No. 11 3939

I:Chem. Pharm. Bull.:|
31(11)3939—3945(1983)

1,3-Dipolar Cycloaddition Leading to N-Acylated
Pyrrolidines and 2,5-Dihydropyrroles

KAzuo AcHIwa, TADASHI MOTOYAMA,
and MINORU SEKIYA*

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

(Received April 4, 1983)

Dipolar cycloaddition of an intermediary N-acyltrimethylsilylmethyliminium salt formed
from N-(benzylidene)trimethylsilylmethylamine and acyl chloride to conjugated alkenes or al-
kines gave N-acylpyrrolidines or ‘N-acyl-2,5-dihydropyrroles, respectively. The stereochemistry
of all the products was established.
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Following a recent communication dealing with the cycloaddition of the intermediary
1,3-dipole derived from N-(benzylidene)trimethylsilylmethylamine and acyl chloride, we now
wish to present the details of our work in this area.

N-(1-Chloroalkyl)amides are known to be formed in the reaction of Schiff’s bases and
acyl chlorides.” The finding is that their N-trimethylsilylmethyl derivatives, formed in situ
from N-(benzylidene)trimethylsilylmethylamine® and acyl chlorides, function as methylene-
iminium ylides, undergoing cycloaddition with olefinic or acetylenic dipolarophiles to give
pyrrolidines or 2,5-dihydropyrroles, respectively. A previous paper has reported 1,3-dipolar
cycloaddition of ylides derived by in situ desilylation of timethylsilylmethyliminium triflate
with cesium fluoride.*) In contrast with this reaction, the present reaction, which may involve

desilylation of analogous N-acylated trimethylsilylmethyliminium salts, proceeds smoothly in
the absence of cesium fluoride.

The reaction is represented by the following general scheme and the results of
experiments are summarized in Table I. All the reactions proceeded smoothly at 40—45°C in
tetrahydrofuran (THF).

Y COOCHs Y COOCH;
RCOCI
i 2IN= _Ph or
Me3SiCH,~N=CH Y-C=C-COOCH, or II\T Ph 1}1 Ph
1 Y-CH=CH-COOCHs3; COR COR
2—5 6—9
2: Y=COOCH;, R=Ph 6: Y=COOCH,; (trans), R=Ph
3: Y=COOCH,, R=PhCH,0 7: Y=COOCH; (trans), R=PhCH,0O
4: Y=COOCH,, R=CH;, 8: Y=COOCH; (cis), R=Ph
5: Y=H, R=Ph 9: Y=H, R=Ph

Mechanistically, the intermediary N-acyliminium salt (10) initially formed from the
starting compound (1) and acyl chloride undergoes 1,3-dipolar cycloaddition with olefinic or
acetylenic dipolarophiles to give pyrrolidines or 2,5-dihydropyrroles, respectively. Presum-
ably this cycloaddition proceeds through generation of intermediary methyleneiminium
ylide or 1,3-dipole (11), which may be induced by chloride ion.
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Tasie I. Synthesis of 2,5-Dihydropyrrole and Pyrrolidine Derivatives”

Y-C=C-COOCH; or Yield 2-Ph and 3-COOCH,
Products

Entry RCOCI Y-CH= CH—COOCH3 (%) (cis/trans)")

CH,00C COOCH;,

1 PhCOCl CH,00C-C=C-COOCH; 85 2 —

O—
OZ
=
=
o
[=x

CH,00C  COOCH,

2 PhCH,0COCl CH;00C-C=C-COOCH, 78 3 —

@(

N Ph
COOCH,Ph
CH,00C  COOCH,

3 CH,COCI CH,00C-C=C-COOCH; 79 E_ﬁ\ 4 —
ITI Ph
COCH,
COOCH,
4  PhCOCI HC=C-COOCH, 26° d 5 —
N Ph
COPh
CH,00C  COOCH,
CH,00C_ H
5  PhCOCI e=c( 81 - 6 1.5
H COOCH, N Ph
COPh
CH,00C  COOCH,
CH,00C_ H :
6  PhCH,0COCI sc=c] 79 7 1.4
Ph
H COOCH;, ITI
COOCH,Ph
CH,00C  COOCH,
CH,00C COOCH,
7 PhCOCI Sc=c{ 68 8 2.0
H H N ~~Ph
COPh
COOCH,
8  PhCOCI H,C=CH-COOCH, 80 / < 9 1.2
1\‘1 ™ Ph

COPh

@) All reactions were carried out with Schiff’s base (5 mmol), acyl chloride (5 mmol) and 1,3-dipolarophile (5.5 mmol) in
THF (60ml) at 40—45°C for 2h.

b) The product ratios were determined by 'H-NMR measurement.

