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THE CHEMISTRY OF PORPHYRIN a
POSITION OF THE FORMYL GROUP
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Abstract—Porphyrin @ was transformed into the corresponding nitrile, which was oxidized with
potassium permanganate. 3-Cyano-4-propionic-2,5-pyrroledicarboxylic acid was identified among
the degradation products by chromatographic comparison with the same acid obtained by synthesis.
This result shows that the formyl group is present in position 8.

A new synthesis of “‘cytopyrrolic acid” (I1I), a peculiar oxidation product of porphyrin a, is also
described.

IDENTIFICATION of 3-methyl-2,4,5-pyrroletricarboxylic (I) 3-methyl-4-propionic-2,5-
pyrroledicarboxylic (1I) and 3-propionic-2,4,5-pyrroletricarboxylic (11I) acids,
degradation products from porphyrin @ with KMnO,, has been previously described.!.?

3-Propionic-2,4,5-pyrroletricarboxylic acid, not found before by degradation of
natural porphyrins, was called “cytopyrrolic acid” and its structure was demonstrated
by synthesis.® These results and the quantitative determination of carboxyl groups*
(only two are present, obviously those of the propionic side chains), indicate that
three readily oxidizable groups are present in porphyrin a.

At the same time, the structure of cytodeuteroporphyrin, first obtained by Warburg
and Gewitz’ from haemin a by the resorcinol melt, was proved by synthesis;® its
formula is as follows:
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The sequence of pyrrole rings was therefore elucidated; but the nature of the sub-
stituents at positions 2, 4, and 8 still remained obscure.

Since there was strong evidence for a formyl group, based on the reaction of
haemin g with cysteine,” hydroxylamine and hydrazine® and on spectroscopically
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observed conversion of an aldoxime to a nitrile,? attempts were made to ascertain the
existence of the formyl by chemical methods and possibly to determine its position.

Porphyrin a was, therefore, transformed into oxime and this was dehydrated to
nitrile by boiling with acetic anhydride; the product was oxidized with alkaline
KMnO, and comparison of the mixture of degradation products with samples of
acids I, 11, 111, 1V, and V was made by paper chromatography.
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Only the acids I, II, III and V were actually identified.

This result shows that a formyl group is really present in porphyrin a, and is in
position 8.

The acid V was synthesized as follows:
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The pyrrole VI, prepared according to MacDonald,!® was formylated with dimethyl-
formamide and phosphorus oxychloride to give the aldehyde VII, m.p. 120-121°, this
procedure being easier than that of Gattermann. By reaction of the aldehyde VII
with hydroxylamine, the oxime VIII, m.p. 141-142° was obtained, which was dehyd-
rated to the nitrile IX, m.p. 128-129° by boiling with acetic anhydride. This com-
pound reacted with bromine and sulphuryl chloride in acetic acid, affording the ester
X, m.p. 245-246°. The hydrolysis of X to the acid V, m.p. 272-273°, was achieved by
boiling with 2 N sodium hydroxide.
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Further proof of the structure of V was also obtained. This compound was
subjected to prolonged alkaline hydrolysis, giving “cytopyrrolic acid” III. This acid
was previously synthesized;® a new easier method has been worked out which is
summarized in the following scheme:
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Ethyl f-ketoadipate, prepared according to Eisner et a/.!' and MacDonald,1® was
converted into the oximine derivative which was condensed with ethyl acetoacetate to
give the pyrrole XI, m.p. 94-95°. After reaction of XI with bromine and sulphuryl
chloride, the diester XII, m.p. 198-199°, was obtained. The selective saponification of
one of the ester groups, achieved with 0-1 N sodium hydroxide, gave a monoester,
which melted at 227-228° alone or admixed with an authentic specimen of XIII.
Further hydrolysis of the ester X1II with 2 N sodium hydroxide yielded the acid TIL

On the basis of the most recent information on the structure of porphyrin g!2.13
and on the evidence that the formyl group and the unsaturated side chains (postulated
by Warburg and Gewitz,? relying upon the hydrogen uptake in the catalytical reduc-
tion of haemin a in borate buffer) are very likely on opposite pyrroles,® the formula of
porphyrin @ can be written as follows:
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where R, and R, are alkyl groups (or eventually hydrogen). Our present work calls for
definite proofs that structures of the substituents at positions 2 and 4, as formulated
above, are really correct (this is highly probable but yet uncertain) and to elucidate the
distribution between them of about twelve more carbon atoms, resulting from
elementary analysis.

Preliminary experiments, performed by catalytical reduction of porphyrin a
followed by permanganate oxidation, have not shown the presence, in the mixture of
degradation products, of 4-ethyl-3-methyl-2,5-pyrroledicarboxylic acid: this is a
normal oxidation product of mesoporphyrin IX, phaephorbide a and all related
compounds having a f-methyl-f'-ethyl substituted pyrrolic nucleus.* This result
shows that R, at least is not hydrogen.

