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ABSTRACT: Base free transformation of PhSSPh to sulfides, PhSR (R= alkyl, benzyl, allyl, acyl) and
N-acetyl-L-cystine to mercapiuric acids [ACNHCH(COOH)CH,SR, R= alkyl, benzyl, allyl, acyl} have been
achieved using Zn / cat. CoCl,/ organic halide in MeCN at room temperature.

. © 1997 Elsevier Science Ltd.

Cleavage of -S-S- bond in disulfides can be achieved by three major routes': oxidative cleavage,’
nucleophile assited cleavage® and radical assisted cleavage.* We became interested in the last route and along
with others have demonstrated the utility of radical trapping in the reaction of preformed organocobait(III)
complexes with dichalcogenides [Eqn. 1].*® From a synthetic point of view, two major limitations of this
reaction are: (i) the necessity to synthesize the organometallic complex and (ii) loss of half-unit of disulfide
as thiometal complex. Close to the above mentioned effort, we have recently speculated’ that transient
organocobalt(ITl) species bearing weak-field ligand(s) can be generated in-situ. This prompted us to explore
and devise an one-pot and base-free conversion of disulfides to sulfides [Eqn.2] using an in-situ generated
organocobalt(IIl) reagent and further utilize the methodology for the synthesis of mercapturic acids® {Eqn.
3]. This communication illustrates our results in this direction.

RYYR + R'Co(IIl) B RYR' + RYCo(lll} vl D)
Co = Co(dmgH),Py, Y = 8§, Se, Te

1/2 PhSSPh  + RX e PhSR + X wd)

1/2 [AcNHCH(COOH)YCH,§-], + RX  ------emem- > AcNHCH(COOH)CH,SR +X™  ..(3)

The strategy delineated here includes three distinct chemical reactions: (a) one electron reduction
of cobalt(Il) to cobalt(I) by zinc metal,’ (b) oxidative alkylation of cobali(I) by alkyl halides (RX) to R-
Co(IH) and (c) reaction of R-Co(IlI) with disulfide liberating Co(Il) and product sulfide. In other words, the
strategy invokes a tandem process involving Co(II), Co(I) and Co(IllI) intermediates and is also catalytic with
respect to cobalt (Scheme 1). Thus reaction of diphenyldisulfide 1 (2.3mM) with Mel (SmM) in the presence
of zinc dust (2.8mM), cobalt(Il)chloride (0.23mM) in degassed MeCN at ambient temperature and under an
inert atmosphere furnishes, after 0.5 h, phenylmethylsulfide in 90% isolated yield [Table 1].'° Similar reactions
of 1 with alkyl, allyl, benzyl, vinyl and acyl halides afford the corresponding sulfides in moderate to excellent
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yields."" Attempted reactions of 1 with arylhalides and cyclohexylbromide met with failure, the disulfide being
recovered quantitatively. Control experiments further reveal that PhSSPh alone cannot be activated (via oxidative-
addition mode or reduction to PhS™ ) by Zn or Co(I) or Zn/Co(II) combination.'?

Table 1: Conversion of Diphenyldisulfide to Phenylsulfides with zinc and CoCl, in MeCN (ref. 10).

PhSSPh + 2RX ---------- > 2PhSR
R ) X Time(h) Isolated yield (%)
CH, I 0.5 90
PhCH, Br 1 92
a 12 95
CH,CH=CH, Br 1 90
PhCH=CHCH, a 8 70
PhCH=CH Br 6 35¢
Ph,C a 4 72
PhCO Cl 8 65
Ph,CH I 2 70
“ 4% PhCH,CH,Ph was obtained ; b refluxing MeCN ; © recovered PhSSPh (50%)
Scheme 1
PhSR co'! 1/2 In
([ ( 24
1/2 PhSSPh RCo Co 1/2 Zn
X~ RX

Having achieved the alkylation of disulfide we desired to extend the methodology for the synthesis
of S-alkylated-N-acetyl-L-cysteines, trivially known as mercapturic acids, from in situ generated N-acetyl-L-
cystine. Synthetic methods for S-alkyl mercapturic acid derivatives heretofore have relied on the nucleophilic
attack of the cysteine sulfur on an electrophilic centre assisted by bases.'® S-aryl conjugates have been synthesised
by various methods.!* A palladium catalysed synthesis of S-aryl mercapturic acid methyl esters has been
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reported recently.' In our methodology, N-acetyl-L-cystine is directly converted to the corresponding mercapturic
acids using zinc and catalytic cobalt(II)chloride and various halides [allyl, benzyl and acyl] in degassed MeCN
at ambient temperature [Table 2].'S In the reaction of chloroacetylchloride exclusive S-acylation is observed.
This procedure being base free and operating under ambient conditions is expected to be synthetically attractive,
in particular for halides bearing base sensitive functionalities.

Table 2 : Formation of S-conjugates of N-acetyl-L-cysteine in MeCN (ref. 16).

1/2 [AcNHCH(COOH)CH,S-], + RX  --------mnev > AcNHCH(COOH)CH,SR
R X Isolated yield (%)
H, I 52
PhCH, Br 70
CH,=CHCH, Br 60
PhCO a 75
Ph,C a 66
CICH,CO Cl 592
Ph,CH I 62

4 S-acyl-substituted product obtained exclusively

In conclusion, we have demonstrated a new route for the synthésis of sulfides from disulfides
via in-situ generated organocobalt(IIl) intermediate. Efforts are underway to trap such intermediate to conclusively
prove the catalytic cycle.
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and PhCH,Br in 25%, 43%, 14%, 10% and 8% yields respectively vide NMR. (iii) When benzylbromide was stirred in the
presence of zinc and CoCl, for 24 hrs bibenzyl (52%) was obtdined alongwith unreacted PhCH,Br.

It is interesting to note that while In, Sn, Sm can cleave disulfide bond, Zn, T1, Ga cannot, sce ref. 2a.
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N-acetyl-L-cystine was generated in-situ from N-acetyl-L-cysteine (2mM) and cobalt(I)chloride (0.2mM) in MeCN (10mL) (2
hrs, ref. 7]. The solution was degassed and zinc dust (3mM) v;as added and the mixture flushed with nitrogen. Halide (2.2mM)
in degassed MeCN (5mL) was added dropwise and the mixture stirred for 2 hrs at room temperature under an inert atmosphere.
MeCN was removed under reduced pressure , the residue dissolved in minimum volume of water, acidified with 2N HCl and
H,S was bubbled through the solution whence a black precipitate was obtained. This precipitate was filtered, filtrate saturated
with sodiumchloride and extracted with ethylacetate at 50°C. The organic layer was dried with magnesium sulfate, concentrated
and the residue purified by column chromatography [silica-gel 60-120, eluent : benzene:methanol: aceticacid - 7:2:1] to obtain
the desired mercapturic acid. For benzoyl chloride reaction was worked up after 4 hrs.
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