
Tetrahedron Lettera No.9, pp, 885489, 1966. Pergamon Press Ltd. 
Printed in Great Britain, 

DISPLACEMENT REACTIONS. X. OXIBASE SCALE PARAMETERS 

OF AN ANTI-RADIATION 

DRUG-MEA1 

Robert Earl Davis.' Rudolf Nebring. 

Stephen Paul Molnar. and Lydia 

Arceo Suba 

Depurtment of Chemistry. Purdue 

University. West Lafayette, Indiana, U.S.A. 

(6leceived 24 November 1965) 

Mercaptaethylamine. MEA. is one of the anti-radiation drugs. 

H2”2Cv+ 

MEA 

The theories of d,-ug protection can all be generalizied as simple %2 displacement 

reactions with MZA serving as a nucleophile with (a) disulfides. 4.5 (b) peroxides6 

(c) free rodicals.‘l and (d) metal ions. 
9 

In the present note. the oxibase parameters 
1 

of MFA at 25’ have been determined by reacting MEA with methyl iodide. ethyl tosylate, 

and fl-propiolactone in rater ~1s a function of pti. 

hEA exists in solution in four forms: H3+~Cli,SHi. H2K3i2CH2SH. H,kH$3i$- 

and H+i$H2S- ( called HPN-S- ). Using data ga1o on the electrometric and 

spectrophotomeric titration. thr fraction of each species has been computed as a function 

of FH. The kinetics were determined in deoxygenoted inert buffer solutions of pH 2 to 

13&0.05 to 0.191 using the change in the ultraviolet spectra with time. Concentrations 

of the reactants were varied by at least eight fold to determine the reaction order. 

All calculations” of rate constants were handled using a program for the IBM 7094. 
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In all about 300 sewrate kinetic experiments were performed at temperatures from 0 to 

5pC. All the reaction products, with MEA the limiting reagent, were the S-alkylated 

derivations: S-methyl. S-ethyl and the B-S-propionate as determined by elemental 

analysis, infrared spectra, ultraviolet spectra, n.m.r. and the formation of derivatives. 

The rate law for each substrate. M. was 

v D kl (H3fi - SH1 M + k2 (H2N - SH) M + k3 (H34? - s ) N t k4 (H2N - S‘) N (11 

All reactions of M with the medium (rater. buffer salts or Ui ) were accounted for in 

deriving the values of ki for each substrate. The kinetic rate constants are presented‘ 

in Table I only at 2:‘. 

In Table II the E and H values of the nucleophiles have been computed12 using the 

oxibase scale: 

log k/k O=a+@ fl (2) 

E 
E 

and a multiple linear regression computer program using the experimental data. l3 The 

H values14 C=pKo + 1.74 ) have been computed from the ionisation constants3*g.10 

The agreement between the klnetically determined E values is quite good. The 

magnitude of the E “,,lues for the thiolate forms indicate that these are some of the 

best nucleophiles (most easily oxidized) for S,2 reactions. 13.14 See Table II. 

-----___- 

Table II 

Oxibase Parameters at 25’ in water 

E volts 

1.65b 1.68’= 

2.84: 2.90b 2.90: 

3.06a. 3.llb 

CI. Determined using methyl iodide. 

b. Determined usinq ethyl tosylote. 

c. Determined using B-propiolactone. 

H 

-9 

10.3 

12.5 



No.9 

0” 
d 
+I 



In conciusicn MEA had large enough E and H values thermcdynaaically to displace 

rapidly other thiolate aniona. 15 

H~~2~‘ + RSSR z== H2~fl$SSH +RS- (2) 

ka w- 

ME4 has large E end H values sc that it would firmly bind metals ias 01(I) which has 

an ob4.95 and8=0.16) .14 

Since the removal of free radicals cccurs by oxidation-reduction prccessee the egse 

HZNCH2CH2S-+ +I-H2NCH2CH2S’ + -‘?H (3) 

of oxidation of the thiclcte would facilitate reaction with free radicals. Reaction 

(3) is an SnZ-type reaction. 

The Q and e values 14 of H202 cllor the calculation of the rate of reaction of 

H2KH2cJi2S- to be 3 x 1V2 M-l set-’ and with H3&12rJ-12S- tc be 5.9 x 10s3 M-l set” 

in rcter at 25’. These rates (even estimated at 37.5’) cre tee slow to serve a, rm 

effective msans of radiation protection by reduction of dilute inter and intracellular 

hydrogen peroxide in viva. Thus re feel that reduction of hydrcqen peroxide in vivo 

is not one of the radicticn protection mechanisms of MEA. 

Design of new anti-radiation drugs should take into ccccunt the extreme sensitivity 

of drug properties with the ease of oxidation (high E values). 
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