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SUMMARY

Three new me-tetra-g-substitutedphenylporphyrine and
their zine complexes have been synthesgized by the Rothemund
reaction, Attempts to elucidate the mobhmim of this
reaction have been deseribed and a possible intermediate or
by-prod uet isolated and ildentified. The electronic absorp-
tion spectra of the new compounds have been compared with
two literature compounds and the nuclear magnetic resonance
gepectra of the free bases have been determined. The spectra
have been discussed in relation to problems of porphyrin
structure. Three porphyrins (in gm. quantities) have been
sent to the Chester Beatty Research Institute, London, for
testing for tumour inhibition,

McDonald'e porphyrin synthesis has been modified to
produce meg-disubstituted porphyrine and comparison of it with
other syntheses for these compounds has shown 1t to be the
best. The possibility of extending this synthesis to tri-
eand tetrasubstituted porphyrins hes been envl saged.

Schotten-Baumann bengoylation of pyrroles has been
shown to give 2-substituted derivatives and not the {~isomers
previously reported. An infrared study of the NH and CO
stretehing frequencies of 2-benzoylpyrroles and of the CO
gtretching frequencies of 1-benzoylpyrroles has been
deseribed.
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1.

SEAETER.L
INTRODUCTION

1.1 Rorphyring and cancer

Porphyrins are substituted derivatives of porphin
(I), the aromatic macrocycle formed when four pyrrole

residues are linked via their o-positions.

These compounds ere widespread in nature and are of
fundamental biological importance since they form the basie
gkeleton of both haem and ehlorophyll compounds. The haems
are iron complexes of ﬁorphyrinu while the ehlorophylls are
magnenium complexes of dihydroporphyrins.

In 1924, Policard' examined experimental rat
tumours under ultraviolet light and observed the character=

{gtic strong fluorescence of porphyrins. However, 1t was
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not until the 1940's® that the precise relation between
porphyrins and cancer began to be thoroughly investigated.
8ince that time, experiments have followed four main trends:

(1) investigation of possible disturbances of the
-normnl porphyrin metabolism as a result of
the presence of tumour tissue;

(2) studies on the presence of porphyrins in
tumour tissue;

(3) examination of the photosensitivity of
tumours in the presence of porphyrins; and

(4) investigation of the sbility of the neoplasm

to accumulate porphyrins.

The last two methods were of interest to us since
gynthetic porphyrine could be used and these methods will

therefore be discussed in greater detail.

Photosensitization of the ik1n3 is a characteristic
symptom of the disease, porphyria, whieh results from the

presence of excess porphyrins, particularly uroporphyrin I (II).
P A

A = Acetic Acid.

P = Propionic Acid.

II
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In 1930, it was observed that this sensitivity
extended to wavelengths in the X-ray rangch. This
eppeared promising for cancer therapy, since it seemed
likely that it would be possible to increase the tumouricidal
effect of lonizing radiation by the administration of
porphyrins. Further support for this view came from the
fact that porphyrins could enhance radiosensitivity in

normally radioresistant organisms, such as paramoaoins.

The potential value of these observations was
greatly increased when it was coupled with the fact that
tumour tissue accumulates porphyrins. This latter property
offered possibilities not only for cancer therapy, but also
as an aid to diasgnosis since it could permit external
seintiscanning of radioactive derivatives. It was also
recognized that the characteristic fluorescence of the
porphyring might be used to aid the surgeon during cancer
operations. These possibilities have since been investi-
gated with some success; but conflicting results have

sometimes been obtained.

6

Auler and Banzer first observed that haemato-

porphyrin (III, IX isomer) tends to accumulate in neoplastiec
tissue in men and animals. Figge and his ooworkarIT
demonstrated that other naturally occurring porphyrins

besides haematoporphyrin were localized and also that zine
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I11
complexes of porphyrins, could sccumulate in neoplastie,
embryonic and traumstized tissue. They® also used large
doses of haematoporphyrin in surgery of ecancerous growths,
However, Schwartz and his uollahoratorng have claimed that
it wes not haematoporphyrin, but rather an impurity in
haematoporphyrin which was localized. 1In fact, they found
as many as twenty different porphyrins in a sample of
commercial haematoporphyrin. On the basis that the impurity
was bls-(2-bromoethyl)-deuteroporphyrin (IV), Altman and
ﬂnlomon1° have found that the closely related, but more easily
prepared, blu—(2—10doathw1—13*1)-dcutcroporphyr1n becomes
localized selectively in trensplanted adenocareinomata and

in spontaneous mammary adenocareinomata.

Lipnon'gm,;1.11 have found that the dlacetyl
derivative of haematoporphyrin is localized more effectively
than haematoporphyrin itself. In the 1ight of these
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guccessful experiments, the e¢laim by Baues12 that 6"‘t:lu-
labelled copper complexes of porphyrins are not localized

in human tumours but are in mouse tumours, seems rather
surprising. Other wbrkar113 have concluded that haemato-
porphyrin is not only localized, but inhibits the development
of Walker's adenocarcinome in white rats. Working with a
gsample of haematoporphyrin, which had been carefully purified
from protoporphyrin (V) and deuteroporphyrin (VI),
'M,nkaalumx“4 mede quantitative determinations of these three
porphyrins in subcellular fractions of neoplastic tissue
using fluorometric and spectrophotometric methods.

v Me H Me
Me v Me v
V=Vinyl.
Me' Me Me Me
P P P P
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The site of origin of the protoporphyrin and deuteroporphyrin
was not known, Some Japanese workorl15 have reported
successes in the chemotherspy of malignant tumours using the
disodium galt of the mercuric complex of haematoporphyrin.
They believe the effectiveness of their therapy 1s based

on the facts that the porphyrin forms a chelate complex with
cuprous ion, thereby preventing the inhibition of enzymes
containing the thiol group, and the mercuric ion, which is
liberated, prevents the formation of non-protein thiols.

An increase in cuprous ion and in non-protein thiols have
been described as fundamental phenomena in tumour<bearing
animale end cancer patients. The most recent successful
experiments on the porphyrin-localizing property of tumours
have been with sulphonic ascid derivatives of tetraphenyl-
porphyrin (VII).16

Vil



Te

The positions of the sulphonic mseid groups are not known
with certainty but, on the basis of the visible spectrum,
they are believed to be in the phenyl rings and not on the
f=positiong of the pyrroles. The poutulato17 of the
presence of & special phospholipid, 'malignolipin’, in tumour
tissue to explain the localizing property has been recently

oritieizoﬂ.1a

From these studies, it seems that neoplastio
tissue does possess the property of localizing a wide
variety of porphyrins, but more needs to be known of the

reagons for this.

Regearch on the combined effects of X-radilation
and tumours have been more conflicting. Bu:elﬁg felt
that there was no evidence of a potentiating effect when
haematoporphyrin was administered to eight X-irradiated
petiente with advanced cancers, but 8uhwnrt|9, in a study
of thirty-eight patients with diverse types of tumour,
eoneluded that porphyrins enhanced the effect of
X-irradiation in five patients. Other utudieu2°'21'22
geemed more promising and it was concluded that there was
a significant difference in response between patients given
the combined treatment and those treated by X-irradiation
alone, aoanlun23 has offered four reasons for the

variability of these findings:
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(1) variations in tumour dose;

(2) aifrerences in interval between the sdministra-
tion of porphyrins and X=-irradiation;

(3) aifferences in types of porphyrins used
(particuvlarly in purity); and

(4) differences in dosage of porphyrin administered.

It seems that more work is needed on thie promising combina-
tion, particularly with respect to the standardization of
results so that difficulties in interpretation can be
minimized,

The partial successes of the combined treatment of
X-radiation and porphyrine has prompted investigationsg of
the combined effect of porphyrins and the rediomimetie drugs,
which are helieved to have a mode of action on tumours
similer to high energy radiation. Scnnlon23 and Onllownyau
have observed the effeet on human and animal tumours of a
combination of phyltone (a potassium salt of a derivative
of etioporphyrin III (IX) ) and the biologieal alkylating

agent, triethylenethiophosphoramide (X). Their conclusions
were that this porphyrin was capable of favourably eltering
the therapeutic ratio of the rediomimetic drug towards some

ncoplasms,.

The promise of the use of porphyrins as chemo-

therapeutic agents, like most others, i1s marred by certain
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toxic side-effects. The photosensitivity has been mentioned
above and, when large doses of porphyrin are 1njeateda, this
must be considered, The report that the injection of
haematoporphyrin into rabblts causes renal enlargement and
Monckeburg arteriosclerosis is also of 1nteruut25. The
other fact to be borne in mind for the intelligent use of
porphyring in cancer therapy and diegnoeis is that they
concentrate not only in tumour tissue, but in 21l tissues

with a high mitotic index, thet is in sll growing t1esues2®,

When our work was ecommenced, meny of the above
results had not been obtained, but the prospect of
gynthesizing pure porphyrins in gm. guantities for testing

for tumour inhibition seemed most promluing27.

The Chester Beatty Research Institute in London
kindly undertook to carry out the physiological part of
the testing.
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1.2 tut Por n

Porphyrins which have only one substituent in
the ms-position have been studied because of their relation
to the green plant pigments, ehlorophyll a2 (XI, R = Me) and
chlorophyll b (XI, R = CHO).

Me Et

CHy |
COOPhy tyl H
CDaMB

X1

Chlorophyll, on vigorous treatment with alkeli, gives rise
to a mixture of phylloporphyrin XV (XII, R = Me) and
pyrroporphyrin XV (XII, R = H)28, the latter presumebly

being formed by elimination of a methyl group from the
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former as mg-methyl groups are known to eliminate under
these nonditionuzg. Phylloporphyrin has been the focal
point of most of the studies on mg-monosubstituted

porphyrins.
Et Me

Me Me

R
XIT

Confirmation of phylloporphyrin as the Y-igomer rather than
the ¢, F or S=ipomers came from synthesis of the four
1somer53° and eomparison of the synthetie products with the
natural, Phylloporphyrin was prepared by condensation of
the pyrromethenes (XIII) and (XIV).

= e
e T e Br Et
X o)
N\
" @THBP B
Br ggg N e

Br

XIII XIv
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The product was & mixture of ten different porphyrins and
they were separated on the bagis of their different basici=-
ties. The best yield of the required Ye-igomer was 3.5%,
when (XIV) was brominated before the condensation. The
condensation of 5-ethyl-5‘-bromod1p§rromethonau with
5-methyl~5"'=bromodipyrromethenes was the basis of the
syntheeis of the ¢, 7 and 0§ =isomers of phylloporphyrin,
and the syntheses of phyllootioporphyr1n31 (XV, R = Et,

R' = H, R" = Et), 6=ethylphylloporphyrin 2 (XV, R = Et,

R' = Bt, R" = proplonic acid), dcuothylphwll0porphyrin33
(XV, R = H, R' = H, R" = proplonic aecid), and even the
recent synthesis of the O&=methyl derivative of the methyl

ester of 1,3,8=-trimethyl-2,l,5=triethylporphin=-7=propionie
acid (xv1)3”.
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In all these syntheses, the products were mixtures
and the yleldes were low. The mg-methyl group in phyllo-
porphyrin has been used to produce derivatives of the
important chlorophyll derivative, desoxyphylloerythrin
(m1)35'36'37 end hes been the scurce of other porphyrins
with different T-substituents> *>°+"0 (x11, R = OHO,OH,OH

CH,C1 or COOH) .

XVII

Recently, Kenner et g,.l” obtained me-monomethyle-
octamethylporphyrin (XVIII, R = Me, R' = H) in 0.1% yield
as a by-product in the synthesis of the mg-.dimethylocta-
methylporphyrin (XVIII, R = Me, R' = Me). Their method
of synthesis was to heat an acetlc acid solution of the
@iacid (XIX, R = Me) with acetyl ehloride, and then to

aerate the product.
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In & similar experiment, but using the diseid (XIX,
R = Et), they obtained & 1% yield of a mixture of two
mg-monosubstitutedetioporphyrins (XVIII, R = B, R' = H),
The mixture was separated using countercurrent distribution,
but 1t was not possible to infer the precise structure of
the two isomers, It sppears that the monosubstituted
porphyrins (which incidentally have not been characterized by
analysis) must heve been formed by fission of the
dipyrrylmethane fragments, followed by recombination of the
individual pyrrole units with formaldehyde (or its equivalent)
formed from the methane bridges. However, apart from
methyl substituents and their derivatives, no other

mg-monosubstituted porphyrins have been investigated.

A porphyrin with a sulphoniec aeid group in the
y=position (XXI) has been postulated in the formation of
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rhodoporphyrin-methylester=6, Y =carbosulphoanhydride (XXII)

by the action of oleum on rhodoporphyrin methyl ester (XX)

but was not 1uolatad39.

Et

Me

Me

Me

Me

Me

XXII
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Although visible spectra have been reported for
most of the porphyrings above, no systematie study with

modern instruments has been undertaken.

The chemigtry of mg-disubstituted porphyrins has

been investigated still less. In 1931, Fiegcher and Kurnimﬂ.-u-'"2
obtained /S, S=dimethyletioporphyrin IV (XXIII)® in meagre
yield by the condensation of methenes (XXV, R = Et) and

(XXIV) and subsequent oxidation.

Et Et

Me Me

XXV
Me Me

Me Me

‘ XXIII

. Ngmigglatugg
his compound was lebelled c, Y -dimethyletioporphyrin IV
by Flscher, presumebly in order to meke it easier to
relate to chlorophyll. The nomenclature with the
a =carbon atom between the 2 and 3 carbon atoms will
be used throughout this thesis.



17.

A similer condensation with methenes (XXV, R = H)
and (XXIV) did not produce a mg-disubstituted porphyrin.
In both these reactions, mixtures of porphyrins were

obhtained.,

mg=-Digubetituted porphyrins were amongst the

mixtures of products reported from the synthesis of all four
isomers of phyllo‘porphyrlnm « Presumably they arose by
self-condensation of the pyrromethene fragments which
contained the ethyl group in the 5(5')-position. Thus,

gy Y=Aimethyletioporphyrin I (XXVI, R = Me) was obtained
from the dipyrromethenes(XXVII) and (XXVIII), a, Y=-dimethyl=
mesoporphyrin V(XXX) from the dipyrromethene (mx), and

G Gedimethyldeuteroetioporphyrin II (XXXII)® from the
dipyrromethenes (XXXI) and (XXXIII), The ylelds were of
the order of 1%. T he structures indicated have not been
assigned on the basis of unambiguous synthesis, but they
are probably correct because the corresponding porphyrins
without mg-substituents were also obtained in each case.
If fission and recombination had occurred, it is unlikely

that this would have been g0,

Other mg-disubstituted porphyrins reported were
mg-dimethyloctamethylporphyrin (XVIII, R = Me, R' = Me) and
mg-dimethyletioporphyrin II (XVIII, R = Et, R' = Me),
obtained in poor yield in the synthesis by Kennorm ment ioned
above. The only substituents involved in disubstitution
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have been methyl and halogen groups, and no porphyrins with
an gy f=type of substitution pattern have been reported,
mg-Dichloroetioporphyrin I (XXVI, R = C1) wae obtained from
the corresponding tetrasubstituted derivative by the action
of pyridine, but the precise position of the mg-substituents

is unknownusa

Although mg-trisubstituted porphyrins have not been
reported, the mg-tetrasubstituted ecompounds have bheen
comprehensively investigated, presumably becsuse of their
ready preparation. They were first prepared by Rothamundhu
in 1935, when he heated 2 mixture of pyrrole, en appropriate
aldehyde (XXXIV, R = H, Me) and pyridine in a sealed tube
to 85-90% (Fig. 1).

=

XXXIV XXXV

Fig. 1.
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A wide variety of aldenydes" '"6 nag since veen
employed et higher temperatures, but moet investigetions
have concentrated on'ml-tetrnphanylporphyrinh7'50 ( XXXV,

R = OgHg), its derivatives and metal complexes’ ~>>, which

not only can be prepared in large amounts, but algo have

found commerecial application es photosensitizers in
photoxidation reactions, particularly of olefin compounds’r 22,
Ball, Dorough and 0:171:160 increased the ylelds of
mhe-tetraphenylporphyrin by adding :ino scetate but a very
recent pupar5e has oriticized the originsl eonditions of

the Rothemund reection, claiming 90% yieldes of mg-tetra-
substututedporphyrin in the sbsence of pyridine, The

mechanism of this useful reaction is not known.

The other method employed for the synthesis of
ng-tetrasubetituted porphyrins was developed by Eimor61.
He synthesized mg~tetramethylporphyrin (XXXV, R = Me) from

the Mannich base (XXXVI),

CHMe ,N.CgHy 0,

XXXVI

The yield was not estimated because of spectroscopile

difficulties.
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Like the Rothemund reaction, the properties of
ng-tetrasubstituted porphyrins have been extensively
investigated., The vieible, ultraviolet and infrared spectra
of the mg~-tetrasubstituted porphyrins and their metal
chelates have been thoroughly investigated, both for the
information they give about porphyrin structure, and for

testing theories of chelate formationsz-ﬂn

Paramagnetic
resonance ntudium'u on copper m—tatrupheﬁylporphyrin
(XXXVII, R = H) and copper mg-tetra-p-chlorophenylporphyrin
(XXVII, R = 0O1) have demonstrated long renge nuclear
¢*' on mge

tetraphenylporphyrin itself have been used to elaborate

interactions; eand similar spectral studie

the relation of the phenyl rings to the porphyrin macrocycle,
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The copper salt of tetraphenylporphyrin has been
subjected to X-ray lnalyn1l7h and the metal-free compound
to dipole moment monnuremantn75. The relationship between
mg-tetrasubstituted porphyrine and the ecorresponding di-
end tetrahydro derivatives has been examined photochemiecally,

76~78 79-84

both by oxidation and reduction experiments,

Th2 stability of mg-tetraphenylporphyrins to Y=irradiation

has also been 1nvutlgatodaa"m,"-

Summarizing the studles on mg-substituted porphyrins,
we can seé that those with less than four substituents have
undergone limited synthetic investigation and their physical
properties have not been comprehensively studied with the
aid of modern inestruments. On the other hand, the
tetrasubstituted compounds have been fairly extensively
studied. However, a recent nuclear magnetic resonance
study® has indicated that a wider variety of mg-substituted
porphyrine could be profivably investigated. With these
investigations in mind, it was decided to underteke a
comprehengive study of the synthesis of mg-substituted
porphyrins. It was hoped that this study would provide
suitable porphyring for testing for cancer inhibition,



1.3 Eorphyrin gyntheses

The yields in porphyrin syntheses are notoriously
10'85' end very complicated mixtures ere often obtained,
However, as many avenues of synthesie have been employed and
no radically new gynthesis wae envisaged, it was necessary
to review the literature in order to see which were the
most likely methods of obtaining mg-substituted porphyrins
and satisfying the duvel coriteria of yield and purity. A1l
porphyrin syntheses begin from simple pyrrole units (or their
precursors), but there is a diversity of methods for
obtaining the aromatic macroecycles, depending on whether

the key components are mono=-, di- or tetrapyrrolie units.

Polymerization of simple pyrrole units under
thermal, or acldic conditions, was the method developed by
S8iedel and Winkloras. They reported a 47% yield of
octamethylporphyrin (XXXVITI, R = Me) from the thermal

eyclization of the hydroxymethylpyrrole (XXXIX, R = R' = H).

