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Facile Preparation of Homoallyl B’,Y’-Unsaturated Amines via
1, 2-Addition of «,p-Unsaturated Imines with Allylsamarium
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A series of homeoallyl §',y’'-unsaturated amines were synthe-
sized via 1, 2-addition of «,f-unsaturated imines with allyl-
samarium bromide in excellent yields under mild and neutral
conditions.
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Olefinic amines and their derivatives have been
proven to be an especially versatile class of compounds
with respect to further elaboration.! Homoallyl f’,7’-un-
saturated amines are more useful precursors particularly
in the synthesis when the functionalizations of two double
bonds are involved. The addition of allylic organometal-
lic species to the imine constitutes a valuable method for
the synthesis of homoallyl 8’,7Y’-unsaturated amines. A
few metals have been directly utilized to promote the al-
lylation of «, B-unsaturated imines, e.g., In,? Cd/
BuyNBr,? Ta, Bi/BuyNBr,* Al, Zn/PbCl,,’ allyltribu-
tystannane/Ln( OTf) .5 However, most of these methods
involved harsh conditions, such as using certain addi-
tives, Lewis acid catalysts or a long reaction time.

In recent years, much attention has been paid to
the application of samarium reagents in organic synthe-
sis, especially Sml,,” which can promote the Barbier-
type reaction between carbonyl compounds and alkyl
halides. Wu et al. reported the Barbier-type allylation
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of ketones® and carboxylic esters’ with samarium and allyl
bromide, and a reaction mechanism with organosamarium
intermediate has been suggested. Our group have ex-
plored a number of reactions of allylsamarium bromide
with a variety of substrates, such as N-(2-aminoalkyl)-

benzotriazoles,® imines, ! 2

nitriles, * diorgano dise-
lenides, " disulfides,'* isocyanates' and nitroalkenes. 6
In order to extend the application of allylsamarium bro-
mide and to study whether the reactions take place via
1,2-addition or 1,4-addition in the reaction of a, -un-
saturated imines with allylsamarium bromide. Herein we
wish to report that a,(3-unsaturated imines could be ally-
lated with allylsamarium bromide to give homoallyl p’,
7Y'-unsaturated amines in excellent yields under mild
conditions with a short reaction time (Scheme 1) .

Scheme 1
THF
H,C=CH—CH,Br + Sm —— H,C=CH—CH,SmBr
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The results were summarized in Table 1. When
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( E) -N-(3-phenyl-2-propenylidenyl) -benzenamine (1a)
was added to allylsamarium bromide in anhydrons te-
trahydrofuran at room temperature under a nitrogen atmo-
sphere, the deep purple color of the mixture changed in-
to brown color quickly and the product 3a was obtained.
The ( E)-N-[ 1-(2-phenylethenyl ) buten-3-yl ]- N-phen-
ylamine (3a) resulted from 1,2-addition of allylsamari-
um bromide and no 1,4-addition product was observed,
which contrasted to the reaction with organolithiums
where both 1, 2- and 1, 4-addition occurred.” 8 As
shown in Table 1, when the reaction occurred at 50 C,
yield was substantially lower and byproduct was in-
creased.

Table1 Reaction of a, B-unsaturated imines with allylsamarium

bromide
Time Yield
Fotry A R (min)  (%)°
3a CeHs CoHs 6 95(80)%(94)°
3b CsHs CsHsCH, 8 90
3c CeHs 2-CH;GeH, 7 92
3d CeHs 4-CH;GH, 7 92
3e CoHs 3-CIGH, 9 88
3f CoHs 4-BrCgH, 9 87
3g CgHs 4-CH;0C6H, 7 92
3h GHs  2,4(CHy),GH; 7 92
3i  4-CH:GH, 4-CH,CgH, 9 85
3j 4-CH,CH, 4-BiCgH, 9 86

¢ Isolated yields based on a,-unsaturated amines.
® The yield was obtained when reaction temperature was 50 C .
¢ The yield was obtained when reaction temperature was — 15 °C.

In summary, the present procedure provides a sim-
ple, efficient, and practical method for the preparation
of homoallyl 8, Y-unsaturated amines.

