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Allylamines are common moieties in biologically active
compounds! and important intermediates in organic
synthesis. Many syntheses of allylamines have been
documented including (i) reaction of alkenyl cuprates
with iminium salts, a-aminoethers or a-aminothioethers,?
(ii) reaction of Grignard reagents with allyl-a-aminoni-
triles,® and (iii) the amination of dienes* and allylic
halides.'®> The most general approach is based on the
transition metal catalyzed reaction of amines with allylic
substrates including allyl acetates,® allyl carboxylates,’
allyl ethers,® allyl alcohols®and diethyl allyl phosphates.'°
Besides the aforementioned oxygen-containing leaving
groups, amine,!! nitro,*> or ammonium?*® moieties have
also been employed as the leaving group in transition
metal catalyzed allylation.’* While the amination step
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Scheme 1
1
Bt AE Bt
+ —_— N + N\
/ N\H \/\
1a 2 3 4

1b (Bt?), Bt' = benzotriazol-1-yl, Bt? = benzotriazol-2-yl, Bt = Bt' + Bt

A: Ni(COD),, dppb, DMF, 80 °C, 4 h, 1a (100%), 3 (0), 4 (0)

B: Ni(COD),, dppb, DMF, KOH, 80 °C, 4 h, 3 (60%), 4 (40%)

C: Pd(PPh3)s, DMF, KOH, 80 °C, 4 h, 1a (40%), 3 (40%), 4 (20%)

D: Pd(PPh3)s, MeOH, KOH, reflux, 4 h, 3 (71%), 4 (29%)

E: Pd(OAc),/PPh3, MeOH, K,CO3 or KOH, refux, 4 h, 3 (100%), 4 (0)
The ratios of 1a, 3 and 4 were determined by GC

in the above reactions usually proceeds efficiently, the
convenience of the method depends on the availability
of the starting materials.

In recent years benzotriazole has been demonstrated
to be a useful synthetic auxiliary,'®> with versatility
endowed by the benzotriazole group being capable of
acting as a nucleofuge,'® proton activator,” electron
donor*® and radical,'® or carbanion? precursor. Since
a-mono- and a,o-disubstituted allylbenzotriazoles can be
prepared in high yields through lithiation and alkylation
of N-allylbenzotriazole,’® we became interested in ex-
ploring the possibility of using benzotriazole as a leaving
group in metal-catalyzed allylic amination reaction. The
success of such a reaction would be advantageous in
terms of both the availability of substrates and the
structural diversity of the products.

Results and Discussion

The first step of an allylation is the cleavage of a C—N
bond to form the allylic metal complex. However, under
the conditions of the recent literature method which used
nickel(0) as catalyst in DMF solution at 80 °C,lcd
1-allylbenzotriazole (1a) and 1,2,3,4-tetrahydroisoquino-
line (2), which were chosen as the model substrates, did
not react (Scheme 1). When a base was added we were
able to detect the desired product 3 by GCMS, but the
reaction did not proceed completely. The major side
reaction was the isomerization of 1-allylbenzotriazole (1a)
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Notes
Scheme 2
4 5 4 5
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Pd(OAc),/PPh; cat. 2
R2 RS + R
74 R*R°NH (6) , K,CO; | R' |
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1, 5a-g 7afh,i 8

(see Table 1)
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Table 1. Preparation of Allylamines 7 and 8

start prod- yield
matl  uct Rt R? R3 R* RS (%)
5a 7a Me H H 0-CH2CgH4(CH2)2— 85
5b 7b Et H H n-CgHy7 Me 80
5c 7c n-Bu H H Bn Bn 70
5d 7d Bn H H Et Et 70
5e 7e n-Bu n-Bu H —(CH2)s5— 75
5f 7 H H Me 0-CHCeH4(CH2)— 202
59 8 H H Ph —(CH2)s5— 75
1 7h H H H Bn Bn 80
1 7i H H H n-CgHi7 n-CgHi7 87

a70% of 7a also found.

to 1-(propenyl)benzotriazole (4). We tested other cata-
lysts [Pd(PPh3),;, Pd(OAc),/PPh;] and solvents (THF,
toluene, CH;CN, 1,4-dioxane, MeOH, EtOH, n-BuOH,
and DMA) and found that best conditions for the allyl
amination were using methanol as solvent, K,CO3 or
KOH as base, and Pd(OAc); (3 mol %) and PPhz (9 mol
%) as catalyst. Without Pd(OAc)./PPh; catalyst, the
reaction of 1a and 2 only gave isomerization product 4.

