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Abstract A simple and practical approach has been developed for the synthesis of homoallylic amines which avoids the
production of toxic stannanes. In this process, the hydrazone, which was formed by reacting benzaldehyde derivatives with
2-aminoisoindoline-1,3-dione, allylic bromide and tin metal under Lewis acid catalytic conditions, provides the target

compounds in yields ranging from 53%-92%.
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1. Introduction

Homoallylic amines are an important class of nitrogen
containing compounds. Such molecules with carbon-carbon
double bonds and nitrogen containing fragments can be
further converted into other functional groups. [1-3] There
have been many reports of the synthesis of natural products
and biologically active molecules, which involve the use of
homoallylic amines and their derivatives as important
intermediates. [4-8] Among them, transition metal catalysts,
Lewis acids and allyl organometallic reagents employed in
carbon-nitrogen nucleophilic additions to the double bond
are important methods for synthesis of homoallylic amines.
[9-11]. Currently, “one—pot” reactions to synthesize
homoallylic amine compounds exhibit a certain appeal. [12,
13].

Among the available organometallic compounds,
organotin compounds have good physical and chemical
properties; they are widely used in the synthesis of
homoallylic amines. Currently, tributyl tin is widely used,
even though only one group can transfer to the product
molecule and the Bu;Sn—portion must be discarded as a toxic
by-product. [13-15]. Since the by-product is toxic, further
treatment is required to effectively remove the Bu;Sn
derivate. Conversely, the efficacious use of tin powder in
some reactions to generate in situ organotin reagents has
been reported in the literature. [16, 17] Thisnotonly takes
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advantage of the catalytic capacity of organotin reagents, but
also avoids tedious organotin reagent preparation and use of
highly toxic organotins, while greatly enhancing atom
utilization. Herein, we describe a novel four-component
reaction of a hydrazone, allyl bromide, tin powder and a
Lewis acid to facilitate the synthesis of homoallylic
hydrazones (Scheme 1). Compared to common single pot
reactions using a carbonyl compound, an amine, allylic
bromide and tin powder [18, 19], our process avoids the use
of the toxic organotin reagents and permits the reactions to
proceed under mild conditions (Scheme 2) to give the
corresponding products in high yields.

2. Experimental

2.1. Materials and Equipment

All reagents and chemicals were purchased from Sigma
Aldrich and used without further purification. Melting points
were measured on an X-4 type micro-melting apparatus, and
are uncorrected. The NMR spectra were collected on a
Mercury 400 plus NMR instrument, using TMS as an
internal standard. Petroleum ether and ethyl acetate were
distilled prior to use. In the following work, petroleum ether
is represented by PE, and ethyl acetate is represented by EA.
Liquid column chromatography was performed using
200-300 mesh silica gel.

2.2. General Procedure for the Synthesis of
N-aminophthalimide

A flask was charged with hydrazine hydrate (0.44g,
0.014mmol) in 96% ethanol (10ml), was treated with
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powdered phthalimide (1.20g, 0.008mmol) and mixed for 2
min at room temperature. The resulting spongy solution was
observed, quickly heated and refluxed for 3min (ammonia
was evaporated), then water (5Sml) was added at once,
followed by approximately 20mL of water. Pure
N-aminophthalimide crystallized in about an hour and was
recrystallized from 96% ethanol. Yield obtained was 50-60%,
m.p. 200-205°C [20].

2.3. General Procedure for the Synthesis of Different
Hydrazones

A benzaldehyde derivative (1.5 eq) was added to
N-aminophthalamide (1.0 eq) dissolved in ethanol. Then
AICI1;/CAN 20% was added to the solution and the reaction
mixture refluxed until the reaction was finished. TLC was
checked during the duration of reaction. The reaction
mixture was extracted with EA, and column chromatography
or recrystallization was performed to purify the major
product.

