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ABSTRACT

The reaction of pyrrylpotassium with phenyl isocysnate yields
l-pyrrolecarboxanilide in almost quantitative yield. This coﬁpound
displays a rather low reactivity with regard to nucleophilic sub-
gtitution reaétions on the carbonyl carbon atcm,

Upon heating with phenyl isocyanate, in the presence of tri-
ethylamine, 2-pyrrclecarboxanilide yields 2-phenylpyrrolo [1;2-0]"'
hydantoin in almost quantitative yield. The hydaﬁtoin ring in this
compound is opened relatively easily by the action of nucleophiles,

The reaction of pyrrylmagnesium bromide with phenyl isocyanate
yields a product composed of several compounds from which
2-(N-phenylcarbamyl ) pyrrolecarboxanilide.and 1,2-pyrroledicarbox-

anilide have been isolated and characterized,
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INTRODUCTION

i 27 Reactions of Metal Derivatives of Pyrrole

A, Reactions of Pyrrylpotassium

Metallic potassium reacts readily with pyrrole to give
pyrrylpatassiuﬁ with.evolution of hydrogen. This salt is the source
of a large number of pyrrole derivatives, and on treatment with alkyl
and acyl halides it gives the corresponding substituted pyrroles, As
a rule substitution takes place predominantly at the nitrogen atqm.l’2’3
However, in a study of the reactions of pyrrylpotassium with allylic
halides, it was observed that the position of alkylation depends
~considerably on the nature of the reaction medium. Thus, polar solvents,
such as tetrshydrofuran, dioxane, etc., favor N-alkylation, whereas

4

nonpolar solvents, such as benzene, toluene, etc.,, favor C-alkylation.
B. Reactions of Pyrrylmagnesium Halides
Pyrrole reacts readily with Grignard reagents, and the pyrryle
magnesium halides formed are extremely valuable synthetic reagents since
they interact readily with a large variety of compounds giving as a
rule C-substituted pyrroles.5’6 .
There has been some controversy about whether the -MgX group in
pyrrylmagnesium halides is attached to the N or to a C atam.7’8’9 The

formation of only one mole of methane by the reaction of pyrrole with

me thylmagnesium iodide, corresponding to the presence of only one

e e
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active hydrogen atom in the molecule of pyrrole, was interpreted by
Gilman and Heck as indicating the attachment of the -MgX group to the
nitrogen atom,

In a systematic study of the reactions of pyrrylmagnesium bromide
with alkyl halides, Skell and Bean observed that 2- and ’j-substituted
pyrroles were formed together with disubstitﬁtéd pyrroles.ll They
further offered evidence that the -MgBr group is attached to the
nitrogen atom .in pyrrylmagnesium bromide, by observing the formation
of only l-D-pyrrole when pyrrylmagnesium bromide was treated with
deuterium oxide, and also by the formation of deuteromethane when
l-D=pyrrole waé treated with methylmagnesium bromide,

Recently, Reinecke and coworkers used nuclear magnetic resonance
and infrared spectra to establish the constitution of the pyrryl-

magnesium chloride.12 They concluded that in ether as a solvent, the

pyrrylmagnesium chloride has either of the following structures:

— / \ i
@ or oy “@ €=> @ Ry @ i 4 "‘*N/‘fre Midl

MgCl A =

Very recently, Castro and coworkers presented evidence in the
form of nuclear magnetic resonance and infrared spectra to support the

structure

U
go1

for the pyrrylmagnesium chloride in tetrahydrofuran as a solvent.13
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C. The Pyrryl Ambident Anion
A review of the alkylation and acylation reactions of pyrryl-
potassium and pyrrylmagnesium halides shows that the pyrryl anion, as

is to be expected from its resonance structures,
O @
[ T L = {“—"N)
N 4= N o€==> N emmsy NN g-- I
S

is an ambident anion and can undergo covalent bond formation at any one
atom on the riﬁg,

A study of the alkylation reactions of potassium, sodivm and 1lithium
sal te of pyrrole with allyl bromide, crotyl bromide, and benzyl chloride,
under a variety of conditions, led to the conclusion that factors
favoring dissociation of the salt lead to preddminant nitrogen-alkylation,
whereas factors favoring associatiﬂn'of the salt lead to predominant
c&rbom—alkylation.4

To explain the fact that pyrrylmagnesium bromide is alkylated oﬁ
carbon rather than on nitrogen, Bean suggested that the low dielectric
constant of ether does not allow complete dissociation of the ‘ion
pairs of the Grignard reagent., Thus the nitrogen atom is blocked by

@
the MgBr group and alkylation takes place on the carbon atomall

IT, Reactions of Isocyanates

A, Reactions of Isocyanates with Carbanions
As early as 1901, it was reported by Blaise that phenyl iso-

cyanate reacted with organomagnesium iodides to form products which,

upon hydrolysis, yielded anilides.14

Gilman and Furyls, and Schwartz and Johnson;6 reported that aryl
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isocyanates reacted with Grignard reagents to fomm products which,

upon hydrolysis, yielded substitufed smides.

0O
after "
wN=e ——_T-é
hr-N=0=0 + BMgX —pie—r—> ATNHCR + MgXOH

Since organomagnesium halides react smoothly with aryl iso-
cyanates to produce substituted amides that are usually crystalline
solids, this reaction has been recommended as a means of identification
of Grignard éeagents and of alkyl halides that can be converted into
these.15’16

Isocyanates have two reactive groups: -N=C= and =C=0 which can
sdd the Grignard reagent. Little is known concerning the mechanism or
the order of the reaction. However, the studies of Gilman and Kinney
make it appear probable that the condensation of phenyl isocyanate
with one molecule of the CGrignard reagent is essentially an ionic
addition to the terminal (C=0) double bond, -1

Shilov and Bogdanov reported that phenyl isocyanate trimer
reacted with sodium phenoate to produce salicylanilide and diphenyl-
urea.18

Field and coworkers observed that phenyl isocyanate reacted with

p-tolylsulfonylmethylmagnesium bromide to yield after hydrolysis

p-tolylsulfonylmalonanilide in 40% 3ri.el«l.,3"9
CONH@
|
— af ter
% -
CHs < )-S02CHzMgBr + 2 FNCO e CHs < =502 CH
CONH@

No p-tolylsulfonylacetanilide was isolated. On the other hand, phenyl
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isocyanate reacted with o< -(p-tolyl sulfonyl J)ethylmagnesium bromide to
yield o< -(p-tolylsulfonyl)propionanilide in 14% yield.