Ve e

R10pC crg0R

XXXVIII XXXIX
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Later WDrRQPIBT have criticized their experiments, stating
that the hydroxymethylpyrrole was, in faet, an acetoxy
derivative (XOXIX, R' = H, R = OOOHB). Nevertheless,

' TraiblBB has demonstrated that hydroxymethylpyrroles are
suitable porphyrin precursors, Johneon 55,31.87’89 have
simplified the procedure by using the t-butyl ester
(XXXIX, R' = Bu®, R = COOH,), 8nd have improved the yield
by carrying out the condensation in the presence of
cobaltous chloride. A similar reaationgo, which geve high
yields, but unfortunately was not completely reproducible,
wae the thermal polymerization of the Mannich base (XL,

R = l05H10) to octaethylporphyrin (XOXXVIII, R = Et).
Successful porphyrin syntheses from simple pyrrole units
have also been developed in this depnrtmont91.

Et Et
H CHoR
H
37

The Rothemund reaction, mentioned above was

another promising syntheslis from a monopyrroliec unit,

The classical syntheses of porphyrins, developed
by Fischer and his school, have involved the fusion of two
dipyrromethene units, the best ylelds being obtained in
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2 high melting acid, like succinic a2eid. There have been
three main combinations employed:
(1) e 5,5'=dimethyldipyrromethene with a 5,5'-
dihromadipyrromethencgz;
(2) a 5,5"-d1bromomethyldipyrromethene with a
5.5'-dlbromnd1pyrromuthen|93; and
(3) & 5-methyl=5'=bromodipyrromethene with
1tse1r .

The reactions which heve produced the highest yielde are

given as examples (Pig. 2).

IX

Me Me

3

Pr Fr

Pr = Propyl.



4 P XXXVIII , R = Et.

Fig. 2.

E‘bOEG Et 0gC

Me Me

/ \ Ve A Me

Et0 Bt0gC
Me =C e

XLII XLIV

Fig. 3.
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Another synthesis, which involved dipyrryl units,
was the decarboxylative cyclization of dipyrromethane
dlecids in formie scid at 37°. The best yleld for this
reaction was obtained by Fischer and Halhiggs. who oyolized
the dipyrromethane dimcid (XILI) to etioporphyrin II (IX)
in 67% yield.

XLI

For synthetie purposes, the obeservation by Fischer
and R1e6196 that dipyrromethanes undergo eleavage at the
methane bridge when treated with acid is obviously important.,
An interesting anslogous reaction was employed by Andrews,
Corwin, and 8harp97 when they‘used an Nemethylpyrrole (XLII)
to provide the bridge carbon atoms Iinstead of formic acid
(Fig. 3) and obtained the porphyrin (XLIV) in L4O% yleld,

The dipyrromethane component was & 5,5"'=unsubstituted
dipyrromethane (XLIII), instead of a dlseid. The rationsle
of the use of the N-methylpyrrolealdehyde was based on the
faet that the aldehyde condenses with two molecules of a
pyrrole with an unsubstituted c-position (XLV) to form a

tripyrrylmethane intermediate which subsequently cleaves to



EtUEC Me

Me / \ CHOD +

N
Me
f
Me Ve
Ft0gC - =% \ COg Bt
N N—
Me Me
YIVII

Fig. 4.

28,

XLV

Me
XLVIII
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give a symmetrical dipyrrylmethene (XLVII) and an Nemethyle
pyrrole (XLVIII). (Fig. 4).

The preparation of 5,5'-unsubstituted dipyrro-
methanes without stabilizing substituents in the p-positions
(XL1X, R,R' = alkyl) paved the way for a convenient porphyrin
qyntheaiuga. (Pig. 5)« The reactive dipyrromethanes
condenged with dipyrromethene dialdehydes (L, R,R' = acetio
or propionic scid residues) in the presence of hydriodie
acid catalyst to yleld dihydroporphyrins which were readily
oxldized to the corresponding porphyrinss The overall
vield wee 55= 65%,

Fig. S.
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The possibility of anoyher synthesis from
dipyrryl units was suggested by McDonald. Dipyrroketones
(LI) were postulated as suitable porphyrin precursors, but
these have not yet been successfully employed,

LI
By a method analogous to that employed in the

dipyrromethane diacid decarboxylative reaction, Corwin”?
has carried out an oxidative eyclization in formic acid of
the bilane diameid (LII) to etioporphyrin II (IX) in 4O%
yield,

LII
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Another synthesis from tetrespyrrole precursors
was the oxidative cyclization by copper acetate of the
terminal methyl groups of the bileres (LIII) and biladienes

(LIV) to the corresponding porphyr1n|1°°. The yields were
Dnly 20%-

LIII LIV

One of the major problems in porphyrin synthesis
has been the mixture of isomers resulting from working with
pyrrole compounds which had different substituents in the
6-pouition1°“k It was decided early in our iork thnf this
problem could be avoided by using pyrrole precursors which
had the same p=substituents., Consequently, the discussion
sbove has deliberately neglected the isomer problems arising
from some of the myntheses.

After consideration of these synthetic methods
and in view of the other synthetic investigations of



32,

91

porphyrins from monopyrrole 102

and tetrapyrrole precursors
in this department, 1t was decided to attempt to modify the
above syntheses from dipyrryl units in order to produce
mono=, di=, tri- and tetra-ms-substituted porphyrins.
Furthermore, because of the high yields reported and the
fact that no mechanism had been proposed, 1t was decided

to investigate further the synthesis of mg-tetrasubstituted
porphyrins by the Rothemund reaction.
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CHAPTER 2
THE ROTHEMUND REACTION

2.1 Introduction

Although the Rothemund reaction has not been
extended to the study of pyrroles with identical substit-
uents in the /-positions, 1t was decided to confine our
investigations to the reactions of pyrrole itself with
various aldehydes. Because of the low ylelds reported
for aliphatic aldehydes, it was decided to concentrate on
o-substituted benzaldehydes, the reactions of which had not
previously been studied.

2.2 Preparation and Purification

In order to familiarise ourselves with the
techniques involved in this reaction, the thoroughly-studied
ms~-tetrephenylporphin (XXXV, R=Ph) was first prepared by the

60 The work-up

methed of Bell, Dorough and Calvin.
procedure employed involved separation of the purple crystals
of zinc complex from contaminating "tar" by washing with
acetone and then further purification by chromatography on
tale in trichloroethylene. Although the initial product
contained varisble amounts of the zinec complex of me-
tetraphenylehlorin (LV, R=R'=H), the impurity was removed

during the chromatographic procedure, The pure zinc
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complex was readily converted to the free base with mineral

acid., The yield in thie reaction was slightly higher than

R'

LV

those in the 11terature®*® ana 1t was hoped that this

work-up procedure would be of general application.

The Rothemund reaction of pyrrole with mesitalde-
hyde, o-chlorobenzaldehyde and g-methoxybenzaldehyde was

next investigated. The same work-up procedure was used,
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put the results were not satisfactory. In the mesitaldehyde
reaction, purple erystals of zine mg~-tetrame gitylperphin
were obtained on acetone-washing, and these readlly gave
mg~tetramesitylporphin (LVI, R=R'=Me) but the products were
contaminated with a high percentage of n_u-tetramesltylohlorm

(LV, R=R'=Me) and its zinec complex, which tale chromatography

414 not remove. No crystalline products were obtained from

LVI
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the g-chloro- and o-methoxybenzaldehyde reactions, elthough
the solutions did exhibit a strong red fluorescence.
Attempts to 1solate mg-tetra(o-chlorophenyl)porphin (LVI,
R=C1,R'=H) and mg-tetra(g-methoxyphenyl)porphin (LVI,
R=OMe,R'=H) by tale chromatography were unsuccessful.

There were, thus, two main problems to be overcome

in the preparation of the substituted tetraphenylporphyrins:

(1) separation of the porphyrins from the tarry reaction
products;

(2) removal of their contaminating chlorine.

The tale chromatography procedure which had been used
succegsfully for similar nompoundl,hG was abandoned in favour
of a pyrolytic technique. Porphyrins are very stable
compounds to heat and it was hoped that pyrolysis of the
orude reaction product would cause decomposition of the
impurities, while leaving the porphyrins intact. A series
of relatively pure porphyrins was heated to u00° under
nitrogen, but decomposition occurred and this procedure was

not further investigated.

However, in the above experiments it was observed
that the porphyrins sublimed and sublimation under reduced
pressure was therefore investigated as a purification

technique. Apart from zine ms-tetra(o-chlorophenyl)porphin,
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the semipurified porphyrins gublimed satisfactorily but,
unfortunately, this procedure was not successful for the

elimination of chlorin impurities.

Meanwhile, investigations were belng carried out
on the oxidation of chlorins, for it wes hoped not only
to remove the chlorins but also to increase the yield of
porphyrins, Quinones had successfully been employed by
Eisner and Linstead1°3 for the oxidation of chlorins, but
they did report that only 70% of chlorin (LVII) was converted
to porphin (LVIII)., In our experiments, we uged the

LVII LVIII

quinone, chloranil (LIX), but gvidantly it wasg not active
enough for the amountes of chlorin in our porphyrins were

unchanged,



0
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The first problem, viz. separation of the porphyrins
from "tar" was overcome by precipitating the erude porphyrin
from a pyridine solution of "tar" with methanol, end
purification of the solid obtained by chromatography on
alumina in benzene, Thie procedure enabled ms-
tetra( g-chlorophenyl )porphin (LVI, R=Cl ,R'=H) and mg-
tetra( g-methoxyphenyl)porphin (IVI, R=OMe,R'=H) to be
prepared, but the products were gt11l contaminated with the

eorresponding chlorins.

It hes not been possible to free the free base
porphyrins from their chlorin impurities directly, but a
method for obtaining pure zinc complexes has at least been
achieved. Dorough and Humuml:cm:m".':'j found that benzene was
a very good solvent for catalysing the photo-oxidative
decomposition of zine chlorins. However, they found that
the corresponding zine porphyrin was not the only product.
We found that our chlorin-contaminated zine porphyrins were
purified after standing for 12 hr. in benzene, and then



rechromatographed. Chlorin-free mg-tetramesityl-,
mg~tetraphenyl-, me-tetra(o-chlorophenyl)- and mg-tetra
(o-methoxyphenyl) porphins were thus prepared.

However, a further problem was encountered after
these had been overcome, for difficulty in obtaining good
analyticel figures for the various porphyrins was
experienced. The porphyrins are notoriously difficult teo
analyse and Thomas and Hartallus record the synthesis of
mg-tetra(p-nitrophenyl)porphin despite the fact the found
figure for the carbon analysis was 4i% lower than the
calculated value, and the found figure for the nitrogen
analysie wae 3% low. They attribute their poor analyses
to the stability of the porphyrin ring. Our most inaccurate
anslysis, viz. ms-tetramesitylporphin was 3% low in carben
and 0.6% in nitrogen.

Becauge of the problems mentioned above, not as
much about the mechanism of the Rothemund reaction was
discovered as we had hoped; but some information was
obtained. For instance, distillation of the "tar" from
the g-chlorobenzaldehyde reaction indicated the presence of
pyrrolic materials, but these were inseparable from the
pyridine with which they were associated and thus they were
not identified. '

A more profitable result was observed in alumina



chromatography of the crude porphyrin from the g-chloro=
benzaldehyde reaction. Zinec glgguuhlorophenyl-S,5'-d1fg-
chloroben zyldipyrromethene (LX), which is either an intermed-
iate in the formation of the zinc me-tetra(g-chlorephenyl)
porphin or else a by-product, was isolated from the initial

fractions,

X

The evidence for structure (LX) was as follows.
The analytical figures clearly demonstrated a ratio of

ehlorine atoms to nitrogen atoms of 3 to 2, and agreed with
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the structure assigned. The ultraviolet and visible
spectrum showed an intense peak at 500 ma, which is
characteristic of zine pyrmothenumh and the infrared
spectrum did not contradict the sbove structure., It was
observed that there were no bands due to NH or OH groups
and no band above 1600 om.”!, which could be assigned to a

carbonyl. There was, however, a strong bend at 1554 m.'1.

105,106 oo

which is characteristic of dipyrromethenes.
was also a band at 1013 an,~1, which could be essigned to
a 0-C1 vibration of a chlorine atom attached to en aromatic
ring,'©7 and banis at 1160, 1125, 1040, 946 end 843 om.”",
which could be characteristic of an g-@isubstituted benzene

108 Furthermore, the proton magnetic resonance spectrum

ring.
1ndi cated a doublet at T 6,07 assigned to the benzyl protons;
this would mean that if two or more benzylic groups were
present in the molecule, then they must be in identical
environments. The only pisce of evidence conflicting ﬂth
the structure proposed was the molecular weight determina-
tion, and this was ignored because of the weight of the other
evidence, Compound (LX) represents one of the most simply
substituted dipyrromethenes known, for dipyrromethene

tteelf (LXI) and its simpler substitution products are still
unknm.ww (LX) 18 stebilized by the metal a tom for

the free base is unstable,
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8light evidence for zine pyrromethenes was
obtained in the mesitaldehyde and g-methoxybenzaldehyde
oages as well, In both cases, orange solutions with green
fluorescences were obtained and their electronic absorption
spectra were indicative of zine pyrromethenes. However,
the products were not obtained erystalline and it ean only
be assumed that they are similar in nature to (LX). No
evidence for such an "intermediate" was obtained in the
benzaldehyde reaction and presumably this was because the
reaction wae carried out on 2 smaller scale. The fact
that no such products were isolated following reactions
with the p-substituted benzaldehydes, investigated by Thomas
and Martell, can perhsps be explained by the different
work-up procedure employed.

One gram guantities of carefully purified mg-
tetraphenylporphin, mg-tetra(g-chl arophenyl)porphin, and
zine me-tetrsphenylporphin were sent to London for testing
for tumour inhibition, but the results of these tests are
sti1l ewailted,
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2,3 Spectral Studies

The proton magnetic resonance spectra of mg-
tetraphenylporphin and its g-chloro, g-methoxyl, p-methoxyl
and 2,l4,6-trimethyl derivatives were determined as free
bases and the assignments of the chemical shift are shown
in Table Ia, ms~-Tetraphenylporphin is the only compound
in the above series whose spectrum has been determined
praviously,m but this was as 1ts dication, The spectrum of
the free base mg~tetraphenylporphin was slightly different,
but readily interpreted, The peaks at T 1,80, 2.27 and
2,67 ean confidently be esssigned to the ortho, meta, and
para hydrogens of the phenyl ring and occurred at slightly
higher field than those in the dication. The peaks
aseribed to the A=hydrogens occurred at the same position
in both,

In the spectrum of the p-methoxyl derivative, the
gignals at T 1,87 and 2,65 could be assigned to the gortho
and meta hydrogens respectively, but the assignment of the
peeks in the aromatiec region of the g-substituted phenyl-
porphyrins was much more complicated. The peak at T 2.0
in the g-methoxyl derivative was the only one to be
confidently assigned and this was attributed to the m-
hydrogen adjacent to the methoxyl group. The low position

of the phenyl resonances in all these compounds has been



TABLE I
pf ms~
(a) Solutions in deuterochloroform,
Subgtituent NH /p-H Benzenoid o-Me p-Me MeO Others
aromatic
Phﬂnyl 1.15 1-80 2.27
2.67

p~Methoxy- 1.13 1.87,2.65 ' 5.91

phenyl
g-Methoxy- 1.22 2 28 6.45

phenyl .2 56

2 7e

g=-Chloro- 12.60 1.31 1.87,2.23

phenyl
Mesityl 1.38 2.29 8.15 7.37 8.73

(b) Solutions in trifluoroacetic acid.

Ph.ny'ln 12.07 1.15 1.44 »1.92
Q-Oh].o:l'o- 12.10 2,07 20“7.2-75 3-&.‘4-2

phenyl
n—uﬁthﬂn- 2-68 2-33.2Q50 5077 3-3,“-3

phenyl '

a, Ref. ‘-"10
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asoribed by Kennarm to the effect of the current in the

porphyrin ring.

The sharp peak at T 8.73 in the spectrum of me-
totremesitylvorphin 18 of unknown origin. The NH peaks
in the free bases were very broad and of low intensity and,
except for mg-tetra(g-chlorophenyl)porphin, they occurred
at approximately T 9.0.

As the size and number of substituents in the
ortho-positions of the phenyl rings inorease, the signals
due to the protons in the /F-positions of the pyrrole rings
shift to higher field. This is evidently caused by
twisting of the phenyl rings relative to the maecrocycle.
Hoard gt n.wg in a recent X-ray orystallographic study
of mg-tetraphenylporphin have shown that the phenyl group is
inelined at 81.5° to the "plane" of the porphyrin ring, and
also that the porphyrin ring can buckle, This would mean
that the angle between the /S -hydrogen atoms and the phenyl
ring could be quite different from 81.5°. The observed
changes in the chemical shift then could arise from two
possible reasons. The twisting of the phenyl ring could
cause the /F-=hydrogen to lie in the shielded region of the
eromatic nucleus or it could cause further buckling of the
macrocyecle, which would decrease the macrocyclic ring current.

Both these effeocts would result in shifts to higher field,
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The proton megnetic resonance spectra of the
dications of mg-tetra(g-chlorophenyl)porphin and mg-tetra
(p~methoxyphenyl)porphin were determined in trifluoroacetic
aoid snd compared with the results obtained by Kenner™'
for the dication of mg~-tetraphenylporphin in the same
solvent. The proposed assignment for the chemical shifts
are shown in Table I(b). In the case of the dications,
the shift in signals of A-protons is much more marked, but
it does not correspond to the simple steric relationship
determined for the free bases. Thie 1s possibly caused by
protonation of the methoxy groups since the methoxy gignal
occurred at lower field than for the free base and was
very broad. The breadth of the signal could possibly be
ecauged by the rate of exchange between the protonated and

non-protonsted forms. The unassigned bands at T 3.3 and

4.3 in our samples were probably due to solvent impurities.

The electronic sbsorption spectra of me-
tetraphenylporphin and the other four free base porphyrins
were determined in benzene and compared with the results
obtained by Thomas and Martell with mg-tetraphenylporphin
and 1ts p-substituted derivatives. The results are shown
in Table II. The spectra were typical of porphyrins
lﬁowing an intense (Soret) peak at approximately 420 mu
and charscteristie bands in the region 510-650 M The



TABLE II

Electronic absorption maxime of ms-Tetrasubstituted Porphyrins

(1) Free bases in benzene,

v 111 11 I

Subst 1tuent ma €x10™3 ma €x10™3 m €x10™3 9»(:10"3 9n€x1o"3 mp €x10™>
Phenyl 419 470 | 485 3.4 514 18,7 | 549 7.7 | 591 5.4 | 647 3.4
Phenyl, 419 478 | 485 3.4 515 18.7 | 548 8.1 | 592 5.3 | 647 3.4

9-Chlorophenyl 418 37 478 3.1 543 416.4 | 543 3.8 | 589 6.1 645 1.1
p-Chlorophenyl, | 421 515 | 485 4.0 515 21.0 | 550 9.0 | 592 6.0 | 647 3.7
o-Methoxyphenyl | 420 349 g b 513 15.2 | 546 4.6 | 590 4.2 647 1.5
p-Methoxyphenyl | 424 L4LOB 488 3.4 518 13.5 | 556 8.9 | 595 4.0 652 3.7
p-Methoxyphenyl, L24 L85 488 L.3 519 17.0 | 555 11.9 | 595 5.5 653 L.5
Mesityl 420 368 483 2.8 515 15.4 | 548 5.3 | 593 3.8 649 2.3

a, Ref., 66,

.Lf{
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TABLE ITI
E by n maxima ' ms=Tetrapubstituted Porphyrins

(11) Zinc complexes in benzene.

