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I-Benzylpyrrole was prepared and subjected to bromination,
nitration and 1'ormylation and the products isolated and identi1'ied.
l-Benzyl-3-bromopyrrole was converted to l-benzyl-3-pyrrolecarboxylic
acid and to methyl

l-benzyl-3-pyrrolecarbo~late;

nitropyrrole was converted to
-3-pyrrolecarboxalde~de

l-benzyl-3-

l-benzyl-3-acetamidop)~role.

I-Benzyl

was oxidized to the 3-acid and l-benzyl-

2-pyrrolecarboxaldehyde was converted to the nitrile and thus to
the 2-acid and the acid esterified to its methyl ester.
Identi1'ication of the compounds has been accomplished
primari~

by interpretation of nuclear magnetic resonance spectra

in conjunction with infrared spectra and elemental analysis.

~ome

interconversions of the derivatives were also successfully perf"ormed.
Further evidence i'or the assigned structures of the 2- and 3esters has been furnished by the synthesis of these compounds by
unequivocal routes.
The catalytic reductive debenzylation of methyl I-benzyl-3pyrrolecarboxylate was attempted, but with no success.
Attempts were made to prepare l-benzenesuli'enylpyrrole and
1-(2,4-ainitrobenzenesulf'enyl)-pyrrole but without success, the
2-substi tuted products being obtained in each case.

The f'orl1\Ylation

of 1-(2,4-dinitrobenzenesulf'enyl)-pyrrole gave only the 5-1'ormyl
derivative.
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PART I

1.

Discussion
~ection

Substitution reactions of Pyrrole and

1

l-A~lpyrroles

A well known feature of the reactions of pyrrole is the

susceptibili ty of the

J... -positions

to electrophilic attack.

Pyrrole

can be represented as a number of resonance structures (Fig.I) but
because of the smaller charge separation in structures (ll) and (Ill)
these assume a greater importance in the overall structure.
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The unshared pair of electrons on the nitrogen atom
conjugates with the .". electrons of the double bonds so that a
situation analagous to that in benzene exists, in which the
electrons 1"orm a IIcloud fl above and below the plane of the ring.
Thus pyrrole reacts by substitution rather than by addition; it
shows aromatic rather than diene-like behaviour.
~lectrophilic

in

the ol. -position.

substitution in pyrrole occurs almost exclusively
Halogenation with sulfuryl chloride in

ethereal solution (1) gave the 2,5-disubstituted pyrrole before
any attack was apparent in the 3-posi tion.

bul1"onation, 1"ormylation,

acylation and other substitution reactlons also occur in the ~-position.

Nitration, however, gives a small amount of 3-substitution.

knoerson (2) indicated a probable

7% of the 3-nitro isomer in the

mononitration proouct when he nitrated pyrrole with a mixture of
acetic anhydride and fuming nitric acid.

2.
The presence of an alkyl group on the nitrogen atom has been
shovm to change the substitution pattern considerably.
01'

Nitration

l-methylpyrrole with acEitic anhydride and 1'uming nitric acid

gives a mixture of isomers.

Anderson (2), by column adsorption

chromatography, isolated Itroughly two parts of 2-nitro-l-methylpyrrole
to one

01°

the 3-isomer" while Fournari (3) applying the polaro-

graphic analysis technique, estimated 27% of the 3-isomer •
01°

Nitration

I-phenylpyrrole (4) was shown to give a similar ratio of 2-

and 3-nitro derivatives.

On the other hand, metalation of 1-

methylpyrrole with n-butyllithium

(~),

Friedel-Craft's acylation

(6), formylation with phosphorus oxychloride and dimethyl1"ormamide
(7) and other substitution reactions of I-methylpyrrole all lead

to the formation of 2-substituted product only.
I-Benzylpyrrole was chosen as the starting material for this
stuqy because first, it was expected that the substitution pattern
in l-benzylpyrrole would be similar to that of l-methylpyrrole and
I-phenylpyrrole and would give a reasonable proportion
isomer on nitration.
attached to

terti~

01'

the 3-ni tro

Secondly, it was known that benzyl groups
nitrogen atoms readily undergo hydrogenolysis

with the removal of the benzyl group (8).

Furthermore Adkins

and Coonradt (9) reported that hydrogenation of l-benzylpyrrole
was so slow over nickel that cleavage of the benzyl group occured
with the production of pyrrolidine (70% after 8 hours at 2bO o ) and
toluene.

The present study has shown the ~ -directing eff"ect of

the benzyl group in l-benzylpyrrole to be greater than that of the
methyl and phenyl groups in I-methyl and I-phenyl pyrroles
respectively_

Nitration of l-benzylpyrrole, using the same

conditions as Anderson (2), gave a mixture of mono nitro isomers
which contained about

60%

of the 3-isomer.

Bromination too, under

3.
conditions selected to minimize polybromination, gave the 3-bromo
isomer as the major product - up to a maximum
crude product (Table IV, tieaction B3).

or

about 66% of the

Formylation of I-benz.yl-

pyrrole with phosphorus oxychloride and dimethyl formamide also
gave a mixture of isomers, but in this reaction the 2-isomer
predominated; about 15% of the 3-aldehyde was obtained.
The ultraviolet spectra of pyrrole, I-methylpyrrole and 1benzylpyrrole (Table Ill) were very similar ( Allla,( 207 -212 .S?, )
but the intensity

01'

the (K) band was greatest in l-benzylpyrrole.

The N-methyl group had a small bathochromic effect on the K band
of pyrrole while the N-benzyl group had a small hypsochromic eff'ect.
However the dii'i'erences were small and there appeared to be no
significant electronic ef'fect on the pyrrole ring by the N-benzyl
group.

l!.Ixamination of a nspace-fillingfl model oi' l-benzylpyrrole

showed there to be some intert'erence between the J.. -hydrogen atoms
of the benzene ring and the

"J.. -protons of the pyrrole ring.

This

steric interference is probably the reason for the unexpectedly
large proportions of 3-substituted products obtained.
The 3-substi tuted products from the nitration, formylation and
bromination reactions

wer~

studied and a variety of I-benzyl-3-

substituted pyrroles were prepared, including methyl l-benz.y1-3pyrrolecarboxylate.
presence of

W-4

'rbis compound was treated with hydrogen in the

rlaney-nickel under vigorous conditions in an attempt

to remove the benzyl group, but no methyl 3-pyrrolecarboxylate was
detected in the reaction mixture.
An attempt was then made to synthesize

l-benzenesulfe~l

pyrrole, in which the methylene bridge between the benzene and
pyrrole rings is replaced by a sulf'ur ato!Jl.

It was expected that

this compound would have a substitution pattern similar to that of'

l-benzylpyrrole and that the benzenesulienyl group would be muoh
more easily removed by catalytio reduction.
reaction was

unsuccess~ul;

However, this

the only product isolated appeared to

be 2-benzenesulfenylpyrrole and this was obtained in poor yield.
An attempt to prepare 1-(2,4-dinitrobenzenesulfenyl)-pyrrole which,
because of the

bul~

nitro group in the .i-position of the benzene

ring, might be expected to give an even greater degree

01'

j3-

-substitution in the pyrrole ring, gave a good yield of the
2-substituteCi product .
produot was isolated.

None

01'

the hoped-i'or I-substituted

~ ' ormylation 01'

2-(2,4-dinitrobenzenesuli'enyl)

-pyrrole was attempted and this gave only the

S-~'orrnyl

derivative.

5.
0ection 2

Preparation of" l-Benzylpyrrole

Alkylation oi" metal salts 01' pyrrole has been shown to
produce a mixture of' N- and C- substituted products.

A

study of'

the .factors ai'i"ecting the position of alkylation of' alkali metal
salts o.f pyrrole (10) has shown:
(i)

for a given metal salt the most polar solvents gave the

highest percentage of l-alkylation.
(ii)

for a given medium the relative percentage of 1-

alkylation increases with decreasing coordinating ability of the
cation in the order Li +< Na+ -< K+ <: (CH3)3WC6H5 •
Optimum conditions 1'or the preparation o.f l-benzylpyrrole
would require the use of the trimetbylphenylammonimn salt of
pyrrole with tetrahydro.furan as solvent.

However the potassium

salt, though not quite as ef1"icient in its l-directing eff"ect,
was much more convenient to prepare and use and was thererore
chosen ror the preparation.

l-Benzylpyrrole was prepared both in

toluene and in tetrabydr01'uran by reacting potassium pyrrole with
benzyl bromide.

The yield obtained in tetrabydr01"uran was much

better than that obtained in toluene and the product was cleaner.
Thus the observations of Hobbs et al.(lO) were confirmed.

6.
Bromination of l-Benzylpyrrole

t>ection 3

Attempts were made to brominate l-benzylpyrrole "lith a variety
of· brominating agents:
(i)

Bromine in carbon tetrachloride

(ii)

bromine in a. mixture of glacial acetic acid and
sodium acetate

(iii) an aqueous solution of sodium qypobromite
(iv) N-bromosuccinimide in carbon tetrachloride
rleagents (ii) and (iii) did not react since only l-benzylpyrrole
was identif'ied by gas chromatography of the reaction mixture in
each case.

N-bromosucciIUn:iae was unsuccessful when used with and

without a catalyst (benzoyl peroxicie).

This reagent apparently

polymerized the substratewith the production of a black powder
but -vrithout the i'ormationof any simple bromination products.
Bromine in carbon tetrachloride proved to be successl'ul but a
sticky red byproduct, insoluble in carbon tetrachloride, was f"ormed
in addition to the simplepyrrole derivatives.

The byproduct was

presumably formed because the hydrogen bromide, produced during
the reaction, catalYzed tie polymerization of l-benzylpyrrole.
The amount of polymerizat:on was reauced by removing most of the
hydrogen bromide as it was f'ormea by attaching the apparatus to
a water pmnp and applying a slight suction.
A series of reactions was peri·ormed (Table IV) in which the
molecular proportions of me reactants and, in one example, the
concentrations of the reactants were varied.

The ei'f'ect of

concentration was not lar(e but increased dilution did reduce
somewhat the degree of polybromination.

The composition oi' the

mixture 01· products was s aown to be influenced greatly by the
molecular ratios of the starting materials, the degree of

7.
polybrornination increasing markedly as the proportion of bromine
in the reaction mixture was increased.

when reaction conditions

were chosen to give maximum monobromination the reaction mixture
was shown, by gas chromatography, to contain over 660;0
compound; its elemental
derivative.

an~sis

01'

one

showed it to be a monobromo

This compound was readily isolated by extracting the

mixture vdth petroleum pentanes and recrystallizing the product.
Other bromination products were then separated from the mother
liquor by repeated chromatography on columns of alumina.