2.4. General Procedure for the Synthesis of Homoallylic
Hydrazones

To around bottom flask was added a hydrazone (0.5mmol,
1 equiv) dissolved in 10 ml ethanol, allyl bromide (0.121g,
Immol, 2 equiv), tin powder (0.148g, 1.25mmol, 2.5 equiv),
and catalytic AICl; (20%, 0.013g, 0.2 equiv). The reaction
system was refluxed until the reaction was finished (TLC
was checked during the reaction). Then, water and NH4Cl
was added to quench the reaction after removal of the ethanol
and extracted.

2-((1-phenylbut-3-en-1-yl)amino)isoindoline-1, 3-dione
5a: white solid; 0.134g, 92% yield, m.p. 75-76°C. '"H NMR
(400 MHz, CDCl3) 6 7.76-7.75 (m, 2H), 7.68-7.66 (m, 2H),
7.43 (d, J=6.8 Hz, 2H), 7.28 (d, J= 8.0 Hz, 3H), 5.85 (t, J=
6.8 Hz, 1H), 7.09 (d, J=17.2 Hz, 1H), 5.0, J=10.4 Hz, 1H),
4.49(t, J = 7.2Hz, 1H), 2.58(t, J = 7.2 Hz, 2H). °C NMR
(150 MHz, CDCl;) 6 166.8, 139.8, 134.21, 134.1, 130.1,
128.3, 127.9, 123.3, 1182, 62.8, 39.9.HRMS (ESI):
calculated for C;gH;(N,O,Na [M+Na] 315.1108; found
315.1104.

2-((1-(p-tolyl)but-3-en-1-yl)amino)isoindoline-1, 3-dione
5a-a: Solid, 0.101g, 66% yield, m.p. 64-66°C. "H NMR (600
MHz, CDCly) 6 7.75-7.74 (m, 2H), 7.67-7.65 (m, 2H), 7.31
(d, J=17.8 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 5.82-5.75 (m,
1H), 5.17 (d, J = 17.4 Hz, 1H), 5.07 (d, J = 10.2 Hz, 1H),
4.76 (s, 1H), 4.45 (t,J= 6.6 Hz, 1H), 2.57 (t,J= 7.8 Hz, 2H),
2.27 (s, 3H). >C NMR (151 MHz, CDCL3) § 166.8b, 137.6,
136.7b, 134.4,134.1, 130.1, 129.0, 127.9, 123.3, 118.1, 62.6,
40.1, 21.1. HRMS (ESI): calculated for C;9H;sN,O,Na
[M+Na] 329.1265; found 329.1260.

2-((1-(m-tolyl)but-3-en-1-yl)amino)isoindoline-1,3-dione
5b-a: White solid, 0.102g, 66% yield, m.p. 101-102°C. 'H
NMR (600 MHz, CDCls) 8 7.76-7.75 (m, 2H), 7.67-7.66 (m,
2H), 7.26 — 7.21 (m, 2H), 7.12 (t, J=7.2 Hz, 1H), 5.82-5.76
(m, 1H), 5.17 (d, J=16.8 Hz, 1H), 5.07 (d, /= 10.2 Hz, 1H),
4.44 (t,J=6.6 Hz, 1H), 2.57 (t, /= 7.2 Hz, 2H), 2.30 (s, 3H).
C NMR (150 MHz, CDCl;) 8 166.9, 136.5, 134.3, 133.7,

