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Abstract

While the secondary phosphines (1-Ad),PH (1) (1-Ad=adamantyl) and Trt(Ph)PH (2) (Trt=triphenylmethyl) reacted readily with
trifluoroacetic anhydride (TFAA) to give the trifluoroacetylphosphines 7 and 8. (1-Ad),P(:O)H (6) could not be converted into the
corresponding trifluoroacetylphosphine oxide 10 by treatment with TFAA. Compound 10 was observed by '°F and *'P NMR spectroscopy in
the reaction of (1-Ad),PC(:0)CF; (7) with (H,N),C(:0) - H,0,. Two pathways were observed for the reaction of 1 with excess hexa-
fluoroacetone (HFA), starting from the primary HFA adduct (1-Ad),PC(CF;),0H (13). Oxidation of 13 led to the tertiary phosphine oxide
14 which was also available from (1-Ad),P(:O)H (6) and HFA. Isomerization of 13 gave (1-Ad),POCH(CF;), (15) whose oxidation
with excess HFA furnished the phosphorane 16. Hydrolysis of 16 led to the phosphinic ester 17. As is known for Ph,PH (3), Ph(C¢Fs)PH
(4) reacted with HFA to give the a-hydroxyphosphine 19. No reaction was observed when Trt(Ph)PH (2) and (C¢Fs),PH (5) were treated

with HFA.
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1. Introduction

In the course of our studies on the reactivity of the P-H
bond in phosphines and phosphine oxides bearing sterically
demanding substituents { 1-8], it seemed of interest to inves-
tigate the behaviour of selected compounds of this type
towards trifluoroacetic anhydride (TFAA) and hexafluoro-
acetone (HFA), both of which are known to be highly
reactive representatives of these classes of compounds.

2. Reactions with trifluoroacetic anhydride (TFAA)

Trifluoroacetic anhydride is a common reagent for the
introduction of the trifluoroacetyl moiety by substitution of
P-H protons in phosphines [3,9-11} and phosphine oxides
[11-14]. Despite the fact that a triphenylmethyl group
bonded to phosphorus lowers the reactivity of the P-H bond
[7]1, Trt(Ph)PH (2) was found to react readily with TFAA
in the same fashion as (1-Ad),PH (1) [3] and several sec-
ondary phosphines [9-11], with formation of the trifluoro-
acetylphosphine 8 [Eq. (1)]. For comparison Ph,PC(:0)-
CF; (9) [15,16] was synthesized in the same way.
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0O
1p2 TFAA 1p2 I
R'R“PH — R'R‘P-C-CF; (1)
R! R? No. R' R? No.
1-Ad 1-Ad 1 1-Ad 1-Ad 7
Trt Ph 2 Trt Ph 8
Ph Ph 3 Ph Ph 9

The investigation of 7-9 by '°F and *'P NMR spectroscopy
led to the following results: the values of 8(F) and *J(PF)
are all in the same range when a phenyl group is bonded to
phosphorus, while 8(P) lies between 40 ppm and 45 ppm
when a tertiary alkyl group is attached to phosphorus (Table
1).

The absorption band for the C=0O group in the IR spectra
of 7-9 was always observed in the vicinity of 1700 cm ™’
(Table 1), as expected for trifluoroacetylphosphines
[11,15,16].

The synthesis and properties of diaryl- and alkylaryl-tri-
fluoroacetylphosphine oxides have been studied by Lindner
et al. [11,12,17-20] and dimethyltrifluoroacetylphosphine
oxide has been prepared by Well [13,14]. In the examples
described, treatment of the parent secondary phosphine
oxides with TFAA led to the desired products in good yield.
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Table 1

1°F, 3P NMR data and C==0 absorptions in the IR spectra of the trifluoroacetylphosphines 7-9 and of ‘Bu(Ph)PC(:0)CF;

Compound 8(P) (ppm) 8(F) (ppm) 3J(PF) (Hz) p(C=0) (cm™") Ref.
(1-Ad),PC(:0)CF; (7) 44 .84 -~7991 19.6 1697 [3]
Trt(Ph)PC(:O)CF,; (8) 47.54 —~7343 16.5 1690

Ph,PC(:0)CF; (9) 20.01 —~74.84 16.0 1702 [15,16]
‘Bu(Ph)PC(:0)CF; 39.2 -735 15 1688 [11}

Even when employed in large excess, TFAA in its reaction
with (1-Ad),P(:O)H (6) never yielded the expected trifluo-
roacetylphosphine oxide 10 ('°F and *'P NMR evidence).
(1-Ad),P(:0)C(:O)CF; (10) functions as a highly reactive
intermediate whose C=0O bond readily adds a further mole-
cule of 6, giving the bis-phosphorylated alcohol 11, which
was identified by its 'H, '°F and >'P NMR data (Scheme 1).

