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ORGANOPHOSPHORUS CHEMISTRY. 

PART 19. FREE-RADICAL ADDITION OF DIALKYL PHOSPHITES 

TO POLYFLUORO-OLEFINS 

H.N. P;ASZ!:LDI1JE, D.L. HOESON, and D.R. TAYLOR 

Department of Chemistry, University of Manchester Institute 

of Science and Technology, Manchester L!60 IQD (Gt. Britain) 

An improved procedure for the peroxide-catalysed 

addition of dialkyl phosphites to tetrafluoroethylene is 

described, and the reactions of diethylphosphite with 

chlorotrifluoroethylene, l,l-difluoroethylene, perfluoropropene, 

and 3,3,3-trifluoropropcne have been investigated and found 

to yield diethyl 2-chloro-1,1,2-trifluoroethylphosphonate, 

diethyl 2,2-difluoroethylphosphonate, an to:20 mixture of 

dicthyl 2!-hexafluoro-;-propylphosphonate and dietnyl 

Iti-hexafluoropropyl-2-phosphonate, and diethyl 3,_5,3- 

trifluoropropyl-I-phosphonate, respectively. 

Free-radical addition of a dialkyl phosphite to an 

olefin (Scheme 1) usefully yields dialkyl alkylphosphonates [2,31, 

(RO)2P(:O)II + In* --------+ In-H + (RO)2P (:oj* 

(R0)2P(:O)* + )C-C: -----4 (RO)2P(:O).;.+. 

(RO)2P(:O).~+ + (R0)2P(:O)H ----+ (RO),r(:O).++ + 

(In. = initiating radical) 

(RO)2P(:O)* 

but although fluoro-olefins react smoothly \cith phosphine c1t,5] 

and with secondary alkylphosphines and fluoroalkylphosphines L6,71, 
dialkyl phosphites give only lorr and variable yields of dialkyl 

polyfluoroalkylphosphonates, RfP(:O)(OR), i&-11]. A study of 
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the effect of reactlon variables on adduct yields in the 

peroxide-catal;rscd. addition of dimethyl and diethyi J,ilo:,;);lite 

to tetrafluoroethylene, now reported, has given a satlsfac‘tory 

reproducible procedure VJMCI: h&s been applied to reactjons 

of dlethyl phosphite with a range of fluoro-olefins. 

Ootimisation of the DiallWl Phosnhitc-Tetrafl.uoroe%~?riletle Rcactinn -_- - _--.-___- ..____-3___-____...------. .._- - _--Y___--- ------- 

No reacticn occurs when tetraflvoroethylene and dlethyl 

phosphite are heated In the dark unless a free-radical initiator 

is present. Uith di-t-butyl peroxide in a metal autoclave, the 

rate of olefin consumption varies widely from experiment to 

experiment and is often extremely slow, as noted previously 19-J. 

Conditioning the reactor by a serLes of preliminary run5 gives 

marked improvement [cf.experiments 2, 3 and 4 (Table 1) wIhere - 
olefin consumption rises from 23 ;< after 23 h to 9&$ after 4 h 

in successive, essentially identical, experiments], but such 

improvement fails if subsequent runs are long-delayed (Tabie 1, 

expt. 5). 

High and repr0ducibl.e olefin consumption rates are, however, 

obtained by use of a Pyrex inner vessel or liner to minimise 

contact with metal. Thus with an approximately 3*1:0.05 molar 

ratio of phosphite : olefin : peroxide, olefin conversions 

invariably exceeded 7093 after 6 h at 130 'C, and were improved 

to >,95$ by rocking (Table 1, expt. 6). 

Distillation, preferably through a spinning-band colutixl 

at low pressure to maintain stillpot temperature at <IO0 OC, 

gave the I:1 adduct, diethyl 1,1,2',2-tetrafluoroethylphosphonrte 

in 30-355: yield; telomers H[CF2.CF2]n.P(:O)(OEt)2(~ >I) were 

invariably formed. 

