Tetrahedron Letters, Vol. 37, No. 48 8799-8802, 1996
Per > vol. 37, - PP .
@ gamon Copyright © 1996 Elsevier Science Lid

Printed in Great Britain. All rights reserved

PII: S0040-4039(96)02035-7 0040-4039/96 $15.00 + 0.00

Novel 2,2-Difluorovinylzirconocene:
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Abstract: 2 2-Difluorovinyl p-toluenesulfonate, readily obtained from 2.2 2-trifluorocthunol, is treated
with zirconocene equivdent "CpaZr” to generde the remarkably  theymostable nonsubstituted 2.2-
diftuorovinyvizirconocene, which in turn couples with arvliodides in the presence of palladium catalyst
and zinc jodide 1o afford monosubstituted gem-diftuoroolefing in high vields. The reaction proceeds via
2. 2-difluorovinylzine as confirmed by '*F-NMR measurement. Copyright © 1996 Elsevier Science Ltd

2.2-Difluorovinylmetals provide a straightforward route 1o synthesize gemi-difluoroolefins, 120 which are
valuable both as building blocks for fluorinated compounds and polymers? and as enzyme inhibitors.?  Most
reported 2.2-difluorovinylmetals incorporate an o-position clectron-withdrawing group such as oxygen- or
sulfur-containing groups, trifluoromethyl. or aryl groups in order to enhance their thermal stability against 3-
elimination of a metal fluoride.* Few 2,2-difluorovinyhnetals without a stabilizing substituent have been
described: two examples are our recently reported a-alkylated nonswbilized 2,2-difluorovinylboranes and
-coppers.y We are now pursuing nonsubstituted 2,2-difluorovinylmetals, which have only two precedents to
our knowledge: 2,2-difluorovinyllithium® and 2,2-difluorovinylzinc.” The preparation of these compounds is
complicated by requiring a low temperature (110 °C) and/or a gaseous starting material. Herein, we report a
facile generation of the novel, remarkably thermostable 2.2-difluorovinylzirconocene, and its palladium-
catalyzed cross-coupling reaction.

The zirconocene equivalent "CpaZr” is versatile for forming carbon-carbon bonds.® The reactions of
"CpaZr" with olefins bearing a leaving group proceed through zirconacyclopropane formation and $-elimination
10 generate organozirconium reagents.” 1f this sequence were applicable o0 2,2-difluorovinyl p-toluenesulfonate
(1). the desirable nonsubstituted 2,2-difluorovinylmetal could be generated as shown in Scheme 1,19 Based on
these considerations. we examined the reaction of 1 with "Cp2Zr" leading to 3, followed by its coupling reaction

with aryl iodides.
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Scheme 1
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1 was easily obtained from 2.2.2-trifluoroethyl p-toluenesulfonate and 2 equiv of butyllithium via
dehydrofluorination in Y0% yield.!! Thus obtained 1 was successively treated with "CpaZr" (prepared in situ
from CpaZrCly and 2 equiv of butyllithium)!2 and then p-iodonitrobenzene in the presence of catalytic amounts
of wris(dibenzylideneacetonyl)bispalladium—chloroform  (1/1) (Pda(dba)3*CHCI3) and triphenylphosphine.
Although 1 was completely consumed, the desired 3,3-difluoro-4-nitrostyrene (4a) was not obtained. Next, we
attempted the transmetalation of 3 to activate the 2,2-difluorovinyl group on zirconium. 13 The effect of metal
salts was determined. Cuprous iodide with potassium phosphate as an additive effectively promoted the

coupling leading to 4a in 58% yield (Table 1. Entry 3) and zinc iodide raised the yield of 4a to 81% (Entry 7).

cF _C/OTs "CpyZr'(2.0eq) L ZCpoX Arf(1.1eq) oF. — Ar
27Ny -78°C - 11, 3h 27Ny MX (2.4 eq) 2T
/ THF cat. Pd°
1 3 reflux, 2 h 4
Scheme 2

Table 1. The effect of metal halides on the coupling reaction of 3 with p-ICgH;NO,.»

