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The proto t ropic  t ransformat ion  of O-(N ' -methylcarbamidomethyl ) -N-carbo isopropoxy-N-  
phenylhydroxylamine in the p resence  of sodium ethoxide to form isopropyl phenylcarbamate ,  
N-pheny l -N"methy lu rea ,  and glyoxylic acid der iva t ives  was studied. A s imi la r  react ion 
with 2 -phenyl -4-methy l - l ,2 ,4 -oxad iaz ine-3 ,5 -d ione  is accompanied by r ing contract ion and 
the format ion  of 1-phenyl-3-methyl-5-hydroxyhydantoin .  

N-Carboa lkoxy-N-ary lhydroxylamines  (I), under the compara t ive ly  mild conditions of heating at 80- 
120 deg C, undergo var ious reac t ions  of radical  cleavage and r ea r r an g em en t  with migrat ion of the hydroxyl  
group to the aromatic  ring and also have oxidizing action [2]. These p roper t i e s  are  associated with the 
p resence  in I of a f r e e  hydroxyl  group on the nitrogen atom, since the corresponding O-acetyl  der ivat ives  
of I are  complete ly  stable even at and above 180 deg [3]. The stabilizing effect  of a carbonyl  group attached 
to the oxygen atom in the hydroxylamine grouping is weakened to a significant degree  if there  is a methylene 
group between them. Thus O-carbamidomethy l -N-carboa lkoxy-N-ary lhydroxylamines  (IT) are  cleaved under 
mild conditions in the p resence  of alkali and alcohol to fo rm the corresponding e s t e r s  of a ry lcarbamic  acid, 
glyoxylic acid der ivat ives ,  and 2 -a ry l - l ,2 ,4 -oxad iaz ine -3 ,5 -d iones ,  which are  stable in alkaline solutions [3]. 

In continuing these investigations we have  studied the react ion of O-(N' -methylcarbamidomethyl ) -N-  
carboisopropoxy-N-phenylhydroxylamine  (lI1) with alcoholic sodium ethoxide. As in the case  of II, i sopro-  
pylphenylcarbamate  (IV) and N-methylglyoxylamide iV) could be isolated in the reac t ion  products .  However, 
in cont ras t  to H, not even t r aces  of the expected cycl izat ion product  - 2 -pheny l -4 -methy l - l ,2 ,4 -oxad iaz ine -  
3,5-dione (V1)- could be detected in this case,  but a high yield of N-pheny l -N ' -methy lu rea  (VII) was isolated 
in place of it, and the p resence  of ethyl glyoxylate (VIII) was qualitatively demonstra ted.  The production of 
VII can be explained by  the format ion  of VI, which is unstable under the react ion conditions. In fact ,  VII was 
isolated in a lmost  quantitative yield by the reac t ion  of VI, obtained by the methylat ion of 2 -pheny l - l ,2 ,4 -oxa-  
diazine-3,5-dione [3], with an alcohol solution of an equimolar  amount af sodium ethoxide with subsequent 
heating of the react ion mixture .  However, in the p resence  of catalytic or equimolecular  amounts of sodium 
ethoxide in the cold, the reac t ion  could be stopped at the stage involving the format ion  of the p r i m a r y  p ro -  
duct, 1-phenyl-3-methyl-5-hydroxyhydantoin  (IX). The la t te r  is an ex t r eme ly  unstable compound which 
readi ly  undergoes hydrolys is  or alcoholysis under the influence of hot water  or alcohol, respect ively ,  to 
f o rm  VII and the corresponding glyoxylic acid derivat ive.  

The composit ion and s t ruc tu re  of IX were  confi rmed by measuremen t  of the molecular  weight (198 
=~ 8) by a c ryoscopic  method, by  its ability to give a s i l v e r - m i r r o r  react ion and a sodium salt  (X), and by 
the format ion  of 1-phenyl-3-methyl-5-methoxyhydantoin  (X1) on methylat ion of IX with methyl iodide or 
dimethyl sulfate in the p resence  of potassium carbonate.  

See [1] fo r  communicat ion XXXII. 
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Additional confirmation of the s t ruc ture  of IX and XI was obtained by means of the IR and PMR spec-  
tra.  In cont ras t  to the IR spec t ra  of X and XI, the IR spect rum of IX (obtained f r o m  a KBr pellet f rom 3100 
to 3800 em -1) contains an intense band at 3375 em -1, which, f rom its position and s t ructure ,  cor responds  to 
the f requency of a hydroxyl group part icipat ing in a hydrogen bond~ The spec t r a  of IX contain two intense 
bands at 1700 and 1783 cm -i  which can be assigned to the symmet r ica l  and asymmet r ica l  valence vibrations 
of the two carbonyl  groups in the f ive-memberect  r ing [4, 5]. 