Diethyl Phoslhite-Fluoro-olefin Reactions .--- ----_-h .-___-___I_-____I__ 

Diethyl phosphite was similarly treated with chlorotrifluoro- 

ethylene, 1,1-difluoroethylenc, perfluoropropene, and 

3,3,3-trifluoropropet~e. Almost complete conversions (90-9o::j 

of olefin were observed routinely after 6-12 h at 130-150 'C, 

with the exception of pcrfluoro!~ropene which reacts more slorJg. 
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The s~~u~?;uIxS of the I:1 adducts o'otnincd (see Table 3) 

were established b-y n.m.r. spectroscopy (Table 2) and arc 

wholly consistent with a free-radical mechanism initiated 

by addition of the (Et0)2P(:O). radical to the fluoro-olefin. 

Only in the case of hexafluoropropene was a mixture of 

isomeric 1 :l adducts detected, the predominant isomer arising 

by addition of (Et0)2P(:O) l at the terminal CF2-group, the 

site also preferred by the H2P* radical [4]. 

As an alternative to peroxide catalysis, photochemical 

initiation was briefly investigated using l,l-difluoroeth~I.ene 

and a 3:l excess of diethyl phosphite, but although most of 

the olefin had reacted after 24 h, only a low yield (E. 22,;) 

of 1 :l adduct was obtained together with numerous unidentified 

by-products. 

Exnerimcntal _-- 

Conventional vacuum transfer techniques were used for 

gaseous materials. Distillation: 1 m Haage spinning band 

column, fitted with a stainless steel band (Column A), or 

a 30 cm Podbielniak column packed with Heligrid (Column E); 

Column A used unless otherwise stated. IJ.m.r. spectroscopy: 

Perkin-Elmer RIO, operated at 60 KrIz for 1 H, 56.46 PIHZ for 

"F, and 24.29 MHz for 31,. Mass spectrometry: A.E.I. MS/23. 

Analytical g.1.c.: Perkin-Elmer Models 154 and 116: Pye 

Model 104 Fractometers. 

Reaction of Dialkfi Phos$lites !Jit~~UO??o-OlefinS. - (a) ___-_ -.- _- _--..-- _- -__---. 

General Procedure. ___ .._--.-.- A solution of di-&-butylperoxide in the 

dialkyl. phosphite was placed in a Pyrex liner, which V?as then 

put into a silver-lined autoclave (TOO ml). After pressure 

test and degassing, the fluoro-olefin was admitted in vacua, 

and the autoclave was heated and roc!ted vigorously about an 

horizontal'axis. After reaction the unreactcd olefin was 

taken into the vacuum system, and the autoclave dismantled 

to obtain liquid products. See Tables 1 and 2. 

Control experiments showed that there was no reaction 

in the absence of initiator, and concurrent nucleophilic 

attack did not occur. 
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(b) Dimethyl 1 ,I ,2,2-tetrafluoroethyl~phosphonate (11.4 g, -.- - -~__ 

54.3 mmol, 407; on olefin consumed) had b.p. 67-70 OC/lO mm:& 

(lit.C9], b.p. 72-4 'C/IO mmIig). 

(c) xhyl 1,1,2,2-tetrafluoroethylphosphonate (6.9 g, 29.1 mmol, 

3376 on olefin consumed) had b.p. 83-5 ‘C/IO mmHg (lit.[.pJ, 

b.p. 67 'C/10 mmHg). 

Diethyl 4g-octafluoro-n-butylphosphonate (1.6 g, 4.E mmol, 

11% on olefin consumed) b.p. 100-102 'C/10 mmHg (lit.,[gJ 

b.p. 95-6 'c/5-6 mmHg)was also isolated by distillation. 

