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Abstract — A palladium-catalyzed cyclization of N-tosyl imines with allylic
diesters is described. The reactions of N-tosyl imines with 2-buten-1,4-diol
dicarbonate and 2-methylene-1,3-propanediol diacetate afforded
2-vinyl-2,3-dihydropyrroles and 3-methylene-1,2,3,4-tetrahydropyridines,

respectively.

INRODUCTION

Substituted dihydropyrroles and tetrahydropyridines are an important class of heteroaromatic compounds,
and these are components as a structural fragment of biologically active natural products and
pharmaceutical agents.!” From this reason, constructive effort has been devoted toward developing a
methodology for the syntheses of substituted dihydropyrroles and tetrahydropyridines.>*
Palladium-catalyzed reactions of allylic diesters with bis-nucleophiles have received considerable
attention and have been extensively studied.’”’ In these reactions, a substrate having two nucleophilic
moieties within the molecule successively reacted with allylic diesters to afford the cyclized product. A
variety of cyclic compounds can be synthesized in one-step by the choice of adequately designed
nucleophilic molecules. For example, we have recently reported syntheses of functionalized

dihydropyrroles and tetrahydropyridines by palladium-catalyzed cyclizations of B-enaminocarbonyl

compounds with allylic diacetates (Scheme 1).” In these reactions, B-enaminocarbonyl compounds react

1 This paper is dedicated to Professor Dr. Masakatsu Shibasaki on the occasion of his 70th birthday.
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with 1,4-diacyloxy-2-butene and 2-methylene-1,3-propanediol diacetate to afford substituted
dihydropyrroles and tetrahydropyridines via successive double allylic substitutions, respectively. During
the course of our planning for further investigation of this cyclization, we took notice of the nucleophilic
activity of N-tosyl imines 1, which does not have electron-withdrawing carbonyl moiety. Herein, we
describe a palladium-catalyzed cyclization of N-tosyl imines 1 with allylic diesters 2 and 4, in which the

substituted dihydropyrroles 3 and tetrahydropyridines 5§ were produced in one-step, respectively.
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RESULTS AND DISCUSSION

The examinations were started using phenyl-substituted N-tosyl imine 1a and (Z)-1,4-diacetoxy-2-butene
(2a) (Table 1). When 1a and 2a were treated with 10 mol% Pd(OAc)2, 20 mol% (£)-BINAP and 4 equiv
K,CO; in dioxane at 120 °C according to our previous condition,” the expected
2-vinyl-2,3-dihydropyrrole 3a was produced in 63% yield (entry 1). The reactions in the presence of
various base such as K3POs, Cs,CO3, NaOH and ‘ProNEt resulted in the production of 3a in low yields,

respectively (entries 2—5).> Experimenting using allylic dicarbonates 2b-2d in the absence of base
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(entries 6-8) revealed that 3a was obtained in 62% yield in the case of benzyl carbonate 2d (entry 8).
After attempts under various reaction temperature (entries 9 and 10), we found that the yield was

increased to 70% when the reaction was carried out at 80 °C (entry 9).

Table 1. Initial attempts using 1a with 2a-2d

10 mol% Pd(OAc),

20 mol% (+)-BINAP / )
N =/ 4 equiv b

Ph ase, dioxane N
A Ts
1a 2a-2d 3a
Entry R Base Temp (°C) Yield (%)

1 Ac (2a) K>COs 120 63
2 Ac (2a) K5POq4 120 58
3 Ac (2a) Cs2C0; 120 47
4 Ac (2a) NaOH 120 41
5 Ac (2a) "ProNEt 120 35
6 CO2Me (2b) — 120 57
7 CO>'Bu (2¢) — 120 41
8 CO2Bn (2d) — 120 62
9 CO2Bn (2d) — 80 70
10 CO2Bn (2d) — 50 49

Having identified a useful set of reaction conditions, we carried out a study using various aryl-substituted
N-tosyl imines 1b—1f with 2d (Table 2). When a substrate 1b having a tolyl group was exposed to the
optimal conditions, the dihydropyrrole 3b was obtained in 60% yield (entry 1). Methoxy- and
fluoro-substituted substrates 1c—1e reacted without problems to afford the corresponding products 3c¢—3e
in moderate yields, respectively (entries 2—4). The reaction of 1f which contains naphthyl group also
proceeded to give the cyclized product 3f in 66% yield (entry 5).

