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In a previous paper [1] we descrlved a new method of preparing esters of fluorinated ~Ec~enylphosphomc acids of 
the formula below by the reacuon of trlalkyl phosphites with perfluoro olefms: 

0 OR 
\ \ n /  

C ---- CF2 -t- P (OR)3--~ C = C F - - P  
/ / \ 

OR 

This paper ~s concerned with an mvestlgat~on of the character of the polarization o f  ~be olefimc bond m perfluo- 
ropropenyl- perfluorolsobutenyl-, and a-hydrohexafluorohobutenyl-phosphonic esters. In ~e.  competmon for con- 

jugation with the olefmic bond one trifluoromethyl (or other perfluoroalRyl) group has ~ e~ctron-wlthdrawing effect 
than other negauve groups (carboxyl [2,3], alkoxycarbonyl [2,4], nitro [5]), and the negative -~r~ of the zeagent under- 
going addition goes into the a-position to the trlfluoromethyl group. On the other hand. r . ~  ~rifluoromethyl groups 
have a stronger electron-withdrawing effect than other negative groups (carboxyl [61, aE~ex-~c~rbonyl [6,7], two alk- 
oxycarbonyl [8], keto [9], nitro [8]), 

CF~--CH=CtI - -X + HB ~ CF3- -CHB--CI I r -X  

c.F3,,,, / •  CF~'~t;~---C/X + HB D /CH~CB. 
C F r  / ~ \u C F ~ " *  . \ u  

Here It must be remembered that in the cases enumerated the true addnlon of the =~c~ophihc  reagent does not 
always occur. Thus, m the reaction of nucleophfllc reagents with 2-mtro-1,  1-bistrifluere~e~ytethylel.le replacement 
of the nitro group occurs [8]. In thLs case the intermediately formed anion ts stabilized ~ ~ the addition of a proton, 
but by the rejection of nitrite ion. 

Cr ~ \  CF3..\e-~ / B  ~ CF~. r e 
~,C=CHNO~ + B| " - - -~  __C-'-CtI.~ , / . . = C ~  § .~O, 

CFr C F f  hOz CF~ 

This case also provides an illustration of the more powerful electron-withdrawing effect  o f  t~'o trifluoromethyl groups. 
If this effect had been weaker than the effect of the nitro group, than the nucleophilic r e a ~  would have added in 
the •-position: 

CFs CFs 

\ C  m CHNO:H B ~ ~CB - -  CHsNO2 
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On the basis of the behavior of the diethyl esters of perfluoropropenyl-, perfluoroisobutenyl-, and o,=hydtohexa- 
fluoreisobutenyl-phosphonic acids we have studied the competiuon for conjugation with the olehmc bond between, on 
the one hand, one or two trifluoromethyl goups, on the other, the esterified phosphono group. The reaction of dlethyl 
perfluoropropenylphosphonate with piperidine at 0* leads to diethyl 2-piperidmotetrafluoropropenylphosphonate: 

0 OC4Hs 0 OCsH5 

c ,cv = ' / "  + - .  c r ,  - -  C = CV%,"" 
I 

~OC4Hb NCsHlo \OC4Hs 

The structure of the ester obtained was proved by its hydrolysis by 60% sulfuric acid to tetrafluoroacetone. Under 
milder conditions we isolated the product of partial hydrolysrs-the corresponding B -keto phosphomc acid. 

. .qOq,, HC] ~ CF3-- C-- CHF -- PO (OH)~ 

1 " 
CF, -- C = CF -- PO (OC, II~ h- O 

[ �9 . CF, -- C-- CHeF + H,POr 
N C4Hlo 6~ HCI 1[ 

O 

Similar breakdown of the simplest B -keto phosphonic ester was described by B. A. Arbuzov and co-workers [10], 
but in this case the free B-ke to  phosphonic acid was not isolated: 

~ HCl 
CI~COCHzPO(OR)z ' 126-130" �9 [CI-I~COCH2PO (OH)2] -" CH3COCH3 § H3PO4 �9 

Here we again see the analogy between the phosphono and carboxy groups that we noted by A. E. Arbuzov [11]: t3-keto 
phosphonic acids behave like B-keto carboxylic acids. 

Diethylamine also reacts with perfluoropropenylphosphonic ester wi~n formation of dlethyl 2=dlethylammotetra- 
fluoropmpenylphosphonate: 

CFsCF = CFPO(OCIHs) z , (C-~Hs) 2 NH -,- CF)C = CFPO(OCzHs)z. 