CHs ?Ha
|
Ot (- S0s0RgBE + OO 2> Ol ()50 -CH-CONES

Acbording to these investigators, the methyl group has an effect
on the reaction which favors the formation of the monoanilide rather
than the dianilide, but whether this effect is achieved via steric or

electronic means is not clear.

B. Reactions of Isocyanates with Benzene Derivatives

As early as 1885,it was observed that under Friedel-Crafts
conditions aryl and alkyl isocyanates reacted with benzene derivatives
to give N-substituted benzamides.20

Quite recently it was found that even the relatively unreactive
halobenzenes undergo fhe reaction,

C. Reactions of Isocyanate with Heterocyeclic Compounds

Fischer and coworkers observed that cryptopyrrcle reacted with
phenyl isocyanate to yield an adduct which they assumed to be the
N-cerboxanilide. 22

Henry and Dehn reported the use of aryl isocyanates as reagents
for the identification of heterocyclic compounds containing one or
more imino groups in the ring.23 Pyrrole and imidazole were among
the heterocycles studied. The authors observed that, in general, the
more basic the heterocyclic compound, the more rapid and completé its

reaction with the isocyanate., As an example, pyrrole reacts very

sluggishly with isocyanates, whereas the dihydro- and tetrahydropyrrole,
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with the pronounced basic properties, react vigorously., The deri-
vatives from phenyl isocyanate were the most readily obtained and
recrystallized, but the reagent suffered from its susceptibility to
traces of water in the compounds identified and yielded the difficult-
ly separable diphenylurea., No attempt was made to determine the
structure of the obtained adducts which were assumed to be the N-
substituted heterocycles.,

Treibs and Ott observed that pyrrole and its homologues react
readily at room temperature with phenyl isocyanate to give the

24

corresponding 2-pyrrolecarboxanilides. These amides are stable and
well crystallized compounds, suitable for the identification of
pyrroles. The entering $NHCO group occupies an ¢ -position, unless
both of these positions are occupied by alkyl groups., In this case
the pyrrole reacté farﬂmore sluggishly and the addition takes place at
a [} -position. Pyrrole itself reacts quite slowly at room temperature,
and three days are needed for completion of the reaction*. Alkyl sub-
stituted pyrroles, however react much faster, and with 2,4-dimethyl-
pyrrole the reaction is completed in a few minutes by mild heating.

It appears that the l-position must be free for reaction to take place,
because l-methylpyrrole does not react even on strong heating. These

- pyrrolecarboxanilides are difficult to hydrolyze, €.8., 2,4~dimethyl-5-

pyrrolecarboxanilide resists hydrolysis even on prolonged boiling with

* In the course of the present work, it was observed that actually the

reaction is not complete even after several weeks,
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concentrated hydrochloric acid, and concentrated agueous or alcoholic
sodium hydroxide., It is cleaved only by heating with conéentrated
sulfuric acid or by fusion with potassium hydroxide,.

Staab reported that in the reaction of phenyl isocyanéte with
imidazole in tetrahydrofuran, the product was not 2-imidazolecarbox-

29

anilide but l-imidazolecarboxanilide, This product is interesting
for its ability to dissociate into isocyanate and imidazole in

chloroform selution even at room temperature

0 o
‘__ N-EHHQ se=n Im_\l%l + ¢H=C=0

A similar behaviar is shown by l-benzimidazolecarboxanilide, whereas
1-(1,2,4-triazole)carboxanilide and 1-(1,2,3~-benzotriazole)carbox-
anilide are stable in solution even on heating.26 Because of their
great tendency to dissoaiate, l-imidazolecarboxanilides are at the

27

head of the list of '"masked isocyanates". Whereas, as a rule, the
digsocigtion of urethanes and trisubstituted ureas requires rather
high temperature, l-imidazolecarboxanilide solutions practically
behave like isocyanate solutionsg even at room temperature. Prepared
independently, they can be used foi the synthesis of isocyanates, In
the solid state, however, l-imidazolecarboxanilides are crystalline,
stable compounds, free of the toxic?i%gects of isocyanates.,

Stagb studied also the nucleophilic substitution reactions of
l-imidazolecarboxanilide.25 Treatment with aniline in tetrshydro-
furan yielded N,N!-diphenylurea in 83% yield, and treatment with
phenol gave phenyl N-phenylcarbamate in 86% yield. Similar results

were obtained with 1-(1,2,4-triazole)carboxanilide.
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In tetrahydrofuran solution, water decomposed l-imidazolecarbox-
anilide, as well as the corresponding derivative of 1,2,4~triazole, at
room temperature, to carbon dioxide, aniline and imidazole or triazolé.

According to Staab these nucleophilic substitution reactions do

27

not follow a uniform mechanism., Whereas 1=(1,2,4-triazole)car=-
boxanilide does not dissociate in sclution even at 60°, it reacts readily
at room temperature with aniline to form.ﬂ}ﬁ'-diﬁhenylurea. In this,
and the similar case of 1-(1,2,3-triazole)carboxanilide it appears that
a nucleophilic attack occurs directly at the carbonyl group. On the
other hand, in the case of l-imidazolecarboxanilide and l-benzimidazole-
carboxanilide, with which a congiderable dissociation to isocyanate

is observed at room temperature, the reaction probably occurs through
the liberated isocyanate. This view is supported by the fact that the
N-methyl-l-imidazolecarboxanilide, for which dissociation to isocysnate
is impossible, does not react with aniline,

Gompper and coworkers observed that a 2-imidazolecarboxanilide 1is
formed in addition to the l-imidazolecarboxanilide, when 4,5-diphenyl-
imidazole is treated with phenyl isocyanate.za Themeaintained that the
conditions of the reaction determine the position of addition in the
imidazole ring. They studied the reaction of 4,5-diphenylimidazole (I)
with phenyl isocyanate under three sets of conditions.

a) Refluxing of a mixture of I and phenyl isocyanate yielded the

following products:

g N

&5 =8 .

g ]\:’Ic::ﬁ z]\:J\cmgé @NHCNHG

o"’é 5 'H
IT IIT v

:
g
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b) treatment of I with phenyl isocyanate in refluxing
ni trobenzene gave the 2-substituted imidazole (III) as the only
product, It is noteworthy that a gimilar reaction was observed with
l-alkylsubstituted imidazoles.

