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We have generated antibody FTBSE9 by immunization with the
designed hapten to catalyze the aminolysis reaction of a
chloropyrimidine derivative.

Amino group-substituted pyrimidine derivatives are important as
enzyme inhibitors, receptor ligands, and their precursors.t Aminol-
ysis of chloropyrimidine derivativesis akey reaction for accessing
these compounds. Recently, small molecules were used to
accelerate the aminolysis of 6-chloropurine derivatives through
hydrogen bond formation.2 This novel type of aminolysis mecha-
nism has attracted interest and theoretical calculations concerning
these types of reactions have been reported.3 Here we report
antibody-catalyzed* aminolysis of a 4-chloropyrimidine derivative
and characterize the reaction in water in the absence of antibody to
provide insights into the mechanism of this type of aminolysis
reaction.

In order to generate antibodies that catalyze the aminolysis of
4-chloro-2-methylthiopyrimidine (1) with p-toluidine (2) to give 3,
hapten 4 was designed (Scheme 1). The hapten was expected to
induce antibodies that form hydrogen bonds with the pyrimidine
derivative thus accel erating the rate of the reaction. It was expected
that the sulfone oxygens of the hapten would induce hydrogen
bonding interactions with the antibody during antibody induction.
Thetransition state of the reaction would then be stabilized with the
aid of hydrogen bonds to the pyrimidine nitrogen and/or chloridein
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the catalyzed reaction of sulfide substrate 1. Hydrogen bonding
with the pyrimidine nitrogen of 1 would lower the transition state
energy of the amino group attack, and hydrogen bonds with
chloridewould accelerate chloride leaving. We expected that use of
the sulfone in the hapten would also prevent tight binding of the
sulfide-containing product in the active site that might otherwise
lead to product inhibition in the catalyst.

The hapten was synthesized by the amination of 1 with
4-(4-aminophenyl)butyric acid (5), followed by oxidation of sulfide
6 to sulfone hapten 4 (Scheme 2).5 Hapten 4 was conjugated to
bovine serum abumin (BSA) and keyhole limpet hemocyanin
(KLH). Mice (129G1X*) were immunized with 4-KLH and
monoclonal antibodies were generated using standard protocols.®
Hybridoma supernatants were screened for antibodies with affinity
for 4-BSA using an enzyme-linked immunosorbent assay (ELISA).
Seventeen monoclonal antibodies were purified from the hybrid-
oma supernatants by DEAE anion exchange chromatography and
Protein G affinity chromatography. The binding of 4-BSA to ten of
these antibody preparations was inhibited by free hapten 4. These
ten antibodies were screened for their ability to catalyze the
amination of 1 by 2 as discussed below.

Although many examples of aminolysis of chloropyrimidine
derivatives have been reported, little information on these reactions
asthey occur inwater isavailable.” Therefore, before the antibodies
were analyzed, several solvent/buffer systems were studied. The
reaction shown in Scheme 1 was performed by using 1 (250 uM)
and 2 (2 mM) in the solvents shown in Table 1 at 25 °C and the
formation of 3 was analyzed by HPLC. When 5% CH3CN/95%
H,0 was used as the solvent (the pH was 7 ~ 7.5), the reaction was
about 5-fold faster than the reaction in MeOH, CH3CN, or 50%
CH3CN/50% H,0.8 Next, the pH effect on the reaction rate was
examined in the pH range compatible with antibody catalysis. The
velocities of the reaction in buffer composed of 5% CH3;CN/50%
PBS9/45% 50 mM Na phosphate (pH 6.6, 7.0, 7.5, and 8.0) were
evaluated. (The resulting pH values varied within £0.1 from 6.6,
7.0, 7.5, and 8.0, respectively.) The relative velocities of the
reaction under these conditions are shown in Fig. 1. The reaction

S._N._Cl HyN
- \ﬁ N L
N~ COOH
1 5
EtzN S._N H
3 e
= . \ﬁ X
N~ COOH

EtOH
6 40%

O,
KMnO4 \\S//

0 H
N. _N
~
CH3COOH-H;0— e
N~ COOH
4 3

CH3CN-acetone
2%

0]

Q.0 H
1) HO-N EDC S _N__N
\W N o)
O CHCN N~ N,Protein
H

2) BSA or KLH .

4-BSA: Protein = BSA
Phosphate buffer .

