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ABSTHACT

l1-Benzylpyrrole was prepared and subjected to bromination,
nitration and formylation and the products isolated and identified.
1-Benzyl-3~-bromopyrrole was converted to l-benzyl-3-pyrrolecarboxylic
acid and to methyl l-benzyl-3-pyrrolecarboxylate; l-benzyl-3-
mitropyrrole was converted to l-benzyl-3-acetamidopyrrole. l-Benzyl
~3J=pyrrolecarboxaldehyde was oxidized to the 3-acid and l-bengzgyl-
2-pyrrolecarboxaldehyde was converted to the nitrile and thus te
the 2-acid and the acid esteritied to its methyl ester.

Tdentitication of the compounds has been accomplished
primarily by interpretation of nuclear magnetic resonance spectra
in conjunction with infrared spectra and elemental analysis., oome
interconversions of the derivatives were also successfully performed.
Further evidence for the assigned structures of the 2- and 3-
esters has been furnished by the synthesis of these compounds by
unequivecal routes.

The catalytic reductive debenzylation of methyl l-benzyl-3-
pyrrolecarboxylate was attempted, but with no success.

Attempts were made to prepare l-benzenesulfenylpyrrole and
1-(2,4~dinitrobenzenesultfenyl)-pyrrole but without success, the
2=substituted products being obtained in each case. The formylation
of 1-(2,4~dinitrobenzenesulfenyl)-pyrrole gave only the S5-formyl

derivative.
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PART T i

Discussion

Section 1 Substitution reactions of Pyrrole and l-Alkylpyrroles

A well known feature of the reactions of pyrrole is the
susceptibility of the o{-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 (11) and (111)

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 T electrons of the double bonds so that a
situation analagous to that in benzene exists, in which the
electrons rorm a "cloud" above and below the plazne of the ring.
Thus pyrrole reacts by substitution rather than by addition; it
shows aromatic rather than diene-like behaviour.

tlectrophilic substitution in pyrrole occurs almost exclusively
in the ol-position. Halogenation with sulfuryl chloride in
ethereal solution (1) gave the 2,5-disubstituted pyrrole before
any attack was apparent in the 3-position. oSulionation, formylation,
acylation and other substitution reactions also occur in the o~
=position. Nitration, however, gives a small amount of 3-substitution.
Anderson (2) indicated a probable 7% of the 3-nitro isomer in the
monoritration product when he nitrated pyrrole with a mixture of

acetic anhydride and tfuming nitric acid.



The presence of an alkyl group on the nitrogen atom has been
shown to change the substitution pattern considerably. Nitration
ot l-methylpyrrole with acatic anhydride and fuming nitric acid
gives 2 mixture of isomers. Anderson (2), by column adsorption
chromatography, isolated "roughly two parts of 2-nitro-l-methylpyrrole
to one of the 3-isomer" while Fournari (3) applying the polaro-
graphic analysis technique, estimated 27% of the 3-isomer. Nitration
of l-phenylpyrrole (L) was shown to give a similar ratio of 2~
and 3-nitro derivatives. On the other hand, metalation of 1-
methylpyrrole with n~-butyllithium (5), Friedel-Craft's acylation
(6), formylation with phosphorus oxychloride and dimethyltormamide
(7) and other substitution reactions of l-methylpyrrole all1 lead
to the formation of 2-substituted product only.

l-Benzylpyrrole was chosen as the starting material for this
study because first, it was expected that the substitution pattern
in l-benzylpyrrole would be similar to that of l-methylpyrrole and
l-phenylpyrrole and would give a reasonable proportion of the 3-nitro
isomer on nitration. oSecondly, it was known that benzyl groups
attached to tertiary nitrogen atoms readily undergo hydrogenolysis
with the removal of the benzyl group (0). Furthermore Adkins
and Coonradt (9) reported that hydrogenation of l-benzylpyrrole
wWas so slow over nickel that cleavage of the benzyl group occured
with the production of pyrrolidine (70% after & hours at 260°) and
toluene. The present study has shown thel6 -directing effect of
the benzyl group in l-benzylpyrrole to be greater than that of the
methyl and phenyl groups in l-methyl and l-phenyl pyrroles
respectively. Nitration of l-benzylpyrrole, using the same
conditions as Anderson (2), gave a mixture of mononitro isomers

which contained about 60% of the 3-isomer. Bromination too, under




conditions selected to minimize polybromination, gave the 3-bromo
isomer as the major product - up to a maximum oif about 66% of the
erude product (Table IV, Reaction B3). Formylation of l-benzyl-
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, l-methylpyrrole and 1l-
benzylpyrrole (Table m) were very similar ()‘mu 207—212.5.’4)
but the intensity of the (K) band was greatest in l-benzylpyrrole.
The N-methyl group had a small bathochromic efTect on the K band
of pyrrole while the N-benzyl group had a small hypsochromic effect.
However the difierences were small and there appeared to be no
significant electronic eifect on the pyrrole ring by the N-benzyl
group. £xamination of a "space-filling" model oi l~benzylpyrrole
showed there to be some interference between the o -hydrogen atoms
of the benzene ring and the JL -protons of the pyrrole ring. This
steric interference is probably the reason for the unexpectedly
large proportions of 3-substituted products obtained.

The 3-substituted products from the nitration, formylation and
bromination reactions were studied and a variety of l-benzyl-3-
substituted pyrroles were prepared, including methyl l-benzyl-3-
pyrrolecarboxylate. This compound was treated with hydrogen in the
presence of W-4 Haney-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-benzenesulienyl-
pyrrole, in wnich the methylene bridge between the benzene and
pyrrole rings is replaced by a sulfur atom. It was expected that

this compound would have a substitution pattern similar to that of



l-benzylpyrrole and that the benzenesulfenyl group would be much
more easily removed by catalytic reduction. However, this

reaction was unsuccessful; the only product isolated appeared to

be 2-benzenesulfenylpyrrole and this was obtained in poor yield.

An attempt to prepare 1-(2,u~dinitrobenzenesulfenyl)-pyrrole which,
because of the bulky nitro group in the o -position of the benzene
ring, might be expected to give an even greater degree of A-
~substitution in the pyrrole ring, gave a good yield oi the
2-substituted product. None of the hoped-for l-substituted

product was isoclated. Formylation of 2-(2,4-dinitrobenzenesulfenyl)

-pyrrole was attempted and this gave only the 5-tormyl derivative,

Le



Section 2 Preparation of l-Benzylpyrrole

Alkylation of metal salts of pyrrole has been shown to
produce a mixture of N- and C- substituted products. A study of
the factors aifecting the position of alkylation of alkali metal
salts of pyrrole (10) has shown:

(1) 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+<;‘ N < K < (CH3)3N+06H5 "

Optimum conditions for the preparation of l-benzylpyrrole
would require the use of the trimethylphenylammonium salt of
pyrrole with tetrahydrofuran as solvent. However the potassium
salt, though not quite as efficient in its l-directing effect,
was much more convenient to prepare and use and was therelfore
chosen for the preparation. l-Benzylpyrrole was prepared both in
toluene and in tetrahydrofuran by reacting potassium pyrrole with
benzyl bromide. The yield obtained in tetrahydrofuran was nmuch
better than that obtained in toluene and the product was cleaner.

Thus the observations of Hobbs et al.(10) were confirmed.



Section 3 Bromination of l-Benzylpyrrole

Attempts were made % brominate l-benzylpyrrole with a variety
of brominating agents:
(i) Bromine in tarbon tetrachloride

(ii) Dbromine in 2 mixture of glacial acetic acid and
sodium acetite

(iii) an agueous solution of sodium hypobromite

(iv) N-bromosuccinimide in carbon tetrachloride

neagents (ii) and (iil) did not react since only l-benzylpyrrole

was identified by gas chrmmatography of the reaction mixture in
each case. N-bromosuccinimide was unsuccessiul when used with and
without a catalyst (benzofl peroxide). This reagent apparently
polymerized the substratewith the production of a black powder
but without the formationof any simple bromination products.
Bromine in carbcn tetrachloride proved to be successiul but a
sticky red byproduct, insduble in carbon tetrachloride, was formed
in addition to the simple pyrrole derivatives. JIhe byproduct was
presumably formed because the hydrogen bromide, produced during
the reaction, catalyzed tie polymerization of l-benzylpyrrole.

The amount of polymerization was reduced by removing most of the
hydrogen bromide as it was formed by attaching the apparatus to

a water pump and applyinga slight suction.