Experimental

Tetrahydrofuran was distilled from sodium-ben-
zophenone immediately prior to use. All reactions were
conducted under a nitrogen atmosphere. Melting points
were obtained on an electrothermal melting point appara-
tus and uncorrected. Infrared spectra were recorded on a
Bruker Vector 22 spectrometer with maximum absorption
indicated in cm™. 'H NMR spectra were recorded on a
Bruker AC400 (400 MHz) spectrometer using CDCl
solutions. J values are in Hz. Chemical shifts are ex-

pressed in parts per million downfield from internal te-
tramethylsilane. Mass spectra were recorded on an HP
5989B MS spectrometer. Elemental analyses were car-
ried out on a Carlo Erba FA 1110 instrument .

Typical procedure for synthesis of the (E)-N-[1-
(2-phenylethenyl ) buten-3-yl ] -N-phenylamine (3a)
Under an inert atmosphere of nitrogen, samarium powder
(0.18 g, 1.25 mmol) was placed in a 50 mL three-
neck flask and a solution of allyl bromide (0.2 g, 1.5
mmol) in 2 mL of tetrahydrofuran was added by syringe,
the mixture was magnetically stirred for 1 h at room tem-
perature. A purple suspension was obtained. Then a so-
lution of ( E )-N-(3-phenyl-2-propenylidenyl ) benzen-
amine (1 mmol) in tetrahydrofuran was added to this
suspension in one portion by syringe. The mixture was
stirred for about 5—12 min at room temperature, then
quenched with dilute solution of K,CO3 (5%, 5 mL)
and extracted with ether (3 x 20 mL). The combined
extracts were washed with saturated brine (15 mL) and
dried over anhydrous Na,SOy. After evaporating the sol-
vent under reduced pressure, the crude product was pu-
rified by preparative TLC on silica gel using ethyl ac-
etate-cyclohexane (1:6) as eluent.

(E)-N-[1-(2-Phenyletheryl ) buten-3-yl ] -N-phen.-
ylamine (3a) 0il (lit.*). IR v: 3415, 2919,
1519, 909, 739 cm™. 'H NMR 8y: 2.50—2.55 (m,
2H, CH,-CH), 3.81 (br.s, 1H, NH), 4.10—4.12
(m, 1H, CH,-CH), 5.17—5.26 (m, 2H, CH, =
CH), 5.85—5.91 (m, 1H, CH=CH,), 6.24 (dd,
J=16.0, 5.7 Hz, 1H, CH = CH-CH), 6.62 (d,
J=16.0 Hz, 1H, CH = CH-CH), 6.65—6.68 (m,
2H, ArH), 6.89—6.93 (m, 1H, AH), 7.12—7.16
(m, 2H, ArH), 7.29—7.37 (m, 3H, AH), 7.39—
7.42 (m, 2H, ArH).

( E )-N-[ 1-(2-Phenylethenyl ) buten-3-yl ]-N-ben-
zylamine (3b) 0il (Lit.*). IR v: 3402, 2928,
1586, 919, 747 cm™. 'H NMR 8y: 2.47—2.52 (m,
2H, CH,-CH), 3.07 (br.s, 1H, NH), 3.37 (s,
2H, CH,), 4.07—4.09 (m, 1H, CH,-CH), 5.15—
5.23 (m, 2H, CH, = CH), 5.82—5.90 (m, 1H,
CH=CH;), 6.22 (dd, J =16.0, 5.7 Hz, 1H,
CH=CH-CH), 6.60 (d, J=16.0 Hz, 1H, CH=
CH-CH), 6.92—6.95 (m, 2H, AH), 7.19—7.30
(m, 4H, ArH), 7.32—7.40 (m, 4H, ArH).

