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We have  a l r eady  shown that sa l t s  of m e t a l s ,  in pa r t i cu la r  Group II m e t a l s ,  a r e  effect ive ca ta lys t s  for  the 
phosphoryla t ion of polyfluorinated alkanols  by chlor ides  of oxygenated acids of pentavalent  phosphorus [1-3].. 
For  these  r eac t ions ,  sa l t s  of Group I me ta l s  have been l i t t le  studied. The only r e p r e s e n t a t i v e  studied,  KC1, had 
a r e l a t ive ly  low act iv i ty  [1]. Group I me ta l  chlor ides  a r e  fa i r ly  effect ive as ca ta lys t s  during phosphoryta t ion of 
phenols with phosphorus oxychlor ide  [4]. It was the re fo re  in teres t ing  to c a r r y  out a @ s t e m a t i c  study of the c a t -  
a lyt ie  act ivi ty  of Group I meta l  chlor ides  and to c la r i fy  the i r  poss ib le  use for  the p r e p a r a t i v e  synthesis  of po ly-  
f luoroalkyl  phosphates .  At l ea s t  in the ease  of LiC1, if we cons ider  the known chemica l  s i m i l a r i t y  between l i th i -  
um and m a g n e s i u m ,  one of the mos t  effect ive ca ta lys t s  of the phosphoryla t ion of polyfluorinated a lkanols ,  a f a i r -  
ly high cata ly t ic  act ivi ty of l i thium in the phosphoryla t ion reac t ion  could also be expected.  

We f i r s t  studied the cata lyt ic  act iv i ty  of Group I meta l  chlor ides  in the phosphoryla t ion of t , l - d t h y d r o -  
perf luorobutanol  by phosphorus  oxyehlor ide  that we had prev ious ly  chosen as a model  reac t ion  [1]. A mix tu re  
of the reagents  and the ca ta lys t  in the ra t io  requi red  for  the p repa ra t ion  of neutra l  phosphate was heated at  a bath 
t e m p e r a t u r e  of 160~ until no m o r e  hydrogen chlor ide  was evolved. We found that all  Group I meta l  chlor ides  
do not comple te ly  d i sso lve  in the reac t ion  m i x tu r e  (in all  ca ses  the solubil i ty apparen t ly  even dec rea sed  in the 
cou r se  of the reac t ion) ,  so that it was not poss ib le  to e s t ima te  their  r ea l  catalyt ic  act ivi ty .  The re fo re ,  the e f -  
fec t iveness  of the overa l l  p roce s s  was judged f rom the yield and t ime required  for  the complet ion of the r e a c -  
tion. 

The r e su l t s  a r e  shown in Table 1. For compar i son ,  data a r e  also l isted on the use  of meta l l i c  magnes ium 
a s ca ta lys t ,  which d i s so lves  comple te ly  in the reac t ion  mix tu r e ,  and appa rent ly  conver ts  into the cor responding  
chlor ide .  

It was found that the catalyt ic  act ivi ty  of Group I me t  chlor ides  in the reac t ion  studied d e c r e a s e s  in the 
s e r i e s  of LiC1 > RbC1 > CsC1 > NaC1 > KC1. The highes t  act iv i ty  is e.xhibited by LiC1, which although not c o m -  
pletely soluble,  is suff icient ly soluble in the reac t ion  mix tu r e ,  and so in its e f fec t iveness ,  LiC1 is s c a r c e l y  not 
infer ior  to magnes ium.  

Noticeably lower  is the cata lyt ic  act ivi ty  of RbC1 and CsC1, which have a l so  a fa i r ly  high solubi l i ty ,  and in 
the ease  of CsC1 even comple te  dissolut ion of the ca ta lys t  is obse rved  at  the beginning of the reac t ion .  The low 
ef fec t iveness  of NaC1, and in pa r t i cu l a r  KC1, is c l ea r ly  explained by their  low solubil i ty.  For  compar i son ,  it 
should be noted that p rev ious ly ,  in the cour se  of a study on the kinet ics  of the p repa ra t ion  of phenyl d ieh lo rophos-  
phate during phosphoryla t ion of phenol by excess  of POC13 [4], an act ivi ty  s e r i e s  of  Group I meta l  eh!or ides  was 
obtained: LiC1 > RbC1 > CsC1 > KC1 > NaC1. This c o m p a r e s  well with the se r i e s  obtained by us,  except  for 
the r e l a t ive  posit ions of  KC1 and NaC1, apparen t ly  due to the i r  dif ferent  re la t ive  solubil i ty in d i f ferent  reac t ion  
media .  

