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R? = Aryl, Alkyl; 30 examples
R3 = Bn, Allyl 60-93% Yield

A highly efficient, three-component one-pot benzylation and
allylation of aromatic and aliphatic aldehydes and amines

affords the corresponding homobenzylamines and homoal-

lylamines in good to excellent yield. The procedure is lauded
by its simplicity and manipulability.

In carbor-carbon bond formation reactions, the addition of

organometallic reagents to imines provides a versatile method

for the synthesis of aminésThe versatility, however, was
compromised by the poor electrophilicity of the azomethine
carbon of imines, which gives rise to the competitive byproducts
through reduction, enolization, or coupling reaction as well as
to the desirable adduct8In order to expand the scope of the
organometallic addition to imines, several approaches have bee
exploited. The &N bond could be activated by an electron-
withdrawing group on nitrogen. The use of N-activated imines,
however, is generally restricted in nonenolizable aldimines. This
approach is further complicated by the harsh deprotection
condition if the removal of the N-protecting group is necesgary.
An alternative method is to activate the N-inactivated imine by
coordinating a Lewis acid to the nitrogen of the= moiety.

The applicability of this approach is possibly hampered by other
Lewis basic centers in the imine structdre most of the cases,
imines are mainly restricted to aryl aldimines due to the low
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reactivity of other imines. The inclination of thedeprotonation

of aliphatic imines significantly reduces the versatility of the
reactions involving basic organometallic reagents. The ap-
plicability is therefore limited within the scope of the imines
derived from nonenolizable oa-alkyl-substituted aliphatic
aldehyded.

Significant advances have been made in the Barbier-type
imine alkylation in recent yeafsMost of them, however, have
been focused on the imine allylation because of the favorable
reactivity of allylic organometallic reagents as the result of the
resonance stabilization of the allyl anibithe difficulty in both
synthesis and stability of the imines derived from aliphatic
aldehydes and amines makes a multicomponent one-pot pro-
cedure for allylation of imines preferred in practice. On the other
hand, compared to the extensive studies on the allylation of
imines! the benzylation of imines has received much less
scrutiny until recently. We report herein the results regarding
a three-component one-pot benzylation and allylation of aro-
matic and aliphatic aldehydes and amines under the Barbier-
type conditions. The simplicity of the procedure lies in the fact
that no further activation of the zinc powder and no isolation
of the unstable imine intermediates are necessary.

In 1996, Hou's group has reported an efficient allylation of
inactivated aldimines under the Barbier-type conditions using
allyl bromide and zinc dust in anhydrous tetrahydrofuran
(THF).”® However, the benzylation of iminkdid not give rise
to the expected benzylation prod@ainder the same conditions
but a reduction N-benzylation byprod&in 82% yield (eq 1).

Ph (2eq.) PhCH,Br, Ph Ph o
HN . kN/

)IN (2eq.) Zn dust )
THF, r.t. Ph
Ph 24 hr Ph Ph)
1 2 3

In the following condition screening experiments, the benzy-
lation product2 could be detected with moist THF as solvent
rwhile the yield of3 decreased to 26%. When 1 equiv ofH

(3) (a) Katritzky, A. R.; Hong, Q.; Yang, Z]. Org. Chem1994 59,
7947. (b) Katritzky, A. R.; Hong, Q.; Yang, Z. Org. Chem1995 60,

(4) (a) Stork, G.; Dowd, S. RJ. Am. Chem. Sod.963 85, 2178. (b)
Huet, J.Bull. Soc. Chim. Fr1964 952.

(5) For selected recent examples, see: (a) Sain, B.; Prajapati, D.; Sandhu,
J. S.Tetrahedron Lett1992 33, 4795. (b) Bhuyan, P. J.; Prajapati, D.;
Sandhu, J. STetrahedron Lett1992 33, 7975. (c) Lu, W.; Chan, T. H.

J. Org. Chem2001, 66, 3467. (d) Lu, W.; Chan, T. HJ. Org. Chem.
200Q 65, 8589.

(6) For selected recent examples, see: (a) Shen, K. H.; Yao, C. F.

J. Org. Chem2006 71, 3980. (b) Han, R.; Choi, S.; Son, K.; Jun, Y. Lee,
B.; Kim, B. Synth. Commur005 35, 1725. (c) Andrews, P. C.; Peatt,
A. C.; Raston, C. LGreen Chem2004 6, 119. (d) Andrews, P. C.; Peatt,
A. C.; Raston, C. LTetrahedron Lett2004 45, 243. (e) Hilt, G.; Smolko,
K. I.; Waloch, C.Tetrahedron Lett2002 43, 1437. (f) Kim, B. H.; Han,
R.; Park, R. J.; Bai, K. H.; Jun, Y. M.; Baik, Vynth. Commur2001, 31,
2297. (g) Su, W. K.; Li, J. H.; Zhang, Y. MSynth. Commur2001, 31,
273.

