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XI.*  SYNTHESIS AND REARRANGEMENT OF SOME ETHYL ESTERS 

OF c~-SUBSTITUTED HYDANTOIN-AS,~-ACETIC ACIDS 
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ce-Substituted (CH3, C6H5, OCH3, OC6H5, C1, and F) hydantoir{- AS,~-aeetate  s were  obtained 
f r o m  diethyl  oxa loace ta te  s and u rea ,  and t h e i r  3 -me thy l  de r iva t ive  s were  obtained f r o m  N- 
me thy lu rea  o r  by methyla t ion  of the n i t rogen-unsubs t i tu ted  hydantoins with d iazometh-  
ane;  the ce-nitro de r iva t ive  was  obtained by ni t ra t ion of unsubst i tuted ethyl hydantoin- 
A 5 , s - a c e t a t e  with ni t r ic  ac id  in ace t i c  acid,  and ethyl hydantoin-As, ~ - g l y c o l a t e  was ob-  
ta ined f r o m  hydantoin and diethyl oxalate .  All  of the synthes ized  hydantoin-As,Ce-ace- 
ta tes ,  except  fo r  the ~ - n i t r o  and ~ - h y d r o x y  d e r i v a t i v e s ,  a r e  conver ted  to the c o r r e s -  
ponding 3-  and 5-subs t i tu ted  oro t ic  ac ids .  

Up until now the r e a r r a n g e m e n t  of  hydantoin-A 5 ,~-ace t i c  acids  and the i r  e s t e r s  to the cor responding  
oro t ic  ac ids  by the ac t ion  of aqueeus  solutions of a l k a l i s  has  been  used  only to obtain orot ic  acid  i t se l f  [2] 
and its 3-  and 5-a lky l  and phenyl de r iva t ives  [3-8] and a l so  to synthes ize  orot ic  acid with a 14C-labeled 
ca rboxyI  group  [9]. We a t t emp ted  to use this r eac t ion  fo r  the p repa ra t ion  of orot ic  acids  containing var ious  
functional  g roups  (NO2, C1, F,  OAlk, and OAr) in the 5 posi t ion of the pyr imid ine  ring. F o r  this,  ethyl hy- 
dantoin-  and 3 -methy lhydan to in -AS,~-ace ta te s  IX-XX (Table 2) w e r e  obtained by condensat ion of u rea  with 
the app rop r i a t e  subst i tu ted  oxa loace ta tes  (II-VIII,  Table  1). The s ta r t ing  f l-keto e s t e r s  were  synthes ized  
by condensat ion of subst i tu ted  a c e t a t e s  with diethyl oxalate  (the condensing agents  we re  sodium hydride,  
sodium meta l ,  o r  sodium ethoxide). ~ -Die thy laminod ie thy l  oxa loace ta te  (I) was  s i m i l a r l y  obtained f rom 

* See [1] fo r  communica t ion  X. 

TABLE 1. Substituted Diethyl Oxaloaceta tes  (I-VIII) 

C o m -  

p o u n d  

I 
il 

1II 
IV 
V 

VI 
VII 

VIII 

a m p  92 ~ . 

NEt2 a 
OPh 
OMe 
Ph 
3'le 

CI 

mp. *c 
(mm) 

dl0  (1) 
85 (0,8) 
97 (1) 

117 (12) 
le0 (3) 
95 (2) 

109 (1) 

nD~2 

1,591~5 
1,4345 
1,4889 
1,4316 
1,44'25 
1.4210 
1,4447 

Empirical 
formula 

CIIH21NO5 b 
C14HI~O6 
C9H,4016 
Cz4H160~ 
C9H~405 
C8H1205 
CsHnFO5 ed 
CaHnCIO5 

bFound, %: N 5.6. Calculated,  %: N 5.4. 
CFotmd, %: F 9.2. Calculated,  %: F 9.2. 
dFound, %: C1 15.8. Calculated,  %: C1 16.0. 