¢) Treatment of I with phenyl isocyanate at room temperature

resulted in the formation of the l-substituted imidazole,‘

N=\ §

j:/N - CNHYg
¢~ ¢

as fhe exclusive product,

On refluxing with aniline, the hydantoin II yielded a mixture
of the 2-carboxanilide (III) and N,N!'-diphenylurea (IV), whereas on
hydrolysis with potassium hydroxide, it was converted into 4,5~
diphenyl-2-imidazolecarboxylic acid.

The hydantoin structure for product II was further supported
by the nature of the infrared spectrum of this compound with Y (C=0)
at 1813, 1760, and 1709 o o I general, Gompper observed that
the carbonyl stretching frequencies are above 1700 cm * for N-acylated
imidazole derivatives, and below 1700 em ' for C-acylimidazole

derivatives, €.g.

Y _(¢=0)

l-imidazolecarboxanilide 1730
4,5=diphenyl-l<imidazolecarboxanilide 1739
245,6=triphenylimidazolo l:l ’ 2-cﬂ hydantoin 1813, 1760, 1709
4,5-diphenyl -2-imidazolecarboxanilide 1668

2-benzimidazolecarboxanilide 1660
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Similarly to the previous reactions, 2-methyl-4-phenyl-5-imida-
zolcarboxanilide (¥ C=0 1644 cm™ ') resulted from the reaction of
z-methyl-4-phenylimidézole with phenyl isccyanate in refluxing
nitrobenzene, and 3-phenyl-2-indolecarboxanilide (N C=0 1673 e *)
from the reaction of 3-phenylindole with excess phenyl isocyanate under
reflux., Purther, benzimidazole reacted with phenyl isocyanate in
boiling nitrobenzene to form 2-benzimidazolecarboxanilide, and theo-
'phylline reacted with excess phenyi isocyanate under reflux to yield
7(9)-theophyllinecarboxanilide.

Finally, refluxing of 2,4-diphenylpyrrole with excess phenyl iso-
cyanate yielded a yellow crystalline substance to which Gompper
assigned a hydantéin structure on the basis of its infrared spectrum
(carbonyl stretching at 1762 and 1649 em™ ), but whose elemental
analysis did not correspond to any definite structure.

Seefelder reported that with more reactive isocyanates, e.g.
p-toluenesulfonyl isocyanate, even N-substituted pyrroles undergo

29

reaction. It is noteworthy in such a case that pyrrole itself is
reported to react at the 3-position, but no evidence is given by the

authors regarding the position of substitution,



DISCUSSION OF RESULTS

A, l-Pyrrolecarboxanilide
There is no reference in the literature concerning the reacticn
of phenyl isoqyanate with metal derivatives of pyrrole. On the other
- hand, phenyl isocyanate has been reported to react with carbanions to
yield, after hydrolysis, anilida$.14’15’16’18’19 .
- The investigation of the reaction of pyrryl potassium with phenyl
isoc#anate was originally undertaken with a view to studying the effect
of the reaction medium on the position at which the pyrryl anion would
react with the isocyanate. It was observed, however, that the product
of the reaction of pyrrylpotassium with phenyl isocyanate was the same
whether the reaction was run in a nonpolar solvent, such as toluene,
or in a polar solvent, such as tetrahydrofuran,
The structure of l-pyrrolecarboxanilide (I)
= 9
-C-NH-g
=/
(1)

was assigned to the product of this reaction on the basis of the following

evidence,

a) The composition found by analysis agreed with that calculated
for C11HigN20.

b) Active hydrogen determination showed the presence of one active
hydrogen atom in the molecule,

- Ll
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¢) The infrared spectrum of this compound has a strong carbonyl

absorption at 1720 em - (Appendix I, II), whereas that of the known

2-pyrrolecarboxanilide has a strong carbonyl band at 1660 cm *

(Appendix III, IV). This agrees with Gompper's observation that, in

i ¢

general, carbonyl stretching frequencies are above 1700 em - for

N-acylated imidazole derivatives, and below 1700 em * for C-acyl-
imidazole derivatives.28 On the other hand there is no characteristic
absorption in the region 3400 - 3500 cm"l, where the pyrrole N-H
He

stretching would be expected to appear’“, whereas the spectrum of

2-pyrrolecarboxanilide has a sharp band at 3450 cm™ .
d) Hydrolysis gave equimolar guantities of pyrrole and aniline

together with carbon dioxide,

=\ » =
_:I:q-c-NH-;J + H20 —-B’ |I}T ( + @NHs + COg
| B

It is interesting to note that, in contrast to l-pyrrolecarboxanilide,
which is hydrolyzed readily, 2-pyrrolecarboxanilide (II) resists
hydrolysis, e.8., it was recovered quantitatively after refluxing for
24 hours with alcoholic potassium hydroxide., This is in agreement
with the observation that 3,S-dimathyl-2-pyrrnlecérhoxanilidez4 and
4,5-diphsnyl-2-imidazclecarboxanilide28 are not hydrolyzed even on
prolonged treatment with boiling alkali, This resistence to hydro-
lysis is probably due to the decreased electrophilic character of the
carbonyl carbon atom in the anion formed in the alkaline medium:

:}/Lq NH- @ .OH @q NH - ¢ -6—-—)-@9 NH-—{JI + Hg0

101

(I1) g
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In view of the nucleophilic substitution reactions which

l-imidazolecarboxanilide (III) readily undergoesz5

s Similar reactionsg
were investigated with l-pyrrolecarboxanilide, The results with
Ianiline and piperidine as the nucleophiles showed that the pyrrole
‘derivative is much less reahtive in this respect.

In the case of l-imidazolecarboxanilide, ﬁhich to some extent
dissociates in soluticon to imidazole and phenyi isocyanate, it
appears that the reaction proceeds through the intermediate formation
of the isocyanatez

N g —N
Q_cmm-ﬁim gco E=Ey ®+ ﬁNH-.g_B
- & _

H
(I11)

With l-pyrrolecarboxanilide, which is stable in solution, the
reaction could be the result of a direct substitution on the carbonyl
carbon atom (path 1), or it could proceed through the formation of the
isocyanate as an intermediate (path 2)

Path 1:

[} 8 U+H-B—.c-1srﬂ--;d-—5 Em—j+ B..gm{-;ﬁ
Wk~:BAH .

