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Chloral  cyanomethylhemiace ta l  is conver ted  t o 2 - t r i ch lo rome thy l -4 - imino- l , 3 -d ioxo lane  under  
the influence of hydrogen chlor ide  or  pyridine.  Acetone cyanohydrin reac ts  with ch lora l  to 
give 2 - t r i ch lo romethy l -4 - imino-5 ,5 -d ime thy l - l , 3 -d ioxo lane ,  the hydrochlor ide  of which in 
water  gives 2 - t r i ch lo rome thy l -4 -oxo-5 ,5 -d ime thy l - l , 3 -d ioxo lane .  

The reac t ion  of hydroxyni t r i les  with chlora l  has not been studied.  We have found that formaldehyde 
cyanohydrin reac ts  with ch lora l  to give cyanomethylhemiace ta l  I [1], which decomposes during vacuum 
dist i l la t ion.  

Compound I reac ts  with hydrogen chlor ide  to give 2 - t r i ch lo rome thy t -4 - imino - l , 3 -d ioxo lane  hydro-  
chlor ide  (]I), but is conver ted  to base  III, the hydrochlor ide  of which is identical to II, in the p resence  of 
catalyt ic  amounts of pyr id ine .  
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Compound H is readi ly  hydro lyzed  to give a viscous syrupy  liquid, which decomposes  even at the t em-  
pe ra tu re  of a boi l ing-water  bath with ch lora l  l iberat ion.  

Ketone cyanohydrins r e ac t  v e r y  s luggishly with chlora l .  Heating of a mixture  of the s ta r t ing  sub-  
s tances  for many hours  did not give any posi t ive r e su l t s .  However,  if an equimolecular  mixture  of acetone 
cyanohydrin and chlora l  is allowed to stand at room t em p e ra tu r e  for 2.5-3 months, the liquid solidifies a l -  
mos t  comple te ly  because of the format ion  of c rys ta l l ine  2 - t r i c h l o r o m e t h y l - 4 - i m i n o - 5 , 5 - d i m e t h y l - l , 3 - d i -  
oxolane (IV). Cycl izat ion can be sharp ly  acce le ra t ed  by the addition of t races  of pyridine [2J. 
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The catalyt ic  action of pyridine is apparent ly  due to the format ion of a p y r id in e - cy an o h y d r in  act ivated 
complex in which the oxygen atom of the cyanohydrin  is m o re  nucleophilic owing to the development  of a 
hydrogen bond and the re fo re  readi ly  attacks the carbonyl  group of chlora l .  The adduct that forms in this 
manner  undergoes subsequent  he terocycl iza t ion ,  probably also through a s tep involving the format ion of an 
activated complex.  

The catalyt ic  action of hydrogen chlor ide  is apparently due to protonation of the ni t r i le  group and con-  
ve r s ion  of i t  to a n i t r i le  cation, which also attacks the f r ee  pai r  of e lec t rons  of the hydroxyl  group: 
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Bands of s t re tch ing  v ibra t ions  of OH and C ~--- N groups a r e  absent  in the IR s p e c t r a  of II, III,  and IV, 
but the s p e c t r a  do contain intense absorpt ion  at 1100-1130 (C-O) ,  1705-1714 ( O - C  = N ) ,  and 3210-3260 
cm -i (NH). 

The hydrochloride of IV is hydrolyzed on dissolving in water to give the completely stable 2-trichloro- 
methyl-4-oxo-5,5-dimethyl-l,3-dioxolane (V); bands of C-O stretching vibrations (1100-1130 cm -I) and of 
C =O groups in five-membered lactones at 1775-1785 cm -i are displayed distinctly in the IR spectrum of V. 
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Compound V was also obtained by condensat ion of ch lo ra l  with c~-hydroxyisobutyric acid. 

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

The IR s p e c t r a  of mine ra l  oil suspens ibns  of the compounds were  r eco rded  with a UR-10 s p e c t r o m e t e r .  

2 - T r i e h l o r o m e t h y l - 4 - i m i n o - l , 3 - d i o x o l a n e  Hydrochlor ide  (II). A mix tu re  of 14.8 g (0.1 mole) of chloral  
and 5.7 g (0.1 mole) of formaldehyde  cyanohydr in  [bp 81-83 ~ (5 ram)] was heated  on a wa t e r  ba th  for  1 h and 
allowed to s tand at r oom t e m p e r a t u r e  for  2 days .  Absolute e ther  (50 ml) was added to the resu l t ing  I,  and 
the mix tu re  was cooled to -10  ~ with s t i r r i ng  and sa tu ra t ed  with d ry  hydrogen chlor ide .  After  2 h, the p r e -  
c ipi ta te  was r emoved  by f i l t ra t ion,  washed with absolute ether ,  and dr ied in a des i cca to r  ove r  concent ra ted  
sul fur ic  acid to give 16.8 g (70%) of a product  with mp 112-113 ~ (dee.}. Found, %: C1 14.7; C1 68.0; N 6.9. 
C4HsCI4N. Calculated, %: C1 14.8; C1 67.9; N 6.7. 