The r e su l t s  show that some  Group I me ta l  ch lo r ides ,  in pa r t i cu l a r ,  LiC1, although somewhat  infer ior  to the 
be t t e r  r e p r e s e n t a t i v e s  of Group II, can be success fu l ly  used for  p r e p a r a t i v e  purposes .  In fact ,  if LiC1 is used as 
ca ta lys t ,  d i f ferent  s y m m e t r i c  t r i s  (polyfluoroalkyl) phosphates  and a lso  the co r respond ing  m o n o -  and d ieh lo ro -  
phosphates  (see Table 1) can be obtained. Thus ,  depending on the condit ions,  we can exc lus ive ly  obtain full e s -  
t e r s  (yield up to 95%) and m i x t u r e s  of the l a t t e r  with mono-  and d iehlorophosphates  with apprec iab le  p r e d o m i -  
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TABLE I .  Catalytic Phosphorylation of Polyfluorinated Alkanols 
by Phosphorus Oxychloride 

catalyst 
RFCHzOH+POCI3 - -  ~RrCH2OPOC12+ (RrCH20) 2POEI+ (RFCH~O)~PO 

(1) (II) (IIl) 

RF 

C3F7 
C~F7 
C3F7 
C3F7 
C~F7 
C3F7 
HCF2CFz 
C,F9 
H (CF2)a 
C8F7 
C4F9 
CaF9 

Catalyst 

LiCt 
NaC1 
KC1 
RbC1 
CsC1 
Mg 
LiC1 
LiC1 
LiC1 
LiC1 
LiC1 
LiC1 

Molar amounts 

RFCH~OH POCIs [catalyst 

0,085 0,0'25 0,002 
0,065 0,0'25 0,002 
0,085 0,025 0,002 
0,085 0,025 0,002 
0,085 0,0,25 0,002 
0,085 D,025 0,002 
0,1 0,03 0,001 
OA 0,03 0,001 
OA5 0,05, 0,00t 
0,2 0,125 0,002 
0,2 01125 0,002 
0,2 0,6 0,002 

Bath tem- 
perature, 
"C 

t60 
160 
160 
160 
160 
t60 
160 
t70 

190-200 
150-t70 t% ;55 

Time, h 

31934 

15 
2,8 
2,5 
2,0 
4,5 
1,5 
t,5 
2,5 

Yield 

(I) (ii) 

14 6;3 
,3 60,4 
,2 12,1 

(III) 

93,8 
M-92 
9t-22 
87,5 
85,5 
89,4 
91,6 
95,6 
93,0 
6,8 
7,4 

12,8 

TABLE 2. Catalytic Phosphorylation of Polyfluorinated Alkanols 

by Dichlorophosphates and Dichlorophosphonates 
RFCH2OH+RPOC12 catalyst ~RPO (OCHzRF) 2+RPO (C1) OCH2~ r 

(IV) (V) 

CzFvCH20 
PhO 
PhO 
PhO 
Me 
Me 
hie 
Me 

Catal. 
yst 

LiC1 
LiC1 
LiC1 
LiC1 
LiC1 
LiC1 
LiC1 
LiC1 

Molar amounts 

RFCH~OH 

0,042 
0,22 
0,t05 
0,05 
0,22 
0,4t 
0,205 
0,t 

RPOClz 

0,02 
0,1 
0,05 �9 
0,15 
0,t 
0,2 
0,t 

�9 0,2 

catalyst 

0,0002 
0,005 
0,00t 
0,08t 
0,005 
0204 
0,002 
0,002 

Bath tem, 
Pcrature, 

t65-t85 
160-t70 

180 %;90 
150-t75 
170-t95 
160-t70 

'Time, 
h 

7,6 
4s,o 
o,7 
2,5 
2,5 
t,5 

Yield,% 

(iv) (v) 

