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The f irs t  stage in the manufacture of the Soviet preparat ion pyrroxan is the conversion of phenylaceto- 
nttrile (I) to l -phenyl -3-hydroxybutyroni t r i l e  (II). The hydroxyethylation of I can be ca r r i ed  out under various 
conditions. A lkal i -metal  amides in liquid ammonia [1], phenyllithium in e ther  [2], or potassium hydroxide in 
aprotic  solvents [3] can be used as metalating agent and ethylene oxide or ethylene halohydrin as alkylating 
agent [1-3]. In the commerc ia l  p rocess  fo rpyr roxan ,  II is prepared by react ion of the potassium salt of I with 
ethylene chlorohydrin in DMF. Sat isfactory yields of the tectmical product can be obtained by using a fivefold 
excess  of solid potassium hydroxide with vigorous s t i r r ing  of the react ion mixture.  However, the content o f  
II in the technical  product var ies ,  reaching only 20% in individual cases .  Hence our intention in the work re -  
ported here was to identify the impuri t ies  in the technical product and to find the conditions of their formation.  

Qualitative analysis  of technical II by gas-l iquid chromatography (GLC) revealed that the major  impuri-  
ties are  unreacted nitrile I and l -phenyl -3-hydroxybutyro lac tone  (III). Hydroxy nitr i les a re  readi ly susceptible 
to acid- and base-ca ta lyzed  isomerizat ion to cyclic imino laetones and the subsequent hydrolysis  of the imino 
lactones to lactones [4]. We have found that under the conditions of the Pinner react ion hydroxy nitri le II readi-  
ly forms the unstable hydrochloride of [mino lactone IV, which in acidic solution i somer izes  to l -pheny l -3 -  
chlorobutyramide (V) [5]. Attempts to prepare  the free base of the imino lactone by neutral izing the hydrochlo- 
ride or by i somer iza t ion  of II in alkaline solution did not give positive resu l t s .  The rate of hydrolysis  of the 
imino laetone in alkaline solution apparently exceeds the rate  of its formation,  and so we could detect only the 
lactone and not the imine in the react ion mixture.  
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The GLC analysis  of technical  II also revealed the presence  of high-boiling impuri t ies .  These compounds 
have high retention t imes and are  not sharply eluted, which made their  direct  identification by GLC difficult. 
However we identified two of them f rom the mean spectra .  

Among the high-boiling impuri t ies  we detected a compound with molecular  weight 234, which c o r r e -  
sponded to the dimerizat ion product of I, 1 ,3-diphenyl-2- iminobutyroni t r i le  (VI). Compound I is known to be 
readi ly susceptible to base-ca ta lyzed  condensation, forming the d imer  and t r i m e r  [6]. 

Mass spec t romet ry  also revealed the presence  in technical  II of a compound with molecular  weight 205, 
corresponding to the bishydroxyethylat ion product of I. We isolated this compound f rom the react ion mixture 
as the picrate and identified it by compar ison  with authentic 2 - imino-3-phenyl -3- (2-hydroxye thy l ) te t rahydro-  
furan picrate (VII). Finally we found another possible cause of the low yield of the desi red product. Compound 
iI can decompose under conditions s imi lar  to those of hydroxyethylation. When it is heated in DMF solution in 
the presence of potassium hydroxide cleavage of II begins even at 60~ forming the s tar t ing i. 

Thus the hydroxyethylation of I is accompanied by severa l  side and secondary  react ions;  
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TABLE 1. Effect  of T e m p e r a t u r e  and React ion  Time on Yield of the 
Des i r ed  Product  

Base 

Potassium hydroxide, 
5 moIe/moie I 

Same 

Sodium hydroxide 
5 mole/mole I 
8 mole/mole I 

temp., time, h 
~ 

25 5 
50 2 
50 5 
50 2 
50 2 

50 2 
50 2 

D e c o m p o s i t i o n  

t emp . ,  t ime ,  oC h 

10 0,5 
l0 0,5 
lO 
10 
35 0,5 

10 0,5 
l0 0,5 

Yield, ~2 

II  I I I I  

54,0 18,7 t r aces  
79,2 4,O 6,7 
80,5 9,7 8,7 
21,5 8,1 t r aces  
64,7 8,0 9,2 

65,9 15,1 1.5 
79,3 11,2 t races  
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We used our own method for quant i ta t ive GLC ana lys i s  of the r eac t ion  mixture  to examine the effect  of 
va ry ing  individual  p a r a m e t e r s  on the yie ld  of II (Table 1). A s a t i s f a c t o r y  yie ld  of II can be obtained only in a 
c o m p a r a t i v e l y  na r row t e m p e r a t u r e  range .  Hydroxyethyla t ion  of I a t  20~ for 5 h gives 54% yie ld ;  i n c r e a s e  in 
t e m p e r a t u r e  to 50~ promotes  the r eac t i on  and a f te r  only 2 h the yie ld  r e a c h e s  80%. Fu r the r  i n c r e a s e  in the 
r eac t ion  t ime s c a r c e l y  i n c r e a s e s  the y ie ld  of II ; a s l ight  i n c r e a s e  in the content of I in the reac t ion  mixture  can 
be de tec ted  and may be due to the pa r t i a l  c leavage  of II.  

The most  impor t an t  fac tor  r e spons ib l e  for the d r a s t i c  reduc t ion  in the yie ld  of II is i ts  decompos i t ion  in 
the r eac t ion  mix ture .  It is  conver ted  to lactone III by a s e r i e s  of consecut ive  r eac t ions .  This  r eac t ion  pathway 
appa ren t ly  becomes  predominant  when t echn ica l  II is  in prolonged contact  with the concent ra ted  a lka l i  that is 
fo rmed  by decompos i t ion  of the r eac t ion  mix tu re  with wate r  and lactone III is conver ted  to the w a t e r - s o l u b l e  

1- phenyl-  3- hydroxybutyra te  sa l t .  