(d) Diethyl 2-chloro-1,1,2-trifluoroethylphosphonate, The 

crude product, purified by distillation, b.p. 96-99 'C/IO m.mHg, 

followed by preparative-scale g.1.c. (2 m MS550 Silicone 207; 

on 60-80 Celite at 150 'C), gave diethyl 2-chloro-1,1,2- 

&rifluoroethyl~hosphonate (total yield estimated by g.1.c. : 

6.70 g, 24.5 mmol, 12% on olefin consumed) (Found: C, 28.6; 

H, 4.6; cl. 14.0; P, 12.2;;; i+, 254, 256. C6H11C1F303P 35C,), 
requires C, 28.3; H, 4.3; Cl, 14.0; P, 12.2%; I$ 254 for 

n2f 1.402, Kmax 35OPWJ 3012m, 2950m, 1764w, 1479m, 1445m, 1396m, 

1372m, 1342w, 1274s, 119&, 1163~, 1115s, 1058s, 1015s, ~&OS, 

952m, &44m, 78Om, 735 cm". 

(e) Diethyl _2_,_2?dif_lKo_reh_ylphosphona&. Distillation of the 

crude material gave diethyl 2,2-difluoroethylphosphonate 

(total yield estimated by g.1.c. : 24.0 g, 0.119 mmol, 49:: on 

olefin consumed) (Found: C, 35.3; H, 6.4; P, 16.9%; $, 202. 

C6H,3F203P requires C, 35.6; H, 6.4; P, 15.4s; M, 202) 

n2; 1.39&t Kmax 3012s, 2959m, 1481w, 1448w, l412m, 1393s, 1370m, 

125Fs, l242s, 1195m, 1l64m, ll17s, l099m, lO22s, 995s, 962s, 

e45-&40m, &l&m, 7EOm, 729~ cm-‘, b.p. 91.5-93 'C/IO mrrtig. 

A colourlcs~: oil, (2.L g) b.p. L3-4 'C/3 r,Mi~, puri.f':cd 

by g.l.c. (2 m :r.S5>0 Silico:ie 20;, on CO-i0 Celite at 150 oC), 

gave dici;i-!‘~: _- __.-._.LL_z~~L!__ 'J " :L I,-trb<;ra fl,Jor~o-n-h:~1-.;l-ly,‘nos~,l?on::te (total ‘--__-._-_--_. __l 

7riejd esti7ai;pd ‘r-* .’ - JJ s.1.c. z.t,O g, 14.3 ::lmol, 3;: on olsfin 

consixed) (?o~.nc!: C, 35.9; H, 5.5::; !I"-, 22G. C~II,5~403' 
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requires C, 36.1 ; H, 5.6;;; 2, 266) ny 1.396, Kmax 35@Ow, 

eggos, 2935m.. 2515m, 2l7O;ir, 1760::, 14I4~;!, 144ic:, 14%3s, 139T{rfl, 

13ya, 1340;-!1, 1315-1297~1, 125&, 1179, 112ck, IoGos, loyh, 

9&5-t65S, C7r{i11, tA’[ii~, 7953, '/'iOr~, 740x1, 709~ cmal , ‘Ii n.m.r. 

bands at (p.p,m. rel. to ext. bc;z,ene) 0.5 (CFJF,, tit, 

56 HZ, 3+ s. 5 HZ), 2.55 (ocjg-,, dq, 
2JT,g 

19; n m r 

jJIip 9 FZ), 3.9-4ei~ 

(2xCH2, Zxdtqj, 5.35 (:?e, t), . . . -_ bands at (p.p.m. 

upfield of ext. CF,.C02E) 8.-j (P.CIi2.C?Y2, ddt, 'ZFP 26 Zz), 

37.5 (CTW2, et, 2iFH 55 Hz), 

(f) DiethJl he~rafluoron~~on~_?:hosnI?onates. A portion (69.0 g) ---- _ -_a_-____- 
of liquid reaction product (102 c;) v7as distilled through 

Column I? to remove diethylphosphitc,, then through Column A 

to give a fraction b.p. Ei6-7 'C/IO mm?& (11.3 g) apparently 

a single component by g.1.c. (2m SX30 and 2 m PEGA, 10;; on 

GO-?0 Celite, at 120 'C) but shown by n.m.r. (Table 2) to 

consist of an CO:20 mixture of diethyl 2H-hexafluoro-n- -- - 
propylnhosnhonate and diethyl III-hexafhioror,rony1-2-nI.iosn~onai~e -_ - --- - - --- 
(estimated total yield 1c.2 g, 63 rnmol, 62;: based on olefin 

consumed) (Found: C, 29.5; H, 4.1; P, 11.0:;; IJ+, 2e0. 