I 
N (C~l-ls): 

Perfluoropropenylphosphonie ester does not react with ethanol In presence of triethylamme. In presence of po- 
tassium ethoxide reaction leads to diethyl 2-ethoxytetrafluoropropenylphosphonate: 

CF:)CF = CFPO(OC_~Hs) z + C~HsOH C~HsOK, CF~C = CFPO(OC~Hs} z. 
I 
OqH5 

Hence, the esterified phos_phono group has a more powerful electron-withdrawing effect than one t:ffluoromethyl 
group: the nucleophilic reagent attacks the carbon atom adjacent to the trifluoromethyl group. The amon m stabdized 
by the reject,on of a fluoride ,on, and the reaction results in the formation of the product of the replacement of wnyl 
fluorine, i.e. a B-subst,tuted perfluoropropenylphosphonie ester: 

.,Be t[,rb 
cv~-c~=cr--Po(oc, HO,---.- C2~:--~-PO('Oq~),---,.-CF,-,~=Cr-po(oc, H~h 

B B 
-*CFa -- C - - - -  Cg -- PO(OCIHs), 
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Dlethyl perfluoroisobutenylphosphonate behavesquitedlfferently. Its reaction with ethanol in presence of tn -  
ethylamme gives dmthyl a-ethoxyhexafluoroisobutenylphosphonate This compound was obtained also from 1-ethoxy- 
1,3,3,3- tetrafluoro-2-(trxfluoromethyl)propene and triethyl phosphlte; the infrared spectra of the two samples were 
found to be ldenucal. 

CF: CFa PO (OOaHs)~ 
\ (C, HD~N \ / 
C = CFPO (OC~H6)~ + C~HsOH -* C = C 

/ / \ 
CFs CF: OCmHs 

7 
CFs \ / 

C = CF - -  OCiH~ + P (OC~H~)~ 
/ 

CFs 

By the action of ethanol m presence of sodium ethoxlde the fluorine atoms m diethyl perfluoroisobutenylphos- 
phonate are completely mineralized, which is usual for such compounds [12] 

The action of dlethylamine on diethyl perfluorolsobutenylphosphonate leads to N-(a-hydrohexafluoroisobutenyl) 
diethylam ine: 

[ ] (CF:~C = CFPO ~,~2rls)~ - (CF:). C = C -- PO (OCzHQr 

N (C.~Hsh 
(CF:)2 C = CHN (C:H~)a 

The C - P  bond in the a-aminohexafluoroisobutenylphosphonm ester is evidently very weak and i.c, broken under 
the action of excess of dmthylamine. The structure of the enam me obtained was proved by its hydrolysis to ct-hydro- 
hexafluorolsobutyraldehyde; the 2,4-dmltrophenylhydrazone of this aldehyde was ldentmal to the hydrazone prepared 
earlier [8] from 1-nitro-3,3,3-tnfluoro-2-(trifluoromethyl) propene: 

(CF:)~ C = C H N (C:Hs),." H' O [(C F.~)~. CHC H O] ,r No _ 
(CFs)tC = CHNOs: , (CFa), CIICII = NN H -- -- NO: 

By the hydratmn of dlethyl perfluorotsobutenylphosphonate m aqueous-dloxane solution in presence of trlethyl- 
amine we obtained trifluoropropionaldehyde. It is evident that the hydroxyl adds at the a -ca rbon  atom and the rater- 
mediately formed a-hydroxy phosphomc ester is converted m an a -ke to  phosphomc ester with eliminatton of hydrogen 
fluoride. It is known [13] that under the action of atkahne agents ct-keto phosphontc esters break down with formatxon 
of aldehydes. A similar reaction probably occurs in the present case, and also at some stage one of the trdluoromethyl 
groups m hydrolyzed to carboxyl and the resulting carboxyhc acid is decarboxylated: 

HtO 
"(CFsh C ---- CFPO (OG, Hs): ,'7-57-=, J* [(CFsh CH - -  CFPO (OCsHsh] - .  

t 
OH 

] CH -- C - -  PO (OCsH~)s - ,  CF:CH~CHO 
/ 

H OCO u 

Another compound suitable for the study of the competing effect of two mfluoromethyl groups, on the one hand, 
and a phosphono group, on the other, in addition reaction of nucleophflic reagents is diethyl a-hydrohe~:afluoroisobu- 
tenylphosphonate. We synthesized this compound by the reaction of 1,3,3,3-tetrafluoro-2-(trlfluoromethyl)propene 
with trlethylphosphite: 
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(CF$)i C = CHF § P (OC2Hs: h ~ (CF~) z C = CHPO (OC.zHs) z 