We next conducted the reactions using 2-methylene-1,3-propanediol diacetate (4). When N-tosyl imine 1a
and 4 were subjected to the reaction with 10 mol% Pd(OAc)2, 20 mol% (+)-BINAP and 4 equiv K2CO3 in
dioxane at 120 °C,”® the reaction successfully proceeded to produce the 3-methylene-1,2,3,4-

tetrahydropyridine Sa in 94% yield (Scheme 2).
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Table 2. Reactions using various aryl-substituted N-tosyl imines 1b—1f with 2d

Entry Substrate 1 Product 3 Yield (%)
o v
N
1 'i's 60
1b 3b
_Ts / Vi
N N
2 MeO I 20
MeO © Ts
1c 3c
_Ts / Vi
3 N N 46
Ts
OMe 1d MeO 3d
N/Ts / Y
4 '}1 54
F
F Ts
1e 3e
_Ts 66

o]
W
v

1f 3f

“Reactions were carried out with 2¢ in the presence of 10 mol% Pd(OAc),,
20 mol% (+)-BINAP in dioxane at 80 °C.

10 mol% Pd(OAc),
/g . 20 mol% BINAP |
Ph N~ S + AcO OAc

4 equiv K;COg3, dioxane' Ph 'Tl
120 °C, 20 min Ts
1a 4 5a 94%
Scheme 2

Table 3 summarized the examinations using N-tosyl imines 1b—1f. The reactions of allylic diacetate 4
with tolyl-substituted N-tosyl imines 1b afforded the tetrahydropyridine Sb in 93% yield (entry 1).
Similarly, substrates 1e—1f having various aryl group also reacted to give the corresponding products

5c¢-5f in good yields, respectively (entries 2-5).
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Table 3. Reactions using various N-tosyl arylimines 1b—1f with 4

Entry Substrate 1 Product § Yield (%)
N/Ts |
1 '}‘ 93
Ts
1b 5b
_Ts
’ @A \ g
MeO Ts
1c MeO 5¢c
_Ts
3 N l}l 87
Ts
1d 5d
OMe OMe
4 s | 91
Q*” )
F Ts
1e F S5e
5 s | 92
“ )
Ts
1f 5f

“Reactions were carried out with 4 in the presence of 10 mol%
Pd(OAc),, 20 mol% (+)-BINAP and 4 equiv K,CO; in dioxane at
120 °C.

A plausible mechanisms for the production of dihydropyrrole 3 and tetrahydropyridine 5 are shown in
Scheme 3. By the reaction with palladium, 2-butene-1,4-diol dicarbonate 2d is transformed to the
n-allylpalladium complex 6, which causes the nucleophilic attack of the N-tosyl imine anion to afford the
substituted allylic carbonate 7. The compound 7 is further subjected to the intramolecular nucleophilic
attack of the tosyl amide anion via the formation of m-allylpalladium intermediate 8 to produce the
2,3-dihydropyrrole 3. 2-Methylene-1,3-propanediol diacetate 4 is also converted to the corresponding
n-allylpalladium complex 9, which is subjected to the nucleophilic attack of the N-tosyl imine anion to
afford allylic acetate 10. Then intramolecular nucleophilic cyclization of 10 occurs via the

n-allylpalladium intermediate 11 to produce the tetrahydropyridine 5. In these reactions, it is interesting
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that N-tosyl imines which does not have electron-withdrawing carbonyl group act as a bis-nucleophile in

mild reaction conditions.
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CONCLUSIONS

In conclusion, the studies described above have resulted in the synthesis of functionalized
dihydropyrroles and tetrahydropyridines by the palladium-catalyzed cyclization of N-tosyl imines with
allylic diesters. In this reaction, N-tosyl imines which does not have electron-withdrawing carbonyl
moiety act as bis-nucleophile in mild reaction conditions. Since many biologically active molecules
containing a pyrrolidine and piperidine component have been reported, our methodology could provide a

new protocol for the syntheses of these compounds.

EXPERIMENTAL

All reactions were carried out under a positive atmosphere of argon in dried glassware unless otherwise
indicated. Materials were obtained from commercial suppliers and used without further purification
except when otherwise noted. Solvents were dried and distilled according to the standard protocols.
N-tosyl imines 1 and allylic disesters 2 and 4 were prepared according to the procedures described in the

literature.” 1011

General Procedure for the Synthesis of Dihydropyrrole
Synthesis of 3a (entry 9 in Table 1): To a stirred solution of N-tosyl imine 1a (20.0 mg, 73.2 umol) in
dioxane (0.7 mL) were added allylic dicarbonate 2d (26.1 mg, 73.2 umol), Pd(OAc) (1.6 mg, 7.3 pumol),

and (£)-BINAP (9.1 mg, 14.6 umol) at rt, and stirring was continued for 30 min at the same temperature
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under argon atmosphere. The reaction mixture was then allowed to heat to 80 °C, and further stirring was
continued for 20 min. After filtration of the reaction mixture using small amount of silica gel followed by
concentration, the residue was chromatographed on silica gel with AcOEt—hexane (1:8 v/v) as eluent to
give 3a (16.7 mg, 51.2 umol, 70%) as pale yellow needles.
5-Phenyl-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3a)