It

was found possible to isolate, in addition to the monobromoderivative, one dibromo compound, one tribromo compound and the
tetrabromo derivative.

Another fraction was also isolated which

appeared to consist of a mixture of dibromo isomers, but attempts
to separate and , identify these isomers failed because of the
susceptibility of the mixture to oxidation.

The products were

initially identified on the basis of their nuclear magnetic
resonance spectra (Table I)and elemental analysis and the
structure of the major
chemical means.

(monobrow~nated)

product was confirmed by

The four compounds isolated were identified as

l-benz.yl-j-bromopyrrole (major product), l-benz.y1-3,4-dibromopyrrole,
l-benzyl-2,3,4-tribromopyrrole and l-benzyl-2,3,4,5-tetrabromopyrrole.
Discussion

01"

the j-substituted derivatives of l-BenzylpyrroJe

and 01' the proof' of their structures.
Attempts to react the monobromo derivative of l-benzylpyrrole
with magnesium in

~

ether 1'ailed and the lack of reactivity of

the bromine atom was also evident in the 1'ailure of: the compound
to react with n-butyllithium or with cuprous cyanide.

It did,

however, react with lithiUln metal when it was re1'luxed with

b.
lithium wire in anhydrous ether.

Garbonation of the reaction

mixture gave the corresponding acid which reacted readily with
diazomethane to give the methyl ester.
This ester was shown to be

met~l

I-benzyl-3-pyrrole-

carboxylate (li·ig. 2,111) by preparing another sample by an
unequivocal route.
of

met~l

The potassium salt of" an authentic sample (11)

3-pyrrolecarboxylate (Fig.2, VII) was reacted with

benzyl bromiae in tetrahydrofuran and the N-benzylated product
isolated.

A mixed melting point of the two samples of the

ester showed no depression.

It was therefore evident that they

were the same compound, namely

met~l

l-benzyl-3-pyrrolecarboxylate.

Thus the acid was I-benzyl-3-pyrrolecarboxylic acid (b'ig.2, 11)
and the bromo compound was l-benzyl-]-bromopyrrole (1I·ig.2, ll).
The allocation of the J-position to the substituents in the
above compounds was supported by evidence Irom the nuclear
magnetic resonance spectra 01" t he compounds.

The bromine atom had

li ttle e1'1"ect upon the chemical shit't ot' the remaining protons but
with the electron withdrawing acid, ester, nitro, acetamido and
oxime groups in the 3-position the 2-proton moved to lower field
and was consistently the lowest field pyrrole proton, having
values ranging from 7 .20 to 7 .46 p .p.m.
the 2 and 5 proton signals overlapped.

In the bromo compound
The 4- and 5- proton

signals moved closer together but their relative positions depended
on the group in the 3-position.

The values obtained for the

coupling constants of' the pyrrole protons were consistent with the
assignment of the chemical shit-ts and were in reasonable agreement
with similar values obtained by Gronowitz (12). J 24 varied £rom
1.~0

to 1.72 Cop.s., J~~ varied from 2.30 to 2.60 c.p.s. and

9.
J4~

ranged i 'rom 2.50 to 3.10 c.p.s.
The re action between lithium metal and I-benz.y1-3-bromo-

pyrrole generated l-ben zyl-]-pyrryllithium.
that an

~llithium

It has been established

compound can react with monohalogeno

aromatic compounds to form benzyne-type intermediates (13).

However,

there was no evidence to suggest that such an intermediate was
1'ormed in this reaction and it appeared that the reaction
proceeded by a simple metal-halogen exchange.

10.
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11.
t>ection

4

Nitration or I-Benzylpyrrole

The method described by Anderson f'or the nitration of' pyrrole
and l-metbylpyrro1e (2) was adopted.

The nitrating mixture of'

£uming nitric acid and acetic anhydride, in its reaction with 1benzylpyrrole, gave a mixture o.f the 2- and 3- mononitro derivatives.
The higher melting 3-nitro isomer was pale yellow in colour; the
~-nitro

isomer was white.

The position of the nitro group in each isomer was determined
by a stuQy of the n.m.r. spectra.

(Table I).

The presence of the

nitro group moved the chemical shift of the adjacent protons to
lower field, the greatest deshielding effect being due to the 3-nitro
group on the 2-proton and the least being due to the 3-nitro group
on the 4-proton.

In the former case the

I -value o:f the 2-proton

increased from 6 .47 in l-benzylpyrrole to 7.30 p.p.m. in l-benzyl3-nitropyrrole; in the latter instance "the

0 -value of' the 4-

proton increased from 6.06 in l-benzylpyrrole to 6.56 p.p.m. in
l-benzyl-3-r~tropyrrole.

In the 2-nitro isomer there was some

overlapping of' the signals of' the 3-proton wi. th those o:f the
benzene protons.

In the 3-nitro isomer the chemical shift of the

2-proton moved below that of the benzene protons .
Reactions of

1-benzyl-3-r~tropyrrole

The 1'irst attempts to reduce the 3-ni tro compound to the amine
were not success:ful because, as was shown in later reactions, the
amine was unstable in the atmosphere .

Catalytic reduction of an

alcoholic solution of' l-benzyl-3-nitropyrrole in the presence of
platinum oxide gave a product which began to go off colour as
soon as it contacted the air.

The amine was, however, readily

acetylated with a mixture of acetic anQydride and sodium acetate,

12.
but it was found more convenient to prepare I-benzyl-3-acetanrrdopyrrole
dire'ct1y by catalytic reductive acetylation which gave an 85% yield.
The amine hydrochloride was used in an attempt to replace the
amino group by the nitrile group and by the bromine atom through
diazotization, but without success.

It was there1'ore not possible

to coni"irm the position of the nitro group in the supposed I-benzyl3-nitropyrro1e by direct comparison with the 3-substituted bromo
and

for~l

derivatives.

However, the nuclear magnetic resonance

spectrum of l-benzyl-3-acetamidopyrrole supports the allocation
the 3-position to the substituent group.

o~

As with the 3-nitro

group the 3-acetamido group has a general deshielding e1·feci:.

and

all the proton signals mmve to lower field.
Additional evidence of the correctness of the allocation of
the 3-position to the higher melting nitro

con~ound

is obtained

1'rom a comparison of the ultraviolet spectra of the 2 and 3-nitro
compounds
esters.

v~i th

the spectra of the 2 and 3 substituted orimes and

(see p. 21)

13.
Section ;,

j:I'ormylation 0 :1£ l-Benzylpyrrole

l-Benzylpyrrole was 1'ormyIlated with c1imethyl1-ormamide and
phosphorous oxychloride (l~) acnd the product was shown, by gas
chromatographic analysis, to contain two products.
o~

the major product was

obtai~ed

A pure sample

by fractional distillation of

the reaction mixture under low pressure but the minor product
could not be obtained by this r:nethod .

The two products and the

unreacted starting material welre satisfactorily separated on a
column of alumina but they remcained coloured.

However , each

showed only one peak when anal:y-zed by gas chromatography.
The major product (8Sit) wcas later shown to be I-benzyl-2pyrrolecarboxaldebyde and the r:ninor product (15%) was shown to be
l -benzyl-J-pyrrolecarboxaldehycde.

This is in contrast to the

brominatlon and nitration reac-tions, in which the 3-bromo and
3-nitro isomers were the predomninant mono-substitution products.

However in the f'ormylation

01'

::l-methylpyrrole (7) no 3-f'ormyl

derivative was obtained, so th.at in spite

01'

the small f'raction

01'

3-t'ormyl derivative in the proeduct, I-benzylpyrrole again
demonstrated a greater tendenc:y towards 3-substitution than did
I-methylpyrrole.
A mixture, later shown by gas chromatography to contain
apprOximately bO% of l-benzylp:r.rrole and 20% or
was inadvertently formylated i:n one reaction.

2-ben~Jlpyrrole,

The crude product

was shown to contain no unreac ted 2-benzylpyrrole, but about 7'P
01'

l-benzylpyrrole remained iIL the reaction mixt1.U"e.

It appeared

therefore that 2-benzylpyrrole reacted with the 1'ormylating
mixture faster than I-benzylp~role.

Apart from the two prOducts

described above (from I-benzyLpyrrole) two other compounds were
separated, one pale yellow and.- the other orange in colour.

Analysis

o~

the in1'rared and nuclear magnetic resonance spectra

01' the pale yellow f'ormyl derivative inmc a ted that i t was 2-benzyl

!::>_pyrrolecarboxaldehyde.

in the - N-H region at
-1

1630 cm

•

~he

320~

The inf'rared spectrum showed absorptions
cm-

1

and in the carbonyl region at

nuclear magnetic resonance spectrum showed two

pyrrole signals, both quartets in carbon tetrachloride which
became doublets when the solution was shaken with D 0.
2

The

coupling constant of' the two protons, 3.b2 c.p.s., was consistent
with other J

values while the J
and J
values (2.20 c.p.a.)
34
13
14
were also consistent with known values. (12)
l

l he orange compound, which appeared

tOl

contain more than one

benzy1pyrro1e nucleus, has not yet been identified and is still
under investigation.
Discussion of the derivatives of 1-Benzyl-2- and 3-pyrrolecarboxaldehYdesand the prooI of their assigned structures.
Both I -benzyl aldehydes reacted readily with hydroxylamine to
give crystalline oximes, the j-aldehyde giving a pale yellow oxime
and the 2-aldep-yde a white oxime.

The nuclear magnetic resonance

spectrum of l-benzyl-2-pyrro1ecarbaldoxime showed two peaks in the
-CH2 - region at

J

~.40 and ,

5.S0

respective~y which, when integrated,

together corresponded to two protons.
in the -N-OH region at <5 10.bO and

There were also two peaks

& 11.28

respectively which,

when intergrated together corresponded to one

p~oton.

'l'his

suggested the presence of two isomeric Iorms in the sample, the
~- and anti-con:tigurations 01' the oxime respectively (Fig. j)

in which diI1'erent enviroments exist for the -OH and

-CH2

protons.

anti-

syn-

Fig. 3
The suspected 3-aldehyde was readily oxidized with alkaline
silver oxide to the corresponding acid and a mixed melting point
of t illS acid with the proven 3-acid (Fig.2,11) obtained i'rom 1benzyl-J-bromopyrrole, showed no depression.

The minor formylation

product was thus shown to be l-benzyl-3-pyrrolecarboxaldehyde.
(l!ig.2,1) .
The attempted oxidation of the suspected l-benzyl-2-pyrrolecarboxalde~de

with Tollen1s reagent was unsuccessful, so the

required 2-acid was prepared by converting the

alde~de

directly

to the nitrile (16) and hydrolyzing the latter with concentrated
sodium hydroxide solution.