Under such conditions the isomeric 2-allylbenzotriazole
(1b) also reacts with amines and therefore it is not
necessary to separate la and 1b. The mixture la and
1b reacts with secondary amines such as dibenzylamine
and dioctylamine to give tertiary allylamines 7h,i in good
yields (Scheme 2, Table 1); however, N,N-diphenylamine
failed to react with 1 to produce the corresponding
allylamine.

Under the standard reaction conditions, a-mono- and
o,a-disubstituted allylbenzotriazoles 5a—e reacted with
various secondary amines to give the allylamines 7a—e
in good yields (Scheme 2, Table 1). The reaction proceeds
regiospecifically, with amine attack at the least substi-
tuted carbon to give only the y-amination product. The
starting materials 5a—e were prepared from N-allylben-
zotriazole (1) and alkyl bromides in almost quantitatively
yields;'"a the crude products were used for the subsequent
reactions without further purification.

y-Substituted allylbenzotriazoles 5f,g can also be em-
ployed in this reaction. 1-(Benzotriazol-1-yl)-2-butene
(5f) reacted with 2 to give a mixture of a- and y-amina-
tion products 7a and 7f, while the reaction of 5g and
piperidine afforded the a-amination product 8 selectively.
The reaction probably proceeds through the allylic-
palladium complex intermediate, and the amine attacks
the least substituted terminus of the allyl group.**

Compounds 7a—d were isolated as mixtures of E- and
Z-isomers; the ratio of the two isomers was determined
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Scheme 3
Pd(OAc)/PPh; =\ H =\ MCi2Has
1 + N-CyaHpsNH, PA(OAC) /PPy —\—N\ RN
K2C03, MeOH n'C12H25
reflux, 48 h A
9 (55%) 10 (20%)

by GC analysis (from 80/20 to 98/2). The definite
assignment of these isomers are difficult, as the alkene
protons in all of these compounds overlapped in their *H
NMR spectra. For compound 8, only one isomer was
obtained and the coupling constant of the alkene proton
is 15.9 Hz, so we concluded that 8 is the E-alkene and
by analogy deduced that the major isomers in 7a—d are
also the E-alkenes.

When a primary amine was used as the nucleophile,
both mono- (9) and diallylamines (10) were formed
(Scheme 3). However, under the standard conditions, the
reaction of 5g and ammonia failed to produce the desired
primary allylamine.

In conclusion, we found that benzotriazole can be used
as a leaving group in the palladium-catalyzed allyl
amination. This new methodology provides a general
access to a wide range of allylamines. Compared to the
previous available methods, a practical advantage of the
present route is that N-(substituted allyl)benzotriazoles
can be readily prepared.

Experimental Section

General. Compounds 5a—g were prepared by the literature
methods.1’2 For NMR and other chemical information see our
previous paper.202

General Procedure for the Preparation of Allylamines
3, 7a—f,h,i, and 8—10. Under argon, a mixture of allylbenzo-
triazole (5.3 mmol), amine (1.1 g, 5.8 mmol), Pd(OAc), (40 mg,
0.18 mmol), PPhs (140 mg, 0.53 mmol), and K,COs3 (1.0 g) in
MeOH (15 mL) was refluxed for 4—48 h. The reaction mixture
was cooled to room temperature, quenched with water (20 mL),
and extracted with ether (3 x 40 mL). The solvent was removed
under vacuum, and the residual oil was purified by column
chromatography on neutral alumina (hexane:triethylamine 100:
3) to afford the desired products.

N-Allyl-1,2,3,4-tetrahydroisoquinoline (3):2* 85% yield,
colorless oil; 'H NMR ¢ 2.75 (t, 2H, J = 5.9 Hz), 2.93 (t, 2H, J
= 5.7 Hz), 3.18 (d, 2H, J = 6.4 Hz), 3.64 (s, 2H), 5.22 (d, 1H, J
=10.4 Hz), 5.26 (d, 1H, J = 18.3 Hz), 5.93—6.02 (m, 1H), 7.02—
7.13 (m, 4H); 13C NMR d 29.0, 50.2, 55.9, 61.4, 117.7, 125.5,
126.0, 126.5, 128.6, 134.2, 134.7, 135.3.