L series of reactiom was performed (Table IV) in which the
molecular proportions of the reactants and, in one example, the
concentrations of the reattants were varied. The effect of
concentration was not larje but increased dilution did reduce
somewhat the degree of poybromination. The composition of the
mixture of products was siown to be influenced greatly by the

molecular ratios of the siarting materials, the degree of

O.



polybromination increasing markedly as the proportion of bromine
in the reaction mixture was increased. When reaction conditions
were chosen to give maximum moncbromination the reaction mixture
was shown, by gas chromatography, to contain over 06% of one
compound; its elemental analysis showed 1t to be a monobromo
derivative. This compound was readily isolated by extracting the
mixture with petroleum pentanes and recrystallizing the product.
Other bromination products were then separated from the mother
liquor by repeated chromatography on columns of alumina. 1t

was found possible to isolate, in addition to the monobromo:
derivative, one dibromc compound, one tribromo compound and the
tetrabromo derivative. £#nother fraction was also isolated which
appeared to consist of a mixture of dibromo isomers, but attempts
to separate and identity 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 (monobrominated) product was confirmed by
chemical means. The four compounds isolated were identified as
1-benzyl-3~bromopyrrole (major product), l-benzyl-3,L4-dibromopyrrole,
l-benzyl-2,3,4-tribromopyrrole and l-benzyl-2,3,L,5~tetrabromo-
pyrrole.

Discussion of the 3-substituted derivatives of l1-Benzylpyrrole

and of the proof of their structures.

Attempts to react the monobromo derivative of l-benzylpyrrole
with magnesium in dry ether tailed and the lack of reactivity of
the bromine atom was also ewident in the failure of the compound
to react with n-butyllithium or with cuprous cyanide. It did,

however, react with lithium metal when it was refluxed with



lithium wire in anhydrous ether. varbonation of the reaction
mixture gave the corresponding acid which reacted readily with
diazomethane to give the methyl ester.

This ester was shown to be methyl l-benzyl-3-pyrrole-
carboxylate (¥ig. 2,111) by preparing another sample by an
unequivocal route. <The potassium salt of an authentic sample (11)
of methyl 3-pyrrolecarboxylate (Fig.2, V11l) was reacted with
benzyl bromide 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 methyl l-benzyl-3-pyrrolecarboxylate.
Thus the acid was l-benzyl-3-pyrrolecarboxylic acid (Fig.2, 11)
and the bromo compound was l-benzyl-3-bromopyrrole (rfig.2, 1X).

The allocation of the 3-position to the substituents in the
above compounds was supported by evidence trom the nuclear
magnetic resonance spectra of the compounds. The bromine atom had
little effect upon the chemical shift of 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. In the bromo compound
the 2 and 5 proton signals overlapped. The L4~ 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 shiifts and were in reasonable agreement
with similar values obtained by Gronowitz (12). Jp), varied from

450 to 1.72 c.p.s., Jy5 varied from 2.30 to 2.60 c.p.s. and
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JL&B ranged from 2.50 to 3.10 c.p.s.

The reaction between lithium metal and l-bengzyl-3-braomo-
pyrrole generated l-benzyl-j-pyrryllithium. It has been established
that an aryllithium 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
formed in this reaction and it appeared that the reaction

proceeded by 2 simple metal~halogen exchange.
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Section L Nitration of l-Benzylpyrrole

The method described by Anderson for the nitration of pyrrole
and l-methylpyrrole (2) was adopted. The nitrating mixture of
fuming nitric acid and acetic anhydride, in its reaction with 1~
benzylpyrrole, gave a mixture of the 2- and 3- mononitro derivatives.
The higher melting 3-nitro isomer was pale yellow in colour; the
2=-nitro isomer was white.

The position of the nitro group in each isomer was determined
by a study of the n.m.r. spectra. (Table I). The presence of the
nitro group moved the chemical shiit 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 L-proton. In the former case the 4§ —value of the 2-proton
increased from 6.47 in l-benzylpyrrole to 7.30 p.p.m. in l-benzyl-
3-nitropyrrole; in the latter instance the § —value of the L=
proton increased from 6.00 in l-benzylpyrrole to 6.50 p.p.m. in
l-bengzyl-3-nitropyrrole. In the 2-nitro isomer there was some
overlapping of the signals of the 3-proton with those of the
benzene protons. In the 3-nitro iscmer the chemical shift of the
2-proton moved below that of the benzene protons.

Heactions of l-benzyl-3-nitropyrrole

The first attempts to reduce the 3-nitro compound to the amine
were not successiul 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 a2 mixture of acetic anhydride and sodium acetate,

13,



but it was found more convenient to prepare l-benzyl-3-acetamidopyrrole
directly 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. 1t was therefore not possible
to confirm the position of the nitro group in the supposed l-benzyl-
3-nitropyrrole by direct comparison with the 3-substituted bromo
and formyl derivatives. However, the nuclear magnetic resonance
spectrum of l-benzyl-3-acetamidopyrrole supports the allocation ot
the 3-position to the substituent group. As with the 3-nitro
group the 3-acetamido group has a general deshielding effect and
all the proton signals maove to lower field.

Additional evidence of the correctness of the allocation of
the 3-position to the higher melting nitro compound is obtained
from a comparison of the ultraviolet spectira of the 2 and 3-nitro
compounds with the spectra of the 2 and 3 substituted oximes and

esters. (see p. 21)




Section b Formylation o l1-Benzylpyrrole

1-Benzylpyrrole was formyldatea with dimethyltormamide and
phosphorous oxychloride (15) amd the product was shown, by gas
chromatographic analysis, to contain two products. A pure sample
of the major product was obtaimed by fractional distillation of
the reaction mixture under low pressure but the minor product
could not be obtained by this mmethod. The two products and the
unreacted starting material weme satisfactorily separated on a
column of alumina but they rem=ained coloured. However, each
showed only one peak when analjyzed by gas chromatography.

The major product (65%) w=s later shown to be l-benzyl-2-
pyrrolecarboxaldehyde and the mminor product (15%) was shown to be
l-benzyl-j-pyrrolecarboxaldehydde. This is in contrast to the
bromination and nitration reacwtions, in which the 3-bromoc and
3=nitro isomers were the predomminant mono-substitution products.
However in the formylation of _l-methylpyrrole (7) no 3-formyl
derivative was obtained, so that in spite of the small fraction of
3~tormyl derivative in the pro«duct, l-benzylpyrrole again
demonstrated a greater tendencly towards 3-substitution than did
l-methylpyrrole.

A mixture, later shown by gas chromatography to contain
approximately 60% of l-benzylpzyrrole and 20% of 2-bengzylpyrrole,
was inadvertently formylated im one reaction. The crude product
wWas shown to contain no unreacted 2-benzylpyrrole, but about 7%
o l-benzylpyrrole remained in. the reaction mixture. It appeared
therefore that 2-benzylpyrrole reacted with the formylating
mixture faster than 1-benzylpyrrole. Apart from the two products
deseribed above (from l-benzylpyrrole) two other compounds were

Separated, one pale yellow and. the other orange in colour.
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Analysis of the infrared and nuclear magnetic resonance spectra
of the pale yellow formyl derivative indicated that it was 2-benzyl
5-pyrrolecarboxaldehyde. The infrared spectrum showed absorptions
in the -N-H region at 3205 cm - and in the carbonyl region at
1630 cm‘l. The nuclear magnetic resonance spectrum showed two
pyrrole signals, both quartets in carbon tetrachloride which
became doublets when the solution was shaken with DZO' The
coupling constant of the two protons, 3.02 c.p.s., was consistent
with other Jju values while the Jl3 and Jlu values (2.20 c.peS.)
were dlso consistent with known values. (12)

The orange compound, which appeared to: contain more than one
benzylpyrrole nucleus, has not yet been identified and is still
under investigation.

Liscussion of the derivatives of l-Benzyl-2~ and 3-pyrrole-

carboxaldehydesand the prooif of their assigned structures.

Both l-benzyl aldehydes reacted readily with hydroxylamine to
give crystalline oximes, the j-zldehyde giving a pale yellow oxime
and the 2-aldehyde a white oxime. <The nuclear magnetic resonance
spectrum of l-benzyl-Z-pyrrolecarbaldoxime showed two peaks in the
-CHE— region at .} 5.40 and & 5.50 respectively which, when integrated,
together corresponded to two protons. There were also two peaks
in the -N-OH region at &4 10.60 and & 11.26 respectively which,
when intergrated together corresponded to one proton. This
suggested the presence of two isomeric forms in the sample, the
syn- and zoti-contigurations of the oxime respectively (Fig. 3)

in which diiferent enviroments exist Ior the -OH and -CHé protons.
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The suspected 3-aldehyde was readily oxidized with alkaline
silver oxide to the corresponding acid and a mixed melting point
of this acid with the proven 3-scid (Fig.2,11) obtained trom 1-
benzyl-3-bromopyrrole, showed no depression. <The minor formylation
product was thus shown to be l-benzyl-3-pyrrolecarboxaldehyde.
(Fig.2,1).

