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Addition of Organometallic Compounds to 2-Chloro-
1,1-difluoro-3-hydroxy-1I-alkenes. A New Synthesis of
u,f-Unsaturated o-Chloro Aldehydes and Ketones

D. Masurg, C. CHuiT, R. SAUVETRE, J. F. NORMANT*

Laboratoire de Chimie des Organo-Eléments, Université Pierre
et Marie Curie, Tour 44, 4 Place Jussieu, F-75230 Paris Cédéx
05, France

1-Chloro-2,2-difluorovinyllithium (1) has been prepared in
moderate yields from F,C=CCIH! and from F,C=CCl,%3,
We have now found that better (>85%) yields of 1 can
be obtained by reaction of F,C=CCl, with n-butyllithium
in ether at low temperature in the presence of a molar
equivalent of tetrahydrofuran (in the absence of tetrahydro-
furan the yield is 40 %2, with 2 equivalents it is 75 %, and
with 8 equivalents, 30 %).

Using a similar sequence of reactions to that described for
the preparation of a,B-unsaturated «-fluoro derivatives* >
we now report a useful synthesis of linear «,f-unsaturated
a-chloro carbonyl compounds which are otherwise difficult
to obtain® 14, 1-Chloro-2,2-difluorovinyllithium (1) reacts
cleanly with carbonyl compounds to give alcohols 2 (M= H).
Alcohols 3 and 4 are obtained by reaction of alkyl- or
aryllithium derivatives (only reactive organomagnesium deri-
vatives such as H,C=CH—CH,MgBr can be used) and
lithium tetrahydroaluminate with the alcoholate 2 (M =Li).
Only one fluorine atom is displaced even on heating under
reflux. The alcohols 3 and 4 are obtained in good yields
(70--80 %) as mixtures of E- and Z-isomers without isolation
of the alcohol 2 (M =H).
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SYNTHESIS

It is interesting to note that the —CCI=CF, group of
the alcoholate 2 (M=Li) is more electrophilic than the
—CF==CF, group of the corresponding alcoholate since
phenyllithium does not add to the trifluoroalcoholate* and
lithium tetrahydroaluminate brings about reduction more
slowly®.

Treatment of alcohols 3 and 4 with 96 % sulfuric acid at
—301to —20° causes isomerisation to ketones 5 or aldehydes
6 in good (70%) yields. Alcohols 3b (R3=C,Hs), 3¢
(R?=C4Hs) and 4b are not sufficiently stable for distillation
and are isomerised without prior purification. Alcohol 3a
(R*=H,C=CH—CH,—) gave rise to a mixture of unidenti-
fiable products.

BBC.N.MR. spectra of the carbonyl compounds 5a
(R3=C2H5, C6H5), 5b (R3=C6H5), 6a, and 6b show that
these consist of only 1 isomer which was assigned the Z
structure on the basis of the 'H-N.M.R. spectra (see Tables
4, 5, and 6).

Preparation of 1-Chloro-2,2-difluorevinyllithium (1):

n-Butyllithium (50 mmol) in ether (30ml) is added under nitrogen
with stirring to 1,1-dichloro-2.2-difluoroethene (53 mmol) dis-
solved in tetrahydrofuran (Sml, 62mmol) and ether (95ml) at
—120°. After the addition is complete (10min), the temperature
is raised to —90° for Smin; the solution is then used directly.

Preparation of 2-Chloro-1,1-difluoro-3-hydroxy-1-alkenes 2:
These alcohols are prepared following the procedure given in
Ref. 2; for yields and physical properties see Table 1.

Preparation of Alcohols 3:

The carbonyl compound (SOmmot) in ether (15ml) is added drop-
wise to a soluiion of 1 (50mmol) at —120° in 5min and the
temperature is then allowed to rise to —70°. The organolithium
derivative or allylmagnesium bromide (~75mmol) is added
rapidly and the mixture is allowed to warm to room temperature.
(With ethyllithium the reaction time is 1h, with methyl- and
phenyllithivm, 3h at 25°, and with allylmagnesium bromide 1h
at reflux). The mixture is then hydrolysed by addition of 6 normal
sulfuric acid (50ml), extracted with ether (2x70ml), the
ether extracts are washed with saturated sodium hydrogen car-
bonate solution, dried with magnesium sulfate, and distilled under
vacuum after addition of solid sodium hydrogen carbonate (0.3 g).
For physical properties and spectral data see Table 2.