133.5, 130.1, 129.2, 128.5, 127.7, 126.5, 123.4, 118.5, 62.0,
38.2. HRMS (ESI): calculated for C;9H;sN,O,Na [M+Na]
329.1266; found 329.1260.
2-((1-(o-tolyl)but-3-en-1-yl)amino)isoindoline-1,3-dione
5c-a: White solid, 0.88g, 86% yield, m.p. 96-97°C. '"H NMR
(600 MHz, CDCl;) 8 7.77-7.75(m, 2H), 7.73 (d, J = 7.2 Hz,
1H), 7.67-7.66 (m, 2H), 7.22 (t, J=7.2Hz, 1H), 7.12 (t, J =
7.2Hz, 1H), 7.06 (d, J=7.8Hz, 1H), 5.79-5.73 (m, 1H), 5.14
(d,J=17.4Hz, 1H),5.03 (d,/=10.2 Hz, 1H), 4.84 (t, /= 6.6
Hz, 1H), 4.71 (s, 1H), 2.56-2.52 (m, 2H), 2.32 (s, 3H). °C
NMR (151 MHz, CDCl3) 8 167.0, 137.8, 136.2, 134.3, 134.1,
130.1 (d, J = 19.3 Hz), 127.5, 127.2, 126.2, 123.3, 118.1,
58.2,39.7, 19.3. HRMS (ESI): calculated for C;9H;3N,O,Na
[M+Na] 329.1267; found 329.1260.
2-((1-(4-methoxyphenyl)but-3-en-1-yl)
amino)isoindoline-1,3-dione 5d-a: Pale yellow oil, 0.26g,
81% yield. '"HNMR (600 MHz, CDCly)  7.74-7.73 (m, 2H),
7.667.64 (m, 2H), 7.32 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.4
Hz, 2H), 5.80-5.73 (m, 1H), 5.14 (d, /= 17.4 Hz, 1H), 5.05
(d,/=10.2 Hz, 1H), 4.74 (d, J = 2.4 Hz, 1H), 4.44-4.42 (m,
1H), 3.73 (s, 3H), 2.55 (t, J = 7.8 Hz, 2H). °C NMR (151
MHz, CDCl;) & 166.81, 159.23, 134.35, 134.08, 131.69,
130.03, 129.10, 123.28, 118.10, 113.64, 77.25, 77.04, 76.83,
62.22, 55.11, 40.06. HRMS (ESI): -calculated for
C19H18N203Na [M+Na] 3451214, found 345.1210.
2-((1-(3-methoxyphenyl)
but-3-en-1-yl)amino)-1H-indene-1,3(2H)-dione 5e-a: Pale
yellow oil, 0.131g, 82% yield. "H NMR (600 MHz, CDCl;)
8 7.75 -7.73 (m, 2H), 7.66-7.65 (m, 2H), 7.16 (t, J="7.5 Hz,
1H), 7.06 (s, 1H), 6.96 (d, J=7.2 Hz, 1H), 6.76-675 (m, 1H),
5.85-5.78(m, 1H), 5.19 (d, /= 18.0 Hz, 1H), 5.09 (d, /= 10.2
Hz, 1H), 4.77 (s, 1H), 4.49 (t, J = 7.2 Hz, 1H), 3.79 (s, 3H),
2.56 (t,J=7.2 Hz, 2H). *C NMR (150 MHz, CDCl;) & 166.8,
159.5, 141.5, 134.2 (d, J = 17.8 Hz), 130.0, 129.2, 123.3,
120.3, 118.3, 114.0, 112.7, 62.6, 55.2, 40.4. HRMS (ESI):
calculated for C;oH;sN,O;Na [M+Na] 345.1215; found
345.1210.
2-((1-(4-chlorophenyl)but-3-en-1-yl)amino)isoindoline-1,
3-dione5f-a:Whitesolid,0.067g, 46% yield, m.p. 80-82°C.
'H NMR (600 MHz, CDCl;) § 7.76 -7.76 (m, 2H), 7.69-7.67
(m, 2H), 7.37 (d, J= 8.4 Hz, 2H), 7.25 (d, J= 8.4 Hz, 2H), 5.
82-5.75 (m, 1H), 5.18 (d, /= 18.0 Hz, 1H), 5.10 (d, /= 10.2
Hz, 1H), 4.49 (t,J=7.2 Hz, 1H), 2.54 (t,J=7.8 Hz, 1H). °C
NMR (151 MHz, CDCl;) & 166.93, 136.46, 134.16, 133.73,
133.55, 130.06, 129.20, 128.47, 127.68, 126.50, 123.40,
118.51, 77.20, 76.99, 76.77, 62.03,38.28. HRMS (ESI):
calculated for C;9H;3sCIN,O,Na [M+Na] 349.0718; found
349.0714.
2-((1-(3-chlorophenyl) but-3-en-1-yl) amino)
isoindoline-1,3-dione S5g-a: White solid, 0.078g, 48% yield,
m.p. 76-79°C. "H NMR (600 MHz, CDCl3) § 7.78-7.77 (m,
2H), 7.69-7.68 m, 2H), 7.43 (s, 1H), 7.36 (d, /= 7.2 Hz, 1H),
7.24-7.19 (m, 2H), 5.83-5.76 (m, 1H), 5.19 (d, J = 16.8 Hz,
1H), 5.12 (d, J=10.2 Hz, 1H), 4.75 (s, 1H), 4.46 (t,J=17.2
Hz, 1H), 2.54 (t, J = 7.2 Hz, 2H). *C NMR (151 MHz,
CDCl3) 6 166.8, 142.1, 134.2, 134.1, 133.7, 130.0, 129.6,
128.2 (d, J=3.4 Hz), 126.1, 123.4, 118.7,62.4, 40.3. HRMS