The attempted oxidation of the suspected l-benzyl-2-pyrrole-
carboxaldehyde with Tollen's reagent was unsuccessful, so the
required 2-acid was prepared by converting the aldehyde directly
to the nitrile (16) and hydrolyzing the latter with concentrated
sodium hydroxide solution. '‘he 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
-C-N stretching pesk at 2210 G S PG B,
Hydrolysis of the nitrile was incomplete and both the corresponding
amide and acid were isolated and identified. The position of the
acid group was contfirmed by preparing methyl l=benzyl-Z-pyrrole-
carboxylate (fig.2,Vl) from an authentic sample of methyl 2-
Pyrrolecarboxylate (Fig.2,V11l) by N-benzylating the latter in

tetrahydrofuran.

156



16.

The sample of methyl 1l-benzyl-2-pyrrolecarboxylate was then
hydrolyzed to the corresponding acid, (Fig.2,V) and a mixed
melting point of this acid and the acid obtained from the nitrile
showed no depression. Thus the assignment of the 2-position to the
major substituent in the formylation reaction was contirmed.

Further evidence of the correctness of the assigned structure
of the 2-substituted products comes from a study of their nuclear
magnetic resonance spectra. (Table I). The chemical shift of the
pyrrole -4 proton in each 2-substituted compound is the pyrrole
proton to highest field, with the 5 value ranging from 5.96 to
6.26 ppm. The relative chemical shitts of the 3 and 5 pyrrole
protons are not consistent. The 5-proton of the amide ana oxime
is the one to lower iield in each casej; in the aldehyde the 3~
and 5- protons overlap and for the nitro~-compound, acid and estuer,
the S5-protons are to higher field. However the values obtained
for the coupling constants are consistent with the assigmments of
the various protons. In these compounds the values of J3u vary
from 3.60 to L.10 c.p.s., the J3g values from 1.70 to 2.30 c.p.s.

and the Jyg values vary irom 2.40 to 2.7C c.p.s.




Section &6 Attempted substitution of the Benzenesulfenyl and 2,4-

Uinitrobenzenesulfenyl groups onto the Pyrrole Nitrogen

Attempts to prepare arylsulfenyl derivatives of pyrrole with
the substituent on the nitrogen atom were unsuccessiul. The
reaction between potassium pyrrole and benzenesulienyl chloride
in toluene was unsatisfactory because of the poor yield of
product obtained. The nuclear magnetic resonance spectrum of the
crude product suzgested that in fact, substitution had occured in
the 2-position. However, 2,L-dinitrobenzenesulienyl chloride
reacted with potassium pyrrole in toluene to give a good yield of
product. oSome uncertainty was experienced with this reaction
because, as was later shown, the sample of pyrrole used contained

an appreciable amount of impurity. The pyrrole (obtained from

Aldrich Chemical Company) was first fractionated on a spinning band

column and the constant boiling fraction collected but the nuclear
magnetic resonance spectrum oif the distillate showed some foreign
peaks in the high field region. The product from the reaction of
the potassium salt 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 compound and the second an orange crystalline
compound.,

1he nuclear magnetic resonance spectrum of the red compound
contained two methyl groups at § 2.10 and § 3.55 and two pyrrole
proton signals, which were doublets, with a J value of 2.65 c.p.s.
There was no ~N-H signzl. The compound therefore appeared to be
1,3-dimethyl-2-(2,4~dinitrobenzenesui-enyl)-pyrrole and elemental
analysis fitted the proposed tormula. The reaction was then

Tepeated in bengene so as to eliminate the only obvious source of

17.
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methyl groups (in toluene), but the red compound was again obtained.
1t was evident therefore that the pyrrole used contsined a quantity
of impurity, namely 1,3-dimethyl-pyrrole, which also reacted with
the reagent. <This was finally confirmed by obtaining pyrrole from
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 Db—DMSO showed
the typical ABX pattern of the 2,4-dinitrophenyl protons together
with three pyrrole proton: signals, all quartets. The coupling
constants indicated that these protons were in positions 3, L and
5. No N-H coupling was visible because of the solvent used but the
presence oif the N-H group was shown by the N-H stretching
frequency at 3380 cm_l in the infrared spectrum. The elemental
analysis agreea with the proposed formula.

It was also observed that pyrrole reacted exothermically with
2,4~dinitrobenzenesulfenyl chloride in the presence of the weak
base triethylamine, with a 76% conversion of the sulfenyl compound
to the same orange product. rurther the reaction of 2,4-dinitro-
benzenesulfenyl chloride with a large excess of pyrrole in the absence
of added base also gave 2-(2,L-dinitrobenzenesulfenyl)-pyrrole in
bl% yield, based on the conversion oi sulfenyl compound to product.
In this latter reaction a quantity of black polymeric material
was produced which suggested that the pyrrole acted as its own base,
being itself polymerized in the process.

Two reaction mechanisims appear to be possible for this
reaction:

(1) Addition-eliminationg



19.

2y,u=Uinitrobenzenesulfenyl chloride is known to add readily
across double bonds and has been used for the characterization of
olefines (17). Pyrroles are known, in some cases, to hehave as
1,3-dienes towards some reactive agents, though lUiels-slder type
adducts hsve not been detected in the case of pyrrole itself (18) .
It is congweivable that, in the presence of the reactive 2,4~
diritrobenzensesulfenyl chloride, 2,5-addition, followed by
elimination might have occurred. (Fig. 4). 7This mechanism woulad
explain the absence of 1-(2,L-dinitrobenzenesulfenyl)-pyrrole

in the product.

H H H

H
" I CoH3 (H0,)5S. C1 H AR || ||
N | H _i G ﬁ‘;bHB(NO2)2 H l? S-.:{_)H3 LNQz)z

1
H d

o

Fig. b

(ii) &lectrophilic substitution;

Bengylation of potassium pyrrole in toluene gave a mixture of
1l- and 2- benzylpyrroles but in the reaction of potassium pyrrole
with 2,4-dinitrobenzenesultfenyl chloride in toluene no 1-
substitution was apparent. The rate of the reaction appeared
to be dependent upon the base present; its vigor appeared to
decrease in the order potassium salt > triethylamine > pyrrole;
this suggested that the reaction might be base catalyzed. Lhe
base might first react with the sulfenyl chloride to form a
reactive intermediate;

+ .
R3N + ArSClrvaBN-S—Ar c1™
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and this might attack the pyrrole:

H

= i 3 | ¢ -
i HBNJS_ﬁr——-——a S=-Ar + n3m + H
i Y
H

On the other hand the arylsulfenyl chloride might directly
attack the electron rich o -carbon atom of pyrrole 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
of interest:

(i) The reaction of potassium pyrrole with 2,4-dinitrobenzene-
sulfenyl chlcride might be repeated in tetrahydrofuran so as to
increase the tendency towards l-substitution (10).

(ii) A study of the kineties of the reaction might give some

indications of the mechanism by which the substitution proceeds.
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section 7 Ultraviolet Specira

A comparison of the ultraviolet spectra of the 2- and 3-
substituted l-benzylpyrrole esters, oximes and nitro compounds
(Table 111) showed that the differences 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 Z-isomer but the
bathochromic shift was small. The intensity of the K band of
the Jj-isomer was greater than that of the 2-isomer in each case
but again the (hyperchromic) effect is small. However although
the effects observed were small they were consistent.

The B band, which did not appear in l-bengzylpyrrole, occurs
consistently to shorter wavelength in the Jj-substituted compound
than in the 2-substituted isomer. <The hypsochromic shift of the
3=substituted pyrroles varied from 9'53V‘ in the 3-oxime to ubf?*
in the 3-nitro compound. <YThere was also a hypochromic effect in
the 3=-nitro compound and 3-ester when compared with the 2-substituted
compounds but the diifference in intensity was negligible in the
oximes.

1t appeared therefore thzat there was a more efficient
conjugation between the pyrrole ring and the substituent groups
in the z2-position than in the 3-position.

The observations are in agreement with similar observations
made in the thiophene series. Gronowitz (20) noted that larger
bathochromic shifts were obtained for 2-substituted thiophenes

having -I-M substituents than tor the corresponding 3-substituted

thiophenes.
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Because the 2- and 3-nitro compounds fall into the pattern
observed for other similar 2- and j-substituted pyrroles and
thiophenes it provides further evidence of the correctness of

the assigned structures of the nitro compounds.