Found,% Calc. % 
C H C H 

55,7 8,3 55,6 8, l 
59,7 5,8 60,0 5.8 
43,4 6.4 49,5 6,5 
63,9 6,0 63,7 6,0 
53,6 7,0 53,5 6.9 
48,7 6,5 48,5 6,4 
46,7 5,6 46,6 5,4 
43,4 5,0 43,2 5.0 
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N,N-diethylgiycine ethyl e s t e r  and diethyl  oxalate .  I ts  s t ruc tu re  was proved by its PMR spec t rum (CC14 
solution), in which s ignals  of two equivalent  NC2H 5 groups  [quartet  cen te red  a t  4.00 ppm (8), -2 -NCH2,  J = 
8.8 Hz, and t r ip l e t  nea r  1.65 ppm, - 2 - C C H  3, J = 8.1 Hz], two dif ferent  COOC2H 5 groups  (doublet of quar te t s  
nea r  4.65 ppm, -2 -OCH2,  J = 5.0 Bz, two t r ip le t s  nea r  1.70 ppm, -2 -CCH3 ,  J = 5.0 Hz), and a signal  of a 
hydroxyl  proton (~10.0 ppm) a r e  observed .  T h e  number  of s ignals ,  the i r  position, and the intensi ty ra t io  
const i tute  evidence that  in CC14 solution this e s t e r  exis ts  p rac t i ca l ly  en t i re ly  in the enol fo rm.  The conclu-  
sion regard ing  the c o r r e c t n e s s ' o f  the St ructure  of e s t e r  I is conf i rmed  by t h e s i m i l a r i t y  of the UV Spectra  
of its anion and the s pec t r a  of the anions of the oxa loace ta te  and diethyl ~ -oxa ly lp rop iona te ,  by the s i m i -  
l a r i t y  between the IR s p e c t r u m  and the s pec t r a  of o ther  oxafoace ta tes ,  and by the appea rance  in them of 
bands cor responding  to the v ibra t ions  of C - N  bonds {1215, 700 cm- i ) .  Unfortunately,  the condensation of 
diethyl  ~ -d ie thy laminooxa loace ta te  with u rea  in g lac ia l  ace t ic  acid  in a s t r e a m  of anhydrous hydrogen 
chlor ide  at  100-120 ~ gives  a mix tu re  of s e v e r a l  products ,  which we were  unable to sepa ra te .  

3 -Methylhydanto in-AS,~-ace ta tes  (X, XII, and XVIII-XX) a r e  obtained e i ther  f r o m  N-me thy lu rea  and 
-subs t i tu ted  oxa loace ta tes  or  by methylat ion of hydantoin-A 5 '~ - ace t a t e s  with d iazomethane (an equ imolar  

amount) in e ther ,  dioxane, o r  methanol .  