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(ESI): calculated for C;9H;3CIN,O,Na [M+Na] 349.0719;
found 349.0714.
2-((1-(2-chlorophenyl)but-3-en-1-yl)amino)isoindoline-1,
3-dione Sh-a: White solid, 0.072g, 49% yield, m.p. 97-98°C.
'H NMR (400 MHz, CDCl3) & 7.92 (d, J = 8.0 Hz, 1H),
7.78-7.76 (m, 2H), 7.70-7.67 (m, 2H), 7.32 (t, J= 8.8Hz, 1H),
7.24 (s, 1H), 7.20-7.14 (m, 1H), 6.00-5.89 (m, 1H), 5.24 (d,J
=17.2 Hz, 1H), 5.17 (d, J=10.8 Hz, 1H), 5.12-5.08 (m, 1H),
2.62 (t,J = 14.4Hz, 1H), 2.56-2.48 (m, 1H). *C NMR (150
MHz, CDCl;) 6 166.8, 137.5, 134.1, 133.9, 133.8, 130.1,
129.2 (d, J=9.8 Hz), 128.8, 127.0, 123.4, 118.9, 58.2, 39.2.
HRMS (ESI): calculated for C;oH;3CIN,O,Na [M+Na]
349.0720; found 349.0714.
2-((1-(furan-2-yl)but-3-en-1-yl)amino)isoindoline-1,3-di
one 5i-a: Pale yellow oil, 0.11g, 78% yield. "H NMR (600
MHz, CDCly) 6 7.78-7.76 (m, 2H), 7.69-7.67 (m, 2H), 7.33
(s, 1H), 6.21 -6.20(m, 1H), 6.18 (d, /=2.4Hz, 1H), 5.85-5.78
(m, 1H), 5.22-5.19 (m, 1H), 5.10 (d, J = 11.4 Hz, 1H),
4.88-4.87 (d, J=4.88Hz, 1H), 4.42-4.38 (m, 1H), 2.69 (t,J =
7.2 Hz, 2H). *C NMR (151 MHz, CDCl;) & 166.2, 152.6,
142.5, 134.1, 133.6, 130.1, 123.3, 118.4, 110.1, 108.4, 56.5,
36.4. HRMS (ESI): calculated for C;sH4N,O3Na [M+Na]
305.0901; found 305.0897.
2-((1-(thiophen-2-yl)but-3-en-1-yl)amino)-1H-indene-1,3
(2H)-dione 5j-a: Pale yellow oil, 0.123, 83% yield. 'H
NMR (600 MHz, CDCls) & 7.80-7.79 (m, 2H), 7.71-7.70 (m,
2H), 7.23 (d, J = 5.4Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H),
6.88-6.87 (m, 1H), 5.88 — 5.81 (m, 1H), 5.24-5.21 (m, 1H),
5.13(d, J=10.2 Hz, 1H), 4.85 (d, /= 4.8Hz, 1H), 4.77-4.74
(m, 1H), 2.71-2.67 (m, 2H)."*C NMR (151 MHz, CDCL;) &
166.54, 143.10, 134.18, 133.72, 130.02, 126.28 (d, J=17.7
Hz), 125.45, 123.39, 118.65, 77.20, 76.98, 76.77, 58.36,
40.38. HRMS (ESI): calculated for C¢H4N,O,SNa [M+Na]
305.0671; found 305.0668.
2-((1-(2-fluorophenyl)but-3-en-1-yl)amino)isoindoline-1,
3-dione Sk-a: White solid, 0.054g, 35% yield, m.p. 83-85°C.
'H NMR & 7.76-7.74 (m, 2H), 7.69-7.66 (m, 3H), 7.21-7.18
(m, 1H), 7.12 (t, J = 8.0 Hz, 1H), 6.92 (t, J = 8.0 Hz, 1H),
5.89-5.82 (m, 1H), 5.19 (d,/=12.0 Hz, 1H), 5.10 (d,J=8.0
Hz, 1H), 4.87-4.82 (m, 2H), 2.82 (t, J = 5.2 Hz, 2H). ®C
NMR 8 166.6, 161.0 (d, J = 244.5 Hz), 134.1, 133.9, 130.0,
129.3 (d, J=6.0 Hz), 129.2 (d, J = 1.5 Hz), 126.9 (d, 1 =9.0
Hz), 124.1 (d, J = 3.0 Hz), 123.3, 118.6, 115.2 (d, ] = 22.5
Hz), 55.8, 38.8. HRMS (ESI): calculated for C;oH;sFN,O,Na
[M+Na] 333.1015; found 333.1010.
2-((1-phenylhex-5-en-3-yl)amino)isoindoline-1,3-dione
5l-a: Pale yellow oil, 0.101g, 50% yield. "H NMR (600 MHz,
CDCl;) & 7.84-7.82 (m, 2H), 7.72-7.71 (m, 2H), 7.23 (t, J =
7.2 Hz,2H),7.19 (d,J="7.8 Hz, 2H), 7.13 (t, /= 7.2 Hz, 1H),
5.93-5.86 (m, 1H), 5.19 (d, J = 16.8 Hz, 1H), 5.13 (d, J =
10.2 Hz, 1H), 4.58 (s, 1H), 3.34 — 3.32 (m, 1H), 2.88 — 2.83
(m, 1H), 2.67 — 2.65 (m, 1H), 2.40 — 2.36 (m, 1H), 2.32-2.27
(m, 1H). ®C NMR (151 MHz, CDCl3) § 167.1, 141.9, 134.5,
134.2, 130.2, 128.4 (d, J = 5.9 Hz), 125.8, 123.38, 118.1,
58.3, 37.1, 342, 31.5. HRMS (ESI): calculated for
C,oHCIN,O,Na [M+Na] 343.1421; found 343.1417.
(E)-2-((1-phenylhexa-1,5-dien-3-yl)amino)isoindoline-1,

