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In a previous paper [1] we descrived a new method of preparing esters of fluorinated afenylphosphonic acids of
the formula below by the reaction of trialkyl phosphites with perflucro olefins:
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This paper 1s concerned with an 1nvestigation of the character of the polarization of the olefinic bond wn perfluo-
ropropenyl- perfluoroisobutenyl-, and a-hydrohexafluoroisobutenyl-phosphonic esters. In e competition for con-
jugation with the olefinic bond one trifluoromethyl (or other perfluoroalkyl) group has less electron-withdrawing effect
than other negative groups (carboxy1[2,3], alkoxycarbonyl [2,4], nitro [5]), and the negative pan of the reagent under-
going addition goes into the a-position to the trifluoromethyl group. On the other hand, two mifluoromethyl groups
have a stronger electron-withdrawing effect than other negative groups (carboxyl {61, alkexycarbonyl [6,7], two alk-
oxycarbonyl {8], keto [9], mitro [8]).
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Here 1t must be remembered that in the cases enumerated the true addition of the mmcieophilic reagent does not
always occur. Thus, 1n the reaction of nucleophilic reagents with 2-nitro-~1, 1-bistriflucrermethylethylene replacement
of the nitro group occurs [8]. In this case the intermediately formed anion is stabilized mor by the addition of a proton,
but by the rejection of nitrite 10n.

cr, CFn &Y B CcF
>c--—cm~:og + B® —> 3\‘c——cn@, —_— >c=c;n + wo?
CFy cF” NO, CFy

This case also provides an illustration of the more powerful electron-withdrawing effect of ewo trifluoromethyl groups.
If this effect had been weaker than the effect of the mitro group, than the nucleophilic reagest would have added in
the B -position:

C=CHNO,2®. “cB—cCH,NO,
CFs CF;
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On the basis of the behavior of the diethyl esters of perfluoropropenyl-, perfluoroisobutenyl-, and ¢:~hydrohexa-
fluoroisobutenyl-phosphonic acids we have studied the competition for conjugation with the olefinic bond between, on
the one hand, one or two trifluoromethyl groups, on the other, the esterified phosphono group. The reaction of diethyl
perfluoropropenylphosphonate with piperidine at 0° leads to diethyl 2-piperidinotetrafluoropropenyliphosphonate:

?/OCgH; (!]) 0GH;
N
0C,H, NCsHie OCiH;

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 hydrolysis—the corresponding 8 ~keto phosphomic acid.

—30% HCl | CF3 — G — CHF — PO (OH),
i

CFs — C = CF — PO (OCyHg), —

b . CF3— C— CH,¥F 4+ H;3PO
N CsHio 80% HCL s N 2¥ - HsP Oy

Similar breakdown of the simplest 8 -keto phosphoric ester was described by B. A. Arbuzov and co-workers [10],
but in this case the free B - keto phosphonic acid was not isolated:

20% HC1

CH‘COCHZPO (OR)z 'W

[CH,COCH,PO (OH)1 - CH;COCH; + H;P0;.

Here we again see the aﬁalogy between the phosphono and carboxy groups that we noted by A. E. Arbuzov [11]: 8 -keto
phosphonic acids behave like 8 ~keto carboxylic acids.

Diethylamine also reacts with perfluoropropenylphosphonic ester with formation of diethyl 2-diethylamnotetra-
fluoropropenylphosphonate:

CFyCF = CFPO(OG;Hs), + (G,Hs), NH - CFyC = CFPO(OC,Hs), .
|
N(C;Hg)

Perfluoropropenylphosphonic ester does not react with ethanol 1n presence of triethylamime. In presence of po-
tassium ethoxide reaction leads to diethyl 2-ethoxyretrafluoropropenylphosphonate:

CFyC = CFPO(OC,H), -
H,OK 3
CaHy | )

OC,H;

Hence, the esterified phosphono group has a more powerful electron-withdrawing effect than one trifluoromethy!l
group: the nucleophilic reagent attacks the carbon atom adjacent to the trifluoromethyl group. The anion 1s stabilized
by the rejection of a fluoride 1on, and the reaction results in the formation of the product of the replacement of vinyl
flucrine, i.e. a B-substituted perfluoropropenylphosphonic ester:

+89 e .
CRymCR=CR—PO{0GHI); === CR—{—CF—PO(0GHY; ——= CFy— (=CF—PO(0C,H.)s
1] B
~+CF3 — C = CF — PO(OC;Hs);
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Diethyl perfluoroisobutenylphosphonate behavesquitedifferently. Its reaction with ethanol in presence of tri~
ethylamine gives diethyl «-ethoxyhexafluoroisobutenylphosphonate This compound was obtained also from 1-ethoxy-
1,3,3,3- tetrafluoro-2-(triflucromethyl)propene and triethyl phosphite; the infrared spectra of the two samples were
found to be 1dennical.