Table 1

< Kuclear Magnetic hHesonance Spectra
(&) Chemical Shifts (p.p.m.}
Fyrrole protons
Solvent CbHET (g - 2 3 L. 5 Uther information
1-Bengylpyrrole 0L, Tadd 4.80 ©6.4T 06.06 6.006 6G.47
1-Benzyl-3,y~dibromopyrrole Hoj Iy Ts2 Self - 6.2 0.20 =
l-Bengyl-2, 3 ,u=-tribromopyrrole El::lh T.25 G2l 0u32 = = =
1-Benzyl-¢, 3,4, 5-tetrabromopyrrole CC1,, Ta2 5.2 - - - -
1-Benzyl-j=bromopyrrole CCLy T:23 L9 ©.533 - 609 b.53
1-Bengyl-j-pyrrolecarboxylic acid CIC1, Ta33 508 o - 6.67 0.67
Methyl l-benzyl-3j-pyrrolecarboxylate ﬂﬂlh Tae 4u 0 * - b.49 b.47 -COOCHy 3.00
l-Benzyl=j-nitropyrrole CELy, T«25 BO7T Talih = 6.60 6.53
1-Bengyl-j-acetamideopyrrole CIC14 T.27 W7 Toelild = ©.03 6.51 -HHCOOCHy T«T0 3
-i'iHCCEEE_J.J 2.05
1-Benzyl=-j-pyrrolecsrbzldoxime Dg~L14ST T2l 5.10 Tb - 6,37 679 -CH=K- T7T.24;

=l-0H 10.92

T Centre of multiplet

* Chemical shifts not recorded because they are not distimguishable from the arematic protons
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Table 1 Continued

Muclear Magnetic Hesonance Spectra

(A) UChemical Shifts (pyp.m,)

“yrrole protons

Solvent Cglsl  -CH,- 2 3 4 5 Uther intormation
1-Benzyl-2-pyrrolecerboxylic acid L'-]L‘lj T3k 5.63 - *  6.20 7.0 -CUCE  11.70
Methyl l-benzyl-2-pyrrolecarboxylate '..'-L'lh 7.06 5.2 = 6,79 5.90 6.65 -G00cH, 3.62
1-Benzyl-2-nitropyrrole CCL), T.30 hih9 - *  £,19 .00
1-Bengyl-2 -pyrrolecarboxaldehyde GULy, T+07 5.3 - 6,73 6,07 6.73 -CHO §.30
l-Bengyl-2-pyrrolecarbaldoxime DeIMS0 7.37 5.3 - 6.53 6.26 7.10 ~CH=H 0.10; =N-OH 10,03

5.53 11.31

1-denzyl-2-pyrrolecarboxamide l..—LL-13 7.18 550 - 6,59 6.0 B6.77
2-Bengyl-5-pyrrolecarboxaldehyde GC1y, T+15 .07 - 5.1 0.76 = -CHO' %.25
2=(2,4-dinitrobenzenesulienyl)-1,3-
dimethylpyrrole *® CICl1, - - - - 6.15 6.90 (-CHy 2.10; H-CHqy3.55
2-(2,li~dini trobenzenesulf'enyl) -pyrrole ™* Dg-IMS0 - = - 6.8l b.36 T7.22 M- 11.25
2-{2,~dind trobenzenesul fenyl ) =5-
pyrrolecarboxaldehyde ** Dioxane - - - G.04 7.02 - CHO 9.45

T Centre or miltiplet

®* Chemical shifts not recordec because they are not distinguishable irom the aromatic protons

%% The aromatic protons are not recorded
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Table T

Huclear Magnetic lesonance opeetra

\B) Goupling Lonstants (c.p.S./) for the gyrrole protons.,

13 ‘1, ‘15 ‘2l ‘i:ss "3y ‘35 ‘5
1-Sengylpyrrole
l-Bengyl=3,L~dibromopyrrole
l-Bengyl-2,3,4,-tribtromopyrrole
1-EBengyl-2,3,l1,5-tetrabromopyrrole
1-Bengyl-j-bromopyrrole 1.72 2.h2 2.62
1=Bengyle-j=pyrrolecarboxylic acid
YMethyl l-bengyl=-i-pyrrolecarboxylate
1-Bengyl-3=nitropyrrole 1.70 2.30 310
1-Denzyl=3-acetamidopyrrole 1.50 2.00 2,20
l=Zengyl-i-pyrrolecarbsldoxime 1.56 .60 2.50




Table 1 Uontinued

2 =
Huclear Magnmetic sesonance Specira
(B) Uoupling Uonstants (c.p.s.) feor the pyrrole protons
‘13 "1l 15 "2 Y25 " "3 15
~ 1-Bengyl-2-pyrrolecarboxylic acid 360 1.80 280
Methyl l-benzyl-2-pyrrolecarboxylate 3.76 1.72 2450
l-Bengyl-2-nitropyrrole .10 2430 2.76
1-benzyl-2-pyrrolecarboxaldehyde 390 2+l 2450
1-Benzyl-2-pyrrolecarbaldocime 3.00 1.80 2,00
1-Bengyl-Z=-amidopyrrole d.Th 1.70 2440
2-Benzyl-5-pyrrolecarboxaldehyde 2,20 2,20 3.62
2-(2,h-dinitrobenzenesulfenyl)-1,3-
dimethylpyrrole 2.05
2-\2, -dinitrobengenesulfenyl)-pyrrole 2,20 2,60 2.70 3450 1.56 2.00

2=1{2 ,4=dinitrobengenesulienyl }-5=
pyrrolecarboxaldeiyde 360
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Table 10

Major Infrared Absorption Bands

C=0 stretching Cml stretehing NO_ stretching H=H stretchif
frequency Irequency . I . irequency
1-Benzyl-j=pyrrolecarboxylic acid 1655 '
Methyl 1-bengyl-j-pyrrolecarboxylate 1695
1-Bengyl-3-nitropyrrole 1535 1360
l-Bengyl-j-acetamidopyrrole 1640
l-Bengyl-i-pyrrolecarbaldoxime 1645
1-Benzyl-2 -mitropyrrole 1520 1355
1-Bengzyl-2-pyrrolecarboxaldehyde 1660
l-Bengyl-2-pyrrolecarvoxylic scid 1670
Hethyl l-bengyl-2-pyrrolecarboxylate 1720
1-Benzyl-2-amidopyrrole (1) 1610 (ii) 1637 3160, 3360
1-Bengyl-2-pyrrolecarbaldocime 1625
2=Benzyl-S-pyrrolecarboxaldenyde 1630 3205
2-(2,k=dinitrobenzenesulfenyl)-pyrrole 1505 1345 3380
2-(2,4-dini trobengenesulienyl}-1,5-
dimethylpyrrole 1520 1340

2=(2,l=dini trobenzenesultanyl)-5-
pyrrolealdehyde 1665 1535 1350 3250




lable iii

Ultraviglet opectra

FPyrrole l
1-Hethylpyrrole
l-BEDmI']__'Dj'ITD].EE
1-Bengyl-2-nitropyrrole
1-Bengyl-3i-nitropyrrole

Methyl l-benzyl-2-pyrrolecarbaxylate
Methyl l-benszyl-i-pyrrolecarboxylste
1-Bengyl-2-pyrrolecarbaldoxime

l-Bengyl-3i-pyrrolecarbaldoxime

A max  log€ max A max log € max

209 3.60420

212.6  3.0363

207 1141310

209 4.0629 333 4.03%6
210.5  4,1371 205 3.0433
207.5 3.,9902 26l YalII0
211 4.1915 232 i 0032
206 L0266 200.5 L4.1630
200 4.3150 251 4.1693

Solvent: Absolute ethancl

1. Literature value Amax 211 ; log € max 3.8k20. (27)

2, Literature velue Amax 208 ; log gmax L.lk.

i2d)




PART TWO 29

EXPLERTMENTAL

General:

Melting points were determined on a Fisher-John's apparatus
and are uncorrected. Gas-liquid partition chromatography was carried
out on a Beckman GC-2A gas chromatograph equipped with a 13%-inch
column (number 70008) packed with Apiezon L on Firebrick and operated
at 220°, with helium (at 30 p.s.i.g. inlet pressure) as the carrier
gas. Hetention times established for the pure compounds are
recorded in Table V (p.55).

Elemental analyses were determined by Alfred Bernhardt, Mulheim
(Ruhr), Germany.

Infrared spectra (625-u0000m71 region) were recorded on a Perkin-
Elmer 2378 spectrophotometer using the potassium chloride disc
technique (2 mg sample in 148 mg KCl). Ultravioclet spectra were
determined in absolute ethanol on a Perkin-Elmer 202 recording
spectrophotometer. The nuclear magnetic resonance spectra were
determined at 60 Mc/second in the solvents stated in Table I using
a Varian A-60 instrument. The chemical shifts are recorded in
PepeM. Irom tetramethylsilane as internal reference and are recorded

on the J scale.
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section 1 A.Preparstion of 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 Lg. added to
the solution in the reaction vessel and the reaction mixture stirred
ana heated gradually until the reaction commenced. 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. Af'ter adding the potassium the heating mantle was
replaced and 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 directly to the
refluxing reaction mixture from the above reaction and after
completing the addition the reaction mixture further reX¥luxed for
2 hours when a coifee-coloured solution was obtained. The solution
was filtered through a sintered glass crucible and the filtrate
washed with water then dried over anhydrous sodium sulfate. The
toluene was evaporated under reduced pressure on a rotary
evaporator, the product transferred to a suitable flask and finally
distilled under low pressure (5mm). The distillate was collected
over the range 109-116°. Analysis of the product showed the
presence of 2 impurities in small quantities. Yields for this
reaction, based on the conversion of benzyl bromide averaged about

60% .
B. Preparation of l-bengzylpyrrole in tetrahydrofuran (10)

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

(.36 mole) was reacted with potassium (.256 mole) and the resulting
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potassium salt reacted with benzyl bromide (.203 mole) as described
above. The solvent was removed under reduced pressure and the
resulting product was distilled at 5 mm pressure, the fraction
boiling at 110-1150 being collected. The yield of distilled
product was 31l.l4 g representing a T78.7% conversion of benzyl

bromide.
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Section 2 A, Bromination of 1-Benzylpyrrole (19)

The reaction vessel was a three necked round bottomed flask
fitted with a stirrer, dropping funnel and condenser. Analysis of
the reaction mixtures was accomplished by gas-liquid partition
chromatography.

