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Abstract: The first large scale regio- and stereoselective synthesis catalyzed by an antibody is
described which features automation as an atiractive means for the general utilization of antibodies
in larger reaction scales. A biphasic catalytic antibody system (5% aqueous hexane) is coupled with
an automation device which facilitates the multigram synthesis of the desired compound.

Since their inception, catalytic antibodies! have been generated which catalyze a large range of
reactions2 varying from the simple hydrolysis of carbonates and esters to more difficult
transformations such as the control of regio- and enantioselective reactions.3 One of the goals of
catalytic antibody research is to provide tailor-made catalysts for the synthetic chemist. These
antibodies would then catalyze reactions which are difficult or impossible to carry out by other
means.* In the future, catalytic antibodies may help alleviate the painstaking task of separating
unwanted isomers during a synthesis by providing a kinetic preference for the desired isomer. The
power of this capability becomes clear when one considers that the efficacy of many drugs depends
on the delivery of an enantiomerically pure ccympound.5

Unitil recently, reactions involving the use of catalytic antibodies have been restricted to
aqueous solvent systems. However, we have demonstrated that antibodies are capable of
catalyzing reactions at the interface of organic media when in the presence of a small amount of

aqueous buffer.® The value of such a biphasic system becomes obvious when one considers that
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most compounds of interest to the synthetic organic chemist have only limited solubility in water.
In addition to possible solubility limitations, one must also contend with the product inhibition
associated with many antibody systems. Thus we set out to investigate the feasibility of
performing gram scale synthetic reactions using catalytic antibodies which would circumvent these
problems i.e. the development of protocols for antibody-catalyzed reactions in organic solvents
(Biphasic Antibody Catalysis Automated, BACA Junder conditions that minimize product
inhibition.

After examining several potential candidates, antibody 26D9 was selected as a suitable catalyst,
and epoxide 1its substrate.8 Our enthusiasm for employing this catalytic antibody was based on
its ability to catalyze ring closure reactions in a regio and stereoselective fashion.42 Such O-
heterocycles are frequent and important targets for synthesis either as final products or as useful
synthetic intermediates in natural product total synthcsis‘9 Thus, when a solution of hexane
containing a racemic mixture of epoxide 1 is placed in the presence of 26D9 and 5% aqueous
buffer, tetrahydropyran 2 is formed in 96% ee as determined by HPLC 10 (Figure 1). The initial
rate of ring closure catalyzed by 26D9, when measured as a function of 1, followed Michaelis-
Menten kinetics.!! The Michaelis constant Ky, - the catalytic rate constant k..., and k

were 590 UM, 7.96 min™! and 3.65 X 10? respectively.
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Figure 1. Reaction of 1 with antibody 26D9

The ring closure reaction of 1 has two potential pathways. It can close to form either the 5-
membered tetrahydrofuran 3 or the tetrahydropyran 2 (Figure 2).12 Acid catalysis of the ring

closure of 1 results only in the formation of 2, whereas reaction of 1 in the presence of 26D9
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results only in the S,R isomer of 2!3 and the R,R isomer of 1 in 96% ee.!5 Furthermore 1 and 2
are easily separated using flash column chromatogralphy.18 Taken together these results
demonstrate that the reaction is not only regio and stereoselective, but that 26D9 is also able to

easily discriminate between the enantiomers of 1 leading to a kinetic resolution of these epoxides.
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Figure 2. The two possible pathways of 1 in the presence of acid.

The synthesis of 2 from 1 was carried out on a 2.2 gram scale using the apparatus as shown in
Figure 3. We constructed this device in order to automate antibody catalysis, and hence
demonstrate not only their synthetic practicality, but also the possible industrial feasibility for the
use of catalytic antibodies in organic synthesis. The robotics of the events described herein are
governed by the microprocessor/timer.1® In our example, vessel A contains a 3.8 mM solution of
epoxide 1 in hexane and vessel B contains a 135 mM solution of 26D9 (100 ml of PIPES buffer) .
An 800 ml portion of solution A is automatically transferred to vessel B under positive argon
pressure (any inert gas can be used here) through solenoid valve V and at this time begins to
rock, via a solenoid-controlled (V) air driven motor, at a rate of 90 swings per minute through an
angle of 90° for 2 hr. After this event, a ten minute wait period is provided so that the two phases
can separate. The organic layer containing the products is then transferred to vessel C under
positive pressure through solenoid valve V4 and the entire process is automatically repeated 4-

times with 127-turnovers per period. Throughout this period little degradation of catalyst was
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observed (< 5%). Once the reaction is complete, the volume of solvent in vessel C is reduced

under negative pressure leaving behind the products 1(R,R) (945 mg) and 2(R,S) (957 mg).

Figure 3. BACA apparatus.

The major advantages of using our biphasic system are its elimination of product inhibition and
substrate insolubility. However, in some instances a homogenous aqueous system maybe
advantageous. It is also possible to employ our apparatus in a homogeneous-aqueous catalytic
antibody system. Using a similar, however non-automated method pioneered by Whitesides for
enzymes (Membrane Enclosed Enzymatic Catalysis)zo, we tested how well our device would
perform in a membrane enclosed antibody system at a 100 mg scale synthesis. As reported by

Whitesides, the reaction rates can be significantly decreased (we saw a relative rate reduction of



Automation of antibody catalysis

approximately three fold) which we and others speculate to be the result of a slow rate of diffusion
of the substrate across the membrane. There was also a significant reduction in the
enantioselectivity (24% ee), we ascribe this to the now significant uncatalyzed rate of reaction.
Futhermore this system requires a rather arduous extraction step. While untenable in our case, the
aqueous system might be useful in other catalytic antibody systems where the substrate is insoluble
or incompatible with organic solvents.

In summary, we have demonstrated the use of a catalytic antibody for a regio- and
enantioselective large scale synthesis. Although an antibody-catalyzed multigram synthesis can be
performed using routine laboratory glassware, the automation device described here demonstrates

the potential of catalytic antibodies in an industrial setting.
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