¢) Compound 12 was obtained as a by-product in 30%; yield.

- Cl
RCOC! _ | Me,SiCH,~N=CH-Ph| ——————= | CH;~N=CH-Ph
| —Me:;SiCl |
COR COR 11
10 Y X
_ + Y—CH:CH—X
CH~N-CH-Ph | ————— N NPh
COR |
COR
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As described in entries 5, 6 and 7 of Table I, cis- and trans-configurations between C-3 and C-
4 of the products show complete retention of those of the starting dimethyl fumarate and
dimethyl maleate. This fact is suggestive of the cycloaddition of 11 rather than the alternative
two-step ring formation from 10.

When dipolarophile was absent in the reaction, 1 itself functioned as a dipolarophile to
give the imidazolidine derivative (12); when 1 and benzoyl chloride were allowed to react in
THF at 40—45°C a mixture of geometric isomers of 12 was obtained in 639 yield.

Ph ?HzSiM63

N
PhCOCI
i CH,~N=CH-Ph
2 MesSiCH,—N=CH ~MesSiCl N)\Ph
[
L COPh
12

The side-formation of 12 in the experiments in Table I was effectively avoided by slow
addition of 1 to a solution of acyl chloride and dipolarophile in THF. The reaction with
methyl propiolate was exceptional, giving 12 in 30% yield as a by-product, presumably owing
to its lower reactivity.

The product 8 in entry 7 consisted of two diastereomers which were separated into
crystals, 8a, mp 88—89°C, and 8b, mp 131—132°C, by preparative thin-layer chromatog-
raphy (TLC) on silica gel using isopropyl ether as a developing solvent. The existence of two
diastereomers, which were different from 8a and 8b, in the product 6 in entry 5 was confirmed
by gas liquid chromatography (GLC) and proton nuclear magnetic resonance (‘H-NMR)
analysis, but separation proved difficult. Therefore, by working up the reaction mixture with
benzyloxycarbonyl chloride, as shown in entry 6, a diastereomeric mixture of the N-
benzyloxycarbonyl analogue 7 was obtained, and repeated recrystallization from isopropyl
ether-methanol afforded a single isomer, 7a, mp 101—102 °C. Debenzyloxycarbonylation of
7Ta by catalytic hydrogenation followed by N-benzoylation gave a pure isomer identical with
one of the two isomers of 6.

CH,00C  COOCH, CH;00C  COOCH; CH:00C  COOCH;
f Ha/Pd-C PhCOCI ;
II\] Ph N Ph  in pyridine ITI Ph
COOCH,Ph COPh

Ta 6a

On the other hand, catalytic hydrogenation of the product 2 obtained in entry 1 over
palladium-on-charcoal give a product identical with a mixture of 8a and 8b.

CH;00C COOCH;s CHs00C COOCH; CH;00C COOCH;
H./Pd-C +
N~ >Ph  in MeOH N Ph N~ “““Ph
%:OPh éOPh ([JOPh
2 8a 8b

On the basis of the general predominantly cis-addition of hydrogen in catalytic hy-
drogenation, the C-3-C-4 configuration of the diastereomers 8a and 8b appears to be cis,
retaining that of the starting maleate. Consequently, the product 6 is a mixture of frans
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TasLE III.  2,5-Dihydropyrroles and Pyrrolidines
o Analysis (7;) r o1
Compd, P (O Caled (Found) IR vyt em
No. Recrystn. Appearance Formula
solvent C H N  -COOCH, >NCOR >C=C<
2 181—182 Needles C,;H,;;O;N 69.03 5.24 3.83 1738 1645 1656
(MeOH) (68.94) (5.28) (3.88) 1719
3 116—117 Needles C,,H,,O(N 66.82 5.35 3.54 1726 1703 1655
(MeOH) (66.75) (5.37) (3.51)
4 145—146 Prisms  C,¢H;;O;N 63.36 5.65 4.62 1725 1664 1652
(MeOH) (63.49) (5.66) (4.64)
5 122—124 Prisms C,gH,;O,N 7425 5.58 5.56 1734 1627 1649
(MeOH-IPE) (74.05) (5.65) (5.54)
6a 140141 Needles C,H,;O,N 68.65 576 3.81 1741 1632 —
(MeOH-IPE- (68.67) (5.76) (3.84) 1732
n-Hex.)
7a 101—102 Prisms C,,H,;O(N 6649 5.83 3,52 1738 1700 —
(MeOH-IPE) (66.77) (6.08) (4.02)
8a 88—89 Prisms C,;H,,O;N 68.65 5.76 3.81 1740 1640 —
(IPE) (68.82) (5.93) (3.70) 1732
8b 131—132 Needles C,;H,,ON 68.65 5.76 3.81 1746 1630 —
(IPE) (68.80) (5.82) (3.70) 1732
9a 88—90 Prisms C,,H,,O;N 73.76 6.19 4.53 1738 1634 —
(IPE) - (73.78) (6.22) (4.52)
9% bp 250 — CH,,O;N 73.76 6.19 445 ° 1741 1640 —
(0.5mmHg) (73.40) (6.23) (4.80)