(E)-N-[1-(2-Phenylethenyl ) buten-3-yl ]-N- ( o-
methylphenyl ) amine (3c) Oil. IR v: 3428, 2918,
1606, 911, 750 em™. 'H NMR &y: 2.28 (s, 3H,
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CH:), 2.47—2.52 (m, 2H, CH,-CH), 3.80 (br.s,
1H, NH), 4.07—4.09 (m, 1H, CH,-CH), 5.15—
5.23 (m, 2H, CH, = CH), 5.82—5.90 (m, 1H,
CH=CH,), 6.22 (dd, J=16.0, 5.7 Hz, 1H, CH
=CH-CH), 6.60 (d, J=16.0 Hz, 1H, CH = CH-
CH), 6.62—6.70 (m, 2H, ArH), 7.08—7.12 (m,
2H, ArH), 7.23—7.25(m, 1H, AH), 7.29—7.33
(m, 2H, ArH), 7.38—7.40 (m, 2H, ArH). MS
m/z(%) : 263(M*, 2.2), 222(100), 157(8), 144
(11), 115(13), 91(23). Anal. caled for C;gH, N: C
86.69, H7.98, N 5.33; found: C86.57, H7.85, N
5.58.

(E)-N-[1-(2-Phenylethenyl ) buten-3- yl ]-N-( p-
methylphenyl ) amine (3d) Oil. IR v: 3415, 2919,
1611, 912, 733 cm!. 'H NMR &: 2.28 (s, 3H,
CH;), 2.38—2.40 (m, 2H, CH,-CH), 4.05—4.07
(m, 1H, CH,-CH), 5.09—5.15 (m, 2H, CH, =
CH), 5.78—5.82 (m, 1H, CH=CH,), 6.14 (dd,
J=16.0, 5.7 Hz, 1H, CH = CH-CH), 6.54 (d,
J=16.0 Hz, 1H, CH= CH-CH), 6.53 (d, J=8.0
Hz, 2H, ArH), 6.92 (d, J =8.0 Hz, 2H, ArH),
7.14—7.21 (m, 1H, AH), 7.21—7.24 (m, 2H,
ArH), 7.30 (d, J=8.0 Hz, 2H, ArH). MS m/z
(%):263(M*, 2.7), 222(100), 157(6), 144
(13), 115(14), 91(24). Anal. caled for CioHyN: C
86.69, H7.98, N5.33; found: C 86.52, H8.12, N
5.36.

( E)-N-[1-(2-Phenylethenyl ) buten-3- y1 ]-N-( m-
chlorophenyl) amine (3e) Oil. IR v: 3415, 2919,
1612, 905, 740 cm™. 'H NMR &y: 2.37—2.40 (m,
2H, CH,-CH), 3.84 (br.s, 1H, NH), 3.92—3.96
(m, 1H, CH-CH), 5. 11—5. 15 (m, 2H,
CH,=CH), 5.75—5.79 (m, 1H, CH=CH,), 6.08
(dd, J=16.1, 5.7 Hz, 1H, CH = CH-CH), 6.47
(d, J=16.1 Hz, 1H, CH = CH-CH), 6.53—6.63
(m, 3H, AH), 6.97—7.01 (m, 1H, AH), 7.17—
7.25 (m, 3H, ArH), 7.27—7.31 (m, 2H, AH).
MS m/z(%): 283(M*, 0.7), 242(100), 206(7),
164(14), 115(41), 91(37). Anal. calcd fOI‘ Clngg-
NCl: C76.32, H6.36, N 4.95; found: C 76.18, H
6.52, N 4.86.

(E)-N-[1-(2-Phenylethenyl ) buten-3-yl ]-N-( p-
bromophenyl ) amine (3f) Oil. IR v: 3420, 2915,
1590, 905, 735 cm!. 'H NMR &: 2.35—2.39 (m,
2H, CH,-CH), 3.85 (br.s, 1H, NH), 3.91—3.92
(m, 1H, CH,-CH), 5.11—5.16 (m, 2H, CH, =
CH), 5.76—5.84 (m, 1H, CH=CH,), 6.08 (dd,

J=16.1, 5.8 Hz, 1H, CH = CH-CH), 6.50 (d,
J=16.1 Hz, 1H, CH=CH-CH), 6.45 (d, J=8.0
Hz, 2H, ArH), 7.16—7.19 (m, 3H, AH), 7.22—
7.31 (m, 4H, AH). MS m/z(%): 327 (M*,
2.2), 286(100), 206(20), 157(17), 130(97), 91
(37). Anal. caled for C;gH;sNBr: C 66.06, H 5.50,
N 4.28; found: C 65.86, H5.23, N 4.39.

