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Thermal Extrusion of Sulfur Dioxide from (n5-c H )Co-n 4-
----------------------------------------------5-5-------
thiophene-1,1-dioxides: A New Organometallic Reaction 
----~------------------------------------------------

James s. Drage and K. Peter c. Vollhardt* 

Department of Chemistry, University of California, and 

the Materials and Molecular Research Division, 

Lawrence Berkeley Labor~tor~, Berkeley, California 94720 

Sununary:. Flash vacuum pyrolysis of several (n5-c5H5 )co-n 4-

thiophene-l,l-dioxides leads to extrusion of so2 and the for­

mation of (n 5-c5H5 )co-n 4-cyclobutadiene complexes. Stereo­

chemical labeling experiments have been employed to pinpoint. 

a likely pathway for this new transformation. 
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Abstract (for Chemical Abstracts) 

CpCo-n 4-2,5-dimethylthiophene-l,l-dioxide ~ was prepared by 

irradiation of the free heterocycle in the presence of CpCo(C0) 2 • 

--~~~--4 . . Fiasn vacuum pyroiysi--s-leaas solely to CpCo-n -1, 2-dimethylcyclo-:- · 

butadiene 2 by so2 extrusion. A crossover experiment has ascer­

tained that the complexes stay intact during this transformation, 

ligana exchange cannot be observed. ·Positional isomerization of 

the cyclobutadiene ligand (as reported earlier) occurs at hi.gher 

temperatures than those required to eject so2 from its precursor. 

Pyrolysis of either of the diastereomers of CpCo-n4-(2-methyl-5-sec­

butyl) thiophene-!, 1-dioxide ~· gave completely diaste·reoisomerized 

CpCo-cyclobutadi~nes ~~, but only partially equil.ibrated starting 

materials •. The observed data suggest as a reasonable mechanism 

metal insertion into the thiophene ring· followed by so2 extrusion 

involving a deinsertion pathway. 
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The prospect of increasing utilization of coal and coal-

derived liquids as a source of fuel and chemical feed stocks 

has renewed interest in the development of chemical means by 

which sulfur may be removed from coa11 • A large proportion of 

the organically bound sulfur in coal occurs in the form of 

thiophene and its derivatives. A potential way of eliminating 

its pres~nce from such structures would be by an oxidation­

thermal desulfonation sequence. Thus, flash vacuum pyrolysis 

(FVP) of thiophene-1,1-dioxi.des derived from oxidation of the 

corresponding thiophe·ne·s leads to the predominant formation of 

furans by pres~-ned loss of "So" 2 • 

We have been inte·re·sted. in effecting transition metal 

mediated 502 extrusions from such systems in an e·ffort to ulti­

mately find ca.ta.lyti.c org.anome·tallic pat·hways by which thiophene 

units may be converted into desulfuriz·ed chemicals. A previ.ous 

thermal reactivity study2a of acn iron tricarbonyl comple~ed 

thiophene dioxide wa·s rendered inconclusive due to exte,nsive de-

composition and me·tal deposition, most likely a result of the 

relatively weak Fe·-e'O bond. We have previously e·stablished the 

utility of the remarkable thermal stability3 of the CpC'o-unit 

(ep=n 5-e5H5) in studies aimed at discovering novel ligand reor-

ganizations4 It therefore appeared promising to extend this 

work to the thermal chemistry of epee-thiophene dioxides. This 

report details the first observation of the elusive2a 502 extrusion 
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from such complexes and describes experiments, the outcome of 

which has considerably narrowed the number of alternatives by 

which this transformation occurs. 

· CpCo-n 4-2,5-dimethylthiophene-l,l-dioxide 1 was prepa~eci----
from CpCo(Co) 2 and the free heterocycles by irradiation in 

boiling benzene (84%) 6 • In solution the compound is stable to 

1: R1=R4=CH3; R3=Rs=H 
4: R1=RrCH3; R4=Rs=H 
5: R1=R4=Rs=CH3; R3=H 
6: R1=cH3CHz; R4=CH3; R3=Rs=H 
9: R1=CH3CH2CH<CH3); R4=CH3; R3=Rs=H 

2: R1=R4=cH3; R3=Rs=" 
3: R1=R3=CH3; R4=Rs=H 
7: R1=R4=R5=CH3; R3=H 
8: R1=cH3CH2; R4=CH3; R3=Rs=H 

10: R1 =OI3CH2CH <CH3); R4=CH3; R;Rs=H 

light (medium pressure Hg lamp), but unstable when heated beyond 

200°C to give intractable tars. In contrast, under flash vacuum 

pyrolytic conditions 4 (10-4 torr, 575°C), 1 is converted to the -
cyclobutadiene complex 2 6 as the only is.olable product (50% iso-

lated yield). Some decomposition is responsible for the formation 
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of a cobalt mirror in the hot zone of the pyrolysis tube. In 

addition, a small amount {4%) of starting material is recovered. 

