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A SYNTHETIC METHOD FOR UNSYMMETRICAL DISULFIDES OF CYSTEINE:
THE BIS-CYSTEINE DISULFIDE OF meso-2,3-DIMERCAPTOSUCCINIC ACID.

Robin Polt*, Yushun Li, Quintus Fernando and Mario Rivera
Department of Chemistry, University of Arizona, Tucson, AZ 85721

Summary: meso-Dimercaptosuccinic acid (DMSA) is the drug of choice for the treatment of lead-poisoning.
DMSA is excreted in the urine of lead-poisoned rabbits as a conjugate with two molecules of cysteine. To
confirm this, and to examine the hypothesis that DMSA may be acting as a pro-drug, we have synthesized the
DMSA-bis-disulfide using novel methodology based on the use of sulfenimides derived from cysteine.

meso-Dimercaptosuccinic acid (DMSA, 2a) is a metal-binding agent,’ which has been shown to be
effective in the treatment of intoxication by lead, mercury, and arsenic.2 DMSA was classified as an "orphan
drug” and has recently been approved for the treatment of heavy metal poisoning by the U.S. Food and Drug
Administration.3 it has been suggested that DMSA is present in vivo as a mixed disulfide with cysteine, bound
either to plasma proteins,4 or glutathione.5 It has also been postulated that most orally administered DMSA is
excreted through the kidneys in the form of a bis-disulfide with two molecules of cysteine.4® In order 10
confirm this hypothesis we have synthesized the bis-disulfide 1.
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In spite of the numerous methods available for the synthesis of mixed disulfides,® the production of
these compounds remains problematic. Disulfide interchange has been shown to be extremely fast, and is
catalysed by free sulfhydryl groups, by amines, and by other bases.? This has proven to be a major difficulty
in the synthesis, and synthetic use of unsymmetrical disulfides, particularly in the area of peptide synthesis.8
The introduction of N-alkylthio-imides (sulfenimides) as organothio-group transfer reagents9:19 seemed to
be a particularly attractive solution for the preparation of cysteine disulfides, but appropriate N-protection
still presented a serious synthetic problem.?1,.8¢ Since the N-diphenylmethylene group (-N=CPhp) can be
removed with dilute aqueous acid at 0°C,12 we have explored its use in the synthesis of compound 1.
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The Schiff base esters 4a and 4b were synthesized from the commercially available L-cysleine ester
hydrochlorides 3a and 3b using the procedure of O'Donnell12 (Scheme I). The hindered tert-butyl ester
Schiff base 4c¢ was prepared from the corresponding dimeric L-cystine derivative 7 by disulfide interchange
with dithioerythritol (DTE).13 Schiff base 7 was synthesized from L-cysline di-t-butyl ester-2HCI, 614
using the standard methodoigy used for 4a and 4b. Electrophilic activation of the free sulfides 4a—c was
accomplished by treatment with N-bromosuccinimide (NBS) in benzene for 30 minutes in the presence of
solid NaHCO3. Surprisingly, although Harpp's published stanylation procedure19d was satisfactory (79% for
4a), treatment of the resulting stanylsulfide with NBS was not as effective (38% yield of Sa) as the direct
route. Perhaps more surprisingly, the order of addition was not important for this reaction— probably due to
the fact that the acyclic Schiff bases 4a—¢ are only minor species in solution, being tautomeric with the more
stable thiazolidine heterocycles (Scheme Il). Thus, regardless of the order of addition, the concentration of
free sulthydryl groups is low at any particular moment, and the expected oxidative disulfide formation is not
observed. It is not clear if it is the cyclic thiazoliding form which reacts with NBS or the Schiff base form.
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The cysteinyl thiosuccinimides 5a—c¢ were purified on silica gel using flash chromatography,15 and
could be reacted with either meso-dimercaptosuccinic acid, 2a, or the corresponding dimethylester, 2b, and
di-tert-butyl ester, 2¢c, using Harpp's19¢ methodology {Scheme Ill). Although the yield of disulfide for the
coupling reactions were similar, the less polar, fully protected tetra-ester intermediates 8a—c¢ were much
easier to purify via silica gel chromatography than the corresponding diacid-bis-disulfides.
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Hydrolysis of compounds 8a-8b could be accomplished (Scheme V) in a stepwise procedure by
removing the Schiff base first with 10% TFA in moist CHaClz or THF for 10 minutes, followed by aqueous
hydrolysis of the ester groups, or by simultaneous N- and C-deprotection with aqueous acid. Although
hydrolysis of the DMSA -OR' ester groups proceeded quickly under a variety of conditions, the amino acid ester
groups -OMe and -OEt were more recalcitrant, requiring temperatures of 60-90°C for complete hydrolysis.
Compound 8¢ could be hydrolysed easily in 20% TFA in CHzCl2 to providé 1 in 80% vyield after 20 hours at
room temperature. The product 1 was completely stable only under acidic conditions (pH < 2.5), and was most
stable in a 1.0 N HCI solution. Attempts to raise the pH of solutions of 1 above pH 2.5 resulted in rapid
disulfide interchange to form cystine, and precipitation of polymeric disulfides of DMSA. Lyophilization of
acidic aqueous solutions of 1 provided the pure substance as an off-white powder 1-2HCI.16