3-dione 5m-a: White solid, 0.124g, 78% yield, m.p.
105-106°C. "H NMR (600 MHz, CDCl3) & 7.81-7.79 (m, 2H),
7.69-7.68 (m, 2H), 7.29-7.27 (m, 4H), 7.19 (t, J = 7.2 Hz,
1H), 6.43 (d,J=16.82 Hz, 1H), 6.16-6.12 (m, 1H), 5.93-5.86
(m, 1H), 5.24 (d, J=18.0 Hz, 1H), 5.16 (d, /= 10.2 Hz, 1H),
4.70 (d, J = 3.6 Hz, 1H), 3.98 (s, 1H), 2.50-2.46 (m, 2H),
1.58 (s, 2H). *C NMR (150 MHz, CDCl3) & 166.8, 142.1,
134.2, 134.1, 133.7, 130.0, 129.6, 128.0 (d, J = 4.9 Hz),
126.1, 123.4, 118.7, 62.4, 40.2. HRMS (ESI): calculated for
CyHsN,O,Na [M+Na] 341.1266; found 341.1260.
2-((1-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)amino)-3-
dioneSn-a: white solid,0.123g, 68% yield, m.p.86-87°C; 'H
NMR (600 MHz, CDCl) 8 7.77-7.76 (m, 2H), 7.69-7.67 (m,
2H), 7.59 (d, J =7.8 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H),
5.85-5.78 (m, 1H), 5.22-5.19 (m, 1H), 5.14 (d, /= 10.2 Hz,
1H), 4.78 (d, J=2.1 Hz, 1H), 4.60 (t,J=7.2 Hz, 1H), 2.55 (t,
J=17.2Hz, 2H)."”*C NMR(151 MHz, CDCl;) § 166.8, 144.1,
134.3,133.5,129.9,125.3 (q,J=3.8 Hz), 123.4, 119.0, 62.3,
40.5. HRMS (ESI): calculated for Cy9H;5F3N,0,Na [M+Na]
383.0984; found 383.0978.
4-(1-((1,3-dioxoisoindolin-2-yl)amino)but-3-en-1-yl)ben