(7) For selected recent examples, see: (a) Sun, X. W.; Xu, M. H.; Lin,
G. Q.Org. Lett 2006 8, 4979. (b) Zhang, W. X.; Ding, C. H.; Luo, Z. B.;
Hou, X. L.; Dai, L. X. Tetrahedron Lett2006 47, 8391. (c) Zhang, W.
X.; Hou, X. L. Chin. Chem. Lett2006 17, 1037. (d) Liu, X. Y; Zhu, S. Z;
Wang, S. WSynthesi2004 683. (e) Wang, D. K.; Dai, L. X.; Hou, X. L,;
Zhang, Y.Tetrahedron Lett1996 37, 4187.

(8) Hatano, M.; Suzuki, S.; Ishihara, K. Am. Chem. So@006 128
9998.

J. Org. Chem2007, 72, 3149-3151 3149



JOCNote

was added into the reaction mixture in anhydrous THF, the
reaction gave produ@in 10% yield. The yield o increased

to 64% while iminel was treated with 1 equiv of 4 in
anhydrous THF for 30 min before zinc and benzyl bromide were
added. Drastic decrease in yield (only 30%) occurred, however,
when 2 equiv of HO was used while the other kept constant.
Further experiments showed that the ratio of benzyl bromide
and zinc relative to imine (2:1) was crucial for the completion
of the reaction.

The further improvement of the specific reaction cannot be
done without the elucidation of the reaction mechanism. In order
to understand the reaction pathway, iminend 1 equiv of HO
were mixed in THFds;, and the mixture was stirred at room
temperature for 30 min. ThéH NMR showed that iminel
decomposed to the benzaldehyde, aniline, and another com
pound. The obtained spectrum was similar to that of the mixture
of benzaldehyde and aniline in THE- Under the Barbier-type

conditions, benzaldehyde, aniline, benzyl bromide, and zinc dust

were mixed in a 1:1:2:2 ratio in anhydrous THF, and the mixture
was stirred at room temperature for 24 h (eq 2). The benzylation

PhCHzBr, Zn "

o]
U+ PhNH,
THF, rt.

@)

Ph Ph

Ph
2

occurred with produc® in 54% yield while the benzaldehyde
did not disappear. Only a trace amount of byprodBatvas
detected while another byproduct from the reaction of aniline
and benzyl bromide was isolated in 24% yield. The optimization
of the reaction conditions showed that the best ratio among
benzaldehyde, aniline, benzyl bromide, and zinc was 1:2:3:3,
in which the yield of2 increased to 74%. Th#d NMR for the
crude reaction product showed that, except the known byprod-
ucts, toluene was formed in the reaction. As a control experi-
ment, 8% yield of2 and 61% yield3 were obtained when
anhydrous MgS® was used as an additive in the three-
component procedure.

The above results suggested that the reaction might not
proceed via an imine intermediate. A plausible pathway was
shown in Figure 1. The intermediatewas first formed either

.R?
|
RVKH
Hzol -H,0
_Ph -Ph
HN PhCH,znBr ~ HN
PhCHO + PhNH, ——> —_—
Ph” "OH -PhCHz  Ph™ ~OZnBr
A B
Ph, H g
N ] _Ph
PhCHpZnBr /l\o/z’\f -Brznozngr  HN
Pho 20l Ph”” “CH,Ph
c 2

FIGURE 1. Plausible pathway.

from the reaction of benzaldehyde with aniline or from reaction
of imine 1 with H,O. One PhCHZnBr then acted as a base to
deprotonateA to form an intermediat& and PhCH. Inter-
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TABLE 1. Three-Component One-Pot Benzylation

(3eq.)PhCHBr (3  R2

] + RZNH eq.) Zn dust HN
R1J 2 THF, rt. R1J\/Ph
2eq. 12-24 hr 2
entry R R? 2 (%)
1 Ph Ph 2a(74)
2 p-CHs0-CeH4 Ph 2b (76)
3 p-CHsz-CsHa Ph 2c (72)
4 p-Cl-CgHa Ph 2d (80)
5 p-F-CsHa Ph 2e(77)
6 0-CI-CgHa Ph 2f (66)
7 2-furan Ph 29 (80)
8 2-thiophen Ph 2h (63)
o9 PhCH Ph 2i (82)
10 n-CgH1s Ph 2] (73)
11 i-C4Ho Ph 2k (93)
12 Ph p-CH30-CeHy 21(67)
13 Ph p-F-CsHa 2m (60)
14 Ph PhCH 2n (61)
15 Ph n-CeHas 20(66)
TABLE 2. Three-Component One-Pot Allylation
o (3 €q.) CH,=CHCH,Br (3 HN’R2
| + R2NH eq.) Zn dust
R1J 5 2 THF, r.t. RJ\/\
€a. 12-24 hr
4
entry R R? 4 (%)
1 Ph Ph 4a(70)
2 p-CHz0-CsHy Ph 4h (77)
3 p-CHg-CgHy Ph 4¢(87)
4 p-Cl-CeH4 Ph 4d (85)
5 p-F-CHa Ph 4e(71)
6 0-Cl-CgHa Ph 4 (77)
7 2-furan Ph 49(85)
8 2-pyridin Ph 4h (93)
9 n-CsHy Ph 4 (65)
10 i-C4Ho Ph 4j (89)
11 Ph p-CHz0-CeH4 4k (73)
12 Ph p-F-CeHa 41 (69)
13 Ph p-CF3-CgHa 4m (67)
14 Ph PhCH 4n (60)
15 Ph n-CeH1s 40(77)