(1) With Sodium Hypobromite

1-Benzylpyrrole (.006 mole) and carbon tetrachloride (10 ml.)
were placed in the reaction vessel and the solution cooled to 09C.
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 30 minutes at room temperature. The product was
washed with 5% sodium bisulfite solution then with water, the
agqueous 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

1-Benzylpyrrole (.006 mole) and a solution of glacial acetic
acid (80 ml.) containing sodium acetate (0.l 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. <The solution of the product in ether was washed
successively with 5% sodium bisulfite solution, 5% sodium bicarbonate
solution then water, the agueous layers combined and extracted with
ether and the combined organic extracts dried over molecular sieves.
Analysis of the product showed starting materizl but no bromination

products present.
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(iii) with N—Bromosuccinimide and Benzoyl Feroxide

1-Benzylpyrrole (.006 mole) in carbon tetrachloride (20 ml.)
was treated with N-bromosuccinimide (.007 mole) at 0°. A little
benzoyl peroxide (.00l mole) was added and the mixture stirred for
45 minutes at 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 analyszed.
There was no evidence of bromination products.

(iv) With N-Bromosuccinimide

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 Tetrachloride

A series of reactions was performed in which the ratio of
bromine to l-benzylpyrrole was varied. Uetails of the quantities
of reagents used in each reaction zre recorded in Table 1V.

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 0°C. The top of the
condenser was then attached to a water pump and slight suction
was applied t© remove the hydrogen bromide produced by the reaction.
The bromine (din carbon tetrachloride) was cooled to OO then added
dropwise to the cold reaction mixture, while the latter was being
thoroughly stirred. After addition of the bromine.the reaction

mixture was stirred at 0o for a further 30 minutes.
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TAHLE IV

Bromination of l=-Bengylpyrrole with Bromine in Varbon Tetrachloride

hegactant: l-benzylpyrrole (lg; 006 mole} Solvent: Carbon Tetrachloride
Temperature: 0°C (except for reaction B-11 at room temperature)

analysis of product was acheived by gas-liquid partition chromatography

Ihezﬂtinn wolvent in Bromine adoed: Iotal solvent NMole ratio Analysis (%) of product
i reagtion vessel mole BEEIEE ?q}vent____ usee l=bengylpyrrole;Bromine A b H D E
B-1 22.5 ml, L0015 mole/2.5 ml. 25 ml, 1i «25 50 4 9
B=2 20.0 ml. 003 mole/%.0 ml. 25 ml. i i B 0 Q 33
H-3 7.5 ml. 0045 mole/T.5 ml. g5 ml, 11 T8 16.6 - Tab
B-ly 15.0 ml. 000 mole/10 ml. 25 ml. i s § 3.0 Te5 a1 33 lLitt
B=5 3745 mka +0075 mole/12.5 ml. 50 ml. 13 1.25 1.5 Ll 20.2 33.7 ULl
Bab 10,0 ml. 009 mole/ls ml. 25 ml, 1 1.5 Further bromination
BaT 10.0 ml. 012 mole/20 ml. 30 ml. 1: 2 appreciable
B-b 42.5 ml, L0045 mole/7.5 ml. 50 ml. 1i .75 35 10.6 55 little
H=0 40 ml. 005 mole/10 ml. 50 ml, g g [1ed 10.4 53 32 it
He=10 %0 ml. 06 mole/18 ml, 100 ml. 11 1 Ue5 2.0 59 27 it
B=11 4O ml. 006 mole/10 ml. 50 ml. iy 2.0 Teld 31.2 32.2 26
- - A lrhenzylp}rrﬁla B: 2,3,4,5-tetrabromopyrrole

C: Mixture of 3-bromo-l-bengylpyrrole and 3,4-dibromo-l-bengzylpyrrole

Ut Unigentified mixture Er £,3,4-tribromepyrrole



The carbon tetrachloride solution was separated from an insoluble
sticky red product, which resembled pyrrole red, and was washed
successively with 5% sodium bicarbonate solution, 5% sodium bisulfite
solution and water. The aqueous layers were combined and extractea
with ether and the combinea organic extract dried over molecular
sieves. The solvent was evaporated and the product analyzed. The
results of the analyses are recorded in Table 1V. 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 Iable IEJ. The product (45.9g) was worked up in the manner
described below.

After evaporation of the solvent the product was extracted
with boiling petroleum pentanes (b.p. 37-50°). The solution was
tiltered and the filtrate chillea in ice. 1l-Bengyl-3-bromopyrrole
crystallized from the solution and was purified by recrystallization
from petroleum pentanes. The mother liguor was evaporated and the
oil obtained fractionated by column adsorption chromatography on
alumina (Fisher, neutral grade), eluting successively with petroleum
pentanes, 20% benzene in petroleum pentanes then LO% benzene in
petroleum pentanes. A partial separation was effected and a pure
sample l-benzyl-2,3,l4-tribromopyrrole was obtained. The fractions
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. Finally the products described below were isolated and
identified.

This separation was conveniently followed by gas-liguid

35.
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partition chromatography.

1-Benzyl-3-bromopyrrole, m.p. 73.5 = 74°
Cale'd tor CllHloNBr : Gy 5549535 B, K275 N, 5.93;3 Br, 33.85
Found : C, 55.04; H, L4.27; N, 5.96; Br, 33.86

1-Benzyl=-3,4~dibromopyrrole, m.p. 76.0 - 76.5°
Cale'd for Cj3HgNBro : G, 41.94; H, 2.88; N, hhli; Br, 50.7h
Found : G, 42.053 H, 2,753 N, L.53; Br, 50,82
1l-Benzyl-2,3,4-tribromopyrrole m.p. 59.0 - 59,5°
Cale'd for 011H6N3r3 : G, 33.54; H, 2.04; N, 3.555 Br, 60.86
Found : C, 33.69; H, 2.02; N, 3.71l; Br, 60.84
1-Benzyl-2,3,U4,5-tetrabromopyrrole, m.p. 104.5 - 105°
Cale'd for CpqHyNBr), : C, 27.94; H, 1.49; N, 2.96; Br, 67.61
Found : C, 28,033 H, 1.43; N, 3.02; Br, 67.4B

B. Preparation of l-Bengzyl-3-pyrrolecarboxylic “Acid and its Methyl Lster

(1) Attempted Grignard reaction on l-Benzyl-3-bromopyrrole

A 100 ml. three necked flask was equipped with a stirrer, dropping
funnel and condenser. Urying tubes were attached to the funnel and
condenser and the complete apparatus dried thoroughly in an oven.
1-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 anhydrous ether
(25 ml.) contained in the flask. The reaction mixture was stirred
for 1 hour at room temperature, then solid carbon dioxide was
added down the condenser and the mixture stirred for a further 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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(1i) The above reaction was repeated in tetrahydrofuran as solvent
and the reaction mixture refluxed for U4 hours. This reaction was
also unsuccessful.
(iii) A further modification of the Grignard reaction using a large
excess of ethyl bromide was attempted. l-Benzyl-3-bromopyrrole
(«002 mole) and ethyl bromide (.02 mole) in dry tetrahydrofuran
(25 ml.) was added dropwise with stirring to magnesium (.002 mole)
in tetrahydrofuran (25 ml.) and the mixture refluxed until the
magnesium had reacted completely. ‘Then methyl chloroformate (.002
mole) in tetrahydrofuran (25 ml.) was added to the mixture and
refluxing was continued for a further 2 hours. The tetrahydrofuran
was washed with water, the water layer extracted with ether and
the combined organic extract aried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure on a rotary
evaporator and an unidentified solid product (m.p. 49-50°) was
isolated. It was apparently hydrocarbon. No ester was isolated.

(iv) Attempted Heaction of l-Bengyl-3-bromopyrrole with n-Butyllithium

n-Butyllithium was prepared and standardised (20)
with sulturic acid (0.2 Normal). <The product was shown to have a
concentration of n-butyllithium of 1.l moles/litre.
1l-Benzyl-3-~bromopyrrole (.0085 mole) in anhydrous ether (50 ml.)
was placed in a 3 necked flask fitted with & stirrer, dropping
funnel and a short condenser. The apparatus was thoroughly flushed
with dry nitrogen then n-butyllithium solution (16 ml., .018 mole)
added dropwise with stirring. After 15 minutes solid carbon
dioxide was added to the reaction mixture and stirring was continued
for a further 5 minutes. Water was added, then the mixture was
acidified with hydrochloric acid. The aqueous lagyer was separated

and extracted with ether, the orgamic extracts combined and the
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combined extracts dried over molecular sieves. The solvent was
removed by evaporation under reduced pressure and a brown, fruity-
smelling liquid was obtained. Lhe liquid decomposed on distillation
under vacuum (Smm pressure). No acid was isolated.