CFs CF, PO (0CaH;):
AN (CaHy)sN N /
C = CFPO (OCHy): 4 C:Hs0H - /c =C .
CFs ) CFs 0CH;
7

AN /

C = CF — OC;H; + P (OC;H;)s
/
CFs

By the action of ethanol 1n presence of sodium ethoxide the fluorine atoms 1 diethyl perfluoroisobutenylphos-
phonate are completely mineralized, which is usual for such compounds [12]

The action of diethylamine on diethyl perfluoroisobutenylphosphonate leadsto N-(ct -hydrohexafluoroisobutenyl)
diethylamine:

{CF5).C = CFPO (0OC;H;):

—

(CHNH [ (CF3): C = C— PO (OC._,Hs)z] .
N (C:Hj)a
(CF3)2 C = CHN (CsHs)a

The C~P bond in the & -aminohexafluoroisobutenylphosphonic ester 1s evidently very weak and is broken under
the action of excess of diethylamine. The structure of the enamine obtained was proved by its hydrolysis to et -hydro-
hexafluoroisobutyraldehyde; the 2,4-dinitrophenylhydrazone of this aldehyde was identical to the hydrazone prepared
earlier [8] from 1-nitro-3,3,3-tr1fluoro-2-(trifluoromethyl) propene:

(CF3): C = CHN (CaHs)s 222, [(CFs): CHCHO]

/ NO;

(CF3)C = CHNOg—— (CF5), CHCH = NN H— ¢ N .NO,

By the hydration of diethyl perfluoroisobutenylphosphonate 1n aqueous-dioxane solution in presence of triethyl-
amine we obtained trifluoropropionaldehyde. It 15 evident that the hydroxyl adds at the & ~carbon atom and the inter-
mediately formed o -hydroxy phosphonic ester 1s converted 1n an o -keto phosphonic ester with elimination of hydrogen
fluoride. It 1s known [13] that under the action of alkaline agents o -keto phosphonic esters break down with formation
of aldehydes. A similar reaction probably occurs in the present case, and also at some stage one of the trifluoromethyl
groups 1s hydrolyzed to carboxyl and the resulting carboxylic acid 1s decarboxylated:

. H,0
{CF3); C = CFPO (OCaHs)s =~ [(CF3s). CH — CFPO (OC3H;)] —
(CoHy) N i
OH

CF
[ CH —C—PO (OCaﬂs)a:l ~ CF3CH,CHO
HOCO” d

Another compound suitable for the study of the competing effect of two trifluoromethy! groups, on the one hand,
and a phosphono group, on the other, in addition reaction of nucleophilic reagents is diethyl a~hydrohexafluoroisobu~
tenylphosphonate. We synthesized this compound by the reaction of 1,3,3,3-tetrafluoro~2-(trifluorometliyl)propene
with triethylphosphite:
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(CF3), C=CHF + P (OC,Hg) — (CFy), C =CHPO (OC;Hg),

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

NCgHyo

Boiling of diethyl e -piperidino-a, B -dihydrohexafluorisobutylphosphonate with an alcoholic solution of 2,4-dinitro-
phenylhydrazine in presence of sulfuric acid leads to the 2,4-dinitrophenylhydrazone of @ -hydrohexafluoroisobutyr-
aldehyde.

)
(CEy), CH—CH=PO (OC,Hs) 9 (CFy), CH " CHO

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

EXPERIMENTAL

Diethyl 2-Piperidinotetra fluoropropenylphosphonate. 15 g of diethyl perfluoropropenylphosphonate in 30 ml
of dry ether was added slowly to a solution of 11 g of piperidine in 25 ml of dry ether with vigorous stirring and
cooling to 0°. After one day piperidine hydrofluoride was filtered off, and by distallation of the filtrate we 150lated
12.9 g (78%) of diethyl 2-piperidinotetrafluoropropenylphosphonate; b.p. 140° (8 mm); nzl") 1.4310; d¥ 1.298;
found: MR 69.83; calculated; MR 70.32. Found: C 43.41; H 6.00; F 24.51; N 4.38%. CypHyFaOy NP,
Calculated: C 43.24; H 6.00; F 22.82; F 4.20%.