Substituent ma €x10™3 m €x10™2 m €x10™> o €x10™>
Phenyl h2y 564 514 3.3 550 22 590 k.1
Phenyl, 543 2,3 550 22 590 3.8

©-Chlorophenyl L2h LO7 512 5.9 549 16.5 588 2.1
g-Methoxyphenyl 424 520 513 2.9 550 22 588 2.1
p-Methoxyphenyl 427 446 515 3.3 553 19 592 5.6
Mesityl L2y 607 $12 2.5 547 2¢ 587 4.8

8., Ref. 110
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bands at approximately 480 ma are believed to be due to
impurities. In all cases except for_mg~tetra(g-chlorophenyl)
porphin, the speotra were of the etlo type (I<IIKIIICIV),
The intensities of bhande I and III are particulesrly

gengitive to the nature, position and number of substituents

" and the steric or eleetronie

in the porphyrin nucleus,
effects of the g-chlorophenyl group may have caused the

observed result.

Comparison of the results for the corresponding
ortho-and para-substituted porphyrinswith those of mg-
tetraphenylporphin shows that the steric effect of the grtho
gsubstituents acte in the opposite direction to thelr
electronic effect, assuming that the electronic effects
in the ortho and pare positions are ldentical, for the
bathochromic shift initially observed by comparing the p-
substituted porphyrins with the unsubstituted is effectively
nullified by placing the same substituents in the grthe
position. The offect is most marked with mg-tetra(eo-
methoxyphenyl) but is observable in the chlorinated compounds.
The steric effect of the ortho-groups may also explain why
the intensities of the go-substituted compounds are lower than

those with no sterie problems.

The electronic spectra of the zine oémploxu of

the above porphyrins were determined in benzene and their
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results are 1listed in Table III, As in the free base
gspectra, the p-methoxy derivative is the only one to differ
algnificantly from the rest as it showe a distinct batho=
chromic shift thet can readily be explained from the
electronic effect of the methoxy substituent. Also, as
in the free base, the extra steric effect of placing the
methoxy group in the grihe-position nullifies the
bathochromic shift.
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THE STEPWISE THE

3.1 Introduction

Because the McDonald qynthenilgs of porphyrins
from a dipyrromethanedialdehyde and an ¢, c'-unsubstituted
dipyrromethane seemed capable of high yields and ready
modification, it was chosen ag the basis for our stepwise
gynthesis. In theory, it appeared that the sgynthesis
could be modified by substituting the hydrogens in the
meso-positions and by replacing the aldehyde groups by
ketones, Thus, all the possible combinations of mono-
di, tri, and tetra-substituted porphyrins could be formed
from the dipyrromethene units (LXII and LXIII), The

1.XI11 L¥III

ay d'=unsubstituted compounds (LXII) were the key inter-
mediates since a variety of acylation procedures would
give the dlacyl derivatives (LXIII) from them, Direct
gynthesis of the o, c¢'-unsubstituted compounds is not
feasible, but their gynthesis seemed possible from the
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corresponding dlacids, the synthesls of which is readily
achieved from thelr esters. mg-Substituted dipyrromethanes
with ester groups in the 5 and 5' positions (LXIV) have

not been previously prepared, but analogous reactions with
Knorr pyrrole derivativel1”'”5 suggested that condensations
of appropriate pyrrole esters (LXV) with suitable aldehydes
would be successful., (Fig. 6) The other possible |

dipyrromethane synthesis from a substituted bromomethyl-

A
R"CHO
-1'..3.% H H
4 N
0 i

LXV LXIV

Fig. 6.

pyrrole (LXVI) and an c -unsubstituted pyrrole (1xv) aia
not seem as practicable because of the well-known deactivat-
ing effect of an . =ethoxyearbonyl group on the other

o =position of the pyrrole.

R B

J i

R'0.C CH.Br
! |
0 ) Q"

LXVI
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Our proposed stepwise synthesis begins with the
pyrrole (LXV) and proceeds via various pyrromethane
derivatives to the desired porphyrins.

3.2 PEyrroles

Ethyl 3,4-dimethylpyrrole-2-carboxylate (LXVII)
was chosen as the starting pyrrole for our synthesis.
The first sttempt at its synthesis wes by sulphuryl chloride
oxidation of ethyl 2,3,4=trimethylpyrrole-5-carboxylate
(LXVIII), subsequent hydrolysis, end decarboxylation (Fig. 7).

116

Fischer and Hierneis reported low ylelds in their

Me Me Me Me
Me Z/ \B ODZEt e —— ClQGH Z/ \> OOZEt
N N
H H
IXVIITI
Me Me Me Me
HOECZ/ \S szt —_—— Z/ \s szt
N N
H H
LxXvVII

Fig. 7.
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preparation of the acid and similar resulis were obtained
for both the ethyl and the t-butyl esters. This pathway
was sbandoned in favour of & more direct route, which
unfortunately also went in low yield. Kleinspehn's

ring synthesis''’ from 3-methylpentan-2,l-dione (LXIX,
R=Me) and diethyloximinomaleonate (LXX) in slightly modified
form was the synthesis eventually employed (Fig. 8)

R\ R
L
. PG
/\ 0 R R
H OH : /I \
e I‘:E{- o, Bt
LXIX O/CO;Et _ H
7~ COEt LT
m 2
OH LXX Fig. 8.

Benzyl 3,4-dimethylpyrrole-2-carboxylate was readily
prepared from the sbove ethyl ester by alkoxide-catalysed
trens-esterification and 1t elso proved a useful intermediate.
However, attempts to prepare ethyl 3,4=-diphenylpyrrole-2-
carboxylate (LXXI, R=Ph) by a method analogous to that used
for the /, f=-dimethyl compound, were unsuccessful. Under
the conditions employed, the hydroxymethylene ketone of
desoxybenzoin (LXIX, R=Ph) was reduced to desoxybenzoin.
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3.3 Dipyrromethanes and Dipyrromethenes

As antieipated, the proposed synthesis of the
meso-substituted dipyrromethane diesters (LXIV, R=le,
R'=Et, R"=Me,Ph) from the pyrrole (LXVII) and the
appropriate sldehyde proceeded smoothly in good yields.

It was found, however, that scetaldehyde had to be used in
excess (because of its volatility) in order to obtain good
yields; but benzaldehyde, on the other hand, had to be

used in strict stoichiometric quantities, otherwise greatly
reduced ylelds of crude products were obtained. On the
basis of studies on similar compounds by Shinohsra gt 51..115
we assumed that excess benzaldehyde had caused conversion

of the mg-substituted methane to the 2H-pyrrole derivative
(LXXII), elthough this was not 1solated. Because of the

Me Me

Bt0_C NS CH

IXXI1
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success of the trans-esterification reactions with pyrrole
esters, 1t was deocided to extend the reaction to
dipyrromethanes, The benzyl esters (LXIV, R=Me, R’mlxz.
R"=H,Me,Ph) were either prepared in good yield from the
corresponding ethyl esters or from benzyl 3,4-dimethyl-
pyrrole-2-garboxylate by the reaction i1llustrated in Fig. 6.
The mg-substituted acids (LXIV, R=Me, R'=H, R"=H,Me,Ph)
were prepared either by hydrogenolysis of the bhenzyl esters
or paponification of the ethyl esters., The former proceéss

proved to be more convenient.

The next step, ylz. the decarboxylation of the
discids to the corresponding o, c'-unsubstituted
dipyrromethenes (LXII, R=Me, R'sMe or Ph) proved a stumbling-
block., Attempts resulted either in unchanged starting
material or in decomposition products, Dipyrromethanes
without stabilizing substituents are notoriously unstable,
and the results obtained were not surprising. 3,3'=Diethyl-
4,4 '=dimet hyldipyrromethane 1s the only known pyrromethane
eontaining only alkyl substituents, and it has only been

118 The preparation

prepared in low and uncertain yields,
and stebility of o, «'-unsubstituted dipyrromethanes
with acetiec and propionic seid residues in the /-positions

by Arsenault, Bullock and Hnnonnllga may mean that the
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acetic scid groups confer greater stability on dipyrro-
methanes than alkyl groups. On further consideration

of the compounds we were trying to prepare, we would not
expect the introduction of an electron-donating substituent
into the mg-position to stabilize the methane to heat,

acid or alkali, Golaniochi119 has found that even those
me-substituted dipyrromethanes whiech have stabilising

groups are decomposed on distillation under reduced pressure

and Treibs and Kolm'

”» have shown that mg-groups are
removed from such compounds in the presence of formaldehyde

and acetic acid.

Four methods were usgsed for the attempted
decarboxylations. When i1odine was used as the decarﬁoxwh
lating agent, the desired product weaes probably formed
initially since the carboxyl pesks disappeared from the
infrered pgpectrum; but it seems likely that the reagent
oxidized the methane bridge, for a new carbonyl pesk was
evident. The thermal decarboxylation procedures of Chu
and Ohu121 uging ethanolamine, and of chonaldga using
godium hydroxide, were both unsuccessful. The procedure
which showed the most promige was brominative decarboxyla-
tion. When bromine in acetic acld was added to an
acetic meid solution of mg~phenyl-5,5'-dicarboxy-3,3",4,4"-
tetramethyldipyrromethane, decarboxylation, bromination and
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oxidation ocecurred to give mg-phenyl-5,5'=dibromo-3,3",4,4"-
tetramethyldipyrromethene hydrobromide (LXXIII). The

LXXIII

relative proportions of bromine to diacid were found to be
eritical. By using a carefully standardized solution of
bromine in acetic acid, 1t was found that the best ylelds
were obtained when 4 mols. of bromine were used to one of
diacid. Ratios of 3:1 (theoretical) and of 631 both
resulted in decreaged vyields. The reasons for this
specificity are not known for certain, but it is presumed
thet further reaction occurs when too much bromine is used,
Various sttempts to reduce the dibromo compound (LXXIII)
with sodium amalgam were unsuccens&'u‘l although the orange
colour of the methene disappeared. Methanol was used

as & solvent and it is interesting to note that bromination

of the me-unsubstituted diaeid (LXXIV) with bromine in
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methanol gives the propentdyopent (IXxv),'2? (Fig. 9). It
is possible that & similar reaction 1s occurring here., The
other possible explanation for the new peak evident in the
infra-red spectrum is that, during the work-up, oxidative

cleavage of the methene bridge has occurred,

LXXIV LXXV

Fig. 9. :
In an sttempt to side-step the troublesome a ,a '

unsubstituted dipyrromethenes, 2-(/, 7 -dicyanovinyl)=3,4=
dimethylpyrrole (LXXVI) and benzaldehyde were treated
snalogously to the dipyrromethane ester preparations; but,
instead of the required mg-substituted dipyrromethane, the

sterting pyrrole was recovered unchanged.

Me Me
/ \ ;C-=- N
CH=—CH
N Mo==N
H
LXXvVI

Evidently the electron-withdrawing effect of the
dieyanovinyl group causes sufficient deactivation of the
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other «=-position to prevent nuecleophilic attack on the

earbonyl group of the aldehyde. This 1s supported by

102

other studies in this department on this compound. A

more detailed mechaniem for the dipyrromethane formation 1is

given in Fig. 10,

Fig, 10,
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The recent d1scovery by Johnson gt gl.' 2> that
diacyldipyrromethanes could be prepared directly from the
corresponding diacids by the Vil gmeler-Heak procedure
opened the way to the desired mg-substituted diformyl=
dipyrromethanes (LXXVII, R=H,Me,Ph), side-stepping the

LXXVII

unstable ¢, a'-unsubstituted dipyrromethanes. Attempts
at this procedure enrlj in the course of the work had failed
because insufficiently strong base was used to bresk down
the intermesdiate complex formed. Like Johnson, we were
unsble to purify the mg-unsubstituted diformyldipyrrometh-
ane for snalysis, eand the mg~phenyl compound was likewise
difficult to purify. However, the mg-methyl compound

was successfully purified and analysed.

Before the dialdehydes were prepared, and
because the synthetic scheme using these compounds seemed
to be floundering, it was decided to use the mg-substituted
dibromodipyrromethene (LXXIII) in one of Fischer's classical
porphyrin syntheses from dipyrrylmethene units.
Accordingly, the mg-substituted hexamethydipyrromethenes
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(LXXVIII, R=H,Me,Ph) were prepared from 2,3,4~trimethyl-

LXXVIII

pyrrole-5-carboxylic aecid.

3.4 Cyeclipation experiments

The first eyclization attempt was a Flscher
condensstion of the methene (LXXIII) with hexamethyldipyrro-

methene in a suceinic acid melt.

Me Me

Me e

Me Me

Me Me

LXXIX



63.

It was hoped to obtain ms-phenyloctamethylporphyrin
(LXXIX) by this method, and a small yield was estimated.
A comperison of the visible spectra of the product and some

related compounds is shown in Table IV.

Porphyrin Solvent A max.(in 9u)

ootamethyl'02 chloroform 399 500 532 565 594 621

Eg:::§§§35u1 benzene U410 506 539 578 630
mg~phenyl chloroform L4O4 504 536 571 624
octamethyl

TABLE TV

From the teble, it 1s apparent that the porphyrin
product is not octamethylporphin (which could arise by
eliminetion of the mg-phenyl group.) However, the reaction
would need to be carried out on a larger scale before it
could be assumed that no elimination had occurred. The
introduction of the phenyl group causes an overall batho-
chromic shift, but not as great a shift as a methyl group.
This could be explained by the non-planarity of the phenyl
group with the porphyrin ring causing less steric distortion
than the symmetrical methyl group.

After the preparation of the ms-substituted
d1formyldipyrromethanes (LXXX) from the diseids (LXXXI),

1t was decided to revert to the original reaction path.
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It was presumed that since the latter compound must have

LXXX L¥XXI

decarboxylated to give the former, they would decarboxylate
under the similar acidic conditions necessary for the
cyclisation, thereby eliminating the isolation of the
troublesome ¢, ¢'-unsubstituted dipyrromethanes. The
first experiments were carried out with the mg-unsubstituted
compounds (LXXX and LXXXI, R=H), With hydriodic acid as
catalyst, the cyclization gave only low yields, irrespective
oflwhgthar air or copper acetate was used as the oxidising
agent. The reaction involved is complicated, involving
at least four steps, although they do not necessarily occur
in the following order:
(a) decarboxylation of the diacid;
(b) condensation of the methanes to form the bilenes
(LXXXII);
(e) eyclisation of the bilene to the dihydroporphyrine
(LXXXIII); and
(d) oxidation to the corresponding porphyrin.
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A possible mechaniem is shown in Fig. 11. The substituents
in the /=-positions are different from those employed in
McDonald's highly-successful wnthnnn.ga and the inclusion
of the decarboxylation step is another compliecating factor,
so that 1t was not surprising that the earefully-elaborated

conditions of MecDonald were not as successful in our case.

In the analogous preparation of decamethylporphin
(LXXXIV, R=Me) from the diascid (LXXXI, R=Me) and the
dialdehyde (LXXX, R=Me), similar low ylelds were estimated.
However, in this experiment e possible intermedlate, or
by-product, was obtained in good yield as a red solid with
a green reflex, and a high melting point. Its visible
spectrum indicates a pyrromethene linkage and presumably
at least one condensation step has taken place. However,
1t is not possible to distinguish between the bilene
(LXXXII), dihydroporphyrin (LXXXIII) or polypyrrene (LXXXV)
struetures which are possible, on the basis of the visible
spectrum, Various attempts at oxidising the compound to
a2 porphyrin were made, but only traces were obtained so
that the dihydroporphyrin structures seem unlikely.
Purifiecation of the unknown compound was not accomplished,
and this makes deductions from the infrared spectrum risky.
Clarification of the structure of this compound would
undoubtedly help to improve the yields of porphyrin by this
method.
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Jonnson'23 naa reported a 29% yield of tetraethyl
1,4,5,8-tetramethylporphin-2,3, 6,7-tetracarboxylate (rxooxv )
from the dialdehyde (LXXXVII) and the dlacid (LXXXVIII) by
heating methanolic solutions of the methanes under reflux

with 128 hydrochloric acid (Fig. 12). Although the ylelds

E'b")gc COEEt

LXXXVIII

Et02C COpEt

Et0gC C0pEb
LXXXVII Fig. 12. LXXXVI

were lower than those obtained in McDonald's studies, 1t

seemed advantageous to carry out the decarboxylation in
the same vessel as the condensation. Because McDonald
had emphasized the eritical nature of the mineral acid,

we decided to make a comparison between hydriodic,
hydrobromie, hydrochlorie and perchloric acids under these
reaction conditions., Thus, the mg-methyl disecid (LXXXI,
R=Me) and dlsldehyde (LXXX, R=Me) were heated under reflux

in methanol with the various acids and the ylelds were
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estimated spectroscopicelly. Under Johnson conditlons,
perchloric acid was found to be the most efficlient cyclising
sgent, hydriodic was almost as efficient and hydrobromic

and hydrochloric acids not nearly as good. This contrasts
with MeDonald's results, for he found that hydriodiec acid
wag by far the most efficilent. The extra step involved

in our reactions probably accounts for the different

results.

Because of the success of agueous copper formate
in increasing the yield of octamethylporphyrin from the
aiseid (LOCXI, R=H) and formic seid, 02 it wes decided to
attempt the preparation of the decamethylporphin under
the samé cenditions. On the basis of Treids' work,'>
1t wes expected that the mg-methyldipyrromethane (LXXXI,
R=Me) would cleave in formic acid, end possibly give rise
to two porphyrins. When the experiment was carried out,
it was found that the yield was sppreciably lower than for
the mg-unsubstituted compound and there appeared to be
two Soret bands evident in the visible spectrum. The
overell lower yleld of porphyrin can possibly be explained
on the basis of the steric interaction of the ms-methyl
group with the methyl groups in the /S -positions. Cleavage
at the mg-position was also detected in an attempted

eycligation of the diameid (LXXXI,R=Me) snd the dlaldehyde



(1LXXX, R=Me) in formic acid.

From these experiments, it was concluded that the
best method tried for the preparation of mg~-disubstituted
porphyrins was to oyclize the dipyrromethanes with perchlorioc
acid in methanol, and to carry out the final oxidation with
agueous copper formate. Working on a slightly larger scale
than above, octamethylporphin and copper decamethylporphin
were isolated in 21% and 10% ylelds respectively. The
yield of the latter represents an apprecisble increase on
Kenner's 11916“1 and the preparation has the advantage
that it does not give sueh a complicated mixture of
products. Copper mg-diphenyloctamethylporphin (LXXXIX)
wee prepared in a similar manner in 6% yleld from the
methanes (LXXX, R=Ph) and (LXXXI, R=Ph).

Although more work needs to be done, it appears
we hsve Tound a more satlsfactory method for preparing
mpg-disubstituted porphyrins than is deseribed in the
1iterature and the poesibility of gynthesi zing other ms-
gubstituted porphyrins remains open.
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PYRROLE

4.1 Introduction

From the reaction of 2,3,4=trimethylpyrrole and
benzoyl chloride in acetic acid (see sbove), a compound of
unknown structure was isolated as well as the expected
mg~phenyldipyrromethene. The evidence provided by its
elementary snalyels and infrered spectrum suggested that

1t was 2-benzoyl-3,l,5-trimethylpyrrole (XC),

Me Me Me Me
Me \ 'C‘7.¢ Me (/ \}
0 N
i
H ;: 0
XC XCI

However, the melting point of our compound corresponded
with that of a compound, prepared by Treibs and Derra-
Bohnru‘,“eu but to which they had assigned the 1-benzoyl
structure (XCI)., They had prepared their benzoylpyrrole
by reacting 2,3,4-trimethylpyrrole with benzoyl chloride

i{n excess godium hydroxide solution under Schotten-Baumann
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conditions. The discrepancy between our results end theirs
prompted an investigation of the synthesis and infrared
gpectra of & series of 1= and 2-substituted benzoylpyrroles.

Appropriaste modifications of many common acylation
procedures have been used for the synthesis of a wide
veriety of benzoylpyrroles. Sometimes, however, direct
ring formation ie more convenient particularly if an
- unambiguous synthesis is required. For example, Spri-ous
has recently modified the well-known Pasl-Knorr synthesis
to produce 3=benzoyl-2,5-8iphenylpyrrole (XCII) from the
1:h=diketone (XCIITI) and ammonium acetate.