(v) Heaction between 1-Benzyl-3-bromopyrrole and Lithium

The reaction vessel was a2 100 ml. three necked flask ritted
with a2 condenser, stirrer and dropping fumnel. Freshly prepared
lithium wire (.0l5 mole) was cut into small lengths and placed in
anhydrous ether (25 ml.) in the previously dried flask, and 1-
benzyl-3-bromopyrrole (.0l mole) in anhydrous ether (25 ml.)
added with stirring. The reaction mixture was refluxed gently
for 1% hours. 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 riltered. The
filtrate was carefully acidified, keeping the temperature below 109,
and the product filtered. The yield of crude acid was 1l.6g. (00%).
The acid was purified by refluxing in methanol with activated
charcoal (Norite) and recrystallizing from aqueous methanol. The
acid was shown to be:
1l-Benzyl-3-pyrrolecarboxylic acid MePe 149.5-150°

Cale'd tor CquHyqOoN : G, T1.63; H, 5.51; N, 6.96
Found s By Ti61s B; 55 3 N; .10

(vi) Preparation of Methyl 1-Benzyl-3-pyrrolecarboxylate

An excess of a solution of diazomethane in ether was prepared
(21) and added to l-benzyl-3-pyrrolecarboxylate in ether (5 ml.)
and left to stand overnight in a fume cupboard. The product in

methanol was refluxed with decolourizing charcoal (Norite) and



recrystallized from agueous methanol. It was shown to be:

Methyl l-bengyl-3-pyrrolecarboxylate m.p. 52-52.59.
Cale'd for G H; 30N : C, 72.5; Hy, 6.06; N, 6,50

Found ¢ €, T2:.1; H, 6,133 N, 8.62

C. Attempted Lebenzylation of Methyl l-Benzyl-3-pyrrolecarboxylate

W4 Haney nickel was prepared by the method of Favlik and Adkins
(22) using one-tenth the quantities described. The reactions were
carried out in an autoclave hydrogenator and the products analyzed
by gas=-liquid partition chromatography.
(1) Methyl l-benzyl-3-pyrrolecarboxylate (0.3g, .00lL mole) and
Wy raney 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,
wirile stirring the mixture slowly, for ¢ hours. The Raney nickel
was filtered and the methanol evaporated under reduced pressure.
The product (0.3g) was taken up in ether and analyzed. Nko methyl
-3=pyrrolecarboxylate was detected in the product.
(ii) The above reaction was repeated at 50°C and 1200 p.s.i.g. but
there was no evidence that the required product was formed.
(iii)The reaction was repeated at 110°C and 1900 p.s.i.g. but these
conditions again failed to bring about the required debenzylation.

D. Preparation of Methyl l-Benzyl-3-pyrrolecarbvoxylate from Methyl

3-Pyrrolecarboxylate

Methyl 3-pyrrolecarboxylate (.012 mole) in tetrahydrofuran was refluxed
with potassium (.01l mole) and the product refluxed with benzyl bromide
(.01 mole). Removal of the solvent gave a brown oil which was refluxed
with activated charcoal in methanol. The ester was precipitated by
adding water (m.p. 50.5—51.50). 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 1-Benzylpyrrole (2)

1l-Bengylpyrrole (0.0L7 mole) in acetic anhydride (25 ml.) was
treated with a2 solution of fuming nitric acid (.006 mole) in acetic
anhydride (15 ml.) keeping the temperature below -10°. After
hydrolysis in cold water (3 hours) the solution was neutralized with
sodium hydroxide and the oily product separated from the agueous
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 shown to be present.

Separation of the Nitration Products

The oil obtained after evaporation of the ether was taken up
in benzene and chromatographed on a column of alumina (fisher, neutral
grade), eluting with a benzene-petroleum pentanes mixture. ILhe
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 followed by gas chromatography.

The retention times of the pure compounds are recorded in Table _?_
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 agueous methanol, using very little water. The
crystals were needle-shaped and off-white in colour. The nuclear
magnetic resonance spectrum of this showed it to be the 2-nitro
derivative. The second isomer collected was recrystallized irom
methanol then from a benzene-petroleum pentanes mixture. The

nuclear magnetic resonance spectrum (Table I) of the pale yellow




erystals showed them toc be the 3-nitro isomer.
l1-Benzyl-2-nitropyrrole, M.Pe. 36-36.5°
C, 65.30; H, 4.96; N, 13.05

1 I 1 -
Cale'd for CllHi0N202
Found : G, 65.19; H, 5.32;3 N, 14.01
1-Benzyl-3-nitropyrrole m.p. 67.5-68°
Calc'd for C),H N0, : C, 65.30; H, L.98; N, 13.65
Found : C, 65.26; H, 5.01; N, 13.72

B. Reduction of l=-Bengyl-3-nitropyrrole

(i) Attempted Heduction with Alkaline Sodium Hypophosphite Solution

1-Benzyl-3-nitropyrrole (.0025 mole) was dissolved in methanol
(5 ml.) and an excess of a solution of sodium hypophosphite in
sodium hydroxide (6N) was added. The product was extracted with
ether and the ether extract dried over molecular sieves. The
solvent was then evaporated. The expected amine was not isolated.

(ii) Attempted Reduction with Zinc and Acetic Acid

1-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. <The solution became hot as the zinc
reacted. After 30 minutes the excess zinc was filtered and the
solution made alkaline with sodium hydroxide. 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 ~nhydride

1-Benzyl-3-nitropyrrole (.0025 mole) was dissolved in acetic
anhydride (10 ml.) and the reduction carried out as in (ii). After
filtering the excess zinc the solution was taken up in ether and

the ether extract dried over molecular sieves. The wolatile




components were evaporated under reduced pressure, and a small
guantity of an oll was recovered. However this did not erystallize.

(iv) Attempted Heduction with Stannous Chloride Solution (23)

Tin was dissolved in concentrated hydrochloric acid and an
excess of the solution added to l-benzyl-3-nitropyrrole (.0025 mole)
suspended in water (5 mL.). The product was made alkaline with
sodium hydroxide and ether extracted, the ether layer being
immediately added to an excess (10 ml.) of zacetic anhydride. After
evaporation of the ether and excess acetic anhydride a small
quantity of oil remained which did not crystallize.

(v) Keduction with Tin and a Saturated Solution of Hydrogen Chloride

in Methanol

Tin (1.7g) was reacted with a solution of l-benzyl-3-nitro-
pyrrole (.0025 mole) in methanol saturated with hydrogen chloride,
keeping the reaction mixture cool by immersing the flask in cold
water. When the tin had nearly all dissolved the solution of the
product was decanted trom the unreacted tin and the ezmcess of
methanol and hydrogen chloride evaporated under reduced pressure.
The oily residue was shaken up with water and the aqueous solution
decanted. <This solution was treated with excess acetic anhydride
(5 ml.) in ether (25 ml.) and the solution made strongly alkaline
with sodium hydroxide (6N), keeping the mixture cold by immersing
the flask 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. <ihe
crystals were recrystallized from aqueous methanol then from a
benzene-petroleum pentanes mixture. 1l-Benzyl-acetamidopyrrole

(+hg;80% yield) was obtained.




1-Benzyl-j-acetamidopyrrole MePe 1300
Cale'd for GlBthﬂzo s G, 72,855 H, 6.585; N, 13.07
Found ¢ G, 72.0573 B, 6,725 N, 13,18

(vi) Catalytic reduction of 1l-Benzyl-3-nitropyrrole (1u)

1l-Benzyl-3-nitropyrrole (.002 mole) in methanol (15 ml.) was
shaken mechanically for 15 minutes with hydrogen at 35 p.s.i.g. in
the presence of platinum oxide (.05g) on a Parr hydrogenator. <The
solution was filtered znd it immediately began to go brown, &0
the solution was treated with a mixture of acetic anhydride and
sodium acetate. The solvent was evaporated under reduced pressure
and the product recrystallized froma 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 l-benzyl=-
j-acetamidopyrrole obtained in (v) melted at 129°.

