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In catalytic phosphorylation of primary polyfluoroalkyl alcohols by phosphorus oxychloride in the ratio of 
2 : 1.25 in the presence of anhydrous CaCI 2 as the catalyst, bispolyfluoroalkyl chlorophosphates are the primary 
products of the reaction [i]. 

However, in phosphorylation of secondary ~-trifluoromethylbenzyl alcohol by POCI 3 in similar conditions, 
di-a-trifluoromethylbenzyl ether was isolated instead of the expected monochlorophosphate [2j. As found later, 
a simple ether is obtained as a result of alkylation of the starting benzyl alcohol by the intermediate product 
formed, o~-trifluoromethylbenzyl dichlorophosphate [3]~ It was also shown that when a donor substituent, a p- 
methyl group, was present in the o~-trifluoromethylbenzyl alcohol molecule, formation of a simple ether is 
facilitated, and the reaction takes place in much softer conditions in comparison to an unsubstituted alcohol 
[3]. 

It could be hypothesized that introduction of a strong enough electron-aceeptor substitutent, for example, 
a m-trifluoromcthyl group, into the o~-trifluoromcthylbenzyl alcohol molecule would favor formation of the 
products of phosphorylation, and this would permit extending the reaction of catalytic phosphorylation to syn- 
thesis of bis(o~-polyfluoroalkylbenzyl) ehlorophosphateso 

Actually, when a mixture of o~-trffluoromethyl-m-trifluoromcthylbenzyl alcohol (1) is heated to 140~ with 
l~OCl3 in the ratio of 2:1 in the presence of catalytic quantities of anhydrous CaClp, bis(a-trifluoromethyl-m- 
trifluoromethylbenzyl)chlorophosphate (l-D is formed as the basic product of the reaction (see Table I), but 
phosphorylation is extremely slow at this temperature: According to the data from the 311~ NMIR spectra, the 
reaction mixture contains 25% POCI3, 50% c-~-trifluoromethyl-m-trifluoromethylbenzyl dichlorophosphate (III), 
and a total of 25% of (ID after 13 h; even after 73 h, when there is no more 2OCl 3 in the mixture, the ratio of 
(II): (III) is only 77 : 23~ on further heating, this ratio remains almost unchanged. The TI~ analysis of the re- 
action mixture showed the absence of products of the simple benzyl ether type. In phosphorylation of alcohol 
(I) by POCI 3 in the presence of CaCI 2, formation of the simple ether is not observed even at 200~ in contrast 
to unsubstituted a-trifluoromethylbenzyl alcohol, and the basic product of the reaction in these conditions is 
monochlorophosphatc (II)o Use of anhydrous MgSO 4 as the catalyst results in a slight decrease in the time of 
the reaction in comparison to CaCI 2, but the process is accompanied by significant resinification, and the 31p 
NMR spectrum of a solution of the reaction mixture in CCI 4 contains a group of unidentified signals in the 
region of-14 to- 16 ppm in additionto the signals assigned to chlorophosphates (If) and (Ill) (ratio of 96:4); 
the overall intensity of the unidentified signals is commensurate with the intensity of the signals of ehloro- 
phosphate (If). When metallic Mg, which is dissolved and apparently transformed into MgCl 2 during the reac- 
tion, is used instead of MgSO4, the reaction time at 200~ is only 6 h, and judging by the data from. the 31p NMR 
spectra, only insignificant amounts of byproducts are formed, in contrast to iV[gSO4, and the yield of ehloro- 
phosphate (If) attains 66%~ An increase in the catalytic activity in going from anhydrous CaCl 2 to Mg has also 
been observed in catalytic phosphorylation of phenols [4]. 