The reaction pathway observed is well known from several
studies [11,12,17,21], but surprising in the case of the reac-
tion of 10 with 6 because the latter is known to react only
with highly activated carbonyl compounds like chloral

Y,
(1-Ad), P_ 5(P) 60.32
s H

TFAA

i 0 ‘
ol
(1-Ad), P-C-CF, not observed

l + (1- Ad)zP( OH
OH
]

=0

0 0
[ i 5(P) 68.88
1-Ad), P—C —P(1-Ad
(1-Ad), ; (1-Ad), 5(F) -83.00
CF,
11
H,0/0,
- F,CC(:0)0H
1- 4
(1-Ad), “OH &(®) 56.712
12

Scheme 1. The reaction of (1-Ad),P(:0)H (6) with trifluoroacetic an-
hydride (TFAA).

CI,CC(:O)H [6]. Instead of the alcohol 11, (1-
Ad),P(:0)OH (12) [6] and F,CC(:0)OH, resulting from
the oxidative/hydrolytic cleavage of P-C bonds in 11, were
identified by NMR spectroscopy as the final products (12:
13, 31p [6]; FsCC(:0)OH: 'F [22]). The formation of 12
under these reaction conditions is unexpected, because all
attempts to synthesize 12 by oxidation of (1-Ad),P(:O)H
(6) with hydrogen peroxide (as a 30% aqueous solution)
were unsuccessful [2].

When a solution of 7 was treated with 1 equiv. of the urea/
hydrogen peroxide 1:1 adduct (Scheme 2), the formation of
a mixture of 6, 7, 10 and 12 was observed ('°F and >'P NMR
evidence). Instead of causing high selectivity, the bulky
1-adamantyl groups bonded to phosphorus seemed to desta-
bilize the phosphine oxide 10. The addition of another equiv-
alent of the oxidizing agent led to a higher proportion of 10
in the reaction mixture, accompanied by 6 and 12, the prod-
ucts of its hydrolysis and oxidation (Scheme 2). In the IR
spectrum of this mixture, the most characteristic band is
caused by the absorption of the C=0 group of 10 at 1780
cm™'. Compared to 7 with a A>-phosphorus atom, this means
a shift of 83 cm ™! to higher wavenumbers. The same ten-
dency was found for the C=O absorption of the pair
Ph,PC(:0)CF;/Ph,P(:0)C(:0)CF; [12,15,16,18].

3. Reactions with hexafluoroacetone (HFA)

Until now the reaction of secondary phosphines with HFA
has been studied only for dimethylphosphine [23,24] and
diphenylphosphine [23,25,26]. In both cases mixtures of
products were obtained.

A mixture of products was also observed when ( 1-Ad),PH
(1) was treated with a six-fold excess of HFA (Scheme 3).
Attempts to separate the products formed were unsuccessful.
Although it was never observed in the reaction mixture, it
makes sense to assume that the initial step was the formation
of tertiary phosphine 13 by nucleophilic attack of the phos-
phorus atom of 1 at the carbon atom of the carbonyl group,
followed by the transfer of the P-H proton to the oxygen atom
of the carbonyl group. Starting from 13 two reaction pathways
were observed.

Oxidation of 13 led to the tertiary phosphine oxide 14
which was synthesized independently by the reaction of 6
with HFA (Scheme 3). As in the case of its dimethyl ana-
logue, no P-F coupling was observed for 14 [13,14].
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1 eq. C(:0)(NH,), -H,0,

[l
( l ‘Ad)zP_C_CF3
7

2 eq. C(:0)(NH,), -H,0,

6 + 7 + 10 + 12

ratio 3 2 1 1
5(P) 60.32 44.84 51.55 56.72
S(F) -79.91 -77.26

6 + 10 + 12

ratio 5 2 2

Scheme 2. The reaction of (1-Ad),PC(:0)CF; (7) with C(:0)(NH,),-H,0,.