,Diethyl 2-Diethylaminotetrafluoropropenylphosphonate. This was prepared similarly to the preceding com-
pol.md from 13.4 g of diethyl perfluoroprcpenylphosphonate and 15.6 g of diethylamine in 100 m1i of dry ether.
Yield 12.3 g (70%); b.p. 108-109° (6 mm); n’p) 1.4120; d? 1.184; found MR 67.61; calculated MR 66.90.
Found: C 40.74; H 6.28; F 23.78%. CyH,F,NO;. Calculated: C 41.12; H 6.23; F 23.67%.

Aniline 1-Hydro-2 -oxotetrafluoropropylphosphonate. 10 g of diethyl 2-pipenidinotetrafluoropropenylphosphonate
was heated with 30 ml of concentrated hydrochloric acid 1n 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 amline.
We obtained the aniline salt; yield 7.6 g (84%); 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%. CgHyF(NO,. Calculated: C 35.64; H 3.26; F 25.08; N 4.63%.

Tetrafluoroacetone. 19.5 g of diethyl 2-piperidinotetrafluoropropenylphosphonate was boiled for 12 hours
with 35 ml of 60% sulfuri¢ acid. The hydrolyzate was extracted with ether for 72 hours. Ether was distilled 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%. CgHeF H,0s. Calculated: C 34.83; H 1.61; F 24.51; N 18,06%. A mixture with the 2,4-duutrophenyl-
hydrazone of a known sample of tetrafluoroacetone [14] melted without depression.

Diethyl 2-Ethoxytetrafluoropropenylphosphonate. A solution of 1.2 g of potassium hydroxide in 15 ml of
absolute alcohol was heated to 40°, and 11 g of diethyl perfluoropropenylphosphonate 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 dried. Ether was driven off, and two fraction-
ations gave 3.8 g of unchanged diethyl perfluoropropenylphosphonate, b.p. 80-81° (6 mm) and nzﬁ 1.3760, and 4 g
(54%, based on the amount of the original ester that reacted) of diethyl 2-ethoxytetrafluoropropenylphosphonate;
b.p. 110-111* (4 mm); 0%} 1.3930; d¥’ 1.275; found MR 55.25; calculated MR 54.57. Found: C 36.68; 36.57;
H 5.22; 4.98; F 26.56; 26.43%. CgH;sFyO;P. Calculated: C 36.61; H 5.09; F 25.76%.

Diethyl «-Ethoxyhexafluoroisobutenylphosphonate. 15 g of diethyl perfluoroisobutenylphosphonate was added
with stirring 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 o -ethoxyhexafluorisobutenylphosphonate; b p. 111-112° (7 mmy); nzﬁ 1.3910; dﬁ° 1.317; found MR 62.22;
calculated MR 61.88. Found: C 34.78; 34.76; H 4.38; 4.42; F 32.67; 32.96%. CyHyFO;P. Calculated: C 34.78;
H 4.33; F 33.04%.

A mixture of 8.3 g of triethyl phosphire and 17 g of 1-ethoxy-1,3,3,3-tetrafluoro-2 -(trifluorometliyl)propene
was heated in an autoclave in a boiling water bath for eight hours. A low-boiling fraction was distilled from the
mixture at room temperature under a residual pressure of 20 mm. The residue was dissolved in ether, and the
ethereal solution was washed with sodium bicarbonate solution and with water and then dried. Fractional distillation
gave 6.0 g of the original ethoxy tetrafluoro (trifluoromethyl)propene, b.p. 113-114° and nzlg 1.3240, and 5.9 g [38.0%
based on the amount of the ethoxytetrafluoro-(triflucromethyl)propene that reacted] of diethyl o -ethoxyhexafluoro-
isobutenylphosphonate; b.p. 94-95° (2 mm); nzB 1.3910; d24° 1.315. The iwnfrared spectrum of the product wes
identical with that of the o -ethoxyhexafluoraisobutenylphosphonic ester obtained from diethyl perfluorcisobutenyl-
phosphonate.

N-(a -Hydrohexafluoroisobutenyl)diethylamine. 14 g of diethyl perfluoroisobutenylphosphonate in 30 mi of dry
ether was added to a solution of 14.6 g of diethylamine in 50 m! of dry ether at room temperature. After a few
days diethylamine hydrofluoride was filtered off. Dist:llation of the filtrate gave 5.5 g (54.4%) of N-(2-hydrohexa~
fluoroisobutenyl)diethylamine; b.p. 59-60° (5 mm); n) 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%. CgHyFeN. Calculated: C 41.60; H 4.80;
F 49.50; N 5.98%. In addition we obtamned a fraction of b.p. 60-90° (5 mm); this was not investigated further.