'lhe nitrile was not isolated and

purified but its presence was shown in the reaction mixture (before
hydrolysis was attempted) by the presence of the characteristic
-1

-C-N stretching peak at 2210 cm

in its infrared spectrum.

Hydrolysis of the nitrile was incomplete and both the corresponding
amide and acid were isolated and identilied.
acid group was confirmed by preparing methyl

The pOSition 01" the
l-benzyl-~-pyrrole-

carbo:xylate (.tt'ig.2, Vl) from an authentic sample of' methyl 2pyrrolecarboxylate (l;I'ig.2,Vll) by N-benzylating the latter in
tetrahydroi-uran •

lb.
The sample of methyl

l-benzyl-2-pyrrolecarb~late

nydrolyzed to the corresponding acid,

was then

(Fig.2,V) and a mixed

melting point 01' this acid and the acid obtained i"rom the nitrile
showed no depression.

Thus the assignment of the 2-position to the

major substituent in the 1"ormylation reaction was corl1:irmed.
Further evidence of the correctness of the assigned structure
of the 2-substituted products comes from a stuqy of their nuclear
magnetic resonance spectra. (Table I). The chemical shift o~ the
pyrrole

-4

proton in each 2-substituted compound is the pyrrole

proton to highest field, with the
b.28 ppm.

S

value ranging i·rom 5.96 to

The relative chemical shii·ts of the 3 and

protons are not consistent.

5 pyrrole

The 5-orotonof the amide ana oxime
.L

is the one to lower I ·ield in each case; in the aldehyde the ..:5and

5-

the

~-protons

protons overlap and for the nitro-compound, acid and
are to higher field.

es~er,

However the values obtained

for the coupling constants are consistent with the assignments of
the various protons.

In these compounds the values

01'

J 34 vary

from 3 . 60 to 4.10 c.p.s., the J3S values from 1.70 to 2.30 c.p.s.
and the J 4 5 values var.y irom 2.40 to 2.76 c.p.s.

17.
~ection

6

Attempted substitution of the Benzenesulfenyl and 2,4-

Dinitrobenzenesulfenyl groups onto the pyrrole

~itrogen

Attempts to prepare arylsulfenyl derivatives or pyrrole with
the substituent on the nitrogen atom were unsuccessful.

The

reaction between potassium pyrrole and benzenesuli'enyl chloride
in toluene was unsatis.t·actory because of the poor yield of
product obtained.

The nuclear magnetic resonance spectrum of the

crude product suggested that in fact, substitution had occured in
the 2-position.

However, 2,4-dinitrobenzenesulfenyl chloride

reacted with potassium pyrrole in toluene to give a good yield oi'
product.

bome uncertainty was experienced with this reaction

because, as was later shown, the sample of pyrrole used contained
an appreciable amount of" imp uri ty.

The pyrrole (obtained i"rom

Aldrich Chemical Gompany) was first fractionated on a spinning band
column and the constant boiling 1'raction collected but the nuclear
magnetic resonance spectrum of the distillate showed some foreign
peaks in the high field region.
the potassium

sa~t

The product from the reaction or

of this sample of' pyrrole with 2,4-dinitro-

benzenesulfenyl chloride was passed through a column of alumina
and two products were isolated, the first collected being a bright
red crystalline

con~ound

and the second an orange crystalline

compound.
The nuclear magnetic resonance spectrum of the red compound
contained two methyl groups at

G 2.10

and

& J. 55 and two pyrrole

proton signals, which were doublets, with a J value of 2.65 c.p.s.
There was no ,..N-H signal.

The compound therefore appeared to be

1,3-dimetbyl-2- (2 ,4-dinitrobenzenesu.t"_enyl) -pyrrole and elemental
analysis 1'i tted the proposed 1'ormula.

The reaction was then

repeated in benzene so as to eliminate the only obvious

source of

lb.
methyl groups (in toluene)~ but the red compound was again obtained.
It was evident therefore that the pyrrole used contained a quantity
of

impurity~

the reagent.

1~3-dimethyl-pyr.role~

namely

which also reacted with

This was finally coni'irmea by obtaining pyrrole i'rom

another ~ source (Ansul Chemical Company) and the reaction with
potassium pyrrole repeated in toluene.

No red compound was isolated.

The orange product was shown to be 2-(2~4-dinitrobenzenesulfenyl)
-pyrrole.

Its nuclear magnetic resonance spectrum in D6 - DMSO showed

the typical ABX pattern of the

2~4-dinitrophe~1

wi th three pyrrole proton. signals ~ all quartets.

protons together
'fhe coupling

constants indicated that these protons were in positions 3 ~ 4 and

5. No N-H coupling was visible because or the solvent used but the
presence of the N-H group was shawn by the N- H stretching
-1

frequency at 3380 cm

in the infrared spectrum.

'Ine elemental

analysis agreea with the proposed f 'ormula. It was also observed that pyrrole reacted exothermically with
2~4-dinitrobenzenesulfe~1

chloride in the presence of the weak

base triethylamine, with a 76% conversion of the sulf'enyl compound
to the same orange product.
benzenesulfe~l

.J:I 'urther the reaction

oi'

2, 4-dini tro-

chloride with a large excess of pyrrole in the absence

of' added base also gave 2-(2,4-dinitrobenzenesulfenyl)-pyrrole in
81% yield, based on the conversion

01'

sulfeny1 compound to product.

In this latter reaction a quantity of black polymeric material
was produced which suggested that the pyrro1e acted as its own
being itself polymerized in the process.
l'wo reaction mechanisims appear to be possible i "or tills
reaction:
(i) Addi tion-elimin:at±.bn;

base~

19.
c,4- lJinitrobenzenesulf"enyl chloride is known to add readily
across double bonds and has been used i"or t h e characterization of
oleIines (17).

Pyrroles are knownl, in some cases, to behave as

1,3-dienes towards some reactive agents, though Diels-Alder type
adducts h &ve not been detected in the case of pyrrole itself (lb) •
It is conveivable that, in the presence of the reactive 2,4dinitrobenzenesulfenyl chloride, 2,5-addition, rollowed by
elimination might have occurred. (Fig.

4).

~his

mechanism would

explain the absence oi" 1- (2, 4-dini trobenzenesulf"enyl) -pyrrole
in the product.

Fig. 4

(ii) ~lectrophilic substitution;
Benzylation of potassium pyrrole in toluene gave a mixture of
1- and 2- benzy1pyrroles but in the reaction of potassium pyrrole
with 2,4-dinitrobenzenesulf'enyl chloride in toluene no 1substitution was apparent.

The rate of the reaction appeared

to be dependent upon the b a se present; its vigor appeared to
decrease in the order potassium salt> triethylamine> pyrrole;
this suggested that the reaction might be base catalyzed.
base might first react with the sulfenyl chloride to form a
reactive intermediate;

The

200

and this might at tack the pyrro1e:

O<H

+

+

•

H

On the other hand the arylsu1.£eny1 chloride might directly
attack the electron rich

~ -carbon atom of pyrro1e with the base

acting as a proton acceptor in the final stage of the reaction.
It is evident that a further study of this reaction would be
o.f interes t:
(i) The reaction of potassium pyrro1e with 2,4-dinitrobenzenesulfenyl chloride might be repeated in tetrabydrofuran so as to
increase the tendency towards l-substitution (16).
(ii) A study of the kinetics of the reaction might give some
indications of the mechanism

qy

which the substitution proceeds.

21.
;:,ection 7

Ultraviolet Spectra

A comparison of the ultraviolet spectra of the 2- and 3substi tuted l-benzylpyrrole esters!} orimes and ni-tro compounds
(Table lll) showed that the dii'.!'erences in band wavelengths and
intensities between the 2- and 3-substituted compounds were
consistent.
The K band of the 3 -substituted benzylpyrroles was to

longer wavelength than in the corresponding 2-isomer but the
bathochromic shii't was small.

'rhe intensity of the K band of

the j-isomer was greater than that of the 2-isomer in each case
but again the (hyperchromic) ef'i'ect is small.

However although

the effects observed were small they were consistent.
The B band!} which did not appear in l-benzylpyrrole!} occurs
consistently to shorter wavelength in the j-substituted compound
than in the 2-substituted isomer.

The hypsochromic shift of the

3 -substituted pyrroles varied from

9.5~

in the J-nitro compound.

in the 3-oxime to

48 ~

There was also a hypochromic effect in

the 3-nitro compound and 3-ester when compared with the 2-substi tuted
compounds but the dilference in intensity was negligible in the
oximes.
It appeared therefore that there was a more ei'ficient
conjugation between the pyrrole ring and the substituent groups
in the 2-position than in the 3-position.
'rhe observations are in agreement with similar observations
made in the thiophene series. Gronowitz (20) noted that larger
bathochromic shii'ts "i'lere obtained for 2-substi tuted thiophenes
having -I-M substituents than for the corresponding 3-substituted
thi ophenes.

Because the 2- and 3-nitro compounus i 'all into the pattern
observed i 'or other similar 2- and j-substi tuted pyrroles and
thiophenes i t provides further evidence of the correctness of
the assigned structures

01"

the nitro compounds.

Table 1
('f\

N

Nuclear Magnetic Resonance
(A) Chemical bhifts

~pectra

~p.p.m.l

Pyrrole protons
Solvent

C6H5t

- CH2-

2
6.47

3

4

b.06 6.0b

5

Other information

I-Benzylpyrrole

C01

4

7.1

4.80

I-Benzyl-3,4-dibromopyrrole

eel4

7.2

5.24

I-Benzyl-2,3,4-tribromopyrrole

CCI

7.25

5.27

I-Benzyl-~,3,4,5-tetrabromopyrrole

CC1 4

7.2

5.24

I-Benzyl-j-bromopyrrole

CC14

7.23

4.96

b.53

b.09 b.53

I-Benzyl-3-pyrrolecarboxylic acid

7.33

5.08

*"

6.67 6.67

lVle thyl I-benzyl-3-pyrrolecarboxylate

CDC13
CC1

7.2

4.98

it-

6.49 6.49 -COOC!!) 3.65

I-Benzyl-3-nitropyrrole

CC14

7.25

5.07

7.44

6.60 6.;'3

I-Benzyl-3-acetamideopyrrole

Ctc13

7.27

4.97

7.40

6.03

4

4

b.47

6.25 6.25
6.39

6.~1

-N!!COOCH3 7.78 ;
- NHCOOC!!3

I-Benzyl-j-pyrrolecarbaldoxime

D6-DMSO

7.24

5.10

7.46

2.0~

7.24;
6.37 6.79 -CH=N=N-OH 10.92

t

Centre of multiplet

* Chemical shifts not recorded because they are not distinguishable from the aromatic protons