Although the 1-adamantyl and the methyl group are very
different with regard to their steric requirements, the 8(P)
value of 14 (64.96 ppm, Scheme 3) is very similar to that of
the analogous dimethyl compound Me,P(:0)C(CF;),OH
(6(P) 66.56 ppm [13,14]). The existence of the hydroxy
group in 14 was proved by 'H NMR and IR spectroscopy.
The bathochromic shift of the O—H band and its broadening
reveal the presence of hydrogen bonds in solutions of
14, presumably with participation of the P=0 group [27].
Phosphorus—carbon cleavage in 14 with formation of
(1-Ad),P(:O)H (6) and F;CC(OH),CF; or their P/O deu-
terated analogues was observed when solutions of 14 were
treated with H,O or D,0, respectively ('°F and 3'P NMR
evidence).

The second pathway consists in the rearrangement of 13
to the isomeric phosphinate 15 which proceeded readily under
the reaction conditions [28]. The 8(P) value for 15 (187.78
ppm) is typical of a compound of this type [29]; for its
diphenyl analogue, a 8(P) value of 142 ppm was reported
[26,30]. The ability of HFA to oxidize P(III) compounds
with formation of phosphoranes is well documented [23]. In
most cases, phosphorus in the resulting phosphoranes is part
of a five-membered ring system, consisting of the P atom and
a perfluoropinacolyl unit {23,31,32]. The latter is known to
stabilize A*> P compounds with unusual substituents such as
OH, SH and N; at the phosphorus atom [33-35]. Asisknown
for (‘Bu),POCH(CF;), [28], 15 was completely oxidized
within 3 days by excess HFA to give the 1,3,2A%-dioxaphos-
pholane 16. Its §(P) value ( —18.93 ppm) is typical of a
phosphorane [36] and, compared to its t-butyl analogue, is
slightly shifted to lower field (R='Bu: 8(P) —21.0 ppm
[28]). In contrast to this, less bulky alkyl groups at the
phosphorus-atom in R,POCH(CF,),, e.g. methyl, cause the
formation of 1,2A°-oxaphosphetanes [28,36,37].

The phosphorane 16 was readily hydrolyzed by traces of
water to give the phosphinic ester 17 (Scheme 3). Thus the

CF,

HFA (1-Ad); P=C~OH | not ob-
(1-Ad), P—H I —— CF, served

1 13
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6 14

H,0 p—o0 CF
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CF, “CF, |

0
(1-Ad,PZ +
H CF} CF!

17
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Scheme 3. The reaction of (1-Ad),PH (1) and (1-Ad),P(:O)H (6) with
hexafluoroacetone (HFA).
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formation of a mixture of 6, 14 and 17 was observed after 3
days. The phosphinic ester 16 is stable towards water; the
treatment of the mixture of 6, 14 and 17 with water led only
to the decomposition of 14 as described above (Scheme 3).

Although the steric hindrance at the phosphorus atom of
Trt(Ph)PH (2) is less than in (1-Ad),PH (1), no reaction
between 2 and HFA took place [Eq. (2)]. This might be a
consequence of the electronic influence of the triphenylme-
thyl group, which often remarkably lowers the reactivity of
the P-H bond [7,8].

HFA |
12 12
R'R?PH —_ R'R P—?—OH (2)
CF,
R! R? No. R! R? No.
Trt Ph 2 Trt Ph no reaction
Ph Ph 3 Ph Ph 18
Ph CeFs 4 Ph CeFs 19
CeFs CGFs 5 CgFs CeFs no reaction

The strong electron-withdrawing effect of perfluoroalkyl and
aryl substituents, caused by the high electronegativity of flu-
orine, influences the reactivity of compounds bearing per-
fluoralkyl or perfluoraryl groups compared to their alkyl and
aryl analogues, often in a dramatic way [38]. This electronic
effect is taken advantage of in the kinetic stabilization of
compounds which are thermodynamically unstable, e.g.
diphosphenes [39].