TFA/CHoClp/20 hrs/RT  80%

(HCI workup) \ HOOG
ROOC ~S

8¢ E
HN S HCIH,N S
g8a TFA/CHCl, coor & N HCWeoC HOOG /k/coon
gh T R'OOC ; . »
10 minutes i W 30 minutes §  NHHC
>89% 9a § T2 93% s
% Scoor 12HC  S\"coom
s ﬁ >25
HOOC. _~q_g /\rCOOH /I\/COOH
: + |HOOC -
H,N NH, :
S/ SCHEME IV

Acknowledgement. We would like to thank the National Institute of Environmental Heaith Sciences (Grant
#£5.03356) for the financial support of this work.



2964

References.

11.
12.
13.
14,

15.
16.

a) Rivera, M.; Aposhian, V.; Fernando, Q. J. Inorg. Biochem. 1989, 37, 283, b) Rivera, M.; Bruck,
M.A. Aposhian, H.V.; Fernando, Q. Chem. Res. Toxicol. 1991, 4, 572.

a) Aposhian, H.V.; Aposhian, M.M. Annu. Rev. Pharmacol, Toxicol. 1980, 30, 279-306, b)
Granziano, J.H.; Siris, E.8.; Loiacono, N.; Silverberg, S.J.; Turgeon, L. Clin. Pharmacol. Ther. 1985,
37, 431, c¢) Magos, L. J. Pharmacol. 1976, 56, 479, d) Fournier, L.; Thomas, G.; Garner, R.;
Buisine, A.; Houze, P.; Pradier, S.; Dally, S. Med. Toxicol. 1988, 3, 499, e) Granziano, J.H.; Cuccia,
D.; Friedheim, E. J. Pharmacol. Exp. Ther. 1978, 207, 1055.

Federal Register 1989, 54, 7103.

a) Maiorino, R.M.; Akins, J.M.; Blaha, K.; Carter, D.E.; Aposhian, H.V. J. Pharm. Exp. Ther. 1990,
254, 570, b) Maiorino, R.M.; Bruce, D.C.; Aposhian, H.V. Toxicol. Appl. Pharmacol. 1989, 97, 338.
Rajca, A.; Bertram, B.; Eisenbarth, J.; Wiessler, M. Arzneim. Forschung. 1990, 40, 282,

Capozzi, G.; Capperucci, A.; Degl'lnnocenti, D.; Duce, R.E.; Menichetti, S. Gazz. Chim. Ital. 1990, 120,
421, and references therein.

