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Catalytic phosphorylation of polyfluoroalkanols 
16.* Synthesis and stereochemistry of O-(c~-polyfluoroalkylbenzyl) 

phenylphosphonochioridates 
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Phosphorylation of ct-polyfluoroalkylbenzyl alcohols by an excess of phenylphosphonic 
dichloride in the presence of Mg or CaCI~ as the catalyst gives O-(a-polyfluoroalkylbenzyl) 
phenytphosphonochloridates (63--79% yield). The reaction proceeds stereoselectively, and 
the phosphonochloridates obtained are mixtures of two diastereomers with predominance 
(approximately by 10%) of one of them. 
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We have previously established 2 that catalytic phos- 
phorylation of sterically hindered tertiary ~t,c~-dimethyl- 
polyfluoroalkanols by an excess of phenylphosphonic 
dichloride (1) results in the formation of the corre- 
sponding phenylphosphonochloridates. 

RFCMe20H + PhPOCl  2 Cat, ~ D PhP(O) (CI )OCMe2R F 

1 

This suggests that the method of catalytic phospho- 
rylation will also be appropriate for preparing phenyl- 
phosphonochloridates containing sterically hindered sec- 
ondary polyfluoroalkyl (for example, a-polyfluoro- 
alkylbenzyl) fragments. These acid chlorides can be of 
interest as intermediate products for synthesis of various 
types of unsymmetrical esters or amidoesters of phenyl- 
phosphonic acid. 

We studied the reactions of phosphonic dichloride 1 
with several ct-polyfluoroalkylbenzyl alcohols (2a--h) in 
which both the position and nature of the substituent'in 
the benzene ring and the chain length and character of 
the c{-polyfluoroalkyl fragment were varied. 

Anhydrous CaCI 2 or Mg metal were used as cata- 
lysts. A twofold excess of the phosphorylating agent was 
used in all experiments to decrease the probability of the 
formation of by-products (the corresponding symmetri- 
cal esters), and the reaction was carried out at a possibly 
lower temperature (140 ~ It is established that in all 
cases, the catalytic phosphorylation results in the forma- 
tion of O-(et-polyfluoroalkylbenzyl) phenylphosphono- 

* For Part 15, see Ref. I. 
t Deceased. 

PhPOCi 2 + RC6H4CHR~:OH Cat, 140 * C  

1 2 a - - h  

= PhI~(O)(CI)OC;H R 'FC6H4R 

3 a - - h  

a: R = H, R'  F = CF 3 
b :  R = H, R' F = n-C3F 7 
c: R = H, R'  F = n-C4F 9 
d: R = H, R '  F = CF3OCF2CF 2 

e :  R = m - M e ,  R 'F  = CF3 
f :  R = m - O F  3, R 'F  = CF3 
gl: R = p-F,  R 'F  = CF3 
I1: R = p-CI ,  R "  F = CF 3 

chloridates (3a--h). The conditions of the reaction and 
yields of the phosphonochloridates are presented ill 
Table 1, and the main physicochemical constants of the 
compounds synthesized are listed in Table 2. 

As follows from the data in  Table I, the rate of 
phosphorylation of benzyl alcohols 2 by phosphonic 
dichloride 1 decreases as the chain length of the a-poly- 
fluoroalkyl radical P-'F increases and the acceptor char- 
acter of the substituent R in the benzene ring of the 
alcohol increases. 

Comparison of tile catalytic activities of CaCI 2 and 
Mg shows that the efficiency of  Mg metal is substan- 
tially higher than that of CaCI 2. A similar ratio of 
activities of these catalysts was observed previously for 
the phosphorylation of a-polyfluoroalkylbenzyl alcohols 
by aryl phosphodichloridates. I 

The phosphonochloridates 3 that formed can be 
easily separated by distillation from an excess of the 
phosphorylating agent, which is regenerated in a yield 
close to quantitative in a state sufficiently pure to use 
repeatedly. 

We also studied some stereochemical aspects of cata- 
l~ic phosphorylation ofc~-polyfluoroalkylbenzyl alcohols 
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Table 1. Catalytic phosphorylation of r 
alcohols with an excess of phenytphosphonic dichloride 

R R" F Cata Duration Yield of Ratio 
of reac- 3a--h of dia- 
tion/h (%) stereo- 

mers b 

H CF 3 CaCI 2 2.0 66 46 
Mg r 1.25 69 46 

H n-C3F 7 Mg 6.0 7t 46 
H n-C4F 9 Mg 7.0 70 45 
H CF3OCF2CF 2 Mg 2.5 71 44 
m-Me CF 3 Mg 1.25 63 46 
m-CF 3 CF 3 Mg 25 67 45 
p-F CF 3 Mg 3_0 73 46 
p-CI CF 3 Mg 3.0 79 46 

54 
54 

54 
55 
56 
54 
55 
54 
54,t 

a Calculated as 0.025 moles of the catalyst per mole 
RC6H4R'FOH. 
~' According to the 31P-{IH} NMR spectroscopy data. 
e In all experiments, magnesium is dissolved during the reac- 
tion transforming into MgCI 2. 
d According to the V~F-{IH} NMR spectroscopy data. 

by an excess o f  phenylphosphonic  dichloride,  during 
which the prochiral  P a tom in the starting acid chloride 
is t ransformed into the chiral atom. Since the O-(ct-poly- 
f luo roa lky lbenzy l )  p h e n y l p h o s p h o n o c h l o r i d a t e s  that  
formed conta in  the second chiral center  (benzyl c~-C 
a tom) along with the asymmetrical  phosphorus atom, it 
can be expected that  these compounds are mixtures of  
two diastereomers.* 

* Each of the diastereomers is a racemic mixture of two 
enantiomers. 