Completing investigations on the behaviour of HFA
towards Ph,PH (3) [25,26], it seemed of interest to study
the effect of the successive substitution of phenyl for penta-
fluorophenyl groups in the secondary phosphine. As reported
for Ph,PH (3) [25,26], Ph(CFs)PH (4) reacted readily
with HFA to give the tertiary phosphine 19 [Eq. (2)]. In
contrast to this, no reaction occurred when (CgFs),PH (§)
was treated with excess HFA. This may be interpreted as a
consequence of the decreased nucleophilicity of the phos-
phorus atom in 5, caused by the — I effect of the two penta-
fluorophenyl groups. This observation is supported by the
fact that 19 is unstable even at — 18 °C in the absence of
excess HFA. While 18 is permanently stable under these
conditions, 19 decomposes within days with formation of the
parent phosphine 4, HFA and several other phosphorus-con-
taining products which could not be identified. Thus a
decreased electron density at the phosphorus atom of the
secondary phosphines 3-5 leads to decreased stability and a
tendency to form the corresponding HFA adducts of the type
mentioned above.

The asymmetry of the phosphorus atom in 19 causes the
magnetic inequivalence of the fluorine atoms of the two tri-
fluoromethyl groups in 19. As a consequence of this, the '°F
and *'P NMR spectra of 19 are of higher order (spin system:
AX;X'3; A=P and X, X'=F). The coupling constants
J(AX) and J(XX') were determined by computer simulation

-71.3 -1 ppm

Fig. 1. Experimental (above) and simulated (below) '"F{'H} NMR spec-
trum of 19 (CF; groups).

of the 'F NMR spectrum of 19 [40]. The experimental and
the simulated '"F NMR spectrum are presented in Fig. 1
[*J(AX)=15.9 Hz, 3J(AX')=23.8 Hz, “J(XX')=8.
Hz].

The location of the O—H absorption band in the IR spec-
trum of 19 (3035 cm ™ ') suggests strong hydrogen bonding
in solutions of 19 [27]. Presumably, as a consequence of the
strong electron-withdrawing effect of the pentafluorophenyl
group in 19, these interactions are stronger in the case of 19
than for 18 [ »(O-H) 3160 cm ~'].

4. Experimental details

The following compounds were synthesized according to
the literature procedures indicated: (1-Ad),PH (1) [2],
Trt(Ph)PH (2) [8], Ph,PH (3) [41], (1-Ad),P(:O)H (6)
[2], (1-Ad),PC(:0)CF; (7) [3], Ph(CsFs5)PX (X=Cl,
Br) [42] and (C¢Fs),PX (X =Cl, Br) [42]. All other com-
pounds were obtained commercially. For preparative and
NMR spectroscopic details, see Ref. [3].

4.1. Phenyl(pentafluorophenyl)phosphine (4)

To a solution consisting of 2 g of Ph(C¢Fs)PX (X=Cl,
Br) in 60 ml of Et,O were added 0.25 g (6.6 mmol) of LiAlH,
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at — 14 °C. After stirring for 1 h at room temperature, 80 mi
of 0.1 M hydrochloric acid were added, the layers separated
and the organic layer evaporated at 0 °C in vacuo (0.1
mmHg) to leave 4 as a colourless liquid. The purity of 4 was
shown by NMR-spectroscopy ('H, '°F, 'P). Yield: 1.34 g.
'THNMR (CDCly) &:5.47 [d, 1 H, 'J(PH) =229.5 Hz, PH];
7.03-7.98 [m, 5H, C¢H,] ppm. “F{'H} NMR (CDCl,) &:
-161.0 [m, m-F]; —152.5 [m, p-F]; —129.9 {m, o-F]
ppm. >'P{"H} NMR (CDCl,) &: —89.01 [s] ppm.

