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A highly convenient method for the synthesis of 2-substituted pyrrole derivatives 7a-c¢ from pyrrole
using phosgene was developed. Successively, 7-methyl-6,7-dihydro-1H,5H-pyrrolo{2,3-c]azepine-4,8-
dione 1a and 6,7-dihydro-1H,5H-pyrrolo[2,3-c]azepine-4,8-dione 1b (aldisin) were synthesized by phos-
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phorus pentoxide/methanesulfonate and polyphosphoric acid cyclization.

J. Heterocyclic Chem., 34, 87 (1997).

Stevensine, is a natural marine product isolated from
Micronesian sponges by Faulkner [1}. It contains a pyr-
roloazepine skeleton, 6,7-dihydro-1H-pyrrolo[2,3-c]aze-
pin-8-one, and exhibits hypotensive activity. Initially, it
was assumed that aldisin [2] could be used as a basic com-
pound for novel drugs as well as for the synthesis of
stevensine-related compounds. We recently synthesized a
series of antihypertensive agents (0(;-blocker/serotonin 2
antagonists) with this interesting skeleton [3]. We then
attempted to find a more efficient procedure for synthesiz-
ing key compounds 1a and 1b than the previous procedure
{3]. However, a survey of the literature revealed only a
few papers on the carbonylation of pyrrole at position-2
{4]. According to the literature, pyrrole-2-carboxylic acid
4 was synthesized from pyrrole via a tedious three-step
procedure. In brief, acylation of pyrrole with trichloroace-
tyl chloride gave compound 2, which was treated with
sodium alkoxide to give compound 3, and then hydrolysis
of compound 3 with an aqueous solution of sodium
hydroxide afforded compound 4 [4]. In order to obtain
intermediate 5 of compounds 1a and 1b, additional reac-
tion of compound 4 with oxalyl chloride is required. On
the other hand, selective alkoxycarbonylation of posi-
tion-2 of pyrrole with alkyl chloroformate in the presence
of a base could not be achieved, although compound 4 has
been prepared from alkyl chloroformate and pyrrolyllith-
ium 5], followed by hydrolysis and decarboxylation of
dialkyl pyrrole-1,2-dicarboxylate.

The present paper reports a more efficient method with
phosgene for the preparation of pyrrole-2-carbonyl chlo-
ride 5 than the previous procedure {4]. In addition, we
report a one-pot method for the synthesis of 3-[methyl-
(1H-pyrrole-2-carbonyl)amino]propionic acid 8a and 3-
[(1H-pyrrole-2-carbonyl)amino]propionic acid 8b from
pyrrole, followed by construction of a pyrroloazepine
skeleton with phosphorus pentoxide/methanesulfonic acid.

Our direct method of synthesizing compound § from pyr-
role is of economic benefit because pyrrole is less expen-
sive than pyrrole-2-carboxylic acid [6].

Slow addition of a solution of phosgene monomer,
dimer, or trimer in toluene to a stirred solution of pyrrole
and N,N-dimethylaniline or N,N-diethylaniline in toluene
was carried at 0° out to give compound 5§ [7]. Subse-
quently, a mixed solution of ethyl 3-(methylamino)pro-
pionate 6a [8] in N,N-dimethylaniline or triethylamine
was added to the reaction mixture at 0°. Then the mixture
was stirred at 110° (in the case of N,N-dimethylaniline) or
at room temperature (in the case of triethylamine) for 1
hour to give ethyl 3-[methyl-(1H-pyrrole-2-carbonyl)-
amino]propionate 7a, which was successively treated with
a 10% aqueous solution of sodium hydroxide to afford
3-[methyl-(1H-pyrrole-2-carbonyl)amino}propionic acid
8a. Thus, this efficient one-pot reaction converted pyrrole
into compound 8a in a 68-75% yield. Similarly, B-alanine
methyl ester 6b or 3-(methylamino)propionitrile 6¢ as
well as compound 6a was added to compound 5 in the
reaction solution to give methyl 3-[methyl-(1H-pyrrole-
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2-carbonyl)amino]propionate 7b or 1H-pyrrole-2-car-
boxylic acid (2-cyanoethyl)methylamide 7c, respectively.
Hydrolysis of 7¢ with a 10% aqueous solution of hydro-
gen chloride afforded a compound which was identical to
compound 8a. An alternative method for preparation of
pyrrole-2-carboxylic acid 4 was the reaction of compound
§ derived from pyrrole with an aqueous solution of sodi-
um hydroxide. We carefully compared product 4 obtained
by the phosgene method with the authentic sample
obtained by the reported procedure [4] and found it to be
identical by nmr spectroscopy. The other isomer, pyrrole-
3-carboxylic acid, was not detected at all in the nmr spec-
trum. Similarly, methyl pyrrole-2-carboxylate 3 was easi-
ly obtained by treatment of compound 5§ with sodium
methylate in methanol. As mentioned above, the phosgene
method was found to be useful for producing 2-substitut-
ed pyrrole derivatives. Instead of using poisonous phos-
gene gas or its toluene solution, one can perform a series
of reactions with phosgene dimer (trichloromethyl chloro-