Zervas, L.; Benoiton, L.; Weiss, E.; Greenstein, J.P J. Am. Chem. Soc. 1959, 81, 1729.

a) Zervas, L.; Photaki, I. J. Am. Chem. Soc. 1962, 84, 3887, b) Zervas, L.; Photaki, I.; Ghelis, N.

J. Am. Chem. Soc. 1963, 85, 1337, c) Rydon, H.N.; Serrao, F.O.S.P. J. Org. Chem. 1964, 29, 3638,
Barton, D.H.R., Widdowson, D.A. J. Chem. Soc. Chem. Commun. 1970, 1466.

a) Behforouz, M.; Kerwood, J.E. J. Org. Chem. 1989, 34, 51, b) Boustany, K.S.; Sullivan, A.B.
Tetrahedron Lett. 1970, 3547, c) Harpp, D.N., Ash,, D.K,; Back, T.G.; Gleason, J.C.; Orwig, B.A,;
VanHorn, W.F. Tetrahedron Lett. 1970, 3541, d) Harpp, D.N.; Aida, T.; DeCesare, J.; Tisnes, P.;
Chan, T.H. Synthesis 1984, 1037.

Hiskey, R.G.; Adams, J.B., Jr. J. Am. Chem. Soc. 1965, 87, 3869.

O'Donnell, M.J.; Polt, R.L. J. Org. Chem. 1982, 47, 2663.

Zahler, W.L.; Cleland, W.W. J. Biol. Chem. 1968, 243, 716.

a) Chimiak, A.; Kolasa, T.; Biernat, J.F. Z. Chem. 1972, 12, 264, b) Weismiiller, K.; Bessler, W.;
Jung, G. Hoppe-Seyler's Z. Physiol. Chem. 1983, 364, 593.

Still, W.C.; Kahn, M.; Mitra, A. J. Org. Chem, 1978, 43, 2923,

Compound 1-2HCI was obtained as follows: To a stirred suspension of NBS (7.60 g, 43 mmol) and
NaHCO3 (1.90 g, 22 mmol) in 76 ml benzene was added cysteine methyl ester Schiff base 4a12 (4.60
g, 15.4 mmol) at 0-5°C. Stirring was continued for 30 minutes before the reaction was poured into
ice water, extracted with benzene, washed with 5% NapS203, saturated NaHCOQg3, dried (MgSOa), and
evaporated to yield a crude oil. Silica gel chromatography!5 (eluant - 40% EtOAc/hexanes) of this oil
provided 4.20 g (10.6 mmol, 69%) crystailine 5a (m.p. 116-117.5°, Calc. for Cp1HagN204S:
Cs3.62Hs5.08N7.08, Found: Cga 56H5.08N7.07). A solution of meso-dimercaptosuccinic acid dimethyl
ester, 2b (706.7 mg, 3.07 mmol), in 23 m! of benzene was added to a solution of sulfenimide 5a

(3.65 g, 9.2 mmol) in 42 ml benzene at room temperature with stirring. After 1 hour the reaction
was filtered and evaporated to give a dark oil. Silica gel chromatography15 (eluant - 30%
EtOAc/hexanes) of this oil provided 2.27 g (2.76 mmol, 90%) of desired bis-disulfide 8a (m.p. 115-
117°). Compound 8a (2.00 g, 2.42 mmol) was suspended in 100 ml 6 N HCI and immersed in an oil
bath at 95°C with vigorous stirring. After 30 minutes the reaction was cooled, washed with Et2O (3 X
50 ml) to remove PhzC=0, and filtered with charcoal. The aqueous solution was then Iyophilized to
dryness providing 1.12 g of the bis-disulfide 1-2HCI (2.27 mmol, 93%) as an oft-white powder
(m.p. 168-170° dec., Calc. for C1gH18N20gS4Cla: C24.34H3.68N5 88, Found: C24.04H3.76N5 39).
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