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Catalytic phosphorylation of polyfluoroalkanols
16.* Synthesis and stereochemistry of O-(a-polyfluoroalkylbenzyl)
phenylphosphonochloridates
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Phosphorylation of a-polyfluoroalkylbenzyl alcohols by an excess of phenylphosphonic
dichloride in the presence of Mg or CaCl; as the catalyst gives O-(u-polyfluoroatkylbenzyl)
phenylphosphonochloridates (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.

Key words: a-polyfluoroalkylbenzyl alcohols, phosphorylation, catalysis; phenyiphosphonic
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stereomers.

We have previously established? that catalytic phos-
phorylation of sterically hindered tertiary a,a-dimethyl-
polyfluoroalkanols by an excess of phenylphosphonic
dichloride (1) results in the formation of the corre-
sponding phenylphosphonochloridates.

ReCMe,0H + PhPOCH, 340, Php(O)(CIIOCMe,R.
1

This suggests that the method of catalytic phospho-
rylation will also be approprate for preparing phenyl-
phosphonochloridates containing sterically hindered sec-
ondary polyfluorcalkyl (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 a-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 a-polyfluoroalkyl fragment were varied.

Anhydrous CaCl, 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 °C). It is established that in all
cases, the catalytic phosphorylation results in the forma-
tion of O-{a-polyfluoroalkylbenzyl) phenylphosphono-

* For Part 185, sce Ref. 1.
t Deceased.

PhPOCI, + RCgH,CHR:OH ~ CaL 140°C

1 2a—h
—  PhP(O)CHOCHRCH,R
3a—h
arR =H, R’z = CFy e: R = m-Me, R’y = CFy
b: R =H, R’z = n-CyFy f: R = m-CFy. R'g = CFy
c: R =H, R'g = n-C4Fyg g: R = p-F, R’ = CF4
d: R = H, R’y = CF;OCF,CF, h: R = p-Cl, R’z = CFq

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

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

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

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-
lytic phosphorylation of a-polyfluoroalkylbenzyl alcohols
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Table 1. Catalytic phosphorylation of «-polyfluoroatkylbenzyl
alcohols with an excess of phenyiphosphonic dichlaride

R R'g Cat?® Duration Yield of Ratio
of reac-  3a—h of dia-
tion/h (%) stereo-

mers?

H CF; CaCl; 2.0 66 46 : 54

Mg¢ 1.25 69 46 : 54

H n-C;F, Mg 6.0 71 46 : 54

H n-CyFg Mg 7.0 70 45 1 55

H CF;0CF,CF, Mg 2.5 71 44 : 56

nm-Me CF, Mg 1.25 63 46 : 54

p-F F; Mg 3.0 73 46 : 54

p-Cl CF, Mg 3.0 79 46 : 547

2 Calculated as 0.025 moles of the catalyst per mole

RCgH,R"cOH.

¢ According to the 31P-{1H} NMR spectroscopy data.

¢ In all experiments, magnesium is dissolved during the reac-
tion transforming into MgCl,.

4 According to the 19F-{'H} NMR spectroscopy data.

by an excess of phenylphosphonic dichloride, during
which the prochiral P atom in the starting acid chloride
is transformed into the chiral atom. Since the O-(u-poly-
fluoroalkylbenzyl) phenylphosphonochloridates that
formed contain the second chiral center (benzyl a-C
atom) along with the asymmetrical phosphorus atom, it
can be expected that these compounds are mixtures of
two djastereomers.*

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

fn fact, the 3'P-{'H} NMR spectra of the reaction
mixture cxhibit, along with the signal at ~35 ppm related
to the phosphorylating agent taken in an excess, two
closely located singlet signals. They lic in the high field
region and belong to stereoisomers A* and B of the
corresponding phosphonochloridates 3.

As for the A : B ratio, it deviates from the statistical
one (1 : 1), and in all cases, diastereomers B are pre-
dominantly 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 a-polyfluoroalkylbenzyl fragment of the mol-
ecule.

It should be emphasized that from the view-
point of stereochemistry, O-(a-polyfluorcalkylben-
zyl) phenylphosphonochloridates 3a—h differ from
aryl (a-polyfluoroalkylbenzyl) phosphochloridates
ArOP(OY(CHOCHR '¢C¢H R (4), in the synthesis of
which the diastereomer ratio always coincides with the
statistical one,? and they are similar to O-(a-po-
tyfluoroalkylbenzyl) methylphosphonochloridates
MeP(O)(CDHOCHR gCgH4R (5) which are also
nonstatistical mixtures ot diastercomers with a predomi-
nant content of jsomer B.**

According to the 'H, '%F, and 3'P NMR spectra
exhibiting double signals (Table 3), analytically pure
phenylphosphonochloridates 3a—-h isolated from the re-
action mixtures by fractional distillation /n vacuo are

* The diastercomer, whose signal in the 3!P-{'H} NMR spec-
tra is shifted downfield, is arbitranly designated as A.

*+ 1t should be mentioned that for methylphosphonochloridates
the degree of stercoselectivity is higher, and the difference in
the diastereomer ratio achieves 30—35%.

