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[ 2,2-DIFLUORO-1-(PENTAFLUORO-h6- 
SULFANYL) ]ETHYLENE AND 1,1,3,3,3- 
PENTAFLUOROPROPENE: REACTIONS 

WITH DIETHYL(TRIMETHYLS1LYL) AND 
TRIS(TR1METHY LSILY L)PHOSPHITE 
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ROLF WINTERb and GARY L. GARD*tb 

"Znstitut fur Anorganische und Physikalische Chemie, Leobener Strape, 2800 
Bremen 33, F. R .  G.; bDepartment of Chemistry, Portland State University 

Portland, Oregon 97207, U.S.A. 

(Received November 12, 1990; in final form November 21, 1990) 

The 2-H olefins, R'CH=CF, (1: CF, 2: SFS) react with the silylphosphites (R20),POSiMe, (3a: R2 = 
Et; 3b R2 = SiMe,) to yield the (E/Z) phosphonates R'CH=CFP(0)(OR2)2, 4alb and 5alb and 
fluorotrimethylsilane. In the case of R2 = SiMe, hydrolyses furnished the acids R'CH=CFP(O)(OH),, 
4c and 5c. The preparation of (E)-SF,CF=CFP(O)(OH),, 7 is reported, too. 

Key words: 1,1,3,3,3-pentafluoropropene; 2,2-difluoro-l-(pentafluoro-A6-sulfanyl)~hylene; diethyl- 
trimethylsilylphosphite; tris(trimethylsily1)phosphite; phosphonates; phosphonic acids. 

INTRODUCTION 

Fluoroalkenylphosphonatesl are precursors for potential pharmaceuticals2 and fuel 
cell  electrolyte^.^ One straightforward preparative route has been shown to be an 
ARBUZOV type reaction of hexafluoropropene, CF3CF=CF2, and silylated phos- 
p h i t e ~ , ~  e.g., (EtO),POSiMe, or (Me,SiO),P. Products were fluorotrimethylsilane 
and CF,CF=CFP(O)(OEt), (Z/E = 97:3) or CF3CF=CFP(0)(OSiMe,)2 (Z/E = 
99: l), which yielded CF,CF=CFP(O)(OH), upon treating with methanol. Similarly 
(E) - F,SCF=CFP(O)(OEt), and (E) - F,SCF=CFP(O)(OSiMe,), could be ob- 
tained from SF,CF=CF2.5 In this work, we report the influence of a hydrogen 
atom in 2-position for the reaction of the olefins CF3CH=CFZ6 and F,SCH=CF2 
with (EtO),POSiMe, and (Me,SiO),P. Also, new SF, containing phosphonic acids 
are reported for the first time. 

RESULTS AND DISCUSSION 

1,1,3,3,3-Pentafluoropropene, CF3CH=CF2 (1) and 2,2-difluoro-l-(pentafluoro- 
h6-sulfanyl)ethylene, F,SCH=CF2 (2) reacted with diethyl(trimethylsily1)phos- 

* Correspondence to: Prof. G.-V. Roschenthaler, Institut fiir Anorganishe und Physikalische Chemie, ' 

t Senior Fulbright Fellow 1989/90 at the University of Bremen. 
Leobener StraRe, 2800 Bremen 33, F.R.G. 
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REACTIONS OF FLUOROOLEFINS WITH PHOSPHITES 203 

phite (3a) and tris(trimethylsily1)phosphite (3b) to yield the phosphonates 4a/b, 5a/ 
b and fluorotrimethylsilane (Scheme 1). The new compounds were colorless, mois- 
ture-sensitive liquids. Unexpectedly the 2-H olefins gave E/Z product ratios of 
60:40 (R' = CF,), 5050 (R1 = SF,, R2 = Et) and 53:47 (R' = SF,, R2 = SiMe,). 
For the systems R1CF=CF2/(R20)2POSiMe, (R1 = CF,, SF,; R2 = Et, SiMe,) 
one observes a dramatic change in the ratio of the E/Z isomers; in this work the 
proposed intermediates A and B (Scheme 1) are of similar energy thereby alter- 
nating the expected E/Z ratios as found for the CF, derivatives.8 Attempts to 
separate the (E)- and (Z)-isomers by distillation failed. 