4.2. Bis(pentafluorophenyl)phosphine (5)

To a solution consisting of 8.7 g of (C¢F5),PX (X=Cl,
Br) in 25 ml of Et,O at — 14 °C were added 1.01 g (26.6
mmol) of LiAlH, over a period of 30 min. After stirring for
1 h at room temperature, the reaction mixture was treated
with 100 ml of 0.1 M hydrochloric acid, the layers separated
and the organic layer evaporated to give 5.51 gof Sas a
colourless solid; mp. 41 °C. '"H NMR (CDCl,) &: 5.53 [m,
PH] ppm. F{'H} NMR (CDCLy) 8 —160.2 [m, m-F];
—149.8 [m, p-F]; —128.8 [m, o-F] ppm. *'P NMR
(CDCly) & —139.13 [d, 'J(PH) =217.5 Hz] ppm.

4.3. Reaction of 2, 3 and 6 with trifluoroacetic anhydride.
General procedure

A solution of the phosphorus compound, in the solvent
indicated, was cooled to — 196 °C. Then trifluoroacetic anhy-
dride was added via a syringe, the reaction mixture warmed
to room temperature and stirred for the time given below.
After that, volatile components of the reaction mixture were
removed in vacuo (0.1 mmHg). Further work-up was as
described below.

4.3.1. Triphenylmethyl(phenyl)trifluoroacetylphosphine (8)

Trt(Ph)PH (2), 0.92 g (2.1 mmol); TFAA, 0.6 g (2.9
mmol); toluene, 10 ml; reaction time, 1.5 h. Recrystallization
from n-hexane furnished 0.65 g (69.0%) of 8 as an amor-
phous, pale yellow solid. M.p. 105 °C. Analysis: Found: C,
71.96; H, 4.51%. Cy;H,oF;0P (448.42) requires: C, 72.32;
H, 4.50%. '"H NMR (CDCl,) &: 6.88-7.46 [m, 20H, C¢Hs]
ppm. MS (70eV) m/z (%):351 (<1) [M—C(:0)CF;] *;
243 (100) [PhyC]*; 165 (62) [Ci3Hs] * (fluorenyt).

4.3.2. Diphenyl(trifluoroacetyl)phosphine (9)

Ph,PH (3),0.42 g (2.3 mmol); TFAA, 1.02 g (4.9 mmol);
CH,Cl,, 5 ml; reaction time, 1 h. No further work-up, checked
by 'F and *'P NMR spectroscopy. '*F{!H} NMR (CDCl;)
8:—74.84 [d, *J(PF)=16.0 Hz) ppm. 3P{'H} NMR
(CDCly) &: 20.01 [quart, >J(PF) =15.9 Hz] ppm.

4.3.3. Reaction of 6 with TFAA

- (1-Ad),B(:0)H (6), 1.67 g (5.2 mmol); TFAA, 3.06 g
(14.7 mmol); CH,Cl,, 20 ml; reaction time, 2 h. After
removal of volatile compounds, 'H, '°F and >'P NMR spectra
revealed the remaining colourless solid to consist of a mix-

ture of 1,1-bis(di-1-adamantylphosphoryl)-2,2,2-trifluoro-
ethanol (11) and di-1-adamantylphosphinic acid (12) [6].
All attempts to separate the mixture by recrystallization
resulted in the formation of di-1-adamantyl-phosphinic acid
(12) as the only phosphorus-containing compound (evi-
dence: 'H, *C and 3'P NMR spectroscopy, mass spectrom-
etry [6]). Trifluoroacetic acid was identified in the reaction
mixture by its 8(F) value of —78.5 ppm [22].

Compound 11: C,,HgF;0,P, (732.88): 'H NMR
(CDCl,, mixture of 11 and 12) 6: 1.76-2.10 [m, C,sH;s];
2.72 [s (br), COH (11)];7.54 [s (br), OH (12)] ppm.

Compound 12: C,oH;,0,P (334.44): '"H NMR (CDCl;)
5:1.67-1.98 [m, 30H, C,,H,5];7.48 {s (br), 1H,P(:O)OH]
ppm. *C{'H} NMR (CDCl,) &: 27.65 [d, *J(PC)=10.1
Hz, C? (1-Ad)];36.24 [5,C%(1-Ad) ];36.76 [s,C*(1-Ad) ];
39.31 [d, 'J(PC) =86.5 Hz, C' (1-Ad) ] ppm. MS (70 eV)
mlz (%): 335 (5) [M+H]*; 334 (13) [M]*; 135 (100)
[CioHys] ™.