N

D . 4 e
0 \CH-——- CH, | - R / \
/ % —— ¢ g
C - C : NHM_OAG
¥ 7N H
¢ 0 o ¢
XCIII XCII
126

His synthesss o127 of 1=hydroxypyrroles from the oximes
of o-haloketones, illustrated in Fig. 13, are also of
interest. This is a modificetion of the Hantzch synthesis.
The 1-hydrox;pyrroles are readily converted to the 1=
unsubstituted pyrroles. Dimroth and Pmtuhou“‘“ have
synthesized a benzoyl derivative (XCIV, R=COF, R"=CN) in

their recent ring synthesis of pyrrole derivatives from
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benzil (Fig. 14).
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Fig. 14,

The abové examples are confined to t hose of more recent
spplication for benzoylpyrrole syntheses, and a number of
other modified ring syntheses are possible.

When the pyrrole ring has already been formed,
acylation procedures can be used. Grignard derivatives
of pyrroles, over whose structure there has been considerable

controversy in the literature, have been the source of 1-,
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2~ and % benzoylpyrroles. By the action of benzoyl chloride
on 2,4,5-triphenylpyrrole, Giambrone and 8pr10129 obtained
the 1-benzoyl derivative, the structure of which was
confirmed by oxidetive degradation to dibenzoylmethane.
However, the melting point listed seems rather high and

the compound reported could profitably be investigated

by modern physical methods. Normally, the N-gubstituted
compounds are believed to be intermediates in the formation
of the C-substituted aowponndu.1m Despite the fact that
alkylation of pyrrylmegnesium halides gives mixtures of

the 2- and 3-isomers, Skell and Bean'>' have shown that
acylation gives only the 2-isomers. When both co-positions
are blocked, acylation involves the ﬁ-pouition.132'13h
Thus, the Grignard method of synthesizing pyrroles cannot
be used for unequivocal structural assignments, without

further confirmatory evidence.

The Friedel-Crafts, Houben-Hoesch and Vilsmeier-
Haak acylation procedures cannot give 1-substituted deriva-
tives because they are carried out in acid media. They
normally give 2-ascylpyrroles in good yields but will
substitute in the / -positions if the o-positions are blocked.
The sctivation of the 2-position in the Friedel-Crafts
peaction is illustrated by the following mechanism (Fig. 15).
A complicating feature of the use of the Friedel-Crafts
reaction wes observed by Rips and Buu-l!ol.135 They noticed,
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¢ cocl + A1c13—-¢.00@ Alcff
J =S 7 ) W—
! N ifl- NP & a=p
I H N 0
H 0 H H

Fig..15.
in the benzoylation of 1,2,5~-substituted pyrroles, that

dibenzoylation ean occur because the pyrrole nucleus is
so reactive. Thus, benzoylation of 1-phenyl-2,5-
dimethylpyrrole in benzene with benzoyl chloride, using
stannie chloride as catalyst, gave the 3-benzoyl and 3,4=-
dibenzoyl 1somers. The Houben-Hoesch pronedura136 is
1llustrated in Fig. 16.

Et0,C__Me Et0,C Me EtO, .

/0 I

HC1

i
. x (ghig X W

Fig. 16,
XevI ZCv
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Its mechanism must be basically similar to that of the
Friedel-Crafts reaction. Kleinupahn1 37 has modified the
well-known Vilsmeier-Hask procedure to produce benzoyl
pyrroles, Pyrrole (XCV) was produced by the reaction of
the pyrrole (XCVI) with N-benzoylmorpholine and phosphorus
oxy=-chloride, possibly sccording to the following mechanism
(Fig. 17).

0‘ N"E"’*mlg —= 0 P]-— S o.ro0,

Bt0,C__Me e -Cl
Me {_ D, /_12\——""" McQ\'@’@‘
O

Et0,C_ Me l\/

DAY
N
H C Xcv
¥ig. 1.
A convenient synthesis of {1-benzoylpyrroles was

developed by Rainey and Adkins'>°

when they treated potassio
derivatives of pyrroles with benzoyl chloride. The
initial mechaniem 1s probably ionie since the 1~-1isomer can

always be obtained but the question of the presence of the
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higher boiling 2-isomer in the reaction product before
working up 1s open. In view of the relatively low yields
which are obtained, and the fact thet mixtures of 1- and
o=igomers have been obtained in the closely-related
alkylation reactions with alksli metel salts of pyrrele,’ >
it seems probeble that the 2-isomers are present; but this
has not been investigated., Another fact to be considered
in this problem is that 41-acyl pyrroles are known to

rearrange thermally to the 2~1mmrn.1m

Two other procedures have been used to syntheslze

benzoylpyrroles. Some Japanese wurkerum"

have recently
adaspted the well-known pyrrole synthesis from furans to
give pyrryl ketones. They obtained 2-benzoylpyrrole in
10-15% yleld from the corresponding furan derivative by

heating with ammonia.

Heating pyrroles with benzoic acid anhydride %o
200-20° gave 2-benzoyl derivatives whereas N-acyl
derivatives were reported from asliphatic aclid anhydrides

under the same c:lsomu11:1!.«:»:mfl 30

The 1iterature on the Schotten-Baumann benzoyla-
tion of pyrroles is rether confusing. In 1924, Ilul‘.l.un-‘”"2
reported that benzoylation of 2-hydroxy-li-ethoxycarbonyl=-

5-methylpyrrole gave a monobenzoyl derivative under
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Schotten-Baumann conditions but 2-methyl-l-hydroxy-3-
ethoxyecarbonylpyrrole (XCVII) gave & dibenzoyl compound.

He asgumed thet for both cases the hydroxy group reacted
to give an ester and dlscussed whether the other bhenzoyl
group wae in the 1= or o-position in the second pyrrole.
He favoured the 2-position but did not prove its structure.
Recent spectroscopic utudiumz' have shown that 3=
hydroxypyrroles are l-oxo-2-pyrrolines and thus (xoviI)
would have structure (XCVIII).

2 m¢
H N 9¢
H : 0
XCvil XCVIII XCIX

This structure suggests another possible structure
(XCIX) for the dibenzoyl derivative, but the true nature
of the compound should be capable of elucidation by modern
physical methods. Working with pyrroles whose structures
were known unequivocally, Trolbl1hh reported that Schotten-
Baumann benzoyletion gave 1-substituted derivetives. He
assumed this to be a general ru1012h'130'1“u and text~-
haokl1h5'1h6 and raview:,1u7 even as recently as 1963,
have quoted this. However, Plleninger, Baver and

Ketritzky U8 recently claimed that 2-ethoxy-3,4-dimethyl-



pyrrole_hanzuylated in the 5-position under Schotten-Baumann
conditions. They gave no evidence to explain thelr
difference in assignment from Treibs' rule despite the faoct
thet the pyrrole used is sctivated in a similar masnner

to the compounds employed by Treibs. Theoretically,
Schotten~Baumann benzoylation would be expected to glve
2-gubstituted derivetives as it is diffiocult to imagine the
hydrogen attached to the pyrrolic nitrogen being removed

in aqueous 8lkali. When an electron-withdrawing substituent
is placed in the 2-position, this would activate the pyrrole
nitrogen to electrophiliec attack, as Fig. 18 1llustrates.

s Y C”Oe“oﬂ—")\o
Y H

H

N
()
Fig. 18.

Thus, 1t was not surprising thet the same benzoylpyrrole
was prepared by Schot ten-Baumann benzoylation of pyrrole-
2-aldehyde and by reaction of its sodium salt with benzoyl
uhlorida.1h9

No mrestematic infrared study of benzoylpyrroles
has previously beoen undertaken, but it was expected that
the 1=-henzoylpyrroles would exhibit no N-H stretching
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frequency and would have en amide-type carbonyl etretching
frequency. Their 2-pubstituted counterparts should have
an N=-H stretching frequency and a ecarbonyl siretching
frequency in a region similar to those of dipyrroketone
and Michler's ketone (dl{p_-dimathylminnphenyﬂkotone),

which occur at 1597 and 1598 em.™ 150

respectively.
The sbove results summarize past work on benzoylpyrroles
and provide background material for our investigations of
the problem of whether or not our benzoylpyrrole was &

1= or a 2-isomer.

4.2 The igomer problem

Initieily, we repeated the work of Treibs and
Derra-Scherer. 2%  They had reduced 2,4-dimethyl-3-
ethoxycarbonylpyrrole with 1ithium aluminium hydride to
give 2,3,h-trmethﬂprrrole whose benzoyl derivative was
then prepsred by Schotten-Basumann benzoylation. Our
product from the rupetitinr} of this reaction was identicel
in melting point with the one they had obtained. It
was identical in infrered spectrum, melting point and mixed
melting point with the .oompound we had obtained in the
mg-phenyldipyrromethene preparation. As determined by
these same three criteria, the products obtained by Schotten-

Baumann benzoylation of 2,3,4=~trimethylpyrrole (prepared
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by an alternative method from 2,3,4~t rimethyl-5~ethoxy-
cerbonylpyrrole) and Houben-Hoesch procedure were also
jdentical with those sbove. Since the latter procedure
can only reasonably be expected to give a 2-benzoyl
derivative, we concluded that our unknown compound did, in
fact, have the structure we originslly agsigned to 1%,

This assignment wae supported by the infrared evidence
(Vyg = 3150, Vg o = 1593 om.”'). Attempte to form this
compound by Vilsmeier-Haak benzoylation of 2,3,4~trimethyl=-
pyrrole using dimethylbenzamide, which had been successfully

154 were surprisingly

employed in the azulene series,
unsuccessful. Authentie 1-benzoy1-2,3,h-tr1muthylpyrrolo
(x01, Vg = 1685 om.~1), a 11quid, was synthesized from
the potassium salt of 2,3,4=trimethylpyrrole and benzoyl
ochloride. It seemed conclusive thet Treibs' assignment
wase incorrect, and led us further to doubt that Schotten-

Baumann benzoylation alweys gilves 1-benzoylpyrroles.

It was therefore decided to investigate Treibs'
original pap¢r130 on {-benzoylpyrroles. It was ironieal
to d1scover that this refuted a olaim that 2~henzoyl=3,5=
dimethylpyrrole (C) had been prepared as & by-product
in the Knorr synthesis of 2-methyl=3~acetyl=4=phenylpyrrole
(1) from phenacylamine and acetylacetone (Pig. 19).152
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The basis of Treibs' reputation was that Almstrom's
compound had the same melting point as "{-benzoyl-2,5~
dimet hylpyrrole", which had been prepared by Schotten-
Baumann benzoylation of 2,4~dimethylpyrrole. The difficulty
of explaining how a 1-benzoyl derivative could be formed
was avoided by assuming that Almstrom's compound was &
mixture. The basis for the assignment of the Schotten-
Baumenn product was that the compound obtained by Houben-
Hoeseh synthesis from 2,4-dimethylpyrrole and benzonitrile
had a higher melting point end, furthermore, admixture of
these products gave a sharp depression of melting point.
Confirmatory evidence for the assignment came from the

fact that the "1-benzoyl derivative' gave no reaction with
hydroxylamine while the '2-benzoyl derivative' reacted
readily to form an oxime., Bromo compounds (not character-

ized) of different melting point were obtained from the



83.

two compounds but somewhat surprisingly, the 'N-benzoylpyrrole'
was recovered unchanged on heating in a sealed tube,

In contrast to Treibs' results, the products we
obtained on repetition of the Houben-Hoesch and Schotten-
Baumann bengzoylation resctions with 2,4-dimethylpyrrole
were identical in melting point, mixed melting point and
infrared spectra. The melting point obtained was identical
with the literature melting peint for authentie 2-benzoyl=-
3,5~dimethylpyrrole, prepared by ssponification and
decarboxylation of 2,4~-dimethyl-3-ethoxycarbonyl-5«
bennoylpyrroh."n The infrered evidence supported ihe
2-henzoyl structure ( U wg = 3uL7, oﬂ-ﬂ = 1598 em.” 1),
Authentic 1-benzoyl-2,4-dimethylpyrrole (v c=0 = 1687 am,” 1),
e liqrid, waes synthesized by the Rainey-Adkins procedure.
From these reactions, it seems certain that Schotten-
Baumann benzoylation of alkyl pyrroles gives the theoretically
expected 2-benzoyl 4 erivatives, and not the 1-isomer as
reported hitherto,

This was further borne out by preparing the well-
known 1=~ and 2-benzoyl derivatives of pyrrole itself.
2-Benzoylpyrrole ( U yy = 3454 am.™, ¥, o = 1612 en.™")
wag prepared by the Schotten-Baumann procedure and
1=benzoylpyrrole ( 00 = 1691 m."‘) by the Rainey-Adkins

procedure,
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The scope of the reaidlly-executed Schotten-Baumann
reaction for the preparation of 2-benzoylalkylpyrroles
geems, however, to be limited. '!ru‘.lb-"” has reported
that N-methylpyrrole esnd 2,4-diphenylpyrrole do not
react, and we have made unsuccessful attempts to prepare
derivetives of 2-methylpyrrole and 3,L¢-dimathy1pyrroln.
2,4~Dimethyl-3~ethylpyrrole gives a monobenzoyl Mrivat!vu,"m
2,3,4,5~tetramethylpyrrole gives & dibenzoyl darivativl”}
and 2,5-dimethylpyrrole has not been t ried.

Treibs' claim to have prepared 1~benzoylpyrrole-
R-nlﬂohyd-1h9 by the Schotten-Baumann procedure on
pyrrole=2-aldehyde has been substantiated. Reaction of
the sodium salt of the aldehyde with benzoyl chloride gave
the desired compound, the infrared mectrm’ of which
("OO_O = 1690, 1790 um.'1) supported its proposed structure.
However, Schotten-Baumenn benzoylation of 2-ethoxyearbonyl-
pyrrole gave only unchanged starting meterisl, It is interest-
ing to note that two produects ere obtained on benzoylation of
pyrrole-2-gldehyde in sodium hydroxide (less than the
required smount), Apart from the N-benzoylpyrrole, another
product, for whose structure Treibs has postulated the
benzolec acid ester of the hydroxymethylene form of the
aldehyde (CII). Treibs gives us no supporting evidence

% Infracord.
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and ignores the dimerie nature of the produet, which was

elucidated by earlier workarl.15h'155

4.3 Infrared Studies

Table V shows the NH and C=0 stretching modes of
a number of 2-benzoylpyrroles which constitutes a section
of a larger investigation being carried out in this
department.’®® It includes two compounds which were not
mentioned in the previous section, yiz. S5-methyl-2-
benzoylpyrrole and 3,4-dimethyl-2-benzoylpyrrole. Both
these compounds were prepared by reaction of the Grignard
derivative of the appropriate slkylpyrrole with benzoyl
chloride, since the Schotten-Baumann procedure was found to
be ineffective. The Grignard reaction was used in
preference to the slternative Houben-Hoesch and Friedel-

Crafts procedures because it is milder.

The determination of the NH stretching mode of the
pyrroles was mede in very dilute solution to eliminate
intermolecular hydrogen bonding. No evidence was found
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3436 3496 - -
5454 5454 1612 1612
3452 5445 1605 1604
3447 5447 1538 1598
5459 5458 1601 1600
450 2449 1593 1592

133

% See Ref. 198.
%% Inorganic Dept.
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for intramolecular hydrogen bonds between the NH and C=0
groups in these compounds and thie result agrees with
results from a releted study of the NH stretching modes

of 2-acetylpyrroles .1 56

By comparison of NH stretching
modes of the benzoylpyrroles with those of the correspond-
ing alkylpyrroles which had been previously reported by
Abrahem et sl.,’>7 we observed that the introduction of

the electron-withdrawing benzoyl group caused a shift

to lower frequency of L42 om."1. The overall results were
such that the NH stretching mode (Uy,) could be spproximately

calculated from the followlng equation.

‘D“-fﬂﬁs-gna +2nﬁ

- 42 n
1 1 e

2

where n”l ’ nﬁl and u“z represent the number of methyl
groups in the o-position, the number of methyl groups in
the / =-position and the number of benzoyl groups in the

c-position respectively. This equation has been calculated
recently in this department,’>C and follows a pattern similer
to the results observed for alkyl,157 aoetyl15a and

ethoxyearbonylpyrroles., 159

The carbonyl stretching band shifts to lower
freguency as the number of alkyl groups increases, with
the methyl groups in the c -positions exerting a greater
effect than those in the F=-positions. This effect can
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be described quantitatively by the expression,

%0-1612-8% '6"5

where Ug_ 18 the carbonyl stretching mode, end n  and

Be

positions respectively. These shifts are to be expected

are the number of methyl groups in the .- and /=

fpom the inductive and hyperconjugative effects of the
methyl groups whiech tend to increase the single bond
character of the carbonyl group.

The results of measuring the carbonyl stretching
modes of various 1-benzoylpyrroles are listed in Table VI,
Those pyrroles which have not been mentioned above were
prepared by the Reiney-Adkins procedure of treating the
potassium salts of the sppropriste alkylpyrroles with
benzoyl chloride. 2,5-Dimethyl-1=benzoylpyrrole, which
previously had been described as an 011,133 was obtained
erystelline, end its identity was further confirmed by
nueclesr magnetic resonance spectroseopy. The carbonyl
stretohing mode of the N-benzoyl compoundswas found to be
at & higher freguency than the corresponding C=benzoyl
compounds, This 12 to be expecied from a comparison of
the carbonyl stretching modes of penzenilide' %0 ana b,l'-
b1 s(a1methylamino)=benzophenone, ' >0 which occur at 1680
and 1598 em.”! respectively. As observed with the CO

gstretching modes of the 2~benzoylpyrroles, the introduction
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TAELE VI

RETCHING MOD OF 1-BENZOYLPYRROLE

PYRROLES. v o (in cm~1)

1687

1685




of alkyl groups caused a shift to lower frequency. In this
case, however, the position of the methyl groups is not as
important since methyl groups have epproximately the ssme
effect in both the a- and [=positions, This could
possibly mean a predominance of the inductive effect of the
methyl groups.

Since we had observed the effect on the NH
stretching mode of introdueing one eleotron-withdrawing
group, it was d.eoidml to further our investigations by
observing the effect of introdueing two electron-withdrawing
groups in the c-positionsof 3,4=dimethylpyrrole, Because
they could also poesibly be useful eynthetic intermediates,
the scylated derivatives of the ethoxycarbonyl and
benzyloxycarbonylpyrroles were prepared, Although four
of these compounds were resdily prepared by standard
pmoduru,. the gynthesis of benzyl 5=benzoyl=-3,L~
dimethylpyrrole-2-carbonylate was troublesome, possibly
becaﬁn of the lability of the benzyl g roup under acid
conditions, and eventually the only successful gynthesis was
by transesterification of the corresponding ethyl ester,

Because of intramolecular hydrogen bonding, it
might have been expected that more than one NH stretching
mode might be observed, since the pyrroles could exist
in the free NH form (CIII) end in the bonded NH ...CO, E%
form (CIV),
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The res;nltu obtained are 1listed in Table VII.
The bonds obtained were very brosd, snd probably contained
at lesst two separate bands, hut because of thelr
complexity in the NH region, no useful results were obtained,
The expected fact that the introduction of another electron-
withd rewing substituent would cause a further shift to
lower freguency wes, however, observed as can be seen by
gomparison of the values for 2-bengoyl=3,4~dimethylpyrrole
(Ogg = 3459 em.~1), 6 thyl S5-benzoyl-3,4=-dimethylpyrrole-
2-carboxylate (Uyy = 343 em.”'), and benzyl 5-benzoyl-
3,lj=d imethylpyrrole-2-carboxylate ('L)lm = 341 em.~ ).
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CHAPTER V

5.1 Introduction

(1) Melting Polnte
Melting points were determined in csplllaries using
a Gellenkamp melting point spparatus and were corrected.,

(2) Infrared Spectrs

The majority of the infrared spectra were measured
on a Perkin-Elmer model 4137 Infracord spectrometer. The
NH frequencies of the benzoylpyrroles were determined using
1D-u M solutions in carbon tetrachloride in a 100 mm, cell
on the Unicem SP700 recording spectrometer. The carbonyl
frequencies of the benzoylpyrroles were determined using
0.189 M solutions in chloroform in a 0.106 mm, cell on the
Perkin -Elmer model 241 spectrometer.

