
U N S A T U R A T E D  H Y D A N T O I N  D E R I V A T I V E S .  1 8 . *  

A L K A L I N E  H Y D R O L Y S I S  O F  2 - T H I O X O - 5 -  

A R Y L I D E N E H Y D A N T O I N S  A N D  S O M E  O F  T H E I R  

D E R I V A T I V E S  

B .  A.  I v i n ,  T .  N.  R u s a v s k a y a ,  
A .  I .  D ' y a c h k o v ,  G .  V .  R u t k o v s k i i ,  
a n d  Y u .  A .  I g n a t ' e v  

UDC 547.02.78+541.127+542.939 

The alkaline hydrolysis of 2-thioxo-5-arylidenehydantoins (R = p-NO2, p-Br, H, p-Me, and p- 
OMe) and their mono- and dialkyl derivatives proceeds with the formation of arylpyruvic acids, 
which undergo subsequent decomposition in the presence of oxygen in alkali solutions. 2-Thi- 
oxohydantoin, thioparabanic acid, and thiourea were not detected among the reaction products. 
Side processes involving the oxidation of the thioxohydantoins also take place under these con- 
ditions. The rate of hydrolysis of 2-thioxo-5- arylidenehydantoins Varies as the concentration 
of alkali in solution changes, and the log k = f(CKOH ) dependence is S-shaped. The hydrolysis 
of nonionized hydantoins and their monoanions is a bimolecular reaction and is first-order in 
substrate and hydroxide ion. The rate-determining step in the hydrolysis is the addition of hy- 
droxide ion to the carbon atom of the C4=O group. 

It is known [2-5] that  the hydro lys i s  of hydant0ins is used to es tabl i sh  the amino acid composi t ion  of 
po ly -  and ol igopeptides and for  the isolat ion of amino acids  f rom thioxohydantoins fo rmed by t r e a t m e n t  of a 
m ix tu r e  of amino acids  in the hydro lyza tes  of pept ides  with isothiocyanates .  Examples  of the use of the a lka -  
l ine hydro lys i s  of thioxohydantoins for p r ac t i ca l  pu rposes  have a l ready  been  published [4, 5], but the m e c h a -  
n i sm of this r eac t ion  has  not been  studied up until now. At the s a m e  t ime,  we have prev ious ly  invest igated the 
m e c h a n i s m  of the r e a r r a n g e m e n t  of 5-carboxymethyl idenehydanto ius  in aqueous alkal i  solutions [6] and the 
alkal ine hydro lys i s  of 5-aryl idenehydantoins  [7, 8] and have es tabl i shed the ro le  of the subst i tuents  at tached 
to the C s a toms  of the hydantoin r ing or the C a a tom of the side chain, the composi t ion of the medium,  and a 
number  of other  f ac to r s  on the cou r s e  of these reac t ions .  Moreove r ,  it has  been  shown [9] that  r e p l a c e m e n t  
of the oxygen a tom at tached to the r ing  C2 a tom by sulfur  has  a substant ia l  effect  on the p rope r t i e s  of the 
compounds under d iscuss ion.  In this  connection, we studied the hydro lys i s  of subst i tuted 2 - t h ioxo -5 -a ry l i d en e -  
hydantoins,  e spec ia l ly  s ince many  p rob l ems  in the in te rp re ta t ion  of the mechan i sm of the alkal ine hydro lys i s  
of cycl ic  amides  and the i r  thio analogs s t i l l  r e m a i n  unsolved [10]. 
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I RI=R3=H, R=p~NO2; II Br; III H; IV CH3; V OCH3; VI R-p=RI=H, R3=CH~; 
VII R=p-H, Rt=RS=CH3 

Nonionized hydantoins I -VIII  exis t  in the c rys ta l l ine  s ta te  and in solut ions in both wa te r  and organic  so l -  
vents  in the oxo thione f o r m  with c i s -o r i en t ed  hydantoin and benzene r ings  [9]. They a re  somewhat  s t ronger  
NH acids  than the cor responding  2-oxo  analogs (ApKa ~ 0.2 for aqueous solutions) [9]. The ionization of 2-  
thiohydantoins I -VIII  [9] p roceeds  v ia  de tachment  of a pro ton  f rom N 3 and leads  to the fo rmat ion  of an anion 
with the charge  delocal ized in the 8-S:-~C(2)~N(3):~'C(4)'"O 6- s y s t em,  and a dianion is fo rmed  due to sub se -  
quent de tachment  of a pro ton  f rom N1 [9]. 