Hydrolysis of the (E/Z) phosphonates 4b and 5b in methanol led to the cor- 
responding phosphonic acids 4c and 5c with no change in configuration; both 
acids are extremely hygroscopic solids (Scheme 1). Using the same method, 
(Z) - CF,CF=CFP(O)(OSiMe,),, 6b, and (E) - F5SCF=CFP(0)(OSiMe,),, 7b, 
could be converted into the corresponding phosphonic acids, 6c8 and 7c, Scheme 
2. In this manner, the first SF, containing phosphonic acids have been prepared. 

The mass spectra (70 eV) of the new compounds (E/Z)-4a-c and (E/Z)-5a,b 
contained no molecular ions. The peaks of highest M/Z value were [MH] + for 4a, 
4c, 5a, and 5c (see Reference 9); [M - CH,]+ for 4b and 5b. The fragment of 
highest abundance for 4a, 4c, 5a was P(OH)2+; for 4b, 5b Me,SiOSiMe2+; and 
for 5c F,PO+. Additional characteristic ions found were [M - CF,]+, 4a, 4b; 
[M - SF,] + , Sa, Sb, 5c; and SF5+ , 5a-c. 

The C-C bond vibration for 4a-c isomers was found in the 1656 to 1685 cm-' 
region; for 5a-c the 1630-1660 cm-l region. The C-F and P-0 stretching modes 
were found to overlap thereby preventing a definite assignment. Broad P-OH 
absorption bands were located at 2836 and 2275 cm-l (4a); at 2792, 2294 cm-' 
(5c) and at 2815 cmL1(7c). These absorption bands are attributed to intermolecular 
hydrogen bonding.1° 

Structures (configurations) of the isomeric mixtures were determined from the 
corresponding coupling constants ,JF1H, ,JPH and 4 J ~ 1 ~ 2  (see Tables I and 11). The 
values for trans 3JF3H [(E)-isomers] and for trans ,JPH [(Z)-isomers] should be larger 
than the corresponding cis couplings11,12 (see Table 111); the opposite applies for 

MeOH/H20 
P(O)(OSiMe, Iz I 
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204 H. WESSOLOWSKI ef al. 

TABLE I 
'H, I9F and ,'P NMR data of (E)/(Z)-CF,ZCH-CF'P(0)(OR2),, 4a-c (J given in Hz) 

=CH CF32 F' 

5.90 -63.5 - 115.2 0.1 

6.00 - 59.9 - 107.4 -2.1 

5.90 -63.6 - 115.1 - 19.1 

(,JPH, 3 J ~ 1 ~ ,  , J F ~ H )  ( 4 J , ~ ~ ~ 3  4 J ~ ~ 2 )  ( 3 J ~ ~ 1 )  

(8.6, 34.3, 7.5) (17.2, 0.6) (91.7) 

(25.5, 23.9, 8.1) (11.3, 3.1) (100.9) 

03 

(Z) 

(El 

(Z) 

(El 

R2 = Et 4 a b . C  

(8.5, 34.6, 7.6) (17.1, 0.6) (95.5) 
R2 = SiMe, 4b'.d 

5.90 - 59.5 - 114.9 -21.6 
(25.5, 24.2, 8.2) (11.4, 3.2) (106.9) 

(7.9, 35.6, 7.6) (17.5, -) (102.4) 
6.20 - 58.7 - 111.9 3.2 

6.40 -55.0 - 103.0 1.8 
(24.6, 24.5, 8.3) (11.3, -) (106.7) 

Upfield from TMS, CC1,F and 85% H,PO, given as negative. 

Signals for (E) and (Z) isomers are overlapping. 
'H: 6 = 0.20 (SiMe,). 
'H: 6 = 8.5 (OH). 

'H: 6 = 1.30 (CH3, 3JHH = 7.0), 4.20 (CHI, ' J P ~  = 8.4). 

