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Abstract: The nitro group of 1-aryl-2-nitroethenes was readily
substituted by the organic moiety of organozinc halides in the presence
of a catalytic amount of Ni(acac), and tertiary amine to give 1-aryl-1-
alkenesin excellent yields.

at -18C to room temperature. In the course of the reactions, the reaction
mixture would become slightly brown from milky white. In the

experiment, we find that the structure of nitro compounds have great
influence on the reaction. When the nitro group is attached to an

aromatic ring or a saturated carbon atom, the reactions are absolutely
prohibited. For example, using nitrobenzene or 1-nitro-2-phenylheptane
as substrate, over 95% will be recovered after reacting with R-Znl for 20
hours. This indicates that the nitro group is not reduced in the course of
the reaction. In the absence of Ni(agaa)d tertiary amine, the reaction
was not successful. For example, no product was isolated after the
reaction of 1-nitro-2-phenylethene and gHg,Znl without Ni(acac)

and tertiary amine.

Organozinc reagents (R,Zn and RZnX) have proved to be versdtile
synthetic reagents in the last decades!. Complex functionalized
organozinc reagents have great potential for natural-product synthesis?.
Unfortunately they are relatively poor nucleophiles and do not react
directly with most useful electrophiles such as adehydes, ketones and
organic halides. In 1978, Mukayama first reported that Et,Zn could add
smoothly to benzaldehyde in the presence of aminoalcohols®. After this
report, much attention has been given to the reaction®, especially the
enantioselective addition reaction® of dialkylzinc compounds with
aldehydes and ketones. In 1988, P. Knochel showed® that functional
organozinc iodides R-Znl could be transmetallized into organozinc-

copper reagents R-Cu(CN)Znl with  THF  soluble copper salt Table I: Ni(Il) catalyzed reaction of nitro olefins with organozinc
CuCN - 2LiCl, and then coupled with acyl chlorides or conducted 1,4 ;5 dides

Compared with the similar reaction of dialkylziﬁ?;sthe reaction
reported here has the following advantages: easier availability of
organozinc iodides than dialkylzincs and higher yields of products.

add|'t|on. reaction with enongs. This repgrt greaFIy extendgd th'Entry R R, L Product  Yield(%)"
application range of organozinc reagents in organic synthesis. No
these reagents have been successfully used in coupling reactions w 1 n-CsHur- H A 3a 88
organic halides, 1,2-addition reactions with aldehydes or ketones ar n-CsHy,- H B 3a 86
1,4-addition reactions witB-unsaturated carbonyl compound or nitro

. 47 . . . . . n-CsH“— H C 3a 91
olefinsb*7. However, stoichiometric CUCN - 2LiCl must be used in
most of their reactions. In our previous refowe used Cu(OAg)/ 4 Cl(CH2):- H A 3b 82
LiCl as copper salt to carried out the 1,4-addition reaction with enone: 5 CI(CHy)s- H C 3b 85
Although the method avoided the gse of tgxnc amn in thg reaction, 5-CsHye o0-Cl- A 3c 39
the amount of Cu(OAg)used was still stoichiometric. In this paper, we
report that the nitro group of 1-aryl-2-nitroethenes can be substituted k7 n-CsH- o-Cl- C 3¢ 90
organozinc halides under the catalysis of Ni(acanyl a tertiary amine g CI(CHy)s- o-Cl- A 3d 85
to give 1-aryI?1-aIkenes in excellent.ylelds (Scheme 1, Ta.ble. ). A n-CsHi oCH- A 3e 3]
survey of the literature shows that a nitro group on an aromatic ring ce
be readily substituted by many organic nucleopfilemd the nitro 10 CH:CH;- H A 3f 87
group of 1-aryl-2-nitroethenes can be replaced by dialky#ncs 11 CH;CH,- o-Cl- A 3g 82

a: The structures were determined by IR, TH-NMR, ®C-NMR and MS.

Ni(acac), / L (cat.) b: Isolated yield.