The width of the v CO bands, the shift c~ the low-frequency v CO band by 17 cm -1 to low frequencies  as 
compared  with the analogous band in the spect rum of XI, and the sharp increase  in the v OH frequency in 
dilute solutions of IX in CC14 indicate the presence  of s t rong hydrogen bonds in c rys t a l s  of IX. The IR spec-  
t r a  of X and XI are  c lose at 3100-3800 cm -1 and 1700-1800 cm -1. The PMR spect rum* of IX in deu te roace-  
tone consis ts  of lines at 2.98 and 5.68 ppm and a group of lines in the region charac te r i s t i c  f o r  the spec t rum 
of phenyl protons.  F r o m  the posit ion of the lines and the ra t io  of their  intensities [G], it can be assumed 
that th.e line at 2.98 ppm is re la ted  to the protons of the N - C H  3 group, while the line at 5.68 ppm is re la ted  
to the protons  of the CH(OH) group. The I~MR spect rum of a solution of XI in CC14 contains signals at 2.95 
ppm {N-CH3) , 3.23 ppm (O- CH3) , 5.32 pprn (CH-OCH3) , and a rmlt iplet  in the region charac te r i s t i c  fo r  the 
spec t rum of phenyl protons.  The intensit ies of these lines are  in a ra t io  of 3:3:1:5, respect ively .  

The instabili ty of VI in the p resence  of alcohol and base differs sharply  f rom 2 -a ry l - l , 2 ,4 -oxad iaz ine -  
3,5-diones,  which do not contain substituents in the 4-posi t ion and are  completely  stable under these con-  
ditions. This difference is probably due to the convers ion of the latter,  in the presence  of sodium ethoxide, 
to the stable anion (X1D 

| Ph--N / "~:N 

L ii 2 

The recycl iza t ion of VI to IX under the influence of alcoholic sodium ethoxide proceeds  under mild 
conditions and does not have close analogies in the cyclic der ivat ives  of hydroxylamine.  The react ion 
studied by us may  be a new prepara t ive  method for  the prepara t ion of 5-hydroxyhydantoin der ivat ives  - an 
important  c lass  of physiological ly  active compounds - and will subsequently be studied in g rea te r  detail for  
other examples.  

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

Reaction of Ill with Alcoholic Sodium Ethoxicle. A solution of 1.78 g (0.067 mole) of Ill in 10 ml of 
ethanol was added dropwise with cooling to 10-15 deg to a solution of sodium ethoxide p repared  f rom 0.154 
g (0.067 g-atom) of sodium metal  and 10 ml of absolute ethanol. The mixture was s t i r r ed  at 10-15 deg for  
30 rain, and 20 ml of water was added after  vacuum evaporation of the alcohol. The insoluble residue was 
f i l tered to give 0.3 g (25~o) of IV with mp 87-88 deg (from hexane) which was not depressed  by an authentic 
sample of IV. Found%:  C 67.2; H 7.4; N 7.9. C10H13NO 2. Calc. ~o: C 67.1; H 7.3; N 7.8. 

* The PMR spect rum was obtained with a DA-60L spec t rometer .  Hexamethyldisiloxane was used as the 
internal standard.  The 6 scale is used in this paper.  
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The aqueous, alkaline mothe r  l iquor was cooled and acidified with hydrochlor ic  acid to pH 6-6.5 and 
ex t rac ted  with four  25-ml  aliquots of e ther .  The e ther  ex t rac t s  were  dr ied  over  calcined magnes ium sul -  
fa te ,  and the e ther  was dis t i l led to give 0.65 g (64.7%) of VII with mp 154-155 deg (from benzene) (rap 152 
deg [7]) and P5r 0.41 [hexane -ace t one  (4:3)] f r o m  th in - l aye r  ch romatography  on a f i x e d  layer .  Found %: 
C 63.9; H 5.9~ N 18.6. CsH10N20. Calc. %: C 64.0; H 6.03; N 18.6. The mel t ing  point was not d e p r e s s e d  
by  an authentic sample  of VII. 

To detect  V and VIII, 1 ml  of the reac t ion  mix tu re  was added to 5 ml  of an ammoniaca l  solution of 
s i l ve r  n i t ra te .  The solution darkened af ter  s eve ra l  minutes ,  and a " s i l ve r  m i r r o r "  f o r m e d  on the walls  of 
the t es t  tube a f te r  standing for  s eve ra l  hours .  