Catalytic phosphorylation of benzyl alcohol (I) containing a strong electron-acceptor substituent in the 
benzene ring by POCI 3 in the ratio of 1 : 2 thus primarily yields monochlorophosphate (If), regardless of the type 
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T A B L E  1. Ca ta ly t i c  P h o s p h o r y l a t i o n  
of a - T  r i f l u o r o m e t h y l - m - t  r f f l u o r o -  
me thy lbe r~y l  Alcohol  by  POC18 

2m-CFsC6H4CH (OH) CFs + POCI~ > 

Catalyst , oc [m-CF3C6H4CH (CFs)012 POC1 
- -HE1  * 

( ID 

Reaction IYieldof (II) Catalyst* T., ~ time, h 

CaCl2 
CaCI2 
MgSO~ 
.Mg P I 80 46 

18 53 
20~ 12 4 ~  6 66 

* 0.025 mole  of ca t a lys t  pe r  1 mole  
of POC13. 

T A B L E  2. Dependence  of the  D i a s t e r o m e r i c  Compos i t i on  of B i s -  
( ~ - t r i f l u o r o m e t h y l - m - t r i f l u o r o m e t h y l b e n z y l )  ch lo rophospha te  (II) on 
the Condi t ions  of the  Cata ly t ic  P h o s p h o r y l a t i o n  Reac t ion  

Catalyst 

CaCl~ 

MgS06 

Mg 

T. ,  ~ 

t40 

200 

200 

200 

diaste~eomers in the I Concentration of 
mixture according to data from the ' 

Time from Sip.{ 1H}NM R spectra, % Ratio of 
the begin- - -  . . . . . . . . .  ] diastereomers 
ningofthe I A(or B) C+ D B(orA) I reaction, h 

13 25 49 26 t : 2 : t  
73 2~ 50 26 I : 2,1 : i,l 
18 23 52 25 t : 2,3 ~ 1,t 
12 23 53 25 I : 2,3 : 1,1 

6 23 54 23 t : 2~3 : t 

C+D 

I 
8 8 

F ig .  1. 31p-{iH} 

A orb BorA 

# ~ ppm 7 0 5 

NMR s p e c t r a  of b is(o~- t r i -  
f l u ~ 1 7 6  r i f l u ~ 1 7 6  c h l ~ 1 7 6  
phosphate  flI) in a solut ion of CC14 (c 0.4 m o l e /  
l i te r ) .  

of ca ta lys t  used and the  t e m p e r a t u r e  of the reac t ion ,  and in con t r a s t  to  unsubs t i tu ted  c~- t r l f luo romethy ibe r~y l  
a lcohol ,  f o r m a t i o n  of s imple  benzy l  e ther  was  not o b s e r v e d  in any of the c a s e s  examined .  

Compound (1I) is of l imi ted  in t e re s t  with r e s p e c t  to  the s t e r e o c h e m i s t r y .  T h e r e  a r e  two a s y m m e t r i c  c a r -  
bon a toms  and a p s e u d o a s y m m e t r i c  pentavalent  t e t r a c o o r d i n a t e d  phosphorus  a tom in the  molecu le  of i ts  c h l o r o -  
phosphate .  F o r  s t r u c t u r e s  containing a p s e u d o a s y m m e t r i c  s i t e ,  the ex is tence  of four  s t e r e o i s o m e r s  is poss ib le  
in pr inciple ,  i .e . ,  two m e s o f o r m s  A and B, which only dif fer  with r e s p e c t  to  the  conf igura t ion  at the p s e u d o a s y m -  
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metric site, and two optically active stereoisomers C and D, which are enantiomers with respect to each o~her, 

in which the phosphorus  a tom is n o n a s y m m e t r i c  

Ar Ar Ar Ar 
I (s)  I (s)  ! (s)  I (R) 

CFz--C--H CFz--C--II CFz--C--H H~C--CF~ 
I ; I 1 
0 0 0 0 
t (r) I (s) [ ! 