.2,4-Dimtrophenylhydrazone of o-Hydrohexaflucroisbutyraldehyde. A small amount of N-(ct-hydrohexafluoro-
isobutenyl)diethylamine was borled with an excess of an aleoholic solution of 2,4-dimtrophenylhydrazine 1n presence
of sulfuric acid. The precipitate formed was crystallized from heptane; the hydrazone had m.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%.
CyoHgFgOsNy. Calculated: C 33.34; H 1.68; F 31.65%. The 2,4-dintrophenylhydrazone of & -hydrehexafiuoro-
isobutyraldehyde was prepared also from diethyl e -piperidino-., 8 -dihydrokexafluoroisobutylphosphenate (see below).

2,4-Dinitrophenylhydrazone of 3,3,3~Trifluoropropionaldehyde. 1.4 g of wiethylamine was added cautiously
to a solution of 14 g of diethyl perfluoroisobutenylphosphonate in 18 ml of dioxane 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 1n presence of sulfuric acid. We obtained 5.45 g (44%) of the 2,4-dnitro-
phenylhydrazone of 3,3,3-triflucropropionaldehyde, m.p. 148-149° (from heptane). The literature [15] gives m.p.
150.2-150.8°. Found: C 37.31; H 2.43; F 17.96%. CgH;F;O;N,. Calculated: C 36.96; H 2.38; F 19.50%.

Diethyl a-Hydrohexafluoroisobutenylphosphonate. A muxture of 25 g of triethyl phosphite and 18.0 g of
1,3,3,3-tetrafluoro-2-(trifluoromethyl)propene was kept at room temperature in an autoclave for 16 hours. A low-
boiling fraction was driven from the mixture at room temperature under a residual pressure of 20 mm. The residue
was dissolved 1n ether, and the ethereal solution was washed with sodium bicarbonate solution and with water, and
was dried. Distillation gave 10 g (40%) of diethyl a -hydrohexafluoroisobutenylphosphonate; b.p. 80-82° (6 mm);
n’ﬁ 1.3765; dﬁ" 1.321; found MR 52.20; calculated MR 56.78. Found: C 31.64; 31.80; H 4.22; 4.96; F 37.10;
36.91; P 9.74%. CgHyFeOP. Calculated: C 32.00; H 3.66; F 38.00; P 9.68%.

Diethyl a-Piperidino-o, 8 -dihydrohexafluorobutylphosphonate. 7.8 g of diethyl a -hydrohexafluoroisobutenyl-
phosphonate was added gradually to a solution of 3.4 g of piperidine 1n 20 mi of dry ether. Afier 24 hours the mix-
ture was distilled and gave 7.6 g (76%) of diethyl o -piperidino-a, 8 -dihydrohexafluoroisobutylphosphonate; b.p.
60-62° (0.1 mm); nzé 1.4120; dﬁo 1.2182; found MR 77.87; calculated MR 76.12. Found: C 40.18; 39.86;

H 6.14; 6.24; F 26.93; 27.08; N 3.13; 3.14; P 8.66; 8.34%. CyHyFeNOP. Calculated: C 40.50; H 5.88;
F 29.34; N 3.81; P 8.05%.

By boiling diethyl o ~pipendino-c, 8 -dihydrohexafluoroisobutylphosphonate with excess of an alcoholic solu-
tion of 2,4-dinitrophenylhydrazine in presence of sulfuric acid we obtained the 2,4-dinurophenylhydrazone of o -
hydrohexafluoroisobutyraldehyde in 79% yield; m.p. 115-116" (from heptane). A mixture with a known sample [8]
melted without depression.
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SUMMARY

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

2. It was found that the electron-withdrawing effect of two trifluoromethyl groups 1s more powerful than the
effect due to one phosphono group: in the reaction of diethyl perfluoroisobutenylphosphonate with nucleophilic
reagents it is the o -fluorine atom that is replaced; m the case of diethyl @ -hydrohexafluoroisobutenylphosphonate,
addition products are formed with nucleophilic reagents, i.e. @-substituted-&, B -dihydrohexafluoroisobutylphosphonic
esters.
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Al o o

All sbbreviations of periodicals in the above bibliography are letter-by-letter transliter
ations of the abbreviations as given in the original Russian journal. Some or all of this pen-
odical literature may well be available in English translation. A complete list of the coverto-
cover English translations appears at the back of this issue,
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