallized from benzene-hexane solution to give 
91 mg. (84y0) of the methyl ester of 3-(carboxymethyl) hydantoin melting a t  88"-89" C. 
One crystallization from acetone-hexane solution raised the melting point to 90"-91" C. 
The previously (3) reported melting point is 91" C. 

Clzemistry of the Condensation Product 
(a) Conversion into 2-Tlzio-3-(carboxymethyl) IIydantoin 
The condensation product (0.5 g., 0.0013 mole) in 37y0 hydrochloric acid solutio~l 

(4 1-111.) was heated a t  100" C. for 7 minutes. The mixture was cooled and the precipitate 
of 2-thio-3-(carboxymethyl) hydantoin (m.p. 212"-213" C. with decomposition) was 
removed by filtration, yield 0.39 g. (84y0). One cr)~stallization from glacial acetic acid 
raised the melting point to 214"-215" C. with decomposition. This product was identified 
by a mixture melting point determination with a lcnown sample of 2-thio-3-(carboxy- 
methyl) hydantoin. 
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T.4RLTON AND McK.4Y: AMINO ACIDS. IV 503 

(b) Conversion into 2-Thio-3-(cnrbometlmxymet7zyl) IIydantoin 
A solution oE the condensation product (0.5 g., 0.0013 mole) in 10% methanolic 

hydrogen chloride solution (10 ml.) \\?as allowed to stand a t  room temperature overnight. 
The solvent was removed in vacuo and the residue was extracted with cl~loroform. The 
chloroform extract was washed with water, driecl, and evaporated to dryness. The 
~ i ~ s t a l l i n e  residue was crystallized from benzene, yield 0.4 g. (81%). I t  melted a t  112"- 
113.5" C. alone and on admixture with a known sample of 2-thio-3-(carbomethoxymethyl) 
hydantoin (m.p. 113°-1140 C.). 

(c) Conversion ,into 3-(Carbomethoxymethyl) Hydantoin 
A11 aqueous solution (2 ml.) of the condensation product (0.5 g., 0.0013 mole) and 

chloroacetic acid (0.5 g., 0.005 mole) was refluxed for 1 hour. The solution was taken to 
dryness in vacuo and the residue was methylated with lOyo methanolic hydrogen chloride 
solution (15 ml.) a t  room temperature overnight. The solvent was removed in vacuo 
and the residual oil was dissolved in chloroform. The cliloroforn~ solution was washed 
with 5y0 sodium bicarbonate solution and water. I t  was dried and the chloroform 
evaporated. The residue was crystallized from benzene-hexane solution (3  ml.) to give 
116 mg. (%yo) of 3-(carbomethoxymethyl) hydantoin melting a t  89"-90" C. A sample 
crystallized from acetone-hexane solution melted a t  90"-91" C. alone and on admixture 
with n known sample of 3-(carbomethoxymethyl) hydantoin. 

(d) Condensation Product from 2-Thio-3-(carboxymethyl) Hydantoin 
A solution of 2-thio-3-(carboxymethyl) hydantoin (5.0 g., 0.0287 mole) in water 

(100 ml.) was titrated with 0.1 N sodium hydroxide solution. After each addition of 
base, the pH of the solution was determined by  means of a Beckman Model G pH meter 
equipped with external glass and calomel electrodes. At the neutralization point (288 ml. 
of 0.1 N NaOH, 0.0288 mole), the color of the solution changed from pale yellow to red. 
After addition of an  equal amount of base, the solution was back-titrated with 118 ml. 
of 0.244 N hydrochloric acid (0.0288 mole). Again, a color change from red to orange a t  
the equivalence point was observed when approximately half of the hydrochloric acid 
solution had been added. The solution was evaporated in vacuo until crystals began to  
appear. These were collected and dried to give 1.28 g. (n1.p. 287"-292" C. with decom- 
position). A second crop (3.02 g., m.p. 270"-285" C. with decomposition) was obtained on 
further concentration of the mother liquor to  give a total crude yield of goyo. Recrystal- 
lization of the product from water (10 ml.) together with Nuchar treatment gave orange- 
red crystals (2.04 g., m.p. 287"-291" C. with decomposition) which gave no depression 
in melting point on admixture with the condensation product (above). I t  gave a neutral- 
ization equivalent of 378 on titration with 0.1 N sodium hydroxide solution. Anal. Calc. 
for CloHsN4OsSzNa2: C,  32.09; H ,  2.15; N, 14.97y0. Found: C, 32.61; H ,  3.36; N, 15.55; 
Ash, 17.47y0. 

(e) Titration Experiments 
The titration curves (Fig. 1 and 2) were obtained by titration of aqueous solutions 

(1 g./100 ml.) of 2-thio-3-(carboxymethyl) hydantoin and the condensation product 
with 0.1 N sodium hydroxide solution and back-titration with standardized hydro- 
chloric acid solution. The pH of the solution was determined by means of a Beckman 
Model G pH meter equipped with external glass and calomel electrodes. 

