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The new dibasic acid phosphates ROP(O)(OH), (R; = (CF;),CH and CF;(CH;)CH) and monobasic acid phosphates
(R{0),P(O)OH (R; = CF;(CH;)CH, (CF;),CH, (CF;),CH,C, CF3(CHj;),C), as well as new routes to CF;CH,OP(O)(OH),,
(CF;CH,0),P(O)OH, and [H(CF,),CH,0],P(O)OH, are reported. When heated in the presence of water at 80-100 °C,
(R{0),P(O)OH is hydrolyzed to R{OP(O)(OH),, which is converted to H;PO, at higher temperatures. The dibasic acid phosphates
ROP(O)(OH), (R, = (CF;),CH,C, CF;(CH;),C) undergo dehydration to form [R{OP(O)(OH)],0. Additionally, the chloro
precursors to these acids have been synthesized, including the (polyfluoroalkyl) dichlorophosphinites, R©OPCl, (R; = CF;CH,,
CF;(CH;)CH, (CF;),CH, (CF;),CH;C, CF;(CH3),C), and bis(polyfluoroalkyl) chlorophosphonites, (R;{0),PCl (R; = CF;CH,,
(CF;),CH,C, CF;(CHj;),C). If dinitrogen tetraoxide is used as an oxidant, the former are converted to ROP(O)Cl, and the latter
to (R{0),P(0)Cl. Lithium polyfluoroalkoxides with PCl; give tris(polyfluoroalkyl) phosphites, (R{0)sP (R; = CF,(CH,)CH,
(CF;),CH,C, CF;(CH;),C, CF;CH,, (CF;),CH), which can be oxidized to (R{O);PO phosphates with N,O,. In some cases,
(R{0),PCl (R; = (CF;),CH;C, CF;(CH,),C) gives tetrakis(polyfluoroalkyl) diphosphates, (R{0),P(O)OP(O)(ORy),, and
CF,CH,0PCl, gives CF;CH,0P(0)(u-0),P(O)OCH,CF;. The (R{O);P phosphites (R; = CF;CH,, CF;(CH;)CH, (CF;),CH;C,
CF,(CH,;),C) undergo Arbuzov rearrangements with Cl, to form (R{0),P(O)Cl. Hydrogen chloride converts [CF,(CH,),CO];P

to [CF4(CH,),CO],P(0YH, which with chlorine forms [CF,(CH,),CO],P(0)CL.

Introduction

Very few polyfluoroalkyl acid phosphates have been reported.
Since it is likely that these compounds may have characteristics
which will make them competitive with phosphoric acid as elec-
trolytes for fuel cells, it was appropriate to synthesize several of
them for further testing. To accomplish this goal, it was necessary
to synthesize a large number of new materials as precursors to
the acid phosphates. This resulted in the syntheses and charac-
terization of bis(polyfluoroalkyl) chlorophosphonites, poly-
fluoroalky! dichlorophosphinites, tris(polyfluoroalkyl) phosphites,
bis(polyfluoroalkyl) chlorophosphonates, polyfluoroalkyl di-
chlorophosphinates, tris(polyfluoroalkyl) phosphates and tetra-
kis(polyfluoroalkyl) pyrophosphates. These materials were then
treated as required to form the new mono- and dibasic acid
phosphates.

The results obtained when selected compounds are tested to
determine their cell characteristics will be reported in due course.

Results and Discussion

Lithium salts of the polyfluorinated alcohols CF;CH,OH,
(CF;),CHOH, CF;(CH;)CHOH, (CF,;),CH;COH, and CF;(C-
H,),COH were prepared by the reaction of BuLi and the cor-
responding alcohols by allowing the mixture to warm from -196
to +25 °C and remain.there for about 1 h. Each of the lithium
alkoxides is a stable white solid at 25 °C. The reaction of (C-
F,),CO with NaH in the presence of Al(C,Hs); has been used
to form (CF,),CHONa.! The perfluoro-tert-butoxide salt was
obtained earlier from the alcohol and an alkali metal (Li, Na, K)
or an alkali-metal hydride (LiH, NaH, KH).>?

We have used the lithium salts of the polyfluorinated alcohols
in neat reactions with PCl; to form polyfluoroalkyl dichloro-
phosphinites at 25 °C.