(3) Ultraviolet and Visible Spectra
Qualitative electronic absorption spectra were

measured on an Optica G!u spectrometer, Quantitative
electronic absorption spectra were measured on the Unicem

8P700 spectrometer.

(4) Nuecles

The nuclear magnetic resonance spectra were measured
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on a Varian D.P.60 nuclear magnetic resonance spectrometer
at 60 Mo/s, Tetramethylsllane was employed as an
internsl standard and the sideband technique used for
ealibration,

(5) Analyses

The microanalyses were performed by the C.S8.I.R.0.

Microanalytical Laboratory, Melbourne,

(6) Chromatography

Several grades of alumina were used for chroma-
tography., "Grade IV alumine” ie B.D.H., "alumina for
chromatography" to which has been added 10% by weight of
water, distributed evenly by mechanical sheking for % hr.,
end "grade IV slumina, acid washed" is B.D.H. "alumina for
chromatography" which has been washed with 1% hydrochloric
acid, until the eluate was acidic, then washed with water
until the eluste was neutral, dried in an oven at 160° for
12-18 hr., and finally deactivated by the addition of 10%
by welght of weter as described above,

Vapour phase chromatography was performed at 80°
on a Griffin and George vepour phase chromatography epparatus,
Mk, II, using a dinonyl phthalate column and nitrogen as

the carrier gas.

(7) Solvents
All solvents were redistilled, xh is a light

petroleum, b.p. MO-TOO.
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5.2 The Ro und Re
Materiels -

Pyrrole, benzaldehyde, end o-chlorobenzaldehyde
were commercial samples, redistilled prior to use,
g-Methoxybenzaldehyde, b.p. 212° (11t .161, 212-245°),
mesitaldehyde, b.p. 124°/19 mn, (1115.16&“, 118-121°/16 mn.),
and anhydrous zinc acetate were all prepared by literature

methods. Zine tetres-ms-(p-methoxyphenyl)porphin was &
gift from Miss M. Mitchell.

o-Tolualdehyde -

o-Tolualdehyde was prepared by modification of
the procedure of Brown ei 31.163 Anhyd rous ethanol
(13.8 g.) wes sdded dropwise to a suspension of 1ithium
aluminium hydride (3.8 g.) in anhydrous ether (300 ml,) at
0° with continuous stirring. o-Tolunitrile(11.7 g.) was
then added to this solution while the temperature was
mainteined at 0°. The reaction mixture was stirred at 0°
for a further hr,, and then methanol (130 ml.) was
cautiously added, After standing overnight, the product
wae steam-distilled., The distillate was extracted with
chloroform and the chloroform extract evaporated. Distille-
tion gave g-tolualdehyde (3 g., 25%) as a colourless
11quid, b.p. 108°/28 mm, (114.162® 200°/760 mm.). Ite
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23 4=-d1ni trophenylhyd razone was obtalned as orange needles,

ms-Tet ra-p~methoxyphenylporphin -

A solution of zine mg-tetre-(p-methoxyphenyl)porphin
in benzene was washed with 12N hydrochloric acid, water,
and smmonium hydroxide. The benzene solution was evaporated,
and recrystallization of the produet from benzene-methanol
gave mrtatra—n—mathoxyphenylporphin as purple needles,
Its visible spectrum in benzene showed )\ max. 424, 488, 518,
556, 595, 652 mu in agreement with the 11tarature.66 Its
n.m.r. speetrum (in deuterochloroform) showed singlets at
T 4.13, 2.65 5.91, and a multiplet at T 1.87 and (in
trifluoroscetic acid) 1t showed singlets at T 2.50, 2.68,

3,30, 4.30, a multiplet atT2.33, and a broad peak at T 5.77.

The following exsmple illustrates the method used

to csloulste the percentage chlorin impurlity:- The visible
gpectrum of the particular semple of mg-tetraphenylporphin
in benzene had the following characteristios: ([Wﬂolength
(1n ma), optical density ] L85, 0.246; 545, 1.35; 547,
0.49; 590, 0.337; 6.50, 0.5h5]- Pure Bg-tetraphanylporphinss
has the following absorption characteristics in benzene:
(E!avulength (in 1,\1), €x 10'3] u85, 3.u; 515, 18.7;



97.

548, 8.1; 592, 5.3; 647, 3.'4). and the pure ahlorins-?'
has: (Emvolangth (in gn),ez 10'3] 518, 15.0; 5u43, 10.8;
600, 5.8; 654, W .7). The optical d ensity of the band at
485 ma in the reference sample is 0.246 end, therefore,
since the pure porphyrin has egual € x ‘It'J""3 velues at 485
and 647 i the opticel density corresponding to pure
porphyrin in the band at 650 ma ig 0,246, By subtrsction
the opticel d ensity due to chlorin is 0.299 and since an
optical density of 0.246 corresponds to an € x 10“3 value
of 3.4, the € x 10~> value corresponding to chlorin is
4.15., Comparison of this value with the €x 10'3 for pure
ehlorin (41.7) shows that the sample conteins approximately
10% of mg-tetraphenylchlorin.

ms-Tet raghegzlgomhl n =

The following method was found to be slightly
guperior to that given in the 11terature.66 A mixture of
benzeldehyde (12 ml,), enhydrous pyridine (1k ml.), pyrrole
(7 ml.) and snhydrous zinc acetate (7 g.) was heated in a
stainless steel autoclave (ocspscity 100 ml,) st 185°, for
48 hr., sccording to the procedure of Ball, Dorough and

60 The product was washed with acetone (to remove

Celvin.
sdhering ter) and the resulting crystels collected (2.76 gs6
15.6%). Purification was effected by dissolving this

produet (0.5 g.) in redistilled trichloroethylene and
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passing the solution through a bed of tale (3 x 2"). The
eluste was eveporated and the resulting zine mg-tetraphenyl-
porphin (0.l g.) hed charecteristic sbsorption bands (in
penzene) at 430, 515, 550, and 590 ma (11¢."%, U3, 515,
550 and 590 ty:). A benzene solution of the zine complex
wes sllowed to stand for 2 hr., with en equal volume of 9N
hydrochloric acid. The benzene leyer wes seperated, washed
with water, 2N smmonium hydroxide, water, and dried.
Eveporation geve mg-tetrsphenylporphin (0.3 g., 83%) as
purple needles. Its sbsorption spectrum (in benzene)
showed mexima at 420, 485, 515, 550, 59L, end 650 mu,
(214,56 419, 485, 515, 5u8, 592 and 647 ma). Its nuclear
megnetic resonence gpectrum (in deuterochloroform) showed
ginglets at T 1.15, 2.67 and multiplets centred at T 1,80
(1.72, 1.75, 1.82, 1.87) and T 2.27 (2.23, 2.27, 2.32).

In snother experiment, the crude zinc complex was
decompoped with hydrochlorie acid and the resulting free
base purified. A solution of crude base (0.93 g., contain=-
ing 2% nrtatraphenylohlnrin) in trichloroethylene (100 ml,)
was lhaken for + hr. withtele (3 g.), and then set aslde
for 2 days. After removal of the tale, the filtrate was
evaporated and gave meg-tetraphenylporphin (0.8 g.),
whose absorption spectrum indiceted that it was now chlorin=-
free since the band at 650 ma wes now approximately equal in
intensity to the one at L85 .
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me-Tetramesi tylporphin =

A mixture of mesitaldehyde (100 g.), pyrrole (43 g.)s
anhydrous zine acetate (43 g.), and pyridine (86 ml.) was
heated in a stainless steel sutoclave (eapacity 700 ml.) at
180" for 48 hr. The resction vessel was cooled slowly
and the resulting "tar" filtered. The regidue was washed
with scetone, to give purple needles (1.4 g, 1%), the
visible spectrum of which showed bands at 424, 31 6, 550, 603,
624 ma and indicated a zine porphyrin containing 65% zino
ehlorin. The cryestals were di ssolved in benzens, allowed
to stend overnight and then the solution was run onio a
column of slumina (Spence). The metal was removed by
washing with 12 hydrochloric acid and the free base obtained
by washing with ammonium hydroxide, The benzene solution
wae finally washed with water and eveporated, Recrystall-
i{zation of the residue from benzene-methanol gave mg-tetra-
mesi tylporphin as purple needles (Found: ©, 83.1; H, 7.9;

N, 6.6, Oggliy,X) requires ¢, 85.9; H, 7.0; N, 7.2%).

Its nuclear magnetic resonance spectrum (in deuterochloroform)
showed singlets at T 1.38, 2.21, 7.37, 8.15, 8.73., 1Its

zinc complex erystallized as purple needles from the

chromatographed solution above.

In snother experiment, en orange solution with

an intense green fluorescence was also obtained. Its
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visible spectrum showed an intense peak at 490 ma . Attempts
to orystallize the product were unsuccessful .

m ~(o-ghlorephenyl)porphin =

A mixture of o-chlorobenzaldehyde (103 g.),
enhydrous zinc acetate (49 g.), pyrrole (L9 g.) and anhydrous
pyridine (98 ml,) was heated in a stainless steel autoclave
(capaeity 700 ml.) at 175° for 48 hr. The resulting tar
was d1ssolved in pyridine (1 1.,) and agueous methanol fh 1.,
85%) was added. The solution wes refrigerated overnight,
the purple tarry residue filtered off, dissolved in chloro-
form, and the chloroform solution evaporated, The last
traces of contaminating pyridine were removed by warming
on & hot-plate and extraction with xu. The purple solid
(127 g.) wes dissolved in chloroform and run onto a column
of elumina (Spence). Elution with benzene gave three

separate fractions.

Fraction (1), eluted first from the column, was
an orange solution, containing only a trace of red fluores—-
cent porphyrin., Rechromatogrephy on alumina (grede 1V,
acid-washed) with benzene/hexane (121) as eluant gave an
orange solution with a strong green fluorescence. The
conteminating porphyrin was eluted with bengzene and the
solution added to fraction (2). The orange solution on
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eveporation gave an orange solid (0.154 gy 0e1%)e
Recrystallization from chloroform/methanol gave zing ms—o-
ghlorophenyl=5,5" ~di~o~ghlorobenzyloin
needles with a green reflex, m.D. 203-205“ (Found: C, 6L4.5;
H, 3.5; ¥, 5.0; €1, 20.3; Zn ( caleulated from zine oxide)
6.5 058!!&0“'40162“ requires G, 65.1; H, 3.8; N, 5.2;
c1, 19.8; 2n, 6.1%. Its n.m.r. spectrum (deutero-

s as orange

chloroform/carbon tetrachloride, 60/40) showed a complex
gseries of multiplets from T 2,73 to <TL.,00 and a doublet
at T6.07 ( T = 6 copeBs)e Its ultraviolet and visible
spectrum in carbon tetrachloride showed ) max. 303, 351,
481, 502 ma (10g € 3.36, 3.1, 4.10, 4.62). Its infrared
gpectrum, measured as a 0.34 K golution in chloroform in
a 0.106 mm. cell on the Perkin-Elmer model 21 spectrometer,
is shown in Fig. 20. Its molecular weight determination
(Rast) gave a dark solution end a presult of 667 (calculated
1071) .

Fraction (2) was a purple solution with a strong
red fluorescence. After rechromatogrephy on alumina, the
orude zinc complex (17.2 g., 12%), containing 9% chlorin
impurity, wes obtained as purple needles. The needles
were dissolved in benzene, gllowed to stand overnight, and
run onto a column of alumina ( 8pence) . The purple fraction

eluted wae evaporated and the regidue recrystallized from
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benzene-methanol to give gine me-tetra(o-ghlorophenyl)porphin

as purple prisms, (Pound: C, 65.6, 64.0, 68,13 H, 3.3,
3.0, 3.8; N, 7.4, 6.1, 6.8; 01, 16,3, 16.9. Cy,H, N Cl) Zn
requires C, 64.8; H, 3.0; X, 6.9; Cl, 17.4%). The free
pase (1.03 g., 75%), obtained from the zinc complex (1.49 g.)
by treetment with 12N hydrochloric acld and ammonium
hydroxide, erystallized from benzene-methanol to give me=-
yetra-o~ghlorophenyl)porphin as purple needles (Found:

¢, 70.5; H, 3.8; N, 7.1; 01, 19.2. Oy HygN,01) requires
¢, 70.2; H, 3.5; N, 7.5; ©1, 18.9%). Its n.m.r. spectrum
(1in deuterochloroform) showed a singlet at T 1.31, multiplets
at T 1.87, 2.23, and a broad pesk st T12.60 and (in trifluoro=
acetic acid) singlets at T 3.40, ‘M.ZB. multiplets at T2.0,
2,47 and a broad peak at T 12.10,

Praction (3) geve black tars, from which no ident-

ifieble compounds were isolated.

In another experiment, the initial tarry reaction
product was distilled, and the various frections were examined
by vepour phase chromatography. The ehromatographs showed
peaks with retention times ecorresponding to pyridine, but
the shape of the bands and the fact that the mixtures gave
posi tive Ehrlich tests suggested that they were pyridine-
pyrrole mixtures. It has been shown that such mixtures

cannot be separated satisfactorily. 164
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A mixture of g-methoxybenzaldehyde (100 g.),
anhydrous zine acetate (L9 g.), pyrrole (49 g2.), and
anhydrous pyridine (98 ml,) was heated in a stainless steel
autocleve (cepacity 700 ml.) at 170° for 48 hr., The
resulting tar was diseolved in pyridine (1 1.) end diluted
with agueous methanol (80%, 4.5 1.). The insoluble
pesidue was extracted with chloroform and the chloroform
golution was evaporated to dryness. The pyridine fraction
was filtered, the residue dissolved in chloroform and the
chloroform solution evaporated., The solids were combined,
heated on a hot-plate (to remove the contaminating pyridine),
dissolved in chloroform and the chloroform solution was run
onto a bed of alumina (Spence). By eluting with hexane,
an orange solution having a green fluorescence was obtained,
but on eveporation it yielded only an orange gum. The
ultraviolet and visible spectrum (in chloroform) showed
A mex. 475, 505 mu. Further elution with benzene gave a
purple solution with an intense red fluorescence, Evepora-
tion gave the crude :ino gomplex ( Lol ge, 2.6 %) as & purple
solid, whose sbsorption spectrum showed bands at h24, 515,
554, 593 m and indicated 25% zinc ohlorin. The zine
complex was dissolved in benzene, allowed to stand overnight
and then run onto a column of alumina (Spence)., The
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benzene-eluted fraction was evaporated %to give zinc ms-

Ny n as purple prisms. (Found:

C, 71.13 H, 4.9. °h3336“u°uz“ requires C, 72.2; H, L4.6;
N, 7.0%). The metal was removed with 12N hydrochloric acid

and the free base obtained by washing the benzene solution
with ammonium hydroxide. Recrystallization from benzene-
methanol gave me-tetra(o-methoxyvphenyl)porphin as purple
needles (Found: ©, 77.7; H, 5.4 °ua“381'u°u requires

c, 78.43 H, 5,2; N, 7.6%). Its n.m.r. spectrum (in
deuterochloroform) showed singlets at T 1.22, 2.58, 6.45, a
doublet at T 2.70 and multiplets centred at T 2.0 (1.93, 1.97,
2,02, 2.05, 2.08, 2.13, 2.17) and T 2.30 (2.25, 2.28, 2.38,
2.40).

P P tt -
(a) Eyrolysie

ma—'retraghegxlnogghin -

Crude mg-tetraphenylporphin (0.3 g., contalning
epproximately 10% of the corresponding chlorin) was placed
in a glass boat (2x 20 em.) half-way slong a horizontal tube
of Pyrex glass (4x 110 em.), the ends of which were plugged
with glass wool. Nitrogen, which had been passed through
an scidie solution of vanadyl sulphate containing zine
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smalgam, 358 sulphuric aecid, end sodium hydroxide, flowed
gontinuousgly through the syestem, The boat and its contents
were heated by en asbestos-covered heating coil (4x20 em.)
o 450° for 30 min., A brown ofl collected on the cooler
part of the tube approximately 10-15 em. from the heating
coil while long purple needles (0,02 g.) sublimed to a
distance of 5 em. from the coil, The visible absorption
spectrum of the sublimed crystals showed peeks at 515, 549,
589, 648 o and indicated no contaminating chlorin. The
residue (0.2 g.) of purplish-black needles had a visible
absorption spectrum with bands at L8L, 515, 5u8, 593 e
and now eppeared to contein only 5% chlorin impurity.

me-Teotremesi tylporphin -

Crude mg-tetrsmesitylporphin (0.25 g.), containing
10% ohlorin impurity, was pyrolysed at 4530° under nitrogen
for 1 hr. in the above apparatus. A trace of porphyrin
sublimed but the majority of the porphyrin decomposed to
give a black intractsble residue (0,2 g.). The visible
gpectrum of the sublimed product showed ) max. 515, 5u6, 585,
633 mu (rel. intensities 1.3, 1, 1.6, 2.5).

Zing ms-tetra-o-ghlorephenylporphin-

Crude zine mg-tetra~-g-chlorophenylperphin (1 g.)
was heated in the sbove pyrolysis spparatus for 1 hr, at
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450°, Decomposition occurred to give a black residue,
insoluble in chloroform and a trace of a red compound
sublimed, The vigible spectrum of the latter compound
showed ) mex. 418, 446, LI7 ma (rel. intensity, 1, 1.7, 2.4),

Zing me-getrephenylporphin -

Zine mg-tetraphenylporphin (2.9 g.) containing
1.7% ohlorin, wes heated in the pyrolysis epparatus at
um" under nitrogen for 3 hr. A purplish-black residue
(2.2 g.) remained while some purple crystals sublimed. The
visible spectrum of bhoth compounds was identical, showling
the charscteristiec zinc peaks, disesppearance of the zine
chlorin pesak, and the sppearance of a new peak at 468 ma.

(b) Sublimation -

ms-Tetrephenylporphin (200 mg,), containing 10%
ehlorin impurity, was sublimed at 420-430° under 0.01 mm,
pressure for ¥+ hr. The produet (0.17 g.) contained only
8% ohlorin impurity. meg-Tetramesitylporphin sublimed
neatly but the chlorin impurity sublimed with 1t. me-Tetra-
o-chlorophenylporphin sublimed nicely at 250' at 0,05 mm,
pressure but so did 1ts contaminating chlorin, Zinc me-
tetra-g~chlorophenylporphin decomposed on attempted
sublimation but zinc mg-tetraphenylporphin sublimed without
decomposi tion.
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(e) Oxidation -

A solution of mg~tetraphenylporphin (100 mg.),
containing 3.3% ehlorin, in dry benzene (50 ml.) was treated
with a eolution of chloranil (30 mg.) in benzene (30 ml.)
and the mixture was sllowed to stand at room temperature in
the dark for 24 hr. The product only contained 3,0% chlorin
but prolonged exposure d1d4 not cause any reduction in the
eoncentration of chlorin,. Zine mg-tetramesitylporphin was
treated in a similar manner and the concentration of its

chlorin impurity was likewise virtuslly unchanged,

5.3 The Stepwige Synthegls
Materisls -

2, 3, 4=Trimethyl=5~-ethoxycarbonylpyrrole, m.p. 128°
(111:,165 128“), the sodium ascetate complex of diethyloximino-
malonate, m.p. 85.5-88° (11t.156 87-88°), 2,3,h-trimethyl-
pyrrole, m.p. 39° (111;.16? 39%), the hydroxymethyleneketone
168 440°), desoxybenzoin,
m.p. 54=57° (11,169 56-58°), potassium 3,l4,5-trimethyl-
pyrrole-2-carboxylate ! and 5,5'-diformyl-3,3',L,4"-

of desoxybenzoin, m.p. 110° (11t.

totrmethyldipnmethane1 23 were sll prepared by literature
methods.  §~Butyl 2,3,4~trimethylpyrrole~5-carboxylate

was a gift from Miss M, Mitchell and 2-(;, s=-dicyanovinyl)-
3,4~dimethylpyrrole was a gift from Mr. R.L.N, Harris.
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Methods -
Spectroscopic estimations of porphyrin ylelds were
based on comparisons of the intensities of the Soret pesks
with the known extinction coefficlents or with values

estimated from similer compounds.