Yield 70%; pale yellow needles (AcOEt/hexane, mp 90.4-91.3 °C); IR (neat) 1352, 1167, 755, 666 cm™;
'"H-NMR (400 MHz, CDCl3) § 2.00-2.05 (1H, m), 2.11-2.17 (1H, m), 2.43 (3H, s), 4.78-4.81(1H, m),
5.19 (1H, d, /= 10.4 Hz), 5.39 (1H, dd, J= 2.0 and 3.6 Hz), 5.54 (1H, d, /= 16.8 Hz), 5.88 (1H, ddd, J =
4.8,10.4 and 16.8 Hz), 7.26-7.29 (2H, m), 7.34-7.38 (3H, m), 7.57-7.59 (4H, m); *C-NMR (100 MHz,
CDCI) 6 21.6 (CH3), 35.3 (CH>), 64.1 (CH), 114.9 (CH»), 116.0 (CH), 127.5 (CH), 127.8 (CH), 127.9
(CH), 128.6 (CH), 129.4 (CH), 133.3 (Cq), 134.4 (Cq), 137.5 (CH), 143.7 (Cq), 144.1 (Cq); HRMS (ESI)
m/z calcd for CioH19NNaO»>S [M+Na]" 348.1034, found 348.1032.
5-(4-Methylphenyl)-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3b)

Yield 60%; pale yellow needles (AcOEt/hexane, mp 93.5-96.0 °C); IR (neat) 1352, 1167, 1091, 820
cm™'; 'TH-NMR (400 MHz, CDCl3) § 1.98-2.02 (1H, m), 2.07-2.14 (1H, m), 2.37 (3H, s), 2.43 (3H, s),
4.76-4.79 (1H, m), 5.18 (1H, d, J=10.0 Hz), 5.33 (1H, dd, J = 2.0 and 3.6 Hz), 5.53 (1H, d, /= 16.8 Hz),
5.88 (1H, ddd, /= 5.2, 10.0 and 16.8 Hz), 7.17 (2H, d, J = 8.4 Hz), 7.27 (2H, d, J = 8.4 Hz), 7.48 (2H, d,
J=8.4Hz), 7.58 (2H, d, J = 8.4 Hz); *C-NMR (100 MHz, CDCl3) § 21.3 (CH3), 21.6 (CH3), 34.2 (CH>),
64.1 (CH), 114.9 (CH>), 115.1 (CH), 127.5 (CH), 127.8 (CH), 128.6 (CH), 129.3 (CH), 130.4 (Cq), 134.5
(Cq), 137.6 (CH), 138.6 (Cq), 143.6 (Cq), 144.1 (Cq); HRMS (ESI) m/z calcd for C20H2:1NNaO,S
[M+Na]" 362.1191, found 362.1189.

5-(4-Methoxyphenyl)-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3¢)

Yield 56%; pale red needles (AcOEt/hexane, mp 112.5-114.2 °C); IR (neat) 1508, 1457, 1250, 1166
cm™!; TH-NMR (400 MHz, CDCl3) § 1.97-2.03 (1H, m), 2.08-2.14 (1H, m), 2.43 (3H, s), 3.82 (3H, s),
4.75-4.80 (1H, m), 5.18 (1H, d, J=10.4 Hz), 5.27 (1H, dd, J = 2.0 and 3.4 Hz), 5.52 (1H, d, /= 17.2 Hz),
5.88 (1H, ddd, /= 5.6, 10.4 and 17.2 Hz), 6.90 (2H, d, J = 8.8 Hz), 7.27 (2H, d, J= 8.8 Hz), 7.51 (2H, d,
J=28.8 Hz), 7.57 (2H, d, J = 8.8 Hz); >*C-NMR (100 MHz, CDCl3) § 21.6 (CHs), 34.1 (CHz>), 55.3 (CH3),
64.1 (CH), 113.3 (CH), 114.2 (CH), 114.9 (CH), 125.8 (Cq), 127.8 (CH), 128.9 (CH), 129.3 (CH) 134.5
(Cq), 137.6 (CH), 143.6 (Cq), 143.7 (Cq), 159.9 (Cq); HRMS (ESI) m/z caled for C20H2NO3S [M+H]"
356.1320, found 356.1318.