Table 1

...:t
C\J

~ontinued

Nuclear Hagnetic liesonance
(~)

~pectra

Ghemical tibi1'_ts {:Q.:Q .m.)
!1:rrole Erotons

Solvent

C6~t

-CH2-

7.34

5.63

Hethyl I-benzyl-2-pyrrolecarboxylate

CDG1
3
OC1

4

7.06

;) .42

I-Benzyl-2-nitropyrrole

001 4

7.30

I-Benzyl-2-pyrrolecarboxa1dehyde

0014

I-Benzyl-2-pyrrolecarbaldoxime
I-Benzyl-2-pyrrolecarboxamide

2

3

4

Other information

5

6.28 7.0

-COOH 11.70

6.79

5.98 6.65

-COOG~

5.59

*"

6.19 6.80

7.07

5.38

6.73

6.07 6.73

-CHO 9.3b

D6D}lISO

7.37

5.43
5.53

-

6.53

6.26 7.10

-CH=N 8.18; =N-Og

7.18

5.56

-

6.59

6.0

~-Benzyl-S-pyrrolecarboxaldehyde

CD013
001 4

7.15

4.07

-

5.91

6.78

2-(2,4-dinitrobenzenesul1enyl)-1,3dimethylpyrrole **

CD013

2-(2,4-dinitrobenzenesulfenyl)-pyrro1e**

D6-DMSO

2-(2,4-dinitrobenzenesulfenyl)-Spyrr olec arboxaldehyde ff*

Dioxane

1-Benzyl-2-pyrrolecarboxylic acid

t

it-

-

10.~3

6.77

-

6.64

6.36 7.22

-

6.64

7.02

-CHO 9.25
C-C&3 2.10; N-C~33.55

Centre of multiplet

* Ghemical shifts not recorded. because they are not distinguishable from the aromatic protons

** The aromatic protons are not recorded

3.62

11.31

6.15 6.90

':."

-

N-li 11.2,
CHO 9.45

Table I

U\
C\J

Nuclear Magnetic hesonance

~pectra

(B) ~oupling ~onstant~ (c.p.s.) for the pyrrole protons.
J

13

J

14

J

15

J

24

J

25

J

34

J

35

J

45

I-Benzylpyrrole
I-Benzyl-3,4-dibromopyrrole
I-Benzyl-2,3,4,-tribromopyrrole
I-Benzyl-2,3,4,5-tetrabromopyrrole
1.72

~.42

2.62

I-Benzyl-3-nitropyrrole

1.70

2.30

3.10

I-Benzyl-3-acetamidopyrro1e

1.,0

2.60

2.50

1-Benzyl-j-pyrrolecarbaldoxime

1.5b

~.60

2.50

I-Benzyl-j-bromopyrro1e
I-Benzyl-j-pyrrolecarboxylic acid
Hethyl I-benzyl-j-pyrrolecarboxylate

Table 1 Continued

'-D
N

Nuclear Magnetic hesonance 0pectra
(B) Couplin.K
J

13

J

14

Copstant~lc_.p.s .

J

15

J

24

)_ for the pyrrole protons
J

2~

J

J

J

45

34
3. 60

35
1.BO

2. 60

3. 76

1. 72

2.,0

l-Benzyl-2-nitropyrrole

4.10

2. 30

2. 76

I-Benzyl-2-pyrrolecarboxaldehyde

3.96

2.00

2.50

I-Benzyl-2-pyrrolecarbaldoxime

3. 60

1.80

2.60

I-Benzyl-2-amidopyrrole

3.74

1.70

2.40

l-Benzyl-2-pyrrolecarboxylic acid
~~thyl

l-benzyl-2-pyrrolecarboxylate

2-Benzyl-5-pyrrolecarboxaldehyde

2.20

2. 20

3.62

2-(2,4-dinitrobenzenesulfenyl)-1,Jdimethylpyrrole
2-(2,4-dinitrobenzenesulfenyl)-pyrrole

2.65
2.20

2.80

2.70

3.50

2-(2,4-dinitrobenzenesulfenyl)-~-

pyrrolecarboxaldehyde

.3.60

1.,6

2.80

•

l able 11 ,
1

C'-

<\I

Najor_Ipfr§.:I'~d

Absorption

0=0 stretching
frequency
I-Benzyl-]-pyrrolecarboxylic acid

1655

Metqy1 1-benzy1-]-pyrro1ecarboxy1ate

1695

Ban~

C=N stretcmng
frequency

1-Benzy1-j-nitropyrro1e
1-Benzyl-3-acetamidopyrrole

1360

1520

1355

1645

I-Benzyl-2-nitropyrrole
I-Benzyl-2-pyrrolecarboxaldehyde

1660

1-Benzyl-2-pyrro1ecarboxylic acid

1670

Methyl I-benzyl-2-pyrrolecarboxylate

1720

(i) 1610 (ii) 1637

1-Benzy1-2-pyrro1ecarbaldoxime
2-Benzyl-5-pyrrolecarboxaldehyde

1535

3160, 3360
1625

1630

3eo5

2-(2,4- dinitrobenzenesulfeny1)-pyrrole

1505

1345

2-(2,4-dinitrobenzenesu1fenyl)-1,5dime t by1pyrr ole

1520

13ho

1535

1350

2-(2,4-dinitrobenzenesu1fenyl)-5pyrro1ealdehyde

N-H stretchir
frequency

1640

I-Benzyl-3-pyrro1ecarbaldoxime

I-Benzyl-2-amidopyrrole

NO stretching
~ym.

As§m.

1665

3380

3250

•

Table 111

~

Ultraviolet

~pectra

K-Band

A max
Pyrrole

1

log £ max

B-Band

A max

log £ max

209

3. 8420

I-Methylpyrrole

212 . 6

3. 8363

I-Benzylpyrrole 2

207

4.1310

I-Benzyl-2-nitropyrrole

209

4.0629

333

4.0396

I-Benzyl-3-nitropyrrole

210.5

4. 1371

205

3.8433

Methyl I-benzyl-2-pyrrolecarboxylate

207.5

3.9982

264

4.1336

211

4.1915

232

4.0632

I-Benzyl-2-pyrrolecarbaldoxime

206

4.0266

260.,

4.1630

I-Benzyl-3-pyrrolecarbaldoxime

208

4.3198

251

4.1693

I~iethyl

1-benzyl-3-pyrrolecarboxylate

~olvent:

1. Literature value

Absolute ethanol

Amax

211 ; log £ max 3.8420 . ,27)

2. Literature value Amax 208

j

log t max 4.14 .

(2.8)

PllliT TIvO
EX.P uUl00~TAL

General:
Melting points were determined on a Fisher-John's apparatus
and are uncorrected.

Gas-liquid parti ti.on chromatography was carried

out on a Beckman GG-2A gas chromatograph equipped with a 13~-inch
column (number 70008) packed with Apiezon L on 1"irebrick and operated
at 220°, with helium (at 30 p.s.i.g. inlet pressure) as the carrier
gas.

ttetention times established for the pure compounds are

recorded in Table V (p .$"5) •
~lemental

analyses were determined by Ali'red Bernhardt, Mulhelm

(Ruhr), Germany.
Infrared spectra (625-4000cm- l region) were recorded on a Perkin~lmer

23JB spectrophotometer using the potassium chloride disc

technique (2 mg sample in 146 mg KC1). Ultraviolet spectra were
determined in absolute ethanol on a Perkin-.tamer 202 recording
spectrophotometer.

The nuclear magnetic resonance spectra were

determined at 60 Mc/second in the $olvents stated in Table I using
a Varian A-60 instrument.

The chemical shifts are recorded in

p.p.m. !'rom tetramethylsilane as internal re1'erence and are recorded
on the

J

scale.

29.

30.
:iection 1 A. Preparation

01'

l-Benzylpyrrole in Toluene

Pyrrole (1.1 mole) and toluene (200 ml.) were placed in a one
litre flask fitted with a stirrer, dropping funnel and condenser.
Potassium (0.9 mole) was cut into small pieces, about 4g. added to
the solution in the reaction vessel and the reaction mixture stirred
and heated gradually until the reaction

co~nenced.

The heating

mantle was removed and the remainder of the potassium added at such
a rate that the reaction continued briskly without becoming too
vigorous.
replaced

.t\fter adding the potassium the heating mantle was
~d

the reaction mixture gently refluxed with stirring

until potassium was no longer visible in the reaction mixture.
Toluene was added as required to keep the mixture reasonably fluid.
Benzyl bromide (0.87 mole) was slowly added

direct~

to the

re.t'luxing reaction mixture f'rom the above reaction and ai'ter
completing the addition the reaction mixture further reI:luxed for
2 hours when a co.tTee-coloured solution was obtained.

The solution

was filtered through a sintered glass crucible and the filtrate
washed with water then dried over anhydrous sodium sul.t'ate. The
toluene was evaporated under reduced pressure on a

rot~J

evaporator, the product transferred to a suitable flask and f'inally
distilled under low pressure (5mm).
over the range 109-11b o •

The distillate was collected

Analysis of the product showed the

presence of 2 impurities in small quantities.

Yields for this

reaction, based on the conversion o.t' benzyl bromide averaged about
60%.

B. Preparation

01'

I-benzylpyrrole in tetrahydrofuran (10)

The above preparation of potassium pyrrole and its reaction
with benzyl bromide were repeated in tetranydrofuran.

Pyrrole

(.36 mole) was reacted with potassiam (.256 mole) and the

resulting

31.
potassium salt reacted with benzyl bromide (.203 mole) a.s described
above.

The solvent was removed under reduced pressure and the

resulting product was distilled at

5 mm

boiling at 110-11;'° being collect,ed.

pressure, the £raction

'£ he yield 01' distilled

product was 31.4 g representing a 78.7% conversion 01' benzyl
bromide.

32.
bection 2
~he

A. Bromination of I-Benzylpyrrole (19)
reaction vessel was a three necked round bottomed 1"lask

fitted with a stirrer, dropping funnel and condenser.

Analysis of

the reaction mixtures was accomplished by gas-liquid partition
chromatography.
(i) With Sodium Hypobromite
I-Benz,ylpyrrole (.006 mole) and carbon tetrachioride (10 ml.)
were placed in the reaction vessel and the solution cooled to OoC.
A

solution of" bromine (.003 mole) in 3M sodium hydroxide (10 ml.)

was added dropwise to the cooled solution and the reaction mixture
was stirred for jO minutes at room temperature.
washed with

5%

The product was

sodium bisulfite solution then with water, the

aqueous layers extracted with ether and the combined organic
extract dried over molecular sieves.

The solvent was removed by

distillation under reduced pressure and the residue analyzed.
No bromination products were detected.
(ii) With Bromine in Acetic Acid
l-Benzylpyrrole (.006 mole) and a solution of glacial acetic
acid (80 ml.) containing sodimn acetate (0.1 mole) were placed in
the reaction vessel and cooled in an ice bath.