-196 to +25 °C

R,OLi + PCl, R/OPCl, + LiCl

10h

R; (% yield) = CF;CH, (65), (CF3),CH (60),
CF,(CH,)CH (85), (CF;),CH,C (~100), CF4(CH,),C (90)

The polyfluoroalkyl dichlorophosphinites were formed preferen-
tially relative to the bis(polyfluoroalkyl)chlorophosphonites and
tris(polyfluoroalkyl) phosphites when the R; group contained a
tertiary carbon, e.g., when R; = (CF;),CH;C or CF;(CH;),C.
When there was an a-secondary or primary carbon present in the
R; group, the yields of the chlorobis(polyfluoroalky!)phosphites
and of the tris(polyfluoroalkyl)phosphites increased, ¢.g., when
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Table I. N,O, Oxidation of Dichlorophosphinites

R; T,°C t,h yield, %
CF,CH, -45 3 75
(CF,),CH -45 3 75
CF,(CH,)CH -45 0.6 81
(CF,),CH,C -25 24 70
CF,(CH;),C =25 24 74
Tabie II. Hydrolyses of Bis(polyfluoroalkyl) Chlorophosphonates
R¢ T,°C t,h yield, %
CF,;CH, 25 36 89
CF;(CH,;)CH 50 48 85
(CF3),CH,C 65 240 40
CF;(CH,),C 68 72 55
Table III. Hydrolyses of Tris(polyfluoroalkyl) Phosphates
R¢ T, °C t,h yield, %
CF,CH, 48 72 82
(CF,),CH 25 72 70
CF,(CH,)CH 75 64 70

R; = CF;(CH,)CH, (CF;),CH, or CF;CH,. Since we did not
use a solvent, separation of these compounds was easily accom-
plished by using trap-to-trap distillation.

Some of these dichloro compounds can also be made by reacting
PCl, with the respective alcohols at, e.g., —15 °C, but the yields
are lower and the product mixture contains the bis(polyfluoroalkyl)
chlorophosphonite and the tris(polyfluoroalkyl) phosphite. Even
after 36 h all of the PCl, is not completely consumed. Moreover,
as the temperature of the reaction is increased, the HCI that is
formed in the reaction tends to react with (R{O),P via an Arbuzov
rearrangement.

ROH + PCl, — R,OPCl, + (R,0),PCl + (R/O),P + HCI

(R{0);P + HCl — (R{0),P(O)H + R(Cl

However, alcohols, such as (CF;),CHOH and (CF;),CCH;0H,
did not react with PCl, at 25 °C with or without solvent. Reaction
with the former alcohol commenced at 60 °C, but after 7 days
at 75-80 °C, the reaction was not complete. However, (CF;),-
CHOPCI, was the only product formed. On the other hand,
(CF,;),CH;COH did not react with PCl; even at 90 °C.

(1) Koetzsch, H. J. Chem. Ber. 1966, 99, 1143.
(2) Pavlik, F. J. U.S. Patent 3385904 (1968).
(3) Dear, R. E. A.; Fox, W. B. Inorg. Chem. 1970, 9, 2590.
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There are a variety of methods reported for the preparation
of alkyl dichlorophosphinites.**

2PCl, + (RO),P — 3ROPCI,

R = n-C4H,, CsH,4, C¢H;

Although dialkyl chlorophosphonites and alkyl dichloro-
phosphinites have been known for a long time, only one fluorinated
analogue has been reported.>® Trialkyl phosphites can be isolated
in systems where HCIl is formed when the latter is allowed to
escape.*”>!% The first reported example of a tris(polyfluoroalkyl)
phosphite was (CF3CH20)3P.”

3R,CH,OH + PCl, ——<. (R,CH,0),P + 3HCI!

R¢ = CF3, G;F;
Just as is the case for (RO);P,”® (CF;CH,0),P can be reacted
with bromine.!

(CF,CH,0),P + Br, — (CF,CH,0),P(0)Br + CF,CH,Br

In this work, we have reacted tris(polyfluoroalkyl) phosphites
with chlorine

(R0),P + Cl, = (R0),P(0)CI + RCI

Rf = CF3CH2, CF3(CH3)CH

but when R; = (CF,),CH;C or CF;(CH;),C, the chloroalkane
is unstable with respect to loss of HCl and olefin formation.

(CF;),CH,CCl — (CF;),C=CH, + HCl

(CF;)(CH3),CCl — (CF;)(CH;)C==CH, + HCl

(4) Gerrard, W. J. Chem. Soc. 1940, 218.

(5) Conants, J. B.; Wallingford, V. H.; Gandheker, S. S. J. 4m. Chem. Soc.

1923, 45, 762.

(6) Milolendzki, T.; Sachnowski, A. Chem. Pol. 1917, 15, 34; Chem. Abstr.

1919, 13, 2865.
(7) Gerrard, W. J. Chem. Soc. 1940, 1464,

(8) Dakternieks, D.; Roschenthaler, G.-V.; Schmutzler, R. Z. Naturforsch.,

B: Anorg. Chem., Org. Chem. 1978, 33B, 507.
(9) Gerrard, W. J. Chem. Soc. 1944, 85.
(10) Huyser, E. S,; Dieter, J. A. J. Org. Chem. 1968, 33, 420.