Preparation of Alcohols 4:

The carbonyl compound (50 mmol) in ether (15ml) is added drop-
wise to a solution of 1 (50mmol) at —120° in 5min and the
temperature is allowed to rise to —30°. Lithium tetrahydroalu-
minate powder (25 mmol)is then added in one portion. The temper-
ature of the mixture rises slowly (sometimes external cooling
is necessary to prevent overheating). The reaction mixture is
stirred at room temperature for 30min for 4a, for 10min for
4b and 4d. Work up as described above gives the alcohols 4.
For yields and physical data see Table 3.

Preparation of o,-Unsaturated x-Chloro Ketones 5 and Aldehydes
6:

The neat. alcohol 3 or 4 (40mmot) is added during 10min to
a stirred mixture of 96 % sulfuric acid (50ml) and ether (10ml)
at —30°. Stirring is continued for Smin at —20° (—10° for 4a)
and the mixture is poured on to crushed ice (200 g). The resultant
mixture is extracted with ether (2 x 50 ml), the extract is washed
with saturated sodium hydrogen carbonate solution, dried with
magnesium sulfate, the solvent removed under reduced pressure,
and the residue distilled. For yields and physical data see Table
4 for ketones 5 and Table 5 for Aldehydes 6.
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Table 1. 2-Chloro-1,1-difluoro-3-hydroxy-1-alkenes 2

Prod- R! R? Yield b.p./torr nd? Molecular LR. (neat) 'H-N.M.R. (CCl,) 19F.N.M.R. (CCl,/CcH;sCF;)

uct [%] formula® or  ve—c é [ppm] o [ppm], J [Hz]

No. Lit. b.p/torr  [em™*]

2b Ce¢H; H 82 63-64°/0.05 15110 CoH,CIF,0 1740 5.50 (m, 1H) —25.0(d), —29.1 (d), Wgp=41
2¢ CH; CH; 170 37-40°/13 1.4160 g?:l-?CIFZO 1730 145 (2s, 6H) —20.2 (), —23.2 (d), 2Tpp=45
2d —(CH,)s— 86 44-45°/0.05 1.4630 (6185—67'3)’/83 1725 14-1.8 (m, 10H) —18.7 (d), —22.7 (d), WJpp=43

* For compound 2a (R!=n-C3H,, R2=H) see Ref. 2.
® New compounds 2b and 2¢ gave satisfactory microanalyses (C+0.27, H+0.14).

Table 2. Alcohols 3
Prod- R3 Yield® b.p./torr E/Z- Molecular  LR.(neat) 'H-N.M.R.(CCl,) F.NMR.
uct [%] ratio formula® veic=cr— 6 [ppm] (CCl4/CgHsCF3)
No. [em™!] & [ppm], J [Hz]
3a C,H; 80 43-45°/01 9 CsH(sCIFO 1685 25(d of q, 2H, E: —49.1 (1), 3Jr=23
(180.7) =CF—CH,), Z: —369 (1), 3Jgr=25
48 (m, 1H,
—CHOH—)
3a® Ce¢Hs 80 105°/0.2 9 C,H,4CIFO 1665 5.1(d, of t, 1 H, E: —43.6(s)
(228.7) —CHOH—, Z: —284(s)
4JHF= 3 HZ)
3a H,C=CH—CH, 78 60-62°/0.1 6 CoH4CIFO 1680 320 (d of d, 2H, E: —46.3(t), 3Jur=235
(192.7) =CF—CH,, Z: —338(t), *Jur=235
3Jurp=23.5Hz);4.82(d
of t, E) + 440 (d of
t, Z) total 1H
3b C,H; e decomp. 4 C,1H:CIFO 1680 245 (d of g, 2H); E: —49.1 (1), 3Jup=23
(214.7) 59 (m, 1H) Z: —368 (1), Jup=23
3¢ C,H; 60 32-35°/02 18 C,H,CIFO 1670 25(d of q) + 2.75 E: =439 (1), 3Jur=23
(166.6) (d of q) total 2H Z: =302 (t), 3Jur=26
3¢ CeHs _ decomp. 10 Cy H,,CIFO 1665 1.6 (2s, 6H) E:—352(s)
(214.7) Z:—137()
3d CH, 70 49-55°/0.05 9 CoH4,CIFO 1670 215 (d, *Jur=18 Hz) E: 3338 Q) *Jur=18
(192.7) +23(d,3Jur=20Hz) Z: —17.8 (q), *Jur=20
total 3H