We a t t empted  to reduce  the product ion cos t s  by r ep lac ing  the expens ive  po ta s s ium hydroxide by sodium 
hydroxide but could get s a t i s f a c t o r y  y ie lds  in this  case  only with an eightfold excess  of a lka l i .  

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

The IR s p e c t r a  were  r e c o r d e d  on a UR-20 s pe c t r opho t om e t e r .  

Hydroxyethyla t ion  of Pheny lace ton i t r i l e  (I). A mix ture  of I (23.4 g, 0.2 mole),  sol id  po tass ium hydroxide 
(56 g, 1 mole) ,  and DMF (100 ml) was v igorous ly  s t i r r e d  at  20-25~ for 1 h. Ethylene ch lorohydr in  (19.3 g, 
0.24 mole) was then added dropwise .  The mix ture  was left  to stand and then poured into (250 ml)* a n d e x t r a e t e d  
with benzene (4x 75 ml).  The combined benzene e x t r a c t s  were  washed with water  and d r ied .  The benzene was 
s t r ipped  off and the r e s idue  was analyzed  by GLC. The condit ions of GLC a n a l y s i s  were :  Tsve t -101  ch roma to -  
graph,  f l ame- ion i za t i on  de t ec to r ,  s t ee l  columns of length 3 m, d i a m e t e r  3 mm, p r o g r a m m e d  heating f rom 165 
to 300~ at  6~ VHe = 40 m l / m i n ,  VH2 = 40 m l / m i n ,  Vai r  = 400 m l / m i n ,  Vchar t  = 600 m m / h .  The s tandard  
was 2- phenyl-  2- hyd roxybu ty ron i t r  i le.  

Cleavage of 1 - p h e n y i - 3 - h y d r o x y b u t y r o n t t r i l e  (II). A mix ture  of c h r o m a t o g r a p h i c a l l y  pure II (2 g), potas-  
s ium hydroxide  (3.6 g), and DMF (45 ml) was heated at  60~ for 3 h. Af te r  cooling the mix ture  was poured into 
wate r  (100 ml) and ex t r ac t ed  with benzene.  The solvent  was s t r ipped  off and the r e s idue  was analyzed  by GLC. 
The content  of I was 15.2% and that  of II 82.3%. 

I s o m e r i z a t i o n  of 1 - P h e n y l - 3 - h y d r o x y b u t y r o n i t r i l e  (II). Dry hydrogen chlor ide  was passed  through a solu-  
t ion of (II) (6.4 g) in anhydrous  e the r  (50 ml) a t  - 5 to 0~ for 6 h. The r e su l t ing  oi ly  p rec ip i t a t e  of hydroehlo-  
r ide  IV was r epea t ed ly  washed with anhydrous  e the r  to give a compound (3 g) with mp 86-92~ R e p e a t e d c r y s -  
t a l l i za t ion  f rom ch lo ro fo rm gave V (1 g) with mp 106-108~ IR spec t rum,  Vma x, e m - t :  1700 (C =O),  3420, 

*As in Rus s i an  or ig inM - Edi tor .  
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3530 (NH2). Found, %: C 61.02; H 6.20. CIoH~2NOCI. Calculated, %: C60o76;H6.08. To a suspension of un- 
purified hydroehloride in ether, derived from III (3.2 g), was added sodium bicarbonate solutmn (20 ml). The 

mixture was stirred until the evolution of carbon dioxide ceased. The layers were separated, and the ethereal 

layer after drying and removal of the solvent was distilled to give 2-phenyl-4-hydroxybutyrolactone (1.9 g), bp 

140-141~ (2 mm Hg), n~ = 1.5420. IR spectrum, ~max, cm-t: 1780 (C =O). 

2-Phenyl-4-hydroxybutyrolactone (VIII). Compound VIII (18 g, 0.i mole) was heated at 100~ for 1 h with 
dilute hydrochloric acid (50 ml; 1:5); after cooling the product was extracted with ether. After drying and re- 
moval of the solvent distillation gave the lactone (i0.i g), bp 140-142~ (2 mm Hg), n~ = 1.5418. Found, %: C 

20 66.87; H 6.83. CIOH1203. Calculated, %: C 66.67; H 6.67. Literature [7]: bp I09-I12~ (0.25 mm Hg), n D = 
1.5411. 

2-Imino-3-phenyl-3-(2-hydroxyethyl)tetrahydrofuran (VII). To a suspension of sodium amide, derived 
from sodium (4.6 g, 0.2 mole) in liquid ammonia, was addedl (11.8 g, 0.12 mole). The mixture was stirred for 
30 min. A solution of ethylene oxide (8.8 g, 0.2 mole) in anhydrous ether (25 ml) was added dropwise to the re- 
sulting solution. After 4 h the reaction mixture was decomposed with solid ammonium chloride, the ammonia 
was evaporated, and the residue was dissolved in a mixture of ether (50 ml) and water (50 ml). The ethereal 
solution was dried and then a precipitate gradually formed. Crystallization from benzene gave VII (12.6 g, 

61%), mp 128-129~ Literature [i]: mp 130~ Found, %: C 70.80; H 7.42. CI2H~502N. Calculated, %: C 
70.09; H 7.03. IR spectrum, Vrnax ' crn-1:1700 (C--NH). 

Picrate of VII was prepared in the usual way in hot alcohol, mp 200~ (from alcohol; sublimes). The 
picrate prepared in the same way from technical II gave no depression to the melting point of a mixture with 
the picrate of VII. 
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