React ion of VI with Alcoholic Sodium Ethoxide. A) A solution of 0.25 g (0.0012 mole) of VI in the min i -  
m u m  amount of alcohol was added dropwise  with cooling at  10-15 deg to a solution of sodium ethoxide ob- 
tained f r o m  0.03 g (0.0013 g-atom) of sodium meta l  and 5 ml  of absolute ethanol, and the mix tu re  was s t i r r e d  
at this t e m p e r a t u r e  f o r  1 h. The alcohol was then r emoved  by vacuum dist i l lat ion,  and 30 ml  of d ry  e ther  
sa tu ra ted  with hydrogen chlor ide  was added to the res idue .  The resu l t ing  white p rec ip i t a te  of VII was f i l -  
t e red ,  washed with water ,  and a i r - d r i e d  to give 0.17 g (94.5%) of a product  with mp 152 deg. The e the r  was 
dist i l led f r o m  the f i l t r a te ,  and the res idue  (0.11 g) was d isso lved  in carbon te t rach lor ide .  Chromatography 
of this solution r evea led  a white spot with the s a m e  Rf value as VIII. The reac t ion  mix tu re  gave a " s i l v e r -  
m i r r o r "  reac t ion  s i m i l a r  to that  in the above exper iment .  

B) A solution of 0.30 g (0.0014 mole) of VI in 4 ml  of ethanol was mixed with a solution of catalyt ic  or 
equimolecular  amounts  of sodium ethoxide in 10 ml  of absolute ethanol and s t i r r e d  at -10  deg for  30 rain. 
The mix tu re  was then neut ra l ized  with concent ra ted  hydrochlor ic  acid, and the p rec ip i ta te  that  f o r m e d  on 
cooling the mix tu re  to 0 deg was f i l te red .  The alcohol was r emoved  f r o m  the mothe r  l iquor by vacuum 
dist i l lat ion,  and the min imum amount of water  was added to the res idue .  The solution was cooled to 0 deg, 
and the resu l t ing  prec ip i ta te  was f i l t e red  and added to the f i r s t  p rec ip i ta te  to give 0.13 g (89%) of IX with 
mp 181-182 deg (from benzene) and Rf0 .57  [hexane -ace tone  (4:3)]. Found %: C 58.2; H 5.0; N 13.6. 
C10H10N203. Calc. %: C 58.2; H 4.9; N 13.6. Compound IX gave a dis t inct  " s i l v e r - m i r r o r "  reac t ion  at 60- 
70 deg. 

1 -Pheny l -3 -me thy l -5 -me thoxyhydan to in  (XI). A) Po ta s s ium carbonate  [0.5 g (0.0036 mole)] was added 
to a solution of 0.46 g (0.0022 mole )  of IX in 10 ml  of d ry  acetone,  and 0.56 g (0.0038 mole) of methyl  iodide 
was added dropwise  to this suspension at 22-24 deg. The mix tu re  was s t i r r ed  fo r  ,~ 8 h, the p rec ip i ta te  
(K1) was f i l te red,  and the acetone was r em oved  by  vacuum dis t i l la t ion with a water  asp i ra to r .  The oily 
res idue  (0.49 g) was a mix tu re  of s ta r t ing  IX and XI. The l a t t e r  was isola ted by ext ract ion with hot hexane 
to give 0.19 g (40%) of a p r o d u c t  with mp 65 deg a n d R f  0.62 [hexane -ace tone  (4:3)]. Found %: C 60.0; H 
5.4; N 12.7. CI~H~2N203. Calc. %: C 60.0; H 5.4; N 12.7. 

B) Under similar conditions, 0.13 g (81.7%) of XI with mp 64-65 deg was obtained from 0.21 g (0.001 
mole) of IX in 5 ml of acetone, 0.25 g (0.002 mole) of dimethyl sulfate, and 0.25 g (0.0018 mole) of potassium 
carbonate for a reaction time of 16 h. 

Sodium Salt of l-Phenyl-3-methyl-5-hydroxyhydantoin (X). Compound IX [0.23 g (0.001 mole)] was 
stirred for 30 rain with an equimolecular amount of sodium ethoxide in 3 ml of ethanol at 15 deg. The re-  
sulting precipitate was filtered, washed with alcohol and acetone, and air-dried to give 0.2 g (88.70/0) of a 
product that melted above 200 deg. Found%: N 11.9. CIoHgN203Na. Calc. %: N 12.2. 

In this study, thin-layer chromatography on a fixed layer of KSK silica gel ( ~ 0.06 ram) was used. 
A universal developer was used to detect the spots. 
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