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Reaction of spiro[eyclohexane-1, ~-oxazolidine] (I) with phosphoro- 
chloridie and phosphorochloridothionic acids gave the corresponding 
ethers. It did not prove possible to prepare derivatives containing 
dispiro[cyclohexane-1, 2'-oxazolidine] radicals. Reaction of 2-thio- 
5, 5-dimethyloxazolid-4-one with diethylphosphorochloridate led 
to isolation of an alkylation product. 5, 5-Dimethylhydrantoin did 
not react with chlorides of phosphoric acid under the reaction con- 
ditions of these particular experiments. 

Con t inu ing  w o r k  on the  s y n t h e s i s  of e s t e r s  of  p h o s -  
p h o r i c  and t h i o p h o s p h o r i c  a c i d s  c o n t a i n i n g  h e t e r o -  
c y c l i c  r a d i c a l s  [1], we h a v e  p r e p a r e d  s o m e  s p i r o [ c y c l o -  
h e x a n e - 1 ,  2 L o x a z o l i d i n e ]  (I) e s t e r s .  It is known [ 2 - 4 ]  
that  c y c l o h e x a n o n e  and a m i n o  a l c o h o l s  g i v e  a p u r e  o x a -  
z o l i d i n e  of  s p i r a n  s t r u c t u r e .  Hence ,  one  wou ld  e x p e c t  
r e a c t i o n  wi th  the  a c i d  h a l i d e s  d e r i v e d  f r o m  p h o s p h o r i c  
and t h i o p h o s p h o r i c  a c i d s  to g i v e  d e r i v a t i v e s  f o r m e d  
a c c o r d i n g  to the  equa t ion :  
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R e a c t i o n  of  I, d i s s o l v e d  in b e n z e n e  o r  e t h e r ,  w i th  
the  a p p r o p r i a t e  a c i d  c h l o r i d e  d e r i v e d  f r o m  p h o s p h o r i c  
and t h i o p h o s p h o r i e  a c i d s ,  in the  p r e s e n c e  of  t r i e t h y l -  

a m i n e  o r  p y r i d i n e ,  l e a d s  to s y n t h e s i s  of  the  f o l l o w i n g  
e s t e r s :  s p i r o [ e y e l o h e x a n e - 1 , 2 ' - o x a z o l i d y l ] d i e t h y l  
p h o s p h a t e  (II), s p i r o [ c y c l o h e x a n e - 1 ,  2 ~ - o x a z o l i d y l ]  
d i - i s o b u t y l  p h o s p h a t e  (III), s p i r o [ c y c l o h e x a n e - 1 ,  2 ~- 

o x a z o l i d y l ] d i e t h y l  p h o s p h a t e  (IV), and s p i r o I e y c l o -  
h e x a n e - 1 , 2 ' - o x a z o l i d y l ] d i p h e n y l a m i d o p h o s p h a t e  (V), 
T h e  t ab l e  g i v e s  a n a l y t i c a l  d a t a  and p h y s i c a l  c o n s t a n t s  
found f o r  t h e s e  c o m p o u n d s .  

R e a c t i o n  of  e thy l  p h o s p h o r o d i c h l o r i d a t e  w i th  I w a s  
a s s u m e d  to g i v e  d i s p i r o [ c y c l o h e x a n e - 1 ,  2 L o x a z o l i d y l ]  
e thy l  p h o s p h a t e  a c c o r d i n g  to the  e q u a t i o n  

<5<3 o 
+ CI?POC~H~ --..*- PI OC2H5 
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H 

However, the product isolated did not analyze correct ly,  
and a more detailed investigation was not made. 

T r e a t m e n t  o f  2 - t h i o - 5 ,  5 ' - d i m e t h y l o x a z o l i d - 4 - o n e  

(VII) w i th  an a c i d  c h l o r i d e  d e r i v e d  f r o m  a p h o s p h o r i c  
a c i d  wou ld  be  e x p e c t e d  to g i v e  a n u m b e r  of  c o m p o u n d s  
of t he  t y p e  

O 
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R e p e a t e d  runs ,  u n d e r  v a r i o u s  c o n d i t i o n s ,  f o r  t h e  

r e a c t i o n  b e t w e e n  d i e t h y l  phosphorochloridate (VIII) 

and  c o m p o u n d  VII g a v e  c o m p l e x  m i x t u r e s  f r o m  w h i c h  

a l l  tha t  cou ld  be  i s o l a t e d  p u r e l y  w e r e  c r y s t a l s  t ha t  d id  

not  con ta in  p h o s p h o r u s .  A n a l y s i s  c o r r e s p o n d e d  to an 
a l k y l a t i o n  p roduc t ,  d e m o n s t r a t e d  by the u n d e p r e s s e d  
m i x e d  m e l t i n g  po in t  wi th  2 - t h i o - 5 ,  5 - d i m e t h y l - 3 - e t h y l -  
o x a z o l - 4 - o n e ,  p r e p a r e d  by e t h y l a t i n g  VII wi th  d ie thyI  

s u l f a t e  [5]. 
The  a c t i o n  o f  p h o s p h o r o d i p h e n y l a m i d i c  c h l o r i d e  