Piperidine adds to a-hydrohexafluoroisobutenylphosphonic ester with formation of the corresponding 
a-substituted derivative 

(CFs) 2 C = CHPO (OC2Ha) ~ + CsHt0NH -*(CFa h CH--CH--PO (OC2Hs) 2 
I 

NCsHt0 

Boiling of diethyl a-piperidino-a,  B-dihydrohexafluonsobutylphosphonate with an alcoholic solution of 2,4-dmltro- 
phenylhydrazine in presence of sulfuric acid leads to the 2,4-dinitrophenylhydrazone of a-hydrohexafluorolsobutyr- 
aldehyde. 

(CFs) z C H - C H - P O  (OC2Hs) ~ (CFs) z CH "CHO 

I 
NCsH10 

It follows from the above that two trifluoromethyl groups have a more powerful electron-withdrawing effect 
than one phosphono group. 

EXPERIMENTAL 

,Diethyl 2-Piperidinotetrafluoropropenylphosphonate.: 15 g of diethyl perfluoropropenylphosphonate in 30 ml 
of dry e'~er was added slowly to a solution of 11 g of pipendine in 25 ml of dry ether with vigorous stirring and 
cooling to 0 ~ After one day piperidine hydrofluoride was filtered off, and by disullation of the filtrate vJe isolated 
12.9 g (78%) of diethyl 2-piperidinotetrafluorepropenylphosphonate; b.p. 140" (8 ram); n2~ 1.4310; d~ ~ 1.298; 
found: MR 69.83; calculated; MR 70.32. Found: C 43.41; H 6.00; F 24.51; N 4.3890, CI2H20F40~NP. 
Calculated: C 43.24; H 6.00; F 22.82; F 4.20%. 

Die thy l  2-Diethylaminotetrafluoropropenylphosphonate. This was prepared similarly to the preceding com- 
pound from 13.4 g of diethyl perfluoroprcpenylphosphonate and 15.6 g of diethylamme in 100 ml of dry ether. 
Yield 12.3 g (70%); b.p. 108-109" (6 ram); n~  1.4120; d~ ~ 1.184; found MR 67.61; calculated MR 66.90. 
Found: C 40.74; H 6.28; F 23.38%. CnH20F4NO 3. Calculated: C 41.12; H 6.23; F 23.67%. 

Aniline. 1-H)Mro-2-oxotetrafluoropropylphosphonate. 10 g of diethyl 2-pipendinotetrafluoropropenylphosphonate 
was heated with 30 ml of concentrated hydrochloric acid in a boiling water bath for 24 hours. The hydrolyzate 
was extracted with ether in an extractor for 20 hours. Ether was distilled off. and the residue was treated with amlme. 
We obtained the aniline salt; yield 7.6 g (8490); m.p. 146-147" (from acetonitrile). Found: C 35,38; 35.28-. 
H 4.10,4.07; F 24.76; 24.61; N 4.62; 4.61%. C~-ll0F4NO 4. Calculated: C 35.64; H 3.26; F 25.08;N 4.6390. 

Tetrafluoroacetone. 19.5 g of diethyl 2-plperidinotetrafluoropropenylphosphonate was boiled for 12 hours 
with 35 ml of 60% " '  " sulfurm acid. The hydrolyzate was extracted with ether for 72 hours. Ether was d~std]ted off, 
and concentrated sulfuric acid was added to the residue. Distillation gave 5.2 g (74%) of tetrafluoroacetone, b.p. 
50-51"; 2,4-dinitrophenylhydrazone, m.p. 146-147" (from aqueous alcohol). Found: C 34 90; H 1.98; F 24.32; 
N 18.02%. CsI-l~4H40 $. Calculated: C 34.83; H 1.61; F 24.51; N 18.06%. A mixture with the 2,4-dmltropheayl- 
hydrazone of a known sample of tetrafluoroacetone [14] melted without deprecslon. 