(E)-N-[1-(2-Phenylethenyl ) buten-3-yl ] -N-( p-
methoxyphenyl) amine (3g) 0il (lit.%). IR v:
3425, 2922, 1595, 912, 720 ecm?. 'H NMR 8y:
2.352.38 (m, 2H, CH,-CH), 3.65 (br.s, 1H,
OCH;), 3.74 (br.s, 1H, NH), 4.10—4.13 (m,
1H, CH,-CH), 5.12—5.18 (m, 2H, CH, = CH),
5.78—5.82 (m, 1H, CH=CH,), 6.14 (dd, J =
16.0, 5.8 Hz, 1H, CH = CH-CH), 6.54 (d, J =
16.0 Hz, 1H, CH= CH-CH), 6.55 (d, J=8.0 Hz,
2H, ArH), 6.90 (d, J = 8.0 Hz, 2H, ArH),
7.15~7.20 (m, 1H, ArH), 7.22—7.25 (m, 2H,
ArH), 7.30 (d, J=8.0 Hz, 2H, AH).

(E)-N-[1-(2-Phenylethenyl ) buten-3-yl]-N-( o,
p-dimethylpheryl ) amine (3h) Oil. IR v: 3420,
2915,1602, 905, 736 cm®. 'H NMR &y: 2.13 (s,
3H, CH;), 2.20 (s, 3H, CH;), 2.45—2.49 (m,
2H, CH,-CH), 3.65 (br.s, 1H, NH), 3.99—4.04
(m, 1H, CH,-CH), 5.13—5.20 (m, 2H, CH, =
CH), 5.78—5.86 (m, 1H, CH=CH,), 6.09 (dd,
J=16.1, 5.9 Hz, 1H, CH = CH-CH), 6.58 (d,
J=16.1 Hz, 1H, CH = CH-CH), 6.56 (s, 1H,
ArH), 6.86 (d, J=8.0 Hz, 2H, AH), 7.17—7.28
(m, 3H, ArH), 7.33 (d, J=8.0 Hz, 2H, ArH).
MS m/z(%): 277(M*, 5.1), 236(100), 158(14),
144(12), 115(18), 91(29). Anal. caled for CHyN: C
86.64, H8.30, N5.05; found: C 86.32, H8.52, N
5.16.

(E)-N -{1-[2-( p-Methylphenyl ) ethenyl ] buten-
341} -N-( p-methylphenyl ) amine (3i) Oil. IR v:
3425, 2930, 1625, 910, 739 cm™. '"H NMR 8y: 2.19
(s, 3H, CH;), 2.28 (s, 3H, CH;), 2.38—2.41
(m, 2H, CH,-CH), 3.75 (br.s, 1H, NH), 3.95—
3.97 (m, 1H, CH,-CH), 5.09—5.16 (m, 2H,
CH,=CH), 5.79—5.81 (m, 1H, CH=CH,), 6.09
(dd, J=16.0, 5.9 Hz, 1H, CH = CH-CH), 6.53
(d, J=16.0 Hz, 1H, CH=CH-CH), 6.54 (d, J =
8.0 Hz, 2H, ArH), 6.93 (d, J = 8.0 Hz, 2H,
ArH), 7.05 (d, J=8.0 Hz, 2H, ArH), 7.21 (d,
J=8.0 Hz, 2H, ArH). MS m/z(%): 277(M*,
1.8), 236(100), 171(12), 144(14),129(11), 115



106

Homoally f',y’-unsaturated amine

CHEN & ZHANG

(4), 91(8). Anal. caled for CxHy;N: C 86.64, H
8.30, N5.05; found: C 86.21, H8.93, N4.86.

