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A mild, simple and convenient method for the synthesis of some l{arylamino)pyrrole derivatives by
copper(Il) ion-catalyzed reaction of (arylazo)alkenes and 1,3-dicarbonyl compounds is reported. These reac-
tions take place under magnetic stirring at room temperature, do not require a strong acid or base, nor ex-
pensive or difficultly available reagents, nor even complicated procedures. The synthesis seems to be suc-
cessfully applicable to different (arylazo)alkenes, 1,3-diketones and S-ketoesters, and frequently occurs with

good yields.
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Within the last few years the role and effect of some
metal ions in certain organic reactions have been studied
in our laboratories [1}. In particular, we already reported
the stereospecific 1,4-conjugate additions of alcohols,
water and phenol to the azo-ene system of (phenylazo)stilb-
ene in the presence of copper and iron ions [2]. More re-
cently, we reported the synthesis and X-ray crystal struc-
ture of some 1-(arylamino)pyrrole derivatives by the reac-
tion of (arylazo)alkenes and 1,3-dicarbonyl compounds in
the presence of copper(Il) chloride dihydrate [3].

Continuing these investigations, we extended these lat-
ter reactions to different 1,3-dicarbonyl compounds. In
this paper, the synthesis of some new and interesting 1ar-
ylamino)pyrrole derivatives is described. Furthermore, the

yields of some 1-(arylamino)pyrroles reported in the pre-
vious paper were substantially improved. In some cases,
the molecular ratio between the (arylazo)alkenes and cop-
per(Il) chloride dihydrate was increased compared to
those already reported, as proof of the catalytic role for
the copper(Il) ions previously hypothesized. Finally, in all
cases also the conditions and procedures of the reactions
were further simplified [3].

Results and Discussion.

While in the absence of copper(II) chloride dihydrate
(M) no reaction was observed, in the presence of this inor-
ganic salt, (arylazo)alkenes la-c and 1,3-dicarbonyl com-
pounds 2a-f easily react, producing the 1<{arylamino)pyr-
role derivatives 4a-p, as shown in the following Scheme.

Table

Molecular Ratios Between (Arylazo)alkenes and Coper(II) Chloride Dihydra{é (1:M),
Reaction Procedures and Times, Yields, and Melting Points of the Reaction Products

Azoalkene 1,3-dicarbonyle pyrrole I:M
No. No. No.

la 2a 4a 8:1

2b 4b 8:1

2c 4c 8:1

2d 4d 8:1

2e 4e 8:1

2f 4f 8:1

1b 2a 4g 8:1

2b 4h 8:1

2¢ 4i 8:1

2d 41 8:1

1c 2b 4m 10:1

2c 4n 10:1

2d 40 10:1

2e 4p 10:1

(a) See Experimental. (b) Melting points are uncorrected.

procedure time yields mp (°C)
(@ (hours) (%) (b)
A 1 85 145-146
B 1 75 134-135
B 1 75 161-162
C 24 65 173-174
C 1 50 144-145
C 8 55 212-213
A 1 75 161-162
B 1 40 148-149
B 1 40 108-109
c 22 55 177178
B 1 50 174175
B 1 75 153-154
C 3 35 204-205
C 1 50 215-217
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The molecular ratio between (arylazo)alkenes and cop-
per(Il) chloride dihydrate (1:M), the reaction procedures
and times, the yields and melting points of the reaction
products are listed in the Table.

The data reported in the Table show that in several
cases the 1-(arylamino)pyrrole derivatives were obtained in
good yields. It is noteworthy that in the ring closure of the
1,4-adduct intermediates 3 only the ketonic carbonyl
group is operative. However, in the particular case of the
reactions of the (arylkazo)alkenes la-c with 1-phenyl-1,3-
butanedione 2d the main products 4d, 41 and 40 were
those derived from the ring closure by the carbonyl group
at position 3.

These reactions take place under very mild conditions
(magnetic stirring at room temperature), without strong
acid or base, do not require expensive and difficultly
available reagents, or complicated procedures. In fact,
copper(Il) chloride dihydrate and the 1,3-dicarbonyl com-
pounds are commercial and low cost materials, and (aryl-
azo)alkenes frequently are stable, useful and easily avail-
able intermediates [2,3,4-7]. Furthermore, these reactions
seem to be successfully applicable to different (arylazo)alk-
enes and several 1,3-dicarbonyl compounds. Considering
these facts, and considering that the 1<(arylamino)pyrrole
derivatives are not easily synthesizable products by other
known methodologies, the procedure reported in this
paper represents a mild, simple and convenient method
for the synthesis of these latter compounds [3,8].