N-(2-Butenyl)-1,2,3,4-terahydroisoquinoline (7a): color-
less oil; a mixture of E- and Z-isomers (E/Z = 80/20); *H NMR
01.73 (d, 3H, J = 5.4 Hz), 2.73 (t, 2H, J = 5.9 Hz), 2,89 (t, 2H,
J =5.3 Hz), 3.10 (d, 2H, J = 5.4 Hz) [3.17 (d, 2H, J = 5.4 Hz,
E-isomer)], 3.60 (s, 2H) [3.61 (s, 2H, Z-isomer)], 5.62—5.67 (m,
2H), 7.01—7.33 (m, 4H); 3C NMR ¢ 17.8, 29.1 [29.11, Z-isomer],
50.5, 55.9 [55.4, Z-isomer], 60.6, 125.4, 126.0, 126.5, 127.8, 128.6,
128.9, 134.3, 134.6. Anal. Calcd for Ci1gH39N: C, 83.37; H, 9.15;
N, 7.48. Found: C, 83.19; H, 9.37; N, 7.48.

N-Methyl-N-(2-pentenyl)octylamine (7b): colorless oil; a
mixture of E- and Z-isomers (E/Z = 90/10); 'H NMR 6 0.91—
1.03 (m, 6H), 1.31-1.49 (m, 12H), 2.06—2.08 (m, 2H), 2.22 (s,
3H), 2.31-2.33 (m, 2H), 2.94-2.96 (m, 2H) [3.01-3.03 (m, 2H,
Z-isomer)], 5.51—5.62 (m, 2H); 13C NMR 0 13.6, 14.1, 22.7, 25.4,
27.4,27.5,29.3,29.6,31.8,42.0,57.4 [54.2, Z-isomer], 60.1, 126.1,
135.5[134.3, Z-isomer]; HRMS (EI) calcd for C14H29N 211.2300,
found 211.2414.

N,N-Dibenzyl-2-heptenylamine (7c): colorless oil; a mix-
ture of E- and Z-isomers (E/Z = 80/20); *H NMR 6 0.91 (t, 3H,
J =4.6 Hz), 1.32—-1.37 (m, 4H), 2.02—2.06 (m, 2H), 3.01 (d, 2H,

(21) Morphy, J. R.; Rankovic, Z.; Rees, D. C. Tetrahedron Lett. 1996,
37, 3209.
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J = 6.3 Hz) [3.87 (d, 2H, J = 5.9 Hz, Z-isomer)], 3.57 (s, 4H)
[3.33 (s, 4H, Z-isomer)], 5.53—5.59 (m, 2H), 7.21—7.39 (m, 10H);
BC NMR 6 13.9, 22.2,31.6, 32.1, 55.5, 57.6, 126.7, 127.1, 128.1,
128.8,134.1,139.9. Anal. Calcd for C,1H27N: C, 85.95; H, 9.27;
N, 4.77. Found: C, 86.36; H, 9.81; N, 5.03.

N,N-Diethyl-4-phenyl-2-butenylamine (7d): colorless oil;
a mixture of Z- and E-isomers (E/Z = 98/2); 'TH NMR 6 1.03 (t,
6H, J = 7.1 Hz), 2.52 (q, 4H, 3 = 7.2 Hz), 3.07 (d, 2H, 3 = 6.5
Hz), 3.37 (d, 2H, J = 6.5 Hz), 5.59—5.69 (m, 2H), 7.16—7.32 (m,
5H); 13C NMR ¢ 11.6, 38.9, 46.5, 55.0, 125.9, 128.3, 128.4, 128.7,
132.0, 141.3. Anal. Calcd for Ci4H21N: C, 82.70; H, 10.41; N,
6.89. Found: C, 82.65; H, 10.19; N, 6.64.

1-(1-Piperidinyl)-3-butyl-2-heptene (7e): colorless oil; H
NMR 6 0.89—0.93 (m, 6H), 1.31—1.61 (m, 14H), 1.99 (t, 4H, J =
7.0 Hz), 2.26—2.46 (m, 4H), 2.93 (d, 2H, J = 6.6 Hz), 5.24 (t,
1H, J = 5.7 Hz); 13C NMR ¢ 13.9, 14.0, 22.5, 22.8, 24.5, 26.0,
30.2, 30.3, 30.7, 36.6, 54.6, 56.7, 121.4, 142.4. Anal. Calcd for
CieHa1N: C, 80.94; H, 13.16; N, 5.90. Found: C, 81.07; H, 13.51;
N, 6.18.

