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Summary The migration of an alkylthio group across an 
enone ligand co-ordinated to tungsten has been demon- 
strated ; X-ray diffraction studies have established the 
structures of the two isomeric products, one of which 
contains a novel alkyl-carbene ligand which functions 
as a three-electron donor to the metal. 

REACTIONS between acetylenes and organometallic com- 
plexes of the transition metals frequently lead to compounds 
containing unusual ligands which exhibit novel modes of 
attachment to the central metal or meta1s.l This is 
particularly true of reactions involving hexafluorobut-2-yne 
(hfb) but in previous investigations, reactions with organo- 
thiometallates [M(?15-C,H5)SR1(CO),] (M=Mo, W; Rf =CF,, 

C6F5) only resulted in easy CO displacement to yield co- 
ordinatively unsaturated acetylene .rr-complexes [M(y5-C5H5)- 
(SRl)CO(hfb)].2 We now report that lJV(y5-C,H,)SR1- 
(CO),] (R1=Me, Et,Pri) reacts with hfb or dimethyl acetyl- 
enecarboxylate to give complexes (1) while [Fe(+C5H5)- 
SRl(CO),] (R1=Me, Et, Pri) gives (Z), structurally ana- 
logous to previously reported sulphur and nitrogen deri- 
vatives.3 These structures are suggested on the basis of 
spectroscopic evidence and preliminary X-ray studies4 

which confirm that [FeC(O)C(CF,) : C(H)SMe(q5-C,H,)CO] 
obtained from the reaction of CF,GCH with [Fe(q5-C5H5)- 
SMe(CO),] has structure (2). The incorporation of CO into 
the chelate ring with R1 = Me, Et, or Pri contrasts with the 
formation of simple insertion products [FeC(CF,) : C(CF,)- 
SRl($K5H5)(C0)2] when R1 = CF, or C6F55 which suggests 
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that  insertion of the acetylene into the metal-sulphur bond 
may precede sulphur co-ordination and CO migration on t o  
the fluorocarbon ligand. 
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Complexes (2) are thermally stable in solution whereas 
complexes (1) rearrange to (4), reactions which, with 
R2 = CF,, proceed via heat and light sensitive inter- 
mediates (3). The structures of (3a) and (4d) have been 
established by single-crystal X-ray diffraction studies. 

Complex (3a) is monoclinic, space group P2,/c, 2 = 4, 
with a = 7*950(1), b = 14.416(2), c = 14.210(2) A, = 
105.29(1)"; (4d) is also monoclinic, space group P2,/a, 
2 = 4 with a = 10.323(2), b = 16-016(2), c = 10-437(2) A, 
/l = 103.56(2)". Final values of R are 0.040 and 0436 for 
3282 and 3301 diffractometric intensities, respectively. 7 

Both (3a) and (4d) contain an (q5-C5H,)W(C0), unit and 
a ligand in which one of the acetylenic carbon atoms of the 
incoming alkyne is attached to a carbothiolic methyl ester 
function derived from MeS and CO groups in the original 
metal complex (Figure). In (4d) the integrity of the 
W-S bond is retained and a five-membered chelate ring is 
completed by a W-C (a-alkenyl) linkage. The tungsten 
atom has a 'piano-stool' co-ordination. The S-W-C 
chelate angle [72.5(2)"] is only slightly more acute than the 
other angles at tungsten involving adjacent carbonyl or 
chelate donor atoms (75-82O). In (3d) the W-S bond has 
been ruptured (W . . - S 3.43 A) and the tungsten co-ordina- 
tion can be viewed as octahedral, with three facial sites 
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occupied by two carbonyls and the midpoint of the bond 
between the central carbon atoms of the entering alkyne. 
The lengths of the W-C bonds in the WC, ring differ 
substantially. That of the longer bond, 2.193(7) A, falls 
in the range expected for single W-C a-bonds, such as is 
found in (4d). The shorter bond of 1.962(8) A is comparable 
in length with the W-C(C0) bonds. We suggest that it 
should be formulated as a W-C(carbene) linkage which 

FIGURE. The molecular structures of (323) and (4d) showing 
selected bond lengths (A). Bond length standard deviations are 
< 0.01 A. Labels for carbon atoms are omitted. 

involves substantial W+C back-donation, arising from the 
electron-withdrawing nature of the substituents of the 
carbene carbon atom. Interestingly an 73-vinylcarbene 
complex has recently been reported.6 It then follows that 
in both (3a) and (4d) the tungsten atom attains an 18 e 
configuration, but in the former this has been achieved in a 
unique manner with a vinylic species functioning as an 72 
three-electron donor, an alkyl-carbene, and this rearranges 
to exhibit the 'normal' mode of bonding in the latter. 

To our knowledge this represents the first reported 
example of a metal-promoted 1,3-shift of a mercapto 

t The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 IEW. 

citation for this communication. 
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substituent across an olefin and resembles metal promoted 
1,3-hydrogen shifts in olefins and olefin complexes.7 How- 
ever, uncatalysed l ,  3-sulphur shifts in allyl sulphides are 
known.* The currently accepted mechanism for metal 
promoted 1,3-hydride shifts involves stepwise pathways via 
allyl metal hydrides.9 However, in the present case an 
analogous pathway, proceeding through a metallocyclo- 

butenonelo intermediate [WC(CF,) : C(CFJC(0) (q5-C5H5)- 
SR(CO),] containing a discrete SR ligand, seems unlikely 
since this would probably generate (4) directly. Con- 
certed sulphur migration or a radical process, both of which 
would involve metal-sulphur bond cleavage, can more 
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readily account for the initial formation of (3) in which the 
sulphur is no longer attached to the metal. The factors 
responsible for the stability of intermediate (3) sufficient to 
allow its isolation may be related to those which contribute 
to the stability of isostructural co-ordinatively unsaturated 
alkyne complexes [Mo(q5-C,H5)SR(CO) (hfb)] .2 
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