~ H  2 ttO R a 
, t t 

C C ~ C - - C O O % I t  5 
/ / \  I 

O NH C 
i /'~', 
RJ C2H50 0 

l - V I I I  

R a 
I o 

HN ff /,C--COOC, H~ R ; \ N ~ ] / . R ~  
J " ~l o n 7 ~ 2 o  

|X-XX XXIII-XXXll l  

I tN- - - - -~C- -COOC2H5 I.OIt~ H20, t ~ 

.o),,,,n/~ok -;7.+ - c.~no~ + c~.~o. ~ (coo.b_ + (.~'~)~c= a 
H 

XXI 

Ethyl hydantoin-A 5 ,~-n i t roace ta te  (XXI) was obtained by ni t ra t ion of unsubsti tuted ace ta te  IX with a 
mix tu re  of n i t r ic  ( sp .gr .  1.55) and g lac ia l  ace t ic  ac ids  at  45-50 ~ Products  of the des t ruc t ion  of the s t a r t -  
ing m a t e r i a l  and of product  XXI appea r  in the reac t ion  mix tu re  a t  higher  t e m p e r a t u r e s .  The s t ruc tu re  of 
the compound obtained was  proved  by the UV, IR, and PMR spec t r a .  Signals of protons of COOC2H 5 groups  
(1.32 ppm, t, CCH3; 4.42 ppm, q, OCH 2) and a b road  signal  of two protons  of NH groups of the hydantoin 
r ing cen te red  a t  10.70 ppm (the s ignal- intensi ty  ra t io  in hexadeuteroacetone  is 3 : 2 : 2 )  a r e  obse rved  in the 
PMR spec t rum of product  XXI, and the signal  of the methyl idyne pro ton  of the s ta r t ing  m a t e r i a l  a t  4.5-6.0 
ppm is absent .  The e lec t ronic  spec t r a  of XXI a re  s i m i l a r  to the spec t r a  of o ther  hydantoin-AS,~-aceta tes  
(Table 1), and the o b s e r v e d  shif ts  of the absorp t ion  bands with r e s p e c t  to t h e i r  posi t ion in the spec t ru m of 
IX a r e  due to the effect  of the ni tro group.  Jus t  as  in the spec t r a  of o ther  s i m i l a r  hydantoins [10] (Fig. 1), 
bands of s t re tching v ibra t ions  of the C2=O and C4=O and COOC2H 5 groups  and the exocycl ic  C 5 = C a bond a re  
o b s e r v e d  in the IR s p e c t r u m  of c rys ta l l ine  hydantoin XXI, and new bands (1562, 1355 cm -1) due to the 
s t re tch ing  v ibra t ions  of the ni t ro group,  which a r e  absen t  in the spec t r a  of the o ther  two compounds,  appear .  
Thus nitro der iva t ive  XXI i s  ac tua l ly  f o rm ed  in the n i t ra t ion of hydantoin IX under r e l a t ive ly  mild  conditions. 

H 
H~a / I C O O C  H. 

.. ~ o ,  ~ -~, 

HN----~ + NaOCH._._~a, CHa_. OH HN._~C--COO%H5 XXlla 

H H ~ C--COOC2tt  5 

XXX|V XXll a 
O / "-N / \OH 

H 

xxl lb 

Inso fa r  as  we know, this is the f i r s t  example  of e lec t rophi l ic  reac t ions  of hydantoin-A ~,~x-acetic acids  that  
p roceed  with the par t ic ipa t ion  of the exocycl ic  port ion of the molecule .  

Ethyl  hydantoin-A 5 ,~-glycola te  (XXII) was  obtained by condensat ion of hydantoin with diethyl o xala te  
in methanol  at 20-25 ~ in the p r e s ence  of NaOCH 3 [10], but it d i f fers  cons iderably  in its spec t r a l  c h a r a c -  
t e r i s t i c s  f r o m  the o ther  subst i tuted hydantoins (IX-XXI) (Table 2 and F igs .  2 and 3). The r e a s o n  for  this 
is the abi l i ty  of g lycola te  XXII, in c o n s t r a s t  to IX-XXI, to undergo k e t o - e n o l  t a u t o m e r i s m  to give th ree  
t a u t o m e r s  - "fl-diketone" XXIIc and two "monoenols"  XXIIa,b.  Each  of the enols can probably  exis t  in the 
f o r m  of two t h r e e - d i m e n s i o n a l  i s o m e r s .  Enol f o r m s  XXIIa,b a r e  p r i m a r i l y  s tabi l ized in dioxane, diliaethyl 
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Fig.  1. IR spec t r a  of suspens ion  of c r y s -  
tal l ine s amples  of ~ - s ubs t i t u t ed  (R) hy- 
dantoin-A 5 ,~-ace ta tes  in m i n e r a l  oil (700- 
1900 cm -1) and per f luor ina ted  m i n e r a l  oil 
(1900-3650 and the dash line in the 1300- 
1900 c m  -1 region).  The concent ra t ions  of 
the subs tances  in f i lms  for  record ing  of 
the spec t r a  a t  1900-3650 cm -1 a r e  con-  
s ide rab ly  higher  than in s am p l e s  fo r  r e -  
cording of the spec t r a  below 1900 cm- l :  
R = Ph (1), OMe (2), OPh (3), Me (4), 
OH (5), Cl (6), F (7), NO2 (8), 3-PH (9), 
3-Me (i0), and H (II). 