4.4. Reaction of 7 with the urea—hydrogen peroxide (1:1)
adduct; formation of di-1-adamantyltrifluoroacetyl-
phosphine oxide (10)

To a solution of 0.34 g (0.9 mmol) of 7 in 20 ml of Et,O
was added at —14 °C 1 equiv. of C(:0)(NH,),-H,0,
(0.085 g, 0.9 mmol) and a second equivalent after 30 min.
Ten minutes after each addition, the reaction mixture was
investigated by *'P NMR spectroscopy. After 10 min: mixture
of 6,7, 10 and 12 (3:2:1:1). After 40 min: mixture of 6, 10
and 12 (5:2:2). After 45 min, the mixture was filtered and
volatile components were evaporated in vacuo (0.1 mmHg).
The remaining oily residue was investigated by '°F, *'P
NMR and IR spectroscopy (1-Ad),P(:O)H (6) and
(1-Ad),P(:O)OH (12) were identified from their 6(P)
values [2,6].

Compound 10: C,,H;,F;0,P (414.45): IR (CCl,, mixture
of 6, 10 and 12) v (cm™!): 2795 [vs, (O-H)]; 2303 [w,
(P-H), 6]; 1780 [m (C=0]; 1360-1165 [vs, (C-F)/
(P=0)].

4.5. Reaction of 1-6 with hexafluoroacetone (HFA).
General procedure

A solution of the phosphorus compound, in the solvent
indicated, was cooled to — 196 °C and HFA was condensed
on the reaction mixture via a vacuum line. After warming to
room temperature, the reaction mixture was stirred for the
period of time given below. Then volatile components were
removed in vacuo (0.1 mmHg). Further work-up is described
below. The reaction mixtures of 2/HFA and 5/HFA were
not worked-up further after *'P NMR spectroscopy had indi-
cated that no reaction had taken place.
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4.5.1. Reaction of di-1-adamantylphosphine (1) with HFA;
Jformation of a mixture of di- 1-adamantylphosphine oxide (6),
di-l-adamantyl-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropyl)-
phosphine oxide (14) and di-1-adamantylphosphinic acid
3,3,3-trifluoro-2-hydroxy-1,1,2-tris(trifluoromethyl)propyl-

ester (17)

(1-Ad),PH (1), 1.43 g (4.7 mmol); HFA, 4.91 g (29.6
mmol); toluene 30 ml. After 16 h stirring at room tempera-
ture, *'P NMR spectroscopy revealed that a mixture of 14,
15, 16 and 17 (10:8:1:5) was present. After 3 d stirring at
room temperature, the mixture was evaporated in vacuo (0.1
mmHg) to give 1.89 g of a colourless solid which was inves-
tigated by 'H, '°F and *'P NMR and IR spectroscopy and by
mass spectrometry. The formation of a mixture of 6, 14 and
17 (2:2:1) was observed. When a solution of 50 mg of this
mixture in CH,Cl, was stirred with excess water, quantitative
hydrolysis of 14 with formation of 6 and hexafluoroacetone
hydrate, F;CC(OH),CF;, took place, while 17 was un-
changed (*°F, *'P NMR evidence, see below).

Compound 14, C,;H;,F,0,P (484.46), and compound 17,
C,6H31F1,05P (650.48): After 16 h stirring at room temper-
ature, the 8(P) values given in Scheme 3 (solvent toluene)
were obtained. After 3 d stirring at room temperature, the
8(P) and 8(F) values listed in Scheme 3 (solvent CDCl;)
were observed. "HNMR (CDCl,) 8: 1.74-2.03 [m, C,oH,s],
4.25 [sept. “J(FH) = 6.4 Hz, C(CF;),0H, (17)}; 5.57 [d,
1J(PH) =430.0 Hz, P(:0)H, (6)]; 7.89 [s (br),
C(CF;),0H, (14) ] ppm. IR (CH,Cl,) v (cm™'): 2920 [s,
br, (O-H)1; 2300 [w, (P-H) (6)]; 1310-1220 [s, (C-F)/
(P=0)]. MS (70 eV) m/z (%): 634 (<1) [M-0,
(17)17; 484 (3) [M, (14)1*; 318 (1) [M, (6)]*; 317
(1) [(CyoH;5).PO] ™5 135 (100) [CioHys]™; 97 (11)
[CF,CCOT1*; 69 (9) [CF3]".