C7F,,FG03? requires C, 29.2; H, 3.C; P, 10.85:; M, 2%) n2; 

1 .363, Kmax 3510-34lOw, 2gg3m, 291cOw, 2925w, 2%Ow, 14t:3w, 

145ov7, 1397x, IjL'[m, 137Cm, 128os, 12lCS, 1192s, 111‘Os, 1110s, 

1065s, 1027s, 9SCrn, g$m, 1:5w, 853w, 830m, 8OOw, 755~1, 730~7, 7164 

690m, 665%'7 CiTlql a Structural identification was assisted by 

the follonine features in the "F n m r . . . spectrum of the 

mixture: (i) the major component has an asymmetric centre 

[CF2-resonance an AD doublet of doublets, each A-component 

a doublet (2jPF 93 Hz) of ten line multiplets, analysed as 

a doublet' of quartets of doublets (2 values ea. 11, 11, and - 
5-6 HZ, respectively]; (ii) a CF 3.CHF.CF2.P group in this 

component is supported by the CF3-resonance (doublet of triplets 

Or doublets of doublets) and CIIF-resonance (doublet, 5_ L+lI 
k2 IIZ, of quartets of triplets); (iii) a P.CF(C!!F 2 j.C? 3 ;:rco:;p 

in the minor component is ini?icated by the CF-resonance 

(doublet, 
27 
'lFP 71 ?Iz, of doublets of quartets with further 

fine structure j . Inte~rration of the CF3-resonances of the ZKO 

isomers was used to determine the isomer ratio. 
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(6) Diethy 3,3, j-trif:uorOprO~j~~l-l-nho-nhonate. Distill.a'cion .---- 
of crude product (43.2 g) gave diethyl phosphite (26.2 g), and 

a fraction (4.6 g) b.p. 79-80 'C/5 mmHg shown by g.1.c. to 

'consist of a single component identified as diethyl 3,3,3- 

Qifluorooronyl-I-phosohonate (estimated total yield 7.5 g, -_ 
32.3 mmol, 39:: on olefin) (Found: C, 36.2; H, 6.0; P, 13.55: 

g+, 234. C7H,4F303P requires C, 35.9; H, 6.0; P, 13.3$; LJ, 234) 

n2z 1.313, Kmax 2990m, 294Ow, 2915w, 2E&Ow, 1484w, 1450m, 142lw, 

13Ein, 1374w, 1311m, 1275s, 1263~, 124os, l;?lks, 1166s, 1142's, 
r 11 OOm, 1084s, 1060s, lO27s, gj2s, &55m, 816m, 797m, 757w, and 

72ow cm-' . 

Photochemical addition.- A mixture of l,l-difluoroethylene ____.-___I- 

(3.20 is:, 50 mmol) and diethyl phosphite (20.7 g, 0.150 mol) 

was irradiated in a sealed silica tube (340 ml) placed 20 cm 

from a 500 watt Hg-vapour Hanovia lamp for 24 h, to give 

l,l-difluoroethylene (9;; recovery) and a yellow liquid shown 

by g.1 .c. (2 m PegA 10;; on GO-CO celite at 125 OC) to contain 

diethyl phosphite, diethyl 2,2-difluoroethylphosphonate 

(estimated yield 22;; on olefin consumed), diethyl 2,2,4,4-- 

tetra.fluorobJtylphosphonate (ca. - 15) and several unidentifi.cd 

co:nponents. 
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