sulfoxide (DMSO), and methanol  solutions.  Proof  of this is 
furn ished by the high intensi ty of the bands in the UV spec t ra  
of these  solutions (Fig. 2), which is c lose  to the intensi ty  of 
the cor responding  bands in the spec t r a  of ethyl hydantoin- 
As, ~ - m e t h o x y a c e t a t e  (XIII), which models  the s t ruc tu re  of 
enol XXIIa. The lit spec t r a  (Fig. 3) of these  solut ions of 
g lycola te  XXII, methoxyace ta te  XIII, and unsubsti tuted IX 
a re  s im i l a r ,  and one can consequent ly  speak of p r edo mi -  
nance of taut})mer XXIIa in the glycolate  solutions.  Only 
s ignals  of the "labi le"  protons of the NH and OH, methylene 
(multiplet  of over lapped  quar te ts) ,  and methyl  (triplet) 
g roups  a r e  obse rved  in the PMR spec t r a  of solutions of this 
subs tance  in dioxane, deuteroacetone ,  DMSO, and dG-DMSO , 
and the signal  of the methyl idyne proton of t au tomer  XXIIC is 
absent .  The Ill spec t r a  (Fig. 3) make  it poss ib le  to a s s u m e  
that  the enol f o r m s  also predomina te  in the c rys ta l l ine  
s ta te .  The t au tomer i c  equi l ibr ium is shifted to favor  the 
"diketone" in aqueous solutions.  This  is conf i rmed  by the 
sha rp  reduct ion  in the absorp t ion  intensi ty n e a r  318-320 
nm in the UV s p e c t r u m  (Fig. 2) with e 10,000 to 2000 2 to 3 
min  a f t e r  d issolving the substances ;  this cannot be ex-  
plained by rapid  hydro lys i s  of the hydantoin. According to 
the r e su l t s  of t h in - l aye r  ch romatography  (TLC), only g ly-  
eola te  XXII is re ta ined  in the t ime  that is adequate for  r e -  
cording the spec t rum,  and, in addition, the spec t rum of a 
dioxane solution of a s ample  of the hydantoin p r e p a r e d  by 
evapora t ion  of an aqueous solution of it to d rynes s  in vacuo 
is identical  to the spec t rum of a solution of the subs tance  
that was  not t r ea t ed  with wate r .  Unfortunately,  the IR s p e c -  
t r a  of aqueous solutions of the glycolate  cannot be r eco rded  
because  of its low solubil i ty in water .  

In aqueous alkal i  solutions 5 -ca rbe thoxymethy l idene-  
hydantoins IX, XI, XIII-XVII,  and XXI, except  for  3 - s u b -  
st i tuted X, XII, XVIII-XX and ~ - h y d r o x y  der iva t ive  XXII, 
a r e  ionized by s t r ipping of a proton f r o m  the n i t rogen a tom 
in the 3 posit ion of the hydantoin ring [10]. The PKa values  
of these  compounds c o r r e l a t e  sa t i s fac to r i ly  with the 
M c D a n i e l - B r o w n  ~p constants  [Eq. (1)] (or the Taft  cr ~ con-  
stants) .  Glycolate  XXII is not included in the co r r e l a t i on  
because  of the fact  that  the anion of this compound is 
f o rmed  by s t r ipping of a proton f r o m  C 5 (or f r o m  the hy-  
droxyl  groups  of the enols,  which a r e  p resen t  in sma l l  
amounts  in the solution). This  is a l so  conf i rmed  by the 

cons ide rab le  d i f ference  in the UV s p e c t r u m  of the anion of this substance  and the spec t r a  of the anions of 
hydantoins IX, XI, XIII-XVII,  and XXI (Table 1 and Fig.  2). 

