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Carboxylation of 2,2-Difluorovinyllithium: A New
General Synthesis of @,f-Unsaturated f-Fluoro-
alcohols, -ketones, and -acids

1 PoGieLer R. SAUVETRE, J. F. NORMANT*

Laboratoire de Chimie des Organo-Eléments, Université P. et M. Cu-
rie, Tour 44, 4, place Jussieu, F-75230 Paris Cédex 03, France

We have recently described a simple preparation of 2,2-di-
fluorovinyllithium (1) via metal/hydrogen exchange'. We
have now extended the scope of this reaction to the prepara-
tion of «f-unsaturated p-fluoro-alcohols, -ketones, and
-acids; hitherto, only a few special examples of this class of
compounds have been described? ',

Carboxylation of 1 using carefully dried carbon dioxide in te-
trahydrofuran/ether (80/20) at — 105" C affords 3.3-difluoro-
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acrylic acid (3). Isolation of 3 is difficult because this com-
pound is ea-ily hydrolyzed to malonic acid at room tempera-
ture.

The addition of alkyl- or arylmagnesium halides to lithium
2,2-difluoro crylate (2) proceeds at low temperature; elimina-
tion of fluoride anion from the intermediate anion gives the 3-
fluoro-2-alk 2noic acid 4.
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Organolithir m compounds react with 2 in a similar manner;
however, th.y promote elimination of hydrogen fluoride from
the lithium 3-fluoro-2-alkenoate to give the corresponding li-
thium 2-alk ‘noate (9).
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SYNTHESIS

Oxalyl chloride reacts readily with acids 4 in dichlorome-
thane at 20°C to give the sensitive acid chlorides & in high
yield and purity. Compounds 5§ can be used in further reac-
tions without previous purification. Thus, the reaction of
crude 5 with lithium dialkylcuprates at very low temperature
(=110°C for R', R*=alkyl) in ether/tetrahydropyran/hexa-
methylphosphoric triamide (60/20/20)" affords ketones 6
which to a minor extent undergo a 1,4-addition with further
cuprate to give ketone 10 (5%) with elimination of fluoride
ion.
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If only tetrahydrofuran is used in place of tetrahydropyran
and HMPT, a 55% yield of 6 and an 11% yield of 10 is ob-
tained.

The reaction of f-fluorocinnamoyl chloride (5, R'=C¢Hs)

with diphenylcadmium in ether at room temperature yields,
after distillation, pure (Z)-f-fluorochalcone (11).
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Methyl 3-fluoro-2-alkenoates (7) are prepared by stirring a
mixture of acid chlorides & and lithium methoxide in ether. 3-
Fluoro-2-alkenols (8) are conveniently obtained by reduction
of esters 7 with diisobutylaluminum hydride; in this reaction,
the ester function is selectively reduced; not even traces of the
corresponding saturated alcohol can be detected in the reduc-
tion product.

In the reactions leading to compounds 4-8, the (E)-isomers
are formed predominantly.

Configurations were determined by 'H- and "’F-N.M.R. spec-
trometry; the greater coupling constant *Jye was assigned to
the (Z)-isomers and the smaller coupling constant *Jur to the
(E)-isomers.

The purity of the liquid products was determined by G.L.C. analysis
(Carbowax 20M 10%, 3 m) and 'H-N.M.R. spectrometry. The LR.
spectra were recorded on a Perkin-Elmer 157 G apparatus. The 'H-
and "“F-N.M.R. spectra were reccrded on a JEOL MH 100 instrument
and the '"*C-N.M.R. spectra on a JEOL FX 60 Q instrument.

All reactions are carried out under dry argon.

3,3-Difluoroacrylic Acid (3):

A stream of carbon dioxide (dried by passing through a column
packed with calcium chloride and then through conc. sulfuric acid) is
passed over a stirred solution of 2,2-difluorovinyllithium' (15 50
mmol) in tetrahydrofuran (120 ml)/ether (30 ml) at — 105°C. The
reaction is complete after 10 min. The temperature is then raised to
—60°C for 15 min, the mixture is diluted with 6 normal sulfuric acid
(50 ml), extracted with ether (4> 50 ml), and dried with magnesium
sulfate. The solvent is removed on a rotary evaporator to give crude 3.
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Table 1. 3-Fluoro-2-alkenoic Acids (4)