These reactions probably occur by 1,4-conjugate ad-
dition (Michael-type) of the 1,3-dicarbonyl compounds to
the azo-ene system of the (arylazo)alkene derivatives 3.
This hypothesis is supported by some previous inves-
tigations in which the conjugate double bond system
—N=N—C=C< was found frequently to have a reactivity
analogous to that of other cher conjugate double bond.
In fact, several azoalkenes with or without electron
withdrawing groups on the azo-group are known to give
(4+2)type cycloadditions with carbon-carbon
dienophiles and

some

heterodienophiles, providing interesting six-membered
heterocyclic compounds [4]. Furthermore, some azoalkene
derivatives are known to give 1,4-additions with a variety
of nucleophiles, producing the respective hydrazone deri-
vatives and the simultaneous C-functionalization which
may be of great usefulness in organic synthesis [2,3,5-7). In
particular, some (arylazo)alkenes are demonstrated to
undergo 1,4-conjugate addition of activated methylene
compounds [3,7]. However, the above-mentioned reactions
cannot always be so immediately extended and generaliz-
ed to all azoalkene derivatives known, mainly because
their different stability degree: some of these compounds
may not be very stable and may be difficult to preserve,
while others are stable and easily available products
[2,3,5-7.9].

When a ketonic carbonyl group is present, the 1,4-ad-
ducts 3 give a ring closure followed by water elimination,
affording the relative pyrrole derivatives 4a-p, instead of
the dihydropyridazine derivative, as erroneously reported
by Brodka et al., and unequivocally demonstrated in our
previous paper [3,7a-b].

As above mentioned, in all cases the amounts of cop-
per(I) chloride dihydrate were decreased to much less
than the stoichiometric amounts (see Table and Experi-
mental). This fact supports the hypothesis of a catalytic
role for the copper(Il) ions [1,3]. Very likely, the easy reac-
tions observed can be ascribed to the higher reactivity bet-
ween the (arylazo)alkene derivatives and 1,3-dicarbonyl
compounds when these reagents are present in the form of
organometallic complexes rather than in the form of pure
reagents. In fact, it is known that these compounds can
form complexes and chelates with several metal ions, and
in particular with copper(ll) ions [1,3]. After the reaction
the metal ions would regenerate in the original form and
would again become operative until the reaction was com-
plete.

In conclusion, it can be hypothesized that a thermody-
namic and/or kinetic effect would drive these reactions to
completion.
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At present, further investigations are in progress in our
laboratories to extend and generalize these and related
reactions, and elucidate the kinetic and mechanistic
aspects.

EXPERIMENTAL

(Arylazo)alkenes la-c.
These compounds were synthesized as previously reported [2,3,4-7}.
1,3-Dicarbonyl Derivatives 2a-f.

These compounds were commercial materials and were used without
further purification.

Procedure A for the Synthesis of Compounds 4a and 4g.

Copper(Il) chloride dihydrate (0.22 and 0.21 mmole, respectively)
dissolved in 2,4-pentanedione 2a (7 ml) was added to a solution of (aryl-
azo)alkene (1.76 mmoles of (phenylazo)stilbene la or 1.68 mmoles of
(phenylazo)diphenylpropene 1b, respectively) in 2,4-pentanedione (7 ml).
The mixture was stirred magnetically at room temperature during 1
hour, until the reaction was completed (monitored by silica gel tlc). The
reaction mixture was poured into ether, washed several times with satu-
rated aqueous sodium carbonate solution and then with water. The
organic layer was dried with anhydrous sodium sulfate, and after evapo-
ration under reduced pressure, it provided the relative 1{phenylamino)-
pyrrole derivatives 4a and 4g.

Procedure B for the Synthesis of Compounds 4b-c, 4h-i and 4m-n.

Copper(I]) chloride dihydrate (0.22, 0.21 and 0.216 mmole, respective-
ly) dissolved in tetrahydrofuran (3 ml) was added to a solution of
(arylazo)alkene (1.76 mmoles of (phenylazo)stilbene la, 1.68 mmoles of
(phenylazo)diphenylpropene 1b or 2.16 mmoles of [(p-nitrophenylazo}
cyclohexene le, respectively) in methyl or ethyl acetate 2b and 2¢ (15
ml). The mixture was stirred magnetically at room temperature during 1
hour, until the reaction was completed (monitored by silica gel tic). After-
ward the reaction was treated as described above in detail, providing the
relative 1{arylamino)pyrrole derivatives 4b-c, 4h-i and 4m-n.