p K ~ =  (7.72+_0.06) - (2.61 +-0.20) ~p 
n=8, r=0.985~ s=0.178. ~=2.36 (1) 

Like IX-XII  and XVI, a - p h e n y l -  (XIV), a - p h e n o x y -  (XI), a - m e t h o x y -  (XIII), and a - ch lo rohydan to in -  
A s , a - a c e t a t e s  {XVII) and the i r  N-methy l  de r iva t ives  a r e  r e a r r a n g e d  by the act ion of aqueous solutions of 
a lka l i s  to the cor responding  orot ic  acids  (XXIII-XXXIII) (Table 3). In this case ,  the yields  of orot ic  acid 
d e c r e a s e  somewhat  as  the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the subst i tuents  i n c r e a s e .  The s t r u c t u r e s  of 
the orot ic  acids  obtained were  proved  by the i r  UV and IR spec t r a ,  which differ  cons iderab ly  f r o m  the spec -  
t r a  of the s ta r t ing  compounds (see Tables  2 and 3 and Figs .  1 and 4). The changes in the UV spec t r a  of a l -  
kal ine solutions of hydanto in-AS,a-ace ta tes  obse rved  during the r e a r r a n g e m e n t  a r e  v e r y  cha rac t e r i s t i c :  
the intensi ty of the long-wave band init ially fa l ls  g radual ly  (at dif ferent  r a t e s  for  the different  compounds),  
while the intensi ty of the sho r t -wave  band r e m a i n s  p rac t i ca l l y  unchanged for  a ce r t a in  t ime  (it s o m e t i m e s  
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Fig.  2. UV spec t r a  of solutions of ~ - m e t h o x y -  (A) and ~ -  
hydroxyethylhydanto in-AS,~-ace ta tes  (B) in w a t e r  a t  pH 1-3 
(1), 13 (2), dioxane (3), d imethyl  sulfoxide (4), and me tha -  
nol (5). 

Fig.  3. IR spec t r a  of solut ions of ~ - m e t h o x y -  CA) and ~ -  
hydroxyethylhydanto in-AS,~-ace ta tes  (]3) in methanol  (1), 
DMSO (2), and dioxane (3) and of c rys ta l l ine  s amples  (sus-  
pensions  in pe r f Iuor ina ted  m i n e r a l  o ld  (4). 

3600 3200 2800 2~0 1700 !500 13~ 1100 900 ~00 cnq -I 

f; ...... k ,  

t 
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3600 3200 2800 2400 1700 1500 1300 1100 900 7 0 0 c m  

Fig.  4. IR s p e c t r a  of c rys ta l l ine  s a m p l e s  
(see the caption to Fig.  1) of the products  
of r e a r r a n g e m e n t  of subst i tuted ethyl hy-  
dantoin-AS, ~ - a c e t a t e s  - o ro t ic  acid (1), 5- 
m e t h y l -  (2), 5-phenyl  (3), 5 -phenoxy-  (4), 
and 5 - m e t h o x y -  {5) o ro t ic  acids  - o f  the p r o d -  
uct of hydro lys i s  (0.1-2 N KOH, 25-95 ~ of 
ethyl  hydantoin-AS,~-glycola te  (6), and of 
hydantoin (7). 

