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Abstract 

Reactions of (C,H,)(CO),W(SMe) with cyano-activated alkynes RGCCN with 
R = H or CN give heterometallacyclic complexes (C,H,)(CO),W(C(O)C(CN)= 
C(R)SMe) (R = H (2) or CN (6)) or for R = H, an insertion a-vinylic complex 
[(C,H,)(CO),W(CH=C(CN)SMe)] (3). Irradiation of 3 in the presence of PPh, in 
THF gives the ylide complex (C,H,)(CO),W($-CH(PPh,)C(CN)SMe) (5) whereas 
2 under such conditions gives an vi-acylic complex [(C,H,)(CO),PPh,W(C(O)C- 
(CN)=CHSMe)] (4). The structure of 4 has been determined by X-ray diffraction. 

Introduction 

For some years we have been engaged in a systematic study of the behaviour of 
cyano-substituted alkynes towards organometallic complexes of transition metals. 
We have observed that the interactions of monocyanoacetylene (mea) and di- 

* For part VI see ref. 2. 
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cyanoacetylene (dca) with monocyclopentadienyl hydrides of molybdenum. tungs- 
ten [l] and iron [2] and with dicyclopentadienyl hydride5 of’ molybdenum and 
tungsten [3] always result in insertion of the alkyne into the metal- h\drids bonds. 
.4n interesting feature of these reactions is their regio- and \tt:rel>-qecii’tt>. 

The reactions of organometallic thiolates of iron. rdyhder~un~ and tungsten with 
the strongly electrophilic acetylene\ CFjc’-C‘CI-‘, (h fb) ;~nd 41&&C ‘(.Y ‘(‘0, Me 
(dmad) as well as the mc?no-substituted alkyne c‘F,C-(‘Iii (tfp) ha\e hern extzn- 
aively studied [4.5.6] and varl~~s products. especially metalla~vcii~~ O~CS. have heen 
isolated. Because of this and because the formation and hr~~ahd~~un OF mctallacycles 
is an important branch of organotransition-metal chcmisrr> [‘?I. ‘i~c th<)ught it of 
interest to explore the possibility that use of organcmet;~ll~c- thiolate> might gi\,~, 
hrterometallacycles deriv& from (mea) and (dca). 

We report here some I-esults of a study of the reactian oi‘ fmz;.i) and (dca) 
tow-ards c)rganometallic thiolatsx, particularly a methylthiolatc complex of tungaterl 
Cp(CO),WiSMe) (1 C‘p :zy q“-C‘.Hi 1. 

Results and discussion 

Treatment of 1 with about a 50% excess of (mea) in THF:‘ at room temperature 
for 16 h gives the complexes 2 and 3 which were separated h> chrc~m;ltogrsph~ 
(Scheme I). The formulation of these compounds is based on the elemental analyses 
(see Experimental section) and cpectroscopic data (Table i 1. i’hu\_ the prescncc of 
the nitrile groups in 2 and 3 w;14 confirmed by IR and that of the rnrth\Ithi~~l tigand 
bq’ ‘H NMR spectroscop! 

cp ICO13W 
(1) 

SMe 
THF 

a 

+ HCEZCCN 
Hi 

,p 

k., 
H 

+ PPh3 

, ThF,hri 

Ji 

Scheme 1 



43 

The IR and ‘H NMR data for 2 (Table 1) agree well with values reported for 
analogous heterocyclic complexes of iron and tungsten derived from the correspond- 
ing organometallic thiolates and from (hfb) or (tfp) [4,5]. Such a structure for 2 and 
the positions of the substituents on the metallacycle are confirmed by an X-ray 
structural study of 4 which results from the reaction of 2 with PPh, (Scheme 1). The 
terminal but not cyclic acylic complex 4 separates as a yellow solid upon UV 
irradiation of 2 in presence of PPh, in THF. The higher field resonance of the 
hydrogen originally attached to the metallacycle and of the hydrogens of SMe 
ligand in 4, with respect to 2, are consistent with the removal of the thiolate from 
the metal, and so, the rupture of the metallacycle at this part. 