Rl
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formate, a liquid) [9] or phosgene trimer [bis(trichloro-
methyl)carbonate, a solid] [10]. We also investigated a
suitable base and found that N,N-dimethylaniline was
most desirable. When we used triethylamine, pyridine, or
N,N,N,N-tetramethylurea [11] instead, the yield of com-
pound 8a was far lower.

Finally, 7-methyl-6,7-dihydro-1H,5H-pyrrolo(2,3-c]-
azepine-4,8-dione 1a and 6,7-dihydro-1H,5H-pyrrolo-
[2,3-c]azepine-4,8-dione (aldisin) 1b were synthesized
from compounds 8a and 8b using 75-80% polyphosphoric
acid at 100° for 30 minutes or more effectively using a
mixed solution of methanesulfonic acid and phosphorus
pentoxide at 80° for 10 minutes or 100° for 3 minutes.
The mixed solution could be prepared at 80-100° within
10-60 minutes. The resulting solution was employed in
situ for the cyclization (phosphorus pentoxide/methane-
sulfonic acid: substrate = 10:1.5-2.0 weight ratio), (see
Experimental). Cyclization with the solution was found to
proceed more quickly than with polyphosphoric acid.



Jan-Feb 1997

Moreover, it could be employed even on a large scale
preparation since it handled easily because of a liquid.
Therefore, the cyclization with phosphorus pentoxide/-
methanesulfonic acid should be applied to other synthesis
of heterocycles. In summary, an effective method for the
synthesis of 2-substituted pyrrole derivatives (alkyl pyr-
role-2-carboxylate 3, pyrrole-2-carboxylic acid 4, and
N-mono or dialkyl pyrrole-2-carboxamide 7) from pyrrole
and phosgene was established. This procedure could be
applied to the synthesis of other 2-substituted pyrroles. In
addition, pyrroloazepine derivatives 1a and 1b were syn-
thesized from compound 8 with phosphorus pentoxide/-
methanesulfonic acid or polyphosphoric acid.

EXPERIMENTAL

Melting points were determined with a Yanagimoto micro-
melting point apparatus and are uncorrected. The 'H nmr spectra
were recorded with a JEOL GX-270 (270 MHz) spectrometer in
a deuteriochloroform solution with tetramethylsilane as the
internal standard, unless otherwise noted. The ir spectra were
obtained using a Hitachi 260-10 infrared spectrometer. Thin
layer chromatography was carried out on Merck silica gel plates
(60F-254) and column chromatography was performed on
Merck silica gel (70-230 mesh).

Preparation of Ethyl 3-(Methylamino)propionate (6a).

Ethyl acrylate (519 ml, 4.80 moles) was slowly added over 1
hour to a stirred solution of mono methylamine (238 g, 7.68
mmoles) in ethanol (700 ml) at 0°. After 30 minutes, the solution
was warmed to room temperature and stirred for 1-2 hours.
Direct distillation yielded oily compound 6a (264 g, 42%), bp
60°/10 mm Hg.

Use of excess monomethylamine yielded a certain by-product
with bis[2-(ethoxycarbonyl)ethylimethylamine as a distillation
residue. Reverse addition of two reagents did not improve the
yield.

Preparation of 3-(Methylamino)propionitrile 6c.

Acrylonitrile (23.7 ml, 0.36 mmole) was added to a stirred
solution of monomethylamine 13.4 g (0.43 mmole) in methanol
(48 ml) over 15 minutes at 0°. After 1 hour, the solution was
warmed to room temperature and stirred overnight. Direct distil-
lation afforded compound 6¢ (25.07 g, 84%), bp 81°/24 mm Hg.

1A) Synthesis of 3-[Methyl-(1H-pyrrole-2-carbonyl)amino]pro-
pionic Acid 8a.