Entry MX Yield of 4a / %> Entry MX Yield of 4a / %"’
1 CuBr 43 5 ZnCl 75
2 Cul 40 6 ZnBr 60
3 Cul 58° 7 Znl, 81
4 CuCN 36 8 Zn(OT), a4

a) 1.1 eq of p-ICH4NO, based on 1 was used. by GLC yield from I relative to internal hexadecane
standard. ¢) 4.0 eq of K;PO, based on 1 was used as an additive.

The coupling reactions with several aryl iodides by using zinc iodide are summarized in Table 2. Aryl
iodides bearing either an electron-withdrawing group or an electron-donating group equally provided the
corresponding monosubstituted gem-difluoroolefins in high yields. The intermediary 2,2-difluorovinylmetals
are thermostable, as they did not decompose even though the coupling reactions were performed in THF at
reflux. It is also noted that this vinylic arylation using "CpaZr”. an aryl iodide, and the palladium catalyst was
successfully applied to fluorine-free substrates such as vinyl p-toluenesulfonate and phenyl vinyl ether to afford
a styrene derivative. !V

A typical reaction procedure is as follows: To a solution of zirconocene dichloride (150 mg, 0.51 mmol)
in THF (2 ml) was added butyllithium (0.65 ml. 1.58 M in hexane, 1.02 mmol) at =78 °C under a nitrogen
atmosphere, and the resulting solution was stirred at that temperature for 1 h. A solution of 1 (60 mg, 0.26
mmol) in THF (0.5 ml) was added to the above mixiurc at =78 °C. After stirring for S min, the mixture was
warmed to room temperature and stirred for an additional 3 h. Triphenylphosphine (11 mg. 0.041 mmol) and
Pdy(dba)z*CHCI3 (5 mg, 0.005 mmol) were added, and stirring was continued for 10 min. To the resulting
mixture were successively added p-iodonitrobenzene (70 mg, 0.28 mmol) and zinc iodide (196 mg, 0.61
mmol). After the mixture was heated under reflux for 2 h. phosphate buffer (pH 7) was added to quench the
reaction. The usual workup and purification by thin layer chromatography on silica gel (hexane—ethyl acetate

10:1) gave 4a (36 mg. 76%) as a light yellow liquid. 14
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Table 2. Synthesis of monosubstituted gem-difluoroolefins (MX = Znl,).

Entry Arl( L.1eq) Product Yield / %"
| p-NO,C¢H 4a 817 (76)
2 P-EtOCCqH, 1 4b 809 (78 )
3 PhI 4c 714
4 1-Naphthyli 4d 67 (69 )
5 pP-MeOCeH,!1 de 779 (62)

a) Isolated yield from 1 is given in parentheses. b) GLC yield from 1 relative to internal
hexadecane standard. ¢) '’F NMR yield from 1 relative to intemal CHCF, standard.
d) 0.8 ¢q of aryl iodide based on 1 was used. e} (.75 eq of aryl iodide based on 1 was used.

In order to confirm 2,2-difluorovinylmetal formation, an '"F-NMR study was conducted on this reaction
(Fig. 1). Although the 'F-NMR spectrum of 3 in the reaction mixture was complex, it gave a single peak of
1,1-difluoroethylene (5) after protonolysis with aqueous HCI. 3 had three major sets of signals and one of them
was observed at 101.6 ppm (dd, J =46, 18 Hz) and 91.6 ppm (dd. ./ = 52, 46 Hz), which agreed closely with
those of 2.2-difluorovinylzirconocene chloride (8) prepared vig 2,2-difluorovinyllithium (7).6:!5  Moreover,
treatment of 3 with zinc iodide resulted in a single set of peaks. which are in accordance with those of 2,2-
difluorovinylzinc iodide (6) prepared by treatment of 7 or 8 with zinc iodide. Thus. these results demonstrate
that the above mentioned reaction proceeded as expected via 2.2-difluorovinylzirconocene, followed by
transmetalation leading to 2.2-difluorovinylzinc. This procedure provides a facile entry to novel 2,2-
difluorovinylzirconocene thermostable against B-elimination, which opens a new way to the synthesis of

monosubstituted gem-difluoroolefins.
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79.8 ppm  97.7 ppm (dd, J=57, 16 Hz) 98.7 ppm (dd, J=52,13 Hz) 101.6 ppm (dd, J= 46, 17 Hz)
84.2 ppm (dd, J= 57, 57 Hz) 87.1 ppm (dd, J=56,52 Hz) 91.8 ppm (dd, J=51, 46 Hz)