mediate B would react with the second PhGEhBr via a
transition-stateC to give rise to the desirable adduztn the
last step.

The scope of the one-pot benzylation reaction of aryl and
aliphatic aldehydes and amines was examined (Table 1). For
aryl and heteroaryl aldehydes, the reactions proceeded smoothly
giving rise to the desirable benzylation products in moderate to
good yield (Table 1, entries18). It turned out that our proposed
reaction system could adapt to various combinations of alde-
hydes and amines. Aliphatic aldehydes were good candidates
(Table 1, entries 911) despite the inherent instability, low
reactivity, and often preferable enolization of their respective
imine derivatives. Benzylation to the aryl amine with an
electron-withdrawing group or electron-donating group, benzyl
amine, and aliphatic amine also gave the corresponding products
in moderate yield (Table 1, entries 425). In all the cases,
only a trace amount of reduction N-benzylation byprodBct
was observed, and the major byprodustlQ%yield) was the
material resulting from the further benzylation on the nitrogen
site of the expected product.
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Addition of allylic organometallic species to the imine Experiment Section
constitutes a potentially valuable method for the preparation of
homo_allylamine_s. Certgin d_rawbacks of the approach_ such as. 7"\ colution of RCHO (1 mmoh and BNH, (2 mmol) in
;Jhnes?gsfa}ctory yields with g!lphatlc aIthers and amines and anhydrous THF (3 mL) was(stirred a)t rt undey Nr(SO min, )and
he requirement of an a_ddlt_lonal Le_vws acid or other z_id_d|t|ves then RBr (3 mmol) and Zn dust (3 mmol) were added in. The
limit its range of applicatiodl. Motivated by the efficient yegyitant mixture was stirred at rt for 324 h (determined by TLC),
benzylation of aryl and aliphatic aldehydes and amines, a three-then quenched with 1% HCI, extracted by DCM, and dried by
component allylation reaction under the same conditions was anhydrous Ng80;, and the crude product was purified by flash
examined (Table 2). As expected, for aryl, heteroaryl, and column chromatography to provide the corresponding product.
aliphatic aldehydes, the allylation proceeded smoothly to  N-(1,2-Diphenylethyl)benzenamine 2atH NMR (300 MHz,
produce the desirable adducts in good to excellent yield (Table CDCls) 6 2.99 (dd,J = 13.2, 8.4 Hz, 1H), 3.12 (ddj = 13.2, 8.4
2, entries +10). Moreover, the scalability of this reaction was Hz, 1H), 4.10 (br, 1H), 4.56 (§ = 8.4 Hz, 1H), 6.42 (dJ = 8.8
also proved to be good by the 73% yielddafwhen the reaction ~ Hz, 2H), 6.62 (tJ= 8.2 Hz, 1H), 6.98-7.38 (m, 12H). The spectral
of benzaldehyde and aniline run in 10 mmol scale. data are consistent with those repo_rted in the litereture.

In summary, we have developed a highly efficient, three- N-El-ghenylbut-3-enyl)benzenam|ne 43H NMR (4OObMHZ’
component benzylation and allylation of aromatic and aliphatic CDCly) 0 2.49-2.55 (m, 1H), 2.592.63 (m, 1H), 4.17 (br, 1H),

. . . . . 4.39 (ddJ=17.8, 4.8 Hz, 1H), 5.155.22 (m, 2H), 5.745.81 (m,
aldehydes and amines with the aid of commercially available ; , 2150 (d,J = 8.2 Hz, 2H)), 6.65 () i 7 I—)Iz, 1H), 7.0$(9 @,

zinc powder under the Barbier-type conditions. The potential j ='g > Hz 2H), 7.227.26 (m, 1H), 7.3+7.39 (m, 4H). The

of this reaction system can be evaluated by its adaptability to a spectral data are consistent with those reported in the liter¥ure.
wide variety of reagents. In addition, the one-pot procedure
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