4.5.2. Di-1-adamantyl-2-(1,1,1,3,3,3-hexafluoro-2-hydroxy-
propyl)phosphine oxide (14)

(1-Ad),P(:O)H (6), 1.14 g (3.6 mmol); HFA, 2.99 g
(18 mmol); toluene 20 ml; reaction time, 3 d. After removal
of the volatile components of the reaction mixture in vacuo
(0.1 mmHg), 14 was recrystallized from Et,0. Yield, 0.94 g
(53.9%); m.p. 108 °C (dec.).

Compound 14: C,;H;,F¢O,P (484.46): Analysis: Found:
C, 56.33; H, 6.43%. Cy;H;FsO,P requires: C, 57.02; H,
6.43%. '"H NMR (CDCly) &: 1.77-2.05 [m, 30H, C,oH;s];
7.86 [s, (br), 1H, OH] ppm. IR (CH,CL,) v (cm~'): 2940
[s, br, (O-H)]; 1300-1230 [s, (C-F)/(P=0)]. MS (70
eV) m/z (%): 484 (<1) [M]*;318 (<1) [M—HFA]*;
147 (38) [CsF01%; 135 (9) [CioHisl™; 97 (42)
[CF,CCO]*; 69 (100) [CFs]*; 51 (41) [CHF,]*.

4.5.3. Reaction of 14 with water

A mixture of 0.3 g (0.4 mmol) of 14 and 1 ml of H,O in
10 ml of CH,Cl, was stirred for 3 d at room temperature and
subsequently investigated by '°F and 3'P NMR spectroscopy
which indicated the formation of (1-Ad),P(:0)H (6) and
F;CC(OH),CF; (8(F)= —83.14 ppm; lit. value [43]:

—82.63 ppm). The use of D,O instead of H,O led to
(1-Ad),P(:O)D and F;CC(OD,)CF;. (1-Ad),P(:0)D:
8(P) =60.54 [t, 'J(PD) =66.1 Hz] ppm.

4.6. Diphenyl-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropyl)-
phosphine (18) [25,26]

Ph,PH (3),4.8 g (25.8 mmol); HFA, 6.0 g (36.1 mmol);
toluene 10 ml; reaction time, 16 h. After removal of the
volatile components, a colourless oil remained which was
investigated by 'H, '°F, *'P NMR and IR spectroscopy.

Compound 18: C,sH,,F;OP (352.22): '"H NMR (CDCl,)
8: 4.90 [sept, 1H, *J(FH) =5.2 Hz, COH]; 7.34-7.62 [m,
10H, (C¢Hs),P] ppm. F{'"H} NMR (CDCl,) &:—70.26
[d,%J(PF) =17.7 Hz) ppm. >'P {'H} NMR (CDCl,) 8:5.68
[sept, 3J(PF) = 17.7 Hz] ppm. IR (CClL,) v (cm™'): 3160
[s, br, (O-H)}].

4.7. Phenyl(pentafluorophenyl)-2(1,1,1,3,3,3-hexafluoro-2-
hydroxypropyl)phosphine (19)

Ph(C¢Fs)PH (4), 6.70 g (24.3 mmol); HFA, 4.03 g (24.3
mmol); toluene, 10 ml; reaction time, 16 h. Attempts to purify
19 by recrystallization from n-hexane led to its decomposition
with the formation of 4, HFA and further unidentified phos-
phorus-containing products ('°F, *'P NMR evidence).

Compound 19: C,sH¢F,,OP (442.17): '"H NMR (CDCl,)
6:3.92 [s (br), 1H, COH]; 7.19-7.81 [m, 5H, C¢H;s] ppm.
F{'H} NMR (CDCl;) 8: —159.6 [m, m-F]; — 146.4 [m,
p-Fl; —124.3 [m, 0-F]; —71.8 [m, CF;] ppm. *'P{'H}
NMR (CDCl;) &: —16.5 [m] ppm. IR (CH,CL,) v (cm™'):
3035 s, br, (O-H].
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