Diethyl . . . .  2-Ethoxytetrafluoropropenypl hosphonate. A solution of 1.2 g of potassium hydroxide in 15 ml of 
absolute alcohol was heated to 40", and 11 g of dmthyl perfluoropropenylphosphoaate was added. After 20 hours 
potassium fluoride was filtered off (1 g), the filtrate was diluted with water, and the organic layer was separated 
and dissolved in ether. The ether layer was washed with water and drmd. Ether was driven off, and two fraction- 
atiom gave 3.8 g of unchanged diethyl perfluoropropenylphosphonate, b.p. 80-81 ~ (6 ram) and n~ 1.3760, and 4 g 
(54%, based on the amount of the original ester that reacted) of diethyl 2-ethoxytetrafluoropropenylphosphonate-. 
b,p. 110-111 e (4 ram); n ~  1.3930; d~ ~ 1.275; found MR 55.25; calculated MR 54.57. Found: C 36.68;; 36.57.. 
H 5.225 4.98; F 26.56; 26.43%. CgHI5PaO4P. Calculated: C 36.61; H 5,09; F'25.76~o. 

Diethyl r,,EthoxYhexafluoroisobutenylphosphonate" 15 g of dmthyl pcrfluorolsobutenylphosphonate was added 
with s t ~ g  and cooling with cold water to a solution of 4.5 g of triethylamine in 20 ml of absolute alcohol, After 
20 hours triethylamine hydrochloride was filtered off, the filtrate was poured into water, and the organic layer was 
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separated, washed with water, and dried. After the removal of ether fractional distillation gave 12.1 g (72%) of 
diethyl a-ethoxyhexafluorisobutenylphosphonate; b p. 111-112" (7 ram); n2~ 1.3910; d~ ~ 1.317; found MR 62~22; 
calculated MR61.88. Found: C 34.78; 34.76; H 4.38; 4.42; F 32.67; 32.96%. CIoHIsFsO~P. Calculated: C 34.78; 
H 4.33; F 33.04a/0. 

A mixture of 8.3 g of triethyl phosphite and 17 g of 1-ethoxy-l,3,3,3-tetrafluoro-2-(trifluotomethyl)propene 
was heated in an autoclave in a boiling water bath for eight hours. A low-boding fraction was distilled from the 
mixture at room temperature under a residual pressure of 20 ram. The restdu~ was dissolved in ether, and the 
ethereal solution was washed with sodium bicarbonate solution and with water and then dried. Fractional dlst~llation 
gave 6.0 g of the original ethoxy tetrafluoro (trifluoromethyl)propene, b.p. 113-114" and n~ 1.3240, and 5.9 g [38.0% 
based on the amount of the ethoxytetrafluoro-(trifluoromethyl)propene that reacted] of diethyl r 

z0 1.3910; d~ ~ 1.3~5o The infrared spectrum of the product was isobutenylphosphonate; b.p. 94-95* (2 mm); n D 
identical with that of the a-ethoxyhexafluoroisobutenylpho~phonic ester obtained from dlethyl perfluorcisobutenyl- 
phosphonate. 

N-(a-Hydr0hexafluoroisobuten)d)diethylamme. 14 g of dlethyl perfluorolsobutenylpho~phonate in 30 ml of dry 
ether was added to a solution of 14.6 g of dlethylamme in 50 ml of dry ether at room temperature. Alter a few 
days diethylamine hydrofluoride was filtered off. Distillation of the f~hrate gave 5.6 g (54.4%) of N-(C~-hydrohexa- 
fluorolsobutenyl)diethylamme; b.p. 59-60" (5 mm); n~i~ 1.3820; d~ ~ 1.280; found MR 42.5; calculated MR 42.46; 
Found: C 41.29; 41.21; H 4.91; 4.88; F 47.09; 47.02; N 6.16; 6.07%. CsHI1F6N. Calculated: C 41.60; H 4.80; 
F 49.50; N 5.98%. In addition we obtained a fraction of b.p. 60-90" (5 mm); this was not investigated further. 

.2,4-Dimtrophenylhydrazone . . . . .  of a-Hydrohexafluoroisbut., ~.raldehyde: A small amount of N-(a-hydrohe• 
isobutenyl)diethylamine was boded with aa excess of an a!cohohc solution of 2,4-dimtrophenylhydrazme m presence 
of sulfuric acid. The precipiute formed was crystallmed from heptane; the hydrazone had re.p. 115-116", 
undepressed by admixture of a known sample [8]. Found: C 33.67; 33.49; H 1.57; 1.72; F 30.98; 3C'.56%. 
C10H6F604N I. Calculated: C 33.34; H 1.6~; F 31.65%. The 2,4-dmltrophenylhydrazone of a-hydrohexafluoro- 
/sobutyraldehyde was prepared also from diethyl a-piper idmo-a,  B-dlhydrohexafluoroisobutylphosphonate (see below). 