1,3-Di-(/3-carboxyethyl) TI aourea ' 

A mechanically stirred mixture of /?-alanine (15 g., 0.16 mole), carbon disulphide 
(6.4 g., 0.08 mole), and water (10 ml.) was treated dropwise with a solution of sodium 
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hydroxide (6.7 g., 0.17 mole) in water (17 ml.) over a period of 5 minutes. The tempera- 
ture gradually rose to 30' C. and in 30 minutes all of the carbon disulphide had been con- 
sumed in the reaction. Additional carbon clisulphide (2 g.) was added and the solution 
was heated a t  the reflux temperature for 30 minutes. The excess carbon clisulphide was 
removed by distillatioil and the clear solutioil was refluxed for 7 hours. I t  was cooled and 
then filtered to remove a small amount of insoluble material. The filtrate was acidified 
to pH 2 with lOyo l~ydrochloric acid solution and then evaporated to dryness in vacua. 
The residue was extracted with hot methanol to reinove the inorganic salts. The dry 
residue from the methanolic extract was treated wit11 3% methanolic hydrogen chloricle 
solution (50 inl.) and allowed to stand a t  room temperature overnight. The resiclue from 
evaporation of the methanolic solution was clissolvecl in chlorolorill and the chloroforn~ 
solution was washecl with 5y0 hydrochloric acid solution, 370 sodiu~n bicarbonate solu- 
tion, and water. The dried chloroform solution nras evaporated to dryness in vacuo and 
the residue was crystallized from colcl benzene (60 ml.), yield 11.6 g. (56%). The 
melting point was raised froin 6'3'-73' C. to 73"-74' C. by one crystallization from 
methanol-water solution, yielcl 10.4 g. Anal. Calc. for C & I I ~ N ~ O ~ S :  C, 43.53; H ,  6.30; 
N, 11.28; S, 12.92%. Founcl. C,  43.93; I-I, (i.6.5; S, 11.10; S ,  12.65%. 

The dimethyl ester of 1,3-di-(P-carboxyethyl) thiourea (5.5 g., 0.02 mole) in a solution 
of potassium hydroxide (3.7 g.) in water (65 ml.) was heated on a steam bath for 45 
minutes. The solutioil was cooled, acidified to pH 2 with lOyo sulphuric acid solution, 
and then evaporated to dryness. The residue was extracted with acetone (2X 100 1111.). 
After the acetone was evaporated froin the combiiled extracts, the residue was crystallized 
from acetone-chloroform solution. This procedure gave 4.5 g. (%yo) of 1,3-di-(P-carboxy- 
ethyl) thiourea n~elting a t  137'-13'3' C. X further crystallization froin the same solvent 
pair raised the melting point to 138'-13'3' C. Anal. Calc. for C,H1J,O1S: C,  38.18; H, 
5.30; N ,  12.73; S ,  14.56%. Found: C,  38.18; H ,  5.66; N, 12.45; S ,  14.68%. 

1 ,S-Di-(0-carbo.vyetl~yl) Urea 
Method A 
A solutioil of 1,3-cli-(P-carboxyetl~yl) thiourea (1.4 g., 0.006 mole) and sodium hydroxide 

(1.1 g., 0.028 mole) in water (10 ml.) was treated a t  20'-25' C. with 32 ml. (0.028 mole) 
of 0.891 M sodium hypochlorite solution. The addition was complete in 5 minutes and 
the oxidation was allowed to  proceed a t  room temperature overnight. A small amount of 
illsoluble sulphur was removed by filtration, and the filtrate was acidified with 10yo 
hydrochloric acid to  pH 2. I t  was evaporated in vacuo on the steam bath to a volume of 
20 ml. or until white crystals began to appear. The solution was cooled and the crystals 
were collected, washed, and dried, yield 1.07 g. (80%). The melting point was raised 
from 183'-185' C. to  185'-185.5' C. by crystallization from methanol. Anal. Calc. for 
CiHl2N2O6: C, 41.17; H ,  5.93; N, 13.72%. Found: C, 41.17; H ,  5.98; N, 13.68y0. 

Method B 
A mixture of the dimethyl ester of 1,3-di-(P-carboxyethyl) thiourea (10 g., 0.04 mole) 

and sodium hydroxide (6.4 g., 0.16 mole) in water (70 ml.) was dissolved by slight warm- 
ing on a steam bath. The solution was cooled and treated with 7.9 M hydrogen peroxide 
solutioil (20.4 inl., 0.16 mole) a t  15'-20' C. The oxidation was allowed to  proceed a t  
room temperature overnight, after which the pH of the solution was adjusted to 2 with 
37% hydrochloric acid solution. This solution was coilceiltrated in vaczlo until crystals 
begail to appear. The crystals (m.p. 183'-185' C.) were removed by filtration and dried, 
yield 7.1 g. (86%). These crystals did not depress the melting point of 1,3-di-(0-carboxy- 
ethyl) urea (m.p. 183"-185.5' C.) prepared by Method A. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 O

