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Mercaptoethylamine, MEA, is one of the anti-radiation drugs.
HoNCHoCH,SH

MEA

The theories of drug protection can all be generalizied as simple SN2 displacement

reactions with MSZA serving as a nucleophile with {a) disulfides.4'5 {b) peroxidess'
{¢) free rudiculs,7 and {d) metal i.ons.8 In the present note, the oxibase pqrqmetersl
of MEA at 25° have been determined by reacting MEA with methyl iodide, ethyl tosylate,
and B-propiolactone in water as a function of pH.

MEA exists in solution in four forms: HShZG'lZS'L HyNCH,CHoSH, Halfl}lzc}lzs-
and HZNCHZCHZS. ( called HZN-S- Y. Using data 9'mon the electrometric and
spectrophotomeric titration, the fraction of each species has been computed as a function
of pH. The kinetics were determined in deoxygenated inert buffer solutions of pH 2 to
l3(££0.05 to 0.18) 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.

11

All calculations'® of rate constants were handled using a program for the IBM 7094.
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In all about 300 sepsrate kinetic experiments were performed at temperatures from 0 to
53°c. 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

Vs ky (Ho -~ SH) M + kp (HoN - SH) M+ kg (gl - S} M 4k, (HN - 8 M (1)

All reactions of M with the medium (water, buffer salts or CH-) were accounted for in
deriving the values of k; for each substrate. The kinetic rate constants are presented
in Table I only at 25%

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

oxibase scale:

log k/% _ 4 , g % (2)
E
and a multiple linear regression computer program using the experimental datu.13 The

H valuesl4 (=pK, + 1.74 ) have been computed from the ionisation constantg3+3-10

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

magnitude of the E yglues for the thiolate forms indicate that these are some of the

best nucleophiles (most easily oxidized) for S 2 reactions.la'14 See Table II.

Table 11

Oxibase Parameters at 25° in Water

E volts H
HoNCH CHoSH 1.65P 1.68° -8
aNCHCHy! 652 1.
+ -
HaNCHQCHoS 2.849 2.90° 2.90S 10.3
HgNCH,CHoS ™ 3.069, 3.11° 12.5

a. Determined using methyl iodide.
b. Determined using ethyl tosylate.

c. Determined using ﬁ—propiolactone.
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In conciusion MEA has large enough E and H values thermodynamically to displace

rapidly other thiolate anions.1®

HoNCHyCHpS™ + RSSR 7= HpNCHpCHoSSR +RS” (2)
Evea » ERS

MEA has large E and H values so that it would firmly bind metals (as Cu(I) which has
an G=4.95 and B=0.16) 14

Since the removal of free radicals occurs by oxidation-reduction processes the eqse
HZNCHZCHZS-+ 'd‘l—'.HzNCHchzs"#.QH {3)

of oxidation of the thiolate would facilitate reaction with free radicals. Reaction
(3) is an S;2-type reaction.

Theg and Evuluesl4 of HyoDy allow the calculation of the rate of reaction of
Hzl{}lzd-lzs“ to be 3 x 1()'2 M"l sec™! and with H;Nd-lzd'izs' to be 5.8 x 10-3 M'1 sec'l
in water at 25°. These rates (even estimated at 37.5°) are too slow to serve as tm

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

hydrogen peroxide in vivo. Thu§ we feel that reduction of hydrogen peroxide in vive
is not one of the radiation protection mechanisms of MEA.

Design of new anti-radiation drugs should take into account the extreme sensitivity
of drug properties with the ease of oxidation ihiqh E values).
Acknowledgment- The studies have been supported by the Walter Reed Army Institute of
Research (WRAMC-MD-2107), the NSF (NSF-G15750) and the National Institutes of Health

(RH-00279) .



lo.

11.
12.

13.

l4.

1s,

No.9 889

References
Paper IX. E.S. Wagner and R.E. Davis, J. Am. Chem. Soc. for Jan. 1966.
Alfred P. Sloan Feliow, 1962-1966.
Taken in part from the M. Sc. thesises of S.P.M. and L.A.S. in 1963.

D. B. Hope, Thio.s and Radiation Damage, Biochem. Soc. Sym. No. 17, Cambridge Univ.
Press, New York, 1959.

B. Shapiro and L. Eldjarn, Rad.Res., 3, 255 (1955).
P. Alexander and D. Rosen, Nature, 188, 574 (1960).
D. G. Doherty, W. T. Burnett, Jr., and R. Shapiro, Rad. Hes., 7. 13 (1957).

E. C. Knoblock and W. C. Purdy, ibid., 15, 94 (1961).
R. E. Benesch and R. Benesch, J. Am. Chem. Soc.. ZZ, 5877 (195%).

J. T. Edsall and J. Wyman, Biophysical Chemistry, Ch. 9, Academic Press, Inc.,
New York, 1958

C. Brown and R. E. Davis, Purdue, 1965.
Program in Fortran IV is available on request.

See R. E. Davis, ]J. Amn. Chem. Soc., 87, 3010 (1965) for references to the literature
data. -

J. O. Edwards, jbid., 78. 1540 (1954). First suggestion and use of equation (l).

R. E. Davis and A. E. Cohen, ibid.. 86. 440 (1964} .