5-(3-Methoxyphenyl)-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3d)

Yield 46%; colorless needles (AcOEt/hexane, mp 95.1-98.2 °C); IR (neat) 1353, 1166, 1041, 668 cm™;
'"H-NMR (400 MHz, CDCl3) & 1.99-2.05 (1H, m), 2.10-2.17 (1H, m), 2.43 (3H, s), 3.84 (3H, s)
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4.77-4.81 (1H, m), 5.19 (1H, d, J=10.4 Hz), 5.40 (1H, dd, J = 2.0 and 4.0 Hz), 5.52 (1H, d, /= 17.2 Hz),
5.88 (1H, ddd, J = 5.2, 10.4 and 17.2 Hz), 6.88—6.90 (1H, m), 7.11-7.12 (1H, m), 7.16-7.18 (1H, m),
7.25-7.30 (3H, m), 7.60 (2H, d, J = 7.6 Hz); *C-NMR (100 MHz, CDCl3) § 21.6 (CH3), 34.3 (CH>), 55.3
(CHs), 64.1 (CH), 113.3 (CH), 114.2 (CH), 115.0 (CH»), 116.4 (CH), 120.1 (CH), 127.8 (CH), 128.9
(CH), 129.3 (CH), 129.6 (Cq), 134.6 (Cq), 137.5 (CH), 143.7 (Cq), 143.9 (Cq), 159.1 (Cq); HRMS (ESI)
m/z caled for C20H21NNaOsS [M+Na]* 378.1140, found 378.1136.
5-(4-Fluorophenyl)-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3e)

Yield 54%; yellow needles (AcOEt/hexane, mp 120.5-123.7 °C); IR (neat) 1507, 1353, 1222, 1167 cm™;
"H-NMR (400 MHz, CDCls) § 2.00-2.06 (1H, m), 2.11-2.18 (1H, m), 2.44 (3H, s), 4.77-4.81 (1H, m),
5.20 (1H, d, J=10.4 Hz), 5.34 (1H, dd, J= 2.4 and 3.6 Hz), 5.51 (1H, d, J=17.2 Hz), 5.88 (1H, ddd, J =
52,104 and 17.2 Hz), 7.05 (2H, t, J = 8.8 Hz), 7.28 (2H, d, J = 8.4 Hz), 7.54 (2H, t, J = 8.8 Hz), 7.56
(2H, d, J = 8.4 Hz); 3C-NMR (100 MHz, CDCls) § 21.6 (CH3), 34.3 (CH,), 64.1 (CH), 114.9 (CH, d, J =
21.5 Hz), 115.2 (CH>), 115.8 (CH), 117.8 (CH), 129.3 (CH, d, J= 7.4 Hz), 129.4 (Cq), 129.4 (CH), 134.4
(Cq), 137.5 (CH), 143.0 (Cq), 143.8 (Cq), 162.9 (Cq, d, J = 247.0 Hz); HRMS (ESI) m/z calcd for
Ci9H19FNO2S [M+H]" 344.1121, found 344.1118.
5-(Naphthalen-2-yl)-1-tosyl-2-vinyl-2,3-dihydro-1H-pyrrole (3f)

Yield 66%; pale orange needles (AcOEt/hexane, mp 135.3—137.0 °C); IR (neat) 1353, 1167, 772, 667
cm™'; 'TH-NMR (400 MHz, CDCls) § 2.05-2.11 (1H, m), 2.17-2.24 (1H, m), 2.43 (3H, s), 4.83—4.87 (1H,
m), 5.23 (1H, d, J=10.4 Hz), 5.52 (1H, dd, /= 2.0 and 3.6 Hz), 5.58 (1H, d, /= 16.8 Hz), 5.93 (1H, ddd,
J =56, 104 and 16.8 Hz), 7.27 (2H, d, J = 8.4 Hz), 7.46-7.51 (2H, m), 7.60 (2H, d, J = 8.4 Hz),
7.70~7.72 (1H, m), 7.81-7.87 (3H, m), 8.00 (1H, s); *C-NMR (100 MHz, CDCls) & 21.6 (CH3), 34.4
(CH»), 64.2 (CH), 115.1 (CH»), 116.6 (CH), 125.6 (CH), 126.2 (CH), 126.3 (CH), 126.4 (CH), 127.4
(CH), 127.7 (CH), 127.8 (CH), 128.2 (CH), 129.4 (CH), 130.7 (Cq), 132.9 (Cq), 133.5 (Cq), 134.5 (Cq),
137.5 (CH), 143.8 (Cq), 144.1 (Cq); HRMS (ESI) m/z calcd for C23H21NNaO,S [M+Na]" 398.1191,
found 398.1189.