*See [1] for communica t ion  17. 
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Fig. 1-  Logar i thmic  dependence of the 
observed  f i r s t - o r d e r  r a t e  constants (ki, 
sec -~) on the alkali  concentra t ion (CKOH, 
moles / l i t e r )  in the hydrolys is  of 2-  
thioxo-5-benzyl idenehydantoin at 90~ 
(1), of 3 -methy l -2 - th ioxo-5-benzy l idene-  
(VI) at 80~ (2), of 1 ,3-d imethyl -2- th toxo-  
5-benzylidenehydantoin (VII) at 20 ~ C (3), 
of 3 -methyl -2  -methyl th io-5-b  enzylidene - 
4- imidazolone (IX) at  20~ and of 2-  
thioxo-5-benzylhydantoin (VIII) at 90~ 
(5). 

Special exper iments  and data f rom th in- layer  chromatography (TLC) showed that when the prepara t ive  
hydro lys i s  of 2- thioxo-5-benzyl idenehydautoins  I-VII is ca r r i ed  out in the absence of oxygen, the principle  
products ,  r e ga r d l e s s  of the alkali  concentra t ion,  a re  a ry lpyruvic  acids,  as in the case  of the oxygen analogs. 
The yields  of the a ry lpyruvic  acids r each  80%, although they a re  lowered when the t empera tu re  is ra ised .  
Neither  thioxohydantoins,  th iobarbi tur ic  acids,  nor th iourea  were  detected in the reac t ion  mixtures .  The ap-  
pearance  of toluenes and benzaldehydes  among the hydro lys i s  products ,  as  demonst ra ted  in [9, 11-13], is a s -  
sociated with cleavage of the a ry lpyruvic  acids (par t icu lar ly  in the p resence  of oxygen and at increased  t e m -  
pera tu res ) .  In con t ras t  to 5-benzyl idenehydaatoins ,  the thio der iva t ives ,  l ike other 5-subst i tuted 2- thioxohy-  
dantoins [14], undergo oxidation in solutions that  contain oxygen, no special  study was devoted to the s t r u c -  
t u re s  of these products .  Like 5-benzylhydantoin [7], 5-benzyl-2- thioxohydantoin  (VIII) undergoes hydrolys is  
and is conver ted to phenylalaniae with the format ion  of an N-thiocarbamoylphenylalanine in te rmedia te .  2- 
Methyl th io-3-methyl -5-benzyl ideneimidazolone  (IX) is hydrolyzed to phenylpyruvic acid. 