Path
— Pl @
l_}ﬂ 8 =P <— @+ H-B-H + gNCO —> @ + B-g_xm-;j
:B-H

N

»
-

The lower reactivity of l-pyrrolecarboxanilide can be explained
by the fact that the pyrryl anion is more difficult to displace because

it is a stronger base than the imidazolyl) anion., The available data



1

are not enough to allow a decision on the mechanism of the reaction,
In the presence of sodium hydride it is likely that at least part of
the reaction is forced to follow a path involving the intermediate

formation of phenyl isccyanate:

@
Sims iy Oy =W oo

9 : l

On the other hand, the fact that hydrolysis of l-pyrrolecarbox-

anilide yields no N,N'-diphenylurea shows that, at least in this case,
there is direct nucleophilic substitution on the carbonyl carbon atom,
Given the stability of l-pyrrolecarboxanilide in solution, and the
conclusions of Staab's work on imidazole- and triazolecarboxanilides,
it would appear that this mechanism (path 1) is generally the likelier

OIe .,

B, 2-Phenylpyrrolo !1.2-01 hydantoin

The reaction of 2-pyrrolecarboxanilide with phenyl isocyanate, in

the presence of triethylamine, gave a crystalline product to which the

- i ——

structure of 2-phenylpyrrolo Ll,Z-cJ hydantoin (IV)

(Iv)
was assigned on the basis of the following evidence

2) The composition found by analysis agreed with that calculated

fOr 012H 8N202 e
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b) Determination of molecular weight gave the value of 208

as compared to the calculated value of 212,
1

¢) The infrared spectrum shows absorption at 1800 and 1750 cm °,
(Appendix V, VI). It should be noted that according to Bellamy,
compounds containing the group CO-NH-CO in a hydantoin structure show
carbonyl absorptions as two bands in the regions 1790 - 1720 em”* and
1710 - 1670 cm-l.31 On the other hand, 2,5,6-triphenylimidazolo [;‘2_4],

hydantoin (V) shows carbonyl absorption at 1813, 1760, 1709 cm”laza

d) Alkaline hydrolysis yielded 2-pyrrolecarboxanilide,

{ o ©
LE:Lc-.--o ¢ He0 —2> @Hg-mﬁ + COp
o7 g/ H 0

(Iv)

It is noteworthy that the hydantoin V was converted, under similar

conditions, to 4,5-diphenylimidazolecarboxylic acid.za

é|l @QT

= |
¢ g \C=0 + H20 'O—H9 ?!/LI}TJ\COO@-P .ijHE + COe
0="~\§~ H

J
(V)

e) Reaction with aniline resulted in the formation of 2-pyrrole-

carboxanilide and N,N!'-diphenylurea,

| 1 e
¥ oo + 2 gm, -228Es Q\Q-ﬂﬂﬂ + ;J-.Nﬂ-g.ﬂﬂ-;d

Of—"'—-c\ﬁf _ e

These results are again very similar to those obtained when the hydan-
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toin V was heated with aniline.ga

b
aw!

- Q
c=0 + 2 ghm, 222ty L G-NES + PNH-C-NHE
0

(V)
With regard to the mechanism of the reaction, there are three
possible paths, of which path 1 is suggested by the clean decomposition
of 2-(N-phenylcerbamyl)pyrrolecarboxanilide (VI) at its meltiﬁg point

(139 - 140°C) to 2-pyrrolecarboxanilide and phenyl isocyanate,

-Path l: _
L = = g
%«T ! . ¥ i 0
Oﬁ T_“N“"ﬁ @ /I\I"ﬁ
givE ot - l (V1)
B
gNco  + E g-NH-;ﬂ
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ol |
N Q/HHg +  (NHCONH(

The isola_xtien of either 2-(N-phenylcarbamyl)pyrrolecarboxanilide
(VI) or 1,2-pyrroledicarboxanilide (VII) from the reaction mixture would
lend support to these mechanisms, Attempts to this effect, however,
Ifailed and it seemed that the reaction would either proceed to comple-
tion to form 2-pyrrolecarboxanilide and N,N'-diphenylurea, or would not
take place at all, On the other hend, both compounds suspected as
possible intermediates react with aniline, under the conditions of the

previous reaction, to yield 2-pyrrolecarboxanilide and N,N'-diphenylurea:

¢ ]
@“- G-N-G-NH-§ + @NHz —— gj“g-ﬂﬂﬁ + @NHCONH

¢ 0 H
FH/IL 0P b H, — “_\g_/”\ g..NH;J + @NHCONHY

On thé. basis of these results the reaction of 2-phenylpyrrole-

[.1,2-c} hydantoin with aniline could conceivably follow either, or any of

the suggested paths.
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C. 2-(N-Phenylcarbamyl)pyrrolecarboxanilide and 1,2-Pyrroledicarbox-

anilide

Phenyl isocyanate is known to react with Grignard reagents to

14,15,16,19 but the reaction of phenyl isocyanate with

form anilides
pyrrylmagnesium halides has not been reported in the literature.

In this work, the reaction of pyrrylmagnesium bromide with phenyl
isocyanate in ether gave 2-(N-phenylcarbamyl)pyrrolecarboxanilide (VI),
as the major product, and 1,2-pyrroledicarboxanilide (VII), as the

- minor product. The presence of 2-pyrrolecarboxanilide (II) in the

product was also detected, yet attempts to isolate it in pure form were

unsuccessfulu
N\ o @ I 9 ¢gQ F il 9 |
_m© ghr %%’%ﬂggom E%—xc-m-cmﬁ ; OEIéMCNHgJ . E%—J\gmd
NH
¢
(VI) (VII) (11)

In general, the product of this reaction was a mixture of several
compounds difficult to separate from one another, hence the low yields
in the isolated compounds, Below is an outline of a possible mechanism

leading to the formation of the isolated products.
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H=0

1 4

.
= :
N~~~ C-N-C-NHJ

! i ]

H & ©

(V1)

& o

I&Ig Br

LJ—*‘ C-NHSE‘ 204 U _,NHQ'

@Mgﬂ

¢#-N=C=0

A 4

@L C-NH-g ENJ" =

PoERE ] 1 E0R R |
@LQ-C 0 0=(
1" |
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A4
|l ll
N~ C-NH-#
L]
88 O
¥
NH
g