Fig. | IF-NMR study on gent-difluorovinylmetals

We gratefully acknowledge the financial support for this research by a grant from the Ministry of
Education, Science. Sports, and Culture of Japan (Grant-in-Aid for Scientific Research (C) No. 08640690), the
Inamori Foundation, and Ono Pharmaceutical Co., Ltd. to J. 1. We also thank the Center for Instrumental

Analysis KIT for the measurement of analytical data.



8802

REFERENCES AND NOTES

1.

2.

o0

10.
1.

12.
13.

14.

Burton, D. J.; Yang, Z. -Y.; Morken, P. A. Tetrahedron 1994, 50, 2993-3063. Normant, §. F. /.
Organomet. Chen. 1990, 400, 19-34.

(a) Hudlicky, M. Chemistry of Organic Fluorine Compounds, 2nd ed; Ellis Horwood: Chichester, 1976;
Chaps. 5and 9. (b) Tozer, M. J.; Herpin, T. F. Tetrahedron 1996, 52, 8619-8683.

Moore, W. R.; Schatzman, G. L.; Jarvi, E. T.: Gross, R. S.; McCarthy, J. R. J. Am. Chem. Soc. 1992,
114, 360-361. Bey, P.; McCarthy, J. R.: McDonald, 1. A. In Selective Fluorination in Organic and
Bioorganic Chemistry; Welch, J. T., Ed.; ACS Symposium Series 456; American Chemical Society:
Washington, DC, 1991; pp 105-133.

For 2,2-difluorovinylmetals with an electron-withdrawing group (X), see: X = OTs: Tanaka, K.; Nakai,
T.; Ishikawa, N. Tetrahedron Lett. 1978, 4809-4810. X = OPh. SPh: Nakai, T.; Tanaka, K.: Ishikawa,
N. Chem. Lett. 1976, 1263-1266. X = O-allyl: Metcalf, B. W.; Jarvi, E. T.: Burkhart, J. P. Tetrahedron
Letr. 1985, 26, 2861-2864. X = OMEM: Patel, S. T.: Percy, J. M.: Wilkes, R. D. J. Org. Chem. 1996,
61. 166-173 and references therein. X = OCONEw: Crowley, P. J.; Howarth, J. A.; Owton, W. M.;
Percy, J. M. Stansfield, K. Tetrahedron Lett. 1996, 37, 5975-5978 and references therein. Lee, J.;
Tsukazaki, M.; Snieckus, V. Tetrahedron Lett. 1993, 34, 415-418. X = CF3: Morken, P. A.; Burton, D.
J. J. Org. Chem. 1993, 58, 1167-1172. See also: Jiang, B.;: Xu, Y. J. Org. Chem. 1991, 56, 7336—
7340. X = aryl: Ishihara, T.; Yamana, M.; Ando, T. Tetrahedron Lett. 1983, 24, 5657-5660. X = O-
phosphazene: Allcock, H. R.; Suszko, P. R.; Evans, T. L. Organometallics 1982, 1, 1443-1449.
Ichikawa, J.; Sonoda, T.; Kobayashi, H. Tetrahedron Lett. 1989, 30, 1641-1644. Ichikawa, J.; Sonoda,
T.; Kobayashi, H. Tetrahedron Lert. 1989, 30, 5437-5438. Ichikawa, J.; Sonoda, T.; Kobayashi, H.
Tetrahedron Lett. 1989, 30, 6379-6382. Ichikawa, J.; Moriya, T.; Sonoda, T.: Kobayashi, H. Chem.
Letr. 1991, 961-964. Ichikawa, J.; Hamada, S.; Sonoda, T.: Kobayashi, H. Tetrahedron Lett. 1992, 33,
337-340. Ichikawa, J.; Minami, T.; Sonoda. T.: Kobayashi, H. Tetraghedron Lett. 1992, 33, 3779-3782.
Ichikawa, J.; lkeura, C.; Minami, T. Synlett 1992, 739-740. Ichikawa, J.; Yonemaru, S.; Minami, T.
Synlett 1992, 833-834. Ichikawa, J.; Tkeura, C.; Minami, T. J. Fluorine Chem. 1993, 63, 281-28S.
Ichikawa, J.; Miyazaki, S.; Fujiwara. M.; Minami, T. /. Org. Chem. 1995, 60, 2320-2321.