(11) Krogh, L. C; Reid, T. S.; Brown, H. A. J. Org. Chem. 1954, 19, 1124,
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It is interesting to note that oxidative addition of chlorine to
((CF,),CHO);P gave a stable dichlorophosphorane;'®!? ie.,
Arbuzov rearrangement did not occur even after 12 h at 60 °C.
The stability of the dichlorophosphorane is enhanced by the greater
electronegativity of the (CF;),CHO group when compared with
the other polyfluoroalkoxy groups examined.'3

The method described in the literature for the preparation of
bis(2,2,2-trifluoroethyl) chlorophosphonite in 66% yield involved
heating (CF;CH,0);P with PCl; at 90 °C.!* We were able to
isolate bis(polyfluoroalkyl) chlorophosphonites by controlling the
stoichiometry of the neat reaction

2R,0Li + PCl; ——» (R,0),PCl + 2LiCl

R; (% yield) = (CF,),CH,C (92), CF5(CH,);C (90)

The bis(polyfluoroalkyl) chlorophosphonates, (R{O0),P(O)Cl,
were prepared from bis(polyfluoroalkyl) phosphonites, (R{O),P-
(O)H, and chlorine on the basis of literature methods for di-
alkylchlorophosphonates.!>!¢ This process probably occurs via
a four-center intermediate.!”

-196 to +25 °C

(CF3(CH;);CO),P(O)H + Cl, ———
(CF4(CH,),C0),P(0)Cl + HCI

Most of the methods reported in the literature for oxidation
of trialkylphosphites involve air,'® ozone,'® hydrogen peroxide,?
organic peroxides such as zert-butyl peroxide,’! dinitrogen tet-
raoxide in a solvent (CH,Cl,) at =78 °C,?? or mercury(Il) oxide.?
We have used dinitrogen tetraoxide without solvent to oxidize
tris(polyfluoroalkyl) phosphites

-196 to +25 °C

2(R/0);P + N,0, 2(R;0),PO + 2NO

~100%
R; = CF,CH,, (CF,),CH, CF,(CH,;)CH
at 25 °C and polyfluoroalkyl) dichlorophosphinites
ROPCl, + N,0O, (1:1) —IT> ROP(0)Cl,

at reduced temperature as given in Table I. In the case of R

(12) Mir, Q.-C.; Shreeve, R. W.; Shreeve, J. M. Phosphorus Sulfur 1980,
8, 331.

(13) Dakternieks, D.; Roschenthaler, G.-V.; Schmutzler, R. J. Fluorine
Chem. 1978, 11, 387.

(14) Lenton, M. V.; Lewis, B. Chem. Ind. (London) 1965, 946.

(15) Gerrard, W.; Green, W. J; Phillips, R. J. J. Chem. Soc. 1954, 1148.

(16) Wadsworth, W. S,, Jr. J. Org. Chem. 1967, 32, 1603.

(17) Gerrard, W, Phillip, N. H. Research (London) 1948, 1, 477; Chem.
Abstr. 1948, 42, 7147c.

(18) Kamai, G.; Koshkina, C. S. Tr, Kazan. Khim. Tekhnol. Inst. 1953, 11,
17; Chem. Abstr. 1956, 50, 6346i.

(19) Thompson, Q. E. J. Am. Chem. Soc. 1961, 83, 845.

(20) Stetter, H.; Steinacker, K. H. Chem. Ber. 1952, 85, 451.

(21) Denney, D. B.; Goodyear, W. F.; Goldstein, B. J. Am. Chem. Soc. 1960,
82, 1393.

(22) Cox, J. R, Jr.; Westheimer, F. H. J. Am. Chem. Soc. 1958, 80, 5441.

(23) Ayres, D. C Rydon H. N. J. Chem. Soc. 1957, 1109.
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= CF,;CH,, a heterocyclic compound has been characterized in
addition to 2,2,2-trifluoroethyl dichlorophosphinate.