It may  consequently be assumed that, as in the case  of 5-benzylidenehydantoins [7], the si te  of hydro ly -  
t ic  at tack on the 2-thioxo der iva t ives  is the carbon  atom of the carbonyl  group ra the r  than the carbon atom of 
the Cs=Ca bond. This  is conf i rmed by the change in the PMR spec t ra  of samples of the hydrolyzates :  the 
or iginal  spec t rum of the anion of the 2- thioxo-5-benzyl idenehydantoins  is t r ans fo rmed  with t ime to the spec -  
t r u m  of the anion of the cor responding  a ry lpyruvic  acid,  which is absolutely analogous to the si tuation with 5-  
benzyl idenehydaatoins  [7]. Singlets of the carbon  atoms of the benzene r ing (130.7, 131.7, 133.0, and 148.9 
ppm), of the methyl idyne group (114.1 ppm), and the hydantoin r ing [139.0 (C5) , 189.2 (C4), and 200.5 (C2)] a re  
observed  in the 13:C NMR spec t ra  of a solution of 2- thtoxo-5-benzyl idenehydantoin in 2.14 M NaOD in aqueous 
(D20) hexadeuterodimethyl  sulfoxide. The intensi t ies  of the signals of the carbon atoms of the carbonyl  and 
thioxo groups d e c r e a s e  gradually during hydro lys i s  (with heating at 100~ and se lec t ion  of samples  for r e c o r d -  
ing the spec t r a  at 20-25~ while the signals of the carbon atoms of the benzene r ing a re  shifted and r each  
the posi t ion cor responding  to the posi t ion of the signals in the spec t rum of the dianion of phenylpyruvic acid. 
In other  words ,  the change in the t3C NMR spec t ra  during the hydrolysis  of 2- thtoxo-5-benzyl idenehydantoin  
indicates that at tack by the hydroxide ion is d i rec ted  to the 8-S----C(2) ==N(3)==C(4)==08: f ragment  ra the r  than to 
the C5=C a bond, but it does not make it possible to form a s t r i c t  judgment as to whether  the hydroxide ion 
adds only to C2 or  to Ca or whether  the reac t ion  proceeds  s imultaneously at the two cen te rs .  However ,  it is 
well  known that in reac t ions  of 2-thioxohydantoins with nucleophilic agents the attack by the nucleophile in 
mos t  cases  is d i rec ted  to C4 ra the r  than to Cz. It is evidently appropr ia te  to once again mention that the 
alkaline hydro lys i s  of 2-thioxohydantoins and the i r  5 -mono-  or 5 ,5 -d ia lky l (a ry l )der iva t ives  leads to the fo r -  
mat ion of N-thioureidoamino acids,  which subsequently undergo decomposi t ion to f ree  amino acids or  thei r  
der iva t ives  [2, 3, 5, 14]. 

The kinet ics  of the alkaline hydro lys i s  of 5-benzyl idene-2- thioxohydantoins  I-V and the 3 -me thy l -  (II) 
and 1 ,3-dimethyl  (III) der ivat ives ,  3 -methy l -2-methy l th io -5-benzyl idene-4- imidazo lone  (IV), and 5 -benzy t -2 -  
thioxohydantoin (V) in aqueous KOH solutions with var ious  concentrat ions were  investigated by a spect rophot-  
m e t r i c  method [7, 8]. The ra tes  of hydro lys i s  (see Table  1 and Fig. 1) of the compounds depend substantial ly 
on the alkali  concentra t ion in solution; the logar i thmic dependences of the f i r s t - o r d e r  r a t e  constants (k I) on 
the alkali  concentra t ion for  I-V and VIII, which a re  dibasic NI-I ac ids ,  a re  S-shaped. When the alkali  concen-  
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TABLE i .  Rate Constants in the Alkaline Hydrolys is  of 5 -Benzy l i -  
dene _9._thioxohydantoin ( HI ), 3 -Methyl -5-benzyl idene-2- th ioxohy-  
dantoin (VI), 1 ,3-Dimethyl-5-benzyl idene-2- thioxohydantoin  (VII), 
5 -Benzy l idene-3-methy l -2 -methy l th io -4- imidazo lone  (IX), and 5-  
Benzyl-2- thioxohydantoin (VIII) 

Comlmur~ CKO H.' 
temp.(~ I0 z, 
and(nm)Xanal moles / 

] liter .......... 
I 

llI, 90, 380 1,02 
2,40 
5,07 
I0,00 
20,20 
42,50 
14,00 
12,00 

VI, 80, 360 0,08 
1,00 
5,07 

10,00 
20,20 
53,60 
88,00 
73,00 
23,00 

VII, 20, 364 4,00 
8,20 

I0,00 
20,20 

l0 s, I0 , 
sec-I lit~m/ 

'mole,see 

1.32 14,80 
2,76 t3,20 
5,89 14,10 
8,91 1~90 

10.50 6,61 
19,60 5,81 
19,70 2,10 
15,60 0.76 
0,11 12,90 
1,13 12,60 
1,72 3,43 
3,55 3,55 
5~5 3A9 

t6,70 3,95 
24,20 3,50 
50,60 3,38 

169,00 3,30 
16,90 55,50 
34,90 55,90 
39,60 62,50 
7~60 46~0 

Zompound, 
temp. (*C), 
an~ kn~nsnal 

VII, 20, 364 

}III, 90, 290 

IX, 20, 361 

�9 CKOH �9 
102, 
moles/ 
Uter 

39,60 
88,00 

173,00 
0,10 
0,43 
1,00 
5,07 

10,00 
27,~0 
42,50 
53,60 
88,00 

114,0G 
173,00 
10,00 
20,2{3 
43,0C 
88,00 

173,0~ 
323,0C 

see - I  

148.00 
320.00 
630,00 

19,00 
20,00 
33,80 

287,00 
565,00 
595,00 
480,00 
441,00 
400,Off 
355,0G 
281,00 
166,00 
358,0C 
710,00 I 

