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Reactions of Nitrous Acid and Nitric Oxide with Porphyrins’and Haems.
Nitrosylhaems as Nitrosating Agents

By RayMoND BONNETT,* ANTONIOS A. CHARALAMBIDES, RONALD A. MaRTIN, KEITH D. SALES, and BRIAN
W. FI1TZSIMMONS

(Department of Chemistry, Queen Mary College, Mile End Road, London E1 4NS; and tDepartment of Chemistry, Bivkbeck
College, Malet Street, London WC1E THX)

Summary Attempted nitrosation of octaethylporphyrin,
mesoporphyrin dimethyl ester, and octaethylhaemin with
acidified nitrite solutions gives meso-nitro derivatives, and
nitrosylation of octaethylhaemin and protohaemin
dimethyl ester gives the corresponding nitrosylhaems;
under suitable conditions the latter substances nitrosate
secondary amines.

SopruM NITRITE is added to certain processed meats in
strictly limited amounts as an antibacterial and cosmetic
agent.! The colour produced may reasonably be attributed
to denatured nitrosylmyoglobin.? In order to understand
better the reactions which may occur, we examined the
interaction of acidified nitrite solutions and of NO with
appropriate model porphyrins and haems and report the
observations here.

Octaethylporphyrin reacts with NaNO, in HOAc-H,SO,-
H,0 (20 °C, 1'5 h) to give 5-nitro-octaethylporphyrin® (40%).

Mesoporphyrin dimethyl ester (in CHCl,-HOAc-H,0)
similarly gives the meso-nitro derivative® (659%,, isomers).
Disubstituted products have also been detected, but we
have not observed nitroso derivatives (reported® for a
reaction with etioporphyrin I). The reactions of proto-
porphyrin (and protohaemin) are more complex: attack is
thought® to occur at the vinyl groups to give products that
are under study.

Octaethylhaemin in CHCl,-HOAc-H,0 reacts with
NaNO, to give 5-nitro-octaethylhaemin (439, conversion).

NO reacts with octaethylhaemin [or methoxo-iron(1ir)
octaethylporphyrin or the p-oxo dimer] in aqueous tetra-
hydrofuran (THF) under nitrogen to give nitrosylocta-
ethylhaem, C3H N,OFe, Apax (CHCl;) 389 (¢ 83,500), 478
(10,200), 531 (9300), and 557 nm (9400) ; Vyax (CsI) 1670 cm—!
(Fe-NO).f Magnetic susceptibility measurements indicate
one unpaired electron (u 2-4 B.M.). Similarly protohaemin
dimethyl ester gives nitrosylprotohaem dimethyl ester,

1 A nitrosyl complex (called a Type 1I preparation to distinguish it from the NO reaction) can also be prepared using NaNO,-HCl

as the reagent.®

The Type 1I preparation has i.r. bands at 1880, 1670, and 1295 cm—!: it is unstable, and may well be a mixture.
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CaeHyFeN,O;. The e.s.r. spectrum of a polycrystalline
sample of this compound is typical of a radical in a rhombic
environment, with g values of 2-097, 2-052, and 2:010. The
spectrum of a solution in degassed acetone shows some
resolution of the nitrogen hyperfine coupling and has para-
meters very similar to those reported? for nitrosyltetra-
phenylhaem in solution.

The Méssbauer spectra of nitrosyloctaethylhaem and of
nitrosylprotohaem dimethyl ester consist of simple quadru-
pole doublets (8 0:377, AE 1-220; and § 0-365, AE 1-377 mm
s~1, respectively, where § is relative to natural iron). The
data suggest a similarity to certain other FeL ,NO com-
plexes which have S = % and comparable chemical isomeric
shifts [e.g. Fe(S,CNEL,),NO, 8 0:3¢ mm s—1].8 Such com-
pounds are considered to involve the NO* ion and are, in a
formal sense, derivatives of Fel. While it is misleading to
assign valency to iron in the nitrosylhaems since the odd
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electron is clearly delocalised,® the NO group appears to have
some cationoid character.

The nitrosylhaems are able to nitrosate secondary amines
under favourable conditions. For example, transnitrosa-
tion of Ph,NH in THF (60 °C, 1 h) has been observed both
with nitrosyloctaethylhaem (369%) and with nitrosylproto-
haem dimethyl ester (37%).

We conclude that for haem systems attack by nitrosating
species may occur at both the porphyrinate ligand (meso-
positions and vinyl groups) and at the metal, and that the
nitrosylhaem system formed by reaction at the metal may
itself function, directly or indirectly, as a nitrosating
agent under favourable conditions.
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