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Use of cocaine (l), has increased dramatically in recent years and is of concern for 
social and health masonsl Current approaches to the treatment ofcocaine/crack addictions 
areinadequateandachangcisnccessaryfromthetraditionalsubjectiveappoechtoamaae 
organized and objective treatment? Cocaine (1) contains two ester f-ties which 
sre the primary sites of metabolism iu man and other species.3 The xx&or metabolitc, 
txnzoylqonine (2n) results from the h drolysis of the carbomethoxy group of cocaine by 
serum and liver esterases. Hydrolysis J the benzoate ester linkage to the relatively non- 
toxic ecgonine (2b) and tmmic acid occurs at a mu+ slower rate.3 A potential method 
for detoxilication of cocaine overdox would be mn of an antibody that could 
catalyze the rapid degradation of cocaine (1) to (2b) or its methyl ester (3). A recent 
report2 on the development of antibodies for cocaine by immunization with cocaine 
conjugated with keyhole liipet hemocyanin prompts the disclosure of our work in this 
area. 

6 
1 2a R 1 = H; Rz = COPh 

2b R , = H; R, = H 
3 R, = CH3; Ri = H 

The concept of transition state stabiition has been elegantly applied to the 
generation of antibodies with the ability to catalyze a variety of reactions.4 Catalytic 
antibodies with high turnover numbers have been generated for ester hydrolysis using 
phosphonate monoesters as transition state analogs.56 Based on these precedences, it 
appeared that antibodies generated against the phosphonate monoesters (10) could be 
useful for the in viva hydrolysis of the benzoate ester moiety of cocaine (1). 
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SC) R = CH,COOtert.Bu 

9d) R = COCH,CHzCOOten.Bu 

a. 2N HCI (aqueous), reflux. b.(i) CH30H, cont. H2S04; (ii) (B~Iz)~O, EtsN. c. (i) Phenylphosphinic 
acid, DCC, DMAP; (ii) NaIOb d. Benzyl bromide, &CO,, DMF. e. TFA:CH.$& (l:l), then 
aq. NaHC03. f. Alkyl halide, K2C03, DMF (see ref.10) or HOOCCHzCH@OtBu (see ref. 11). 
isobutylchloroformate,l-methylmorpholine, THF. g. (i) H#d-C, MeOH; (ii) 4N dry HC1 in dioxane. 
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synthetic consideralions dictated that for enhanced antlgenic response the 
necessary attachment of these haptens to a carrier macmmo leculelikeserumalbuminbe 
accomplished by using substitutents on nitrogen of the analogs. This strategy not only 
simplified the chemistry but also provided two types of haptens, one with the ntention of 
the basic&y of nitrogen and another with a neutral amide nitrogen. As outlined in Schem- 
1. norcocaine (4). prepared from commercial (Mallinckrodt) cocaine HCl using a known7 
pmcedtue, was hydrolyzed exhaustively using dil. HCl, to give the amino acid (5). Acid 
catalysed esterification of the carboxyl group of 5 followed by protection of the nitrogen as 
tert.butylcarbonate gave the key intenr&ate alcohol (a).* The crucial 
phenylphosphonylation of (6) was achieved using a two step procedure9 to give the 
uhosohonic acid monoester (7a). Estexifxation of cla) to the uhosuhonate diester CIbj* 
iollokd by treatment with a&dto remove the tert.dutdxycarb&yl j&oup, gave the &r&e 
(8) suitable for dexivatization. Alkvlation of crude (8) with methvl iodide. mtbutvl 
kmoacetate or tert.butyl5brook-hexanoatelo g& cornpour& (9a&;8 acylakon of 
(8) with succinic acid mono tert_butyl ester11 gave (~d).lO Compound 9d could also be 
prepared in three steps fkom (5) by (i) acid catalyzed esterficatio~ (ii) acylation with 
succinic acid mono tert. butyl ester11 and (iii) phenylphosphonylation as for 6. 
Debenzylation of (9b-9d) by hydrogenolysis followed by exposure to acid to remove the 
tert.butyl group provided the target haptens (lob-lOd)8$12 suitable for coupling to 
macomolecules like BSA. 

Hydrogenolysis of 9a gave lOa.l3 The compound 10a contains all unique 
elements of the predicted phosphonate monoester transition state for the hydrolysis of the 
bentic acid ester moiety of cocaine. Monoclonal antibodies having affinity for 1Oa can be 
identified by competitive inhibition binding assays. 

In preliminary experhnents compound 10d was couple-d via its carboxylic acid 
group to thyro 
conjugate of 1 8 

lobulin and ovalbumin. Mice were immunized with thymglobulin 
d for the production of anti-1Oa & 1Od monoclonal antibodies (mAb) 

using conventional technique~.~~ Nine hybridoma cell lines were generated that produced 
antibody that recognized the ovalbumin-conjugated 1Od (ova-1Od). Monoclonal 
antibodies that recognize soluble hapten 1Oa were identified in a competitive inhibition 
assay. Compound 1Oa was tested for its ability to inhibit mAb binding to immobiized 
ova-NM; soluble 10a inhibited the binding of seven of nine mAbs to immobilized ova- 
1Od. The IC= of these seven mAb ranged from 15 to 350 p.M hapten 1Oa. Together, 
these results suggest that the ova-1Od binding mAb recognize soluble hapten lOa, the 
predict4 phosphonate transition state mimic. The demonstration of mAb binding to 
transition state mimic has been used as a method for the identification of catalytic antibodies 
displaying rate enhancement and specificity as well as turnover.l5 Further study of the 
catalytic properties of the mAbs described herein is ongoing.16 
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