(IX) on VII is found to g ive  p h o s p h o r o d i p h e n y l a m i d i c  

a c i d  (CsHsNH)2PO(OH). 
A s tudy  was  a l s o  m a d e  of the  e f f e c t  of the  a c i d  

c h l o r i d e s  d e r i v e d  f r o m  p h o s p h o r i c  a c i d  on 5, 5 - d i -  
m e t h y l h y d a n t o i n  (XII). U n d e r  o r d i n a r y  c o n d i t i o n s ,  
when  the  r e a c t a n t s  a r e  h e a t e d  t o g e t h e r  in a s o l v e n t ,  
c o m p o u n d  XII  d o e s  not  r e a c t  wi th  t h e s e  a c i d  c h l o r i d e s ,  

and  the  s t a r t i n g m a t e r i a l s  a r e  i s o l a t e d u n c h a n g e d .  When ,  
a s  has  b e e n  po in t ed  out  [6], the  r e a c t i o n  is  run  in the  
p r e s e n c e  of  s o d i u m  m e t h o x i d e ,  a s  a l k y l a t i o n  p r o d u c t  
i s  i s o l a t e d  a l o n g  wi th  the  s t a r t i n g  m a t e r i a l s .  

EXPERIMENTAL 

I was prepared by condensing cyclohexanone with ethanolamine 
in the known way [7]. 54" C (2 mm); dZ4 ~ 1.0181; n}~ 1.4805. 

Spiro[cyclohexane I, 2'-oxazolidyl]-N-dlethyl phosphate (II). 
A ~olution of 12.2 g (0.07 mole) diethyl phosphorochloridate [VI) 
in 30 ml ether was added gradually to a solution of 10 g I (0.07 mole) 
and 10.9 g Et~N in 50 ml ether. The mixture was heated for 3 hr 
on a water bath, the amine hydrochloride washed out with water, 
the ether solution dried over Na2SO4~ the ether distilled off, and the 
residue distilled twice. 10.5 g II was obtained, as a colorless oily 
liquid. 

Spiro[cyclohexane-1, 2'-oxazolidyl]-N-di-isobutyl phosphate 
GII). Prepared similarly to II by heating for @ hr: 7.9 g I 60.05 mole), 
7.8 g Et~N in 50 ml ether, and 12.5 g (0.05 mole) di-isobutyl phos- 
phorochloridate added over a period of 30 rain. 13.8 g Ill was 
obtained by working up the products in the way described above. It 
formed a rather viscous colorless oii. 

Spiro[eyclohexane-l, 2'-oxazolidyl]-N-diethyl phosphate (IV). I 
A solution of 6.5 g (0/?3 mole) diethyl phosphorochloridothionate 
was added to a solution of 5.2 g I (0.03 mole) and 6 g pyridine in 
50 ml benzene. The whole was heated for 4 hr at 60 ~ C, and for 
1 hr at 80 ~ C. The resinous looking reaction product was, after 
removing solvent and pyridine hydrochloride, distilled with de- 
composition. Yield 2.3 g of a yellowish liquid with an unpleasant 
odor. 

Spiro[cyclohexane-l, 2' -oxazolidyl]- N- diphenylamidophosphate 
(V). 3 g (0.002 mole) I and 3 g (0.001 mole) phosphorodiphenyl- 
amidic chloride were dissolved in 20 ml pyridine. The transiently 
yellow reaction mixture was heated for 4 hr at 109 ~ C, then poured 
into water. A solid resinous mass separated. One recrystallization 
from acetone and two from MeOH gave 2.'/ g white product in the 
form of minute crystals. 

2-Thio-5, 5-dimethyloxazolid-4-one (VII) was prepared from 
acetone cyanohydrin and ammonium thiocyanate [8], mp 15g ~ C. 

Reaction of VII with VIII. 11 g (0.06 mole) VIII was added to 
8 g (0.05 mole) VII 72 g EtsN, and 100 ml benzene, and the whole 
was heated for 2 hr at 70~ ~ C. The product was worked up sim- 
ilarly to II, to give colorless crystals (3.5 g) mp 61~ ~ (ex MeOH). 
Found: 18.55; 18.73~ calculated for CIHnNO~S: S 18.51%. 
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Spiro [c 

Com- Bp, " C (pres- 
p o u n d  sure,  m m )  

1I 121--I23 (1,5) 

II1 122--123 (0.07 

IV /46--147 (3) 

V 212--213"* 

,c lohexane- 1 

1 50 1.I214 

IA610 1.048C 

1.5000 1.1450 

,2'-oxazolidine] Derivatives 

Formula 

CI~H24NO4P 

C~Ha2NO4P 

C~2H24NOaPS* 

C2oH~NaOeP 

3I R 

roun c 2alcu- 
lated 

68.35 69,14 

87.06 87.61 

75.36 75.00 

P,% 

9,31 ] 
0.52 [ I0.:56 
0.98 I 
8.47 ] 8,34 
8.22 

Yield, 
% 

336 

!741 

21.[ 

645 

*Found: S 11.04; 11.68%. Calculated: S 10.94% 
**Mp. 

React ionof VIIwith IX. 1.8 g (0.01 mole)VII ,  3.15 g (0.01 mole) 
IX. 40 ml pyridine, and 200 ml benzene were heated together under 
reflux for two days. The product was isolated as the finest of small  
hairs, mp 222 ~ C. Found: P 13.24; 13,34~ calculated for C~2HlaNOaP: 
P 13.22%. 
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