General Procedure for the Synthesis of Tetrahydropyridine

Synthesis of Sa (Scheme 2): To a stirred solution of N-tosyl imine 1a (27.3 mg, 100 umol) in dioxane
(1.0 mL) were added allylic diacetate 4 (34.4 mg, 200 pmol), Pd(OAc): (2.2 mg, 10.0 umol), (+)-BINAP
(12.5 mg, 20.0 pmol), and K>COs3 (55.3 mg, 400 pmol) at rt, and stirring was continued for 30 min at the
same temperature under argon atmosphere. The reaction mixture was then allowed to heat to 120 °C, and

further stirring was continued for 20 min. After filtration of the reaction mixture using small amount of
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silica gel followed by concentration, the residue was chromatographed on silica gel with AcOEt—hexane
(1:6 v/v) as eluent to give tetrahydropyridine 5a (30.6 mg, 94.0 umol, 94%) as pale yellow oil.
3-Methylene-6-phenyl-1-tosyl-1,2,3,4-tetrahydropyridine (5a)

Yield 94%; yellow needles (AcOEt/hexane, mp 83.7-85.0 °C); IR (neat) 1350, 1163, 763, 695 cm™;
"H-NMR (400 MHz, CDCI3) § 2.40 (3H, s), 2.57-2.85 (2H, m), 4.23 (2H, s), 4.66 (1H, s), 4.81 (1H, s),
5.68 (1H,t,J=4.0 Hz), 7.19 (2H, d, J = 8.4 Hz), 7.31-7.37 (3H, m), 7.51-7.53 (4H, m); *C-NMR (100
MHz, CDCL) 6 21.5 (CH3), 29.9 (CH2), 53.2 (CH), 112.1 (CHz), 120.1 (CH), 126.6 (CH), 128.0 (CH),
128.1 (CH), 128.3 (CH), 128.9 (CH), 135.4 (Cq), 138.1 (Cq), 138.7 (Cq), 140.3 (Cq), 143.4 (Cq); HRMS
(ESI) m/z calcd for C19H19NNaO,S [M+Na]" 348.1034, found 348.1033.
3-Methylene-6-(4-methylphenyl)-1-tosyl-1,2,3,4-tetrahydropyridine (5b)

Yield 93%; yellow needles (AcOEt/hexane, mp 108.5-111.8 °C); IR (neat) 1352, 1164, 813, 691 cm™;
'H-NMR (400 MHz, CDCl3) 6 2.36 (3H, s), 2.39 (3H, s), 2.54 (2H, s), 4.22 (2H, s), 4.65 (1H, s), 4.80 (1H,
s), 5.63 (1H, t, J=4.0 Hz), 7.15 (2H, d, J= 8.0 Hz), 7.17 (2H, d, J = 8.0 Hz), 7.41 (2H, d, J = 8.0 Hz),
7.52 (2H, d, J = 8.0 Hz); *C-NMR (100 MHz, CDCl3) § 21.2 (CH3), 21.5 (CH3), 29.9 (CH>), 53.2 (CH>),
111.9 (CH2), 119.2 (CH), 126.5 (CH), 128.3 (CH), 128.7 (CH), 128.8 (CH), 135.4 (Cq), 135.9 (Cq),
137.9 (Cq), 138.3 (Cq), 140.3 (Cq), 143.3 (Cq); HRMS (ESI) m/z calcd for C20H21NNaO2S [M+Na]"
362.1191, found 362.1190.

6-(4-Methoxyphenyl)-3-methylene-1-tosyl-1,2,3,4-tetrahydropyridine (5¢)

Yield 91%; orange needles (AcOEt/hexane, mp 51.3—-54.9 °C); IR (neat) 1606, 1509, 1349, 1249, 1163
cm~!; "TH-NMR (400 MHz, CDCl3) § 2.40 (3H, s), 2.54-2.55 (2H, m), 3.83 (3H, s), 4.22 (2H, s), 4.66 (1H,
s), 4.82 (1H, s), 5.57 (1H, t, J=4.2 Hz), 6.88 (2H, d, /= 8.8 Hz), 7.18 (2H, d, /= 8.0 Hz), 7.44 (2H, d, J
= 8.8 Hz), 7.51 (2H, d, J = 8.0 Hz); *C-NMR (100 MHz, CDCl;) § 21.5 (CH3), 29.8 (CH>), 53.3 (CH>),
55.3 (CH3), 111.9 (CH»), 113.4 (CH), 118.4 (CH), 127.9 (CH), 128.3 (CH), 128.8 (CH), 131.3 (Cq),
135.4 (Cq), 138.4 (Cq), 139.9 (Cq), 143.3 (Cq), 159.6 (Cq); HRMS (ESI) m/z caled for C20H21NNaOsS
[M+Na]" 378.1140, found 378.1135.
6-(3-Methoxyphenyl)-3-methylene-1-tosyl-1,2,3,4-tetrahydropyridine (5d)