1660,00 I 
3310,00 
8000,00 

kII" 
10-4, * 
litRml 
mole.sec 

46,80 
46,40 
42,00 

1900,00 
503,00 
379,00 
690,00 
695,00 
272,00 
143,00 
I05,00 
58,00 
38,00 
18,80 

209,00 
221,00 
207,00 
236,00 
220,00 
197,00 

*The  second-o rde r  r a t e  constants  (MI) were  calculated with al low- 
ance for the act ivi ty of the KOH. 

t r a t ion  is changed f rom 0.01 to 0.2 M for 2- thioxo-5-benzyl idenehydautoin (III),  f rom 0.05 to 3.20 M for 3-  
methyl -2- th ioxo-5-benzyl idenehydantoin  (VI), f rom 0.04 to 1.70 M for 1 ,3-d imethyl -2- th ioxo-5-benzyl idene-  
hydantoin (VII), and f rom 0.01 to 3.20 M for 3 -methyl -2-methyl th io-5-benzyl idene-4- imidazolone  (IX), the 
log K I = f(log CKO H ) dependeneces a r e  r ec t i l inea r  and a r e  descr ibed  by Eqs. (1)-(4), r e spec t ive ly  (see Table 
2). 

For  compar ison ,  the corresponding equations [(la) and (2a)] of the r ec t i l i nea r  port ions of the log k = 
f ( log CKO H ) dependences for 5-benzylidenehydantoin and its 3 -methyl  der iva t ive  [7] a r e  presented.  

The r ec t i l i nea r  port ions with a slope close to unity (Eqs. (1)-(4), Table  2) on the graphs of the log k I = 
f( log CKO H ) dependences of Ill and VI cor respond  to the KOH concentrat ion range over  which only the mono-  
anions of substituted 5-benzyl idene-2-thioxohydantoins  a re  p resen t  in solution. The lower boundary of this 
sect ion is de te rmined  by the PKla value of the subs t ra te ,  and the upper boundary is de te rmined  by the PK2a 
value  (ionization due to detachment  of a proton f rom the N1 atom of the monoanion). At a KOH concentrat ion 
be low the lower l imi t  of the rec t i l inea r  port ion of the log k I = f( log CKO H ) dependence the r a t e  of r eac t ion  of  
IH and VI is h igher  than one should expect  f rom extrapolat ion of the lines corresponding to these  dependences;  
th is  is due to the development  in solutions of the nonionized molecules  of a subs t ra ta ,  the ra ta  of hydrolys is  of 
which considerably  exceeds  the r a t e  of hydrolys is  of the monoanions. At KOH concentrat ions above the upper 
l imi t  of the r ec t i l i nea r  sect ions of the log k I = f( log CKO H ) dependences for 5-aryl idene-2- thioxohydantoins  
I-V the r e a c t i o n  r a t a  d e c r e a s e s  as compared  with the r a t e  expected f rom the equation log k = A log CKO H + 
B;  this  is due to the development  in the mix ture  of the eorrespondin~ dianions, the reac t iv i f ies  of which a re  
cons iderably  lower  than in the case  of the monoanions because  of s t rong e lec t ros ta t i c  repulsion.  The pK~ 
value of 5-benzyl idene-2-thioxohydantoin calculated f rom kinetic data (under the condition that the dianion is 
unreactive) is 13.5, which is in agreement  with the pK~ value of 5-benzylidenehydantoin (13.9 and 14.2 acco rd -  
ing to data  f rom kinetic and spec t ropho tomet r i c  de terminat ions ,  respect ively)  [7] and the PKSa value of 5-  
carboxymethylidenehydantoin (15.2 and 15.3) [15]. 