A solution of phosgene dimer (54 ml, 450 mmoles) in toluene
(400 ml) was added to a stirred solution of pyrrole (60.3 g, 900
mmoles) and N,N-dimethylaniline (108.9 g, 900 mmoles) in
toluene (1 ¢) over 20 minutes at 0°. After stirring for 5 minutes
at 0°, the mixture was stirred at room temperature for 2 hours.
After cooling at 0°, a mixed solution of 6a (141.5 g, 1080
mmoles) and N,N-dimethylaniline (130.7 g, 1080 mmoles) in
toluene (300 ml) was added with stirring. After 5 minutes, the
solution was gently refluxed for 1 hour and toluene was
removed at 40-50° under reduced pressure to give dark brown
residue 7a. Both ethanol (600 ml) and a 10% aqueous solution
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of sodium hydroxide (1.5 ¢) were added at 0° and stirred for 20
minutes. Then the mixture was warmed to room temperature and
stirring was continued for 18 hours. To the reaction mixture
were added chloroform (2 ¢) and sodium chloride (80 g). The
mixture was filtered through 'Celite-Nutze' (5 mm thick). The
filtrate was shaken, and the chloroform layer (1 ¢) was discard-
ed. Additional chloroform (1 £) and sodium chloride (20 g) were
added to the aqueous layer and separated. This operation was
repeated twice. Then the aqueous layer was acidified (pH 3-4)
with 10% hydrochloric acid (350 ml of concentrated hydrochlo-
ric acid in 1.1 ¢ of water) and immediately extracted three times
with ethyl acetate (total 4 ¢). The ethyl acetate layer was dried
over anhydrous magnesium sulfate (300 g) and activated char-
coal powder (30-40 g) (Wako KK Code #037-02115) was added.
After filtration and evaporation, light brown crystals were
obtained (132.6 g, 75%). The crystals were dissolved in meth-
anol (1 ¢) at 40-50°. The solution was concentrated under
reduced pressure to a 1/3™ volume and isopropy! ether (500 ml)
was added. Recrystallization gave colorless crystals of 8a (120
g, 68%) after drying at 50° under reduced pressure, mp
123-124°; ir (Nujol): 3200, 1700, 1570 cm'!; 'H nmr (deuterio-
chloroform, & ppm): 2.72 (2H, t, J = 7 Hz), 3.32 (3H, brs), 3.89
(2H, brt), 6.25 (1H, m), 6.40 (1H, brs), 6.96 (1H, brs).

Anal. Calcd. for CgH ,N703: C, 55.09; H, 6.16; N, 14.28.
Found: C, 55.28; H, 6.20; N, 14.19.

1B) Synthesis of Compound 8a.

Similarly, phosgene trimer (triphosgene) was employed
instead of the dimer, using 1/3td molar equivalent of phosgene
trimer to 1 molar equivalent of pyrrole. The yield of compound
8a was the same as that with synthetic method 1A.

1C) Synthesis of 8a.

A solution of phosgene dimer (54 ml, 450 mmoles) in toluene
(400 ml) was added to a stirred solution of pyrrole (60.3 g, 900
mmoles) and N,N-dimethylaniline (108.9 g, 900 mmoles) in
toluene (1 ¢) over 20 minutes at 0°. After stirring for 2 hours at
0°, a solution of 6a (141.5 g, 1080 mmoles) and triethylamine
(90.9 g, 900 mmoles) in toluene (200 ml) was added to the
stirred solution, and the mixture was stirred for 30 minutes.
After filtration of triethylamine hydrochloride and washing the
salt with toluene (200 ml), the toluene was removed from the fil-
trate under reduced pressure. To the residual oil 7a were added
ethanol (200 ml) and 3.75 M aqueous sodium hydroxide (1 ¢) at
0°, and the mixture was stirred at room temperature for 18
hours. The reaction mixture was extracted with chloroform
(1000 ml, 500 ml, and 500 ml) and the aqueous layer was made
acidic (pH 3-4) with 17.5% hydrochloric acid (500 ml).
Immediately (otherwise, the crude crystals began to precipitate),
the aqueous layer was extracted with ethyl acetate (1000 ml, 500
ml, and 500 ml). The ethyl acetate layer was dried over anhy-
drous magnesium sulfate (200 g), and decolorized with activated
charcoal powder (30 g) (Wako KK, Code #037-02115). After fil-
tration and evaporation, almost colorless crystals (150 g) were
obtained. Similarly, recrystallization was carried out to give
compound 8a (120 g, 68%).

2) Synthesis of 3-[(1H-Pyrrole-2-carbonyl)amino]propionic
Acid 8b.

