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Antibodies were raised against an analogue of one of the photodimeric products [the cyclobutane (2)] resulting from
irradiation of methyl p-nitrocinnamate (1); in the presence of these antibodies, irradiation of (1) led preferentially to

the particular stereoisomer (2).

Attempts to imitate enzyme-catalysed reactions continue to
be one of the ambitious goals of chemists and biochemists.!
One approach that is especially interesting involves the use of
selectively raised antibodies; this idea, probably first proposed
by Pauling? was succinctly stated by Jencks.? Since antibodies
can be raised against essentially any chemical structure one
can readily envisage the ‘engineering’ of complementary
antibody combining sites to appropriately chosen haptens
which will provide an environment for the selective binding of
reactants and promotion of specific chemical reactions. Thus,
antibodies raised against structures which mimic the transition
states of chemical reactions should selectively catalyse those
reactions. Thus far the hydrolysis of labile esters and
carbonates has been reported4 and recently true catalysis
using antibodies has been demonstrated.s

We report another approach, in which an antibody combin-
ing site is designed to serve as a template to bring two reactants
together in a selected, pre-reaction geometry. The model
reaction chosen,® the photodimerization of methyl p-nitro-
trans-cinnamate (1), seemed attractive because the cinnamate
chromophore often provides information about intermol-
ecular geometry;’ the nitrophenyl group is strongly immu-
nogenic;(1} absorbs light at wavelengths beyond those ab-
sorbed by protein; and the reaction (Scheme 1) had been
previously investigated in detail and reported to yield four
photodimers on irradiation in concentrated solution and little
or no photodimerization in dilute solution.8

In view of the close similarity in molecular volume between
two monomers and the corresponding photodimer,” we
reasoned that antibodies raised against a derivative of, for



J. CHEM. SOC., CHEM. COMMUN., 1988

Noz—©~c+1: CH—CO,Me

(1

hv
soln.

Ar Ar Ar R Ar R Ar Ar

+ + +
|
R R R Ar R Ar R R
(2) (3) (&) (5)
Ar Ar
S \L\
R R
pre-(2)

Scheme 1. Ar = -p-CgH,NO,; R = -CO,Me

Ar Ar Ar Ar Ar Ar

(2) iii %: i \% v %
0=~ 0 R COH

R CONH-lys of BSA
(6) (7) (8)

Scheme 2. Reagents and conditions: (i) H;O+; (ii) acetyl chloride/
reflux; (iii) MeOH; (iv) BSA (H,O)/1-cyclohexyl-3-(2-morpholi-
noethyl) carbodiimide methotoluene-p-sulphonate (H,O/pyridine).
The spectroscopic, analytical, and/or chemical reactivity data
obtained for (6) and (7) were in accord with their structures.

example (2), would preferentially bind and orientate pairs of
monomer (1) in the pre-reaction geometry (pre-2).

Compound (2) was converted into the bovine serum
albumin (BSA) conjugate (8), as described in Scheme 2. [In
the same way a rabbit serum albumin conjugate of (2) was
prepared for quantitative immune precipitation.] The result-
ing analogue (8) was used to raise rabbit anti-(8) antibodies by
standard methods. The antisera of two rabbits, containing
0.65 mg/ml and 0.70 mg/ml of specific antibody, respectively,
were used.

Irradiation of aqueous acetone solutions of [!4C]methyl
labelled (1) (prepared by the reaction of 4-nitrocinnamoyl
chloride with [!4C]methanol) and unlabelled (1) gave an
identical distribution and t.l.c. location of products, in overall
accord with the reported results,8 Table 1. When solutions of
(1) were irradiated in the presence of BSA, which binds
organic substances!® but is not expected to display molecular
selectivity for the dimers of (1), a slight preference for the
dimer (2) over (4) was observed [(2):(4) ratio ca. 0.60:1 as
compared to ca. 0.45: 1 in the absence of protein]. However, a
distinct preference for (2) was observed on irradiation in the
presence of specific antibody, the ratio being 1.13:1. In
addition, the rate of disappearance of (1) was appreciably
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Table 1. '*C-Distribution, %, on chromatogram after irradiation of

(Dz

t.l.cb hv, no hv, with hv, with
Component R; additive BSA antibody
Monomer (1) 0.41 56.8 344 26.0
(cis + trans)
4) 0.28 28.9 41.1 34.8
‘Mix-dimer’e 0.23 1.3 — —
2) 0.16 13.0 245 39.2
‘Polymer’d 0.00 — — —

4 Deaerated, aqueous/acetone solutions (4: 1) were irradiated for 2 h
in narrow glass tubes using a Rayonet reactor fitted with 3500 A
lamps; (1), 2 mM; antibody, 0.5 mmM; BSA, same wt/ml as antibody.
Irradiated protein-containing solutions, 50 pl, were incubated with a
100-fold excess of ‘cold” irradiated (1) for 60 min before t.1.c. analysis;
this procedure effectively released all non-covalently protein bound
radioactive monomers and dimers. b Baker, channelled glass t.l.c.
plates, Silica Gel G, 0.25 mm layer, fluorescent indicator, with
preabsorbing area, were developed with benzene/ethyl acetate (9:1).
Spots were detected by fluorescence; radiolabelled material was
detected and counted with a BIOSCAN position-sensing proportional
counter. Components gave a 3—10,000 d.p.m. reading; background
was 50 d.p.m. Error limit = 5%. < This spot, assigned earliertoa 1:1
mixture of dimers (3) and (5)8 was found to be a single compound,
formally, the product of cis-(1) + trans-(1), whose stereochemistry
will be reported separately (H. Ziffer, A. Bax, R. J. Highet, and B. S.
Green, J. Org. Chem., in the press). This component was neglected in
the % distributions of irradiation with protein. 4 The R; = 0 spot,
which may contain polymer, photodegradation products, substances
covalently bound to protein, etc., is not included in the % distribution;
it typically contained ca. 15% of the radioactivity under the conditions
used but increased with increasing irradiation time and after extended
periods became the dominant spot.

enhanced in the presence of antibody. In control experiments
it was shown that BSA showed a slight preference for (2) over
(4) whereas the anti-(8) antibodies displayed a greatly
enhanced affinity for (2) over (4).

Antibody combining sites have been analysed in terms of
subsites, each of which binds a unit or subgroup of the hapten
or antigen.!! It has long been known that the volume of the
antibody combining site can accommodate more than one
molecule,!Z but the binding of separate, unlinked moieties in
adjacent subsites has not been previously studied.!3 This use
of an antibody raised against a molecule A-A (or A-B) as a
constraint (or template) for the simultaneous binding of A and
A (or A and B) in order to promote a selective reaction within
an antibody combining site has great potential for use in more
significant and useful synthetic organic reactions e.g. Diels—
Alder reactions, asymmetric photo- and thermal reactions,
etc.

The reaction of (1) was complicated by the unexpected long
wavelength absorption and photoinstability of the dimers and
the poor solubility of reactants. Future work, we are con-
fident, will provide improved template effects, including
release of product and catalysis. This study represents only
one of the many directions that may now be considered for
antibody molecules acting as ‘tailor-made,” enzyme-like pro-
moters of organic reactions, in novel biotechnology, and even
medical applications.
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