CF3CHaOPCly + NpO, (excess) 23—
o 0
—_ ”/o\
= CFaCHOP  POCH,CFg -+ NOCI -+ NpO0gINO + NO2J
25 ©
5 5 ¥ 5 EE o
= - o0 = The oxidation of bis(polyfluoroalkyl) chlorophosphonites with
S - & 2L 2 ) N,O, at low temperatures gave the new bis(polyfluoroalkyl)
<9 E% = a3 % % chlorophosphonates as well as the first examples of the tetra-
T4 D DI g (polyfluoroalkyl) diphosphates.
2 = S (R{0),PCl + N,0, —
t Ey (R{0),P(0)CI + (R{0),P(O)OP(O)(OR;), + NOCI
5]
—_ Q
£ E 5 R; (% yield) = (CF;),CH,C (67), CF;(CH,),C (60)
= T $338 5 &
gz g I zgzg g ¢ . .
T I3 - 6 9606w . Some of the methods for the preparation of tetraalkyl di-
P T TORTTT ¢ phosphates include reactions of CS, with a silver salt, e.g., with
¢ (C¢H;0),PO,Ag,> the reaction of a dialkyl phosphorochloridate
~ o E - é with a dialkyl hydrogen phosphorate in the presence of a base,?’
2 =) -) ; ‘E c-8
(N - g 5
E (RO),P(O)CI + (RO),P(O)OH — (RO),P(O)OP(O)(OR),
g a5 £ ROH = g-dinaphthol
S - “ g = (-dinaphtho
&
s T _ 2" or the reaction of diphenyl phosphorochloridate and the silver salt
- = 27 =z E- 3 T of dibenzyl hydrogen phosphorate.? Thermal decomposition of
e < oY 2 e == g a mixture of a dialkyl phosphorochloridate and a trialkyl phos-
) phate?’ also gave the nonfluorinated tetraalkyl diphosphate.
g8 R 8 ¥R & 8 8 g o O'ur method is supprior to the reported methods for the prep-
7 ? 77 7 ° aration of both the bis(polyfluoroalkyl) chlorophosphonates and
o tetraalkyl diphosphates in that it utilizes milder conditions.
o s Hydrolysis of the polyfluoroalkyl dichlorophosphinates,
g = E R;OP(O)Cl,, was carried out as reported for chloroalkyl phos-
a = & = = phates?®?° with the exception that the former compounds were
E_: E:L g ) g/na isolated and purified before they were hydrolyzed with a slight
5 © 5"' Z E z = TG excess of distilled water at 25 °C. Upon freeze-drying, the acids
Q Q< = = g P were isolated.
jes) A
e ) © O £ - o
I T O O Q g o %
85\8381\"‘:‘, ILI 2‘ =) 5 25°C freeze
5 N 2.: S 5 2 5 D % D E):. £0x 92 s & ROP(0)Cl, + H,0 o ROP(O)(OH),(aq) —E'*
ZOZZI0ZS BOBIET 5% & ROP(0)(OH),
= 8 T 58 =z=glT =T § white solid
=1
2
- 5 -~ -~ 2 2 R; (% yield) =
L o T L8 L & CF,CH, (~80), (CF3),CH (75), CF5(CH;)CH (90)
o= r 2520.2 §& °
578 25780820 I J ,
oz ocS-oxoy O However, when R; = (CF,),CH;C and CF,;(CH,),C, a mixture
xS Srftiils g A of polyfluoroalkyl dihydrogen phosphate and bis(polyfluoroalkyl)
o] @] ~Q O -4 o .
g W < 8 S jf go8x= 5 g E dihydrogen diphosphate esters was formed. They were charac-
223 S5z T W 22 I g terized by measuring their *'P{!H} NMR spectra and by comparing
5 9 ZErAa9oTs < & these spectra with the *'P{'"H} NMR spectra reported for alkyl
P20 FRLLELEY o 8 diphosphate esters.3
g5e CUGEEEILE & g
3
- o <t o g (24) Atkinson, R. E.; Cadogan, J. I. G. J. Chem. Soc. C 1967, 1356.
oo o oo = o & (25) Marschal, K. C. Bull. Soc. Chim. Fr. 1928, 43(4), 1397.

(26) Mason, H. H,; Todd, A. R. J. Chem. Soc. 1951, 2267.

(27) Schrader, G. U.S. Patent 2336302 (1943).

(28) Fischer, E. Ber. Dtsch. Chem. Ges. 1914, 47, 3193,

(29) Yasnopol'skii, V. D. Zh. Obshch. Khim. 1969, 39, 582; Chem. Abstr.
1969, 71, 38251,

(30) Burkhardt, G.; Klein, M. P.; Calvin, M. J. Am. Chem. Soc. 1965, 87,
591.

(31) Asahi Chemical Industry Co. Ltd. French Patent 1361963, 1964;
Chem. Abstr. 1964, 61, 14586b.
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Table VI. Infrared Spectral Data for Phosphorus(V) Acid Precursors (cm™)

IR

2973 w, 1480 w, 1455 m, 1296 vs, 1183 vs, 1080 vs, 966 m, 853 m, 825 m, 658 w, 553 w, 510 m, 483 s
2957 w, 1355 s, 1290 vs, 1245 vs, 1205 vs, 1105 s, 1085 vs, 895 m, 870 m, 846 m, 730 w, 688 m, 556 w, 545 m, 500

3007 w, 1455 m, 1303 s, 1227 vs, 1148 s, 1098 w, 998 m, 970 s, 878 w, 810 m, 706 m, 634 w, 546 m, 503 s
3001 m, 2958 w, 1473 m, 1398 m, 1378 m, 1318 m, 1238 m, 1194 vs, 1188 vs, 1178 vs, 1138 vs, 1028 vs, 963 vs, 918

