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Summary 

2-Mercaptoethanol undergoes carbonylatlon in pyrldlne solution in the 
presence of oxygen and of [NI(CO),F~] as a catalyst to gwe cyclic O,S-ethylene- 
thlocarbonate. The isolation of thlolato-nick 4 compound [ NI(SCH~ CH,OH), ] 
by the ouldatron of a solution contammg [ Nl(CO),Py] and 2-mercaptoethanol, 
and its reaction with carbon monoklde to gwe the cychc thlocarbonate and 
[WC0)3PYl P rove that the reaction proceeds in at least two steps. 

Introduction 

Ewdence for carbon monoxide insertion mto a metal-nitrogen bond [l] 
and a metal-oxygen bond [2] has been put forward to esplam the metal cata- 
1~s.~ of the carbon> lation of arnlnes to ureas and of alcohols to carbonates Al- 
though a considerable body of bterature deals with metal-thiolato compounds, 
no pubhshed data evlst on the reaction of these complexes with carbon monou- 
Ide to gwe thlocarbonates. We descnbe here the synthesis of cychc O,S-ethylene- 
thlocarbona’% from 2-mercaptoethanol, carbon monoxld2 and oxygen using 
NIP as a catalyst (eqn. 1). In order to understand the course of this reaction, 

HOCHZCHZSH + CO + l/2 02 - CH,-CH, + 

I I 

H20 (1) 

we have sought evidence for reaction mtermedlates and, under experunental con- 
ditions sunllar to the catalyzed synthesis, have Isolated a bls(2-mercaptoethanol b- 
mckel(II) compound [Ni(SCH2CH20H)2] and mveshgated the reaction of this 
complex wth carbon monowde. 
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Results and discussion 

A ml?cture of NI(CO), and pyrldine evolves carbon monowde and produces 
a yellow solution cont,uning [ NI(CO),P~] [ 31. When 2-mercaptoethanol 1s added 
to thus solution and u bubbled through, a brown preclpltate LS formed (eqn. 2)_ 

Nl(CO),Py + 2HSCH,CH20H + l/2 O2 - NI(SCH,CH:OH)~ + 3C0 + Hz0 (2) 

Thus compound is insoluble m water and m most organic solvents, whwh IS in 

accord wth a linear polymenc strucrure’ In which the nickel atoms are Joined 
to each other by doubly-bridgmg mercapto groups [6] 

The au ovldatlon of thlols to dlsulphldes in the presence of basic catalysts 
[ 71 and the okldatwe ad&tlon of organic dlsulphldes to nickel(0) complexes [S] 
are two well-known reclctlons whwh might account for the formatlon of [NI(SCH,- 
CH10H)2] UI eqn. 2 However, failure of [IN~(CO),Py] to react wth bls(2-hydroxy 
ethyl) dlsulphlde, under the eupenmental condltlons UY which reactlon 2 IS rea&ly 
accomphshed, rules out the hypothesis that the actual reacting species IS the 

disulphlde. 
The cornpIe\ formed in reaction 2 does not react wth carbon mono\Ide when 

suspended m poor donor solvents, but m pyndrne it IS carbonylated at 60” kilth 
carbon monostde at 3 atm Cyclic O,S-ethylenethlocarbonate IS formed m 90% 
yield based on KI. The Infrared spectrum of the Ilght yellow f1na.l pyridme solution 
shows bands at 2038, 2066 and 1973 cm-’ whtch have been attnbuted to II 
of [ NI(CO),P~ ] [3]. The stoichlometry of crubon monoklde absorption, may be 
accounted for as In eqn 3. The carbonylatlon of 2-mercaptoethanol In the presence 

NI(SCH,CH~OH)~ + 4co Pf- 

l”‘7” + 

HSCF>Ch,OH f NKOljPy (3) 

S \ 
‘Co' 

P 

of Ni(CO), as a catalyst IS carned out m p> rldme at 60” usmg a mLxture of czbon 
monoslde and oxygen (10/Z vol/vol) at 3 atm. Cyclic O,S-ethylenethlocarbonate 
IS formed In 60% yield. Bs(2-hydrouyethyl) dlsulphlde 1s a by-product of the 
reaction, and It becomes the mam product when CO/O? rm~tures contammg more 
oxygen than 10/2 vo!/vol are employed. The mfrared spectrum of the fmal pyr- 
ldme solution shows bands character&w of [ NI(CO),P~ 1. In the lght of the 
results reported this carbonylatlon can be formulated as the sum of reactions 2 
and 3 where [Nl(CO),b ] ~5 the actwe catalyst 