(VII)

(I1)
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The structure of 2-(N-phenylcarbamyl)pyrrolcarboxanilide (VI)
Was assigned to the major isolated product of the Grignard reaction
on the basis of the following evidenée:

a) The composition found by elemental analysis agreed with that
calculated for CigHisNsOz.

b) The infrared spectrum shows a sharp band at 3450 cm * where the
pyrrole N-H stretching frequency would be expected to a@paar.Bz On the
other hand, there is a strong carbonyl absorption at 1720 em™* (Appen-
dix VII, VIII), in agreement with the observation that N,N-diacylanilines
show a carbonyl stretching band in the 6 m region which can be resolved
into more than one band with higher resolution (e.g. 1724 (shoulder),
1709, 1701 (shoulder) cm -, for N,N~diacetylaniline).33

¢) The N M R spectrum shows péaks at 11,6 ppm (1 proton), 9.5
(1 proton), and multiplets centered at 7.2 (11 protons), 5.7 (1 proton)
and 4.5 (1 proton) (Appendix XI). On addition of trifluorcacetic acid
the proton at 9,5 shifted downfield to 11,5 (Appendix XIII). This
shift confirms the presence of a hydrogen atom attached to the nitrogen
atom of the pyrrole ring.

d) The compound readily decomposes on melting to 2-pyrrolecarbox-

anilide and phenyl isocyanate.
g g
B: ]1~ N E:_j] AN =N - §
- C~ € -NH - e i T e
(.8 » 1 s ! 3 ' g5
£ : . IORx !E&»
g

Ema o T

= N~ =N + O«C=N-g§ <
e
H

\Og




e) Alkaline hydrolysis yielded 2-pyrrolecarboxanilide and
N,N!'-diphenylurea, The formation of the latter product can be inter-
preted by accepting intermediate formation of phenyl isocyanate as

shown below:

7 3 ‘ &
| 2 N
: 1 1] ] | < Q"_ 1L | 1:
5 6 0 — H) \o‘) (o
Héj ir H
ol -
e
El
E\J“ Re + 0=C=N-g
1
HoO + Oy 220
I @NHCONH@
/ d
i
0"
- i
N~ C-NH-g o

] =

" H/

m C-NH-g
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The structure of 1,2-pyrroledicarboxanilide (VII) was assigned
to the compound isolated as a minor product of the Grignard reaction
on the basis of the following evidence:

a) The composition found by elemental analysis agreed with that
calculated for CigHisNzOz,

b) The infrared spectrum shows absorption bands at 1700 and
1640 cm - which can be attributed to the carbonyl groups attached to
the nitrogen and to the carbon atom of the pyrrole ring respectively
(Appendix IX, X).

¢) The N M R spectrum shows singlets at 11 (1 proton) and 10 ppm
(1 proton), a multiplet centered at 7 (12 protons), and a triplet
centered at 6 (1 proton) (Appendix XII)., No apparent shift of protons
was noticed upon addition of trifluorocacetic acid (Appendix XIII).
This last observation confirms the absence of a hydrogen atom attached
to the nitrogen atom of the pyrrole ring.

d) Alkaline hydrolysis yielded 2-pyrrolecarboxanilide as the

only solid product.

0 ) ;
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N C-NE~f + H0 —> N""C-NH-f + @NH» + COz
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EXPERTMENTAL

1. Reaction of ngrylggjasqigm with Phenyl Isocyanate, Preparation

of 1= rolecarboxanilide

To a solution of 33.5 g (0.50 mole) of pyrrole in 200 ml of dry
toluene was added a total of 15.6 g (0.40 mole) of potassium, freshly
cut into small piéces under kerosine and rinsed with toluene, The
mixture was stirred and heated at gentle reflux until all tﬁe potassium
had reacted and the blue color of the slurry had disappeared., Heating
was then interrupted and 200 ml of toluene was added followed by a
solution of 38,1 g (0.32 mole) of phenyl isocyanate in 100 ml of toluene
added dropwise over a period of one hour. The mixture was further
stirred, without heating, for eight hours, and then at 60 - 70° for
another thirteen hours, At the end of this period, the product was
cooled to room temperature, filtered by suction, and the solid material
was washed three times with 50 ml portions of dry ether. The solid was

then mixed thoroughly with water and left to stand for a few hours.

- 25 =
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It was then filtered by suction and the solid material dried in the
oven at 50 = 60°C, The yield was 56.0 g (94%) of essentially pure
l-pyrrolecarboxanilide as indicated by the infrared spectrum of the
product,.

The above reaction was run in the same way in tetrahydrofuran
as solvent instead of toluene. The yield in l-pyrrolecarboxanilide
was 56.6 g (95.1%). After recrystallization from ethanol-water
(75:25) white crystals melting at 157 ~ 158°C were obtained, On
further recrystallization from ethyl alcohol the m.p. was 157.5 =
158.5%C.

Anal . Calcd. for C11HigN20: C, 70,955 H, 5.41; N, 15.04;

active hydrogen, 0,541,
Founds C, 70,743 H, 5.47; H; 14.98;

active hydrogen 0,561.

2. Hydrolysis of l-Pyrrolcarboxanilide
A mixture of 14.0 g (0.075 mole) of l~-pyrrolecarboxanilide,

8.4 g of potassium hydroxide and 50 ml of ethyl alcohol was refluxed
for four hours. At the end of this period, a sample of the alcoholic
solution was analyzed by vapor phase chramatography and was found

to contain roughly equimolar quantities of pyrrole and aniline, On
evaporation at the aspirator, the mixture yielded a crystalline

solid which reacted with hydrochloric acid with evolution of carbon

dioxide.
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3. Reaction of l-Pyrrolecarboxanilide with Aniline in the Presence

of Sedium Hydride

0 0

et n it i # I
N\ NaH
= -CNHY + ¢NH, > gNHCNHE  +

=

A mixture of 5.6 g (0,03 mole) of l-pyrrolecarboxanilide, 5:6g
(0,06 mole) of -aniline, and 0,72 g (0,03 mole) of sodium hydride in
50 ml of dry tetrahydrofuran was refluxed for six hours with stirring.
At the end of this period, the solvent was evaporated at the aspirator,
the residue was mixed thoroughly with water, and the mixture was
filtered.by suction, After drying, the solid was mixed with some
chloroform, and the mixture was filtered to give 1.6 g (47%) of N,N'-
diphenylurea, After recrystallization from ethanol white crystals
melting at 239 -~ 240° C were obtained.