(vii) Catalytic Heductive icetylation of l-Benzyl-j-nitropyrrole

1l-Benzyl-3-nitropyrrole (.0022 mole) was dissolved in acetic
anhydride (20 ml.) and a saturated solution oif sodium 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 riltered (wield .Lg; 85%). It was recrystallized from
aqueous methanol, then sublimed and then recrystallized Irom a
benzene-petroleum pentanes mixture. £ mixed m.p. with the l-benzyl-

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



Section 4 A. Formylation of 1-Benzylpyrrole (15)

The reaction vessel was a three-necked rlask (500 ml.) fitted
with a stirrer, dropping funnel and condenser. Vimethyl formamide
(0.103 mole) was placed in the reaction vessel and cooled to 0%,
Phosphorus oxychloride (0.102 mole) was then added, with stirring
over a l5-minute period, keeping the temperature between 162 and
20°. The mixture was turther stirred for 15 minutes at room
temperature, then the ice bath was replaced, ethylene dichloride
(25> ml.) added and the mixture cooled to 5°. A solution of 1-
benzylpyrrole (.09 mole) in ethylene dichloride (25 ml) was added
from a dropping funnel over a period of 10 minutes and the mixture
refluxed for a further 30 minutes. Lt was then cooled to 25—300;
a solution of sodium acetate (0.5 mole) in water (250 ml.) was
added rapidly to the reaction mixture and the mixture again
refluxed for 15 minutes. Arter cooling the ethylene dichloride
layer was separated and the agueous layer extracied with ether.

The combined organic-extracis were washed with saturated sodium

carbonate solution then with waber and finally dried over molecular

sieves. 7The solvent was evaporated under reduced pressure and the
product (in ether) analyzed by gas-liquid partition chromatography.
Two products in the ratio 14.7:1 were indicated on the analytical
chromatogram along with some unreacted starting material., Lhe
retention times are recorded in Table V.

Separation of the Products

(1) By Distillation under Vacuum

The brown iormylation product was distilled at O.3mm and the
fraction boiling at 120—131D collected. <LThis 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

Lk
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this high temperature. Only the one product was recovered. Its
nuclear magnetic resonance spectrum corresponded to :
1-Benzyl-2-pyrrolecarboxaldehyde b.pe« 12b-1310 at 0.3mm
Cale'd for CppH (N0 = C, 77.8; H, 5.985 N, 7.50
Found 3B, 77635 H;6.6083 N, 7.69

(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 l-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
effected but the oily fractions collected were coloured. However,
each gave only one peak on the gas chromatograph., l-Benzyl-3-
pyrrolecarboxaldehyde was indentified by its nuclear magnetic
resonance and infrared spectra but it was not analyzed for C, H,
and N.

Formylation of a Mixture of 1- and 2- Benzylpyrroles

A mixture containing about 20% 2-benzylpyrrole and 0% 1-
bengylpyrrole was formylated as described in A above. 4analysis
of the reaction mixture by gas chromatography showed (a)that all
the 2-benzylpyrrole had reacted but some l-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-benzylpyrrole. The l-benzyl-2 and 3-carboxaldehydes were
separated by column chromatography as previously described then
the column stripped with pethanol, 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

Ls.




agueous methanol. This compound was identified from its nuclear
magnetic resonance and infrared spectra to be :
2-benzyl-5-pyrrolecarboxaldehyde mepe 93.5=94.5°

Calc'd tor ClellNO t Cy 783 B; 5.983 M, 7.56

Found : C, 77.6; H, 6.18; N, 7.7hL
The black o0il remaining was dissolved in methanol and refluxed

with decolourizing charcoal (NMorite). The solution obtained
was orange and orange crystals were obtained on evaporating. <Lhe
crystals were recrystallized from benzene-petroleum pentanes and

melted at 121-122°. This compound has not been identified.

B. Preparation of Derivatives of 1-Bengzyl-2-pyrrolecarboxaldehyde

and l-Benzyl-3-pyrrolecarboxaldehyde

(1) Preparation of Uximes (2L)

Hydroxylamine hydrochloride (0.5g) was dissolved in water (2 ml.)

and a solution of sodium hydroxide (2 ml. 10%) added. The
aldehyde was then added together with enough ethanol to give a
clear solution. The mixture was then reifluxed for 30 minutes and
the product poured into twice its own volume of water and cooled
in an ice bsath.
(a) 1-Benzyl-2-pyrrolecarboxaldehyde (0.2g) yielded 0.19g, (67%)
of oxime. It gave white crystals, m.p. 111-1120, from agqueous methancl.

Calc'd for 012H120N2 : €5 71.96; H, 6.655 N, 13.99

Found s Qe TR135 Hy 6455 N, 13,064

(p) 1-Benzyl-3-pyrrolecarboxaldehyde (0.3g) yielded 0.2g (65%) of
oxime. The bright yellow product, recrystallized from a benzene-
petroleum pentanes mixture, gave pale yellow crystals, m.p. 146-1147°
Cale'd for Gy H 0Ny : G, 71.96; H, 6.05; N, 13.99

Found : C, 72,233 H, 5.84; N, 13.92

L6,




(iii) Conversion to the Correspondins Acids

(2) Oxidation of l-Benzyl-3i-pyrrolecarboxaldehyde

This was oxidized with Tollen's reagent a2s described by Hodge
and Rickards (25). oSilver nitrate (.007 mole) was dissolved in
water (125 ml.) and a solution of sodium hydroxide (0.25 mole) in
water (250 ml.) added with stirrinz. The aldehyde (0.5g;0.003 mole)
was dissolved in methanol (25 ml.) then added to the reaction mixture
and the latter stirred at room temperature for 2 hours. ‘Lhe
residue was ifiltered and the riltrate ether extracted. LThe agueous
solution was carefully acidified while cooling in ice and the
product salted out with sodium chloride. <YThe filtered product
(0.12g; 22%) was recrystallized from agueous methanol. It meltea
at 148-149° and a mixed melting point of this acid with the acid
obtained (p. 38) from l-benzyl-3-bromopyrrole (m.p. 150°) showed
no depression ( mixed m.p. 148-1519).

(b) Oxidation of 1-Bengzyl-2-pyrrolecarboxaldehyde

(i) The method described in (a) was attempted but only a very small
amount of product (0.04g) was obtained trom 1 gm. of the aldehyde.

(ii) Preparation of 1-Benzyl-2-pyrrolenitrile (16)

1-Benzyl-2-pyrrolecarboxaldenyde (.0l mole), hydroxylamine
hydrochloride (0.80g; 0.0l mole), sodium formate (1.25g; excess) and
formic zeid (15 ml.; 98-100%) were retluxed ror 1 hour. <The
product was diluted with water and the solution ether extracted;
the solution was dried over anhydrous sodium sulfate. &vaporation
of the solvent gave a brown oil. <YThis was placed on a short column
of zlumina (Adsorption grade) and eluted with a petroleum pentanes-

benzene mixture. U4Lvaporation of the solvents under reduced

uf.
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pressure gave a colourless oil. The infrared spectrum of this oil
(Table ii) indicated the presence of the nitrile group. The yield
of crude nitrile was .0g (45%).

(iii) Hydrolysis of the Nitrile

The nitrile obtained above was refluxed for © 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 aciaified with concentrated sulturic
acid, keeping the solution cold. The white crystalline precipitate
(B) was filtered.

The white solid, (A) was recrystallized from a benzene-
petroleum pentanes mixture. It was shown, by its nuclear magnetic
resonance spectrum to be :
1-Benzyl-2-pyrrolecarboxamide, m.p. i32-313°

Cale'd for 012H120N2 : C, 724003 H, 6.03;5 N, 14.00
Found t Oy 71855 H, 6,063 Nj 13.76

The white acid B, was recrystallized from agueous methanol.
Analysis of its nuclear magnetic resonance spectrum showed it to be:
1-Benzyl-2-pyrrolecarboxylic acid, m.p. 130-131°. Yield .5gm (55%)

Cale'd for 01251102N 2 €y 71.63; H,; 5.51; N, 6.96
Found 2 G Thelils By 5315 Ny 702

C. FPreparation of l-Bengyl-2-pyrrolecarboxylic Acid from Methyl

2-Yyrrolecarboxylate

(i) Methyl 2-pyrrolecarboxylate (0.055 mole) in toluene was
reacted with potassium (0.05 mole) znd the mixture refluxed to
complete the reazction. Benzyl bromide (0.047 mole) was then added
and the mixture refluxed for a further 1 hour. The solvent was

removed by evaporation under reduced pressure on a flash evaporator




and the product obtained chromatographed on a column of slumina
(Fisher, Adsorption grade) and eluted with petroleum pentanes.
The yellow liquid obtained was analyzed by gas-liquid partition
chromatography and was shown to contain benzyl bromide and product.
The yield of crude material was L.ug (4L%): The product was
rechromatographed on a column of alumina (¥isher, Neutral grade)
and 2.55g of product (25%) free of benzyl bromide was obtained.
The yellow oil crystallized on standing overnight in a freezer.
The coloured crystals were distilled under vacuum and a colourless
liquid, which crystallized readily, was obtained.
Methyl 1-Benzyl-z-pyrrolecarboxylate m.p. 31-31.5°

Cale'd for Ul3Hi302N s G, T2.b3 H, 5.66: N; 6.50

Found : G,72.705 H, 6,073 Ny 6.75

The product was compared with the sample of methyl l-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 l-benzyl-2-pyrrolecarboxylate (0.2g) prepared in (i)
was refluxed with excess potassium hydroxide (20%) until the oily
ester was no longer visible (lj hours). The solution was filtered,
diluted with an equal volume of water then cooled in ice.
Coneentrated 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 from aqueous methanol. The yield of recrystallized
product was .068g (L6%); its melting point 131-131.5°.