EXPERIMENTAL

M.p. are not corrected.

Paper chromatograms were run on Whatman No. 1 filter paper (descending development); after
drying, they were sprayed with the diazonium salt of sulphanilic acid and with N sodium hydroxide.

5-Carbethoxy-4,2'-carbethoxyethyl-2-methylpyrrole-3-aldehyde (VII). Phosphorus oxychloride
(4 ml) was added at 20° to a stirred solution of the pyrrole VI (5 g) in dimethylformamide (2 ml).
The mixture was heated for 2 hr at 100°, then cooled, poured into water (100 ml) and sodium acetate
trihydrate was added until pH 4 was reached. After 4 hr the light brown precipitate was filtered off,
washed and crystallized from water (charcoal) to give 2-15 g (38-:6 %) of VII, m.p. 120-121°.

5-Carbethoxy-4,2'-carbethoxyethyl-2-methylpyrrole-3-aldoxime (Vill). Aldehyde VII (1-45 g),
hydroxylamine hydrochloride (3-5 g), 109 sodium hydroxide solution (14 m1) and just sufficient
ethanol to give a clear solution were heated under reflux for 10 min. After cooling the product was
filtered off, washed with water and dried. Crystallized from ethanol, it formed colourless prisms
(1-22 g, 79-9%), m.p. 141-142° (Found: C, 56:84; H, 6-72. C,H,,0¢N, requires: C, 56:74; H,
6-80%7). Ehrlich’s reaction was positive in the hot.

5-Carbethoxy-4,2'-carbethoxyethyl-2-methylpyrrole-3-nitrile (1X). Theoxime VILI(1g)wasrefluxed
for 4 h with acetic anhydride (35 ml) and anhydrous sodium acetate (1 g). Acetic anhydride was
removed under reduced pressure and the brown residue was suspended in water, filtered off, washed
and dried. The crude product, crystallized from light petroleum (b.p. 80-100°; 250 ml), afforded
pure IX (0-75 g, 79-8%) in long, colourless needles, m.p. 128-129° (Found: C, 60-41; H, 6-34,
C, H;50,N, requires: C, 60-42; H, 6:529,). Ehrlich’s reaction was positive in the hot.

5-carbethoxy-3-cyano-4-propionic-2-pyrrolecarboxylic acid (X). The nitrile IX (0-5 g) was dis-
solved in acetic acid (5 ml) containing acetic anhydride (0-3 ml); bromine (0-1 ml) and sulphuryl
chloride (0-7 ml) were added to the solution, at about 15°. The mixture was allowed to stand at 4°
overnight, and after addition of water (4 ml) heated at 60° for 20 min. After cooling, more water was
added (100 ml) and the solution was extracted with ether (100 mlin four portions). The extracts were
dried over magnesium sulphate, and the ether was removed by distillation under reduced pressure,
leaving the crude product. After three recrystallizations from ethyl acetate, colourless needles (0-175
g 34-877), m.p. 245-246°, were obtained, which did not give Ehrlich’s reaction (Found: C, 51-42;
H, 4-33. C,,H,,0¢N, requires: C, 51:43; H, 4-329). Analytical data revealed that this compound
was a monoester, not the expected diester; with the diazonium salt of sulphanilic acid a yellow colour
was obtained, which indicated that an a-carboxylic group was still esterified;'® therefore it was
formulated as X.

3-Cyano-4-propionic-2,5-pyrroledicarboxylic acid (V). The ester X (0-1 g) was heated under reflux
for 1 hr with 2N NaOH (2 ml). After cooling at 0°, the clear solution was acidified and extracted with
ether (40 ml in four portions). The extracts were dried over magnesium sulphate, and the ether
removed in vacuo. The residual crystalline material (78 mg) was analyzed by paper chromatography:
beside the acid V, it contained traces of 3-propionic-2,4,5-pyrroletricarboxylic acid 1II and little
amounts of another pyrrole derivative (probably the corresponding amide). Crystallization from
acetic acid gave the pure acid V (60 mg, 66:7%) as colourless needles, m.p. 272-273° (Found: C,

M R. A. Nicolaus, L. Mangoni and L. Caglioti, Annali di Chim. 46, 793 (1956).
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47-41; H, 3-25. C,(HgON, requires: C, 47-62; H, 3-209). Ehrlich’s reaction was negative; with
the diazonium salt of sulphanilic acid in alkaline solution it gave a bright red colour. Prolonged
hydrolysis (12 hr under reflux) of V with 2N NaOH gave 3-propionic-2,4,5-pyrroletricarboxylic acid,
identified by paper chromatography.