2-Trichloromethyl-4-imino-l,3-dioxolane (III). A 0.05 g sample of pyridine was added with stirring 
at -10 ~ to a mixture of 7.4 g (0.05 mole) of chloral, 2.9 g (0.05 mole) of formaldehyde eyanohydrin, and 25 
ml of dry petroleum ether. The mixture was allowed to stand in a refrigerator overnight. The next day, 
the petroleum ether was decanted, and the solid was treated several times with new portions of dry 
petroleum ether. The mixture was then filtered, and the solid was air dried to give 9.8 g (96%) of a product 
with mp 95-96 ~ Found, %: C1 52.3; N 6.9. C4H4CI3NO~. Calculated, ~: CI 52.0; N 6.8. The hydrochloride 
had mp 112-113 ~ No melting-point depression was observed for a mixture of the product with a sample of II. 

Hydrolysis of 2-Triehloromethyl-4-imino-l,3-dioxolane Hydroehloride. Water (10 ml) was added 
dropwise with stirring and cooling to a mixture of 10 g of II and 25 ml of diethyl other, after which stirring 
was continued for another 30 rain. The aqueous layer was then separated and extracted with ether. The 
ether was removed, and the residue was distilled at 95-97 ~ to give 5 g of chloral hydrate with mp 56-57 ~ 
(rap 57-58 ~ according to the literature). No melting-point depression was observed for a mixture of this 
product with a sample of chloral hydrate. 

2-Trichloromethyl-4-imino-5,5-dimethyl-l,3-dioxolane (IV). A 0.05 g s ample of pyridine was added 
to a water-cooled mixture of 6.9 g (0.047 mole) of chloral, 3.8 g (0.047 mole) of acetone cyanohydrin, and 
25 ml of dry petroleum ether. A copious precipitate began to form immediately. The reaction mixture was 
allowed to s tand overnight  and was f i l te red  the following day.  The sol id was washed with pe t ro leum ether  
and a i r  dr ied  to give 9.5 g (88%) of a product  with mp 133 ~ (after  r eprec ip i t a t ion  f r o m  acetone by the addi-  
tion of wa te r ) .  Found, %: C1 46.2; N 6.3. C6H3C13NO 2. Calculated,  %: C1 45.8; N 6.0. The compound had 

~ 0.4 [activity II A1203, h e x a n e - a c e t o n e  (60:40),  development  with 2% AgNO 3 and 0.4% bromphenol  blue]. 
e hydrochlor ide  had mp 172-173 ~ 

2 - T r i c h l o r o m e t h y l - 4 - o x o - 5 , 5 - d i m e t h y l - l , 3 - d i o x o l a n e  (V). A.: A 3.5 g s a m p l e  of the hydrochlor ide  of 
IV was d isso lved  in a sma l l  amount  of wa te r  and s t i r r e d  thoroughly for  1 h.  The resu l t ing  p rec ip i t a te  was 
r emoved  by f i l t ra t ion and a i r  dr ied  to give 3.2 g (98.6~ of co lo r l e s s  c ry s t a l s  with mp 72 ~ Found, %: C 
31.1; H 3.2; C1 45.8. C6HTCI~O 3. Ca lcu la ted ,  %: C 30.8; H 3.0; C1 45.6. The product  had R f  0.7 [activity 
II A1203, h e x a n e - a c e t o n e  (98:2) ,  development  with 2~ AgNO 2 and 0.4% bromphenol  blue].  

B. A mix tu re  of 2.21 g (0.015 mole) of ch lo ra l  and 1.56 g (0.015 mole) of hydroxyl i sobutyr ic  acid 
(mp 78-79 ~ was heated  at 120 ~ on an oil bath for  3 h. The mix tu re  was cooled, and the reac t ion  product  
was t r ea t ed  with wa te r .  The p rec ip i t a t e  was r emoved  by f i l t ra t ion,  d issolved in acetone,  and prec ip i t a ted  
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with water to give 2.6 g (74%) of a product with mp 72 ~ No melting-point depression was observed for a 
mixture of this product with a sample of the material described above. 
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