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Summary

2-Mercaptoethanol undergoes carbonylation in pyridine solufion in the
presence of ovygen and of [N1(CO);Py] as a catalyst to give cyclic O,S-ethylene-
thiocarbonate. The isolation of thiclato—mick I compound [NI(SCH.CH,0OH), ]
by the oxidation of a solution containing [N1{CO);Py] and 2-mercaptoethanol,
and its reaction with carbon monoxide to give the cyclic thiocarbonate and
[N1(CO);Py] prove that the reaction proceeds 1n at least two steps.

Introduction

Evidence for carbon monoxide insertion into a metal—nitrogen bond [1}
and a metal—oxygen bond [2] has been put forward to explain the metal cata-
lysis of the carbony lation of amines to ureas and of alcohols to carbonates Al-
though a considerable body of hterature deals with metal—thiolato compounds,
no published data exist on the reaction of these complexes with carbon monox-
ide to give thiocarbonates. We descnibe here the synthesis of cyclic O,S-ethylene-
thiocarbonaie from 2-mercaptoethanol, carbon monoxide and oxygen using
N1(CO). as a catalyst (eqn. 1). In order to understand the course of this reaction,

HOCH,CH,SH + CO + 1/20, ———== CH,——CH;, + Hy,0 (1)
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we have sought evidence for reaction intermediates and, under experimental con-
ditions sumilar to the catalyzed synthesis, have isolated a bis(2-mercaptoethanol’-
nickel(Il) compound [Ni(SCH,CH,0OH),] and investigated the reaction of this
complex with carbon monoxude.
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Results and discussion

A mixture of N1(CO),; and pyridine evolves carbon monoxide and produces
a yellow solution containing [N1(CO);Py] [3]. When 2-mercaptoethanol 1s added
to this solution and air bubbled through, a brown precipitate 1s formed (eqn. 2).

N1(CO);Py + 2HSCH,CH,OH + 1/2 O, — Ni(SCH,CH,OH), + 3CO + H,0 (2)

This compound is insoluble 1n water and 1n most organic solvents, which 1s in
accord with a linear polymeric structure” 1n which the nickel atoms are joined
to each other by doubly-bridging mercapto groups[6]

The air oxidation of thiols to disulphides 1n the presence of basic catalysts
[7] and the oxidative addition of organic disulphides to nickel{0) complexes [8]
are two well-known redctions which might account for the formation of [N1(SCH.-
CH,OH),] 1in egn. 2 However, failure of [ N1{CO);Py] to react with bis(2-hydroxy
ethyl) disulphide, under the experimental conditions in which reaction 2 1s readily
accomplished, rules out the hypothesis that the actual reacting species 1s the
disulphide.

The complex formed in reaction 2 does not react with carbon monoxide when
suspended in poor donor solvents, but 1n pyndine it is carbonylated at 60° with
carbon monoxide at 3 atm Cychic O,S-ethylenethiocarbonate 1s formed 1n 90%
yteld based on Ni. The infrared spectrum of the light yellow final pyridine solution
shows bands at 2038, 2066 and 1973 ecm ™' which have been attributed to v(CO)
of [N1(CO);Py] [3]. The stoichiometry of caubon monoxide absorption, may be
accounted for as 1n eqn 3. The carbonylation of 2-mercaptoethanol in the presence

P
NI(SCH,CH,OH); + 4CO —'—= CH,

1
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CHs + HSCH,CH,OH + NJ{CO)Py (3)

of Ni(CO), as a catalyst 1s carned out in py ridine at 60° using a mixture of carbon
monoxide and osygen (10/2 vel/vol) at 3 atm. Cyclic O,S-ethylenethiocarbonate
1s formed 1n 60% yield. Bis(2-hydroxyethyl) disulphide 1s a by-product of the
reaction, and 1t becomes the main product when CO/O, mixtures containing more
oxygen than 10/2 volfvol are employed. The infrared spectrum of the final pyr-
1dine solution shows bands characternistic of [N1(CO);Py]. In the light of the
results reported this carbonylation can be formulated as the sum of reactions 2
and 3 where [Ni{CO);Py ] 1s the active catalyst