On evaporation of the chloroform solution to dryness 2,6 g of
the starting material was recovered.

The above reaction was first attempted by refluxing a mixture
of 5.6 g (0,03 mole) of l-pyrrolecarboxanilide and 11.2 g (0,12 mole)
of aniline in 50 ml of dry tetrahydrofuran for a period of twenty
four hours, This time the yield in N,N'-diphenylurea was 0,28 g (26%),

and 4,67 g of the starting material was recovered.

4. Reaction of 1- olecarboxanilide with Piperidine in the Presence

of Sodium Hydride
P )

Dr-zm N5 ™ @x-gm i bl
. H

¥
H
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A.mixture of 5.6g(0,03 mole) of l-pyrrolecarboxanilide, 5.2 g
(0.06 mole) of piperidine (distilled over LiAlHg), and 0,72 g (0.03
mole) of sodium hydride in 50 ml of dry tetrshydrofuran was refluxed
for twenty four hours with stirring, At the end of this period, the
solvent was evaporated at the aspirator, and the solid residue was
mixed with some water and filtered by suction. After drying, the
golid was identified as l-piperidinecarboxanilide by comparison of
its infrared spectrum with that of an independently prepared sample
of this substance. The yield was 4.64 g (75.4%). After recrystalli-
zation from ethyl alcohol white crystal melting at 172 - 173°C were
ohtaited. (Doported mip. 166%, 170 ~171°, 17d - 118" °

The above reaction was also carried out in the absence of
sodium hydride. A mixture of 5.6 g (0.03 mole) of l-pyrrolecarboxa-~
nilide and 5.2 g (0,06 mole) of piperidine in 50 ml of dry tetra-
hydrofuran was refluxed for two days. The yield in l-piperidine-

carboxanilide was only 8%,

5. Reaction of Pyrrole with Phenyl Isocyanate., Preparation of

2-Pyrrolecarboxanilide

=
ii?l +  @NCO > \ﬁ)\c-mw

! ! I
H H 0

A mixture of 16,75 g (0.25 mole) of pyrrole and 29,75 g (0425
mole) of phenyl isocyanate was placed in an Erlemmeyer flask attached
to a condenser the top of which was closed by a calcium chloride tube.

The mixture was heated in an o0il bath at 80 - 90° for four days. By
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the end of this period, the mixture had solidified completely to one
compact cake, and it was necessary to break the flask to get the
product. The solid cake was broken up and ground into a powder
which was washed with some petrcleum ether on a Buchner funnel,
After recrystallization from benzene - methanol (85:15), including
treatment with decolorizing charcoal, 23,9 g (51.2%) of 2-pyrrole-
carboxanilide, m.p. 157 - 15800., was obtained., On further recrystal-
lization the m.p, was 158 - 158,5°C, (Literature, 153"0.).24

The same compound was also prepared by mixing equimolar quantities
of pyrrole and phenyl isocyanate in an Erlemmeyer flask, closing it with
a rubber stopper and leaving it inside a calcium chloride desiccator

for several weeks, until most of the material had solidified,

6. Attempted Hydrolysis of 2-Pyrrolecarboxanilide
A mixture of 1.3 g (0.007 mole) of 2-pyrrolecarboxanilide, 1.4 g

of potassium hydroxide and 40 ml of ethyl slcohol was refluxed for twenty
four hours. At the end of this period, the ethyl alcchol was evaporated
at the aspirator. On mixing the oily residue with water 1.3 g of a

solid was obtained, The infrared spectrum of this compound was identical
with that of the starting material, indicating that no hydrolysis took
place.

7. Reaction of 2-Pyrrolecarboxanilide with Phenyl Isocyanate in the Pre-

gence of Triethylsmine, Preparation of _Z-Wlo_rl.&cj’
hydantoin

e
| 0 [ :I\ 0
J\Emm + 2 gnoo 2l : =0 L dwcwag

H 0




- 28 =

To 5.6 g (0,03 mole) of 2-pyrrolecarboxanilide placed in a 200 ml
round-bottomed flask was added 1.53 g (0.015 mole) of triethylamine
(distilled over lithium aluminum hydride just before use), and 7.1l4 g
{0.06 mole) of phenyl isocyanate. The flask was fitted with a condenser
the top of which was closed with a calc¢ium chloride tube, and the
mixture was heated in an oil bath at 60 - 70° for twenty two hours. At
the end of this period, the mixture had solidified and was free from
the isocyanate smell and effect on the eyes. The solid product was
broken up and ground inte a powder which was shaken thoroughly with
800 ml of chloroform. The resulting mixture was filtered by suction,
and the solid insoluble in chloroform was found to have an infrared
spectrum identical with that of N,N!'-diphenylurea. This-maxefial
weighed 6,1 g corresponding to 95% of the theoretical yield.

The chloroform solution was evaporated at the aspirator. Thé
solid residue was 5.9 g (94%) of 2-phenylpyrrolo [i,z-c:] hydantoin
as shown by its infrared spectrum. It was recrystallized from 95%
ethanol to give white long needles melting at 232 - 232.500, Af ter
further purification by sublimation under low pressure it was sent for
analysis:

Caled., for CioHeN20gz: C, 67.92; H, 3.80; N, 13.20.

Found: C, 68,09; H, 3.89; N, 13.38.

8. Reaction of 2-Phenyl qlo[:l.2-€1l§x§antoin with Aniline

t" J | 1® 0
g \cno v 2 PH, —> S§7 \EHH;J + ﬁHHENH;!‘
Z H.H/ H

iiig
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A mixture of 2,12 g (0,01 mole) of 2-phenylpyrrolo [i.2-é]-
hydantoin and 25 g of aniline was placed in a 200 ml round-bottomed
flagk fitted with a condenser to the top of which was attached a
calcium chloride tube. The mixture was heated in an oil bath at 130 -
144°C for fifteen ﬂﬁurs. At the end of this period, the product was
cooled in an ice-water mixture and the crystalline solid which separat-
ed out was filtered by suction. The infrared spectrum of this
compound was identical with that of N,N'-diphenylurea. Tﬁe crude
product weighed 1.3 g (61% of the theoretical yield.)