3,5- Dicarbethoxy-4,2"-carbethoxyethyl-2-methylpyrrole (X1). Ethyl f-ketoadipate (12 g) containing
conc HCI (0-2 ml) was treated with amyl nitrite (65 g) during 1 hr at 30-35°. The resulting solution
was set aside at room temp overnight and then run during 1 hr into a vigorously stirred mixture of
acetic acid (65 ml), ammonium acetate (8 g), ethyl acetoacetate (7-15 g) and zinc dust (3-2 g) at 60-65°;
at the same time zinc dust (8-5 g) was added in small portions. The mixture was then heated for 3 hr at
100°, the hot solution decanted from zinc into stirred ice-water (600 ml), and the zinc washed with hot
acetic acid. The product was filtered off, washed with water and crystallized from dilute ethanol,
giving 10 g (55:49) of colourless needles, m.p. 94-95° (Found: C, 58:90; H, 7-16. C,sH,;,0¢N
requires: C, 59-06; H, 7-137%). Ehrlich’s reaction was positive in the hot.

3,5-dicarbethoxy-4-propionic-2-pyrrolecarboxylic acid (X1I). Bromine (I-1 ml) and sulphuryl
chloride (6:8 ml) were added to a solution of the pyrrole XI (6 g) in acetic acid (40 ml) containing
acetic anhydride (2 ml), at 15°. The mixture was allowed to stand overnight at 4°, water was added
until it became slightly turbid and then heated at 60° for 20 min. After cooling, water was added to a
total volume of 300 ml; the crude product was filtered off, washed and crystallized from dioxane-
water mixture, yielding 3-7 g (61-3%) of m.p. 198-199° (colourless plates). Ehrlich’s reaction was
negative (Found: C, 51:56; H, 5-18. C,;H;,O4N requires: C, 51-37; H, 5:249(). Analysis proved
that the compound obtained was a diester instead of the expected triester. With the diazonium salt of
sulphanilic acid, a yellow colour was obtained: this demonstrated that an a-carboxylic group was
still esterified. On the other hand, its partial hydrolysis with a slight excess of 0-1N NaOH for 15 min
at 100° afforded a monoester which, after crystallization from acetic acid, had m.p. 227-228, unde-
pressed when mixed with an authentic specimen of 3-carbethoxy-4-propionic-2,5-pyrroledicarboxylic
acid (XIII). The identity of these two compounds was confirmed by paper chromatography. The
structure of the ester XII was thus proved. Hydrolysis of the monoester XIII with excess of 2N NaOH
as described elsewhere,® gave 3-propionic-2,4,5-pyrroletricarboxylic acid.

Action of hydroxylamine on porphyrin a, dehydration with acetic anhydride and subsequent oxidation

Porphyrin a, prepared according to Lemberg!®:!? (15 mg) was added to a solution of hydroxyl-
amine hydrochloride (15 mg) in pyridine (1 ml). After 10 min, ether was added (200 ml), and pyridine
removed by washing first with N HCI and then with water. The washed ether solution, dried over
sodium sulphate, was evaporated to dryness under reduced pressure. Acetic anhydride (10 ml) and
anhydrous sodium acetate (0-2 g) were added to the solid residue, and the mixturc was refluxed for
30 min. Acetic anhydride was removed by heating on a stcam-bath in vacuo and the residue suspended
in water, filtered off and washed. The product was oxidized without any further purification: it was
suspended in 2N K,CO; (1 ml) and oxidized by gradual addition of a saturated solution of potassium
permanganate. When the colour of the permanganate persisted for 10 min (1-5 ml were needed),
the resulting mixture was briefly boiled, the mangancse dioxide filtered off and washed twice with hot
distilled water (2 ml). Combined filtrate and washings wcre adjusted to pH 4-4-5 with HCl and 209,
calcium chloride solution (0-2 ml) was added. After 1 hr, the precipitate was removed by filtration,
the clear filtrate made acidic to Congo red and extracted with ether (20 ml in five portions). The
extracts, dried over magnesium sulphate, werc evaporated to dryness. Distilled water (0-1 ml) was
added to the residue and the filtered solution was used for paper chromatography.

Chromatograms were run with n-butanol: acetic acid: water (60 : 15 :25) (R, value for V
is 0:70) or ethanol: 339, NH,: water (80 : 4 : 16) (R, value for V is 0-46) as solvents, and the acids
1, I1, 111 and V were detected.

3-Propionic-2,4,5-pyrroletricarboxylic acid was always present in remarkable amounts: this is
difficult to explain and could be due either to incomplete reaction of porphyrin a with hydroxylamine
or to previous oxidation of the formyl group of porphyrin a. It cannot be accounted for by hydrolysis
of the cyano group of V in alkaline solution, because this reaction is very slow at room temperature.

The same results were obtained with haemin a, prepared according to Warburg and Gewitz.'®
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