In the hope of obtaining a system more efficient than the one employing
pyrnidne as solvent, we have studied the carbonylation of a thiolato—nickel
complex with a chelating phosphine higand [Ph, PCH.CH, PPh, Ni(SCH,CH-:OH). ]
in poorly-coordinating solvents. This red diamagnetic complex 1s very soluble
in chloroform or dichloromethane and shightly soluble in ethanol. Molecular
weight determinations 1n 1,2-dichloroethane solution agree with the monomenc
formula (found 590, caled 611.7). On this basis a four-coordinated square struc-
ture 1s proposed

* Soluble hexameric thiolato—nichel compounds with a ning structure were also reported [4, 3]
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This complex readily reacts with carbon monoxide, when dissolved in 1,2-
dichloroethane or suspended 1n ethanol, according to eqn. 4 We tentatively

(ApPEINISCH,CH OH), + 3CO —— = CH,~——CH, + HSCH,CH,OH + (ddpe)Ni(CO),  (4)
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suggest that this carbonylation may require the initial coordination of carbon
monoxide to the thiolato—nickel complex, followed by insertion into the nickel—
sulphur bond to give an intermediate carbothiolatonickel(1l) species [Ni—CO—
SCH,CH,OH] which undergoes a free-energy favoured ring closure fo the cyclic
thiocarbonate.

Experimental

All solvents were drnied and stored under mitrogen. 2-Viercaptoethanol was
fractionated under reduced pressure before use. Cyclic O,S-ethylenethiocarbonatc
was 1dentified by companson of its infrared and mass spectra and GLC retention
time with those of authentic samples. Quantitative analysis for the thiocarbonate
was made by infrared spectroscopy using the band at 1740 cm™' and standard
samples for calibration.

IN(SCH.CH,OH), ]

Air was slowly bubbled through a solution of Ni(CO)s (14 5X 107> mol)
and 2-meicaptoethanol (37.2 X 107* mol) in pynidine (50 ml) at room temper-
ature. The solution was filtered, the precipitate washed with ethanol, and dried
1n vacuo. Yield 2.68 g (86 based on Ni). (Found C,221 H,19,N:, 26 8;

S, 29.3. C,H,(N10,S, caled.. C, 22.6; H, 4.7; N1, 27 6, S, 30.1% )

[Ph.PCH.CH,PPh,N(SCH,CH,OH), ]

To a suspension of [(dppe)NICI.] [9] (5.5 X 1073 mol) 1n ethanol (50 mi)
was added a solution of LISCH,CH.OH (13 mol) in ethanol (10 ml), and the
mixture was stirred for one hour. The red solid was filtered off, washed with
ethanol and dried 1n vacuo. Yield 3.2 g (95% based on N1i). (Found: C, 58.1;

H, 5.7; N1, 9.1; S, 10.7. C;0H,3N10,P,S, caled.: C, 58.9, H, 5.5; N1, 9.6; S,
10.5%.)

Carbonylation evperiments

(a). A suspension containing [N1(SCH,CH,OH),1 (1.93 X 107® mol) n
pynidine (20 ml) was heated at 60° with carbon monoxide at 3 atm pressure.
After 6 h the solid had dissolved and 7.6 X 1073 mol of gas were absorbed. The
resulting solution was analyzed by infrared for ethylenethiocarbonate. Yield
1.8 X 107? mol (93% based on N1).

(b) A solution of [(dppe)N1(SCH,CH,OH},} (2.2 X 1073 mol) in 1,2-di-
chloroethane (50 ml) was treated for one hour at 25° with carbon monoxide at
3 atm pressure. The solution was distilled at reduced pressure while cooling the
receiver at —78°. The residue of the distillation was extracted with benzene to
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give [(dpoe)N1{(CO),] [10] (2.0 X 107* mol). The distillate was analyzed by

*.C for 2-mercaptoethanol (1.8 X 107* mol) and ethylenethiocarbonate
(1.9 X 107> mol). Yield 82% based on Ni.

{c). A solution of N1(CO); (2.8 X 1073 mol) and 2-mercaptoethanol

(28.6 X 107 mol) 1n pyridine (25 ml) was heated at 80° under 3 atm of a
CO/O, mixture (10/2 vol/vol). After 10 h the gas absorption had stocpped and the
solution was analyzed for ethylenethiocarbonate. Yield 17.3 X 1073 mol (60%
based on 2-mercaptoethanol).
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