2-Ethoxyeerbonyl-3, y~dimethylpyrrole-5-garboxylic acld -

Ethyl 2,3,4~trimethylpyrrole-5-carboxylate (30 g.)

was rescted with sulphuryl chloride (U46.8 g.) according to

116 ,_Ethoxycarbonyl-

the method of Fischer and Hiernels.
3,4=dimethylpyrrole-5~carboxylic acld (3 g., 17%) was
i L e ngss weien w0 O )
end 2-ethoxycerbonyl=3,l=dimethyl-5~formylpyrrole (2.1 &.»
13%) wes obtained as a brown powder m.pe 100-10u° (111‘.."6,
108°). The infrared spectrum of the latter compound ,
determined as & Nujol mull, showed cerbonyl frequencies at

1650 and 1680 em.” .

(l) Modlficati of Kleinspeh ‘117 method (ﬂthﬂﬂt

A solution of redistilled diethylmslonate (120 g.)
in glacial acetic ecid (135 g.) was stirred vigorously at
o-5° while a solution of sodium nitrite (142.5 g.) in water
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(250 ml.) was sdded dropwise during 3 hr. The mixture was
gtirred for a further 20 hr. and allowed to separate into
two layers. The lower agueous layer was di scarded and the
upper leyer, containing the required diethyloximinomalonate,
used., To this leyer (100 ml.) were added the sodium salt
(70 g.) of 3-formylbutan-2-one 'C and a solution of glacial
ascetic acid (250 ml.) in water 100 ml.). The mixture was
then warmed slowly to 95° during which 1t became homogenous,
Between the limits of 95° and 110°, zine dust (110 g.)

was added over a period of 70 min. The mixture was then
heated at 100-105° with continuous stirring for a further

1 hr. and then poured into ice-water. The mixture was
left in the refrigerator overnight, filtered, and the
residue digsolved in hot ethanol. The contaminating zine
dust was removed by filtration, and the mother 1liguor poured
into lce-water. The crude product (19 g., 23%) was thus
obtained ss a colourless solid, m.p. 68-84° which repidly
turned pink on exposure to air. Subsequent recrystalliza-
tion, once with sbsolute ethanol eand twice with 2,2,4-
trimethylpentane, gave ethyl 3,L4~dimethylpyrrole-2-
carhoxylate as colourless needles, m.p. 93-95° (11%.117

9y=95°)

() ¥ f Kleinspehn' d (yla sodium
uatate complex of dietrwlnximinomalonata.)

Glaciel acetic acid (116 ml.) was mixed with the
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sodium salt (28 g.) of }-fomylbutln-z-onnﬂo in a 250 ml.
3-necked flask fitted with a thermometer and stirrer.

The mixture was slowly heated to 85“, and the sodium acetate
complex (49.6 g.) of diethyloximinomalonate together with a
golution of glascisl scetic acid (48 ml.) in water (20 ml.)
were sdded. Between the limits of 95° and 105°, zine

dust (44 g.) was introduced in small portions. The reaction
mixture was then heated and stirred for a further 30 min,
Ethyl 3,4-dimethylpyrrole-2-garboxylate (7.1 8., 21%) was
then isolated and purified as in (a).

z-t—mm-s.ww5-nmum -

$~Butyl 2, 3, i-trimethylpy rrole-5~carboxylate
(20 g.) was dissolved in anhydrous ether (1 1.,) at room
temperature. Sulphuryl chloride (26 g.) was added
cautiously. The flask was closed with a calcium chloride
tube and allowed to stand overnight. Removal of the ether
gave a thiock residue which was extracted with aleohol/
water (1:1). The filtered solution was then sheken four
times with ether and the ethereal extract washed with
water, 1% sodium hydroxide solution (twice) and water.
The dried solution was evsporated to dryness and the residue

extracted with warm water conteining a drop of aleohol.
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The mixture was kept in the refrigerator overnight and the
product then collected, taken up in ethanol, and the
gsolution poured into ice-water., Brown needles (0.007 g.,
m.p. 85-95°) were obtained, The infrared spectrum had
absorption peaks at 3300 ml.‘“ and 1650 m.-1 with a shoulder
at 1680 am.~'. By enalogy with the preparation of 2-
ethoxycarbonyl=3,4~dime thylpyrrole-5~carboxylic acld, this
substance was probaebly i-butyl 3, 4=dimethyl=5-Fformylpyrrole-

2-garboxylate,

To the sbove sodium hydroxide extract which had
peen cooled to =10°, 6N hydrochloric scid was added dropwise
with stirring until neutrality (Congo red peper) was achieved.
The temperature was kept below 5°, After brief standing
the produect was collected, washed free of mineral acld,

dried in a vacuum desiccator over potassium hydroxide

end stored in the dark, 2-t-Butoxycarbonyl-3,l~dimethyl-
pyrrole-5-gerboxylic seid (1.5 g., 7%) orystallized from
agqueous ethanol and formed colourless needles, M.p. 212°%.
(Pound: €, 60.7; H, 7.3; N, 6.1. G, 1,0 N requires
o, 60.2; H, 7.2; N, 5.9).

3,4-diphenylpyrrole~2-

A mixture of the hydroxymethyleneketone of
desoxybenzoin (4 g.) and glacisl acetie seid (10 ml.) was
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heated to 85°, and the solium acetate complex (6.6 g.) of
diethyloximinomalonate togethsr with glaclal acetic acid

(3 ml.) in water (2 ml.) were added. Between the 1imits
of 95-105°, zine dust (3 g.) was added in small portions.
The resction mixture was then heated and stirred for a
further 15 min, On pouring into water (170 ml.), a yellow
oil seperated. The oll was extracted with chloroform,

end the ehloroform solution was dried and evaporated., The
product was distilled to give a pale yellow solid, b.p.
112°/1 mm. Reerystallization from petroleum ether gave
desoxybenzoin as yellow plates m.p. 55-57° (.'l.it.‘w9 56-58°) .
The infrared spectrum of the compound, determined as a
Nujol mull, was identleal with that of an authentic ssmple.

Diethyl me-3, 3 o‘hl-i.
dicarboxylate -

Recrystallized ethyl 3, 4~d imethylpyrrole-2-
carboxylate (5.2 g., 0.03 ml,) was dissolved in absolute
ethanol (10 ml.), end acetaldehyde (4.0 ml., 0.07 mol.) was
added at room temperature. 412N Hydrochloric scid (0.2 ml,)
was then added and the mixture heated under reflux for 30
min., using an efficient condenser, A drop of the reaction
mixture was removed and rubbed with a stirring rod to
induce orystallization, The small erystsls obtained were

used as seeds in the reaction mixture, which was refrigere-
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ted overnight. Diethyl ms-3,3',4,4"-pentamethyldipyrro-
methane-5,5"-dicarboxylate (4.6 ge, 85%) erystallized from
ethanol as colourless needles, m.p. 153-155°, (Found:

c, 66.6; H, 7.9; N, 7.8, Cp,H,gN,0, requires 0, 66.6;
H, 7.8; N, 7.8%).

W} -.'%;31 3: oy ls' 'MMM

A mixture of ethyl 3,4-dimethylpyrrole-2-carboxylate
(1 g.), benzeldehyde (1 ml.), sbsolute ethenol (2 ml,) end
11X hydrochloric acid (0.1 ml,) wes heated under reflux on
a water bath. A white s0lid separated slmost immediately.
After cooling, the solution was filtered end the solid
obtained was extracted with hot water to remove contaminating
benzoie acid., After two recrystallizations from ethanol,
diethyl me-phenyl-3,3',k,k4" ~jetranethyldipyrromethane~5,5" =
dicarboxvlate (1.2 g., 95%) formed colourless prisms m.p.
199-201° (Pound: O, 71.3; E, 7.1; N, 6.5. OpHyoN.0),
requires 0, 74.1; H, 7.2; N, 6,6),

Benzyl 3,u~-@imethylpyrrole-2-garboxylate -
A mixture of ethyl 3,4~dimethylpyrrole-2-carboxy-
1ate (13.4 g.), vedistilled benzyl aleohol (40 ml.), and
sodium (0.2 g.) was heated on a boiling water-bath under

reduced pressure (16 mm,), for 4 hr., The e xcess benzyl



115.

aleohol was removed by distillation under reduced pressure
(0.1 mm.), eand a brown glass remained, The ethereal
extract (500 ml.,) of this residue was washed with water,
‘dried over anhydrous megnesium sulphate, and eveporated to
dryness. On washing with hexane, the crude product
(14.6 g., 79%) was obtained as brownish-white needles.
Recrystallization from hexane gave benzyl 3,4~dimethylpyrrole-
2-garboxylate as eolourless needles, m.p. 73=74° (Pound:
C, 73.43 H, 6.7; N, 6.2, 0, H NO, requires G, 73.3;

H, 6.6; N, 6.1%). 1In another experiment, distillation
was used to purify the benzyl ester, which had b.p.,
152°/0.05 mm,

(a) Diethyl mg~3,3"=k,k4'-pentemethyldipyrromethane-5,5'=

d1earboxylate (2 g., 0.006 mol,) was dissolved in redistilled
benzyl alechol (20 ml., 0,19 mol.) on & boiling water-bath.
Sodium (0.43 g., 0.006 mol.) was added, and the mixture
heated at 100° under reduced pressure (16 mm,) for 4 hr.

The excess bensyl alcohol was removed by distillation under
reduced pressure, end & brown glossy residue was obtained.
The ether extract (200 ml.) of this gum was washed with
water, dried over anhydrous magnesium sulphate and
evaporated to dryness. On washing with hexene, dibenzyl
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me-3,3',U,4" -pentamethyldipy rromethane=-5,5" -dicarboxylate
(1.5 g., 56%) was obtained as a pale pink powder, m.p.
156-157°, (mixed m.p. with diethyl mg-3,3',k,4"-pentamethyl~
a1pyrromethene=5,5'-d1carboxylate, 139-141°).  Reerystalli-
gation from ethanol gave colourless needles, m.p. 158 .5-160°
(Found: O, 74.6; H, 6.7; N, 6.1, °3o“3a“2°u requires
6, 4.y E, 6.7; N, 5.8%).

(b} The ebove dibenzyl ester was also prepared from

penzyl 3,4-dimethylpyrrole-2-carboxylate (2.5 g.) by a

method analogous to that employed in the preparation of the
diethyl ester., It was not necessary to seed the reaction
mixture, as 1t erystallized on cooling. The dibenzyl ester
(2.65 g., 100%) was obtained as colourless needles, m.p.
152-160°, One reerystallization from ethanol gave eolourless
needles, m.p. 157=160°.

D m%‘ﬁ 3=l lyt =t
% ] i

A mixture of benzyl 3,4-dimethylpyrrole-2-

carboxylate (0.25 g., 0,001 mol,), redistilled benzeldehyde
(0.058 g., 0.0005 mol.), sbsolute ethanol (3 ml,) and 141K
hydrochloric acid (0.1 ml.) was heated under reflux on &
water-bath for 30 min. Seed erystals were obteined by

pemovel of a drop of the reaction mixture and geratching.
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These were added to the reaction mixture which was then
pefrigerated overnight, Dibenzyl ms-phenyl 3,3 ,4,4"-
WWSJ'-MMM‘(O-% gep 97%)
wes obteined as e pink powder, m.p. 145-148°. On
recrystallising four times fram ethanol and twice from
methanol, colourless priems m.p. 1'48-150" were obtained.
(Founds O, 77.03 N, 6.3; N, 5.4 Cyglylo0), requires
c, 76.9; H, 6,33 N, 5.1).

Dihtgggéhgigiézi?'-12ixﬂmsmhxlﬂinxxxgunxnnagrB.5'-

A mixture of benzyl 3,4=-8imethylpyrrole-2-
carboxylate (0.4 g.), paraformaldehyde (0.4 g.), 2absolute
ethenol (5 ml.) and 11N hydrochloric acid (0.1 ml.) was
hested under reflux on a water-bath for 30 min. The
product was isoleted as in the previous example. Dibenzyl-
3,3 ,ly,4' =tet ramet hyldipyrromethane-5 ,5'=d1carboxylate
(0.36 g., 88%) orystallized from ethanol es gcolourless
needles, m.p. 182-184° (11¢.*1, 17 9°) (Pounas O, 74.3;

H, 6.4 W, 6.2, Oale. for OpgHzaNo0) 1 C, 74.0; H, 6.l
N, 6.0), Its n.m.r. spectrum (oarbon tetrachloride)
showed singlets at T 8,05, 7.82 (methyl), 6.33 (mg=-methyl=-
ene), 4.88 (bensyl CHp), 2.87 (aromatie), end =0.10

(NH) in egreement with the structure assigned.
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m"%‘ﬂl b .h.h'; :

(a) 10% Sodium hydroxide (16 ml,) wes sdded slowly over

4 hr, to a suspension of diethyl me-phenyl-3%,3" 4,4"=
tetpemethyldipyrromethane=5,5"=di carboxylate (5 g.) in

ethanol (400 ml,), which was then heated under reflux for

6 hr. On cooling, the sodium selt (4.0 g.) precipitated

ag pele pink prisms. The aecid wau‘obtaiﬁad by bubbling in
sulphur dioxide to an aqueous solution of the sodium salt.
me=-Bhenyl-3,3" ,i,U4" ~tetramethyldipyrronethane~5,5" ~dicarboxvile
gold orystallized from deserated acetone-hexane as pale

pink prisms, m.p. 175° (decomp.) |

(») Dibenzyl mg~phenyl=3,3',L4,4'~tetremethyldipyrro=-
methane=5,5' -4 carboxylate (8.2 g.) in methanol (40O g.) was
hydrogenated over 5% palledium chsrcosl (0.8 g.). The
solution was filtered, the residue extrocted with 10% sodium
hydroxide and the ameid preecipitated with glacial acetic scld.
The diacid (5.5 g., 100%) was obtained as pale pink

amorphous solid.

ua—-}[ i' ol Ly ~Pe

(a) A solution of sodium hydroxide (3 g.) in water

ane-5,5"~-dicarboxylic

(30 ml.) wae added dropwise during 6 hr. to a solution of
diethyl mg-3,3' ,u,I4'-pentmathyldipyrrunetham-s,5'-
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dicarboxylete (9 g.) in ethanol (200 ml,)(95%), which was
being haﬁted und er reflux, The heating was continued for

1 hr, after the addition was complete. During the
geponification, a colourless precipitate slowly formed.

The mixture was cooled to 0° and the residue, obtained by
filtration, was dried in a vacuum desiccator over sodium
hydroxide. More product was obtained by treatment of the
mother liguor with ether. Disodium ms-3,3",4,4"-
pentemethyldipyrromethane-5,5"'~dicarboxylate tetrahydrate
orystallized from water/ethanol (1:5) as colourless plates,
which had no definite m.p. (Found: ©C, U45.5; H, 6.1;

N, 6.6, ©C,gl,N,0gNe, requires G, 45.7; H, 6.33 N, 6.7).
Attempts to obtain a satisfectory analysis for the anhydrous

compound were unsuccessful.

The d1sodium selt tetrahydrate (1 g.) was dissolved
in water (20 mi.) end sulphur dioxide was bubbled into the
golutica until no more eolid precipitated. The resulting
yellow solid (0.8 g., 97%) was washed with water and dried
under vacuum over sodium hydroxide. The aecid, m.p, 151=-
153° turned pink on exposure to light and air. Attempts
to isolate the acid by precipitation with mineral aclds
resulted in lower yields snd eruder products, even at 0',
but glacial acetic acid gave reasonsble ylelds of
comparatively pure ms-3,3' ,h,h'-pentm&thyld ipyrromathane-
5,5"=-d1carboxylic acid,
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(v) Dibvenzyl mg=3,3",4,4"-pentamethyldipyrromethane=
5,5'=d1carboxylate (2.05 g.) in methenol (4OO ml., redistilled
from potassium hydroxide) was hydrogenated over 5% palladium
eharcoal (0.3 g.) at room t emperature and pressure for 12 hr.
The catalyst wae removed, end the filtrate evaporated to
dryness under reduced pressure. The pale pink diacid

(1.26 g., 98%) identicel in m,p. and infrared spectirum

with the produet from (a), was not purified further before use.

3,3 .g.u'Mmmummrs.s'mmmm

The acid, m.p. 196° (nt;“'l » 196=-198%) was
prepared from its dibenzyl ester by hydrogenation in ethyl |
acetate, as described by Kenner g% ll-‘“ Methanol (redistill=
ed from potassium hydroxide) was found also to be an effective

golvent.

5,5'~444 00 0-ms=3, 3' b, '~

me=3,3" 4,4 -Pentamethyldipyrrome thane-5,5"=
dicarboxylic scid (0.07 g.) was dissolved in 5% potassium
bicarbonate solution (10 ml.) and to this solution, lodine
(0.067 g.) in potassium 1odide solution was added dropwise.
Nitrogen was passed into the mixture throughout. The
fodine colour quickly disappeared and a black precipitate
wae obtained. The mixture was extracted with ether (80 ml.)
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and the dried ethereal solution (ugmu) waes evaporated,
The infrared spectrum of the product indicated a new
carbonyl pesk at 1740 tm.-‘l as well as the original carbonyl

peak, which oceurred at 1660 em, 1.

me=-3,3" ,4,4' -pentemethyl-

(a) A mixture of me-3,3',4,4'-pentamethyldipyrrometh-
ane-5,5' =41 carboxylie aecid (0.05 g.) and ethanolamine (4 m1,)
was heated under nitrogen at 120° for 1 hr. The reaction
mixture was poured into deaerated water, into which

nitrogen was bubbling, and extracted with ether, The dry
ether was removed by bubbling in nitrogen. The infrared
gpectrum of the product showed a strong carbonyl pesk at
1660 em.” ",

(v) A mixture of disodium mg-3,3' ,u4,4"-pentamethyl-
dipyrromethane-5,5"'-dicarboxylate tetrahydrate (0.2 g.),
water (5 ml,), 10% sodium hydroxide solution (2.5 ml,) end
nydrazine (0.1 ml.) was heated at 150° ina sealed Teflon
tube for Lt hr. The contents of the tube were poured into
deserated water and the mixture was extracted with benzene.
The dried benzene (‘2“’3) was eveporated to give an oil,
the infrared spectrum of which showed a carbonyl band at
1660 em.” .
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(e) The product from attempted lodinative decarboxylea-
tion of me~3,3" ,u4,4'-pentemethyldipyrromethane-5,5"'~
dicarboxylic scid in ethanol (95%) was hydrogenated over 10%
palledium charcoal for 15 hr., in the presence of magnesium
oxide., The catalyst was removed, and evaporation of the
golvent under reduced pressure under nitrogen ylelded a

black tar.