3003 w, 2978 w, 1458 w, 1378 m, 1280 s, 1201 vs, 1170 vs, 1115 m, 1080 vs, 1028 m, 975 vs, 811 w, 790 m, 748 w,
3006 w, 1457 m, 1390 m, 1308 s, 1260 m, 1240 vs, 1225 vs, 1210 m, 1128 s, 1090 s, 1008 m, 968 s, 878 w, 808 m,
2997 m, 2960 m, 2935 m, 2885 w, 1460 m, 1395 m, 1377 m, 1297 s, 1218 s, 1188 vs, 1130 s, 1028 s, 980 m, 910 m,

2980 w, 1460 w, 1319 s, 1294 5, 1189 vs, 1081 vs, 968 w, 851 w, 669 w, 618 s, 594 vs, 554 m, 485 w
2988 m, 1375 br, s, 1318 s, 1300 br, s, 1270 w, 1250 s, 1210 s, 1118 s, 1085 s, 895 vs, 870 m, 740 w, 690 vs, 620 vs,

3017 w, 1458 m, 1398 w, 1313 br, s, 1238 vs, 1120 m, 1100 br, m, 1008 vs, 870 w, 848 m, 658 s, 638 s, 610 vs, 580

3001 w, 1471 w, 1398 w, 1378 w, 1350 w, 1310's, 1245 w, 1192 vs, 1135 s, 1020 s, 930 w, 630 m, 605 s, 548 m
3005 w, 2975 w, 1457 w, 1388 m, 1340 br, 1308 s, 1288 vs, 1205 vs, 1178 vs, 1118 m, 1070 vs, 1030 s, 988 vs, 839

2980 w, 1463 m, 1318 s, 1290 s, 1188 vs, 1113 m, 1080 vs, 969 m, 899 w, 853 w, 669 w, 615 m, 559 w, 489 w
3008 w, 2960 w, 1476 m, 1402 m, 1382 w, 1335 m, 1299 m, 1236 w, 1172 vs, 11405, 1129 5, 932 w, 797 w, 632 m,

3027 w, 2980 w, 1463 m, 1402 w, 1320 s, 1269 w, 1237 vs, 1174 m, 1136 s, 1098 5, 1013 5, 968 5, 880 w, 837 w, 705

3008 w, 2960 w, 1462 m, 1393 m, 1344 m, 12795, 11935, 1168 s, 1121 m, 1075 s, 1034 s, 997 s, 848 w, 821 w, 802

compd

CF,CH,0PCl,
(CF;),CHOPCl,

vs, 377 w
(CF3),CH;COPCl,
CF,(CH,),COPCl,

s, 795 m, 728 w, 610 m, 528 s, 498 vs, 470 vs
CF,;(CH;)CHOPCl,

670 w, 549 m, 508 s, 490 s
[(CF,),CH;CO],PCl

705 m, 638 w, 540 m
[CF;3(CH,3),CO],PCl

791 w, 698 w, 601 w, 530 m, 494 m, 470 m
CF;CH,0P(0)Cl,
(CF,),CHOP(O)Cl,

570s, 520 m, 412 m, 392 m
(CF;),CH,COP(0O)Cl,

m, 560 m, 520 m, 400 m
CF,(CH,),COP(0)Cl,
CF,;(CH;)CHOP(O)Cl,

m, 801 w, 778 m, 620 vs, 590 w, 498 w
(CF,CH,0),P(0O)CI
[CF3(CH3),CO],P(0)CI

588 m, 477 w
[(CF;),CH,CO],P(0)CI

s, 640 m, 611 m, 586 w, 538 w, 477 m
[CF3;(CH3;)CHO],P(0)Cl

w, 672 m, 590 m
[(CF;),CHOJ,PCl,

2977 w, 1378 m, 1304 s, 1274 m, 1248 vs, 1221 s, 1189 w, 1123 5, 1095 5, 995 m, 907 w, 741 w, 692 m, 600 w, 503
w

Table VII. Elemental Analysis Data®

anal.
compd % C % H % Cl % F % P

(CF;),CH,;COPClL, 17.06 (16.96) 1.10 (1.06) 24.95 (25.08) 40.0 (40.28) 10.83 (10.95)
CF;(CH;),COPCl, 21.88 (21.05) 2.74 (2.63) 26.98 (30.70) 26.1 (25.00) 13.64 (13.60)
CF,(CH;)CHOPCI, 16.94 (16.74) 1.93 (1.86) 32.87 (33.02) 26.2 (26.51) 14.36 (14.48)
(CF5;),CH,COP(0)Cl, 16.14 (16.05) 1.08 (1.00) 23.64 (23.75)