a) IPE=isopropyl ether; Hex. = hexane.

diastereomers with respect to the C-3 and C-4 configurations.

The C-2-C-3 configurations of 6a, b, 7a, b and 8a, b were assigned to be cis for 6a, 7a
and 8a, and trans for 6b, 7b and 8b based on H-NMR measurement, in which the chemical
shifts of 3-COOCH; oriented cis to 2-phenyl on the pyrrolidine ring showed lower values
(3.1—3.4ppm) as compared with those (3.6—3.7ppm) of the trans isomers due to the
shielding effect of 2-phenyl.” The ratios of the two diastereomers of the products were
calculated from the signal areas of the proton at the 2-position. These 'H-NMR and physical
data are listed in Tables II and III. As shown in Table I, the cis isomers were pro-
duced predominantly in all runs of the experiments.

The diastereomers of the product 9 (entry 8) were separated in a pure state as crystals, 9a,
mp 88—89°C, and a liquid, 9b, bp 250°C (0.5mmHg). On the other hand, catalytic
hydrogenation of the product 5 in entry 4 gave a mixture of two isomers identical with 9a and
9b.

COOCH; Hy/Pd-C COOCH; COOCH;
d in MeOH d T ]
1}1 Ph I\II Ph 1}\1 “uPh
COPh COPh COPh
5 9a 9b

As stated above, the lower chemical shift (3.38 ppm) of 3-COOCHj; observed in the tH-NMR
spectrum of 9a was taken as indicating cis-COOCHj; with respect to phenyl on the pyrrolidine
ring. Accordingly, the higher value (3.73 ppm) in 9b indicates trans-configurations. Thus, the
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reaction was shown to proceed regioselectively to give the 3-carbomethoxy-substituted
pyrrolidine or 2,5-dihydropyrrole.

As shown in Table IT, 'H-NMR ‘spectra of the products, 2, 5 and 8b, exhibit two pairs of
signals of 3-COOCHj; and 4-COOCH;, presumably owing to the presence of conformational
isomers of their N-benzoyl groups.

In summary, this 1,3-dipolar cycloaddition is admirably suited for synthesizing 2,5-
dihydropyrrole and pyrrolidine derivatives in good yields by a simple procedure in contrast to
the previously reported cycloaddition giving N-alkylpyrrolidines.*) Easy removal of the N-
acyl substituent of the products may extend the usefulness of this method to the synthesis of
N-unsubstituted pyrrolidine derivatives.”

Experimental

All melting and boiling points are uncorrected. Infrared (IR) spectra were measured with a Hitachi EPI-G2
infrared spectrometer. ‘H-NMR spectra were taken on a JEOL JNM 90Q spectrometer (90 MHz) and all chemical
shifts are given downfield from tetramethylsilane (TMS).

N-(Benzylidene)trimethylsilylmethylamine (1)——A mixture of trimethylsilylmethylamine (10.8g, 0.105mol),
benzaldehyde (10.6 g, 0.100 mol), Molecular Sieve 4A (15g) and 150 ml of benzene was stirred at room temperature
overnight, then filtered to remove the Molecular Sieve. Evaporation of the solvent gave a residue, which was
subjected to distillation. N-(Benzylidene)trimethylsilylmethylamine (bp 75°C/3mmHg, 15.3g) was obtained as a
colorless oil in 80% yield. IR, cm™!: 1636 ( >C=N-); '"H-NMR (CDCl;) 8: 0.07 (SH, s, Me,Si), 3.41 2H, s,
SiCH,-N), 7.2—7.9 (5H, m, aromatic proton), 8.11 (1H, s, -N=CH-Ph). 4nal. Caled for C,,H,,NSi: C, 69.04; H,
8.96; N, 7.32. Found C, 68.93; H, 8.85; N, 7.23.