F 
B

IR
M

IN
G

H
A

M
 o

n 
11

/1
6/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



TARLTOS A N D  MCKAY: AMINO ACIDS. IV 505 

2-Thio-3-(P-carboxyetl1,yl) Hydroz~racil 
P-Alanine (75 g., 0.8 mole) and carbon disulphide (35 g., 0.46 mole) in a solution of 

sodium hydroxide (33.7 g., 0.8 mole) in water (135 1111.) were condensed in the usual 
manner by refluxing for 7 hours. This solution was cooled, acidified to  a pH of 2 with 
concentrated hydrochloric acid, and evaporated to dryness. The residue was extracted 
with hot methanol and the methanol extract was talcen to dryness in vacuo. The residual 
oil was heated with p-toluenesulpho~~ic acid monohydrate (8 g.) a t  160"-175' C. in 
vacuo (15 mm.) for 30 minutes. This melt on crystallization from water (200 ml.) gave 
38.8 g. (46y0) of 2-thio-3-(P-carboxyethyl) hydrouracil (m.p. 163.5'-164.5' C.). Crystal- 
lization from acetone-water solution raised the melting point to 166°-1670 C. Anal. 
Calc. for C7HloN20,S: C, 41.57; 11, 4.98; N, 13.86; S ,  15.86y0. Found: C,  41.80; H ,  
4.89; N,  14.00; S ,  15.00y0. 

In another experiment a mixture of 1,3-di-(P-carboxyethyl) thiourea (0.5 g., 0.002 
mole) and 6-toluenesulphonic acid monohydrate (0.05 g., 0.0003 mole) was heated a t  
160"-175" C. for 10 minutes. The melt was cooled and crystallized from water (4 ml.) 
to give 0.4 g. (85y0) of 2-thio-3-(P-carboxyethyl) hydrouracil melting a t  166'-167" C. 
2-'Thi0-3-(P-carboxyethyl) hydrouracil (0.5 g., 0.002 mole) was heated on a steam 

bath for 35 minutes in a solutio~l of 85yo potassium hydroxide (0.48 g., 0.007 mole) in 
water (8 ml.). This solution on acidification to  pH 2 and evaporation to a small volume 
gave 1,3-di-(P-carboxyethyl) thiourea (m.p. 137"-138" C.) in 75% (0.41 g.) yield. The  
product was identified by a mixture melting point determination. 

3- (P-Carboxyetkyl) 3Iydroz~racil 

Metlrod A 
'4 mixture of 1,3-di-(P-carboxyethyl) urea (1 g., 0.005 mole) and acetic anhydride 

(10 1111.) was refluxed for 15 minutes. The solution was cooled, diluted with 100 ml. of 
water, and the excess acetic anhydride allowed to hydrolyze. Evaporation of the aqueous 
solution in vacuo on the steam bath gave a crystalline residue. The residue was crystal- 
lized from ethanol-benzene solution (10 inl.) to  yield 0.59 g. of product. Concentration 
of the mother liquors gave another 0.1 g. of crystalline product. The total yield of 3- 
(P-carboxyethyl) hydrouracil (m.p. 178'-184" C.) was 76y0. One crystallizatio~l raised 
the melting point to 183'-184' C. A sample of this compound mixed with the starting 
material, 1,3-di-(p-carboxyethyl) urea (m.p. 185"-185.5' C.),  gave a depressed melting 
point. Anal. Calc. for C7H10N204: C, 45.16; H, 5.41; N ,  15.05y0. Found: C,  45.50; H ,  
5.48; N, 15.23y0. 

Method B 
A solution of 1,3-di-(/3-carboxyethyl) urea (0.5 g., 0.0025 mole) in 37y0 hydrochloric 

acid solution (3 ml.) was evaporated to  dryness in an open beaker on a steam bath. 
This procedure was repeated twice and the final dry residue was extracted with hot 
acetone (25 ml.). After the solvent was removed by  evaporation, the residue was crystal- 
lized from acetone-chloroform solution. The crystals melted a t  172'-175' C., yield 0.38 g. 
(83y0). One crystallizatioil from methanol-benzene solution raised the melting point to 
181'-182" C. A ~nixture melting point determination with a lcno\vn sample of 3-(P- 
carboxyethyl) hydrouracil gave no depression. 

ildetl~od C 
1,3-Di-(P-carboxyethyl) thiourea (0.27 g., 0.001 mole) in acetic anhydride (5 ml.) was 

refluxed for 30 ininutes. The solution was cooled, poured into ice-water (25 ml.), and the 
excess acetic anhydride was allowed to hydrolyze a t  room temperature. The oil remaining 
after evaporation of the solution xvas crystallized from acetone-chloroforn~ solution. The 
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crude crystal l i i le  product (m.p.  179°-1810 C.) w a s  o b t a i n e d  i n  26% (0.059 g.) yield.  A f t e r  
t w o  r e c r y s t a l l i z a t i o ~ ~ s  from the same solve~lt pair it m e l t e d  at 1 8 3 O - 1 8 4 O  C. a l o n e  a n d  on 
admixture w i t h  a k n o w n  s a m p l e  of 3-(P-carboxyethyl)  hydrourac i l  (m.p. 183O-184' C.). 
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