Bromine (.006 mole)

in acetic acid (10 ml.) was added dropwise to the cold solution and

the mixture was refluxed for 1 hour.

The solvent was evaporated

under reduced pressure on a rotary evaporator and the product
taken up in ether.
successively with

The solution

5%

01'

the product in ether was washed

sodium bisulfite solution,

5%

sodium bicarbonate

solution then water, the aqueous l ayers combined and extracted with
ether and the combined organic extracts dried over molecular sieves.
Analysis of the product showed starting material but no bromination
products present.

33.
(iii) with N-Bromosuccinimide and Benzoyl Peroxide
I-Benzylpyrrole (.006 mole) in carbon tetrachloride (20 rol.)
was treated with N-bromosuccinimide (.007 mole) at 0 0

•

A little

benzoyl peroxide (.001 mole) was added and the mixture stirred 1'or

45 minutes at 0

0

•

The product in carbon tetrachloride solution was

filtered from the black residue, the residue extracted with ether
and the extract combined with the carbon tetrachloride solution.
The combined organic extracts were dried over molecular sieves
and after evaporation of the solvents, the product was analyzed.
There was no evidence of bromination products.
(i v)

~i;

th N- Bromosuccinirnide

Reaction (iii) was repeated except that no benzoyl peroxide
catalyst was added to the reaction mixture.

Analysis of the product

showed no bromination products present .
(v) With Bromine in Carbon rr etrachloride
A series of reactions was performed in which the ratio of
bromine to I-benzylpyrrole was varied.
of

r~agents

Details of the quanti ties

used in each reaction are recorded in Table IV.

The l-benzylpyrrole (.006 mole) was placed in the reaction
vessel together with the volume of carbon tetrachloride indicated
in the table and the solution cooled to

oOe.

The top 01" the

condenser was then attached to a water pump and slight suction
was applied -to remove the hydrogen bromide produced by the reaction .
The bromine (in carbon tetrachloride) was cooled to ~o then added
dropwise to -the cold reaction mixture, while the latter was being
Ai'ter addition of the bromine ~ the reaction
0
mixture was stirred at 0 i'or a further 30 minutes.
thoroughly s-tirred.

~

...::t

TABLE IV

('t'\

Bromination of l-Benzylpyrrole with Bromine in Garbon Tetrachloride
001vent: Carbon Tetrachloride

heactant: l-benzylpyrrole (lg; .006 mole)

Temperature: OoC (except for reaction B-ll at room temperature)
Analysis of product was acheived by gas-liquid partition chromatography
Reaction

in
reaction vessel
~olvent

Bromine added:
Total solvent Mole ratio
used
l-benzylpyrrole:Bromine
mole Br2/ml solvent

A

Analysis (%) of product
C
B
D
E

B-1

22., ml.

•0015 mole/2.S ml.

25 ml •

1: .2;'

90

1

9

B-2

20.0 ml.

.003 mole/S.O ml.

2S ml.

1: .5

60

6

33

B-3

17.5 ml.

.0045 mole/7.' ml.

25 ml'

1: .75

16.6

9.7

66.3

7.5

B-4

15.0 ml.

.006 mole/IO ml.

25 ml.

1: 1

3.0

7.5

57

33

B-S

37., ml.

.0075 mole/12.5 ml.

50 ml.

1: 1.2S

1.5

4.1

20.2

B-6

10.0 ml.

.009 mole/IS ml.

2) ml.

1: 1.5

F'urther brominat.ion

B-7

10.0 ml.

.012 mole/20 ml.

30 rol.

1: 2

appreciable

B-B

42.5 ml.

.0045 mole/7.S mI.

50 mI •

1: .75

35

10.6

55

little

B":9

40 ml.

•006 mole/IO rol.

50 mI.

1: 1

4.2

10.4

53

32

lit

B-10

90 ml.

.006 mole/16 ml.

100 ml.

1: 1

4.5

9.0

59

27

lit

B-ll

40 ml.

.006 mole/IO ml.

50 ml.

1: 1

2.6

7.6

31.2

32.2 ,

26

B:

2,3,4,5-tetrabromopyrrole

A:

l-benzylpyrrole

C:

Mixture of 3-bromo-l-benzylpyrrole and 3,4-dibromo-l-benzylpyrrole

D:

Unidentified mixture

E:

~,3,4-tribromopyrrole

33.7

lit
40.

35.
1'he carbon tetrachloride solution was separated from an insoluble
stic~

red product, which resembled pyrrole red, and was washed

successively with 5% sodium bicarbonate solution, S% sodium bisulfite
solution and water.

The aqueous

l~ers

were combined and extracted

with ether and the combined organic extract dried over molecular
sieves.

'rhe solvent was evaporated and the product analyzed.

results of the analyses are recorded in Table IV.

The

They show that

the starting material was successfully brominated.
Separation of the Bromination products
A large scale bromination of l-benzylpyrrole (0.18 mole) with
bromine (0.18 mole) was carried out in two halves under conditions
B9 (see Table IV.). The product (4.::>.9g) was worked up in the marmer
described below.
After evaporation of the solvent the product was extracted
with boiling petroleum pentanes (b.p. 37-50 0
filtered and the filtrate chillea in ice.

).

The solution was

l-Benzyl-3-bromopyrrole

crystallized t'rom the solution and was purified by recrystallization
from petroleum pentanes.

The mother liquor was evaporated and the

oil obtained fractionated by column adsorption chromatography on
alumina (l!'isher, neutral grade), eluting successively with petroleum
pentanes, 20% benzene in petroleum pentanes then 40% benzene in
petroleum pentanes.

A partial separation was ef1'ected and a pure

sample l-benzyl-2,3 , 4-tribr omopYIT ole was obtained..

'l'he t 'ractions

collected were grouped together and each group rechromatographed
on neutral alumina, eluting with a benzene-petroleum pentanes
mixture, gradually increasing the percentage of benzene in the
mixture.

l!'inally the products described below were isolated. and

identified.
This separation was conveniently followed by gas-liquid
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partition chromatography.
1-Benz.y1-3-bromopyrro1e,
Galc'd l'or C11H1ONBr
Found

m.p. 73.5 - 74 0
C, 55.95; H, 4.27 ; N, 5.93; Br, 33.85
C, 55.84; H, 4.27 ; N, .?96; Br, 33.86

I-Benzyl-3,4-dibromopyrrole, m.p . 78.0 - 78.5 0
Calc I d for CllH9f.J-nr 2
1i'ound

c,

G, 42.05; H, 2.75; N, 4.53; Br, 50.82

I-Benzyl-2,3,4-tribromopyrrole
Gale· d f'or CllH8 NBr3
Found

41.94; H, 2.b8; N, 4.44; Br, 50.74

,
c,
C

m.p. 59.0 - 59.5 0
33.54; H, 2.04; N, 3.5S; Br, 60.86
33.69; H, 2.02; N, 3.71; Br, 60.84

I-Benzyl-2,3,4,~-tetrabromopyrrole,

Calc·d for

CllH7~~r4

Found

c,

m.p . 104.5 - 105 0

27.94; H, 1.49; N, 2.96; Br, 67.61

C, 28.03; H, 1.43; N, 3.02; Br, 67.48

B. Preparation of I-Benzyl-3-pyrrolecarbo;ylic Acid and its Metqyl

~ster

(i) Attempted Grignard reaction on I-Benzyl-3-bromopYTrole
A 100 mI. three necked flask was equipped with a stirrer, dropping
funnel and condenser.

Drying tubes were attached to the funnel and

condenser and the complete apparatus dried thoroughly in an oven.
I-Benzyl-3-bromopyrrole (.003 mole) and ethyl bromide (.003 mole)
were dissolved in anhydrous ether (25 ml.) and the mixture added
dropwise with stirring to magnesium (.02 mole) in anQydrous ether
(25 ml.) contained in the flask.

The reaction mixture was stirrea

for 1 hour at room temperature, then solid carbon dioxide vIas
added down the condenser and the mixture stirred for a rurther 15
minutes.

Ammonium chloride solution (15 ml. 10%) was added to

hydrolyze the reaction mixture.

The ether layer was separated, the

aqueous layer extracted with ether and the combined organic extracts
dried over anhydrous sodium sulfate.

The solvent was evaporated

under reduced pressure but none of the expected acid was isolated.
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(ii) The above reaction was repeated in tetrahydrofuran as solvent
and the reaction mixture refluxed Ior

4

hours.

~his

reaction was

also unsuccessful.
(iii) A further modification of the Grignard reaction using a large
excess of ethyl bromide was attempted.

I-Benzyl-j-bromopyrrole

(.002 mole) and ethyl bromide (.02 mole) in dry tetrahydrofuran
(25 rol.) was added dropwise with stirring to magnesium (.002 mole)
in tetrahydro£'uran (25 rol.) and the mixture refluxed until themagnesium had reacted completely.

Then methyl chlor01"ormate (.002

mole) in tetrabydro£'uran (25 ml.) was added to the mixture and
refluxing was continued i'or a further 2 hours.

The tetrahydr01"uran

was washed with water, the water layer extracted with ether and
the combined organic extract dried over anhydrous sodium sulfate.
'I'he solvent was evaporated under reduced pressure on a rotary
evaporator and an unidentified solid product (m.p.
isolated.

It was apparently hydrocarbon.

49-50 0 )

was

No ester was isolated.

(iv) Attempted rteaction of I-Benzyl-3-bromopyrrole with n-Butyllithium
n-Butylli thium was prepared and standardised (20)
with suliuric acid (0.2 Normal).

The product was shown to have a

concentration of n-butyllithium of 1.1 mOles/litre.
I-Benz,y1-3-bromopyrrole

(.00b5 mole) in anhydrous ether

(~O

rul.)

was placed in a 3 necked ±"lask ±'i tted with a stirrer, dropping
funnel and a short condenser.

The apparatus was thoroughly 1'lushed

with dry nitrogen then n-butyllithium solution (lb rul., .018 mole)
added dropwise with stirring.

Af'ter

15 minutes solid carbon

dioxide was added to the re action mixture and stirr ing was continued
i 'or a further

5

minutes •

Water was added, then the mixture was

acidified with hydrochloric acid.

The aqueous lcwer was separated

and extracted vuth ether, the organic extr acts combined and the

3b.
combined extracts dried over molecular sieves.

The solvent was

removed by evaporation under reduced pressure and a brown, f'rui tysmelling liquid was obtained.
under vacuum

Lhe liquid decomposed on distillation

(5mm pressure). No acid was isolated.