2,4-Dinitrophenylhydrazone of 3,3,3.?Trifluoropropionaldehyde. 1.4 g of triethylamme was added cautiously 
to a solution of 14 g of diethyl perfluorolsobutenylphosphonate in 18 ml of dtoxane and 2 ml of water; much heat 
was evolved, and the mixture came to the boil. After one day the mixture was treated with excess of an alcoholic 
solution of 2,4-dmitrophenylhydrazine in presence of sulfuric acid. We obtained 5.45 g (44%) of the 2,4-dmltro- 
phenylhydrazone of 3,3,3-trifluoropropionaldehyde, m.p. 148-149" (from heptane). The literature [15] gives rn.p. 
150.2-150.8". Found: C 37.31; H 2.43; F 17.96%. CslqyFsO4N 4. Calculated: C 36.96; H 2.38; F 19.50%. 

Diethyl a-Hydrohexafluoroisobuteny!phosphonate. A mixture of 25 g of triethyl phosphite and 18..0 g of 
1,3,3,3-tetrafluoro-2-(trifluoromethyl)propene was kept at room temperature m an autoclave for 16 hour:so A low- 
boiling fraction was driven from the mixture at room temperature under a residual pressure of 20 ram. 'The residue 
was dissolved m ether, and the ethereal solution was washed w~th sodium bicarbonate solution and with water, and 
was dried. Dmillation gave 10 g (40%) of diethyl a-hydrohexafluoro~sobutenylphosphonate; b.p. 80-82* (6 ram); 
n~ 1.3765; d~ ~ 1.321; found MR ~2.20; calculated M~ 50.78. Found: C 31.64; 31.80~ H 4.22; 4.36; F 37.10; 
36.91: P 9.74%. CsHI.tF~O~P. Calculated: C 32.00; H 3.66; F 38.00; P 9.68%. 

Dxethyl a-Piperidino-a, B-dlhydrohexafluorobutylphosphonate. 7.8 g of dlethyl a-hydrohexaflucrolsobutenyl- 
phosphona-"-te was added gradually to a solution of 3.4 g of plpendme m 20 m! of dry ether, After 24 ho~lrs the mix- 

d" ture was distilled and gave 7.6 g (76%) of dlethyl a -p lpendmo-a ,  a -  ihydrohexafluorolsobutylphosphor ate; b.p. 
60-62 ~ (0.1 ram); n~ 1.4120; d~ ~ 1.2182~ found MR 77.87; calculated IvtR 76.12. Found: C 40.18; [~9.86; 
H 6.14; 6.24; F 26.93; 27.08; N 3.13; 3.14; P 8.66; 8.34%. CmHr~F6NO3P. Calculated: C 40,50; H 5.88; 
F 29.34; N 3.81; P 8.05%. 

By boiling diethyl a-piperidino-a,  B -dihydrohexafluorotsobutylphosphonate with excess of an alcoholic solu- 
tion of 2,4-dmitrophenylhydrazine in presence of sulfuric acid we obtained the 2,4-dimtrophenylhydrazone of oc- 
hydrohexafluoroisobutyraldehyde in 79% yield; m.p. 115-11G" (from hepzane). A mixture wlth a know~J sample [8] 
melted without depression, 
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SUMMARY 

1. In competition for conjugation wlth an olefinic bond the phosphono group has a more powerful electron- 
withdrawing effect than the trifluoromethyl group. The reaction of dlethyl perfluoropropenylphosphonate wlth 
various nucleophilic reagents leads to products in which a fluorine atom in the 8 -position relative to the phosphono 
group is replaced. 

2. It was found that the electron-withdrawing effect of two trifluoromethyl groups is more powerful than the 
e f f ec t  du~ to one phosphono group: in the reactlon of diethyl perfluoroisobutenylphosphonate wlth nuclcophihc 
reagents it is the a-fluorine atom that is replaced; m the case of dlethyl a-hydrohexafluorolsobutenylphosphonate, 
addition products are formed with nucleophilic reagents, i.e. a-substltuted-a, B-dihydrohexaflnoroisobutylphosphonic 
e.ste~. 
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ALl abbreviations of periodicals in the above blbUography ave letter-by-letter transliter- 
ations of the abbi-eviations as given in the original Russian journal. Some or ell of this pen-  
odtca! literature may well be available in English tra~alatJon. A complete Ust of the cove~- to- 
cover Engl ish translations eppears at the back of this i s sue .  

1444 