Yield 91%; colorless needles (AcOEt/hexane, mp 105.0-107.0 °C); IR (neat) 1352, 1163, 1040, 776
cm™'; 'TH-NMR (400 MHz, CDCls) § 2.39 (3H, s), 2.56-2.57 (2H, m), 3.82 (3H, s), 4.22 (2H, s), 4.67 (1H,
s), 4.82 (1H, s), 5.69 (1H, t, J = 4.0 Hz), 6.84-6.86 (1H, m), 7.03-7.04 (1H, m), 7.10-7.12 (1H, m), 7.18
(2H, d, J = 8.0 Hz), 7.23-7.27 (1H, m), 7.53 (2H, d, J = 8.0 Hz); *C-NMR (100 MHz, CDCls) § 21.5
(CH3), 29.9 (CH), 53.2 (CH»), 55.2 (CH3), 112.0 (CH2), 112.4 (CH), 113.6 (CH), 119.2 (CH), 120.3
(CH), 128.3 (CH), 128.9 (CH), 128.9 (CH), 135.5 (Cq), 136.3 (Cq), 138.2 (Cq), 140.0 (Cq), 143.4 (Cq),
159.3 (Cq); HRMS (ESI) m/z calcd for C20H21NNaO3S [M+Na]" 378.1140, found 378.1136.
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6-(4-Fluorophenyl)-3-methylene-1-tosyl-1,2,3,4-tetrahydropyridine (5e)

Yield 87%; yellow needles (AcOEt/hexane, mp 109.5-111.5 °C); IR (neat) 1507, 1351, 1221, 1164 cm™;
"H-NMR (400 MHz, CDCls) & 2.40 (3H, s), 2.57-2.58 (2H, m), 4.22 (2H, s), 4.67 (1H, s), 4.82 (1H, s),
5.62 (1H,t,J=4.2 Hz), 7.03 2H, t, J = 8.8 Hz), 7.19 (2H, d, J = 8.4 Hz), 7.46-7.52 (4H, m); '*C-NMR
(100 MHz, CDCl;) 6 21.5 (CH3), 29.9 (CH>), 53.2 (CH»), 112.2 (CH>), 114.9 (CH, d, J = 21.5 Hz), 119.8
(CH), 128.3 (CH, d, J=7.5 Hz), 128.3 (CH), 128.9 (CH), 134.9 (Cq), 135.3 (Cq), 137.9 (Cq), 139.4 (Cq),
143.5 (Cq), 162.7 (Cq, d, J = 246.2 Hz); HRMS (ESI) m/z calcd for C1oHisFNNaO>S [M+Na]" 366.0940,
found 366.0941.

3-Methylene-6-(naphthalen-2-yl)-1-tosyl-1,2,3,4-tetrahydropyridine (5f)

Yield 92%; colorless needles (AcOEt/hexane, mp 139.3-142.1 °C); IR (neat) 1351, 1164, 771, 669 cm™;
'H-NMR (400 MHz, CDCls) § 2.39 (3H, s), 2.64-2.65 (2H, m), 4.30 (2H, s), 4.71 (1H, s), 4.86 (1H, s),
5.81 (1H, t,J=4.0 Hz), 7.18 (2H, d, J = 8.4 Hz), 7.45-7.49 (2H, m), 7.54 (2H, d, /= 8.4 Hz), 7.66—7.68
(1H, m), 7.80-7.84 (3H, m), 7.92 (1H, s); *C-NMR (100 MHz, CDCl3) § 21.5 (CH3), 30.1 (CH>), 53.2
(CH»), 112.1 (CH»), 120.7 (CH), 125.1 (CH), 125.3 (CH), 125.9 (CH), 126.0 (CH), 127.4 (CH), 127.7
(CH), 128.2 (CH), 128.3 (CH), 128.9 (CH), 133.2 (Cq), 133.3 (Cq), 135.6 (Cq), 136.2 (Cq), 138.2 (Cq),
140.4 (Cq), 143.4 (Cq); HRMS (ESI) m/z calcd for C23H21NNaO,S [M+Na]* 398.1191, found 398.1196.