N-(1-Buten-3-yl)-1,2,3,4-terahydro-isoquinoline (7f): col-
orless oil; 'H NMR ¢ 1.28 (d, 3H, J = 6.6 Hz), 2.73—2.75 (m,
2H), 2.86—2.89 (m, 2H), 2.92—3.12 (m, 1H), 3.74 (s, 2H), 5.16
(d, 1H, 3 = 9.5 Hz), 5.21 (d, 1H, J = 19.7 Hz), 5.91-5.98 (m,
1H), 7.03—7.12 (m, 4H); 13C NMR ¢ 17.2, 29.6, 47.5, 52.7, 62.4,
115.6, 125.4, 125.9, 126.0, 126.6, 126.7, 128.6, 140.4. Anal.
Calcd for C13H17N: C, 83.37; H, 9.15; N, 7.48. Found: C, 83.17;
H, 9.37; N, 7.48.

N,N-Dibenzyllallylamine (7h): colorless oil; 1H NMR 6 3.10
(d, 2H, J = 5.4 Hz), 3.61 (s, 4H), 5.15 (d, 1H, J = 10.2 Hz), 5.25
(d, 1H, J = 18.7 Hz), 5.88—6.02 (m, 1H), 7.25—7.45 (m, 10H);3C
NMR 6 56.3, 57.7, 117.3, 126.8, 128.2, 128.68, 128.73, 136.0.
Anal. Calcd for C17H19N: C, 86.03; H, 8.07; N, 5.90. Found:
C, 85.56; H, 7.92; N, 5.28.

Notes

N,N-Dioctylallylamine (7i): colorless oil; *H NMR 6 0.88
(t, 6H, J = 6.6 Hz), 1.18—-1.43 (m, 24H), 2.39 (t, 4H, 3 = 7.7
Hz), 3.07 (d, 2H, J = 6.4 Hz), 5.09 (d, 1H, J = 10.7 Hz), 5.15 (d,
1H, J = 18.4 Hz), 5.85—5.88 (m, 1H); 13C NMR ¢ 14.1, 22.7, 27.0,
27.6, 29.3, 29.6, 31.9, 53.8, 57.3, 116.7, 136.3. Anal. Calcd for
CioH39N: C, 81.06; H, 13.96; N, 4.98. Found: C, 81.33; H, 13.77;
N, 5.20.

N-(3-Phenylallyl)-piperidine (8): colorless oil; tH NMR 6
1.45-1.59 (m, 2H), 1.61—1.65 (m, 4H), 2.35—2.55 (m, 4H), 3.14
(d, 2H, J = 6.6 Hz), 6.34—6.35 (m, 1H), 6.50 (d, 1H, J = 15.9
Hz), 7.2—7.4 (m, 5H); 3C NMR ¢ 24.2, 25.8, 54.4, 61.7, 126.2,
127.0, 127.2, 128.4, 132.6, 137.0. Anal. Calcd for C14HigN: C,
83.53; H, 9.51; N, 6.96. Found: C, 83.21; H, 9.60; N, 6.99.

N-Allyldodecylamine (9): 55% yield, colorless oil; *H NMR
0 0.90 (t, 3H, J = 6.0 Hz), 1.22—1.40 (m, 18H), 1.45—1.55 (m,
2H), 2.61 (t, 2H, 3 = 7.1 Hz), 3.26 (d, 2H, J = 6.1 Hz), 5.09 (d,
1H,J =10.2 Hz), 5.17 (d, 1H, 3 = 17.1 Hz), 5.89-5.95 (m, 1H);
3C NMR 0 14.1, 22.7, 27.4, 29.3, 29.6, 30.2, 31.9, 49.5, 52.6,
115.5, 137.1. Anal. Calcd for CisHaiN: C, 79.92; H, 13.86; N,
6.21. Found: C, 80.25; H, 13.56; N, 5.91.

N,N-Diallyldodecylamine (10): 20% yield, colorless oil; *H
NMR 6 0.88 (t, 3H, J = 5.4 Hz), 1.22—-1.32 (m, 18H), 1.40—-1.44
(m, 2H), 2.40 (t, 2H, J = 6.6 Hz), 3.07 (d, 4H, J = 6.3 Hz), 5.10
(d, 2H, 3 = 9.2 Hz), 5.14 (d, 2H, J = 16.4 Hz), 5.81-5.87 (m,
2H); 3C NMR ¢ 14.1, 22.7, 26.9, 27.5, 29.3, 29.55, 29.6, 31.9,
53.4,56.9, 117.1, 135.9. Anal. Calcd for C1gH3sN: C, 81.44; H,
13.29; N, 5.28. Found: C, 81.46; H, 13.55; N, 5.33.
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