* Yields are based on the starting carbonyl compound.

® All new compounds gave satisfactory microanalyses (C +0.38 %, H +0.17 %).

¢ The alcohol of (Z)-configuration has already been described? (*°F-N.M.R.: = — 28.4 ppm); the other isomer is thus of ( E)-configuration.
By analogy with this result (F signal of (E)-isomer at higher field) we have assigned the (E)- and (Z)-configuration of the alcohols
described. The (E)-isomer is the most abundant and has the shortest G.L.C. retention time on a Carbowax 20M (10 %, 2m)
column.

Table 3. 2-Chloro-1-fluoro-3-hydroxy-1-alkenes 4

Prod- Yield* b.p./torr E/Z- Molecular LR. (neat) 'H-N.M.R. (CCl,) 1F-N.M.R. (CCl,/CsHsCF3)

uct  [%] ratio® formula® v—cc—=crH o [ppm], J [Hz] 4 [ppm], J [Hz]
[em™!

4a 81 30-35°/0.5 23 CeH,(CIFO 1675 E:475(dof t, 1H, *Jur=3);  E: —66.6 (d of d, 2Jup=81, *Jyr=3)

(152.6) 6.75 (d, 1H, 2Jyr=81) Z:—68.0(d, 2Jgp=T79)

Z:4.4 (1, LH); 695 (d, 1H,
*Tur=79)

4b — decomp. 45 CoHgCIFO 1670 E:59(d, 1H, “Jyp=3); E: —66.6(d of d, *Jur=80, *Jyr=3)

(186.6) 6.65 (d, 1H, 2Jur=280) Z:—685(d, Wup=18)

Z:5.1 (s, 1H); 695
(d, 1H, 2yp="T8)
4d 80 37-55°/001 08  CgH,CIFO 1670 E:6.7(d, tH, Yyp="79) E: —588(d, 2Jyp="19)
(178.6) Z:715(d, 1H, 2ye=19) Z: =712, *Jge=79)

* Yields are based on the starting carbonyl compound.

® Determination of configuration: Alcohols 4a and 4b: configuration (E) has been assigned to isomers showing a *Jyr coupling
constant. Alcohol 4d: with 0.1 eq. of Eu(fod)s, the smaller shift (0.07ppm) of the proton geminal to F has been assigned to
the (E)-isomer and the greater shift (0.27 ppm) to the (Z)-isomer. In the three cases the signal of the proton geminal to F in
the (E)-isomers is at lower field than that of the corresponding (Z)-isomers.

¢ All new compounds gave satisfactory microanalyses (C +0.37 %, H +0.07 %).
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Table 4. o,f-Unsaturated a-Chloro Ketones §

Prod- R3 Ylelda b p/torr néo Molecular formula®  LR. (neat) !H-N.MR. (CCls)*

uct [%] or Lit. b.p./torr v [em™!] 3 [ppm]

No.