ACKNOWLEDGEMENT
This study was supported in part by a Grant-in-Aid for Scientific Research (C) Grant number 26460009

from the Japan Society for the Promotion of Science (JSPS).

REFERENCES AND NOTES

1. (a) L. H. J. Hurley, J. Antibiot., 1977, 30, 349; (b) L. H. Hurley and D. E. Thurston, Pharm.
Res., 1984, 52; (¢) J. D. Leber, J. R. E. Hoover, K. G. Holden, R. K. Johnson, and S. M. Hecht,
J. Am. Chem. Soc., 1988, 110, 2992; (d) W. Li, A. Khullar, S. Chou, A. Sacramo, and B.
Gerratana, Appl. Environ. Microbiol., 2009, 75, 2869; (e) I. V. Magedov, G. Luchetti, N. M.
Evdokimov, M. Manpadi, W. F. A. Steelant, S. Van slambrouk, P. Tongwa, M. Y. Antipin, and
A. Kornienko, Bioorg. Med. Chem. Lett., 2008, 18, 1392.

2. (a) J. W. Daly, T. F. Spande, and H. M. Garraffo, J. Nat. Prod., 2005, 68, 1556; (b) J. P.
Michael, Nat. Prod. Rep., 2008, 25, 139; (¢) M. W. Whitehouse, Curr. Med. Chem., 2005, 12,
2931; (d) J. P. Michael, The Alkaloids, Vol. 55, ed. by G. A. Cordell, Academic Press, San
Diego, 2001; (e) D. L. Comins and S. P. Joseph, Advances in Nitrogen Heterocycles, Vol. 2, ed.
by C. J. Moody, JAI, Greenwich, 1996, p 251.



420 HETEROCYCLES, Vol. 95, No. 1, 2017

3. For selected examples of dihydropyrrole synthesis, see: (a) P. A. Wender and D. Strand, J. Am.
Chem. Soc., 2009, 131, 7528; (b) R. A. Brawn and J. S. Panel, Org. Lett., 2009, 11, 473; (c) D.
Monge, K. L. Jensen, P. T. Franke, L. Lykke, and K. A. Jorgensen, Chem. Eur. J., 2010, 16,
9478; (d) G. Zhang, Y. Zhang, X. Jiang, W. Yan, and R. Wang, Org. Lett., 2011, 13, 3806; (e)
C.-R. Liu, B.-H. Zhu, J.-C. Zheng, X.-L. Sun, Z. Xie, and Y. Tang, Chem. Commun., 2011, 47,
1342; () J. Cheng, X. Jiang, C. Zhu, and S. Ma, Adv. Synth. Catal., 2011, 353, 1676; (g) J. Tian,
R. Zhou, H. Sun, H. Song, and Z. He, J. Org. Chem., 2011, 76, 2374; (h) L. A. Polindara-Garcia
and L. D. Miranda, Org. Lett., 2012, 14, 5408; (i) M. K. Ghorai and D. P. Tiwari, J. Org. Chem.,
2013, 78, 2617; (j) T. Miura, T. Tanaka, K. Hiraga, S. G. Stewart, and M. Murakami, J. Am.
Chem. Soc., 2013, 135, 13652; (k) Y.-F. Yu, C. Shu, B. Zhou, J.-Q. Li, J.-M. Zhou, and L.-W.
Ye, Chem. Commun., 2015, 51, 2126; (1) M. Yoshida, A. Kobayashi, A. Nakayama, and K.
Namba, Tetrahedron, 2016, 72, 2544,

4. For reviews, see: (a) J.-C. Quirion, Science of Synthesis, Georg Thieme Verlag, 2006, p 629;
(b) J. P. Wan and Y. Liu, RSC Adv., 2012, 2, 9763. For selected examples of tetrahydropyridine
synthesis, see: (¢) M. Rueping and A. P. Antonchick, Angew. Chem. Int. Ed., 2008, 47, 5836;
(d) H. Guo, Q. Xu, and O. Kwon, J. Am. Chem. Soc., 2009, 131, 6318; (¢) S. B. D. Jarvis and A.
B. Charette, Org. Lett., 2011, 13, 3830; (f) S. Duttwyler, C. Lu, A. L. Rheingold, R. G.
Bergman, and J. A. Ellman, J. Am. Chem. Soc., 2012, 134, 4064; (g) D. M. Barber, H. J.
Sanganee, and D. J. Dixon, Org. Lett., 2012, 14, 5290; (h) P. Hu, J. Hu, and X. Tong, Angew.
Chem. Int. Ed., 2013, 52, 5319; (i) L. Liu, R. Sarkisian, Y. Deng, and H. Wang, J. Org. Chem.,
2013, 78, 5751; (j) C.-H. Lei, D.-X. Wang, L. Zhao, J. Zhu, and M.-X. Wang, Chem. Eur. J.,
2013, 19, 16981; (k) M. Kataria, S. Pramanik, M. Kumar, and V. Bhalla, Chem. Commun., 2015,
51, 1483.