(v) ~eaction between I-Benzyl-3-bromop~Trole and Lithium
The reaction vessel was a 100 ml. three necked flask fitted
with a condenser, stiITer and dropping funnel.

Freshly prepared

I i thium wire (.01.5 mole) was cut into small lengths and placed in

anhydrous ether (25 ml.) in the previously dried flask, and 1benzyl-3-bromopyrrole (.01 mole) in anhydrous ether
added with stirring.
f'or Ii hours.

(2~ ml.)

The reaction mixture was refluxed gently

After cooling, excess solid carbon dioxide was

added down the condenser and stirring was continued for a
further 10 minutes.

The product was extracted with sodium

hydroxide solution (10%) and the aqueous extract filtered.

The

filtrate was carefully acidified, keeping the temperature below 10 0 ,
and the product filtered.

The yield of crude acid was 1.6g. (bO%).

The acid was purified by rei"luxing in methanol wi th activated
charcoal (Norite) and recrystallizing from aqueous methanol. The
acid was shown to be:
I-Benzyl-3-pyrrolecarboxylic acid
Galc'd for C12HII02N
Found
(vi)

:

m.p. 149 • .5-150

0

C, 71.63; H, 5 •.51; N, 6.96

: C,

71.61; H, 5 • .5 ; N, 7.10

Preparation of Methyl I-Ben;r1-3-pyrrolecarboxylate
An excess of' a solution of diazomethane in ether was prepared

(21) and added to I-benzyl-3-pyrrolecarboxylate in ether (5 nu.)
and left to stand overnight in a fume cupboard.

The product in

methanol was refluxed with decolourizing charcoal (Norite) and
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recrystallized i'rom aqueous methanol.

It was shown to be:

Methyl I-benz.y1-3-pyrrolecarboxylate

m.p.

Calc l d for C13H1302N
Found

c.

~2-52.~0.

C, 72.5; H, 6.06; N, b.50
C, 72.1; H, 6.13; N, 6.62

Attempted Debenzylation of MethYl I-Benzyl-j-pyrrolecarbo;rlate
W4 Raney nickel was prepared by the method of Pavlik and Adkins

(2~)

using one-tenth the quantities described.

The reactions were

carried out in an autoclave hydrogenator and the products analyzed
by gas-liquid partition chromatography.
(i)

Hethyl I-benzyl-3-pyrrolecarboxylate (0.3g, .0014 mole) and

W4 naney nickel (0.3g) were placed in methanol (50 ml.) and the mixture
transferred to the well of the bomb hydrogenator.

Hydrogen was

introduced at 1000 p.s.i.g. and the reaction allowed to proceed,
while stirring the mixture slowly, i'or b hours.

The haney nickel

was f'iltered and the methanol evapor8.t ed under reduced pressure .
The product (0.3g) was taken up in ether and analyzed .

I~o

methyl

··3 -pyrrolecarboxylate was detected in the product.
(ii) The above reaction was repeated at SOOC and 1200 p.s.i.g. but
there

w~s

no evidence that the

re~Jired

product was formed.

(iii)l'he reaction was repeated at llOoc: and 1900 p .s.i.g. but these
conditions again failed to bring about the required debenzylation.

D. Preparation of Methyl I-Benzyl-3-pyrrolecarboxylate from MethYl
3-Pyrrolecarboxylate
Methyl 3-pyrrolecarboxylate (.012 mole) in tetrahycirofuran was refluxed
with potassium (.011 mole) and the product rei'luxed with benzyl bromiae
(.01

mole)~

liemoval of the solvent gave a brown oil which was refluxed

with activated charcoal in methanol.
adding water (m.p. 50.5-~1.5°).

The ester was precipitated by

A mixture of this product with the

ester obtained from the 3-bromo compound melted at 51-520.
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Section 3

A. Nitration of I-Bsnzylpyrrole (2)

I-Benzylpyrrole (0.047 mole) in acetic anhydride (25 rul.) was
treated with a solution of fumin g nitric acid (.006 mole) in acetic
anhydride (15 rul.) keeping the temperature below -10 0

After

•

hydrolysis in cold water (3 hours) the solution was neutralized with
sodium hydroxide and the oily product separated from the aqueous
layer.

The aqueous layer was twice extracted with ether, the ether

layers combined with the oil and the combined organic extract
washed with saturated sodium carbonate solution, then with water,
and dried over molecular sieves.

The crude product weighed 7.95g.

It was analysed by gas-liquid partition chromatography and two products
were s h own to be present.
beparation of the Nitration Products
The oil obtained after evaporation of the ether was taken up
in benzene and chromatographed on a column 01' alumina (.J:I'isher, neutral
grade), eluting with a benzene-petroleum pentanes mixture.

'f he

proportion of benzene in the mixture was gradually increased from
25% to 100%.

A good separation of' the two isomers was obtained.

The separation was conveniently f·ollowed by gas chromatography.
The retention times of the pure compounds are recorded in Table V.
A very small peak (retention time, 5 minutes) was not identified.
The first fraction (2.35 g) was collected and the solid obtained
recrystallized from aqueous methanol, using very little water.
crystals were needle-shaped and off-white in colour.

The

The nuclear

magnetic resonance spectrum of this showed it to be the 2-nitro
deri vative.

The second isomer collected was recrystallized i"rom

methanol then from a benzene-petroleum pentanes mixture.

The

nuclear magnetic resonance spectrum (Table I) of the pale yellow
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crystals showed them to be the 3-nitro isomer.
m.p. 36-36.5 0

l-Benzyl-2-nitropyrrole,
Calc'd for Cll11.0N2 02

· C,

65.)0; H, 4.90; N, l3.05

,

65.19; H, 5 .32; N, 14.01

Found

{,;

m.p. 67.5-68 0

I-Benzyl-3-nitropyrrole
Calc'd for Cll~ON202
Found

·
··

C, 65.30; H, 4.98; N, 13.85
C, 65.26; H, 5.01; N, 13.72

B. Reduction of I-Benzzl-3-nitropyrrole
(i) Attempted Reduction with Alkaline uodium HyPophosphite
I-Benzyl-3-nitropyrrole (.0025 mole) was

disso~ved

~olution

in methanol

(5 rol.) and an excess of a solution of- sodium hypophosphite in
sodium hydroride (6N) vas added.

The product was extracted with

ether and the ether extract dried over molecular sieves.
solvent was then evaporated.

The

The expected amine was not isolated.

(ii) Attempted Reduction with Zinc and Acetic Acid
I-Benzyl-3-nitropyrrole (.0025 mole) was suspended in water
(5 ml.) , some small pieces of granular zinc added and the solution
acidified with acetic acid.
reacted.

'l'he solution became hot as the zinc

lti"ter 30 minutes the excess zinc was

solution made alkaline with sodium hydroxide .

fi~ tered

and the

The alkaline

solution was extracted with ether and the ether extract dried over
molecular sieves.

No residue was obtained on evaporation of the

solvent.
(iii) Attempted Reduction with Zinc and Acetic Acid in the presence
of Acetic Anqvdride
l-Benzyl-3-ni tropyrrole (.0025 mole) was dissolved in acetic
anhydride (10 ml.) and the reduction carried out as in (ii). At·ter
filtering the excess zinc the solution was taken up in ether and
the ether extract dried over molecular sieves.

The

~olati1e

components were evaporated -under reduced pressure, and a small
quantity of an oil was recovered.

However this did not crystallize.

(iv) Attempted Heduction with btannous Chloride 001ution (23)
Tin was dissolved in concentrated hydrochloric acid and an
excess of the solution added to I-benzyl-3-nitropyrrole (.0025 mole)
suspended in water (5 ml.).

The product was made alkaline with

sodium hydroxide and ether extracted, the ether

l~er

being

immediately added to an excess (10 ml.) of acetic a.nh;vdride.

liter

evaporation of the ether and excess acetic anhydride a small
quantity of oil remained which did not crystallize.
(v) 'tieduction with Tin and a Saturated ~olution of grdrogen ~hloride
in l-1ethanol
Tin (1.7g) was reacted with a solution oI l-benzyl-3-nitropyrrole (.0025 mole) in methanol saturated with hydrogen chloride,
keeping the reaction mixture cool by immersing the flask in cold
water.

~vhen

the tin had nearly all dissolved the solution of the

product was decanted Irom the unreacted tin and the excess of
methanol and hydrogen chloride evaporated under reducea pressure.
The oily residue was shaken up with water and the aqueous
decanted.

solutio~

This solution was treated with excess acetic anqydride

(5 ml.) in ether (25 rol.) and the solution made strongly alkaline
wi th sodium hydroxide (6N), keeping the mixture cold by LlThllersing

the f-lask in an ice bath.

After thoroughly shaking the mixture the

ether layer was separated and dried over molecular sieves.

The

ether was evaporated and an oil obtained, which crystallized.
crystals were recrystallized from aqueous methanol then from a
benzene-petroleum pentanes mi.xture.
(.4g;80% yield) was obtained.

I-Benzyl-acetamidopyrrole

'l'he
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I-Benzyl-3-acetamldopyrrole

m.p. 130

..

Galc1d for G13H14N20
Found

o

C, 12.b5; H, b.5ti; N, 13.01
C, 12.81; H, 6.12; N, 13.18

(vi) Catalytic reduction of l-Benzyl-3-nitropyrrole

(14)

l-Benzyl-3-nitropyrrole (.002 mole) in methanol (15 rol.) was
shaken mechanically f'or 15 minutes with hydrogen at 35 p.s.i.g. in
the presence of" platinum oxide ( .05g) on a Parr hydrogenator.

The

solution was 1'iltered and it immediately began to go brown, so
the solution was treated with a mixture of acetic anhydride and
sodium acetate.

The solvent was evaporated under reduced pressure

and the product recrystallized. :fr.om a benzene-petroleum pentanes
mixture.

It was shown to be the same compound as that obtained in

the above experiment.

A mixture of the product with the I-benzyl-

J-acetamidopyrrole obtained in (v) melted at 129 0

•

(Vii) Catalytic rteductive Acetylation OI I-Benzyl-J-nitropyrrole
I-Benzyl-3-nitropyrrole (.0022 mole) was dissolved in acetic
anhydride (20 ml.) and a saturated solution of soaium acetate
(10 ml.) was added.

Platinum oxide (.02g) was added and the

reaction mixture shaken mechanically for 15 minutes with hydrogen
at 30 p.s.i.g. on a Parr hydrogenator.

The solution was filtered"

made alkaline with sodium hydroxide solution (6N) and the crude
prOduct filtered

(~eld

.4g; 85%).

It was recrystallized from

aqueous methanol, then sublimed and then
benzene-petroleum pe,ntanes mixture.

rec~stallized

from a

A mixed m.p. with the I-benzyl-

3-acetamidopyrrole obtained in (v) showed no depression. (130 0 ).