TABLE I1 
'H, "F and 31P NMR data of (E)/(Z)-F3SF,2CH-CFtP(0)(OR2),, 5a-c (J given in Hz) 

6.90 + 74.7* +64.9' - 113.7 -0.1 

6.90 +74.7 +68.5 - 112.9 -3.1 

(8.3, 30.6, 7.9) (3.9) (91.2, 21.9) (2.6) 

(23.5, 25.6, 8.3) (2.7) (97.6, 14.6) (8.1) 

(8.1, 30.7, 8.1) (3.5) (94.3, 21.6) (2.4) 

(23.6, 25.6, 8.3) (2.6) (103.8, 15.4) (2.7) 

(El 

(Z) 

(El 

(Z) 

(El 

(Z) 

R1 = Et 5ab.c 

6.50 +75.5d +64.8' - 112.4 - 19.4 

R2 = SiMe, 5bC.' 
6.70 +75.5 +68.8 - 112.2 -22.7 

6.90 +80.2d +69.6' - 108.3 - 0.6 
(7.9, 31.6, 8.0) (4.0) (99.0, 22.4) 

(22.8, 25.8, 2.5) (2.2) (102.5, 16.1) 

R1 = H 5ee.g 

6.90 + 80.2 + 73.4 - 108.7 - 2.8 

a Upfield from TMS, CC1,F and 85% H,PO, reported as negative. 
'H: 6 = 1.20 (CH,, ,JHH = 7.0), 4.10 (CH,, 3JpH = 7.8). 
Signals for (E) and (Z) isomers are overlapping. 
Two overlapping multiplet systems centered at line 6 (see Reference 13). 
Multiplet. 
'H: 6 = 0.30 (SiMe,). 

8 'H: 6 = 7.9 (OH). 
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REACTIONS OF FLUOROOLEFINS WITH PHOSPHITES 205 

TABLE rrr 
Comparison of some selected shift values and coupling constants for the compounds 

R1CH=CF1P(0)(OR2), (J given in Hz) 

0.1 
-2.1 

6, 
0.1 

-3.1 

- 115.2 
- 107.4 

6F1 
- 113.7 

- 112.9 

8.6 
25.5 

3JPH 
8.3 

23.5 

34.3 
23.9 

3JF1H 
30.6 

25.6 

91.7 
100.9 

, J P F ~  
91.2 

97.6 

17.2 
11.3 

4JF1@ 
21.9 

14.6 

- 19.1 
-21.6 

- 19.4 
-22.7 

-115.1 
- 114.9 

- 112.4 
- 112.2 

8.5 
25.5 

8.1 
23.6 

34.6 
24.2 

30.7 
25.6 

95.5 
106.9 

94.3 
103.8 

17.1 
11.4 

21.6 
15.4 

3.2 
1.8 

- 0.6 
- 2.8 

-111.9 
- 103.0 

- 108.3 
- 108.7 

7.9 
24.6 

7.9 
22.8 

35.6 
24.5 

31.6 
25.8 

102.4 
106.7 

99.0 
102.5 

17.5 
11.3 

22.4 
16.1 

4JF1F2 in which cis 4JF1F2 > trans 4 J F 1 ~  and is probably due to an additional through- 
space contribution. l1 * l2 

The 6, values of the new phosphonates were in the region typical for SF,- 
substituted compounds but at slightly higher field., 

The trimethylsilyl group in 4b and 5b were responsible for an additional high 
field contribution5; the signals for the (2) isomers were also found at higher field 
compared with their corresponding (E) analogues. 
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206 H. WESSOLOWSKI et ul. 

EXPERIMENTAL 

The appropriate precautions in handling moisture and oxygen-sensitive compounds were observed 
throughout this work. The reactions were carried out in 100 ml heavy-wall glass tubes, fitted with a 
TEFLON' stopcock. At - 196°C compounds 1 or 2 were condensed to 3a and 3b by using a vacuum 
line. The phosphonic acids were obtained by adding a 9:l mixture of MeOH/H,O to 4b and Sb. After 
completion of the reactions the tubes were opened in vacuo at - 196°C and fluorotrimethylsilane, excess 
alkene or other volatiles were removed by pumping at ambient temperature (see Table IV). 