A solution of phosgene dimer (4.5 ml, 37.25 mmoles) in tolu-
ene (30 ml) was added over 20 minutes to a stirred solution of
pyrrole (5 g, 74.5 mmoles) and N,N-dimethylaniline (9.4 ml,
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74.5 mmoles) in toluene (70 ml) at 0°. Then the solution was
stirred at 0° for 2 hours and at room temperature for 1 hour. In
another flask, triethylamine (26 ml, 186 mmoles) was added to a
stirred suspension of B-alanine methyl ester hydrochloride (12.5
g, 89.4 mmoles) in methylene chloride (60 ml). The mixture was
stirred at room temperature for 30 minutes and then added over
20 minutes at 0° to the solution of compound 5 prepared as
described above. The resulting mixture was stirred for 1 hour.
After filtration of the precipitate, the filtrate was concentrated to
give a residue, which was dissolved in ethyl acetate. The solu-
tion was washed with a saturated aqueous solution of sodium
bicarbonate and then water, dried over anhydrous magnesium
sulfate, and evaporated to give methyl 3-[methyl-(1H-pyrrole-2-
carbonyl)amino]propionate 7b (9.5 g, 65%).

A mixture of compound 7b (9.5 g, 48.5 mmoles) and 3.75 N
sodium hydroxide (100 ml) in ethanol (20 ml) was stirred at
room temperature. After 18 hours, the reaction mixture was
washed with chloroform (30 ml). The aqueous layer was acidi-
fied with a 10% aqueous solution of hydrogen chloride and ex-
tracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate and decolorized with activated
charcoal powder (Wako KK, Code #037-02115). Then the solu-
tion was evaporated to give compound 8b (6.8 g, 50%), mp
149-150° (lit [2], mp 150°, from ethyl acetate-ether).

Anal. Calced. for CgH | gN,03: C, 52.74; H, 5.53; N, 15.38.
Found: C, 52.70; H, 5.66; N, 15.46.

3A) Synthesis of 1H-Pyrrole-2-carboxylic Acid (2-Cyanoethyl)-
methylamide 7c.

Using method 1A, 2.48 g of 3-(methylamino)propionitrile 6¢
was employed instead of ethyl 3-(methylamino)propionate 6a, to
give compound 7c¢ (2.65 g, 51%), mp 106-107°; ir (chloroform):
2250, 1600 cm-!; 1H nmr (deuteriochloroform): 2.74 (2H, t,J =7
Hz), 3.45 (3H, s), 3.82 (2H, t, ] = 7 Hz), 6.30 (1H, m), 6.62 (1H,
brs), 6.98 (1H, brs).

Anal. Calcd. for CgH{N3O: C, 61.00; H, 6.26; N, 23.71.
Found: C, 61.04; H, 6.12; N, 23.60.

3B) Synthesis of Compound 8a from Compound 7c.

To a solution of compound 7¢ (2.65 g in 5 ml of dioxane) was
added a 10% aqueous solution of hydrogen chloride (5 ml) and
the mixture was refluxed for 1 hour. To the reaction mixture
were added a 10% aqueous solution of sodium hydroxide and
ethyl acetate, and the organic layer was removed after extrac-
tion. The basic solution was acidified with 10% hydrochloric
acid solution and extracted three times with ethyl acetate. Then
the organic layer was dried over anhydrous magnesium sulfate,
filtered, and evaporated to give compound 8a (1.65 g, 60%),
which was identified with compound 8a prepared by method 1.

4) Preparation of Pyrrole-2-carboxylic Acid 4.

A solution of phosgene dimer (0.9 ml, 7.5 mmoles) in toluene
(8.5 ml) was added to a stirred solution of pyrrole (1.0 g, 14.9
mmoles) and N,N-dimethylaniline (1.82 g, 15.0 mmoles) in
toluene (21.5 ml) over 10 minutes at 0°. Then the mixture was
stirred at room temperature for 18 hours and refluxed for 2
hours. After cooling to 0°, the mixture was quenched with 10%
sodium hydroxide and extracted with chloroform The aqueous
layer was weakly acidified with 10% hydrochloric acid solution
and extracted with ethyl acetate. Then the organic layer was
dried over anhydrous magnesium sulfate, filtered, and evaporat-
ed to give pale yellow crystals (1.1 g, 67%). The crystals were
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identified by comparison with an authentic sample.
5) Preparation of Methyl Pyrrole-2-carboxylate 3.

Similarly, methyl pyrrole-2-carboxylate 3 was prepared by
addition of 28% sodium methoxide/methanol to the reaction
mixture (described in Experimental 1A) before quenching with
water. Thus, 28% sodium methoxide/methanol (8 ml) was added
to pyrrole-2-carbonyl! chloride 5 in the reaction mixture at 0° and
stirring was continued at room temperature for 1 hour. The mix-
ture was quenched with water and extracted with ethyl acetate.
The organic layer was dried over magnesium sulfate, filtered,
and evaporated under reduced pressure to give the residue,
which was purified by silica gel chromatography to give com-
pound 3 (886 mg, 84%), which was identified by comparison
with an authentic compound.