In the hope of obtau-tmg a system more efflclent than the one employing 
pyndme as solvent, \ie have studied the carbonyiatlon of a thlolato-nickel 
cornpIe\ with a chelating phosphme lrgand [Ph, PCH,CH, PPh, Ni(SCH,CH,OH), ] 

m poorly-coordmatlng solvents. This red dlarnagnetlc complex 1s very soluble 
in chloroform or dwhloromethane and slightly soluble m ethanol. Molecular 
weight determinahons in 1,2-d~hloroethane solution agree with the monomenc 
formula (found 590, calcd 611.7). On this basis a four-coordmakd square struc- 
ture 1s proposed 

* Soluble hexamenc rh~olaro-mchel compounds wrh a nng s~ruc~u.re rsere also reported [1, 51 
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This complex readrly reacts wth carbon monoside, when dissolved m 1,2- 
dlchloroethane or suspended m ethanol, accordmg to eqn. 4 We tentatively 

~IPP%)NI(SCH~CH~CIH)~ t 3co - CI+--CH,’ + HSCHJH>OH + (ddPelNtKO), (4) 

I I 

suggest that this carbonylatlon may requwe the initial coordmatlon of carbon 
monoslde to the thlolato-nickel comples, followed by Insertion Into the nlckel- 
sulphur bond to gwe an mtermedlate carbothrolatomckel(I1) species [NI-CO- 
SCHzCHzOH] which undergoes a free-energy favoured nng closure to the cychc 
thiocarbonate. 

Experimental 

All solvents were dned and stored under nitrogen. 2-Mercaptoethanol was 
fractionated under reduced pressure before use. Cychc O,S-ethylenethlocarbonatc 
was identlfled by comparison of Its Infrared and mass spectra and GLC retention 
time wth those of authentic samples. Quantltatwe analysis for the thlocarbonate 
was made by Infrared spectroscopy usmg the band at 1740 cm-’ and standard 
samples for callbratlon. 

hr ~3s slowly bubbled through a solution of NIP (14 5 X 10m3 mol) 
and 2-melcaptoethanol (37 .2 X lo-’ mol) m pyndme (50 ml) at room temper- 
ature. The solution was fdtered, the preclpltate washed wth ethanol, and dned 
in vacua. Yield 2.68 g (S6% based on NI). (Found C, 22 1 H, 4 9, NI, 26 S; 
S, 29.3. C4HIoN102S2 calcd.. C , 22.6; H, 4-i; Nl, 27 6, S, 30-i% ) 

To a suspension of [(dppe)NlCl,] (91 (5.5 X 10m3 mol) m ethanol (50 ml) 
was added a solution of LISCH,CH,OH (13 mol) In ethanol (10 ml), and the 
mL\ture was stirred for one hour. The red solid was frltered off, washed wth 
ethanol and dned in vacua. Yield 3.2 g (95 So based on NI). (Found: C, 58.1; 
H, 5.7; NI, 9.1; S, 10.7. C30H34N~OzPI,Sz c&d.: C, 58.9, H, 5.5; NI, 9.6; S, 
10.5R.) 

Carbonylatlon expenments 
(a). X suspension contammg [ NI(SCH~CH~OH)~ ] (1.93 X 10m3 mol) In 

pyndme (20 ml) was heated at 60” with carbon monoxide at 3 atm pressure. 
After 6 h the solld had dissolved and 7.6 X 10m3 mol of gas were absorbed. The 
resulting solution was analyzed by infrared for ethylenethlocarbonate. Sleld 
1.8 X 10d3 mol (93% based on NI). 

(b) A solution of [(dppe)N1(SCH2CHzOH),] (2.2 X 10e3 mol) m 1,2-dl- 
chloroethane (50 ml) was treated for one hour at 25” wth carbon monoxide at 
3 atm pressure. The solution was distilled at reduced pressure whde coohng the 
receiver at -78”. The residue of the dlstlllatlon was estracted wth benzene to 
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give [(dppe)N1(CO)l] [lo] (2.0 X low3 mol). The dsttiate was analyzed by 
G’X for 2-mercaptoethanol (1.8 X 10M3 mol) and ethylenethlocarbonate 
(1.9 X low3 mol). Yield S2% based on NI. 

ic). X soIution of NIP (2.3 X 10m3 mol) and 2-mercaptoethanol 
(28.6 X lo-’ mol) LII pyridme (25 ml) was heated at SO” under 3 atm of a 
CO/O?_ rmxture (lo/2 voJ/vol). After 10 h the gas absorption had stopped and the 
solulxon was analyzed for ethylenethlocarbonate. Y leld 17.3 X 10M3 mol (60% 
based on 2-mercaptoethanol). 
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