In the case  of 2- thioxo-5-benzylhydantoin  the rec t i l inear  cha rac t e r  of the log k = f( log CKO H) depen-  
dence is observed only over  a na r row range of KOH concentrat ions;  this is probably due ei ther  to the r e l a -  
t ively smal l  d i f ference  in pK2a and pK~ or  to the comparable  reac t iv i t ies  of the anions of this compound. 

Dialkyl der iva t ives  VII and IX, which a r e  incapable of ionization, a re  hydrolyzed substantial ly m o r e  
rapidly  than the unsubstitutad compound; the ra ta  constants for  the hydro lys i s  of the nonionized subs t ra te  
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TABLE 2. P a r a m e t e r s  of the Logar i thmic Dependence of the 
F i r s t - O r d e r  Rate Constants for the Alkaline I Iydrolys is  of III, VI, 
VIII,  and IX on the Alkali Concentration, log k I = (A �9 AA) log 
CKO H - (B ~: AII) (1)-(4) 

Equa- Com- 
tion pound t~ A _+AA B _+AB S 

(1) 
(la)* 
(2) 
(2a) 
(3) 
(4) 

III 
III 
vI 
vI 

90 
95 
80 
95 
20 
20 

0,850 
0,833 
1,172 
0,907 
0,923 
1,094 

0~050 
0,075 
0,106 
0,027 
0,024 
0,032 

3,t72 
2.881 
3,478 
3,236 
2,440 
1,705 

0,077 
0,125 
0,044 
0,022 
0,020 
0.018 

n r 

4 0,997 
5 0,989, 
5 0,988 
8 0,997 
7 0,993 
6 0,998 

0,037 
0,071 
0,099 
0,047 
0,036 
0,04 l 

*Equations (la) and (2a) were  borrowed f rom [7] and per ta in  to the 
hydro lys i s  of 5-benzylidenehydantoin and its 3-methyl  der ivat ives ,  
respect ively .  

(calculated by the well-known method [15]) a re  c lose to the ra te  constants for the hydrolys is  of the dialkyl 
der ivat ives  (at identical t empera tu res  and KOII concentrat ions in solution). In addition, as expected, the log 
k = f(log CKOH ) dependences for VII and IX a re  rec t i l inear  over the entire investigated range of alkali con-  
centrat ions ,  while only one inflection is observed for mono-:N-methylhydantoin VI. 

The rec t i l inear  charac te r  of the dependences of the ra tes  of hydrolys is  of I - IX on the KOII concentrat ion 
in logar i thmic coordinates  (Fig. 1) and the positive slope of the lines descr ibed by Eqs. (1)-(4), which in each 
case  is close to unity, constitus evidence that the react ions  a re  f i r s t -o rde r  in hydroxide ion. This is also con-  
f i rmed by the rec t i l inear  charac te r  of the dependences of the ra te  constants on the KOII concentrat ion in solu-  
tion; the k I = f(CKO H ) lines for each compound pass  through the origin (Fig. 2). This indicates that the ra te  
of noncatalytic hydro lys is  of the hydantoins is considerably  lower than the ra te  of their  react ion with hydrox-  
ide ion. The reac t ion  o rder  in the subst ra te  is also unity for all of the compounds, as shown by special  exper -  
iments  with var ia t ion  of the sttbstrate concentra t ion at a constant  alkali concentrat ion.  Using the method in 
[15], one can easi ly  demonst ra te  that the order  of alkaline hydrolys is  with respec t  to hydroxide ion is also 
unity for the nonionized molecules  of I-VI. 