In fact, the 3 tP- l tH } N M R  spectra of  the reaction 
mixture exhibit, along with the signal at -35  ppm related 
to the phosphorylating agent taken in an excess, two 
closely located singlet signals. They lie in the high field 
region and belong to s tereoisomers A* aqd B of  the 
corresponding phosphonochlor idates  3. 

As for the A ' B ratio, it deviates from the statistical 
one (1 : 1), and in all cases, diastereomers B are pre- 
dominant ly  formed (see Table 1). The  difference in 
contents  of  the isomers is relatively small (as a rule, not 
higher than 10%) and almost independent  of  the struc- 
ture of  the r fragment of  the mol-  
ecule. 

It should  be e m p h a s i z e d  tha t  f rom the view-  
point  of  s t e reochemis t ry ,  O-(e~-polyf luoroa lkylben-  
zyl) ph r  3 a - - h  differ  from 
aryl ( c t -po ly f luo roa lky lbenzy l )  p h o s p h o c h l o r i d a t e s  
ArOP(O)(CI )OCHR'FC6H,~R (4), in the synthesis of  
which the dias tereomer  ratio always coincides  with the 
statistical one,  z and they are s imi lar  to O - ( a - p o -  
ly f luo roa lky lbenzy l )  m e t h y l p h o s p h o n o c h l o r i d a t e s  
M e P ( O ) ( C I ) O C H R ' F C 6 H 4 R  (5) which  are also 
nonstatistical mixtures of  diastereomers with a predomi-  
nant content  of  isomer B.** 

According to the IH, 19F, aqd 31p N M R  spectra 
exhibiting double signals (Table 3), analytically pure 
phenylphosphonochlor ida tes  3 a - - h  isolated from the re- 
action mixtures by fractional distillation in vacao are 

* The diastereomer, whose signal in the 3IP-{tH} NMR spec- 
tra is shifted downfield, is arbitrarily designated as A. 
** It should be mentioned that for methylphosphonochloridates 
the degree of stereoselectivity is higher, and the difference in 
the diastereomer ratio achieves 30--35%. 

Table 2. Main physieochemical constants of O-(ct-polyfluoroalkylbenzyl) phenylphosphonochloridates PhP(O)(CI)OCH R "FC6H4R 
(3a--h) 

Corn- R R" F B.p./~ nD 20 d420 ~._O._t md .. (%) Molecular 
potmd (p/-l'orr) Calculated formula 

C H CI F P 

3a H CF 3 126--127 (I) 1.5230 1.3587 ~ ~ ]_.0~4 16.7 
50.2 3.3 106 17.0 

3b H n-C3F / 128--131 (0.5) 1.4826 1.4505 44,1 ~ ~ 3_0.7 
44.2 2.6 8 2 30.6 

3e H n-C4F 9 151--t53 (l.5) 1.4699 1.4964 _42._[ 2.4 ~ 
42.1 2.3 7.3 35.3 

3d fl CF3OCF2CF 2 133--134 (0.5) 1.4740 1.4552 42.6 2_~5 7.~5 2~._5_ 
42.6 2.5 7.9 29.5 

3e m-Me CF 3 152--[53 (2) 1.52t5 1.3302 ;~_L3. ~ 10.0 1___6.4 
51.7 3.8 [0.2 t6.4 

3f m-CF 3 CF 3 123--I24 (0.5) 1.4855 1.4466 447 2~4 8._._6 
44-.7 2.5 8.8 283 

3g p-F CF 3 134--136 (1) 1.5116 1 .4107 47.2 ~ 10~0 21.6 
47.7 2.9 �9 t 0 :0  21.6 

3b p-CI C F  3 155--156 (1) t.5325 1.4244 4.~. 6 ~ 19.3 
45.6 2.7 19.2 15,4 

~_~ Ci4H IICIF302P 
9.2 

Ct6H~tCIF702P 
7.1 

C~THttCIF902P 
6.4 

6.~ Ct6H IICIF703P 
6.9 

C~sHz3C1F302P 
8.9 

7.7 CIsH IoCIF60.,,P 
7.7 

CI4H IoCIF402P 
8.8 

-- ClaHt0CI2F302P 
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Table 3. Parameters of  the IH, IqF, and 31p NMR spectra of O-(ct-polyfluoroalkylbenzyl) phenylphospl lonochtoridates  
PhP(O)(CI)OCH R ' FC6H4 R (3a--h) 

Co,n- R R' F Diaste- 6 IH (J/Hz) '~ 8 tqF (J/Hz) a 8 31P-{~HV 

pound reomer CHR" F R (s) H atom. (m) R' F (d) R (s) 