To the aniline filtrate was added about 50 ml of ether and the
resul ting solution was washed with dilute hydrochloric acid. After
evaporation of the ether a solid residue was obtained which was
identified as the 2-pyrrolecarboxanilide on the basis of ité infrared
spectrum., The yield was 1.4 g of crude product (74%).

When the same reaction was attempted at 110 - 120°C, for fifteen
hours, the starting material was recovered almost completely.

Finally this reaction was carried out at 120 - 130°C for a period
of fourty hours, The yield was 1,7 g of crude N,N!'-diphenylurea (80%)

and 1.6 g of crude 2-pyrrolecarboxenilide (85%).

9. Hydrolysis of 2-Pheqylpx;rolo[:L;gr;] hydantoin

- i_ 1] o
I*chag + 2 KOH ——> N~ SCNHf + K2C03
| B

(N
0¥

A mixture of 2.12 g (0.01 mole) of 2-phenylpyrrolo [1.2-0 hydantoin

and 5 g of potassium hydroxide pellets in 50 ml of water was refluxed for
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four hours. At the end of this period, the solution was cooled and
then filtered by suction. A solid was obtained which was identified
as 2-pyrrolecarboxanilide on the basis of its infrared spectrum. The

crude product weighed 0,90 g (49% yield).

10. Reaction of the Potassium Salt of 2-Pyrrolecarboxanilide with

Phenyl Isocyanate in Tetrsghydrofuran

[i'TJ* (NHY é R @\ 3 ﬁmgmﬁ

H O

To 3.72 g (0,02 mole) of 2-pyrrolecarboxanilide in 45 ml of dry
tetrahydrofuran was added 0.78 g (0.02 mole) of potassium, freshly cut
into small pieces under kerosine and rinsed with tetrahydrofuran. The
mixture was stirred at room temperature until all the potassium had
reacted. A solution of 4.76 g (0.04 mole) of phenyl isocyanate in 15 ml
dry tetrahydrofuran was then added dropwise over a period of 40 minutes.
The mixture was stirred at 40 - 50°C for fifteen hours. At the end
of this period, the solvent was removed by distillation at the aspirator.
The residue was mixed with a small amount of benzene and then it was
filtered by suction. The insoluble material was mixed thoroughly with
ice-cold water and the resulting mixture was filtered by suction., The
solid material was identified as N,N'-diphenylurea by its infrared
spectrum. On recrystallization from 95% ethyl alcohol it gave crystals
melting at 243 - 245°C, The yield in recrystallized product was
2.2 g (52%).

The benzene solution was evaporated almost to dryness to give a
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crystalline yellow solid which was 2=phenylpyrrolo [1,2-] hydantoin
as indicated by its infrared spectrum., After recrystallization from
95% ethyl aleohol the product melted at 230 - 231°C, The yield was

0.88 g (20.7% of the theoretical),

11, Reaction of Pyrrylmagnesium Bromide with Phenyl TIsocysnate

CzHsBr + Mg _etﬁg,l;_> CeHsMgBr

_ =\ o
CoHsMgBr + —— _"/Hi MgBr + C2Hg

N\ @ NCO ? . =
iNI MgBr {W C-I*I-C.‘NHﬁ + N CNH¢+
I
[ 1GNH¢

H

The apparatus used for this reaction consisted of a 1000 ml
three-necked flask fitted with a water cooled bulb condenser, a
sleeve type stirrer and a pressure equalizing dropping funnel, The
reaction was carried in an atmosphere of nitrogen which was continually
passed through the system and whose rate of flow was controlled by means
of a small, mercury containing, U-tube at the other end of which was
fitted a small calcium chloride tube,

A solution of 38.1 g (0,35 mole) of ethyl bromide in 80 ml of
dry ether was added dropwise, with stirring, over a period of one hour,
to 7.3 g (0.30 mole) of magnesium turnings covered with 80 ml of dry
ether. The mixture was then refluxed for half an hour, by which time

essentially all of the magnesium had reacted., A solution of 20,1 g
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(0.%0 mole) of pyrrole in 80 ml of dry ether was then added dropwise
over a period of one hour, and the mixture was refluxed for a furthér
half an hour. It was then cooled to room temperature and diluted with
80 ml of dry ether. This was followed by the addition of 29.8 g (0.25
mole) of phenyl isocyanate dissolved in 80 ml of dry ether dropwise
over & period of one hour, The mixture was stirred at room temperature.
for about sixteen hours, after which a solution of 32.1 g (0,6 mole) of
smmonium chloride in 300 ml of water was slowly added under cooling. The
mixture was stirred vigorously for one hour and then it was filtered by
suction through a sintered glass funnel. The solid material collected
was washed with a little ether and after drying it weighed 16,2 g. On
recrystallization from ethyl alcohol 9.7 g of 2-(N-phenylecarbamyl)-
pyrrolecarboxanilide was obtained (m.p. 139 - 140°C.). After further
pecrystallizations the m.p. was 139.5 - 141.5°C.

Anal, Calcd. for CigHisN302: C, T70.79; H, 4.95; N, 13.77

Found: C, TO.T33 H, 4.945 N, 13.89

Evaporation of the mother liquor gaverise to a solid, obviously
a mixture, which could not be separated into its components efficiently.
From the infrared spectra of the various solid fractions isolated the
presence of 2-pyrrolecarboxanilide was ascertained.

The filtrate (obtained after filtering the original reaction mixture)
was placed in a separatory funnel, the organic layer was separated, and
the water layer was extracted twice with ether. After the ether extracts
had been combined with the original organic layer, the ether was removed
at the aspirator and a dark oily residue was obtained., Crystallization

was induced by the use of pentane, and after filtration and drying 19.5 g
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of an impure solid was obtained, From this, after repeated recrystal -
lizations from ethyl alcohol, a further 3,2 g of 2-(N-phenylearbamyl)-
pyrrolecarboxanilide was obtained (fotal yield 12,9 g, 16.9%), as well
as a small amount of 1,2-pyrroledicarboxanilide (0,5, 2.2, and 2,8 g5
in three different runs, 3.7% highest yield); m.p. 174 - 176°C.