CF;(CH,;),COP(0)Cl, 20.16 (19.59) 2.52 (2.45) 28.22 (28.97) 12.75 (12.65)
CF;(CH;)CHOP(O)Cl, 16.77 (15.58) 1.87 (1.73) 28.18 (30.73) 13.66 (13.41)
(CF;CH,0),P(O)OH 18.90 (18.32) 2.03 (1.91) 11.50 (11.83)
{H(CF,),CH,0],P(O)OH 19.86 (22.81) 1.52 (1.33) 5.68 (5.89)
[(CF,),CHO],P(O)OH 17.70 (18.09) 0.80 (0.75) 7.06 (7.79)
[CF3(CH;)CHO],P(O)OH 23.82 (24.82) 3.17 (3.10) 11.02 (10.68)
[CF;(CH,),CO],P(O)OH 29.09 (30.18) 3.65 (4.08) 10.46 (9.74)
[(CF,),CH,CO],P(O)OH 22.73 (22.53) 1.63 (1.64) 7.38 (7.27)
CF;CH,0P(0O)(OH), 14.18 (13.33) 2.33 (2.22) 16.08 (17.22)
(CF;),CHOP(O)(OH), 14.68 (14.51) 1.36 (1.20) 12.32 (12.50)
CF;(CH,;)CHOP(O)(OH), 18.91 (18.55) 3.21 (3.09) 15.57 (15.97)

4Calculated values in parentheses.

freeze
——
dry

R{OP(OXOH),
45 °C 120

H(OP(O)CIQ -+ Hzo W R(OP(O)(OH)Z

R{OP(O)OH), + R{OP(O)OP(OIOR 2= R{OP(OYOP(OIOR; +

OH OH HO OH
24 NGO °C
H20 R(OP(O)OH);, (trace)

R(OH + HzPO,
Ry = (CF3)2CHaC, CF3(CHg)2C

There are several methods reported in the literature for the
preparation of dialkyl diphosphate esters.?!"3 The preparation

(32) Makaiyama, T. T.; Mitsunobu, H. O. J. Org. Chem. 1962, 27, 1815.

(33) Clark, V. M.,; Hutchinson, D. W.; Varey, P. E. J. Chem. Soc. C 1969,
74.

(34) Martin, D. Chem. Ber. 1965, 98, 3286.

(35) Wieker, W.; Walter, H. P.; Thilo, E. Chem. Ber. 1964, 97, 2385.

of polyfluoroalkyl acid phosphates, R{OP(O)(OH),, and their
ammonium salts has been reported by the stepwise reaction of
X(CF,),CH,0H (X = H, F; n = 1~12) with OPCl, or P,0,,%
with subsequent conversion to their respective ammonium salts, 37

We attempted the reaction of P,0,y and R{OH at 25 °C.

ROH + P,0,, ——— ROP(O)(OH), + (R0),P(0)OH

R; = CF,CH,, (CF;),CH, CF,(CH,)CH, (CF,),CH;C,
CF;(CH,),C

In all cases, we have detected the presence of the monobasic acid
phosphates, (R{0),P(O)OH, and the dibasic acid phosphates,
R{OP(O)(OH),, by their characteristic chemical shifts in the
3IP{'H} NMR spectra, but were unable to isolate the pure acid
phosphates with the exception of (CF;CH,0),P(O)OH. It was
purified by Kugelrohr distillation at 52 °C (0.1 Torr). This

(36) Kenneth, L. B. U.S. Patent 2 559 752 (1951).
(37) Benning, A. F. U.S. Patent 2597702 (1952).
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technique was not successful with the other acid phosphates due
to their decomposition when heated with P,O,q.

CF,;CH,0H + P,0,, —— (CF,CH,0),P(0)OH +
52 °C (0.1 Torr)