The concentration of bromine was determined by

titration of the iodine liberated, on addition of potassium
iodide, egainst sodium thiosulphate solution prepared from
the anhydrous snalytieal reagent, using starch solution

a8 indicator,
me-Phenyl-5,5"' -1 bromo=3, 3' ,4,4' =tetramethyldipyrro-
methene -

Dibenzyl n-pnanyl- 3,3 ,4,4' -tetramethyldipyrro=-
methane-5,5"-d1 carboxylate (1 g., 0.0018 mol.) in Analar
acetic seid (60 ml,) was hydrogenated over 5% palladium
charcoal for 8 hr, The catalyst was removed, and a
standardized solution (410.8 ml,) of bromine (0,0068 mol.)
in acetic acid was sdded. The solution was warmed for a
few minutes and, after standing for 30 min,, poured into

water. The chloroform e xtract was washed wlth ammonium
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hydroxide (0,880) and water, Evaporation of the solvent
gave an orange powder, which was dissolved in benzene-
hexsne, and the solution was run onto a short eolumn of
alumina (grede IV, scid-washed), Elution with hexane
(containing a trace of benzene) geve an orange solution,
which gave the free base (0.254 g., 31%) on evaporation of
the solvent., ms-Phenyl-5,5"'-dibromo~3,3",4,4" ~tetranethyl-
dipyrromethene recrystallized twice from pyridine-water and
onece from hexane as red needles with a green reflex, which
decomposed at 200° but d1d not melt below 250° (Pound:

¢, 53.03 H, h.1; N, 6.3; Br, 37.0. °4|9“1a“23“2 requires
¢, 52.6; H, L.2; N, 6.5; Br, 36,8%). In another
experiment with the same ratio of bromine to diaeid, but on
half the scale, the methene (0.174 g.) wes obteined in uL4%
yield; but, when the ratios of bromine to methane were 3:1
and 6:1, the ylelds were drastically reduced, The hydro=-
bromide was readily prepared by treatment of en ethanolioe
golution of the dipyrromethene with hydrobromic scid,

on_of ms-phenyl-3,3',4,4"-tetra-

(a) To a stirred solution of disodium mg-phenyl-3,3",L,4"~
tetremethyldipyrromethane-5,5"'-d1 carboxylate (1.35 g.) and
potassium bicarbonate (1.5 g.) in water (60 ml.,) wae added
slowly iodine (0.7 g.) in potassium iodide solution (25 m}.).
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The iodine colour dissppeared gquickly and a precipltate
formed., The dried product (1.16 g.) was a brown
amorphous powder, with no definite m.p. It was unstable
in solution, particularly to heat. Attempted recrystall=-
{zation from aqueous ethanol under reduced pressure gave a
pale pink powder, whose infrared spectrum ghowed & broad

carbonyl pesk at 1650 om,™?

The crude product in ethanol
was hydrogeneted over 5% palladium charcoal in the presence
of magnesium oxide. Removal of the catalyst and solvent
gave a green powder, A benzene solution of this product
was run onto short columns of elumina (grade I and grade V),
Elution with benzene geve a number of bands, but evaporation
of the solvent from the verious products ylelded olls, ell
the infrared spectra of which had bends at 3400~3500 and

1660-1680 am.” .

(v) A mixture of mg-phenyl=3,3',l,4' ~tetramethyldi~
pyrromethane-5,5"'-d1carboxylic scid (1.3 g.) and ethanolamine
(5 ml.) was heated under reflux for 1 hr. The cooled
mixture was poured into water (LOO ml.) and extracted

thrice with benzene, The dried, concentrated benzene
solution (Mg mu) wes run onto a column of alumina (grade I).
Elution with benzene/ehloroform (1:31) geve a number of
fractions, which on evaporation yielded oils., The infrared
gspectra of these fractions, determined in chloroform solution
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{n a 0.2 mm. cell, showed no bands in the region 3,300=-
3,500 em.”! and strong bends at 1700 om.”'. Further elution
with ohloroform gave samples whose infrared spectra were

{dentical with authentic starting material.

(e) A suspension of m-pm:vl-5,5'-d:.‘brmo-3,3'.h.h'-
tetremethyldipyrromethene (100 mg,) in methanol (100 ml.,
95%) was stirred megneticelly with 2% sodium emalgam
(fresh amount each hour) for 5 hr. The orange colour
grad ually disappeared. The mixture was poured into water
and extrscted with chloroform. The solvent was removed at
0° to glve an oily solid, which gave a positlve Ehrlich's
test. The infrared spectrum of the product, determined

as a Nujol mull, showed strong bends at 3400 (approx.) and

A mixture of 2-( 5, 2 =8icyanovinyl)=3,4=dimethyl=
pyrrole (0.05 g.), benzaldehyde (0.02 g.), ethanol (25 ml.)
and 10K hydrochlorie acid (0.02 g.) was heated under reflux
for 2 hr., The product, obtained on filtration had m.p.
225°, which was identical with the starting meteriel,

Admixture of the two ceused no depression of m.p.
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3,l4,5-Trime thylpyrrole~2~garboxylio acld -

Acidification of a cold agueous sclution of the
potassium salt of 3,4,5=-trimethylpyrrole~2-carboxylic acid
with 6 hydrochloric acid gave the scid as a white precipil-
tate. The residue was washed with water and dried in vacuo
over potassium hydroxide, The pyrrole acid was obtained as

a pale pink powder, which was not purified further.

ﬂmlﬂ_ﬂt me~-3,3" ,4,4",5,5" ~hepteme thyldipyrro-

A mixture of 3,4,5-trimethylpyrrole-2-carboxylic
acld (2.2 g.), glacial acetic acid (2 ml,) and redistilled
acetyl chloride (2 ml,) wes heated in a water-bath until
hydrogen chloride evolution ceased (41 hr.). The red
solution was cooled, diluted with water (100 ml.) and
neutralized with 2N smmonium hydroxide. To a solution of
the resulting yellow solid in ethanol (25 ml.,) was added
e seturated solution of zine acetate in ethanol (10 ml,) and
one drop of 0.880 emmonia. The mixture was then warmed for
5 min. On cooling, the zine ecomplex of the pyrromethense
(0.5 g., 25%) separated as orange needles with a green
metallie sheen, After orystallization from chloroform-
methanol, the zinc complex sintered at 260°%, but 414 not
melt below 300'. (11t.39. 288° after sintering at 260°).
(Found: N, 10.2. Oale. for Gy H) N) Zn: N, 10.2). The
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ultraviolet spectrum of the complex mgreed with the

publlished epectrum. 89

me-Phenyl=-3,3',u4,4',5,5" -hexe

A mixture of potassium 3,l,5-trimethylpyrrole-2-

carboxylate (5 g.), glacial acetic acid (10 ml,) and benzoyl
chloride (5 ml,) was heasted under reflux for 90 min., after
the initisl vigorous evolution of hydrogen chloride. The
dark red solution wes poured into water. The benzene
extract of this mixture was washed with ammonium hydroxide,
then water, and evaporated to dryness. The product was
dissolved in benzene-hexane (1:1) and run onto a column

of alumina (acid-washed, grade IV). On elution with
benzene, a solution of 2-benzoyl-3,l,5-trimethylpyrrole was
first obtained (See following chapter). Further elution
with benzene gave a yellow solution which had the property
of staining red, On evaporating this to dryness, crude
me-phenyl-~3,3',4,4",5,5" ~hexemethyldipyrromethene (1.75 g.,
4u%) was obtained as a green solid and on recrystalldzation
from hexane, it formed dark-green plates, m.p. 193—195"
(Found: ¢, 82.7; H, 8.1; N, 9.6. Op4Hy N, requires

C, 82,9; H, 8,0; N, 9.2%).

5,5"~Diformyl-me~3, 3' ,4,4" =pentame thy

Freshly prepared ms-3,3}l,4"=pentamet hyldipyrro=
methane~5,5'-dicarboxylic acid (0.76 g,) was suspended in
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ethylene chloride (20 ml,), and N,N-dimethylformamide (0.6
ml.), and phosphorus oxychloride (0.6 ml.) were added. The
mixture was warmed gently on a steam=bath until reaction
ecommenced, and then allowed to stand for 9 hr., The solvent
was removed under reduced pressure, and the residue treated
with hot water until the filtrate wae colourless, Addition
of sodium hydroxide (10%) to the agueous filtrate precipitated
the crude aldehyde (0.391 g., 58%), which was dissolved in
acetone and passed through a short column of charcoal/Celite
(1:¢1). The colourless sclution obtained was evaporated to
give the product. 5,5'-Diformyl-me~-3,3',4,4" ~pentomethyl~
dipyrromethene crystallized from goetone-hexane as colourless
nesdles, whieh deeomposed st spprox. 260°. (Pound: O, 70.3;
H, 7.43 N, 10.4. O, gH, N 0, Pequires C, 70.6; H, 7.L;

N, 10.3%).

S.SW-“-M-LS' sl =tetramet hyldipyrro-

Dry, freshly-prepared mg-phenyl-3, 34, L" -
tetramethyldipyrromethane-5,5'-d1 carboxylic acid (2.5 g.)
wes suspended in ethylene chloride (60 ml.) and XN,N=-
dimethylformamide (1.3 ml.) and phosphorus oxychloride ( 1.3
ml,) were added. The mixture wes warmed gently until
peaction commenced and then kept at room temperature for
12 hr. The solvent was removed under reduced pressure

to give a green gum, which was extracted with hot water
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until the washings were colourless., The crude sldehyde
(0.36 g., 16%) was precipitated with aqueous sodium
hydroxide, but could not be obtained erystalline,

o=, =1,2,3,U4,5,6,7,8-gctamethylporphin -
A mixture of mg-phenyl=5,5'~-dibromo-3,3"',u4,u"~

tetramethyldipyrromethene hyd robromide (0.106 g.),
3,3" 4,4 ,5,5"=hexamethyldipyrromethene hyd robromide (0.046
g.) end puccinie seid (3 g.) wes ground in a mortar. The
mizxture wes dried et 20° under high veeuum for 5 hr,, end
neated at 190° (oil-bath) for 20 min, On cooling, the
resction mixture was extracted with chloroform, and then
with nitrobenzene., No trace of porphyrin was detected in
the chloroform extraet. The nitrobenzene extract was
diluteéd with chloroform, esnd run onto & column of alumina
(Spence). FElution with chloroform gave a solution, which
exhibited a strong red fluoreseence, but 1ts visible
spectrum showed a strong band at 188 ma and a smaller peak
at Loh . (Assuming the latter to be the Soret peak
and, assuming 1ts extinction coeffiecient was 15,000, 1t was
celoulated that U4 mg. (4%) of porphyrin was present.) The
golvent was evaporated and the resldue extracted with
ethanol. The visible spectrum of the residue in
chloroform had an intense pesk at LOL mu and bands at

504, 536, 571, end 624 mu in decreasing order of intensity

(aetio spectrum),
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192,3,h4 .5.5.7.3*9.91&!112%22@& il

(a) 3,3' ,4,4'=Tetremethyldipyrromethane=5,5"~
dioarboxylie acid (0,029 g.) and 5,5'-diformyl-3,3',4,4" -
tetramethyldipyrromethane (0,026 g.) were dissolved
geparately in warm scetic acid (10 ml, each), cooled, and
then combined. To the mixture, & solution of hydriodiec
aeid (0.3 ml.) in acetic acld (1(‘.) ml,) was sdded. The
volume of acetic seid was made up to 50 ml,, the mixture was
allowed to stand for 15 min., and then divided into two
parts. To one portion, cupric acetate (50 mg.) in acetic
acld was edded and the mixture was allowed to stend
overnight. The filtrate wes poured into weter and extracted
with chloroform, while the residue was extracted (Soxhlet)
with ehloroform, The chloroform extracts were combined and
gshown spectroscopically to contaln copper octamethylporphin
(0.7 g.» 3%), rmax. 4o2, 528, 566 mu (11%.71, 399, 527,
563 mu) .

To the other portion, sodium acetate (1 g.) in
agetic acld (10 ml,) was added and the mixture was aerated
for 48 hr. After evaporation of the solvent, the residue
was extracted (Soxhlet) with chloroform and shown
spectroseoploally to contain octemethylporphin (0.9 mg., 4%),
max. 400, 499, 533, 566, 592, 621 mu (11t.'%%, 399, 500
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532, 565, 594, 621 rgn).

(v) A mixture of 5,5'-diformyl-3,3",4,4"~tetramethyl~-
dipyrromethane (0.494 g.), 3,3',4,4'-tetremethyldipyrro-
methane~5,5"'-d1carboxylic acid (0.128 g.), methanol

(50 ml.) and perchloric acid (30 ml.) was heated under
reflux for 4 hr, and then sllowed to stand overnight.,
Filtration gave a black solid (93 mg.). Visible absorption
(in chlorofom): ) mex, 396, 416 and LL7 ‘yu. To the
filtrate was added copper formate (700 mg.) in water and

the mixture was kept at 40° for 24 hr.  Filtration gave

a purple powder (130 mg.), shown spectroscopically to contain
41% copper octemethylporphin ( ? mex. (in chleroform) 4041,
524, 562 l,p). The filtrate was evaporated to dryness,

and the residue was washed wlith ammonium hydroxide, water,
cone. sulphuric acid, water, smmonium hydroxide, and water,
The chloroform extract ( Soxhlet) was shown spectroscopically
to contain octamethylporphin (20 mg.) () mex. 401, 502, 534,
567, 594, 622). The oversll yleld of porphyrin was 21%.

(e) Copper octamethylporphin was slso prepared in 50%
yield by the action of aqueous copper formate on 3,3, 4,4"=
tetramethyldipyrromethane-5,5"'-d1carboxylic acid in formioc
acid, according to the method of Badger gt ﬂ_102
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a g Y=1,2, 3.“!5’6!708'mw -

(a) ms~3, 3' ,l, 4" =pentamethyldipyrromethane5,5"-
dicarboxylie acid (145 mg.) and 5,5'-d1iformyl-me=-3,3",u,4"~
pentemethyldipyrromethane (110 mg,) were separately dissolved
in warm acetic scid, cooled and mixed., A solution (10 ml,)
of hydriodic acid (0.6 ml.) in acetic acid and the volume

of scetic acid was increased to 50 ml, Nitrogen was bubbled
in for 15 min. The solution turned deep red, and a green
solid (152 mg.), m.p. 300". precipitated, The compound
was decomposed on alumina (Spence) and attempts at
peorystallizetion resulted in gums. The infrared spectrum
(1n Nujel) s shown in Fig. 21. The visible spectrum (in
ehloroform) showed two very brosd overlapping peasks at LS54
and 501 ma. A new pesk at L4410 ma eppeared on seration of

a chloroform-g-d1chlorobenzene solution of the campound

(10 mg.). Assuming this to be a Soret bend, however, the
yield of porphyrin was estimeted as O.4 mg. only., The
addition of iodine in chloroform to a chloroform solution

of the green compound caused no noticeable effect on the
visible spectrum; but when an acetic acid/chloroform solution
of the compound was treated with aqueous copper formate
gsolution, new bends appeared at L1k and 504 .

In snother experiment using the diaeid (23 mg.) and
the dialdehyde (20 mg,), the reaction mixture was allowed to
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stand for 1 hr. after the addition of the hydriodic acid.
Then anhydrous sodium acetate (1 g.) in acetic acid (15 ml.)
was added, and the solution was aersted for 72 hr., light
being exeluded. The combined chloroform extracts of the
residue (Soxhlet) and filtrate were run onto a short
column of alumina (Spence), and eluted with chloroform.
The red fluorescent solution was shown epectroscopieally to
contain decamethylporphin (1.3 mg., 4%). A purer sample
was obtained by chromatography on alumina (Spence) in
ehloroform. ) max. 410, 511, 541, 580, 631 My (11.1;..!ﬂ

(in benzene) 416, 512, 547, 584, 632 mu.)

When copper acetate was uged as the oxidizing agent, a
4% yield of copper decamethylporphin was estimated on the
basis of the band at 414 mia .

(n) A mixturs of dialdehyde (20 mg.), dieeid (23 mg.),
methanol (50 ml.) and 12N hydrochloric acid (1 ml.) wae
heated under reflux for 4 hr, On cooling, the solution was
aerated for 72 hr. Spectroscopic estimation (in echloroform)
indicated a 7% yleld of porphyrin. In parallel experiments
with hydriodiec acid, hydrobromic acid and perchleric acid
(0.3 ml. each) yields of 20, 16 and 34% respectively were
estimated, The sample from the perchloric acid fraction
was purified on slumina and its chloroform solution showed

bands at 413, 513, 542, 582 and 632 ™A .
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In snother experiment, a mixture of dialdehyde
(300 mg.), d1acid (335 mg.), methanol (500 wl.) and perchloric
aeid (1.5 ml.) were heated under reflux for ki hr. and allowed
to stand overnight. Copper formate (1.5 g.) in water (50
ml,) was sdded and the mixture was kept at‘ 40° for 24 hr.
Filtration gave a purple-~black solid (159 mg.), which was
ghown spectroscopically to be 35% pure., The oversll yleld
of porphyrin copper complex was 40%. The crude solid
was purified by extraction with ethanol end chloroform
(Soxhlet). Copper o7 =1,2,3,U4,5,6,7,8~decamethylnorohin
eryetallized from chloroform as purple needles (Found:
c, 68.9; H, 6.2; N, 11.6. GJDH R requires C, 70.3;
H, 6.3; N, 10.9%) »max. (1n chloroform) Uik, 545, 573 mu.

(e) mg~3,3' ,U4,4"'-pentamethyld {pyrromethane=-5,5"=
d1carboxylic scid (50 mg.) was suspended in formie acid

(90%, 5 ml,) at l;oo overnight. A aolution (2 m1.) of copper
formate (100 mg.) in water was added end the mixture was
kept at h0° for 5 hr. The yield of porphyrin copper complex
was estimated spectroscoplcally to be 14%, but the product
was probably a mixture as 1t had two Soret pesks at 402 and

IHG VI-

(a) A mixture of the dialdehyde (20 mg.), the diacid
(40 mg.), end formic acid (20 ml.) wes kept at 40° overnight.
Copper formate (120 mg.) in water (2 ml.) wes added and the
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mixture kept at 40° for 5 hr., The porphyrin yield was
estimeted ag 5.2 mg. but again two Soret pesks at Lo2 and
416 ma were observed.

Oopper o , Y -Riphenyl-1,2,3,4,5,6,7,8-gctamethylporphin -

A mixture of 5,5'=d1iformyl-mg~phenyl-3, 3" ,k,bL'=
tetramethyldipyrromethane (226 mg.), mg-phenyl=3,3',L,L4"-
tetremethyl-5,5"-d1carboxylie acid (248 mg.), methanol
(500 ml.) end perchloric scid (3 ml.) were heated under
peflux for 6 hr. Copper formate (1.2 g.) in water (LO
ml.) wes edded end the mixture kept at u0° for 24 hr.
Filtration gave a reddish purple powder (25 mg., 6%).
Recrystallization from chloroform-methancl ( Soxhlet) gave
gopper o , ¥ =-iphenyl-1,2,3,4,5,6,7,8= as
purple needles (Found: OC, ; H, ; N, .
OMHBGN“O\: requires C, 75.5; H, 5.7; N, 8.8%). ) max.
(ehloroform) 405, 535, 571 ma.