92,3 - 
95,2 - 
97;0 - 
ti,9 72,6 
85,0 - 
89,8 - 
96,8 - 
26,7 64,1 

RF 

CF~ 
CF3 
C~Fo 
Cr 
CF3 
HCF2CF2 
H(CF2)r 
H(CF2)r 

TABLE 3. Catalytic Phosphorylation of Polyfluorinated Alkanols 
by Diphenyl Chlorophosphate 

RFCH2OH+ (PhO)2POC1 catalyst .RrCII2OPO(OPh)2 

"RF 

CF3 
HCF2CF2 
GaF9 

Catalyst 

LiC1 
LiE1 
LiC1 

Molar amounts 

RFCHzOH (PhO)2POGI 

0,ti 0,t 
0.22 0,2 
0,0502 0,05 

Bath tern- Time h IYield, 
Icatalyst perature, ~ I 

0,005 [ t50-i70 I t7,5 l 95,7 
0,0i 200 t2,5 91,5 
0,001 t80-200 t9 95,4 

% 

n a n c e  of  one of  them (up to 60-67%) at  an o v e r a l l  y i e ld  of  87-92%. 

L i t h i u m  c h l o r i d e  can  be  s u c c e s s f u l l y  e m p l o y e d  fo r  the  p r e p a r a t i v e  s y n t h e s i s  of  p o l y f l u o r o a l k y l  e s t e r s  of 
oxygena ted  a c i d s  of p e n t a v a l e n t  p h o s p h o r u s .  P o l y f l u o r i n a t e d  a l k a n o l s  a r e  r e a d i l y  p h o s p h o r y l a t e d  in the  p r e s -  
ence  of LiC1 by p o l y f l u o r o a l k y l  d i c h l o r o p h o s p h a t e s ,  a r y l  d i c h l o r o p h o s p h a t e s ,  and a l k y l  d i c h l o r o p h o s p h o n a t e s  
(Table  2). If an equ iva l en t  a m o u n t  o r  a s l i gh t  e x c e s s  of  the p o l y f l u o r i n a t e d  a lka no l  is u s e d ,  the  c o r r e s p o n d i n g  
full  e s t e r s ,  i . e . ,  m i x e d  p h o s p h a t e s  and p h o s p h o n a t e s ,  a r e  ob ta ined  in good y i e l d s .  If a 2 - 3 - f o l d  e x c e s s  of the 
p h o s p h o r y l a t i n g  a g e n t  is u s e d ,  the  c o r r e s p o n d i n g  e s t e r - c h l o r i d e s  can be  o b t a i n e d :  a r y l  p o l y f l u o r o a l k y l  e h l o r o -  
p h o s p h a t e s  and O - p o l y f l u o r o a l k y l  a lky l  c h l o r o p h o s p h o n a t e s .  The  y i e ld  of the e s t e r - c h l o r i d e s  i n c r e a s e s  and 
that  of full  e s t e r s  d e c r e a s e s ,  if an e x c e s s  of  the p h o s p h o r y l a t i n g  agen t  is  u sed .  

It is  known that  c a t a l y t i c  p h o s p h o r y l a t i o n  of p o l y f l u o r i n a t e d  a l k a n o l s  by d i a r y l  c h l o r o p h o s p h a t e s  u s u a l l y  
p r o c e e d s  s l o w l y ,  and the  m o s t  w i d e l y  used  Group  I m e t a l  s a l t s  a r e  not  s u f f i c i e n t l y  a c t i v e  a s  c a t a l y s t s  [1]. We 
found,  h o w e v e r ,  tha t  in th is  c a s e  LiC1 has  a high c a t a l y t i c  a c t i v i t y ,  so that  the c o r r e s p o n d i n g  d i a r y l  p o l y f l u o r o -  
a lky l  p h o s p h a t e s  can  be ob ta ined  in good y i e ld s~  

2238 
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E X P E  R I M E N T A  L 

Phosphoryla t ion of 1 ,1-Dihydropolyf luoroalkanols  by Phosphorus Acid Chlorides.  A mix tu re  of a poly-  
f luoroalkanol ,  a phosphorus acid chlor ide ,  and the ca ta lys t  (purified by r ec rys t a I l i za t ion  f rom water  and dried 
by calcination) was heated until no m o r e  hydrogen chlor ide was evolved. The products  were  isolated by d i s -  
ti l latlon. The ca ta lys t ,  m o l a r  amounts  of the reagen ts  and of the ca ta lys t ,  the bath t e m p e r a t u r e ,  t ime required  
up to the conclusion of the reac t ion ,  and the yields  of the products  a r e  l isted in Tables 1-3; the physical  con-  
s tants  and ana lyses  of the new compounds a r e  l is ted in Table 4. 