MS: MAT 8222 spectrometer (electron energy 70 eV), - IR: Nicolet 5 DX FT spectrometer, spectra 
were recorded either as liquid films or as solids between sodium chloride plates, - NMR: AC 80 Bruker 
spectrometer, operating at 80.13 MHz ('H, internal standard TMS), 75.39 MHz (I9F, internal standard 
CCI,F), and 32.44 MHz (,'P, external standard 85% H3P04); d = doublet, p = pentet, dec = decet. 
Compounds 2, 3a, 3b and 7b were synthesized by literature p r o ~ e d u r e s . ~ J ~ ~ ~  

(E)l(Z)-1,3,3,3-Tetrufluoroethenyl-dethylphosphonute (4a). MS: m/z (%): 251 (M+ + H, I), 249 (M+ 
- H, l), 223 (M+ + H - GH,, 17) 195 (M+ + H - 2(;H4, 85), 181 (M+ - CF,, 27), 175 (M+ - 
C2H, - F, 57), 93 (P(OH)(OC,H,)+, 53), 65 (P(OH),+, 100), 29 (GH,+, 49) and other fragments. 
IR: J = 3046 em-' w (CH), 2991 w (CH), 2943 w (CH), 2919 w (CH), 1669 m (C=C), 1270 s (CF, 
P=O), 1024 vs (P-0-C) and other absorptions. 

C,H,,F,O,P Calcd. C 33.61 H 4.43 F 30.4 P 12.38 
(250.13) Found C 33.72 H 4.47 F29.8 P 12.17 

(E)l(Z)-1,3,3,3-Tetrufluoroethenyl-bis(trimethylsilyl)phosphonate (4b). MS: m/z (%): 323 (M+ - CH,, 
7), 299 (M+ - F - HF, 2), 269 (M+ - CF,, 4), 229 (M+ - OSi(CH3)3 -HF, 7), 147 ((CH,),Si,O+, 
loo), 89 (OSi(CH,),+ , 16), 73 (Si(CH,),+, 41) and other fragments. 
IR: J = 3060 cm-' w (CH), 2967 m (CH), 2907 w (CH), 1673 m (C=C), 1262 vs (CF, P=O) and 
other absorptions. 

C9H1p403PSi2 Calcd. C 31.95 H 5.66 F 22.4 P 9.15 
(338.39) Found C31.75 H 5.79 F21.7 P 9.19 

TABLE IV 
Reaction conditions for the synthesis of compounds (E)/(Z)-RICH - CFP(0)(ORZ)2, 4a-c, 5a-e 

(R' = CF,, SF,; R2 = Et, SiMe,, H) and 7c 

Reactants Reaction time Products b.p. (.C)/rorr Yield 
g (mmol) Temperature ("C) EiZ Ratio m.p. PC) gl% - 

5h/60,1831/25 4a (60:40) 88/114 9.53 (72) 
1: 7.11 (54.8) 
3a: 11.10 (52.8) 

14h/25 4b (60:40) 99/11 3.15 (82) 
1: 1.50 (11.4) 
3b: 3.39 (11.4) 

MeOH/H20:2.00 

2: 2.35 (12.4) 
3a: 1.60 (7.6) 

2: 2.13 (11.2) 
3b: 3.35 (11.2) 

5b: 0.60 (1.5) 
MeOWH,0:2.00 

7 b  1.56 (3.8) 
MeOH/H20:2.00 

4b: 1.38 (4.1) 24/25 4c (60:40) 1 0.79 (100) 

15d - 30 5a (5050) 37/0.001 1.39 (59) 

2dl25 5b (53:47) 38/0.001 2.32 (52) 

2d25 5e (53:47) 60 0.47 (100) 

2M25 7e2 I01 1.00 (98) 

Viscous liquid, no b.p. obtained. 100% (E) isomer. 
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(E)I(Z)-I,3,3,3-Tetrafluoropropenylphosphonic acid (4c). 

(P(OH),+, lOO), 47 (PO', 19) and other fragments. 
IR: i j  = 3073 cm-I w (CH), 2836 vs (P-OH), 2275 vs (P-OH), 1674 m (C=C), 1280 vs (CF, P=O) 
and other absorptions. 