5.4 Benzoylpyrrolesg =

Materialg -
2,l-Dimethylpyrrole, b.p. 53°/0.4 mm. (11%.17%, 72%/
25 mm.), 3,4-dimethylpyrrole, b.p. 70-73°/16 mm, (114,172,
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65-70°/12 mm,), dimethylbenzemide, m.p. 43° (114,173, 43°),
and {~benzoylpyrrole-2-aldehyde, m.p. 89° (ll.t.mg. 90”)
were &all prepared by liﬁutun methods. 2-Carbethoxy-
pyrrole, 2-methylpyrrole, and 2,5-dimethylpyrrole were gifts
from Dr., R.A. Jones, pyrrole-2-aldehyde waes a gift from

Mr. J.A. Lindner, and benzyl 5-benzoyl-3,4-dimethyloyrrole-
2-carboxylate was supplied by Dr. A.D, Ward. '

Ethyl 2,4-Dimethylpyrrole-3-garboxylate -

2,4~Dimethylpyrrole~3=-ethoxycarbonylpyrrole-5-
carboxylic acid was prepared from 2,4~diethoxycarbonyle=3, 5=
dimethylpyrrole according to the procedure of Filippovich
et a1.'™ The pyrrole scld was decarboxylated using
ethanolamine, and ethyl 2,4=-dimethylpyrrole-3-carboxylate
was obtained as 1ight, biseult-coloured needles m,p. 73-74°
(118,773, 75-76°).

2-Benzoyl-3,k4,5-trimethylpyrrole -
(a) The first fraction obtained when the crude reaction
product from the prepaeration of mg-phenyl-3,3',L4,4',5,5"'=
hexsmethyldipyrromethene ( S8ee previous chapter) was
chromatographed on alumina in benzene, was a yellow solution
which did not stain red. Removel of the solvent gave the
erude pyrrole (2.05 g., 37%) as an orange solid; and
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recrystallization from hexane gave pale yellow needles, m.p.
136-137°, of 2-benzoyl-3,u,5-trimethylpyrrole (Found: O,
79.2; H, 7.0; N, 6.5. 0, H,  NOrequires C, 78.8; H, 7.1;
N, 6.5%).

() The benzoylpyrrole was also obtained by shaking
2,3, 4=trimethylpyrrole with excess benzoyl chloride in 10%
sodium hydroxide solution, Sublimation of the crude
product at 95-105° for 3 hr, at 0.5 mm,, followed by
reorystallization from hexane gave yellow needles, m.p.
136-137°. The mixed m.p. with the sample prepared as in
(a) was 134.5~1 360. The infrared spectra of the two
samples determined for chloroform solutions in 0.2 mm, cells

were 1dentical.

(e) The 1ithium aluminium hydride reduction of 2,L4=
dimethyl-3-ecarbethoxypyrrole recorded by Treibf‘ 2L was
repeated end the product obtained shaken with excess benzoyl
chloride in 10% sodium hydroxide solution, The 2-benzoyl-
3,U4,5-trimethylpyrrole was obtained as yellow needles, m.p.
135-137° (114.12%, 1-venszoyl-2, 3,4-trimethylpyrrole, m.p.
136“), which showed no depression of melting point on mixing
with the sample from (a). The infrared spectra were also

identieal.

(a) 2, 3,4=Trimethylpyrrole (2.16 g.) was dissolved in
anhydrous ether (30 ml.) and benzonitrile (3.6 g.) added,
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The solution was saturated at 0° with dry hydrogen chloride,
and allowed to stand overnight, care being teken to exclude
moisture. The ether was removed under reduced pressure
and the residue refluxed for 6 hr., with water. It was

get aside for 2 days, and the green plates collected.
Recrystallization from hexane gave 2-benzoyl=3,4,5=
trimethylpyrrole as yellow needles, m.p. 1 35=137°. The
mixed m.p. with the sample from (a) wae 134=135°. The
infrared spectra of the two compounds were identical.

1-Benzoyl-2, 3, 4=trimethylpyrrole -

A mixture of potassium (1.95 g.), 2,3,4~trimethyl=
pyrrole (L4.05 g.) and benzoyl ehloride (6.5 ml.) in toluene
was treated according to the procedure of Rainey and Mkinl.138
The reflux time was 5 hr., and the heating time 3 hr, After
removel of the toluene, the ethereesl extraet of the product
was weshed with smmonium hydroxide, water and then dried.

The ether was eveporated and the product distilled to give
1-penzoyl-2, 3, 4=-trimet hylpyrrole (3.6 g., L45%) as a ecolourless
o1l, b.p. 110-114%/0.02 mm, The benzoylpyrrole was

redi stilled four times for anslysis (Found: C, 78.6;

H, 6.9; N, 6.7, omnmnn requires C, 78.8; H, 7.1;

N, 6.5%).
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2-Benzoyl-3,5-dimethylpyrrole -
(a) 2,4=Dimethylpyrrole was shaken with excess benzoyl
chloride in 10% sodium hydroxide solution. The product
obteined was recrystallized from hexane to give 2-benzoyl=-
3,5=-dimethylpyrrole as colourless needles or prisms
(depending on the rate of cooling) m.p. 118 5=-119° (1115.150.
4=benzoyl-2,l-dimethylpyrrole, m.p. 119°).

(v) The Houben-Hoeseh procedure employed by Treibs’

for the preparation of 2-benzoyle3,5-dimethylpyrrole was
repeated, but the product obtained on recrystallization from
hexane had m.p. 117-118% (114,770, 136°). The yiela
obtained was 28%., A mixed melting point with the previous
gample showed no depression, The infrared spectra of the

two samples, d etermined as Nujol mulls, were identieal.

1-Bengoyl-2,l-dimethylpyrrole -

A mixture of potassium (2.6 g.), 2,4=dimethylpyrrole
(5.2 ge), and benzoyl chloride (10.4 ml.) in toluene was
treated sccording to the procedure of Rainey and Mkinl.us
The reflux time wae 5 hr.,, and the heating time 2 hr, After
eveporation of the toluene, the resldue was treated with
ammonium hydroxide, and then extracted with hexane. The
hexane solution was dried over anhydrous msgnesium sulphate

and the solvent evaporsted. The product was distilled to
give 1-benzoyl-2,l-dimethylpyrrole (4.2 g., 39%) as a
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colourless oll, b.p, 126-128°/0.5 mm. (Found: ©, 77.9;
H, 6.6; N, 6.8. C, 31, 5N0 requires C, 78.4; H, 6.6;
H' 7-0%)-

2=Benzoylpyrrole -

When the Schotten-Baumann bengzoylation procedure
was carried out on pyrrole under normal conditions, the
reaction proceeded with extreme vigour and the procedure
was therefore modified as follows. Benzoyl chloride (20
ml.) was added dropwise to an ice-cold mixture of pyrrole
(8.25 g.) and 10% sodium hydroxide solution (25 ml,) over
a period of 410 min. The solution was stirred magnetically
for 3 hr. The chloroform extract of this solution was
washed with 10% sodium hydroxide, water, and then dried,
After removel of the solvent, the residue was distilled under
reduced pressure., A white =011d (5.27 g.) m.p. 100-120°
was obtained. The sodium hydroxide extract of this was
extracted with ether, but the ethereal extract, after washing
with water, and drying, gave an olly solid. This was
d1 ssolved in hexane and run onto a column of alumina (grede Iv,
acid-washed), ©FElution with hexane gave a trace of a sweet-
smelling oil, which was not identified, while further elution
with chloroform gsve a black oil, which orystallized on

cooling in the refrigerator to give black needles (0.2 g.),

m.p. 71-77°, Reerystallization from hexane geve
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2-benzoylpyrrole as pale yellow needles, m.p. 78-79°
(11,1768, 79°),

1-Benzoylpyrrole -

A mixture of potassium (7.8 g.), pyrrole (10 g.)
and benzoyl chloride (26 ml.) in toluene was allowed to
react according to the procedure of Rainey and Adkinl.13a
The reflux time was 5 hr, snd the heating time 3 hr.  After
evaporation of the toluene, the product was distilled to
give 1-bengoylpyrrole (18.0 g., 70%) as a colourless oil,

bep. 94=96°/0.2 mn. (11%.177, 276°/715 mn.).

71 1-Benzoylpyrrole=2-

A mixture of 2-earbethoxypyrrole (1.03 g.), 10%
sodium hydroxide solution (20 ml.) and benzoyl chloride
(2 ml.) was shaken for # hr. The eolution was then
extracted with chloroform, the chloroform solution washed
with weter end dried, After removal of the solvent,
the product wes distilled to give 2«-garbethoxypyrrole as &
soloarless o011, b.p. 70°/0.4 mm. (114.17€°, 80-90°/1 mm.).
The infrared spectrum of the pyrrole was identical with'thnt

of an authentiec speecimen.

2-Benzoyl-3,4-dimethylpyrrole -

The Grignard derivative of 3,l-dimethylpyrrole '-
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(3.7 g.) in ether (100 ml.) was prepared from maegnesium (1 g.)
and ethyl bromide (4.8 g.)e This solution was treated
during 20 min. with benzoyl chloride (5.5 g.) in dry ether
(10 m1,). When the vigorous resction had subsided, the
mixture was heated under reflux for 12 hr, After cooling
at 0%, a saturated solution of smmonium chloride (50 ml.)
was sdded cautiously, end the ethereal layer separated.

The aqueous leyer was extracted several times with chloroform
and ihe chloroform and ether extracte were combined, The
dried (anhydrous megnesium sulphate) extracts were warmed to
remove the solvents and the residusl oll was then heated

at 100° under 15 mm, pressure for 5 hr. to remove unchenged
benzoyl chloride and 3,4-dimethylpyrrole. The product

(2.2 g., 23%) was distilled to give a viscous oll, b.p.
155°/0.05 mm., which subsequently erystallized. 2-Benzoyl-
3,4-dimethylpyrrole was obtained as colourless needles,

m.p. 76=77°, on reorystallization from hexane. (Found:

c, 78.7; H, 6.6; N, 6.9. 013ﬂ1jl0 requires C, 78.4;

H, 6.6; N, 7.08). Attempts to prepare the substance by
the Schotten-Beumann benzoylation procedure on 3,lL-
dimethylpyrrole leid to a mixture of oils,

2-Benzoyl-5-methylpyrrole -
The Grignard derivative of 2-methylpyrrole (0.7 g.)
in ether (100 ml.) was prepared from megnesium (0.22 g.)
and ethyl bromide (1.06 g.). Thie solution was treated
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during 10 min., with benzoyl chloride (1.2 g.) in dry

ether (10 ml.,), The mixture wes heated under reflux

for 18 hr. A saturated solution of ammonium chloride

was added to the cooled (0°) solution and the ethereal
layer separated., The aqueous solution was extracted
geveral times with ether and the ethereal e xtracts were
combined. The dried (anhydrous magnesium sulphate) extracts
were warmed to remove ether and the residual solid was then
heated at 100°/45 mm, for 5 hr. to remove unchanged benzoyl
chloride, The product was extracted with aleohol and
poured into water. 2-Bengoyl-5-methylpyrrole (0.56 g.,
35%) wes obtained as golden prisms, m.p. 142° on reerystall-
t{zation from hexane. (Pound: ©, 77.7; H, 6.1; N, T.h.

¢, o, ,NO requires C, 77.8; H, 6.0; N, 7.6%).

1-Benzoyl-2-methylpyrrole -

A mixture of potassium (1.2 g.),2-methylpyrrole
(2 g.) and benzoyl chloride '_(l;'-’? ml,) in toluene was
allowed to react Qooording to the procedure of Rainey and
Adkins, The reflux time was 5 hr. and the heating time
3 hr. After removal of the toluene, the residue was
treated with ammonium hydroxide (0.880) and extracted with
hexane. The hexane was dried and evaporated, The product

was distilled to glve 1-benzoyl-2-methylpyrrole (0.3 g., 7%)
as a pale yellow oll b.p. 160-162°/23 mm. (Found: C, 77.1;

L]
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H, 6.0; N, 7.1. © NO requires C, 77.8; H, 6.0;

N, 7.6%).

1271

1-Benzoyl-2,5-dimethylpyrrole -

A mixture of potassium (2.5 g.), 2,5~dimethyl-
pyrrole (5 g.) and benzeyl ehloride (10 ml.) in toluene
was sllowed to reset sccording to the procedure of Ralney
and Adkins.'3® The reflux time wes 5 hr. and the heating
time 2 hr, After removel of the toluene, the residue was
treated with emmonia (0.880), and extracted with hexane.
The hexane solution was dried over anhydrous magnesium
sulphate and the solvent eveporated. The product was
distilled to give 1-benzoyl-2,5-dimethylpyrrole (L.3 g.,
4o%) a8 a pale yellow oil, b.p. 106°/0.3 ma. This
subsequently crystallized, and the benzoylpyrrole was
recrystalli zed from hexane to give pale yellow prisms, M.p.
38°, (Pound: G, 78.3; H, 6.9; N, 7.0. 0O,.H,,NO requires
G, 78.4; H, €.6; N, 7.0%). Treibs' * reports this
compound as sn oil. The nuclear magnetie resonance

.putrunwa of this compound supports the structure stated.

Ethyl 5-Formyl-3,4-dimethylpyrrole-2-garboxvlate =
Phosphorus oxychloride (5.75 g.) was gradually
added down a condenser to an 1oo-oold'm1xture of ethyl 3,4-
dimethylpyrrole-2-carboxylate (5 g.) and N,N-dimethyl-



146.

formamide (2.75 g+)s Vhen the addition was complete, a
caleium chloride tube was attached, and after the vigorous
peaction had subsided, the reaction mixture was heated under
reflux on a utunm-:!mth for 2 hr. The hot solution was
poured into ice-water, and the mixture quickly neutralized
witﬁ a paturated sodium agetate solution. The mixture
was eooled in the refrigerator overnight, and the product
was then eollected as brown needles (6.0 g., 100%) m.p.
106-108'. Reerystallization from aqueous ethanol gave
ethyl S-foml-j,h-umnwlp'j;mlha-oarboqlatc as
golourless needles m.,p. 107.5-108“ (ll.t.ﬂﬁ, 1089),

Dthyl 5-Agetyl-3,l-3imethylpyrrole-2-garboxylate -
ta) A mixture of ethyl 3,4-dimethylpyrrcle-2-
carboxylate (2.2 g), glacial acetie acid (2 ml.) and
pedistilled acetyl chloride (2 ml,) was heated under reflux
for 30 min. The mixture was allowed to cool, and then
poured into water. The black oil which separated was
extracted with chloroform, and the chloroform solution dried
end eveporated to dryness. The brown orystals (1 g., 36%)
obtained were recrystallized once from 2,2,h=trimethylpentane
and then had m.p. 103-105°, Three subsequent recrystalle
{zations from the same solvent gave fethyl S=acetyl=3,4=

dime thylpyrrole-2-carboxylate as eolourless needles, m.p.
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105.5-106° (11%.777, 106°).

(») Ethyl 3,4-dimethylpyrrole-2-carboxylate (1 g.) was
diesolved in carbon disulphide and acetyl chloride (2.5 ge)
and anhydrous aluminium chloride (2.5 g.) edded. The
reaction mixture was heated under reflux on & weter-bath

for 7 hr, The solvent was removed and the residue, after
treatment ﬂ.th water, was recrystallized from aqueous ethanol,
Ethyl 5-scetyl-3,l4-dimethylpyrrole-2-carboxylate (0.84 g.,
67%) wes obtained as brown needles, which on recrystallization
from benzene/2,2,l4=trimethylpentane had m.p. 106°,

(e) Phosphorus oxyehloride (1.15 g.) was graduslly

added to a cold mixture of ethyl 3,L-dimethylpyrrole-2-
carboxylate (1 g.) and N,N-dimethylacetamide (0.66 g.)

through a condenser. After the mittﬂ reaction, the

mixture was heated on & stesm-bath for 2 hr., poured into
fce-weter, and neutrslized with a saturated solution of

sodium acetate.v It was ellowed to stand in the refrigerator;
ethyl S5-scetyl=-3,L4-dimethylpyrrole-2-carboxylate (0.84 g.,

67%) was then obtained as brown needles, which on recrys-
tallization from 2,2,M=trimethylpentane hed m.p. 106°.

Ethyl 5-Bengzoyl-3,l4~dimethylpyrrole-2-garboxylate -
Ethyl 3,4=-3imethylpyrrole-2-carboxylate (1 g.)
was d1ssolved in carbon di sulphide and benzoyl chloride (1 g.)
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and anhydrous zine chloride (2 g.) sdded. The reaction
mixture was heated under reflux on a water-bath for 6 hr,

gend then allowed to stend at room temperature overnight.

The solvent was removed and the residue, after treatment with
water, was recrystellized from agueous ethanol. The

erude product (0.92 g., 57%) was recrystallized five times
from hexane to give ethyl 5-bengzoyl-3,lh-dimethylpyrrole-2-
garboxylate as eolourless needles m.p. 120°, (Found:

G, 70.5; H, 6.3; N, 5.2. 0,gH, N0, requires g, 70.8;

H, 6.33 N, 5.2%). '

Benzyl 5-Formyl-3,4~dimethylpyrrole-2-gsrboxylate -
Alkali=-catalysed transesterification of ethyl
S-formyl-3,4-dimethylpyrrole-2-carboxylate (1 g.) was
carried out as for the preparation of benzyl 3,4=-dimethyl-
pyrrole-2-garboxylate. Benzyl 5-formyl-3,u-dimethylpyrrole-

2-garboxylate (0.53 g., 40%) was obtained as brown prisms,
Mm.Pe 110—115°; but reerystallization from hexane gave the

pure substance as colourless prisms, m.p. 118=119%, (Founds
H. 5-9! N. 5!“’).

Benzyl 5-Benzoyl-3,li-dimethylpyrrole-2-garboxylate -
(a) Attempted Sechotten-Baumann benzoylation of benzyl
3, 4=dimethylpyrrole-2-carboxylate resulted in unchanged
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starting material, identified by comparison of m.p. and
infrared spectrum with an esuthentic sample.

(») Phosphorus oxychloride (0.85 g.) was gredually
added to a cold mixture of benzyl 3,u-d1mtiw1pyrm1h2-
carboxylate (1 g.) end dimethylbenzamide (0.82 g.). The
peaction mixture wse heated on a stesme=bath for 2 hr.,
poured into ice-water, and then neutrelized with saturated
sodium scetate solution. It was set aside for same time

in the refrigerator, but a black intractsble tar was obtained.

(e) A mixture of benzyl 3,l4-dimethylpyrrole-2-carboxy=
late (1.01 g.), glecisl acetic scid (10 ml.) and benszoyl
chloride (0.7 ml.) was heated under reflux for # hr,, end
then sllowed to stand for 2 days. The mixture was extracted
with chloroform, the chloroform extract dried, and then
evaporated to dryness, Chrematography on alumina was not
suceessful es e purification technigue as the infrared
spectrum of the product obtained , after this procedure had
been carried out, indicated that it was probably a mixture
of starting meterial and S5-benzoyl=3, h=dimethylpyrrole-2-
ecarboxylic seid. There was insufficlent material teo
ensble & separation to be effected aend this method was not
investigated further.

(a) Benzyl 3,l-dimethylpyrrole-2-carboxylate (1 g.)



150.

was dissolved in dry carbon disulphide, and benzoyl chloride
(3.25 g.) end enhydrous aluminium chloride (3.3 g.) added.
There was a vigorous initial reaction. The mixture was
refluxed on a water-bath for 6 hr., the sarbon disulphide
wae evaporated, and the reaction mixture treated with
water, A terry product which resisted all attempts at
purification was obtained,

(e) The sample of benzyl 3,L4-dimethylpyrrole-2-carboxylate
supplied by Dr., Werd (prepared by transesterification of the
gorresponding ethyl e ster) wes recrystellized five times from
hexsne for analysis. It was obtained as colourless, hairy
needles, m.p. 102°, (Found: €, 76.0; H, 5.8; N, L.1.
Oy, Hy g0 requires G, 75.7; H, 5.73 N, he2%).
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