Procedure C for the Synthesis of Compounds 4d-f, 41 and 40-p.

1-Phenyl-1,3-butanedione 2d, 1,3-diphenyl-1,3-propanedione 2e or
1,3-cyclohexanedione 2f, ten times more than the stoichiometric amount,
dissolved in tetrahydrofuran (3 ml) was added to a solution of (arylazo)
alkene (1.76 mmoles of (phenaylazo)stilbene 1a, 1.68 mmoles of (phenyl-
azo)diphenylpropene 1b or 2.16 mmoles of [(p-nitrophenyl)azo]cyclohex-
ene lc, respectively) in tetrahydrofuran (3 ml) and then copper(II) chlor-
ide dihydrate (0.22, 0.21 and 0.216 mmole, respectively) dissolved in
tetrahydrofuran (2 ml) was added. The mixture was stirred magnetically
at room temperature during 1-24 hours (see Table), until the reaction was
completed (monitored by silica gel tlc). Afterward the reaction was
treated as described above in detail, providing the relative 1-(arylamino)-
pyrrole derivatives 4d-f, 41 and 40-p. In this case the ethereal layer may
be conveniently washed with 5% aqueous sodium hydroxide.

Purification of Compounds 4a-p.

In general the crude reaction products 4a-p were purified by
crystallization with methylene chloride-petroleum ether (40-60°) or
n-hexane. In the particular case of the products 4b, 4e-f, 4h-i, 4m-n
and 4p a preliminary purification by chromatography on a silica gel col-
umn may be necessary (at first elution with cyclohexane and then with
cyclohexane-ethyl acetate mixtures, gradually increasing the amount of
ethyl acetate to a 90/10 (v/v) ratio).

Analytical Data of Compounds 4a-p.

The analytical data of 1-phenylamino-2,3-diphenyl-4-acetyl-5-methyl-
pyrrole 4a, 1-phenylamino-2,3-diphenyl-4-carbethoxy-5-methylpyrrole 4¢,
l-phenylamino-2,3-diphenyl-4-0x0-4,5,6,7-tetrahydroindole 4f, 1-phenyl-
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amino-2-benzyl-3-phenyl-4-acetyl-5-methylpyrrole 4g and 1{p-nitrophen-
ylamino)-2-methyl-3-carbethoxy-4,5,6,7-tetrahydroindole 4n were
reported in detail in our previous paper [3,10].

1-Phenylamino-2,3-diphenyl-4-carbomethoxy-5-methylpyrrole 4b.

This compound was obtained in a yield of 75%, mp 134-135° (uncor-
rected); ir (nujol): 3300 (NH), 1675 (COO), 1605 em™* (aromatic); 'H nmr
(deuteriochloroform, TMS): 6 2.50 (3H, s), 3.60 (3H, s), 6.25-7.35 (16H, m;
at 6.60, 1H, s, deuterium oxide exchange).

Anal. Caled. for C, H,,N,0,: C, 78.5; H, 5.8; N, 7.3. Found: C, 78.7;
H,59; N, 7.1.

1-Phenylamino-2,3-diphenyl-4-benzoyl-5-methylpyrrole 4d.

This compound was obtained in a yield of 65%, mp 173-174° (uncor-
rected); ir (nujol): 3240 (NH), 1625 (C=0), 1600 ¢m™* (aromatic); '"H nmr
(deuteriochloroform, TMS): 6 2.35 (3H, s), 6.35-7.90 (21H, m; at 6.85, 1H,
s, deuterium oxide exchange).

Anal. Caled. for C,0H,,N,0: C, 84.1; H, 5.7; N, 6.5. Found: C, 83.9;
H, 5.6; N, 6.6.

1-Phenylamino-2,3,5-triphenyl-4-benzoylpyrrole 4e.

This compound was obtaned in a yield of 50%, mp 144-145° (uncor-
rected); ir (nujol): 3320 (NH), 1690 (C=0), 1600 cm™* (aromatic); 'H nmr
(deuteriochloroform, TMS): 6 6.30-8.15 (m).

Anal. Caled. for C,;H,N,0: C, 85.7; H, 5.3; N, 5.7. Found: C, 85.9;
H, 5.2; N, 5.6.

1-Phenylamino-2-benzyl-3-phenyl-4-carbomethoxy-5-methylpyrrole 4h.