Electrophiles with which 2,2-difluorovinyllithium reacts are limited to carbonyl compounds. Gillet, J. P.;
Sauvétre, R.; Normant, J. F. Synthesis 1982, 297-301. Sauvétre, R.; Normant, J. F. Tetrahedron Lett.
1982, 23, 4325-4328. Drakesmith, F. G.; Richardson, R. D.: Stewari, O. J.; Tarrant, P. J. Org. Chem.
1968, 33, 286-291.

. Gillet, J. P.; Sauvétre, R.; Normant, J. F. Syathesis 1986, 538-543.

Hanzawa, Y .; Ito, H.; Taguchi, T. Synlett 1995, 299-305 and references therein.

(a) Ito, H.; Nakamura, T.; Taguchi, T.; Hanzawa. Y. Tetrahedron 1995, 5/, 4507-4518. (b) Takahashi,
T.; Kotora, M.; Fischer, R.; Nishihara, Y.; Nakajima. K. J. Am. Chem. Soc. 1995, 117, 11039-11040.
See also: (c) Takahashi, T.; Kondakov, D. Y.: Xi, Z.; Suzuki. N. J. Am. Chem. Soc. 1995, 117, 5871
5872 and references therein.

Takahashi reported the formation of fluorine-free vinylzirconocenes by treatment of vinyl halides with
"CpaZr".%

Butyllithium should be added dropwise over 10 min to a THF solution of 1 at -78 °C.

Negishi, E.; Cederbaum, F. E.; Takahashi, T. Tetrahedron Lett. 1986, 27, 2829-2832.

For the reports on transmetalation of organozirconiums, see: Zr to Cu: Takahashi, T.; Hara, R.: Nishihara,
Y.; Kotora, M. J. Am. Chem. Soc. 1996, 118, 5154-5155 and references therein. Zr to Zn: Negishi, E.:
Okukado, N.; King, A. O.; Van Horn, D. E.; Spiegel, B. 1. /. Am. Chem. Soc. 1978, 100, 2254-2256.
4a (Ar = p-NO2CgHy): 'H NMR (500 MHz, CDCI3) 8 5.41 (I1H, dd, Jyp =25.3, 3.4 Hz). 7.49 (2H, br d,
J=8.9 Hz), 8.19 2H, brd, J = 8.9 Hz). !3C NMR (126 MHz, CDCl3) & 81.7 (dd. JcF = 31. 13 Ha),
124.1, 128.2 (dd, Jcg = 7. 3 Hz), 137.4 (t, Jor = 7 Hz), 146.5, 157.2 (dd. JcF = 301, 293 Hz). 9F
NMR (471 MHz, CDCl3 / Cg¢Fg) 83.1 (1F, dd. Jpr = 19 Hz, Jpy = 3 Hz), 84.5 (IF. dd, Jer = 19 Hz, JEH
=25 Hz) ppm. IR (neat) 1730, 1600, 1515, 1340, 1300, 1250, 1175, 1110, 945, 860, 830, 750, 690 -
crl, MS (70 eV) m/e 185 (M*: 72). 155 (62), 127 (72). 119 (100), 63 (55). HRMS caled for
CgHsNO;F, 185.0288 (M+); found 185.0333.

. In the reaction of 1, lithium chloride formed in the preparation of "CpyZr" probably acted as a chloride

source 1o generate 8.

(Received in Japan 24 September 1996; accepted 14 October 1996)