It is ex t remely  interest ing that, in cont ras t  to 1,3-dimethyl-5-benzyl idenehydantoin [7], the hydrolys is  
of its 2-thioxo analog is a b imolecular  reac t ion  ( f i r s t -o rde r  in boththe hydantoin and the hydroxide ion). In all 
likelihood, this is due to the fact that in the lat ter  case an intermediate complex (X) with part icipat ion of a 
molecule  of water  ra ther  than the hydroxide ion (s t ruc ture  XI) is real ized in the case  of t ransfer  of a proton 
in the te t rahedra l  intermediate  substance. This is in turn  probably associated with an increase  in the e lec t ron 
densi ty on the Na atom in the thioxo der ivat ive as compared with the benzylidenehydantoin because  of the ef -  
fect  of the sulfur atom. It may be assumed that t r ans fe r  of a proton is also real ized with the part icipation of 
water  in the hydro lys i s  of I-IX. The s t ruc ture  of the complex is s imi lar  to s t ruc ture  X for the react ion of 
nonionized substances ,  whereas  complex XII is real ized for the react ion of the anions. 

I~,~ N CHAr" R' ,-, N ~ _ _ _ ~ C  H Ar 

�9 R=  i I P , ' / i  I . I 
H \ O  .,H H .  ~7. "H I't O." . t t  

I I 
H H 

x X l  X I I  

Using a procedure  s imi lar  to that descr ibed  in [7, 15] and the principle of a steady state, one can show 
that the observed ra te  constant for the alkalilm hydrolys is  of the monoanions of 2- thioxo-5-aryl idenehydantoins  
per ta ins  to the step involving the addition of the hydroxide ion to the C4 atom and that the remaining p rocesses  
take place rapidly and are  not of kinetic importance.  

The s imi la r i ty  in the hydrolys is  products ,  the c loseness  of the react ion ra tes ,  and the s imi lar i ty  in the 
dependences of the hydrolys is  ra tes  on the alkali concentrat ion for substituted 5-benzyl idene-2- thioxohydan-  
toins and their  oxygen analogs, the mechanism of the alkaline hydrolys is  of which has been studied in grea ter  
detail  [7, 8], constitute evidence for a s imi lar i ty  in the mechanisms of the react ions  of the two react ion se r ies .  
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Fig. 2. Dependence of the observed f i r s t - o r d e r  
ra te  constants on the alkali  concentrat ion in the 
hydro lys i s  of 2- thioxo-5-benzyl idenehydantoin 
(III) at 90~ (k I .  105, sec -1) (1), of 3 -me thy l -2 -  
thioxo-5-benzyl idenehydantoin (VI) at 80" C (k I �9 
10 s, sec-  1 ) (2), of 1 ,3-d imethyl -2- th ioxo-5-  
benzylidenehydantoin (VII) at 20~ (k I �9 104, 
sec -1 (3), of 2- thioxo-5-benzylhydantoin  (4) at 
90~ and of 3 -methy l -2 -methy l th io -5 -benzy l i -  
dene-4- imidazolone  (IX) at 20"C (k I - 103, sec -1 ) 
(5). 

R ' \ N  / C i t e r  R~_II R ' \  N ~ C l l ~ r  . . . .  N ~ C t l A r  . . . .  R ~- II . ~.... -'" 

�9 - " ~ 

OH R',. N . . . . .  ~CHAr R ' \ .  ~ C H A . r  

c=c.A,i ~ ~'~,'"~'N ~ COO . . . . . .  S'~'I N J\o~O. 
CO0 - H 

Thus the ra te -de te rm in ing  step of the reac t ion  is  the addi t ion of hydrox ide  ion to the carbon atom of the 
C4=O group of the hydantoin ring,  r ega rd l e s s  of the reac t ive  form of the substra te .  The monoanions and neu-  
t r a l  molecules  of the thioxohydantoins under considera t ion a re  reac t ive ;  the r a t e  of hydro lys i s  of the mono-  
anions is lower by a factor  of m o r e  than 1000 than the r a t e  of hydrolys is  of the nonionized molecules  because  
of the e l ec t ros ta t i c  repuls ion of the reac t ing  par t ic les .  For  the same reason ,  the dianions in all likelihood do 
not r e a c t  a t  all  with the hydroxide ion. Water  molecules  par t ic ipate  in the reac t ion  only in the fast  steps. It 
should be noted that 2- th ioxo-5-aryl idenehydantoins  r e ac t  somewhat m o re  slowly than the corresponding 5-  
arylidenehydantoins.  This  d i f fe rence  is evidently associa ted with an increase  in the e lec t ron  densi ty on the 
ni t rogen and oxygen atoms (N 3 and Ca=O) of the reac t ion  center ,  which leads,  on the one hand, to an increase  
in the e lec t ros ta t i c  repuls ion of the reac t ing  par t i c les ,  and, on the other,  to a high degree  of solvation of it by 
wate r  molecules  and, correspondingly,  to large  entropy and enthalpy expenditures for reso lva t ion  on passing 
f rom the s tar t ing compounds to the in termedia te  complexes.  It has previously  been  shown that these p roces se s  
play a definite ro le  in the change in the reac t iv i t i e s  of substituted 5-carboxymethyl idens-  and 5-benzyl idene-  
hydantoins [6-8]. 