S5a C,H; 60 86°/13 1.4655 (8H13C10 (160. 6) 1695 (C= O) 1620 (C= C) 235 Ofl 2H); 2.75 (g, 2H);
7.0 (t, 1H)

Sa CeHs 55 96--103°/0.1 1.5470  90.92°/0.01° 1670 (C==0), 1620 (C=C) 245 (d of t, 2H); 6.65 (t, 1H)

5b C,Hs 55 92--93°/0.03 C,H,CIO (194.7) 1690 (C=:0), 1600 (C=C) 2.85(q, 2H); 7.70 (s, 1 H)

m.p. 36°

5¢ C,Hs 45 58-60°/12 14670 C;H,,ClO (146.6) 1690 (C=:0), 1600 (C==C)  2.05 (s, 3H); 2.15 (s, 3H); 2.75
(9, 2H)

5¢ CeHs 62 76.5--78°/0.05  1.5550  75-76°/0.01° 1670 (C==:0), 1600 (C==C) 1.75 (s, 3H); 2.0 (s, 3H)

5d CH;,; 54 46°/0.05 1.5035 (.H”(‘IO( 172. 6) 1690( -O) 1590 (C’"C) 2.35 (s, 3H) 2.5 (m, 4H)

* Yields are based on thc starting ;,arbonyl Lompound 1hey are 1dcn11cal vulh or w1lhout lsolatlon of dlCOhOlS 3

® All new compounds gave satisfactory microanalyses (C +0.35 %, H 30.12 %) and showed molecular ion peaks in the mass spectra.

¢ Determination of configuration: With 0.3 eq. of Eu(fod), we have found the following shifts (43):--methyl ¢is to C=0: 46=2.80 ppm
for §¢ (R*=C,H;) and 2.10ppm for S¢ (R*=C,Hs) methyl trans to C=0: 46=1.10ppm for 5S¢ (R*=C,H;s) and 095ppm
for S¢ (R*=C4Hs). For the vinylic CH, of 5a (R*=C,H;) and 5a (R®=C¢Hs), we have found respectively 40=1.10 and 1.0 ppm;
we deduce that thesc ketones are the (Z)-isomers. From these data, the ketone Sa (R*=Cg¢H;) described in Ref. ? as (E)-should
be written as (Z), Sb consists of one isomer which is probably the (Z)-one.

Table S. [f-Unsaturdted a-Chloro Aldehydes 6

Prod- Yleldb b.p/torr Lit. b.p./lorr n3° LR. (neat) TH-N.M.R. (CCly)

uct® [% v [em '] ) [ppm]

6a 60 70-71°/11 60-61°/6'> 1.4774 1700 (C=0), 1625 (C‘:;C) 25(d of t, ZH) 7. 15 (l 1H) 9 5 (s,
1H)

6b° 72 88 89°/0.03 m.p. 34-36°!° m.p.29-32° 1690 (C==0), 1610 (C=C) 7.35(s, 1H); 9.25 (s, 1 H)

6d 58 67-68°/0.01  65°/0.1'" 1.5340 1685 (C= O) 1600 (C== () 2.65 (t, 2H); 2.90 (t, 2H) 9.95 (s lH)

8 All compounds showud moluuldr ion peaks in thc mass spectra.
® Yields are based on the starting carbonyl compound; they are identical with or without isolation of alcohols 4.
¢ This aldehyde is identical (‘H-N.M.R.) with that previously described as (2)*°.

Table 6. '>C-N.M.R. Data of Characteristic Carbon Atoms in Carbonyl Compounds 5 and 6 (chemical shifts § [ ppm] for CDCl3/TMS

solutions)
@l
—C\w w0, Cl
u:) C—C\(eb
C Cc—
1l
0
Carbon 5a 5a 5b 5¢ 5¢ 5d 6a 6b 6d
Atom R3=C2H5 R3=C(,H5 R3=C2H5 R3 Czl’lS R C6H5 R3=C‘H3
a KR 318 1333 2 6 {212 31.6 31.8 1327 309
b — - : 244 1214 329 — 343
¢ 140.7 145.2 135.0 1444 1357 1493 152.7 145.9 162.6
d 134.1 133.5 130.2 126.3 121.8 1235 136.2 1321 127.7
e 194.6 190.0 196.1 198.6 191.5 196.4 186.2 186.8 182.0
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