Anal, Calecd, for 018315N302= Cy 7T0.79; Hy 4.95; N, 13,77

Found: C, 71.01; H, 4.98; N, 13,86

The rest of the material obtained by evaporation of the ether

solution was a mixture of several ﬁampounds, among which 2-pyrrole-

carboxenilide was again detected.,

12, Reaction of Z-QH-Phegxlcarbamzl1§xgrolecarboxanilide with Sodium
Hydride

1] g -
'l \ e ' =] 8 Q
O \N”/ H

)

To a solution of 6,1 g (0.02 mole) 6f 2-(N-phenylecarbamyl)pyrrole-

-

carboxanilide in 70 ml of dry toluene heated at 70 - 80Y was added 0.48 g
(0,02 mole) of sodium hydride. A vigorous reaction took place with
evolution of hydrogen, The mixture was then stirred at 70 - 80° for 20
mimutes. At the end of this period, the resction mixture was cooled to
room temperature, and the insoluble material was separated from the
toluene solution by filtration,

This material was treated with water and the mixture was filtered
by suction., The solid obtained was dried and was further treated with

chloroform and filtered. The material insoluble in chloroform was el B
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(78%) of N,N'-diphenylurea. The chloroform solution gave, on evaporation
to dryness, 1.2 g (71%) of 2-pyrrolecarboxanilide,
When the toluene solution was evaporated practically to dryness

1.0 g (47%) of 2-pheny1pyrrols [1.2-%] hydantoin was isolated,

13. Reaction of 1,2qugroledicarboxanilide_Eijh Sodium Hydride

hﬂljlgm e T 0 q

ad - @ | ﬂaﬁﬁg-ﬁ* g; CNEZ + @NHCNHZ

To a solution of 2,8 g (0,009 mole) of 1,2-pyrroledicarboxanilide
in 80 ml of dry toluene heated to 100°C was added 0.24 g (0,01 mole) of
sodium hydride whereupon an immediste reaction took place with evolution
of hydrogen, The mixture was stirred at 70 - 80° for tﬁirty minutes,
then it was cooled to room temperature and the ingoluble material was
separated from the toluene solution by filtration, This material was
treated with ice-cold water, and the solid material obtained in thisg
Way was separated by filtration, and it was then treated with some
chloroform. The part which remained insoluble in chloroform was 0.8 g

(41%) of N,N'-diphenylurea,

The chloroform solution gave, on evaporation, to dryness 0,52 g
of 2-pyrrolecarboxanilide,
When the toluene solution was evaporated to dryness, a further

0.25 g of 2-pyrrolecarboxanilide was obtained (total yield: 0,77 &y

45%) .
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14, Hydrolysis of 2-(N-Phenylcarbamyl )pyrrolecerboxenilide

0

. i 0
@*~ q-g-g pg 2> @ CNEE  + miguﬁg
5 0 H

A mixture of 3;05 g (0.01 mole) of EH(H-phenylcarbamyl)pyrrole—
carboxanilide amd 7.0 g of potassium h&droxide in 50 ml of water was
refluxed for two hours, At the end of this period, the mixture was
cooled, and the solid material was removed by fiitration. On washing
with ether, part of this solid dissolved. The ether insoluble solid had
an infrared spectrum identical with that of N,N'-diphenylurea (1.1 g, 52%).

A crystalline white solid was obtained after evaporation of the
ether solution, the infrared spectrum of which was identical with that

of 2-pyrrolcarboxanilide (0.70 g, 38%).

15, Hydrolysis of 1,2-Pyrroldicerboxanilide

O
(Mg 3, G
NH
g

A mixture of 0,92 g (0.003 mole) of 1,2-pyrroledicarboxanilide
and 1,0 g of potassium hydroxide in %0 ml of water was refluxed for two
hours, At the end of this period the mixture was cooled to room
temperature, A crystalline solid formed which was filtered by suction.,

Its infrared spectrum was identical with that of 2-pyrrolecarbbxanilide

(0.54 g., 93%).
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16. Reaction of 2-(N-Phenylcarbamyl )pyrrolecarboxanilide with aniline

L W -
lg'*q_m-c-mﬁg + NHy — -IHI C-NHY + @NH-C-NHJ
| H

4]

BE O 0

A mixture of 3,05 (0,01 mole) of 2-(N-phenylcarbamyl)pyrrole-
carboxanilide and 20 g of aniline was placed in a 200 ml round-bottomed
flagk fitted with a condenser to the top of which was attached a calclum
chloride tube, .The mixture was heated in an oil bath at 126°C for four
hours. At thé end of this period, the mixture was cooled in an ice-
water bath and the whilte crystalline solid which precipitated was removed
by suction filtration, The infrared spectrum of this compound was identic-
al with that of N,N'-diphenylurea (1.8 g, 85%).

To the aniline filtrate was added 80 ml of ether and the resulting
solution was washed with dilute hydrochloric acid. After evaporation of
the ether a solid residue was obtained which was identified as the

2-pyrrolecarboxanilide on the basis of its infrared spectrum (1.5 g, 81.Th)

17. Reaction of 1,2-Pyrroledicarboxanilide with Aniline

| | [ lo
lnwm-ﬂﬁgf + @NHy —> !Hl E-Nm - ;zme_g-ﬂH;é

0=
1
g

Exactly the same procedure as in (16) was employed, except that
2.35 g (0.0077 mole) of 1,2-pyrroledicarboxanilide was used, out of which
1.08 g was recovered unchanged. From the reaction mixture 0.42 g (55%)
of 2-pyrrolecarboxanilide, and 0.85 g (84%) of N,N'-diphenylurea were

isolated,
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18. Thermal Decomposition of 2-(N-Phenylcarbamyl olcarboxanilide
In a small distilling flask connected to a water cooled condenser
was placed 4 g of 2-(N-phenylcarbamyl)pyrrolecarboxanilide, The
receiver was connected to an aspirator and the flask was heated to
about 140D in an oil bath, When the solid melted, a liquid distilled
and was collected in the receiver, while the material in the flask
regolidified, The distillate had the typical smell and lachrymatory
effect of phenyl isocyanate, and its infrared spectrum was identical
with that of the latter compound, Its weight was 1,25 g (theoretical
for @NCO, 1,56 g). The solid material was powdered under light
petroleum ether, and then it was filtered and dried, Its weight was
2.4 g (theoretical for 2~pyrrolecarboxanilide-2.42 g). Upon re-
crystallization from benzene-methanol (85:15), 1.45 g of white
crystals was obtained, the infrared spectrum of which was identical

with that of 2-pyrrolecarboxanilide,
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