4J~

Section

4 A. il'ormylation of' l-Benzylpyrrole (15)

The reaction vessel

w~s

a three-necked l"lask (500 ml.) fitted

wi th a stirrer, aropping i 'unnel and condenser.

Dimethyl i "ormamide

(0.103 mole) was placed in the reaction vessel and cooled to 0 0

•

Phosphorus oxychloride (0.102 mole) was then added, with stirring
over a 15-minu~e period, keep ing the temperature between 10 0 and
20 0

The mixture was i"urther stirred for 15 minutes at room

•

temper ature, then the ice bath was replaced, ethylene dich loride
(2~ ml.) added and the mixture cooled to

50.

Ei

solution 01" 1-

benzylpyrrole (.09 mole) in ethylene dichloride (25 ml) was added
1"rom a dropping 1"unnel over a period oi' 10 minutes and the mixture
rei"luxed i "or a further 30 minutes.

1 t was then cooled. to 2,:,_jOO;

a solu tion oi' sodium acetate (O.b mole) in water (250 ml.) was
added rapidly to the reaction mixture and the mixture again
refluxed i "or I':' minutes.
l~er

Al"ter cooling the ethylene dichloride

was separated and the aqueous layer extr a cted with ether.

The combined

organic -~ extracts

were washed with saturate a sodium

carbonate solution then with water and xinally dried over molecular
sieves.

The solvent was evaporated under re duced pressure and. the

product (in ether) analyzed by g as-liquid partition chromatography.
Two produc·ts in the ratio 14.7:1 were indic a ted on the analytical
chromatogram along with some unreacted starting material.
retention times are recorded in Table
~eparation

The

v.

or the Products

(i) By Distillation under Vacuum
'rhe brown f"ormylation product was distilled at O.3rnm and the
i'raction boiling at 120-131

0

collected.

This was a colourless

liquid and was the major product of the reaction.

Only a small

portion of the product was recovered because of' decomposition at

this high temperature.
nuclear

magnet~c

Only the one product was recovered.

Its

resonance spectrum corresponded to :
-

b.p_ 12b-131

l-Benzyl-2-pyrrolecarboxaldehyde

at 0.3mm

C, 77.8; H, 5.98; N, 7.56

Calc I d i'or Cl2RnNO
Found

0

: C, 77.63; H,6.08;

7.69

fl,

(ii) By Column Chromatography
The formylation product was placed on a column of alumina
(Fisher, Adsorption Grade) and eluted with petroleum pentanes
until the unreacted I-benzylpyrrole was recovered, then with a
benzene-petroleum pentanes mixture, gradually increasing the ratio
of benzene in the mixture.

A

separation of the products was

efi'ected but the oily l'ractions collected were coloured.
each gave only one peak on the gas chromatograph .

However,

I-Benzyl-3-

pyrrolecarboxaldehyde was indentified by its nuclear magnetic
resonance and inf'rared spectra but it was not analyzed Lor G, H,
and N.
Formylation of a

l~ture

of 1- and 2- Benzylpyrroles

A mixture containing about 20% 2-benzylpyrrole and 80% 1benzylpyrrole was f'ormylated as described in A above.

Analysis

of the reaction mixture by gas chromatography showed (a) that &11
the

2-ben~lpyrrole

had reacted but some I-benzylpyrrole remained

in the reaction mixture, (b) that three products were to be
expected, two of which were those obtained in the formylation of
pure l-benz,ylpyrrole.

The I-benzyl-2 and 3-carboxaldehydes were

separated by column chromatography as
the column stripped with

~ethanol,

previous~

described then

the dark brown methanol

solution being collected and set on one side to evaporate slowly.
A dark oil separated which after two or three days deposited pale
yellow crystals.

These were separated and recrystallized from

aqueous methanol.

Tbis compound was identi1'ied 1'rom its nuclear

magnetic resonance and infrared spectra to be :
2-benzyl-S-pyrrolecarboxaldehyde

m.p. 93.5-94.5 0

Calc'd for C H NO
12 II
Found

C, 77.8; H, 5.98; N, 7.56
C, 77.6; H, 6.18; N, 7.74

The black oil remaining 1,yas dissolved in methanol and rei'luxed
with decolourizing charcoal (N.ori te).

'rhe solution obtained

was orange and orange crystals were obtained on evaporatin6.

The

crystals were recrystallized from benzene-petroleum pentanes and
o
melted at 121-122.

This compound has not been identified.

B. Preparation of Derivatives of I-Benzyl-2-pyrrolecarboxaldebyde
and I-Benzyl-3-pyrrolecarboxaldegyde
(i) Preparation of Oximes_(24)
Hydroxylamine hydrochloride (O.5g) was dissolved in water (2 ml. t)
and a solution of sodium hydroxide (2 ml. 10%) added.

'l'he

aldehyde was then added together with enough ethanol to give a
clear solution.

The mixture was then rei'luxed i'or 30 minutes and

the product poured into twice its own volume of water and cooled
in an ice bath.
(a) I-Benzyl-2-pyrrolecarboxaldehyde (O.2g) yielded 0.19g, (87%)
of oxime.

o

It gave white crystals, m.p. 111-112 , from aqueous methanol.
Calc'd for C12~20N2
Found

C, 71.96; H, 6.05; N, 13.99
: G, 72.13; H, b.15; N, 13.84

(b) I-Benzyl-3-pyrrolecarboxaldehyde (0.3g) yielded 0.2g (65%) of'
oxime.

The bright yellow product, recrystallized f'rom a benzene-

petroleum pentanes mixture, gave pale yellow crystals, m.p. 146-147 0
Galc'd for

C12~20N2

Found

: C, 71.96; H, 6.05; N, 13.99
C, 72.23; H, 5.84; N, 13.92
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(iii) Conversion to the Corresponding Acids
(a) Oxidation of 1-Benzyl-j-pyrro1ecarboxaldehyde
This was oxidizeu with Tollen's reagent as described by Hodge
and rlickards (2~).

~ilver

nitrate (.007 mole) was dissolved in

water (125 ml.) and a solution of

sodi~~

water (250 ml.) added with stirring.

hydroxide (0.25 mole) in

The aldehyde (0.5g;0.003 mole)

was dissolved in methanol (25 rol.) then added to the reaction mixture
and the latter stirred at room temperature i·or 2 hours .
residue was filtered and the 1'iltrate ether extracted.

The
'i 'he aqueous

solution was care1"ully acidi1"ied while cooling in ice and the
product salted out with sodium chloride.

The filtereCi product

(0.12g; 22%) was recrystallized !'rom aqueous methanol.

It melted

at 148-149° and a mixed melting point 01" this acid with the acid
obtained (p. 30) from I-benzyl~j-bromopyrrole (m.p. 150 0 ) showed
no depression ( mixed m.p. 140-151°)0
(b) Oxidation 01" l-Benzyl-2-pyrrolecarboxaldehyde
(i) The method described in (a) was

att~npted

but only a very

small

amount of product (0.04g) was obtained from I gm. of the aldehyde .
(ii) Preparation of l-Benzyl-2-pyrrolenitrile (16)
l-Benzyl-2-pyrrolecarboxa~denyde

hydrochloride (O.bOg; 0.01
f"ormic acid

(l~

(.01 mole), hyCiroxylamine

mole)~ sodium

formate (1.25g; excess) and

ml.; 98-100%) were re1Tuxea 1'or I hour.

The

product was diluted with water and the solution ether extracteCi;
the solution was dried over anhydrous sodium sulfate.
01" the solvent gave a brown oil.
oi'

2~u.mina

'l'ms was placed on a short column

(Adsorption grade) and eluted wi th

benzene mixture.

~vaporation

.t.vaporation

~a

petroleuil1 pentanes-

of the solvents under reduced
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pressure gave a colourless oil.

The infrared spectrilln of this oil

(Table 11) indicated the presence of the nitrile group.

The yield

of crude nitrile was . 8g (45%).
(iii) Bydro1ysis of the Nitrile
The nitrile obtained above was refluxed Lor 6 hours with sodium
hydroxide (5 ml. 40% solution).

The product was added to water

and the insoluble white solid (A) filtered .

The alkaline solution

was ether extracted, then the aqueous layer was cooled in an
ice-salt bath and carefully acidified with concentrated suli"uric
acid, keeping the solution cold.

The white cr.ystalline precipitate

(B) was filtered.
The white solid, (A) was recrystallized from a benzenepetroleum pentanes mixture.

It was shawn, by its nuclear magnetic

resonance -spectrum to be :
I-Benzyl-2-pyrrolecarboxamide,
Galc I d i" or C H12 ON
12
2

m.p. 112_113 0
C, 72.00; H, 6.03; N, 14.00

Found

C, 71.85; H, 6.06; N, 13.78

'rhe white acid B, was recrystallized i'rom aqueous methanol.
Analysis of its nuclear magnetic resonance spectrum showed it to be:
I-Benzyl-2-pyrrolecarboxylic acid,
Calctd for C12HI102N

m.p. 130-1310. Yield . 5gm (55%)
C, 71.63; H, 5.51; N, 6.96

Found

G, 71.41; H, 5.31; N, 7.02

C. Preparation of I-Benzyl-2-pyrrolecarboxy1ic Acid i'rom Methyl
2-Pyrro1ecarbo;r1ate
(i)

Methyl 2-pyrrolecarboxylate (0.055 mole) in toluene was

reacted with potassium (0.05 mole) and the mixture reIluxed to
COMplete the reaction.

Benzyl bromide (0.047 mole) was then added

and the mixture rei"luxed for a further 1 hour .

'fhe solvent was

removed by evaporation under reduced pressure on a flash evaporator
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and the product obtained cbromatographed on a column

oi'

alumina

(Fisher, Adsorption grade) and eluted with petroleum pentarces.
The yellow liquid obtc9-ned was analyzed by gas-liquid partition
chromatography and was shown to contain benzyl bromide and prOduct.
l'he yield of' crude material was 4.4g (44%) ~

'1'he product was

rechromatographed on a column of alumina (l"isher, Neutral grade)
and 2.55g of product (25%) free of benzyl bromide was obtained.
The yellow oil

c~stallized

on standing overnight in a freezer.

The coloured crystals were distilled under vacuum and a colourless
liquid, which

c~stallized

readily, was obtained.

Methyl I-Benzyl-c-pyrrolecarboxylate
Calc'd for C H 0 N
13 13 2
Found

: C,

m.p. 31-31.5 0

7~.5;

H, 6.06; N, 6.50

C,72.70; H, 6.07; N, 6.75

The product was compared with the sample of methyl I-benzyl
-2-pyrrolecarboxylate prepared in B (iv) above.