Communications 299

"H-N.M.R. (CCl,/TMS)

R! Yield®  b.p./torr E/Z Molecular L.R. (neat) "F-N.M.R. (CC1,~
2] 1°C) Ratio  formula" viem™'} 8 [ppm]. J [Hz) CoH:—CFy)
O [ppm), J [H7]
C,H: 60 60-74°/0.1  87/13  C.H,FO. 1700 (C=0); E: 28 (d of g, 2H, “Jy, =7.5, E: ~102 (d of t, Yin=19,
’ (118.1) 1665 (C=CF) *J,,,=24); 545 (d, 1H, Ten=24)
vui:w)
Z:23(dof g, 2H, =75 Z: =114 (d of t, ‘Jyy =32,
Ua=M): 5L @, TH, V=14
Vii=32)
n-C,;Hy 70 67-87°/0.05 82/18 C,H,,FO, 1695 (C==0); E: 285 (d of t, 2H, =7, E: =78 (d of t. “Jyu=19,
(146.2) 1655 (C=CF) “J,;,=25); 56 (d, IH, in=25)
xJ’|||=|‘7‘D
Z:235(d of t, 2H, =7, Z: =108 (d of t, Uy =32,
Yn=17: 525 (d, H, Ju=17)
Yin=32)
CHs 51 oil 87/13  C,H,FO, 1695 (C==0):  E:5.75(d, LH, "J,1,=20) E: —13.1 (d, Yy, =20)
(166.1) Z: -324(d, Y, =33)

1640 (C=CF)  Z:575(d, 1 H, Y.,y =33)

" Yields are based on the starting sec-butyllithium'.
® Limits of error of microanalyses: C, +0.42; H, +0.20.

Table 2. 3-Fluoro-2-alkenoyl Chlorides (5)

I.R. (neat)
viem ']

R' Yield  b.p./torr E/Z
(%] [’Cl Ratio

Molecular
formula®

"H-N.M.R. (CCL/TMS)
o [ppm], J [Hz]

"F-N.M.R. (CCl,~
C(,H;"CFx)
o [ppm], J [Hz)

n-C,Hy 95 55-58°/11 87713 C;HCIFO 1765 (C=0);  E:2.75(d of t, 2H, *J,;;,=7.5.

30" (164.6) 1635 ((=CF) “J;;,=26); 60 (d, 1IH,
3‘,“':’6)
Z:225(d of t,2H, *J,,,,=1.5,
Vig=17: 56  (d, IH,
Via=30)
C.H: 92¢ 39-60"0.0 85/15  CoHCIFO 1765 (C==0);  £:6.10 (d, 1 H, = [8)
60" (184.6) 1620 (C=CF)  Z: 6.15 (d, L H, J,,,=30)

E: -34 (d of t. ;J|[|t|6,
Jn=26)
Z: =47 (d of t, V=30,
"-I”(:l?‘l

£ =57, ‘JIH:: 18)
Z: =238(d, Uiy =30)

“ Yields are based on the starting acids 4 without distillation.
" Yields after distillation.
¢ Limits of error of microanalyses: C, £0.43; H, +0.09; Cl, £0.38.

Table 3. 2-Fluoro-1-alkenyl Ketones (6)

R' R’ Yield®

b.p./torr  E/Z  Molecular LR. (neat) '"H-N.M.R. "“F-N.M.R.
[%) or m.p. Ratio  formula® viem™') (CCly/TMS) (CCl,/C H:~—CF3)
[°Cl 4 [ppm], J [Hz] 6 [ppm], J [Hz)
n-CyH, C.H: 70 b.p. 73727  CyH,.FO 1705 (C=0); 1675, E,Z:2.4(q, 2H, on=T7) E: —144 (d of ¢,
69-95°/ (158.2) 1640 (C=CF) E: 28 (d of t, 2H, ‘Jiy=21, Uy, =26)
1 =71, iy =26): 5.95
(d, LH, “Jyy=21)
Z: 25 (d of t, 2H, Z: —190 (d of
Tan=T7, Jin=18): 530 eu=40, iy = 18)
) (d, TH, *Jy4,=40)
CyHs CoHs  45¢ m.p. ‘ CisH\,FO 1670 (C=0y; Z:6.75(d, L H, J,,,=35) Z: =349 (d. 4, =35)
59v¢ (226.2) 1615 (C=CF)

" Yields are based on the starting acid chlorides §.
" Limits of error of microanalyses: C, +0.09: H, +0.10.
© Z-lsomer, recrystallized from hexane.