CI--P=O O=P--CI CI--P=O O=P--CI 
E I I I 
0 0 0 0 
I (R) t (-~) 1 (s) I (n) 

CF~--C--H CF~--C--H H--C--CF3 CFs--C--H 
l I I I 
Ar Ar Ar Ar 
A B C D 

I d 
Mesoforms Racemate 

Ar =m-CFsC~H~ 

Since s t e r e o i s o m e r s  C and D are  indist inguishable in the NMR spec t ra ,  t h ree  s ignals  could be expected 
for  each of the indicator  nuclei  in the NMR spec t r a .  Actually,  t h r ee  singlet  s ignals  a r e  observed  in the 31p_ 
{i l l}  NMR s p e c t r u m  of chlorophosphate  (II) (Fig. 1). We note that a qual i ta t ively s i m i l a r  p ic ture  was previously  
obse rved  in the study of the 3ip_{iH} NMR s pec t r a  ofphosphoni tes  [CzHhCH(CH3)O]2PR (where R=Me,  Ph) with 
a p s e u d o a s y m m e t r i c  t r iva len t  phosphorus  a tom [5]. 

The ra t io  of s t e r e o i s o m e r s  in chlorophosphate  (II) (Table 2) is a lmos t  independent of the type of ca ta lys t  
used, the t e m p e r a t u r e ,  and the t ime  a f te r  the onset of the react ion,  and actual ly  coincides with the s ta t i s t i ca l  
ra t io  of d i a s t e r e o m e r s :  1 : 2 : 1. Judging by the re la t ive  in tegra l  intensi ty of the s ignals  in the 3iP-{IH} NMR 
spec t rum,  the cen t ra l  s ignal  can be ass igned to a r a c e m i c  mix tu re  of s t e r e o i s o m e r s  C and D, and the other  two 
s ignals  can be ass igned to m e s o f o r m s  A and B. 

R e g a r d l e s s  of the conditions of cata lyt ic  phosphorylat ion,  fo rmat ion  of chlorophosphate  (II) is thus non- 
s t e r eose l ec t i ve ,  in con t ras t  to O,O-bis (~-polyf luoroa lkylbenzyl )methylphosphonates ,  for  which important  s t e r e o -  
se lec t iv i ty  is obse rved  [6]. It is n e c e s s a r y  to r e m e m b e r  that  the ra t io  between the to ta l  amount of m e s o f o r m s  
A and B and the concer~rat ion of a r a c e m i c  mix tu re  of s t e r e o i s o m e r s  C and D should in all  probabi l i ty  be a 
kinet ical ly  cont ro l lab le  value which appl ies  to the r a t ios  of the m e s o f o r m s ;  in view of the important  possibi l i ty  
of the mutual  t r a n s f o r m a t i o n  of these  fo rm s ,  for  example ,  by a m e c h a n i s m  of ep imer iza t ion  of the pseudoasyrn-  
me t r i c  phosphorus  a tom due to  the ro ta t ion  of the configurat ion of the nucleophilic exchange of the chlorine 
a r o m a s  fo r  O- (~-po lyf luoroa lky lbenzy l )methy lch lorophosphona tes  [7], the possibiI i ty  of t he rmodynamic  control  
of th is  aspect  of the s t e r e o c h e m i s t r y  of the reac t ion  cannot be excluded. 

EXPERIMENTAL 

The sip NMR spectra were made on a Bruker HX-90 spectrometer (36.43 MHz) in the pulsed mode with 
suppres s ion  of s p i n - s p i n  in te rac t ions  with protons (85% H3PO 4 external  standard);  the chemica l  shif ts  in the 
weak field had posi t ive  va lues .  The TLC analys is  was conducted on Silufol UV-254 plates .  

B is (o~- t r i f luoromethy l -m- t r f f luoromethy lbenzy l )ch lorophospha te  (H). a) A mixture  of 12.2 g (0.05 mole) 
of ~ - t r f f l u o r o m e t h y l - m - t r i f l u o r o m e t h y l b e n z y l  alcohol (I), 3.8 g (0.025 mole) of POC13, and 70 mg (0.625 mmole)  
of anhydrous CaCI 2 were  heated for  80 h at 140~ and f rac t ionated  in a vacuum.  Yield of 6.6 g (46%) of (II), bp 
126-127~ (0.I mm),  nD 2~ 1.4313, d42~ 1.5445. Found: C 38.0, H 1.8, C1 5.8, F 40.4, P 5.6%. CisHi0C1F120~P. 
Calculated:  C 38.0, H 1.8, C1 6.2, F 40.1, P 5.4%. Yield of 0.9 g (10%)of o~- t r f f luo romethy l -m- t r f f luo romethy l -  
benzyl  d ichlorophosphate  (III), bp 67-69~ (0.1 ram), nD 20 1.4361 (compare  [8]). 