6) Synthesis of 7-Methyl-6,7-dihydro-1H,5H-pyrrolo[2,3-c]aze-
pine-4,8-dione 1a.

Phosphorus pentoxide (54 g, 0.38 mole) was added to meth-
anesulfonic acid (546 g, 5.69 moles) and the mixture was stirred
vigorously at 80° for 1 hour. To the resulting colorless solution
of polyphosphoric acid/methanesulfonic acid, was added the col-
orless crystals of compound 8a (100 g, 0.51 mole) were added
all at once at 80°. After 10 minutes, the reaction solution was
poured into ice-water (1000 ml). (No exothermic reaction
occurred at this operation.) The mixture was extracted three
times with chloroform (600, 400, and 400 ml) and the organic
layer was washed once with a 0.5% aqueous solution of sodium
bicarbonate (400 ml), dried over anhydrous magnesium sulfate
and evaporated under reduced pressure to give colorless needles
of pyrroloazepine 1a (74 g, 82%), mp 175-177° (from chloro-
form/ethyl acetate or chloroform/isopropyl ether; ir (chloro-
form): 3425, 1665, 1620 cm-!; H nmr (8, ppm, 270 MHz): 2.89
(2H, m), 3.27 (3H, s), 3.73 (2H, m), 6.77 (1H, t, J = 2.6 Hz),
6.94 (1H, t,J = 2.6 Hz), 10.84 (1H, brs).

Anal. Calcd. for CgHgN,0,: C, 60.66; H, 5.66; N, 15.72.
Found: C, 60.61; H, 5.76; N, 15.66.

7) Synthesis of 7-Methyl-6,7-dihydro-1H,5H-pyrrolo{2,3-claze-
pine-4,8-dione 1la.

Phosphorus pentoxide (40.0 g, 282 mmoles) was added to
75% polyphosphoric acid (160 g) and the mixture was vigorous-
ly stirred for 1 hour at 100°. To the mixture were added crystals
of compound 8a (20.0 g, 102 mmoles) all at once at 100°. Then
the viscous mixture was stirred vigorously at the same tempera-
ture for 30-60 minutes. After cooling the flask to room tempera-
ture, the reaction mixture was poured into ice-water (500 ml).
(An exothermic reaction occurred. The reaction flask was
washed with ice-water and the solution was combined with the
above mentioned solution.) The combined solution was extract-
ed with chloroform (500 ml x 3) and the organic layer was
washed with brine (500 ml), dried over anhydrous magnesium
sulfate (50 g), and evaporated to give pyrroloazepine 1a (15.9 g,
87%).

8) Synthesis of 6,7-Dihydro-1H,5H-pyrrolo[2,3-c]azepine
4.8-dione 1b.

Phosphorus pentoxide (0.2 g, 1.4 mmoles) was added to 75%
polyphosphoric acid (30 g) and the mixture was vigorously
stirred for 40 minutes at 120°. To the mixture were added crys-
tals of compound 8b (5.0 g, 27 mmoles) all at once at 100°.
Then the viscous mixture was stirred vigorously at the same
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temperature for 20 minutes. After cooling the flask to room tem-
perature, the reaction mixture was poured into ice-water and a
10% aqueous solution of sodium hydroxide was added to make
the solution pH 6.5-7.0. The precipitate was filtered off and the
filtrate was extracted four times with ethyl acetate (1b was a
water-soluble compound), after which the organic layer was
dried over anhydrous magnesium sulfate and evaporated to give
compound 1b (2 g, 44%). The crude crystals (2 g) were dis-
solved in N,N- dimethylformamide (8-10 ml) at 100° and ethanol
(2 ml) was added to the solution at 0°. The resulting crystals
were washed with a cold solution of N,N-dimethylform-
amide-ethanol (3:1) and dried for 5 hours at 50°. Aldisin 1b (1.1
g) was obtained as colorless crystals, mp 270-272° (from
N,N-dimethylformamide/ethanol); ir (potassium bromide): 3214,
1662, 1638 cm!; 1H nmr (dimethyl sulfoxide-dg) (8) 2.70 (2H,
m), 3.36 (2H, m), 6.55 (1H, d, J = 2.6 Hz), 6.98 (1H,d,J =26
Hz), 8.31 (1H, t,J = 4.0 Hz), 12.14 (1H, brs).

Anal. Calcd. for CgHgN»O,: C, 58.53; H, 4.91; N, 17.06.
Found: C, 58.41; H, 5.09; N, 17.15.
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