R-Znl + R///;\>—CH=CH—N02
1
1 2

7
. //;>-CH =CHR
:
3

THF, -18°Ctort.
Experimental Section
L= A HoNE 3a: R = n-CahHys - R, =H General prgcedure: Under nitrogen atmosphere, a.mixture of zinc (0.013
i H ;Et 2 3b:R=CI(CHy)s- Ry=H mol), 1,2-dibromoethane (0.04ml) and THF (2ml) in a three-neck flask
e 3c:R=nCsHyy- Ry =0-Ch was heated to 60-9G for a minute and then cooled to room
3d: R=CiCHy)y- Rq=0-Cl- temperature. Chlorotrimethylsilane (0.05ml) was added, and the mixture
B: HaN. ) g?_: ';f'g?;:' RR1_=:'CH3 was stirred at room temperature for 15 minutes. A solution of R-l
THN. ) 30 R = CH§CH§_ R; - o.Cl- (0.012mol) in THF (10ml) was then added, and the mixture was stirred
C EtsN for 12h at 35-48C. The resulting solution of R-Znl in THF was ready to

use.

In another three neck flask, Ni(ac€9.0012mol), L (0.0024 mol for A

and B, 0.0048 mol for C) and THF (10 mL) were added and heated at
The organozinc reagents were obtained following P. Knochel$0°C for 10 minutes. The solution of R-Znl in THF obtained as above
procedur€ and then added into a mixture of Ni(agaehd tertiary = was added at room temperature, and the resulting mixture was cooled to
amine at room temperature. The substitution reactions were carried otit5°C. A solution of nitro olefin (0.01 mol) was added dropwise and the

Scheme 1
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temperature was alowed to rise to room temperature. After stirring for
18 hours, saturated NH,Cl solution (15 mL) and Et,0(15 mL) were
added and the mixture was stirred for 20 minutes. The organic layer was
separated, dried over anhydrous MgSO,4 and concentrated. The product
was isolated from the crude reaction mixture by chromatography on
silicagel ( petroleum/dichloromethane or diethyl ether).

3a Colorless liquid, IR Umax(neat)/cm'1 3057, 3026, 2959, 2928, 2856,
1655, 1599, 1493, 1462, 962, 740, 692; 'H NMR &,,(80MHz; CDCl3)
7.35-7.19 (m, 5H), 6.51-6.19(m, 2H), 2.16(q, 2H, J=5.5Hz), 1.58-
1.21(m, 6H), 0.90(t, 3H); 13C NMR 8,(100Mhz; CDCl5) 137.9, 131.2,
129.9, 1128.4(2C), 126.7, 125.9(2C), 33.0, 31.2, 29.1, 22.6, 14.1; El-
MSm/z 174(M*, 58%), 117(100), 104(99), 103(98), 91(78), 77(14)

3b Colorless liquid, IR umax(neat)/cm'l 3080, 3026, 2955, 2933, 2864,
1651, 1597, 1577, 1493, 1446, 966, 742, 694, 650; H NMR
04(80MHz; CDCl3) 7.36-7.04(m, 5H), 6.53-6.00(m, 2H), 3.54(t, 2H,
J=6.2Hz), 2.37(q, 2H, J=6.8Hz), 2.36-1.49(m, 4H); EI-MS m/z 194(M ™,
77%), 117(100), 104(68), 103(31), 91(94), 77(17)

3c Colorless liquid, IR Umax(neat)/cm'1 3060, 3028, 2965, 2928, 2872,
1648, 1596, 1567, 1468, 1437, 964, 745, 691; H NMR 3,(80MHz;
CDCl3) 7.56-7.13(m, 4H), 6.86-6.01(m, 2H), 2.03-3.13(q, 2H,
J6.4Hz), 1.66-1.27(m, 6H), 0.91(t, 3H, J=5.5Hz); EI-MS m/z 208(M*,
99%), 173(19), 165(27), 151(100), 138(98), 125(97), 89(95), 77(8)

3d Colorless liquid, IR umax(neat)/cm'l 3061, 3038, 2937, 2864, 2841,
1649, 1591, 1556, 1469, 1441, 966, 750, 694, 651; H NMR
04(80MHz; CDCl3) 7.54-7.14(m, 4H), 6.68-6.05(m, 2H), 3.56(t, 2H,
J=6.18Hz), 2.42-2.16(q, 2H, J=7.02Hz), 1.93-1.62(m, 4H); EI-MS m/z
230(M*, 40%), 195(5), 151(100), 150(99), 138(98), 125(71), 115(97),
77(10)