zonitrile 50-a: Pale yellow oil, 0.103g, 65% yield; 'H NMR
(600 MHz, CDCl;) & 7.74-7.73 (m, 2H), 7.68-7.66 (m, 2H),
7.59-7.55 (m, 4H), 5.83-5.76 (m, 1H), 5.19-5.11 (m, 2H),
4.79 (s, 1H), 4.56 (t,J=7.2 Hz, 1H), 2.53 (t,J=4.5 Hz, 2H).
C NMR (151 MHz, CDCl;) 8 166.7, 145.6, 134.4, 133.2,
132.1,129.8, 128.7, 123.4, 119.3, 118.69, 111.8, 62.4, 40.4.
HRMS (ESI): calculated for Ci9H;sN;O,Na [M+Na]
340.1061; found 340.1056.

3. Results and Discussion

Initially, the allylation reaction was investigated with the
stable hydrazone 1a, which was prepared from the reaction
between benzaldehyde and phthalimide. The reaction was
performed in refluxing ethanol and catalyzed by
commercially available Lewis acids (20%) with allyl
bromide as the allyl source and promoted by tin powder
(Scheme 1 and Table 1). Various mole ratios, various Lewis
acids and various solvents refluxing were screened during
the optimization. In our investigation to achieve this
allylation, we started by using the hydrazone (1equiv), allylic
bromide (lequiv) and tin powder (lequiv). The
corresponding homoallylic product was readily formed, but
the yield was only 53% (Table 1, entry 5). In order to
optimize the product yield, different mole ratios of the
substrates and solvents with different Lewis acids were
checked. As summarized in Table 1, the best product yield
was obtained by carrying out the reaction in refluxing
ethanol with a hydrazone/allylic bromide/tin/AlICl; mole
ratio of 0.5/1.0/1.25/.013, respectively. Under these
conditions, Sa-a was obtained in 92% yield in 10h (Table 1,
entry 4).

To examine the scope of this new protocol, reactions of
various hydrazones with allylic bromide were investigated
(Scheme 2 and Table 2). Scheme 3 shows the one-pot,
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multi-step reaction sequence leading to the allylated amine
product series 5. Hydrazones bearing electron-withdrawing
groups such as Cl in the para, meta and ortho positions
underwent allylation smoothly to furnish the desired
adducts 5a in slightly lower yields (Table 2, entries 5f-a,
5g-a and 5h-a). Hydrazones with electron-donating
groups in both the para and ortho position provide the
corresponding homoallylic amines in good to excellent
yields.  3-Phenylpropanal, (F)-cinnamylbenzaldehyde,

p-trifluoromethylbenzaldehyde and 4-cyanoylbenzaldehyde
also give the corresponding homoallylic amines in good
yields, respectively (Table 2, entries Sl-a, Sm-a, 5n-a and
50-a). Interestingly, when we wused 2-furyl- and
2-thienyl-substituted hydrazones, the yields were very good
(Table 2, entries Si-a and 5j-a). Finally, we observed a lower
product yield when o-fluorobenzaldehyde was used,
producing 5k-a in only 35% yield.

