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The analogous r e a r r a n g e m e n t  
phorus compounds of type 

Prev ious ly  [ 1] we had shown that the reac t ion  of d iphenylphosphoramide with PC15 proceeds  to give d i -  
phenyl (d tehlorophosphoryl imtdo)eh!orophosphate ,  and not d iphenoxyphosphoryl imidophosphorus  t r i ch !o r ide ,  
i .e. ,  r e a r r a n g e m e n t  involving the O atom takes  place .  

, - - x o  (PhO)~P(O)N=PCIa 
(PhO)2P(O)NH2 + PCIs--] ~ (FhO)2CIP=NP(O)CI~ 

A similar rearrangement was studied previously by other authors [2, 3]. 

involving the thiono sulfur atom in the series of thiophosphoryl[midophos- 

s c1 s 
II l II 

--F~N=PCIs --~ ~P=N--PC12 
I 1 I 

is unknown up to now. 

It was shown by us on the example  of dtphenoxythiophosphoryl imidophosphorus  t r t ch lor ide  ([) that the S 
a tom m i g r a t e s  at high t e m p e r a t u r e :  

220~ 8--10 h 
(PhO)2P(S)N=PCIa * (PhO)2CI P'=N--" P(S)CI~ 

g) (n) 

hnidophosphate ([) was obtained as descr ibed  in [4], and its s t ruc tu re  was proved by the ~lp NMR and [R 
spec t ra l  data.  The 31p NMR s p e c t r u m  has s ignals  at 43.4 and - 6 . 9  ppm, which conf i rms  the p r e sence  of the 
(PhO2)2P (S)N-and  ClaP = N - g r o u p s  in the molecu le .  The constants  of (I) a r e  given in Table 1. 

Imidophosphate ([) can be dist i l led in a high vacuum, but the 3tp NMR s p e c t r u m  of the dis t i l la te  has,  be~ 
sides the intense signals  of the s ta r t ing  (I), s ignals  at 13.1 and 30.8 ppm (JPNP =31.7 Hz), which a r e  c h a r a c t e r -  
ist ic for  diphenyl (dichlorophosphoryl imido)chlorophosphate  (II), a compound that  we had obtained prev ious ly  [5]. 
When ([) is heated at 220~ fo r  8-10 h, it is conver ted  comple te ly  (data of 31p NMR spec t ra )  to imidophosphate 
(g), which was isolated in s a t i s f ac to ry  yield f rom the reac t ion  mix tu re  and whose s t ruc tu re  was conf i rmed by 

the 31p NMR and IR spec t r a l  data, and a lso  by d i rec t  compar i son  with the p rev ious ly  obtained (H) [5]. 

Imidophosphate ([I), obtained by the t h e r m a l  i somer i za t ion  of ([), r e ac t s  with phenol, taken in a 1 : I ra t io ,  
to give t r iphenyl  (dlchlorothiophosphoryl lmldo)phosphate  (IIt), whose constants  coincide with the constants  of 
the t r lphenoxy der iva t ive  of (III), which had been obthined f r o m  dichloroth iophosphoryl imidophosphorus  t r t -  
chlor ide and phenol using a 1 : 3 ra t io  of the r eac t an t s  [5]. 

ClaP=N P(S)CI2 + 3PhOH ~ (PhO)aP=NP(S)CI~ 
-ant1 

(In) 

Besides the t he rm a l  i somer iza t ion ,  we studied the reac t ion  of (I) with phenol and dimethylami-ne using a 
var iab le  ra t io  of the reac tan t s .  The C1 a toms  in (I) a r e  succes s ive ly  rep laced  by the phenoxy group when a m i x -  
tu re  of (I) and phenol, taken in a ra t io  of 1 :1 ,  1 : 2 ,  and 1 : 3 ,  is heated,  in which connection each success ive  
inser t ion os the phenoxy group into (I) r equ i r e s  m o r e  d r a s t i c  conditions, s i m i l a r  to the r ep l acemen t  of the C1 
a toms in the " th iopentachlor ide"  by the phenoxy group [5]. 
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PhOH; ~&O~ 150 ~ 

(7)_ 1 2PhOIt; 170--180 ~ 

I 3PhOII; 180~200 ~ 

(Pg0)2 P(S)N= PCI~(O Ph) 
(IV) 

- - *  (Ph0)~(S)N=PCl(OPh)2 
(V) 

(PhO)~,P(S)N=P(0Ph)a 
(vI) 

The r e a c t i o n  of (I) with d i m e t h y l a m i n e ,  u s ing  a r e a c t a n t  r a t i o  of I :2 and I :4 ,  is  a l s o  a c c o m p a n i e d  by 

the  r e p l a c e m e n t  of e i t h e r  one o r  two C1 a t o m s ,  a s  i s  shown be low.  