3e Colorless liquid, IR Umax(neat)/cm'1 3030, 3001, 2937, 2928, 2856,
2835, 1610, 1574, 1512, 1464, 1441, 1248, 964, 798; 'H NMR
Ox(80MHz; CDCl3) 7.32-6.84(m, 4H), 6.45-5.80(m, 2H), 3.78(s, 3H),
2.21-2.13(m, 2H), 1.50-1.98(m, 6H), 0.90(t, 3H); EI-MS m/z 204(M™,
99%), 147(100), 134(66), 121(65), 91(95), 90(53), 77(11)

3f Colorless liquid, IR Umax(neat)/cm'l 3028, 2967, 2930, 2874, 1651,
1599, 1493, 1452, 964, 742, 692; 1H NMR 04(80MHz; CDCl3) 7.41-
7.10(m, 5H), 6.53-6.24(m, 2H), 2.40-2.07(m, 2H), 21.09(t, 3H,
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J=7.35Hz); EI-MS m/z 132(M*, 99%), 117(100), 104(33), 103(35),
91(98), 77(76)

3g Colorless liquid, IR Uy (neat)/cm™ 3065, 2966, 2930, 2874, 1647,
1591, 1566, 1469, 1437, 964, 746, 690; H NMR 3,,(80MHz; CDCl3)
7.60-7.13(m, 4H), 6.88-6.05(m, 2H), 2.48-2.14(m, 2H), 1.11(t, 3H,
J=7.43Hz); 13C NMR 8,(100MHz; CDCl3) 135.9, 135.5, 132.5, 129.5,
127.8, 126.7, 1265, 125.1, 26.3, 135; EI-MS m/z 166(M*, 99%),
151(100), 138(12), 131(97), 116(99), 91(73), 77(21)

References and notes

(1) (a Knochel, P; Singer, R.D. Chem. Rev. 1993, 93, 2117; (b)
Rieke, R.D.; Hason, M.V. Tetrahedron 1997, 53, 1925

(2) Oppolzer, W.; Radinov, R.N. J. Am. Chem. Soc. 1993, 115, 1593

(3) (a) Sato, T.; Soai, K.; Suzuki, K.; Mukaiyama, T. Chem. Lett.,
1978, 601; (b) Mukaiyama, T.; Soai, K.; Sato, T.; Shimizu, H;
Suzuki, K. J. Am. Chem., Soc. 1979, 101, 1455

(4) Nakamura, E.; Aoki, S.; Sekiya, K.; Oshino, H.; Kuwajima, 1. J.
Am. Chem. Soc. 1987, 109, 8056

(5) (@) Soai, K.; Niwa, S. Chem. Rev. 1992, 92, 833; (b) Noyori, R.;
Kitamura, M. Angew. Chem. Int. Ed. Engl. 1991. 30. 49

(6) Knochel, P; Yeh, M.C.P; Berk, S.C.; Talbert, J. J. Org. Chem.
1988, 53, 2390

(7) (a) Micouin, L.; Oestreich, M.; Knochel, P. Angew. Chem., Int.
Ed. Engl. 1997, 36, 245; (b) Jackson, R.F.W.; Turner, D.; Block,
M. H. J. Chem. Soc., Perkin Trans.1 1997, 865; (c¢) Ross, R,;
Bellina, F.; Ciucci, D. J. Organometal. Chem. 1997, 542, 113; (d)
Jou, D.-C.; Hsiao, T.-Y.; Wu, M.-Y.; Kong, K.-C.; Cheng, C.-H.
Tetrahedron 1998, 54, 1041

(8) Hu, Y. Yu,J; Yang, S.; Wang, J; Yin, Y. Synth. Commun. 1998,
28, 2793

(9) (a) Bunnett, JF; Zahler, R.E. Chem. Rev. 1951, 49, 273; (b)
Bunnett, J.F; Garbisch, J, E. W.; Pruitt, K.M. J. Am. Chem. Soc.
1957, 79, 385; (c) Berk, JR. J. Org. Chem. 1978, 43, 2048; (d)
Guo, H.Y. Huaxueu Yongbao 1983, 5, 38

(10) Seebach, D.; Schafer, H.; Schmidt, B.; Schreiber, Adgew.
Chem.,, Int. Ed. Engl. 1992, 31, 1587

Downloaded by: UC Santa Barbara. Copyrighted material.