The mixed me.p. of the product with the acid obtained from

1-benzyl-2-pyrrolecarboxaldehyde via the mitrile (p.4-§) was 130-132°.

ngu




50,

Section 5 Attempted Substitution of the Benzenesulfenyl and 2,4-

Dini trobengenesulfenyl groups onto the Fyrrole Nitrogen

A, (i) Preparation of Benzenesulfenyl Chloride (26)

& 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 irom the reddish solution and a
red liquid remained. Further distillation at 9mm pressure
produced an oily red distillate at 73-717°. The yield of
redistilled product was 5.ubg;(6LE).

(ii) Attempted Preparation of l-Benzenesulfenylpyrrole

(a) A solution of pyrrole (.029 mole) in toluene (10 ml.) was
placed in a three-necked ilask 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 rerluxea for one hour. Much charring
occured. The reaction mixture was filtered zand the toluene solution
washed with water then dried over molecular sieves. The solvent

and excess pyrrole were evaporated under reduced pressure. The
reaction was unsuccessiul.

(b) The above reaction was repeated but the benzenesulfenyl
chloride was added to the potassium pyrrole at Oo. The mixture was
then graduzlly brought up to reflux temperature but the product

was still very dark and oxidized on attempted distillation.

(¢) The reaction was again repeated at -70° under an atmosphere

of nitrogen, the reaction flask being cooled in a "iry-Ice'-acelone




bath. <The benzenesulfenyl chloride was added over a period of 20
minutes ana the mixture stirrea at —700 for a further 30 minutes,

then the temperature gradually raisea to room temperature. The
solution obtained was much clezner. The solvent was evaporated

and an attempt was made to purify the product by distillation

under low pressure (0 mm). Most of the product azain decomposed

but a few drops of clear adistillate was obtained. It appeared,

from its nuclear magnetic resonance spectrum, to be 2-benzenesulienyl-

pyrrole.

B. (i) Attempted Preparation of 1-(2,4-Uinitrobenzenesulfenyl)-

Pyrrole

Pyrrole (obtained from Aldrich Chemical Uompany) was purified
and distilled by fractionating on a spinning band column. The
constant boiling fraction was collected. Potassium pyrrole (.0LO6
mole) Was prepared as described above in Section 5A(ii) and the
slurry cooled to —10O by means of an ice-salt bath. 2,4-Vinitro-
benzenesulfenyl chloride (9.8g; .04l mole), partly dissolved,
partly suspended in toluene was slowly added. <1he first few ml.
of reagent added produced a deep blue colouration on coming into
contact with the potassium pyrrole but it darkened rapidly. Lhe
mixture was stirred at -10° tor 30 minutes, then the temperature
raised to room temperature. <The solvent was evaporated on a tlash
evaporator and the product. dissolved in a minimum of methancl.
It was refluxed with acitivated charcozl (Norite) and then
recrystallized from agueous methanol. The nuclear magnetic
resonance spectrum of the yellow proauct (Lable I) showed it to be
the 2-substituted pyrrole derivative:

2=-(2,h-dinitrobenzenesulfenyl)-pyrrole, m.p. 149.5-150°

i



Cale'd for ("1039“3%3 2 C, 45.29; H, 2.66; N, 15.8; S, 12.09
Found = C, U45.55; H, 2.803 N, 15.63 S, 12,16
(ii) Heaction 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). Two fractions were collected. The
first gave a ruby red oil (4.7g) which crystallized on standing to
give bright rea crystals,which were recrystallized from a benzene-
petroleum pentanes mixture. The second fraction (5.8g) contained
the compound isolated in B (i). The muclear magnetic resonance
spectrum of the red product showed it to be:
1,3-dimethyl-2-(2,4-dinitrobenzenesulfenyl)-pyrrole  m.p. 107-112°
Cale'd for G H N .05 5 G, b9.lls H, 3.78; N, 14.32; 5, 10.92
Found 3 C, u9.33; H, 3.90; N, 1u.16; 5, 11.00
(iii) The above reaction, B (ii) was carried out in benzene as
solvent instead of toluene thus eliminating the only apparent scource
of methyl groups. However the same two products were obtained.

(iv) Heaction between Pyrrole and 2,l—Vinitrobenzenesulfenyl Chloride

in the presence of lriethylamine

Pyrrole (.057 mole) and triethylamine (0.075 mole) were
mixed together in an Erlenmeyer flask. 2,4-lUinitrobenzenesulfenyl
chloride (.05 mole) in dioxane (50 ml.) was added with stirring.
The mixture became hot and was allowed to stand for one hour. lhe
solvent was evaporated on a rotary evaporalor znd the dark oil
charomatographed (in two batches) on a 12-inch column of alumina
(Adsorption grade). OUnly the yellow compound,2-(2,4~-dinitro-
benzenesulfenyl)-pyrrole, was obtained. (Yield 0.055g;66.6%).

No red product was isolated.

D24
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(v) Reaction between Pyrrole and 2,lL-Uinitrobenzenesulfenyl Chloride

with no added base

Pyrrole (.057 mole) and 2,l4-dinitrobenzenesulfenyl chloride
(.025 mole) were mixed at room temperature in sutticient dioxane
to make a homogeneous selution. The reaction mixture was stirred
for L hours. Much blackening occured but a yellow solution was
leit after filtering the black solid. <The solution was evaporated

on a rlash evaporator then passed down a 12-inch column of neutral

grade alumina. <YThe orange solution was collected and evaporation
of this gave 2-(2,4-dinitrobenzenesulfenyl)-pyrrole, the yellow
product obtained in B (i). (Yield L.Bg; 70%).

The black material was insoluble in tne common solvents bub
burned leaving a residue of carbon. Lt was probably a polymeric
material.

(vi) Heaction B (ii) was repeated with pyrrole obtained from an
entirely aifterent source (Ansul Chemical Uompany). The product
was passed through a column of neutral alumina. WNo red product,
1,3-dimethyl-2-(2,4~-dinitrobenzenesulfenyl)-pyrrole, was isolated.

Ce Formylation of 2-(2,4-LUinitrobenzenesulfenyl)-pyrrole

The method used employed dimethylformamide (.002 mole) and
phosphorus oxychloride (.002 mole) as the formylating mixture.
The reaction was carried out, as described on page LlL, for the
formylation of l-benzylpyrrole, except that double the volume 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. Uuring the reaction however it went
completely into solution and, on cooling, after hydrolyzing the

product with sodium acetate solution, gellow crystals appeared




which were filterea off. (Yield 2.U45g; L42%). These crystals were
recrystallized Irom aqueous ethanol then from z benzene-petroleum
pentanes mixture. <1he nuclear magnetic resonance spectrum ot the
product showed it to be 2-(2,l4-dinitrobenzenesulfenyl)-5-
pyrrolealdehyde m.p. 212-214°

Cale'd for Uy HoN3055 2 G, L5.05;5 H, 2.406; N, 14.33; S5, 10.93

Found i G, 45.235 H, 2.38 ; N, ih.dl; S, 10.67

The ethylene dichloride layer was separated znd the aqueous phase
extracted with ether and the combined organic extracts dried over
molecular sieves. UWvaporation of the solvents gave a red oil
which was tzken up in methanol. 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 melted =t 134-135°9, This compound was shown to be
recovered starting material; a mixed melting point of the crystals

with starting material showed no depression.
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TABLE 7

Column No. TOOOE (Apiezon on Firebrlck).

Temperature: EE'IJC'IL:

Pressure

2 30 peSelags

Compound
1-Benzylpyrrole
l-Banzyl-i-bromopyrrole
l-Benzyl-3,h~dibremopyrrole
l-Bengyl-2, ;, j=tribromopyrrole
1-Hengyl-2, 4,4, 5-tetrabromopyrrols
1-Benzyl-2-nitropyrrole
1-Bengyl-j-nitropyrrole
1-Bengyl-2-pyrrolecarboxsldehyde
1-Bengyl=-3-pyrrolecarboxaldenyde
Methyl 3-pyrrolecarboxylate
Methyl 2-pyrrolecarboxylate
Methyl l-benzyl-2-pyrrolecarboxylate
lethyl 1-bengyl-j-pyrrolecarboxylate
2=-dengylpyrrole
2-Bengyl=b=pyrrolecarboxaldehyde

lieteption time(minuies)

1.6
b0
e
20.3
3
T
18,0
L8
11,6

1.5

Sely
14.1
a5



(1)

(2)

(3)

(L)

(5)

(6)

(7)

(8)

(9]
(10)

(11)

(12)

(13)

(14)

(15)

(16)
Qa7)
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