(t) q- 2nM%NH ~ (Fh0)2P(S)N=PCla-r,(NMe~)~z 
n = I (VII); n = 2 (VIII) 

The r e a c t i o n  of a c i d  e h l o r i d e  (VIII) wi th  e x c e s s  d i m e t h y l a r a i n e  gave  h e x a m e t h y l t r i a m i d o ( d i p h e n o x y e h i o p h o s -  
p h o r y l i m i d o ) p h o s p h o r i c  a c i d  (IX), which was  a l s o  ob t a ined  i n d e p e n d e n t l y  f r o m  h e x a m e t h y l p h o s p h o r o u s  t r i a r a i d e  

and d iphenyl  a z i d o t h i o p h o s p h a t e .  

Me~N!-I N~P(S)(OPh)z 
(VIII) ~ (Ph0)2P(S)N~P(NMea)3 ~ (Me~N)~P 

(IX) 

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

The IR s p e c t r a  w e r e  ob ta ined  on a UR-20 i n s t r u r a e n t  a s  a f i l m ,  and for  i r a i d o p h o s p h a t e s  (VI) and  {IX) 
as  KBr  p e l l e t s ;  the  PMR s p e c t r a  w e r e  ob ta ined  on a P e r k i n - E l m e r  R - ! 2  i n s t r u m e n t  in CC14 s o t u t i o n  r e l a t i v e  
to TMS; the  a l p  NMR s p e c t r a  w e r e  ob t a ined  on a B r u c k e r  HX-90 i n s t r u m e n t  (ope ra t ing  f r e q u e n c y  36.43 MH z),  
wi th  s u p p r e s s i o n  of the  s p i n - s p i n  coupl ing  of the  P and H a t o m s ,  and us ing  85% HaPO 4 as  the  ex 'eernal  s t a n d a r d .  

The c h a r a c t e r i s t i c s  of compounds  (I) and (IV)-(IX) a r e  g iven  in TaMe  1. 

T h e r m M  I s o m e r i z a t i o n  of D i p h e n o x y t h i o p h o s p h o r y l i r a i d o p h o s p h o r u s  T r i c h l o r i d e  (I). Compound  (I) (9.5 g) 

was  hea t ed  in an  a r g o n  s t r e a m  fo r  8-10 h at 2 2 0  ~ D i s t i l l a t i o n  gave  2.9 (31%) of (H) wi th  bp 120-122 ~ (0.003 r a m ) ;  
1.5943; d~ ~ 1.4400. Found :  P 14.9; S 8.1%. C12H10C13NO2P2S. C a l c u l a t e d :  P 15.4; S 8 .0~ .  3ip  NMR s p e c -  

t r u m  (6, p p m ) :  - 1 3 . 1  (P ') ;  30.8 ("P); J p N p = 3 1 . 7  Hz, ef .  [5]. 

T r i p h e n y l  ( D i c h l o r o t h i o p h o s p h o r y l i m i d o ) p h o s p h a t e  (III). A m i x t u r e  of 9.5 g of ([I), ob ta ined  by t h e t h e r r a M  
i s o m e r i z a t i o n  of (I),  and 2.5 g of phenol  was  hea t ed  fo r  5 h at 180-200 ~ unt i l  t he  gas  evo lu t ton  c e a s e d .  D i s -  
t i l l a t i o n  gave  6.4 g (58%) of (III) with bp 165-168 ~ (0.003 r am) ,  n}~ 1.5976, d~ ~ 1o3591o Found :  C1 15.4; P 13.5%. 

CIsH15C12NO3P28. C a l c u l a t e d :  C1 15.5; P 13.5%, e l .  [5]. 

Pheny l  (Di p h e n o x y t h i o p h o s p h o r y l i r a i d o ) d i  e h l o r o p h o s p h a t e  ( iV).  A m i x t u r e  of 10 g of ( [ )  and 2.5 g of 
phenoi  was  hea t ed  at  140-150 ~ u n t i l  the  HCL e v o l u t i o n  c e a s e d .  D i s t i 1 i a t i o n  gave  7.4 g of (IV). 

Diphenyl  ( D i p h e n o x y t h i o p h o s p h o r y l  i r a i d o ) c h l o r o p h o s p h a e e  (V) .  A m i x t u r e  of 8.8 g of (I) and 4.6 g of 
phenol  was  hea t ed  at  170-180 ~ unt i l  HCl evo lu t ion  c e a s e d .  D i s t i l l a t i o n  gave  6.0 g of (V). 

T r i p h e n y l  ( D i p h e n o x y t h i o p h o s p h o r y l i m i d o ) p h o s p h a t e  (VI).  A m i x t u r e  of 7.1 g of ([) and 5.0 g of  phenol  
was  hea t ed  fo r  7-10  h at  180-200 ~ unt i l  the  HC1 evo lu t ion  c e a s e d .  Then  the  m i x t u r e  was  coo led ,  10 r~A of MeOH 
was  added ,  and 4.2 g of c r y s t a l l i n e  (VI) was  i s o l a t e d .  