5. Recent examples about the reactions using 1,4-diacyloxy-2-butene, see: (a) M. Massacret, R.
Lakhmiri, P. Lhoste, C. Nguefack, F. B. B. Abdelouahab, R. Fadel, and D. Sinou, Tetrahedron:
Asymmetry, 2000, 11, 3561; (b) S. Tanimori and M. Kirihata, Tetrahedron Lett., 2000, 41,
6785; (c) N. Nomura, K. Tsurugi, and M. Okada, Angew. Chem. Int. Ed., 2001, 40, 1932; (d) H.
Nakano, J. Yokoyama, R. Fujita, and H. Hongo, Tetrahedron Lett., 2002, 43, 7761; (e) S.-C.
Yang, Y.-J. Shue, and P.-C. Liu, Organometallics, 2002, 21, 2013; (f) K. Ito, Y. Imahayashi, T.
Kuroda, S. Eno, B. Saito, and T. Katsuki, Tetrahedron Lett., 2004, 45, 7277; (g) S.-C. Yang,
P.-C. Liu, and W.-H. Feng, Tetrahedron Lett., 2004, 45, 4951; (h) S.-C. Yang, H.-C. Lai, and
Y.-C. Tsai, Tetrahedron Lett., 2004, 45, 2693; (i) H. Murakami, Y. Matsui, F. Ozawa, and M.
Yoshifuji, J. Organomet. Chem., 2006, 691, 3151; (j) S. Tanimori, Y. Kato, and M. Kirihata,
Synthesis, 2006, 865.



10.
I1.

HETEROCYCLES, Vol. 95, No. 1, 2017 421

Representative examples about the reactions using 2-methylene-1,3-propanediol diester, see: (a)
Y. Huang and X. Lu, Tetrahedron Lett., 1987, 28, 6219; (b) Y. Huang and X. Lu, Tetrahedron
Lett., 1988, 29, 5663; (c) D. Gravel, S. Benoit, S. Kumanovic, and H. Sivaramakrishnan,
Tetrahedron Lett., 1992, 33, 1403; (d) D. Gravel, S. Benoit, S. Kumanovic, and H.
Sivaramakrishnan, Tetrahedron Lett., 1992, 33, 1407; (e) A. P. Kozikowski, G. Campiani, P.
Aagaard, and M. McKinney, J. Chem. Soc., Chem. Commun., 1993, 860; (f) G. Campiani, L. Q.
Sun, A. P. Kozikowski, P. Aagaard, and M. McKinney, J. Org. Chem., 1993, 58, 7660; (g) C.
Jorand-Lebrun, L. Fensterbank, and M. Malacria, Tetrahedron Lett., 1995, 36, 1407; (h) S.
Kaneko, T. Yoshino, T. Katoh, and S. Terashima, Tetrahedron: Asymmetry, 1997, 8, 829; (i)
X.-C. He, B. Wang, and D. Bai, Tetrahedron Lett., 1998, 39, 411; (j) F. Buono and A. Tenaglia,
J. Org. Chem., 2000, 65, 3869; (k) C. Damez, J.-R. Labrosse, P. Lhoste, and D. Sinou, Synthesis,
2001, 1456.

Our previous work: (a) M. Yoshida, Y. Maeyama, and K. Shishido, Tetrahedron Lett., 2010, 51,
6008; (b) M. Yoshida, Y. Maeyama, and K. Shishido, Tetrahedron, 2012, 68, 9962; (c) M.
Yoshida, K. Kinoshita, and K. Namba, Org. Biomol. Chem., 2014, 12, 2394.

In each case, the byproducts were not observed and the decomposition of the starting material
was occurred except for the production of 3a.

J. L. Brice, J. E. Harang, V. I. Timokhin, N. R. Anastasi, and S. S. Stahl, J. Am. Chem. Soc.,
2005, 127, 2868.

T. Tsuda, T. Kiyoi, and T. Saegusa, J. Org. Chem., 1990, 55, 3388.

R. Shintani, K. Moriya, and T. Hayashi, Chem. Commun., 2011, 47, 3057.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