CF;CH,0P(O)(OH), (CF;CH,0),P(0O)OH
= The bis(polyfluoroalkyl) acid phosphates were synthesized by
g z Q the aqueous hydrolysis of bis(polyfluoroalkyl) chlorophosphonates
= = e E (Table II)
¥ 3 5 Czg '
) = > 588 T
- 5 + 5 :_) il (R{O0),P(O)Cl + H,0 - (R;0),P(O)OH + HCI
s <~ =+ <+ 2
- %E} %6 %%% Similar results are obtained from the hydrolyses of tris(poly-
- T lieclies) fluoroalkyl) phosphates. (Table III).
+ (R(0);PO + H,0 —+ (R/0),P(0)OH + ROH
= T
- % 5 g % The precursors to polyfluoroalkyl or bis(polyfluoroalkyl) acid
> S, o] 5z ) phosphates that were synthesized in this work are summarized
8 5 % gg 2: % in Scheme I. . .
Sl> [P 20w o In Schemes II and III, the syntheses of bis(polyfluoroalkyl) acid
2|0 < o ':'"‘8 T phosphates and polyfluoroalkyl acid phosphates are outlined. In
i+ + O+ + Table IV are found the reactants and conditions as well as the
cé 2 9:’ © u_”g’ 22 9:’ NMR spectral data for the phosphorus(V) acid precursors reported
s 2 5 © LSSE in this paper. In Table V are data for the new acids. In Table
” R VI are infrared spectral data for the acid precursors. In Table
+ VII are found elemental analysis data. Essentially every compound
2 & exhibits a molecular ion in its positive chemical ionization mass
;§ 9 spectrum. Each mass spectrum contained fragments appropriate
2 3 S to the suggested structure. In the infrared spectra, absorption
8 ot & bands in the 470~500-cm™ region have been assigned to rpgp—q,
§|= g oz in the 600-620-cm™ region to vp(y)—c, and in the 1310-1340-cm™
by - =a + region to vp—g.**40
° 5 = 95% Hydrolysis studies of the acids in water show that while the
Q S 8 E3 majority of th table in water at 50 °C for 20 h i
- Q, OT T jority of them are stable in water a or , approx
S 5 ’:?q :“,%o, imately 50% of the acids are decomposed after 3 h at 75 °C, and
- +5+0 %5:’} after 48 h at 150 °C all are decomposed to H;PO, and the re-
To w 56 Sre seosse ;_SEQ, spective parent alcohol. These data are given in Table VIII.
£2 3 RSE07 55EElES
22 3 T T § 2BFET
o Experimental Section
) +
% 9 Starting Materials. N,0, (Air Products), Cl, (Linde), PCl; (Baker),
= o+ BuLi (Aldrich), and CF,CH,0H, (CF,),CHOH, (CF,;),CH;COH,
g, e . CF,(CH;),COH, and (H(CF,),CH,0);PO (PCR), were used as re-
Q ‘;92 ceived. Et;N (Baker) was dried on KOH, and CF;(CH;)CHOH was
™ = ’:"6 = dried over molecular sieves before use.
= < ory General Procedures. A conventional Pyrex-glass vacuum line appa-
~ ) o o= 5=z ratus equipped with a Heise Bourdon tube gauge was used for manipu-
% :: o O T Qo lation of gases and volatile materials. Trap-to-trap distillation was car-
= & Q (@) 5 o) ried out to accomplish separation of volatile products. Infrared spectra
g 5 Eﬁ :N,::Q, were obtained on a Perkin-Elmer 599B spectrometer or Perkin-Elmer
N + 2+ 0 Q,EE 1710 Fourier transform infrared spectrometer by using a 10-cm cell fitted
Q oo o d'u:O’E« e o o 0oeo 280 with KBr windows. 'H, '°F, and *'P NMR spectra were recorded on a
® % % % n.mgn.mo % % ..'§ % % % % QEE JEOL FX90Q Fourier transform spectrometer with CCl;F or H,PO,
5 2% 2 T 9 7 9 ToguT (85%) as external reference and CDCl; as the internal reference for
@ polyfluoroalkyl dichlorophosphinites, bis(polyfluoroalkyl)chloro-
=z N = = = —— phosphonites, tris(polyfluoroalkyl) phosphites, and tris(polyfluoroalky!)
'.§ = & g g S ~ =T % g phosphates. Dimethyl-d sulfoxide was used as the internal reference for
& o % I £ T X Z~0z% polyfluorocalkyl acid phosphates and bis(polyfluoroatkyl) acid phosphates.
o <= T2 < Q 9 < 2% 889 Negative values were assigned to signals that were upfield of the refer-
ES g g, g@ @ © 9 E ox E.;EN% ence. Mass spectra were recorded on a VG 7070HS mass spectrometer.
2 ?; =0 0&a = g g o %9533 Elemental analyses were performed by Beller Mikroanalytisches Labo-
ES « 9,:: 58 8 O Q, 5 5;‘_‘.:0”9“:‘5' ratorium, Gottingen, West Germany.
T g % g T A L S o ToxIsQ Preparation of CF;CH,0Li. The lithium salts of all the polyfluoro-
= == QU = ’L_?: 5 5 %:’.‘ %5 ’E alkyl alcohols were prepared similarly. #-BuLi (20 mmol, 12.5 mL of
> 0L == ¢ [P 4 u_”Q, =0 a 1.6 M solution) in hexane was transferred via a syringe into a 1000-mL
2 i 55 £ 0O 08 5 O5U5=E round-bottomed flask equipped with a Teflon stopcock in a drybox. This
E CO == U = = = Zo==& flask was evacuated at —196 °C, and then CF;CH,OH (21 mmol, 2.1 g)

was condensed into it. The flask was allowed to warm slowly to 25 °C

(38) Emsley, J.; Hall, D. The Chemistry of Phosphorus; Wiley: New York,
1976.

(39) Huang, T.-J,; Shreeve, J. M. Inorg. Chem. 1986, 25, 496.

(40) Kaufman, M. H.; Braun, J. D. J. Org. Chem. 1966, 31, 3090.
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where an exothermic reaction occurred, After 1 h at 25 °C, all volatile
materials were evacuated to leave a white solid, CF;CH,OLi (20 mmol,
2.1 g, ~100%).