Sublimation into a cold trap under reduced pressure gives crystalline

3; yield: 3.3 g (61%); m.p. 20-21“C; purity (‘H-N.M.R.): ~95%. (C=0).
C3H;F,0, cale. C3333 HI1.85 'H-N.M.R. (CCL/TMS): §=5.0 ppm
(108.0) found 33.75 1.88 yn=21 Hz).

LR. (neat): v=2500-3100 (—COOH); 1720 (F,C=CH—): 1680 cm '

(d of d, I1H, ;=2 Hz,
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Table 4. Met-yl 3-Fluoro-2-alkenoates (7)

Communications

SYNTHESIS

'H-N.M.R. (CClL,/TMS)

R Yicld®  b.p./torr E/Z Molecular LR. (neat) "E-N.M.R. (CCl,/
[%] [°C) Ratio  formula® viem '] & [ppm), J [Hz] C,Hs—CF,)
d [ppm], J [Hz]
n-CHy 77 69--85” /11 90/10  C4HFO, 1725 (C=0); E.Z:3.70(s,3H)
(160.2) 1675 (C==CF) E:2.85(d of t, 2H, *J,u=1.5, E: =131 (d of t, Juy=20,
Yra=26); 555 (d. IH, g == 26)
Jea=20) Z: =162 (d of t, ‘S =33,
Z:225(d of ¢, 2H, Uyun=1.5,  ‘Ju=16)
Yin=16); 515 (d, 1H,
T=33)
CoH; 80 63-72°/70.05 87/15  C, H,FO, 1730 (C=0);  E: 3.5 (s, 3H); 5.70 (d, 1H, E: —15.1(d, Jyu=21)
(180.2) 1660 (C==CF)  “Juu=21) Z: =334 (d, Jn=33)

Z: 3.6 (s, 3H); 575 (d, IH,

* Yields are tased on the starting acids 4.

~

" Limits of er-or of microanalyses: C, £0.37; H, +0.29.

Table 5. 3-Flvoro-2-alkenols (8)

R' Yie.d*  b.p./torr E/Z  Molecular LR (neat) "H-N.M.R. (CCL/TMS} UE.N.M.R. (CCly/
(%] S| Ratio  formula® viem ] o [ppm), J [Hz] CoHs—CFy)
S [ppm], J [Hz]
n-C,H, 70 §2-84°/11  90/10  C;H,FO 3330 (OH): E: 230 (d of t, 2H, *Juyy =T, E: —364 (d of t, “Jun=23,
(132.2) 1700 (C=CF) Jyu=23); 40 (d, 2H, =20
hin=8); 525 (d of t, 1H, Z: —425 (d of t, hen =37,
'x-fnu*x, }Jru=21) "J|-||= 17)
CoH; 80 84° /0.1 87/13  C,H,FO 3300 (OH): E: 405 (d, 2H, Yyu=15);  E:=350(d, V=20
(152.2) 1680 (C=CF) 545 (d of t, 1H, Juu=75,  Z: —348(d, Vin=3%

Uin=20)
Z: 425 (d of d, 2H, Ny =8,
Uin=2); 540 (d of t, 1H,
Tin=38, Yy =35)

* Yields are tased on the starting esters 7.
" Limits of error of microanalyses: C, £0.33; H, £0.15.

YE.N.M.R, (2Cl/CeHeCEFy): §=+2.2 (d of d, 2Jyiy2=23 Hz,
e w=21 Hzy; —3.7 ppm (d of d, /0= 23 Hz, Yo =2 Haz),

3-Fluoro-2-alk.enoic Acids (4); General Procedure:

An ethereal s lution of the alkyl- (or aryl-)magnesium bromide (100
mmol) is added dropwise over 30 min to a stirred solution of lithium
3,3-difluoroac ylate (2; 50 mmol; prepared as in the preceding proce-
dure and freec from carbon dioxide by bubbling argon through the so-
lution for 60 r+in at 20°(C) at —80°C. The temperature of the mixture
is gradually reised to ~40”C during 40 min. The resultant solution is
hydrolyzed w-th 6 normal sulfuric acid (50 ml), extracted with ether
(3 x 50 m}), ar 4 dried with magnesium sulfate. The solvent is removed
under reduce | pressure. If the cosresponding 2-alkynoic acid 9 is
present (2-5%, a solution of bromine (1 mmol of bromine per 1 mmol
of 9) in dichlromethane is added to the crude mixture with stirring
(decaloration >f the bromine solution) and the mixture is distilled in
vacuo to give :he pure acid 4.