D i m e t h y l  a r a i d o ( d i p h e n o x y t h i o p h o s p h o r y l i m i d o ) d i c h l o r o p h o s p h o r f c  Acid  (VII).  Wieh s t i r r i n g ,  to  a s o l u -  
t ion  of 16.6 g of (I) in 100 ral  of a b s .  e t h e r  at  0-5  ~ was  added  3.8 g of Me2NH in 50 mi  of e t h e r ,  a f t e r  which  
the  m i x t u r e  was  s t i r r e d  fo r  2 h at  ~ 2 0  ~ the  p r e c i p i t a t e  was  s e p a r a t e d ,  the  f i l t r a t e  was  e v a p o r a t e d ,  and  the  
r e s i d u e  w a s  d i s t i l l e d  to  g ive  9.6 g of (VI I ) .  

T e t r a m e t h y l d i a r a i d o ( d i p h e n o x y t h i o p h o s p h o r y l i m i d o ) c h l o r o p h o s p h o r i e  Acid (V[g) .  With s t i r r i n g ,  to  a 
so lu t ion  of 20.9 g of (17 in 100 ral  of a b s .  e t h e r  a t  0 -5  ~ was  added  9.5 g of Me2NH in 50 m l  of e t h e r .  The  m i x -  
t u r e  was  s t i r r e d  fo r  a n o t h e r  2 h at ,~ 20 ~ the  p r e c i p i t a t e  was  s e p a r a t e d ,  the  f i l t r a t e  was  e v a p o r a t e d ,  and the  
r e s i d u e  was  d i s t i l l e d  to  g ive  13.1 g of (VIII) .  

H e x a m e t h y l t r i a m i d o ( d i p h e n o x y t h i o p h o s p h o r y I i r a i d o ) p h o s p h o r i e  Acid  (IX). a) R e a c t i o n  of (VIIi)  wi th  
Me2NH. To a s o l u t i o n  of 3.8 g of (VIII) in 5 ra l  of a b s .  e t h e r  at ~ 2 0  ~ was  added  a 2 -  to  3 - fo ld  e x c e s s  of Me2NH 
and the  m i x t u r e  was  l e t  s t and  at 2 0 - 2 2  ~ in an a i r t i g h t  c l o s e d  f l a s k  fo r  2 d a y s .  The  h y d r o e h t o r i d e  was  s e p a r a t e d ,  
the  f i l t r a t e  was  e v a p o r a t e d ,  the  v o l a t i l e s  w e r e  r e m o v e d  by d i s t i l l a t i o n ,  and the  r e s i d u e  was  r e c r y s t M l i z e d  
f r o m  a 1 : 1  h e p t a n e - C C 1 4  m i x t u r e  to  g ive  2.9 g of (IX). 

b) R e a c t i o n  of h e x a m e t h y l p h o s p h o r o u s  t r i a m i d e  with  d iphenyl  a z i d o t h i o p h o s p h a t e .  To a so lu t i on  of 3.0 g 
of h e x a m e t h y l p h o s p h o r o u s  t r i a m i d e  in 5.0 ra l  of abs .  b e n z e n e  at  40-50  ~ was  c a u t i o u s l y  added  2.9 g cff d ipheny l  

422~ 



azidothiophosphate in 5 ml of benzene. Immediately after adding the first drops of the azide a yellor color 
appears (formation of the triazene) and nitrogen is evolved vigorously. At the end of reaction the volatiles 
were vacuu_m-distilled and the residue was distilled to give 3.1 g of imidophosphate (IX). 

C ONC L U S I O N S  

1. Diphenoxythiophosphoryl imidophosphorus t r i ch lo r ide  undergoes  t h e r m a l  i somer iza t ion  to diphenyl 
(dr chl orothi ophosphoryl imido) ehlorophosphat  e. 

2. The reac t ions  of diphenoxythiophosphoryl imidophosphorus  t r i ch lor ide  with phenol and dimethylamine 
were  studied. 

1 . 

2. 
3. 

4 .  

5. 
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R E G I O S E L E C T I V E  S Y N T H E S E S  

OF ~ - F - U N C T I O N A L L Y  S U B S T I T U T E D  K E T O N E S  

S. I .  Z a v ' y a l o v ,  G.  I .  E z h o v a ,  
T .  K.  B u d k o v a ,  O. V.  D o r o f e e v a ,  
a n d  O.  K .  T a g a n o v a  

UDC 542.91 : 547.841 

c~-Functionally subst i tuted ketones  (FK) s e r v e  as important  synthones for  obtaining he te rocyc l ic  com-  
pounds. The mos t  widely used method for  synthes iz ing FK is based on the c~-halogenation of k e t o n e s .  A se r ious  
disadvantage of this method is the fo rmat ion  of m ix tu r e s  of c~-halo de r iva t ives  in the case  of u n s y m m e t r i c a l  
ketones [ 1]. 

In the p resen t  pape r  we studied r eg iose l ec t ive  paths for  the synthes is  of FK using M e l d r u m ' s  acid (I) [ 2]. 
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