@)
N—N Lewis acid 20%
2Vt CRIGN
Solvent refluxing
1a
2 3 5a-a \
Scheme 1. Optimization reaction of compound 5a-a
Table 1. Allylation optimization study for the preparation of Sa-a
Mol Ratio . o . Isolated
Entry 12/2/3 Solvent Acid (20 %) Time(h) Yield%
1 1/1/1 EtOH AICl; 10 53
2 1/1.5/1.5 EtOH AICl; 10 67
3 1/1.5/2.0 EtOH AlCl3 10 69
4 1/2/2.5 EtOH AlCl3 10 92
5 1/2/2.5 EtOH - 10 53
6 1/2/2.5 EtOH TiCl; 8 88
7 1/2/2.5 EtOH p-Toluenesulfonicacid 10 85
8 1/2/2.5 EtOH Ni(Cl104),.6H,O 6 78
9 1/2/2.5 EtOH FeCl; 8 76
10 1/2/2.5 EtOH CF;COOH 8 75
11 1/2/2.5 EtOH HCI 8 63
12 1/2/2.5 EtOH CH;COOH 8 55
13 1/2/2.5 EtOH BF;-OEt, 10 NR
14 1/2/2.5 1.4-Dioxane AICl; 10 NR
15 1/2/2.5 CHCl3 AlCl3 10 NR
16 1/2/2.5 THF AlCl3 10 NR
17 1/2/2.5 CH;CN AlCH; 10 NR
O O
R R
AICIl; 20 mol%
N_N=/ + X pr + sn T8 N—_NH
ethanol, refluxig
A
2a 3 4 5a-a - 50-a

Scheme 2. Synthesis of Homoallylic amines 5a-a - 50-a
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Table 2. Homoallylic amines prepared via optimized method

L s i

5a-a,T10h, yield 66% 5b-a,T8h, yield 66% 5¢-a,T10h, yield 86%
o Q Q
HN-N HN-N NN
o Cl
/
\ VoA \
5d-a,T10h,yield 82% 5e-a,T8h,yield 81% 5f-a,T10h,yield 46%
(6] 0 o
HN-N HN_N O HN-N
@42 E/)?
cl
\ EES \
5qa,T8h,yield 48% 5h-a, T10h,yield 49% 5i-a,T8h,yield 78%
o] o] o
S HN-N HN-N N
9 . NH
X
\ \
5j-a,T8h,yield 83% 5k-a,T8h,yield 35% 5l-a,T10h,yield 83%
o Q o
{ HN-N HN-N
NH’ FsC NC@—é
=
X
@/\)\/\ S S
5m-a, T10h,yield 78% 5n-a,T10h, yield 68% 50-a,T10h,yield 57%
O
O
O
ALy o N—NH, h
—_—
1 2 2a
Br n
\/\ k
Brsn
Br,Sn \é/\) /
2
o o
N
N BrsSn_yp-
HN- H,0 h
R R
“ N
5a-a__50-a organotine intermediate

Scheme 3. Proposed tin-mediated allylation reaction sequence
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4. Conclusions

In conclusion, we have developed an effective
tin-mediated allylation reaction for the synthesis of
homoallylic hydrazides from hydrazones, allyl bromide and
a Lewis acid. This approach tolerates a broad substrate scope,
including aldehydes with both electron-donating and
electron-withdrawing substituents. Compared with reactions
using different Lewis acids, this tin-promoted process has
the following advantages: minimization of toxic by-products,
operational simplicity, high yields and avoidance of
preparation of allylic tin reagents beforehand.
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