CONCLUSIONS 

I. In the preparation of iris (I ,l-dthydroperfluorobutyl) phosphate by phosphorylation of 1 ,l-dihydroper- 
fluorobutanol with phosphorus oxychloride, the relative catalytic activity of Group I metal chlorides was studied, 
and it was shown that the catalytic activity decreases in the series LiCI > RbCl > CsCl > NaCl > KCI. 

2. The high effectiveness of LiCl as catalyst for the phosphorylation of p61yfluorinated alkanols by phos- 
phorus oxychloride, polyfluoroalkyl dichlorophosphates, aryl dichlorophosphates, diaryl chlorophosphates, and 
alkyl dichlorophosphonates was shown. Lithium chloride catalyst can thus be used for the preparative synthe- 
sis of polyfluoroalkyl esters and ester-chlorides of phosphoric and alkylphosphonic acids. 

1 o  

2. 

3. 

4. 
5. 

L I T E R A T U R E  C I T E D  

L. S. Zakharov,  V. V. P i sa renko ,  N. N. Godovikov, and M. I. Kabachnik, Izv. Akad. Nauk SSSR, Ser. Khim.,  
2503 (1971). 
L. S. Zal~harov, V. V. P i sa renko ,  N. N. Godovikov, and M. I. Kabachnik, [zv. Akad. Nauk SSSI:I, Ser. Khim.,  
2671 '(1971). 
L. S. Zakharov,  V. V. P i sa renko ,  N. N. Godovikov, and M. I. Kabachnik, Izv. Akad. Nauk SSSR, Ser. Khim.,  
1667 (1972). 

/ / 

L. L. Shmidt, E. A. Tal ts ,  and E. E~ Iokhannes,  Zh. Obshch. Khim.,  3..3_3 , 1280 (1963). 
M. I. Kabachnik,  L. S. Zakharov,  E. I. Goryunov,  A. P. Kharchenko,  V. F. Zabolotskikh,  G. D. Novikova, 
and V. A. Svoren ' ,  Lzv. Akad. Nauk SSSR, Ser. Khim.,  656 (1979). 

INTERCONVERSIONS OF CLUSTERS IN THE 

Pd (0) , CO , P (n-Alk) 3 SYSTEM 

E. G. Mednikov and N. K. Eremenko UDC 542.91:541.49:547.1Tl18:546.98 

In the f i r s t  papers  on the synthes is  of carbonylphosphine c lus t e r s  Mn(CO)x(PPh3)y , (Mn) , M = Pd in = 3), 
Pt (n = 3, 4), the exis tence in solution of equi l ibr ia  of the type 3M 1 ~ M 3 [1,2] and of t rans i t ion Pt 3 ~ Pt 4 [2] 
was obse rved .  Carbonyl t r ia lkylphosphine  c lu s t e r s  Pdl0(CO )12(pAlk~)~ (Ia, b), Pd10(CO)14[P(n-]~)3] 4 {II), 
Pd4(CO ~)(pAlk3) 4 (Ilia, b), (Pdlo, Pd4), Alk = n-Bu(Bu) Ca), Et (b) were  obtained by reducing Pd (OAc)~ by carbon 
monoxide [3-6]. The composi t ion of the compounds depends on the aei t idy of themedium and on the pd 2+ : PAlk 3 
rat io .  

To sea rch  for the paths of format ion  of one compound f rom another  inside the fami ly  of c l u s t e r s ,  in the 
p r e sen t  work,  we studied the in te rconvers ions  of compounds (I), (iI), and (Ill), and proposed a s imple ,  and ap -  
paren t ly  gene ra l ,  method for increas ing  the polynuclear i ty  of carbonylphosphine c lus t e r s  by binding phosphine 
into a protonated or  another  form.  

DISCUSSION OF RESULTS 

~he transition (ilia) --* (la) is possible not only as the result of the reaction (i) 
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