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S u m m a ~ y  Electrophilic substitution (deuteriation, nitra- 
tion) of octaethylbilindione occurs preferentially a t  the 
outer bridge positions (C-5 and C-15), and there is 
evidence that meso-nitration occurs during the Gmelin 
reaction ; X-ray analysis of the 5-nitro derivative shows 
that the C-44-5 bond has the 2-configuration, and that 
ring A is approximately a t  90" to ring B, thus accounting 
for the unexpected absorption spectrum. 

ALTHOUGH electrophilic substitution at  carbon in macro- 
cyclic tetrapyrroles has been quite extensively studied,l 
there are few reports2 of such experiments in the linear 
tetrapyrrole series. We now report that such substitution 
in ~ctaethylbilindione~ [octaethylbilatriene-abc (1), a model 
system for the natural haem catabolic product, biliverdin] 
occurs with a striking positional selectivity. 

( 1 )  , R  = H 
( 2 )  R = NO2 

The n.m.r. spectrum of (1) in CF,C02H shows signals a t  
6 7-55 (lH, 10-H) and 6-54 (2H, 5- and 15-H). In CF,C02D 
in the absence of oxygen a solution (0.07 M) of (1) presents 
a similar spectrum, but whereas the signal a t  8 7.55 is 
virtually unaffected, the signal a t  6 6-54 gradually disappears 

(t4 ca. 77 min at  100 f 0-1 "C). The mass spectrum of the 
crystalline product shows a molecular ion at m / e  556.372 
corresponding to dideuterio-(1) . The reaction is reversed 
in CF,CO,H, and the product has been shown to be 
identical with the starting material. 

In an analogous way treatment of (1) with sodium 
nitrite and acetic acid in aqueous tetrahydrofuran a t  
0 "C gave 5-nitro-octaethylbilindione (2, but see below) , 
as bright red prisms, m.p. 193-194 OC, which analysed 
(elemental, m.s.) for C&45N504. The evidence for 5- 
substitution here again comes from the n.m.r. spectrum, 
which in CDCl, shows singlets corresponding to one proton 
each at  8 6.80 and 5.91 [(l)  in CDCl,: 8 6.64 (s, 1H) and 
5-90 (s, 2H], and also from the mass spectrum (loss of NO, 
to give C&&,N@,). It appears that nitration at  C-6 and 
C-15 is one of the reactions occurring during the Gmelin 
test4 Thus after treatment of (1) in chloroform with a 
trace of fuming nitric acid (the conditions of the Gmelin 
test)4 the &nitro derivative (2) can be detected (t.1.c.) if 
the reaction is quenched at  the red-purple stage. 

One piece of evidence does not fit structure (2): the 
electronic absorption of the nitro derivative [Amax (CHC1,) 
328,510 (infl.), and 536nml isat shorterwavelengths thanthat 
of the parent compound [l, hmax (CHC1,) 370 and 650 nm]. 
An X-ray structure determination of the nitro derivative 
reveals the cause of this. The configuration at  the C-4-C-5 
bond is as shown in (3), and ring A is in a plane approxi- 
mately at  right angles to that in which ring B resides 
(Figure). Clearly this conformation, which is attributed 
to steric interaction between the meso- and /3-substituents, 
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will lessen orbital overlap and shorten the chromophore. 
Such processes may have implications for the mechanism 
of phytochrome action; there are examples of photo- 
chemically induced geometrical isomerisation in this series,5 
and a recent views of the photochemical phytochrome 
(red) -+ phytochrome (far red) change involves attack (in 
an undefined way) a t  the C-5 meso-bridge. 

The nitro derivative (3) was crystallised from hexane. 
Crystal data: C&45N504, M = 599-78; triclinic, a = 14.507, 

114.22", U = 1691.2 Hi3; F(000) = 644; space group P1; 
2 = 2; D, = 1.18 g ~ m - ~ ;  Dm = 1-16 g ~ r n - ~ ;  ~(CU-K,) = 
5.47 cm-l. The intensities of 5030 independent reflections, 
in the range 3<0<60" were measured on a Nonius CAD4 
diffractometer using Cu-K, radiation. Of these, 3357 
obeyed the condition IFo I >3a(F,) and were used in the 
subsequent analysis. The structure was solved by applica- 
tion of the automatic centrosymmetric direct-methods 
routine in the SHELX' system (40 out of the 44 non- 
hydrogen atoms) and developed and refined by difference 
syntheses and full-matrix least squares. With anisotropic 
temperature factors for the heavy atoms and isotropic for 
hydrogen, the final R value is 0.066. Although the methyl 
groups were treated as rigid bodies, with a common iso- 
tropic temperature factor for the hydrogen atoms, all 
other hydrogen atoms were determined experimentally 
and individually refined. In this way the potentially 
tautomeric imino hydrogen atoms were found to be located 
on atoms N-21, N-22, and N-24 in this compound.? 

b = 12.405, c = 11.855 A, cc = 116.59, p = 67.96, y 

O(19) 

FIGURE. Molecular structures of (4Z,lOZ,15Z)-2,3,7,8,12,13,- 
17,18-octaethyl-5-nitrobiIin- 1,19[21H,24H) -dione. 

The positional selectivity of these electrophilic substitu- 
tions can be rationalised in terms of n-electron densities, 
which are calculatedg to  be higher a t  C-5 and C-15 than 
at  C-10. Alternatively the C-5 and C-15 bridges can be 
regarded as part of enamide systems, where, as 19-positions, 
they are expected to be electron rich (1, arrows 21+6) and 
this effect will be accentuated in acidic media when N-23 
is protonated (I, arrows 10+23). 
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t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 
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