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1,3-DIPOLAR CYCLOADDITION LEADING TO N-ALKYLPYRROLIDINES

Kazuo Achiwa,*Nobuyuki Imai, Tetsuya Inaoka, and Minoru Sekiya

Shizuoka College of Pharmacy, 2-2-1 Oshika, Shizuoka 422, Japan

1,3-Dipolar cycloaddition of an intermediary methyleneiminium
ylide formed from N-(benzylidene)trimethylsilylmethylamine and alkyl
halide to conjugated olefinic dipolarophiles has been found to give
N-alkylpyrrolidines.
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2) we described

In previous work in the field of 1,3-dipolar cycloaddition,l—
N-acylated pyrrolidine synthesis by the reaction among a Schiff's base of tri-
methylsilylmethylamine, acyl halides and olefins.l) In continuation we developed
a general synthesis of N-alkylpyrrolidines by 1,3-dipolar cycloaddition using
alkyl halides and tosylate in place of the acyl halides. '

Y Z

RX, Y~CH=CH-Z
Me 3SiCH,N=CHPh —-

Ph
1 RX: alkyl halides or tosylate

~
Preliminary experiments included examination of solvent effect (Table I) and
relative reactivities (Table II) of butyl halides and tosylate using N-(benzyli-
dene) trimethylsilylmethylamine (%) and dimethyl fumarate. The reaction with
butyl iodide proceeded smoothly in the solvents indicated in Table I to give the
corresponding N—alkylpyrrolidine (2) with the minor formation of an N-unsubsti-
tuted one (2').

Table I. Solvent Effect?)

CH302C—E- 0,CH3 CH30,Cz

dimethyl fumarate, Bul

Me;SiCH, N=CHPh - +
at 40-45°C for 30 h N~ YPh Ph
Bu
2 2!
”~ ~
Solvent Yield (%) Holax Pr°P°rti‘2",‘
~ o~
Hexamethylphosphoramide (HMPA) 100 99 ‘ 1
Tetramethylurea 90 70 30
Dimethylformamide 70 65 : 35
Acetonitrile 20 70 30

a) Yield and molar proportion are determined by VPC analysis.
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Table II. Relative Reactivities of Butyl Halides and Tosylatea)
dimethyl fumarate, BuX
Me 3SiCH,N=CHPh - 2 + 2!
in HMPA at 40-45°C

BuX Total yield (%) Mglar proportlog'

~ ~
BuIl 100 99 1
BuBr 100 63 37
BuCl 66 — 100
BuOTs : 79 50 50

a) Yield and molar proportion are determined by VPC analysis.

Interestingly, marked differences among butyl halides and tosylate were
observed as shown in Table II. Butyl iodide gave % exclusively, in which the
reaction proceeded faster, whereas butyl chloride gave 2',

A typical experiment using i, butyl iodide and dimethyl fumarate is as
follows. To a stirred mixture of L (5 mmol), butyl iodide (5 mmol) and HMPA (20
ml) dimethyl fumarate (6 mmol) was added. The whole was then heated at 80-85°C
with stirring for 2 h under nitrogen atmosphere. After cooling the mixture was
triturated with benzene (100 ml). The benzene solution was washed with sat. aq.
NaCl-10% ag. KHCO3 (50 ml + 25 ml) and sat. ag. NaCl (75 ml) and dried over
magnesium sulfate, After removal of benzene the residual oil was submitted to
silica gel chromatography using benzene as an eluent. Dimethyl N-butyl-2-phenyl-
3,4-pyrrolidinedicarboxylates (gg and 2b) were obtained.3) Ja: oil, yield 49%,
bp 110-111°C/0.2 mmHg, IR(neat); 1740 cimil!(CO), lH-NMR s (CbCl3); 0.60-1.04(3H, m,
CH,CH3), 1.04-1.70(4H, m, CH,CH,), 1.79-2.81(4H, m, N(CH;),), 3.03(3H, s, 3-CO,CH,,
cis to 2-phenyl®)), 3.29-4.01(3H, m, 2-CH, 3-CH, 4-CH), 3.65(3H, s, 4-C0,CH;) ,
7.20(5H, s, CgHs), l3C-NMR § (cpCljz); 13.9(q, 17-C), 20.4(t, 16-C), 30.5(t, 15-C),
44.4(4, 4-C), 51.1(t, 1l4-C), 51.9(q, OCH3), 52.3(q, OCH3), 53.4(d, 3~-C), 55.4(t,
5-C), 71.6(a, 2-c), 127.5, 127.9, 128.5, 139.4(d, 4, 4, s, C¢Hs), 171.9(s, CO),
173.4(s, coO), 2b: oil, yield 33%, bp 111-112°C/0.2 mmHg, IR(neat); 1740 cm! (Co),
1H-NMR & (CDCl3); 0.56-1.03(3H, m, CHyCH3), 1.03-1.60(4H, m, CH,CH,), 1.60-2.80
(4H, m, N(CHy),), 3.14-4.10(3H, m, 2-CH, 3-CH, 4-CH), 3.55(3H, s, 3-CO,CH;, trans
to 2-phenyl), 3.67(3H, s, 4-CO,CH;), 7.21(5H, s, CgHs), l3C-NMR s (cpcly); 13.9(q,
17-C), 20.3(t, 16-Cc), 30.3(t, 15-C), 45.1(d, 4-C), 51.8(q, OCH3), 52.2(q, OCHj),
52.8(t, 14-C), 55.0(d, 3-C), 55.3(t, 5-C), 73.5(a, 2-C), 127.7, 128.0, 128.4,
141.1(4, 4, 4, s, CgHs), 173.6(s, CO), 173.9(s, CcO).