Table 2. Main physicochemical constants of O-(a-polyfhuoroaikylbenzyl) phenylphosphenochloridates PhP(O)(CI)OCHR "CgHy4R

(3a—h)
Com- R Rg B.p./°C np® d,20 Found (o) Molecular
pound (p/Torr) Calculated formula
C H Ci F P
3a H CF, 126—127 (1) 1.5230 1.3587 503 36 104 167 92  C4H,CIF30,P
50.2 33 10.6 17.0 9.2
3b H n-C3F; 128—131 (0.5) 1.4826 14505 44,1 2.8 8.2 307 12 Ci¢HCIF;0,P
442 2.6 82 306 7.1
3c H n-C4Fg 151153 (1.5) 1.4699 14964 42.1 24 7.3 354 6.4 Ci7H(;CIFg0,P
' 42.1 23 7.3 353 64
3d H CF;0CF,CF, 133—134(0.5) 1.4740 14552 42.6 25 7.5 29.5 6.9 CgH,CIF;04P
42.6 2.5 79 295 6.9
3e m-Me CF; 152—133 (2) 1.5215 - 1.3302 513 37 10.0 164 88 CsH;CIF;0,P
51.7 38 10.2 164 89
3 m-CF, CF, 123—124 (0.5) 1.4855 1.4466 447 24 8.6 288 1.7  C sH,CIFgO4P
447 2.5 8.8 283 7.7
3g p-F CF, 134136 (1) 15116 14107 472 28 10.0 26 89 C4H 1 CIF,0,P
) 477 29 100 21.6 88 .
3h p-Cl CF; 135156 (1) 1.3325  1.4244 456, 2.6 193 CyqaH gClLF,04P

PN
n
Rl
g
~d
Nel
Y
2k
£ dn
{
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Table 3. Parameters of the 'H, 9F, and 3!P NMR spectra of O-(a-polyfluoroalkylbenzyi) phenylphosphonochioridates
PhP(OYCHOCHR "C¢H4R (3a—h)

Com- R R'¢ Diaste- $'H (J/Hz)” § BF (J/H z)a 8 3p-(iH}a
pound reomer CHR'¢ R (s)  Harom. (m) R'¢ (d) R (s)

3a H CF, A 6.12 (dq, - 6.80—7.91 1.26 - 30.28%
'/H—-F = 64, (‘/H—-F =6.3)

B ° 620 (dq, 082 30.11¢
Jy_p =63 (Ju_p = 6.3)

3b H n-C;F, A 6.14 (ddd, - 6.74—7.80 - — 30.72
J‘IH—F = 78,
JJH_F = ]5.2,
‘/H——P = 120)
B 6.3} (ddd, - — — 30.41
Mg = 1.0,
3JH-F = Iél,
Ju_p = 11.5)

3¢ H n-CsFg A 6.21 (ddd, - 6.75—7.86 ~ - 30.38
J‘IH-—F = 79.
JJH_F = l49,
Ji—p = 11.9)
B 6.36 (ddd, - — — 29.93
S'IH—-F = 69,
JJH_F = 155,
‘IH—-P = 116)

3d H CF;OCF,CF, 6.17 (ddd, - 6.80—7.88 — - 30.39

>

'IH~—P = [2!)
B 6.30 (ddd, — - — 29.88
I.IH__F = 7.2,
JJH_F = 159,
‘IH~—P = 118)
3¢ m-CHy  CF, A 6.02 (dq, 183 6.69—7.88 1.47 — 30.32
'IH~-F = 64, (‘IH-—F = 64)

B 6.11 (dq, 1.96 1.01 -~ 30.24
JH—-F = 6.3 (‘,H—-~F = 64)
p=1

I m-CFy CF, A 6.19 (dq, - 6.75—7.91 1.07 1483 (s)  31.04
‘,H-—F = 62, (‘]H-—F = 62)

B 6.31 (dq, — 0.63 14.93 (s) 30.95
JH-—-F = 62, (‘/H—~F = 62)
JH—P = 12 )
3g p-F CF; A 5.94 (dq, - 6.49—7.80 1.27 —324{ (m) 3090
‘/H——F = 63, (‘IH—-F = 60)
‘/H—P = 129)
B 6.05 (dq, - 0.82 —32.17 (m) 30.86
Jy—p = 6.2, (Jy_g =6.0)
‘IH—P = 124)
3h p-Cl CF; A 5.87 (dq, - 6.78—7.78 1.41 —_ 31.04
~F= 6.3. (JH-F = 60)

B 5.98 (dq. - 0.95 ~ 30.93
JH—F = 62. (‘/H——F = 64)
=

a ln Con.
5 Without solvent.
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mixtures of two diastereomers, and their ratio in the
distilled product virtually coincides with the diastereo-
meric composition of ester-acid chlorides formed under
the conditions of catalytic phosphorylation.

We have previously established that the stereochem-
istry of the catalytic phosphorylation of a-polyfluoro-
alkylbenzyl alcohols by aryl phosphodichloridates! and
methylphosphonic dichloride3 can be thermodynami-
cally controlled, and the ester-acid chlorides 4 and 5
that formed are equilibrium mixtures of diastereomers.
Taking into account the structural similarity of these
acid monochlorides and phenyliphosphonochloridates 3,
we can assume that the stereochemistry of the latter is
also characterized by similar regularities.

Experimental

TH and 3'P-{'H} NMR spectra were recorded on a Bruker
AMX-400 instrument, and !9F NMR spectra were recorded on
a Bruker WP-200SY instrument using HMDS (!H NMR) as
the internal standard and CF;COOH ("F NMR) and 85%
H;PO, ('P-{'H} NMR) as the external standards.

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

dichloride 1 (0.1 mol), and the corresponding catalyst
(1.25 mmol) was heated at 140 °C for several hours until HCI
evolution ceased. The excess of the phosphorylating agent was
distilled off, and O-(x-polyfluoroalkylbenzyl) phenyiphosphono-
chloridates 3a—h were isolated from the residue by fractional
distiliation in vacuo (see Table 2).

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos. 94-03-08214
and 96-15-97298).
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