4-KLH: Protein = KLH

Scheme 2 Synthesis of hapten and conjugates.

This journalis © The Royal Society of Chemistry 2004



was found to be most rapid at the lowest pH. Since the pK,s of
pyrimidine and 2 are 1.23 and 5.08, respectively,10 both 1 and 2 are
predominantly neutral at pH 7. The results in Fig. 1 indicate that
general acid catalysis or protonation of one or both substratesiskey
for rate acceleration. According to the pK, values of the substrates,
substrate 2 is more likely protonated than 1 at pH 6.6-8.0.
Protonated 2 may form a hydrogen bond with 1, and this activated
complex may react with another molecule of unprotonated 2, or the
proton of protonated 2 may transfer to the pyrimidine nitrogen
when the reaction proceeds. These results support our idea that
antibodies providing proton(s) for hydrogen bond(s) with the
transition state should accel erate the reaction. The solvent effectsin
Table 1 can be explained by the stabilization of a charged transition
state in polar solvents.8.11.12

Antibody-catalyzed reactions were analyzed at pH 6.6. The
reaction was performed by using antibody (20 uM active site), 1
(250 uM), and 2 (500 uM) in 5% CH3;CN/50% PBS/45% 50 mM
Na phosphate (pH 6.6) at 25 °C, and the initial velocity of the
generation of product 3 was determined by HPLC analyses.
Antibody FTB8E9 had the highest initial velocity of the ten
antibodies tested, and this antibody was further analyzed.

Catalysisby antibody FTB8E9 (20 uM active site) was eval uated
over a range of concentrations of 2 (0.5-4 mM) at a fixed
concentration of 1 (250 uM) in 5% CH3;CN/50% PBS/45% 50 mM
Na phosphate (pH 6.6). The S-V plot showed amoderate saturation
of the velocity according to the increase in the concentration of 2
(see supplementary information). The plot was fitted to the
Michaelis-Menten equation: antibody FTB8E9 catalyzed the
reaction with aK,,, of 11 mM and a kg of 1.2 X 10-3 min—1. The
rate acceleration of the antibody-catalyzed reaction above the
background (the reaction without antibody) Kea/Kunca Was 1300
(Kuncat = 9.5 X 10~7 min—1). When the reaction was performed
with FTB8E9 (20 uM, activesite), 1 (250 uM), and 2 (2 mM) in the
presence of hapten 4 (300 uM) in the buffer described above, the
FTB8E9-catalyzed reaction was completely inhibited. Therefore,
the antigen combining site of antibody FTB8E9 is the catalytic

Table 1 Solvent effect on the reaction of 1 and 2 to form 32

Solvent Relative velocity
5% CH3;CN/95% MeOH 0.19
CHCN 0.19
50% CH3CN/50% H,0 0.22
5% CH3CN/95% H,0 1.00

a Conditions: [1] 250 uM and [2] 2 mM in the solvent indicated at 25 °C.
The rate of the reaction was determined by HPLC.
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Fig. 1 The pH effect onthereaction of 1 with2toform 3. Vrel isthevelocity
at indicated pH divided by the velocity at pH 6.6. Conditions: [1] 250 uM
and [2] 2 mM in the buffer composed of 5% CH3CN/50% PBS/45% 50 mM
Na phosphate (pH 6.6, 7.0, 7.5, or 8.0) at 25 °C. Velocity at pH 6.6 was 1.9
x 10—3 uM min-1,

active site. The apparent dissociation constant of antibody FTBSE9
to hapten 4 was 0.2 uM as determined by competitive ELISA.13
Inhibition by product 3 in competitive ELISA was not detected
even a 4 mM of 3. These results indicate the effectiveness of our
hapten design in inducing antibodies not prone to product
inhibition.

We have demonstrated the first example for antibody-catalyzed
aminolysis of a chloropyrimidine derivative. In addition, we
showed that aminolysis without antibody is accelerated in water
relative to MeOH or CH3CN. Within the antibody-relevant pH
range of 6.6-8.0, the reaction is most rapid at low pH, implicating
protonation of substrate in acceleration of the reaction. Further
investigation of the reaction in water and of the reaction with
catalytic antibodies may provide more detailed information on the
mechanism of aminolysis of chloropyrimidine derivatives.

This study was supported in part by the NIH (CA27489) and The
Skaggs Institute for Chemical Biology.
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