This compound was obtained in a yield of 40%, mp 148-149° (uncor-
rected); ir (nujol): 3250 (NH), 1670 (COO), 1600 cm™! (aromatic); 'H nmr
(deuteriochloroform, TMS): & 2.45 (3H, s), 3.60 (S5H, s), 5.90 (1H, s,
deuterium oxide exchange), 6.25-7.45 (15H, m).

Anal. Caled. for C,H,,N,0,: C, 78.8; H, 6.1; N, 7.1. Found: C, 78.5;
H, 6.3; N, 7.3.

1-Phenylamino-2-benzyl-3-phenyl-4-carbethoxy-5-methylpyrrole 4i.

This compound was obtained in a yield of 40%, mp 108-109° (uncor-
rected); ir (nujol): 3305 (NH), 1665 (COO), 1605 cm™! (aromatic); '"H nmr
(deuteriochloroform, TMS): 6 1.05 (3H, t, J = 7 Hz), 2.50 (3H, s), 3.65
(2H, s), 4.10 (2H, q, ] = 7 Hz), 5.95 (1H, s, deuterium oxide exchange),
6.30-7.50 (15H, m).

Anal. Caled. for C,,H,N,0,: C, 79.0; H, 6.4; N, 6.8. Found: C, 79.3;
H, 6.2; N, 6.7.

1-Phenylamino-2-benzyl-3-phenyl-4-benzoyl-5-methylpyrrole 41.

This compound was obtained in a yield of 55%, mp 177-178° (uncor-
rected); ir (nujol): 3250 (NH), 1620 (C=0), 1600 cm™* (aromatic); 'H nmr
(deuteriochloroform, TMS): § 2.30 (3H, s), 3.80 (2H, s), 6.00 (1H, s, deute-
rium oxide exchange), 6.10-7.85 (20H, m).

Anal. Caled. for C; H,N,O: C, 84.1; H, 5.9; N, 6.3. Found: C, 84.3;
H, 6.0; N, 6.4.

1<(p-Nitrophenylamino)-2-methyl-3-carbomethoxy-4,5,6,7-tetrahydroind-
ole 4m.

This compound was obtained in a yield of 50%, mp 174-175° (uncor-
rected); ir (nujol): 3270 (NH), 1660 (COO), 1600 (aromatic), 1500 and 1330
em™ (NO,); 'H nmr (deuteriochloroform, TMS): § 1.60-3.00 (11H, m, s at
2.40), 3.80 (3H, s), 6.50 (2H, d, ] = 9 Hz), 7.30 (1H, s, deuterium oxide ex-
change), 8.20 (2H, d,] = 9 Hz).

Anal. Caled. for C,;H,,N,0,: C, 62.0; H, 5.8; N, 12.8. Found: C, 61.8;
H, 5.7; N, 12.6.

1-(p-Nitrophenylamino)-2-methyl-3-phenyl-4,5,6,7-tetrahydroindole 40.

This compound was obtained in a yield of 55%, mp 204-205° (uncor-
rected); ir (nujol): 3210 (NH), 1615 (C=0), 1595 (aromatic), 1500 and 1330
cm™' (NO,) 'H nmr (deuteriochloroform, TMS): § 1.50-2.55 (11H, m; s at
2.00), 6.55 (2H, d, ] = 9 Hz), 7.25-8.10 (6H, m; at 8.00, 1H, s, deuterium
oxide exchange), 8.20 (2H, d, ] = 9 Haz).

Anal. Caled. for C;,H,,N,0,: C, 72.6; H, 6.1; N, 12.1. Found: C, 72.2; H,
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6.2; N, 12.3.

1-(p-Nitrophenylamino)}-2,3-diphenyl-4,5,6,7-tetrahydroindole 4p. This
compound was obtained in a yield of 50%, mp 215-217° (uncorrected); ir
(nujol): 3315 (NH), 1690 (C=0), 1595 (aromatic), 1500 and 1320 cm™'
(NO,); 'H nmr (deuteriochloroform, TMS): § 1.50-2.85 (8H, m), 6.50 (2H,
d, J] = 9 Hz), 7.00-7.70 (11H, m, at 7.40, 1H, s, deuterium oxide
exchange), 8.10 (2H, d, ] = 9 Hz).

Anal. Caled. for C,,H,,N,0,: C, 76.3; H, 5.7; N, 10.3. Found: C, 76.1; H,
5.6; N, 10.2.
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