3-Fluoro-2-all.enoyl Chlorides (5); General Procedure:

A solution of »xalyl chloride (40 mmol) in dichloromethane (15 ml) is
added over 1¢ min to a stirred solution of the 3-fluoro-2-alkenoic acid
4 (20 mmol) i dichloromethane (30 mi) at 20°C. The reaction is com-
plete after 2 h The solvent is removed under reduced pressure and the
product § used directly in a subsequent reaction. For analytical pur-
poses, the highly hydrolysis-sensitive products 5 may be distilled in
vacuo.

2-Fluoro-1-allienyl Ketones (6); General Procedure:

A solution of -he 3-fluoro-2-alkenoyl chloride 5 (25 mmol) in ether (15
ml) is added . ropwise at —110°C to a stirred solution of the lithium

dialkylcuprate (or diarylcuprate) (25 mmol) in ether/tetrahydropyran/
HMPT (60+20+20 ml)'"*. Stirring is continued for 10 min at
~110°C, the temperature then allowed to rise to ~70°C, and the
mixture hydrolyzed with 6 normal sulfuric acid (50 ml). It is then fil-
tered through Hyflosel® and extracted with ether (3 x 50 ml). The or-
ganic layer is successively washed with water, saturated sodium hy-
drogen carbonate solution, 3 normal sodium thiosulfate solution, and
water. It is then dried with magnesium sulfate and distilled under re-
duced pressure to give the ketone 6.

(Z)-1-Fluoro-1,3-diphenyl-3-oxopropene (f-Fluorochalcone, 11):

A solution of 3-fluoro-3-phenylpropenoyl! chloride (5, R'=C¢Hs; 50
mmol) in ether (15 ml) is added to a stirred solution of diphenylcad-
mium (50 mmol) in ether (30 ml)'? at 20°C. Stirring is continued at
35°C for | h, the mixture then hydrolyzed with 6 normal sulfuric acid
(50 ml), and extracted with ether (3 x 50 ml). The ether extracts are
washed with saturated sodium hydrogen carbonate sofution, dried
with magnesium sulfate, and distilled under vacuum to give pure 11

C,sH,,FO (226.2)

M.S.: m/e=226 (M*).

BC.N.M.R. (CDClL/TMS): §=171.3, 159.0 (—CF=, J, =278 Hz);
101.7, 101.4 (—CH=, Joy =7 Hz); 188.5 ppm (C=O0).

Methyl 3-Fluoro-2-alkenoates (7); General Procedure:

A solution of the 3-fluoro-2-alkenoyi chloride 5§ (20 mmol) in ether (10
ml) is added dropwise at 0°C to a stirred solution of lithium methox-
ide [22 mmol; prepared from methyllithium (22 mmol) and methanol
(0.9 ml) in ether (30 mb)]. The mixture is stirred for | h at 20°C, then
hydrolyzed with 6 normal sulfuric acid (50 ml), and extracted with
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ether (3 x 50 ml). The ether extracts are washed with saturated sodium
hydrogen carbonate solution (50 ml), dried with magnesium sulfate,
and distilled in vacuo to give the pure ester 7.

3-Fluoro-2-alkenols (8); General Procedure:

A solution of diisobutylaluminum hydride (2 equiv) in hexane is add-
ed dropwise at 0°C to a stirred solution of the methy! 3-fluoro-2-alke-
noate 7 (20 mmol) in ether (50 ml). The temperature is then raised to
20°C, the mixture stirred for 1 h, hydrolyzed with 6 normal sulfuric
acid (50 ml), and extracted with ether (3x 50 ml). The ether extracts
are washed with saturated sodium hydrogen carbonate solution (50
ml) and evaporated. Sodium hydrogen carbonate (0.2 g) is added to
the residue and the alcohol 8 purified by distillation in vacuo.

This work was supported by the C.N.R.S. We are indebted to Pechiney-
Ugine-Kiihimann for a generous gift of 1,1-difluoroethylene.
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