i nc r ea se s  slightly),  a f t e r  which the intensi ty of the sh o r t -  
wave band begins to fall; as  a resu l t ,  the spec t r a  is t r a n s -  
f o r m e d  to the s p e c t r u m  of the anion of the cor responding  
orot ic  acid.  This  is explained by the fac t  that  the c a r -  
bethoxymethyl idenehydantoins  a r e  hydrolyzed during the 
reac t ion  to the cor responding  carboxymethyl idenehydan-  
toins,  and both of these  compounds a r e  r e a r r a n g e d  s imu l -  
taneously  to the orot ic  acid.  If one a s s u m e d  that  the in- 
t ens i t i es  of the long-wave m a x i m u m  in the spec t r a  of the 
e s t e r  and the acid a r e  identical  (which was es tab l i shed  in 
the case  of XI and XVffl), the r a t e  of change of the intensi ty 
of this band r e f l ec t s  the overa l l  r a t e  of hydro lys i s  of the 
e s t e r  to the cor responding  acid and r e a r r a n g e m e n t  of each 
of them to the orot ic  acid. The intensi ty of the shor t -wave  
m a x i m u m  in the spec t r a  of hydantoin-AS,~-acet ic  ac ids  is 
higher  than in the spec t r a  of the i r  ethyl e s t e r s ,  and the in- 
duction per iod,  during which the intensi ty of this band does 
not change,  is r e l a t ed  to hydro lys i s  of the e s t e r  to the acid,  
whe rea s  the r a t e  of d e c r e a s e  in the intensi ty coincides  with 
the r e a r r a n g e m e n t  of pure  5-carboxymethyl idenehydanto in  
to orot ic  acid.  The d i f fe rences  in the IR spec t r a  of the 
carbethoxymethyl idenehydantoins  and the cor responding  
orot ic  acids  o r  the i r  e s t e r s  a re  also e x t r e m e l y  c h a r a c t e r -  
ist ic (compare  Figs .  1 and 4). However,  the noted di f ference  
cannot, unfortunately,  be used for  obse rvance  of the course  
of the r eac t ion  because  of s t rong absorp t ion  of the med ium 
in the m o s t  in teres t ing region of the s p e c t r u m  (1400-1800 
em -1, v ibra t ions  of ionized carbonyl  groups  and C--N and 
C----C bonds). 

Hydantoin-A 5,~-glycol ic  acid e s t e r  (XII) decomposes  quite rap id ly  in aqueous  alkal i  solutions to give 
ethanol,  oxalic  acid,  and hydantoin (Fig. 4). 5 -Hydroxyoro t i c  acid cannot  be detected in solution in this 
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case .  (~-Ni t roaceta te  XXI r e a c t s  with aqueous alkalis~ a t  20-30 ~ to give a sma l l  amount  of 5 -n i t rooro t i c  
acid  ~ 15%, ca lcu la ted  f r o m  the in tensi ty  of the absorp t ion  band of the dianion of n i t rooro t ic  acid; see  
Tab le  3), n i t romethane ,  and ethanol. 5 -Ni t roo ro t i e  acid  is not f o r m e d  when solutions of hydantoin XXI in 
aqueous a lka l i s  a r e  heated,  and app rox i m a t e ly  equal amounts  of n i t romethane  and ethanol a r e  found a f t e r  
ac id i f ica t ion  of the hydro lyza te  by means  of g a s - l i q u i d  ch roma tog raphy  (GLC). 5 -Ni t rooro t ic  ac id  is 
s table  under  s i m i l a r  conditions and, accord ing  to the UV spec t r a ,  does not change over  a cons iderab ly  
longer  t ime  than is n e c e s s a r y  fo r  comple te  decomposi t ion  of hydantoin XXI. In addition, we were  unable 
to detect  the f o r m a t i o n  of glycine in the reac t ion  of ni t ro  de r iva t ive  XXI with a lkal is  by ch roma tog raphy  
(development with ninhydrin).  Consequently,  the hydro lys i s  of this compound does not proceed  with c leav-  
age  of the molecu le  to hydantoin and ni t roglyoxyl ic  acid.  Thus it can  be a s s u m e d  that hydrat ion o r  hy- 
droxyla t ion of the exocycl ic  C----C bond of the in t e rmed ia te s  in the hydro lys i s  plays a subs tant ia l  ro le  during 
t r e a t m e n t  of hydantoin XXI with aqueous alkal i .  One cannot exclude the poss ib i l i ty  that  this is a lso  the 
r e a s o n  for  the d e c r e a s e  in the yields  of orot ic  ac ids  in the r e a r r a n g e m e n t  of carbe thoxymethyl idenehydan-  
toins  with e l e c t r o n - a c c e p t o r  subst i tuents  as  t he i r  e l e e t r o n - a c c e p t o r  p r o p e r t i e s  inc rease .  