. Preparation of 2,2,2-Trifluoroethyl Dichlorophosphinite, CF,CH,OP-
Cl,. Onto CF;CH,OLi (20 mmol, 2.1 g) in a 1000-mL round-bottomed
Pyrex flask at =196 °C, was condensed PCl; (20 mmol, 2.75 g). This
flask was warmed to and held at 25 °C for 10 h. Trap-to-trap distiliation
gave CF,CH,OPC!, (13 mmol, 2.6 g, 65% yield) in a trap at —-45 °C,
PCl; in a trap at =120 °C, and a mixture of (CF,;CH,0),PCl and (C-
F;CH,0);P in a trap at =30 °C.

Preparation of Bis(polyfluoroalkyl) Chlorophosphonites, (R:0),PCl,
or Tris(polyfluoroalkyl) Phosphites, (R{0);P. This preparation can be
carried out as described above for polyfluoroalky! dichlorophosphinites,
except the stoichiometry of the reaction is 2:1 of R{OLi to PCl; or 3:1
of R{OLi to PCl,.

Preparation of (RO)P(0)Cl,, (R{0),P(0)Cl, and (R0);PO. The
compound, R{OPCI, or (R;0),PCl (5 mmol), was transferred into a
100-mL flask equipped with a Teflon stopcock. Stoichiometric amounts
of N,O, were condensed at —196 °C onto the compound. The oxidation
was complete at low temperatures from —50 to =20 °C. The trap-to-trap
distillation gave the products in their respective traps. For (R{O);P, the
starting material was transferred to the 100-mL flask under an inert
atmosphere. After the flask was evacuated at —196 °C, the stoichiometric
amount of N,O4 was transferred and the temperature was raised from
—-196 to +25 °C siowly. After 1 h the volatile materials, including NO,
were removed, leaving behind a very slightly volatile liquid or solid.

Preparation of (R;0),P(0)Cl from (RO);P + Cl,. The tris(poly-
fluoroalkyl) phosphites (5 mmol) were transferred into a 100-mL
round-bottomed flask under an inert atmosphere. After the flask was
evacuated at ~196 °C, Cl, (5 mmol) was condensed in. The temperature
was raised to 25 °C slowly and left there for a few hours. The trap-to-
trap distillation gave the (R{0),P(O)Cl compounds in their respective
traps as described earlier.

Hydrolysis of Polyfluoroalkyl Dichlorophosphinates (R;OP(0)Cl,),
Bis(polyfluoroalkyl) Chlorophosphonates ((R/0),P(0)Cl), and (R/0);PO.
The hydrolysis of these phosphates to form acid phosphates, (R{O),P-
(O)OH, was carried out by condensing distilled water onto the di-
chlorophosphinates, chiorophosphonates, or tris(polyfluoroalkyl) phos-
phates. The reaction proceeded smoothly for the dichlorophosphinates
at room temperature, whereas the reaction between (R0),P(O)Cl and
H,O0 took place in the range of 50-64 °C. The reaction was also smooth
between [(CF;),CHO];PO and water at ambient temperature, and for
[CF3(CH;)CHO];PO and H,0 at 68 °C. Freeze-drying gave the acid
phosphates R{OP(O)(OH), and (R;0),P(O)OH.

Preparation of CF;CH,0P(0)(n-0),P(0O)OCH,CF;. CF,CH,OPCl,
(1.0 g, 5 mmol) was transferred into a 1000-mL round-bottomed flask
equipped with a Teflon stopcock at =196 °C. Then N,0O, (1.12 g, 12
mmol) was condensed onto the CF;CH,OPCl,. The reaction mixture

Notes
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was warmed to and left at 25 °C overnight. The trap-to-trap distillation
gave NOCl in a trap at —196 °C, N,0; at 140 °C, and

[eNI!
CF3CH20P\/O:POCH2CF3

in a trap at -25 °C in ~100% yield. This compound was characterized
by its 'H, '°F and *'P NMR spectra as well as by its mass spectrum.
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Chloro(bis(8-quinolinyl)amido- N ', N2, N3)copper(II), a Metal
Chelate Containing an sp2-Hybridized Deprotonated Amine
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As possible models for substrate release at metalloenzyme
centers, we have reported aminoacidate dechelation upon amide
deprotonation! in the bis(N-acetamidoiminodiacetato)copper(II)
chelate [Cu(ADA),*] (eq 1), upon hydroxy group ionization? in
the bis(V,N-bis(2-hydroxyethyl)glycinato)copper(II) chelate (eq
2), and upon peptide proton ionization? in the mixed-ligand chelate
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(V,N-bis(carboxymethyl)glycylglycinato)(glycinato)copper(II)
(eq 3). Recently, we have observed* the buildup of [Cu-
(H_,ADA(B-ala)?"] (8-ala = B-alanine), a deprotonated mixed-
ligand chelate, in solution prior to the release of 8-alanine. This
work was predicated on the belief that the Sy 1CB mechanism,
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