(E)l(Z)-[l -Fluoro-2-(pentafluoro-A6-su~anyfanyl)ethy~hosphonate (58). MS: mlz (%): 309 (M+ 

MS: mlz (a): 195 (M' + H, 9), 175 (M+ 
- F, 4), 155 (M+ - F - HF, 6), 135 (M+ - F - 2HF, 2), 81 (OP(OH),+, 28), 69 (CF3+, 12), 65 

+ H, 2), 293 (M+ - CH3, 3), 281 (M+ + H - CzH4, 24), 253 (M+ + H - 2CzH4, 83), 233 (M+ 
- 2C2H4 - F, 52), 213 (M+ + H - 2CzH4 - 2HF, 49), 181 (M' - SF,, 4), 153 (F,SCH=CH+, 
66), 127 (SF,+, 37), 65 (P(OH),+, lOO), 29 (C,H;, 49) und andere Fragmente. 
IR: i j  = 3030 cm-' s (CH), 2970 vs (CH), 2870 vs (CH), 1655 vs (C=C), 1270 vs (CF, P=O), 1020 
vs (P-0-C), 860 vs (SF) and other absorptions. 

C6H,,F60,PS Calcd. C 23.38 H 3.60 F 36.99 P 10.05 
(308.18) Found C23.44 H3.56 F37.11 P 10.15 

(E)/(Z)-~l-Fluoro-2-(penta~uoro-h6-su~any~)ethenyl)ethenyl)phosphonate (5b). MS: m/z (%): 
381 (M+ - CH,, 14), 269 (M+ - SF,, 3), 229 (FP(O)[OSi(CH,),][OSi(CH,),I+, 14), 211 
(HP(0)[OSi(CH,),][OSi(CH3)z]+, 15), 147 ((CH,),Si,O+, loo), 127 (SF,+, 2), 73 (Si(CH,),+, 60) and 
other fragments. 
IR: G = 3020 cm-' m (CH), 2960 s (CH), 1660 s (C=C), 1260 vs (CF, P=O), 940 vs (P-0-Si), 
860 vs (SF) and other absorptions. 

C,H,,F,O,PSB, Calcd. C 24.24 H 4.83 F 28.7 P 7.81 
(396.44) Found C25.32 H 5.10 F28.7 P7.64 

(E)/(Z)-~l-Fluoro-2-(pentafluoro-h6-sulfanyl)etheny~phosphonic acid (5c). 

(F,PO+, loo), 81 (P(O)(OH),+, 18), 65 (P(OH),+, 51) and other fragments. 
IR: i j  = 3108 cm-I w (CH), 3088 w (CH), 2792 m (P-OH), 2294 m (P-OH), 1649 m (C=C), 1284 
s (CF, P=O), 899 vs (CF), 855 vs (SF), 605 s (SF) and other absorptions. 

(E)-~I,2-Difluoro-2-(pentafluoro-~6-su~an~l)ethenyl~phosphonic acid (7c). MS: d z  (%): 271 (M+ + 
21), 89 (SF,', 70), 85 (F,PO+, 85), 65 (P(OH),+, loo), 47 (PO+, 36) and other fragments. 
IR: i j  = 2815 vs (broad, P-OH), 1195 s (CF), 868 vs (SF), 664 m (SF) and other absorptions. 

NMR: 'H: 6 = 8.3 (OH); I 9 F  6 = +70.9 (F3, multiplet centered at h e  6 (see Reference 13), ,J,3, 

= 3.9, 4J,3F1 = 2.5 Hz), +57.1 (F, mukiplet), -133.6 (F$C(F) = ddd, 3 J p ~  = 9.7, 3 J ~ 2 ~ 1  = 22.4 
Hz); ,'P: 6 = 0.8. 

C,H,F,O,PS Calcd. C 8.89 H 0.75 F 49.24 P 11.47 
(270.06) Found C 8.96 H 0.78 F48.90 P 11.39 

MS: m/z (%): 253 (M+ + 
H, 8), 252 (M+, l), 251 (M+ - H, 7), 233 (M+ - F, 3), 213 (M+ - F - HF, l l ) ,  127 (SFS+, 7), 
125 (M+ - SF,, 7), 101 (FP(OH),+ , 39), (F,PO', loo), 81 (P(O)(OH),+, 18), 65 (P(OH)Z+, 39), 85 

H, 27), 270 (M+, 2), 151 (C,F,S+, 44), 143 (M+ - SF,, 76), 127 (SF,', 20), 123 (M+ - SF, - HF, 
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