b) A mix tu re  of 12.2 g (0.05 mole) of (I), 3.8 g (0.025 mole) of POC13, and 70 mg (0.625 mmole)  of anhy- 
drous  CaC12were heated for  18 h at 200~ and f rac t ionated  in a vacuum.  Yield of  7 . 5 g  (53%) of (H) and 1.3 g 
(14%7 of (m)o 

c) A mixture of 112.2 g (0.05 mole) of (I), 3.8 g (0.025 mole) of POCI3, and q5 mg (0.625 mmole) of an- 
hydrous MgSO 4 was heated for 12 h at 200~ i0 ml of CCI 4 were added, the mixture was filtered, the filtrate 
was evaporated, and the residue was distilled in a vacuum. Yield of 6.3 g (44%) of (II) and 0.6 g (7%) of (Ill). 

d) A mixture of 12.2 g (0.05 mole) of (I), 3.8 g (0.025 mole) of POCI3, and 15 mg (0.625 g-atom) of metallic 
NIg were heated for 6 h at 200~ and distilled in a vacuum. Yield of 9.4 g (66%7 of (H). 
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CONCLUSIONS 

i. Catalytic phosphorylation of ~-trifluoromethyl-m-trifluoromethylbenzyl alcohol by POCI 3 in the ratio 
of 2 : 1 primarily yielded bis (~-trifluoromethyl)m-trlfluoromethylbenzyl)ehlorophosphate regardless of the 
conditions of the reaction, and in contrast to unsubstituted ~-trifluoromethylbenzyl alcohol, absolutely no simple 
benzyl ether was formed. 

2. The bis(~-trifluoromethyl-m-trifluoromethylbenzyl) chlorophosphate obtained is a mixture of three 

diastereomers in a ratio close to the statistical ratio. 
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R E D O X  R E A C T I O N S  O F  M E R C U R Y  D E R I V A T I V E S  

O F  8 - A L K Y L Q U I N O L I N E S  W I T H  P d ( 0 )  A N D  P t ( 0 )  C O M P L E X E S  

V .  V .  B a s h i l o v ,  ]~. V .  M a s k a e v a ,  UDC 542.91:547.254.9:  
A.  A.  M u s a e v ,  V .  I .  S o k o l o v ,  
a n d  O .  A .  R e u t o v  
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Our  knowledge of redox d e m e r c u r a t i o n  by Pt(0) and Pd(0) complexes ,  despi te  the numerous  examples  
studied [1], is incomplete .  Specifically,  with a single exception [2], no ins tances  a re  known of the fo rmat ion  in 
this way of ehe la temeta l locyc les  in which the t r ans i t ion  meta l  is bonded with an aliphatic sp3-hybridized carbon 
a tom.  We encountered the p rob lem of the reac t iv i ty  of a l k y l m e r c u r y  compounds containing a donor ni t rogen 
a tom in the 7-pos i t ion  when choosing a model reac t ion  fo r  a study of the s t e r e o c h e m i s t r y  of redox d e m e r c u r a -  
tion. The ch i ra l  8 - (~ -b romomercu r i e thy l )qu ino l ine  (I) [3] and its homolog (II) [3] and i ts  homolog (lI) have 
recent ly  been proposed  as model compounds 

I N [ N 
HCMe HCH 

I L 
HgBr HgBr 

(I) (II) 

It was expected that  the reac t ion  of (I) o r  (H) with the d l~  (Ph3P)3Pt (III), (Ph3P)4Pd (IV), 
(DBA)3Pd2"CHCI3 (V)* or  (DBA)2Pd (VI) would afford,  following r ep lacemen t  of the m e r c u r y ,  the chelate me t a l -  

* DBA is d ibenzyl ideneacetone.  
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