Both were shown

to have the same retention time on gas-liquid chromatography and
to have identical nuclear magnetic resonance spectra.
(ii) Methyl I-benzyl-2-pyrrolecarboxylate (0.2g) prepared in (i)
was refluxed with excess potassium hydroxide (20%) until the oily
ester was no longer visible (4 hours) •

'f he solution was filtered,

diluted with an equal volume of water then cooled in ice.
Con~entrated

sulfuric acid was added drop by drop to the cold

solution until the solution was acidic and the product was ether
extracted.

The ether was evaporated and the crude proauct

recrystallized f'rom aqueous rnetha:nol.

The yield of' recrystallized

product was .06bg (46%); its melting point 131-131.5

0

•

The mixed m. p . of the product wlth the acid obtained from
I-benzyl-2-pyrrolecarboxaldehyde via the nitrile (p. ~' ) was 130-132 0.

50.
bection 5 Attempted .:>ubstitution of the Benzenesul1'enyl and 2,4Dinitrobenzenesulfenyl groups onto the Pyrrole Nitrogen
A. (i) Preparation of Benzenesuli'enyl Chloride (26)
A brisk stream of dry chlorine was bubbled through carbon
tetrachloride (150 ml.) which was cooled in an ice-salt bath.

The

mixture was stirred and a solution of thiophenol (.057 mole) in
carbon tetrachloride (50 ml.) was added slowly under anhydrous
conditions.

The excess chlorine and carbon tetrachloride were

evaporated under reduced pressure f'rom the reddish solution and a
red liquid remained.

Further distillation at 9mrn pressure

produced an oily red distillate at 73-77 0
redistilled product was

•

The yield of

5.46g;(64%).

(ii) Attempted Preparation of l-Benzenesulfenylpyrrole
(a)

A solution of pyrrole (.029 mole) in toluene (10 ml.) was

placed in a three-necked flask and potassium (.022 mole) was added
with gentle heating and stirring.

The mixture was then refluxed

until all the potassium had reacted.

Benzenesulfenyl chloride (.019

mole) in toluene (10 ml.) was slowly added with stirring to the
hot solution and the mixture rel'luxea i"or one hour.
occured.

Nuch charring

The reaction mixture was i"iltered and the toluene soll. . tion

washed with water then dried over molecular sieves.

The solvent

and excess pyrrole were evaporated under reduced pressure .

The

reaction was unsuccessful.
(b)

The above reaction was repeated but the benzenesulfenyl
o
chloride was added to the potassium pyrrole at 0 • The mixture was
then gradually brought up to reflux temperature but the product
was still very dark and oxidized on attempted distillation.
(c)

The reaction was again repeated at -70 0 under an atmosphere

of nitrogen, the reaction flask being cooled in a "Dry-Ice Jl -acetone

.sI.
bath.

'l'he benzenesulfenyl chloride was adde d over a perioo. of 20

minutes ana the mixture stirred at _70

0

f'or a fourther 30 ml nutes,

then the temperature gradually raised to room temperature.
solution obtained was much cleaner.

The

The solvent was evaporated

and an attempt was ma de to purify the product by distillation
under low pressure (b mm).

Host of' the product a gain decomposed

but a :few drops of' clear aistillate was obtained.

It appeared,

from its nuclear magnetic resonance spectrum, to be 2-benzenesulf'enylpyrrole .
B. (i) Attempted Preparation of 1-(2,4-Dinitrobenzenesuli'enyl)Pyrrole
Pyrrole (obtained f'rom Aldrich Chemical. Company) was purified
and distilled by :fractionating on a spinning band column.
constant boiling foraction was collectea..

'r he

Potassium pyrrole (.046

mole) was prepared as described above in bection 5A(ii) and the
o
slurry cooled to -10 by means of an ice-salt bath. 2,4- Dinitrobenzenesulfenyl chloride

(9.8g; .041 mole),

p art~ dissolved,

partly suspended in toluene was slowly added.

'l 'he :first :few ml.

of reagent added produced a deep blue colouration on coming into
contact with the potassium pyrrole but it darkened rapidly.
mixture was stirred at _10
raised to room

0

tempera~ure.

evaporator and the product

'l 'he

for 30 minutes, then the temperature
The solvent was evaporated on a flash
dissolved in a minimum of methanol.

It was refluxed with acitivated charcoal (Norite) and then
recrystallized f'rom aqueous methanol.

The nuclear magnetic

resonance spectrum of the yellow product (Table I) showed it to be
the 2-substituted pyrrole

deri~ative:

~-(2,4-dinitrobenzenesulfenyl) -pyrrole,
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Calc'd for CIOH9N304S
Found

C, 45.29; H, 2.66;

,

G

1\J,

15.8;

s,

12.09

45.!:>5; H, 2.80; N, 15.6; s , 12.16

(ii) H.eaction B (i) was repeated under the same conditions but the
crude product was run (in two batches) down a 12-inch column of'
alumina (Adsorption grade).

'l\1O

fract.ions were collected.

l'he

1'irst gave a ruby red oil (4.7g) which crystallized on standing to
give bright red crystals/which were recrystallized from a benzenepetroleum pentanes mixture.

The second 1'raction (S.8g) contained

the compound isolated in B (i).

The nuclear magnetic resonance

spectrum of the red product showed it to be:
1,3-dimethyl-2-(2,4-dinitrobenzenesulf·enyl)-pyrrole
Calc'd for C12~lN304S
Found

m.p. 107-112

o

;

G, 49.14; H, 3.78; N, 14.32 ; S , 10.92

;

C, 49.33; H, 3.90;

1\j ,

14.1b;

b

,

il.OO

(iii) 'Ihe above reaction, B (ii) was carried out in benzene as
solvent instead of toluene thus elimlnating the only apparent scource
of methyl groups.

However the same two products were

obtained.

(iv) Reaction between Pyrrole and 2,4-ilinitrobenzenesulfenyl Ghlopide
in the presence of Triethylamine
Pyrrole (.057 mole) and triethylamine (0.075 mole) were
mixed together in an

~rlenmeyer

lI'lask.

2,4-Dinitrobenzenesulfenyl

chloride (.05 mole) in dioxane (50 ml.) was added with stirring.
The mixture became hot and was allowed to stand 1'or one hour.

The

solvent was evaporated on a rotary evaporator and the dark oil
chromatographed (in two batches) on a 12-inch column 01' alumina
(Adsorption grade).

Only tne yellow compound,2-(2,4-dinitro-

benzenesulfenyl)-pyrrole, was obtained.
No red product was isolated.

(Yield d. b5gj6b.6%) .

53.
(v)

neaction between Pyrrole and 2,4-Dinitrobenzenesulfenyl Uhloride

wi~h

no added base
Pyrrole (.0>7 mole) and 2,4-dinitrobenzenesulfenyl chloride

(.025 mole) were mixed at room temperature in Sufl'icient dioxane
to make a homogeneous solution.
for 4 hours.

The reaction mixture was stirred

Much blackening occured but a yellow solution was

le1't after 1'lltering the black solid.

The solution was evaporated

on a flash evaporator then passed down a 12-inch colunm of neutral
grade alumina.

The orange solution was collected and evaporation

of this gave 2-(2,4-dinitrobenzenesulfenyl)-pyrrole, the yellow
produc~

obtainea in B (i). (Yield 4.bg; 70%).

'the black material was insoluble in the common solvents but
burned leaving a residue 01' carbon.

I t was probably a polymeric

material.
(vi) rteaction B (ii) was repeated with pyrrole obtained from an
entirely aif.ferent source (Ansul Ghemical Company).
was passed through a column of neutral alumina.

The product

No red product,

1,3-dimetbyl-2- (c ,4-dini trobenzenesulf'enyl) -pyrrole, was isolated.

c.

l"ormylation of 2-(2,4-JJinitrobenzenesu1f'enyl)-pyrrole
The method used

emplo~ed

dimethylformamide (.002 mole) and

phosphorus 0JWchlorid.e (.002 mole) as the formylating mixture.
The reaction was carried out, as described on page 44, f'or the
f'ormylation of I-benzylpyrrole, except that double the volu.me of
ethylene dichloride was used in an attempt to dissolve all the
2-(2,4-dinitrobenzenesulfenyl)-pyrrole (.02 mole).

However the

2-(2,4-dinitrobenzenesulfenyl)-pyrrole failed to dissolve completely
and was added as a paste.

During the reaction however it went

completely into solution and, on cooling, after hydrolyzing the
product with sodium acetate solution, yellow crystals appeared

I

l
I

54.
which were filterea 01"1'. (Yield C .45g; 42%).

These crystals were

recrystalllzed t 'rom aqueous ethanol then t'rom a benzene-petroleum
pentanes mixture.

The nuclear magnetic resonance spectrum or the

product showed it to be 2-(2~4-dinitrobenzenesulfenyl)-j-

, 4
m.p. 212-21

0

pyrrolealdehyde

Galc l d for CllH7N305~

c~

45.05; H~ 2.406; N~ 14.33; S~ 10.93

Found

c~

45.23; H~ 2.38 ; N~ 14.14; S, 10.67

'fhe ethylene dichloride layer was separated and the aqueous phase
extracted with ether and the combined organic extracts dried over
molecular sieves.

Evaporation of the solvents gave a red oil

which was taken

in methanol.

~p

Water was added to the solution

and an oil, which crystallized on standing, was obtained (yield 3 .lg).
The crystals were recrystallized from a benzene-petroleum pentanes
mixture and mel ted at 134-135 0

•

This compound was shown to be

recovered starting material; a mixed melting point of the crystals
with starting material showed no depression.

•

TABLE V

11\
V\

Column No. 70008 (Apie zon onr'irebrick) .
'l'emperature: 220 0 U
Pressure

30 p.s.i.g.
Compolmd

ltetention time (minutes)

I-Benzylpyrrole

1.6

l-Benzyl-3-bromopyrrole

6.0

I-Benzyl-3,4-dibromopyrrole

0.2

I-Benzyl-2,3,4-tribromopyrrole

26.3

I-Benzyl-2,J,4,,-tetrabromopyrrole

3.7

1-Benzyl-2-nitropyrrole

7.8

1-Benzyl-j-ni tr opyr role

18.0

I-Benzyl-2-pyrrolecarbox81dehyde

4.8

l-Benzyl-J-pyrrolecarboxaldehyde

11.6

Methyl 3-pyrrolecarboxylate

1.5

JYlethyl 2-pyrrolecarboxylate

.7

Methyl l-benzyl-2-pyrrolecarboxy1ate

5.4

Hethyl I-benzyl-j-pyrrolecarboxy1ate

14.1

2-Benzylpyrrole
2-Benzyl-,-pyrrolecarboxaldehyde

2.5
lo.e
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