7 ~ 
The mass spectral fragmentation pattern of 2, and particularly the -
negligible coupling ~1Hz) between the cyclobutadiene protons 4a,a t 

. 13 1 
{measured in the C-satellite H-NMR spectrum), clearly showed 

the presence of the 1,2-disubstitution pattern in the four 

ring indicating the occurrence of so2 extrusion and ligand-bond 

formation without concomitant rearrangement. However, 2 could be -
equilibrated with its 1,3-dimethylcyclobutadiene isomer 3 {J 

- H2H4 
= 9Hz) 6 at temperatures above 620°c·: Compound ~ was indepen-_ 

dently prepared by so2 -extrusion f.rom complex ~ (51%) 6 , in turn 

synthesized in the same way as ! (97%). we have shown tha.t such 

isomerizations (e.g. 2!3). proceed through retrocyclization.;of - -
the four-ring to bisalkyne complexes capable of rotation and ring 

I 
. 4 h d 

closure ' , and it i.s significant that the so2 extrusion react·ion 

from 1 or 4 does not enter that manifold at the (lower) tempera­

tures employed. 

That the two ligands stay attached to the metal during so
2 

elimination was ascertained through a crossover expe·rimen t in­

volving a 1:1 mixture of the (n5-ca3c 5H4 )co and n4-2-ethyl-5-methyl­

thiophene-l,l-dioxide9 analogs of !, complexes ~ and §6 • FVP 

(579°C, l0-4torr) gave equimolar amounts of the cyclobutadienes 

7 and 8 (40%), in addition to starting materials (15%), but no sign 

of ligand crossover in any of the recovered complexes (m/~; 1 H-NMR). 

J 
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Among the variety of mechanisms which may be envisaged to 

describe the loss of so2 from complexes ~ and ~-~, the four most 

reasonable are pictured on Scheme I. Pathway a constitutes a con-

certed loss of so2 from ~, an 11 0rganometallic 11 cheletropic extru­

sion reminiscent of that observed in its organic equivalent, the 1• 

loss of so
2 

from 2,5-dihydrothiophene-l,l-dioxides10 , but involving 

simultaneous c-c bond formation. In contrast, b proposes a concerted -
retrocyclization of ~ to so2 and a bisalkyne complex ~ which would 

readily close4b to product, most likely through the intermediacy of 

11 a metallacyclopentadiene of the type ~· • The latte·r might also 

be directly accessible via =' this route possibly involving 

so2 expulsion from a valence tautomer of ~ in \vhich the 
2 metal is bound in an n ;..manner to the ligand at c-2 and c-5.. Finally, 

pathway d suggests a·n ins·e·rtion into the c-so2 bond to give !?' followec 
- I 

by so2 l.oss, most like:ly involving comple·x. ~' and tpen c.. The las·t. 

sequence is superficially re·lated to the extensively investiga.ted. 

so2 insertion-deins:e!rtion r.e-acti.ons in.to me·tal alkyls 12 • 

Inf·onna.tio·n wi.th respe.ct to the rela.tive likelihood. with 

whi.ch each of these mechanis:ms (or the·ir topological equivalents) 

mig.ht occur may be obtained. by a stereochemical labeling experiment. 

Thus, introduction of two different. substi tuents a.t c-2 and c-5, 

one of whi.ch is chiral, {as indica.ted in A, Scheme I), gives rise 

to diastereome·rs, the s·te·reochemical (non) integrity of which during 

FVP would be of inte·rest. With this thought in mind the two isomers 

of CpCo (2-methyl-5-·sec-butyl-thiophene-;L; !-dioxide} 9a,b were pre-
- ,..f"'f~""" 

pared
13 

(l;l'mixture) and separated by h.p~l.c. (silica gel, CHC1
3

) 6 • 

The results of the pyrolyses of each isomer are shown in Table I. 



-6-

6 It is evident that the product cyclobutadienes lOa,b are com-

pletely diastereoisomerized, while the starting material is 

~ecovered only partially diastereoisomerized. This finding in 

SCHEME I 
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Table I. Results of the FVP of 9a and 9b 
-----------------------------------------

{\ 
Starting Material Pyrolysis 

(OC) 
9a: 9b · lOa: LOb 

Temperature --· --·· --- ---
(% yield) (% yield) 

9a 507 87:13 50:50 -- (72) {18) 

541 79:21 50:50 
(37) (36) 

575 75:25 50:50 
(4) (49) 

9b 510 15:8.5 so :.50 -- (70) {18) 

54·o 20:80 50:50 
(36.) {34) 

577 25:75 50:50 
(5) {52) 



-8-

conjunction with·:th~ absence of positional isomerization 

in product as well as starting materials narrows any 

available mechanistic options. Path ~ should have generated 

only one product isomer, path ~ would have necessitated positional 

isomerization. Path c requires configurational nonintegrity . 

around the metal in c, a possibility made unlikely by earlier -
results4b. Thus, although by no means proven to be correct, 

d is left as the currently most appealing mechanistic candi--
date, invi:i>lving the postulate of the reversible generation of a 

configurationally unstable (and rapidly disastereoisomerizing) initial 

intermediate ~, providing the rationale for both stereochemical 

observations. The reas.on for the contrasting barriers to inversion 

at coba.lt in C versus D might be attributed to the presumed "anti--
aromatic" transition state involved when isomerizi.ng the former. 

Further mechanisti.c and theoretical work is. in orde~ to clarify the-se 

points. 

Nevertheless, and in summa-ry, we have uncove,red a new organo-

metallic reaction which is like·ly to proceed through novel organo-

metallic intermediates. These findings might be of some stimulus 

to mechanistic and synthetic chemists i.n gene·ral, and those intere-sted 

in particular i.n sulfur removal from thiophenic contarninents of 

industrial liquids. 

Acknowledgment: This work was supported by the Director, Office of 
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