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

The UV sp ec t r a  of 10-4-10 -5 M solutions of the subs tances  we re  r e c o r d e d  with an SF-4A s p e c t r o -  
pho tomete r .  The IR s pec t r a  of suspens ions  of the c rys t a l l i ne  subs tances  in m i n e r a l  oil o r  per f luor ina ted  
m i n e r a l  oil w e r e  r e c o r d e d  with an IKS-14A s p e c t r o m e t e r  with NaC1 and LiF p r i s i m s ,  while the spec t r a  of 
solut ions of the subs tances  w e r e  r e c o r d e d  in CaF 2 cuvet tes .  The PMR spec t r a  of ~20% solutions of the 
compounds were  r e c o r d e d  with a P e r k i n : E l m e r  R-12 s p e c t r o m e t e r  with hexamethyldis i loxane as the in- 
t e rna l  s tandard .  The pK a values  w e r e  de t e rmined  spec t ropho tome t r i ca l l y  with al lowance for  hydrolys is  of 
the s t a r t i n g  e s t e r s  (extrapolat ion to ze ro  t ime ,  SF-4A spec t ropho tomete r ,  phosphate buffer  solutions).  The 
po ten t iomet r i c  m e a s u r e m e n t s  w e r e  made  with an LPM-60M poten t iomete r  with g l a s s  and s i l ve r  chlor ide  
e l ec t rodes .  

Substituted diethyl oxa loace ta tes  I -VIII  w e r e  obtained by r eac t ion  of the appropr i a t e  ace ta te  with di-  
ethyl oxala te  in absolute  e ther ,  benzene,  o r  toluene at  10-25 ~ (the condensing agents  we re  sodium hydride 
o r  sodium methoxide or  ethoxide p r e p a r e d  f r o m  s t r i c t l y  equ imola r  amounts  of Nail  and absolute  alcohol). 

Diethyl ~ -Die thy laminooxa loace t a t e  (I). A 0 .168-mole  sample  of absolute  ethanol was added dropwise  
with v igorous  s t i r r ing  to 0.168 mole  of sodium hydride in 60 ml  of absolute  e ther ,  and 0.168 mole of ethyl 

-d ie thy laminoace ta te  [7] was  added with s t i r r ing  to the resu l t ing  suspens ion  of sodium ethoxide. The r e -  
sult ing t r a n s p a r e n t  s l ight ly yel lowish solut ion was s t i r r e d  a t  20-25~ a f t e r  9 h, the solution began to be -  
come  turbid,  and a voluminous amorphous  p rec ip i t a te  c ry s t a l l i z ed  rapidly.  The mix tu re  was allowed to 
s tand overnight ,  a f t e r  which it was  acidif ied to pH 2-3 with 10% HC1, the e ther  l aye r  was separa ted ,  and 
the aqueous l aye r  was  neut ra l ized  to pH 7 with po tass ium carbonate .  The product  was  ex t rac ted  with e the r  
(six 50 -ml  port ions) .  The e ther  ex t r ac t  was  dr ied  with po ta s s ium carbona te  and evapora ted  to give 30 g of 
a c rys ta l l ine  product .  The la t t e r  was  r e c r y s t a l l i z e d  f rom alcohol  or  vacuum subl imed to give 23.2 g (53.5%) 
of a co lo r l e s s  c rys ta l l ine  subs tance  (Table 2). 