8 6 7 7
CH30:C5 11°12 020Hs
13 unwill}ns
2CH3CH, CH3 CH2CH2CH2CH 3

2 2
Mechanistically, the formation of N-unsubstituted pyrrolidine %: is rationa-
lized as shown in Chart 1, which proceeds through intermediary N-trimethylsilyl-

methyleneiminium salt formed by a catalytic action of a small amount of trimethyl-
silyl halides or tosylate produced in the course of the reaction.
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Table III. Synthesis of N-Alkylpyrrolidines and N-Unsubstituted Pyrrolidines
Olefin RX Producta) Total yield (%)
H\C=C/C02CH3 Bul CH302C§ OzCHg CH3OZC§ 02CH3 82

CH30,C” N\H

Ny~ ¥ Ph
Bu
2a(3)
Fa 4
CH30,Cz 0,CH3
BuCl 76
w Ph
H .
) ]
2\9(1) 2'b(1.2)
CH;30,Cz 0,CH3 CH30,Cz O,CHj
PhCH, Br - 79
v Yph N ph
CH,Ph ¢H,Ph
3a(1.2) 3b(1)
~s
CH302C§ 0,CHj3 CH30,Cx 0,CHj
EtO,CCH,Br 7 74
N~ Yrh /P
CH,CO,Et CH,CO,Et
4a(1.1) 4b (1)
~ ~
CH305Cr o CO2CES o CH30,Cy §yCO,CHj CH30,C 0,CH; »
H -~ “\H u
§~ ¥ rh ¥ Nen
Bu u
;3(1) 5b(2)
CH30,C 0, CHg CH30,C 0O, CHj
BuCl 76
N~V Ph pn
H H
5'a(3) 5'b(7)
0,CH; CO,CH,
H2C=CHCOZCH3 Bul d 45
¥ Ph N~ "ph
u Bu
93(3) 6b(2)
0,CHj 0,CHj 0,CH,
BuCl . 65
Ph Wpn Ny~ ten
Bu
g;a(5.4) 6 b(4) 6a,b(1)

a) Ratio of the diastereomers is described in parentheses.

b) Reaction conditions: molar ratio, Me 3 SiCH,N=CHPh/RX/Y-CH=CH~-CO,CH3= 1/1/1.2;

solvent, HMPA; temp, 80-85°C; time, 2 h.
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- \ Y z
X - + Y-CH=CH~Z
Me3SiCHzg=CHPh CH, -N-CHPh [~
/ N Ph
R
Me3SiCH2N=CHPh Megsix
\‘ X Y Z
Y-CH=CH-2
Me381CH21;l—CHPh CHZ g CHPh —————ep ——-r( s
SiMeg, iMegy ) g
1Me3

Chart 1 RX: alkyl halides or tosylate

Virtually 2: was obtained by the reaction of i and dimethyl fumarate in the
presence of a catalytic amount of trimethylsilyl iodide under the same conditions.
In addition it should be noted that after the end of this reaction, further
reaction with the addition of butyl iodide gave N-butylsubstituted pyrrolidine 2
in considerable yield. From this it appears that the replacement of N-tri-
methylsilyl by N-butyl can be involved in part in the course of the formation 2
in the foresaid cycloaddition reaction as follows.

CH302C§ CO,CHj3 CH302CE 0,CH3
Ph in HMPA at 80-85°C for 2 h 11 Ph

SiMe3 éu

Results of extensive experiments are summerized in Table III.

It should be noted that the present 1,3-dipolar cycloaddition involving
heterolysis of the silicon-carbon bond of the intermediary N-alkyltrimethylsilyl-
methyliminium salt is convenient for the simple synthesis of N-alkylpyrrolidines.

Further investigations along this line are under way.
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