(E)-N -1{1- [2-( p-Methylphenyl ) ethenyl ] buten-
3-yl} -N-( p-bromophenyl ) amine (3j) mp 58—60
C. IR v: 3415, 2925, 1595, 916, 745 em™. 'H
NMR dy: 2.28 (s, 3H, CH;), 2.38—2.40 (m, 2H,
CH,-CH), 3.85 (br.s, 1H, NH), 3.91—3.93 (m,
1H, CH,-CH), 5.11—5.16 (m, 2H, CH, = CH),
5.77—5.79 (m, 1H, CH=CH,), 6.04 (dd, J =
16.1, 5.9 Hz, 1H, CH=CH-CH), 6.46 (d, J =
16.1 Hz, 1H, CH=CH-CH), 6.46 (d, J=8.0 Hz,
2H, AH), 7.06 (d, J =8.0 Hz, 2H, AH),
7.16—7.21(m, 4H, AtH). MS m/z(%): 341(M*,
1.4), 300(100), 220(18), 171(9), 130(86), 115
(19), 105(42), 91(15). Anal. caled for C;oHyNBr:
C66.86, H5.86, N4.11; found: C 66.53, H5.98,
N 4.23,

References

1 (a) Gary, E. K.; Erec, J. E. J. Org. Chem. 1985,
50, 146.
(b) Clive, D. L. J.; Farina, V.; Singh, A.; Wong, C.
K.; Keil, W. A.; Menchen, S. M. J. Org. Chem.
1980, 45, 2120.
(¢) Larry, E. O.; Russell, J. M. Tetrahedron Lett. 1982,
23, 4887.
(d) Danishefsky, S.; Taniyama, E.; Webb, R. R. Tera-
hedron Lett. 1983, 24, 1357.
(e) Parker, K. A.; O’ Fee, R. J. Am. Chem. Soc.
1983, 105, 654.
(f) Wang, Y. F.; Izawa, T.; Kobayashi, S.; Ohno, M.

2

10

11

12

13

14

15

16

17

18

J. Am. Chem. Soc. 1982, 104, 6465.

Beuchet, P.; Mamec, N. L.; Mosset, P. Tetrahedron
Lest. 1992, 33, 5959.

Sain, B.; Prajapati, D.; Sandhu, J. S. Tetrahedron Lett.
1992, 33, 4795.

Bhuyan, P. J.; Prajapati, D.; Sandhu, J. S. Tetrahedron
Lett. 1993, 34, 7975.

Tanaka, H.; Nakshara, T.; Dhimane, H.; Tori, S. Te-
trahedron Lett. 1989, 30, 4146.

Bellucci, C.; Cozzi, P. G.; Umani-Ronchi, A. Tetrahe-
dron Lett. 1995, 36, 7289.

Molender, G. A.; Hamis, C. R. Chem. Rev. 1996, 96,
307.

Gao, X.; Wang, X.; Cai, R. F.; Wei, J. D.; Wu, S.
H. Acta Chim. Sin. 1993, 51, 1139.

Gao, X.; Zeng, J.; Zhou, J. Y.; Wu, S. H. Acta
Chim. Sin. 1993, 51, 1191.

Wang, J. Q.; Zhou, J. Q.; Zhang, Y. M. Synth. Com-
mun. 1996, 26, 3395.

Wang, J. Q.; Zhang, Y. M.; Bao, W. L. Synth. Com-
mun. 1996, 26, 2473.

Yu, M. X.; Zhang, Y. M.; Guo, H. Y. Synth.
mun. 1997, 27, 1495.

Yu, M. X.; Zhang, Y. M.; Bao, W. L. Sywh.
mun. 1997, 27, 609.

Yu, M. X.; Zhang, Y. M. Synth. Commun. 1997, 27,
2743,

Yu, M. X.; Zhang, Y. M.; Qian, C. T. J. Chem. Res.
(S) 1998, 256.

Bao, W. L.; Zheng, Y. F.; Zhang, Y. M. J. Chem.
Res. (S) 1999, 732.

Mauze, B.; Miginiac, L. Bull. Chem. Soc. Fr. 1973,
1832 and reference cited therein.

Tamioka, K.; Inoue, I.; Shindo, M.; Koga, K. Tetrahe-
dron Lett. 1990, 31, 6681.

Com-

Com-

( E0105231 JIANG, X. H.; FAN, Y. Y. )