Ethyl  Hydanto in-AS,~-ace ta tes  (IX-XX). An intense s t r e a m  of anhydrous  hydrogen chlor ide was 
bubbled with v igorous  s t i r r i ng  into a heated (to 100 ~ mix tu re  of equ imolecu la r  amounts  of urea,  subst i tuted 
oxa loace ta te ,  and g lac ia l  acet ic  acid.  The reac t ion  m a s s  ini t ial ly became  homogeneous,  a f t e r  which a p r e -  
Cipitate g radua l ly  fo rmed .  A v e r y  v i scous  pas ty  mix tu re  f o r m e d  at  the end of the reac t ion .  The prec ip i ta te  
was r e m o v e d  by f i l t ra t ion  and r e c r y s t a l l i z e d .  The yie lds  and physica l  constants  of the products  a r e  p r e -  
sented in Table  1. 

Ethyl  Hydanto in-AS '~-n i t roace ta te  (XXD. A 4 .4-g  sample  of fuming ni t r ic  acid (sp. gr .  1.5) was 
added s lowly a t  15-20 ~ to a s t i r r e d  suspens ion  of 0.03 mole  of ethyl hydantoin-A 5 '~ - ace t a t e  IX in 10 ml  of 
g lac ia l  ace t ic  acid.  The mix tu re  was  g radua l ly  heated  to 35-40 ~ and.held a t  this  t e m p e r a t u r e  until the 
s t a r t ing  m a t e r i a l  had d isso lved  comple te ly .  The solution was then heated addit ionally a t  45 ~ fo r  30 rain, 
a f t e r  which it was  cooled to 0-5 ~ fo r  1-2 h. The resu l t ing  c rys ta l l ine  product  was r emoved  by f i l t ra t ion,  
washed  with a sma l l  amount  of cold ace t ic  acid,  and dr ied  in a vacuum des icca to r  over  solid KOH. It was 
then r e c r y s t a l ! i z e d  f r o m  anhydrous benzene.  

Ethyl  Hydan to in 'As ,~-g lyco la te  (XXID. A 0 .1 -mole  sample  of hydantoin and 0.1 mole  of f r e sh ly  d i s -  
t i l led diethyl oxa loace ta te  we re  added with s t i r r i ng  to a solution of 0.2 mole  of sodium methoxide in 75 ml  

;~With the par t ic ipa t ion  of V. D. Yakovleva.  
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of methanol ,  a f t e r  which the mix tu re  was s t i r r e d  a t  20-25 ~ for  10-12 h and mainta ined a t  this  t e m p e r a t u r e  
for  ano ther  12 h. It was  then cooled and acidif ied to pH 2-3 with 10% HC1, and the resul t ing co lo r l e s s  
c rys ta l l ine  product  was r e m o v e d  by  f i l t ra t ion,  r e c r y s t a l l i z e d ,  and vacuum dr ied a t  100% 

3- and 5-Subst i tuted Orotic Acids (XXIII-XXXIID (see Table  3). A solution of 0.05 mole  of subst i tuted 
5-hydanto in-AS,~-ace t ic  acid  or  its e s t e r  in 20-50 ml  of 0.5-2 M KOH was heated a t  100 ~ fo r  the t ime  in- 
dicated in Table  3 (es tabl ished f r o m  the d i sappearance  of the spot  of the s ta r t ing  hydantoin and the c o r r e s -  
ponding acid on pape r  o r  t h in - l aye r  c h r o m a t o g r a m s ) .  The mix tu re  was then cooled and acidif ied to pH 1 
with concent ra ted  hydrochlor ic  acid,  and the prec ip i ta ted  orot ic  acid was r emoved  by f i l t ra t ion  and r e -  
c rys ta l l i zed .  
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