In conclusion, it  should be emphasized that a substantial  d i f ference  between the hydrolys is  of 2- th ioxo-  
5-benzylidenehydantoins and the hydrolys is  of thei r  oxygen analogs is the ability of the thioxo der iva t ives  to 
undergo oxidation by air  oxygen (or by oxygen dissolved in water) ; this d i f ference  cannot be d i s regarded  in the 
study of the kinet ics  of the react ion.  

E X P E R I M E N T A L  

The investigated 2- thioxo-5-benzyl idenehydantoin (III) and its mono-  and dimethyl  der ivat ives  (VI and 
VII) and 5-aryliders I, II, IV, and V were  obtained [9] by condensation of 2-thioxohydantoins [16-18] 
with benzaldehydes,  2 -methyl th io-3-methyl -5-benzyl idene-4- imidazolons  (IX) was obtained by methylat ion of 
5-benzyl idene-2- thioxohydantoin with diazomethane or dimethyl  sulfate,  and 5-benzyl-2- thioxohydantoin (VIII) 
was obtained f rom phenylalanine and ammonium thiocyanate [19]. The compounds obtained were  purified by 
rec rys ta l l i za t ion  until they had constant melt ing points and molar  extinction coefficients in thei r  UV spec t ra  
and were  dr ied  in vacuo (2"5 ram) at 100-1300C; the individuality of the compounds was moni tored by paper 
and th in- layer  chromatography (TLC) [9]. 

The 1H and iSC NMR spec t ra  were  recorded  by  Yu. A. IgnatTev with a Bruker  HX-90 spec t rome te r  (at 
90 and 22.63 MIIz, respect ively) .  The UV spec t ra  were  recorded  with SF-4A, SF-8,  and SF-16 spec t ropho-  
tomete r  s. 

Potass ium hydroxide solutions with the requi red  concentrat ions were  p repared  by dilution of a s a tu r -  
ated solution with deoxygenated disti l led water .  The KOH concentrat ions in the solutions were  determined by 
potent iometr ic  t i t ra t ion  by means  of LPM-60M and pH-121 pH m e t e r s  with glass and s i lver  chloride e l ec -  
t rodes .  The s tar t ing solutions of the hydantoins were  p repared  by dissolving weighed samples of the com-  
pounds in purified ethanol. The i r  concentrat ions were  var ied in such a way that  the hydantoin concentrat ion in 
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a solution formed by the addition of ~0.02 ml of these solutions to 3 ml of the alkali solution ranged from 10 -4 
to 10 -5 mole/liter. 

The kinetics of alkaline hydrolysis of I-IX were investigated by a spectrophotometric method (method 
A in [20] or the method in [6, 7] when ~I/2 < 15 mir~ with excess alkali in solution (the molar ratio of the hy- 
dantoins and KOH in most experiments was no less than 1 : 10). The analytical wavelengths were selected by 
prior comparison of the UV spectra of the starting hydantoins and the reaction products in KOH solutions (see 
Table 1). They were refined by a study of the change in the UV spectra of alkaline solutions of the substances 
(at constant temperature) with time. The conversion of the compounds in most cases was no lower than 75%. 

The measurements and the calculations of the rate constants were made as in [6, 7, 20]. Each constant 
was measured three or more times, and the average value was subsequently used. The error in the determina- 
tion of the rate constants was no greater than 5%. The results of the kinetic measurements were processed 
with a computer. 
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