1,5-Dihydropyrroles (2—5) and Pyrrolidines (6—9)——General Procedure: A solution of N-(benzyl-
idene)trimethylsilylmethylamine (1) (5 mmol) in 20 ml of THF was added dropwise to a stirred solution of acyl chlo-
ride (5 mmol) and a conjugated acetylene or olefin (5.5mmol) in 40ml of THF at 40—45°C for 1h. Heating and
stirring were continued for another 2h. Removal of the solvent gave the crude products. Pure crystals, 2, 3 and 4,
were obtained by recrystallization from the solvent indicated in Table III. Otherwise, the product 5 was purified by
column chromatography of the residue on silica gel with methylene chloride-isopropyl ether (IPE) (9: 1) as an eluate
followed by recrystallization from the indicated solvent, and the by-product 12 was obtained from the more mobile
fraction (Rf=0.8) in 309, yield.

The purified products, 6, 7, 8 and 9 were obtained as diastereomeric mixtures by column chromatography of the
residue on silica gel with methylene chloride-IPE. Successive separation of the diastereomers, 8a, b and 9a, b, was
carried out by preparative TLC on silica gel with IPE as a developing solvent. The pure product 7a was obtained by
repeated recrystallization of 7 from methanol-IPE. The physical data and recrystallization solvents are listed in
Tables II and III.

1-Benzoyl-2,4-diphenyl-3-trimethylsilylmethylimidazolidine (12—A solution of benzoyl chloride (703 mg,
5mmol) and N-(benzylidene)trimethylsilylmethylamine (1.91g, 10mmol) in 60ml of THF was stirred at 40—45 °C
for 2h. After removal of the solvent, the residue was subjected to bulb-to-bulb distillation. The product, 12, was ob-
tained in 60% yield. 12; bp 240—250°C (0.5 mmHg), viscous oil, Anal. Calcd for C,¢H,,N,08i: C, 75.32; H, 7.29;
N, 6.76, Found: C, 75.74; H, 7.04; N, 6.81. IR % cm~1: 1640 ( “/N—COPh). Hydrogen carbonate, mp 188—189 °C
(dec.). Anal. Caled for C,sH3,N,08i-H,CO;: C, 68.04; H, 6.77; N, 5.88. Found: C, 68.05; H, 6.86; N, 5.82.

Preparation of 6a from 7a A mixture of 7a (199mg, 0.5mmol), 109 palladium-on-charcoal (80 mg) and
8 mil of methanol was stirred under an atmosphere of hydrogen gas at room temperature. Filtration of the catalyst
from the reaction mixture followed by removal of the solvent gave the debenzyloxycarbonylated product in almost
quantitative yield. Then benzoylation was carried out with benzoyl chloride (110 mg, 0.71 mmol) in pyridine (2 ml).
The reaction mixture was treated with methylene chloride and 109, HCI solution. The methylene chloride solution
was washed with water, dried and concentrated to give the N-benzoyl derivative, 6a, in 809 yield. Physical data are
listed in Tables IT and IIL

Catalytic Hydrogenation of 2. Synthesis of 8a and 8b——A solution of 2 (102mg, 0.28 mmol) and 107
palladium-on-charcoal (20mg) in methanol was stirred at room temperature under a hydrogen atmosphere.
Filtration of catalyst followed by evaporation of the solvent in vacuo gave 8a and 8b in almost quantitative yield.
GLC analysis of the mixture on 109; Silicon SE-30 (1m) at 210°C indicated that the product ratio (8a/8b) is 1.9/1.

Preparative TLC on silica gel with IPE gave 8a (59 mg) and 8b (28 mg) in pure form. They were identical with the
products of direct 1,3-dipolar cycloaddition of 1 with dimethyl maleate as a dipolarophile.

Catalytic Hydrogenation of 5. Synthesis of 9a and 9b—Catalytic hydrogenation of 5 (54.3mg, 0.18 mmol)
under the same conditions as used for hydrogenation of 2 gave 9a and 9b in almost quantitative yield in a ratio of
1.5/1.
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Preparative TLC on silica gel with IPE gave 9a (18.8 mg) and 9b (16.8 mg) in pure form. These products were
identical with those obtained by direct 1,3-dipolar cycloaddition of 1 with methyl acrylate as a dipolarophile.
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