3a 14 CF  3 A 6.12 (dq, 
JH-F  = 6.4, 
JH-P = 12.9) 

B 6.20 (dq, 
JH--F = 6.3, 
JH--P = 12.6) 

3b H n-C3F 7 A 6.14 (ddd, 
3JH_ F = 7.8, 
3./H_ F = 15.2, 
JH--P = 12.0) 

B 6.3l (ddd, 
3JH_ F = 7.0, 
3JH_ F = 16.1, 
JH--P = 11.5) 

3c H n-C4F 9 A 6.21 (ddd, 
3]H_ F = 7.9, 
3JH_ F = 14.9, 
JH-P = 11.9) 

B 6.36 (ddd, 
]JH--F = 6.9, 
3JH_ F = 15.5, 
JH-P = 11.6) 

3d H CF3OCF2CF 2 A 6.17 (ddd, 
3JH_ F = 8.0, 
3JH_ F = 14.8, 
JH--P = 12.1) 

B 6.30 (ddd, 
3J~_ F = 7.2, 
3JH_ F = 15.9, 
JH--P = 11.8) 

3e m-CH 3 CF 3 A 6.02 (dq, 
JH--F = 6.4, 
JH-P = 12.6) 

B 6.1 I ( d q ,  

JH--F = 6.3, 
JH-P = 12.5) 

3f m-CF 3 CF 3 A 6.19 (dq, 
JH--F = 6.2, 
JH-P = 12.8) 

B 6 . 3 1  ( d q ,  

JH.-v = 6.2, 
JH-P = 12.5) 

3g p-F CF  3 A 5.94 (dq, 
JH--F = 6.3, 
JH--P = 12.9) 

B 6.05 (dq, 
JH--F = 6.2, 
JH-P  = 12.4) 

3h p-Cl CF  3 A 5.87 (dq, 
J H - F  = 6_3, 
JH--P = 13.O) 

B 5.98 (dq, 
J H - F  = 6.2, 
JH--P = 12.5) 

6.80--7.~1 1.26 -- 30.28 b 
(JH-F = 6.3) 

0.82 30.11 b 
(JH-F = 6.3) 

6.74--7.80 -- -- 30.72 

30.41 

6.75--7.86 -- -- 3038 

29.93 

6.80--7.88 -- --  30.39 

29.88 

1 . 8 3  6.69--7.88 1.47 - -  30.32 
(JH--F = 6.4) 

1 .96  1.0 ] - -  30.24 
(Jft-.V = 6.4) 

1.07 14.83 (s) 31.04 
(JH--F = 6.2) 

0.63 14.93 (S) 30.95 
( JH-F  = 6.2) 

1.27 -32 .4 l  (m) 30.90 
(JH_ F = 6.0) 

0.82 --32.[7 (m) 30.86 
(JH_ v = 6.0) 

1.41 - -  3 1 . 0 4  

( JH-F  = 6.0) 

0.95 -- 30.93 
( JH-F  = 6.4) 

6.75--7.9t 

6.49--7.80 

6.78--7.78 

o In C6D 6. 
8 Withot, t solvent. 
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mixtures of  two diastereomers,  and their  ratio in the 
distilled product  virtually coincides with the diastereo- 
mer le  composi t ion  of  ester-acid chlorides formed under 
the condi t ions  of  catalytic phosphorylation. 

We have previously established that the s tereochem- 
istry o f  the catalytic phosphorylat ion of  c~-polyfluoro- 
alkylbenzyl a lcohols  by aryl phosphodichloridates I and 
methy lphosphonic  dichloride 3 can be the rmodynami-  
cally control led,  and the ester-acid chlorides 4 and 5 
that formed are equi l ibr ium mixtures of  diastereomers. 
Taking into account  the structural similarity of these 
acid monochlor ides  and phenylphosphonochlor idates  3, 
we can assume that the s tereochemistry of  the latter is 
also character ized by similar  regularities. 

Experimental 

IH and 3tP-(tH} NMR spectra were recorded on a Bruker 
AMX-400 instn,ment, and 19F NMR spectra were recorded on 
a Bruker WP-200SY instrument using HMDS (tH NMR) as 
the internal standard and CF3COOH (19F NMR) and 85% 
H]PO 4 (31P-{IH} NMR) as the external standards. 

O- (ct- Polyfluoroalkylbenzyl) phenylphosphonochloridates 
(3a--h) (general procedure). A mixture of a-polyfluoro- 
alkylbenzyl alcohol 2a--h (0.05 too0, phenylphosphonic 

dichloride 1 (0.1 tool), and the corresponding catalyst 
(I.25 retool) was heated at 140 ~ for several hours nntit HCI 
evolution ceased. The excess of the phosphorylating agent was 
distilled off, and O-(ot-polyfluoroalkylbenzyl) phenylphosphono- 
chloridates 3a--h were isolated from the residue by fractional 
distillation in vac,zo (see Table 2). 

This work was financially supported by the Russian 
Foundatiol~ for Basic Research (Project Nos. 94-03-08214 
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