An ORTEP drawing of 4 showing the molecular structure is presented in Fig. 1. 
Relevant interatomic distances and angles are given in Table 2. There are two 
molecules of solvent (CH,Cl,) in the triclinic centrosymmetric cell. The coordina- 
tion geometry of the tungsten atom can be described as a distorted, tetragonal 
pyramid with the apical position occupied by the cyclopentadienyl ring. The 
nucleophilic moieties (PPh, and SMe) are tram to one another. Both carbonyl 
ligands are cis with respect to the phosphine. The a-acylic ligand is nearly planar. 
The greatest deviations (0.10 A) from the best plane defined by C(26), C(27), C(28) 
and C(29) atoms are those of O(3) and S atoms. The W-C(28) bond length of 
2.240(9) A is shorter than W-C(sp*) distance of 2.32 A found in Cp(CO),W(a-Ph) 
[8] and than W-C(sp3) distance of 2.321(4) A in an “enolate” complex 
Cp(CO)aW(CH,C(0)OEt) [9], but it is practically the same as the MO-C(O) bond of 
2.26(l) A observed in Cp(CO),(PPh,)MoC(O)Me [lo]; the covalent radii of MO” 
and of W” are practically the same [ll] owing to the “f ” contraction in the 5d 
block metals. The W-C(28) distance observed in the structure of 4 is consistent with 0 
a single W-C(sp*) bond which is normally 2.19 A or longer [12]. This distance is 
longer than the W-C(O) distances observed in q3-acryloyl complexes 

Fig. 1. ORTEP drawing of 4. CH,Cl, molecule and hydrogen atoms omitted for clarity. 
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Table 2 

Interatomic distances (A) and angles ( o ) for 4 

W-P 2.491(2) P-w-C(28) 141.2(3) 
W-C(28) 2.240(9) P-W-C(24) 79.2(4) 
W-C(24) 1.97(l) P-W-C(25) 82.0(3) 
W-C(25) 1.961(9) P-w-CP 112.1(3) 
w-CP a 2.014(9) C(24)-W-C(25) 107.8(4) 
C(24)-O(1) 1.127(11) C(24)-W-C(28) 75.3(4) 
C(25)-O(2) 1.148(10) C(25)-W-C(28) 78.7(3) 
C(28)-O(3) 1.219(10) W-C(28)-O(3) 122(l) 
C(28)-C(27) 1.495(13) W-C(28)-C(27) 125.5(6) 
C(27)-C(29) 1.416(14) C(28)-C(27)-C(29) 126.0(9) 
C(29)-N 1.163(15) C(28)-C(27)-C(26) 120.3(9) 
C(26)-C(27) 1.366(13) C(27)-C(29)-N 176(l) 
S-C(26) 1.670(11) C(27)-C(26)-S 129.1(8) 
s-C(30) 1.807(14) C(26)-S-C(30) 99.7(6) 
P-C(l) 1.8248) C(l)-P-C(7) 102.5(4) 
P-C(7) 1.833(8) C(l)-P-C(13) 103.0(4) 
P-C(13) 1.847(9) C(7)-P-C(13) 100.5(4) 
C(31) h-C(11) 1.78(4) W-P-C(l) 112.7(2) 
C(31)-C(12) 1.75(4) W-P-C(7) 117.9(5) 

w-P-C(13) 117.9(2) 
C(ll)-C(31)-C(12) 117(2) 

u CP is the gravity center of C(19)-C(23) atoms. ’ C(31), C(11) and C(12) is CH,Cl, molecule. 

Cp(CO)LWC(O)C(CF~)=C(CF,)H (L = CO, W-C 2.112(5) A; L = P(OMe),, W-C 
2.091(5) A [13]), in which the electron delocalisation in the q3-acryloyl ligand may 
increase the order of the tungsten-carbon (carbonyl) bond. Other structural param- 
eters for 4 are normal, and will not be discussed in details. 

A plausible mechanism of the formation of heterocyclic complexes (such as 2) 
and vinyl compounds, which involves initial nucleophilic attack of the sulphur atom 
of the starting thiolate complex at an acetylenic carbon to give a dipolar inter- 
mediate, has been proposed by Davidson [4] (Scheme 2). This mechanism readily 
accounts for the formation of 2, but the spectroscopic data for 3 do not seem to 
agree with the expected formulation, i.e. Cp(CO),W-C(CN)=CH(SMe). There are 
four possible isomers of 3, differing in the positions of substituents on the a-alkenyl 
ligand (Scheme 3). 
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supporting the ylide structure of 5. Finally, a set of resonances in ‘H NMR 
spectrum centered at 7.6(m), 5.34(s), 2.56(br) and 2.20(s) ppm in the integration 
ratio 15/5/l/3, confirms the structure, A broadening of the resonance at 2.56 ppm 

(Av,,z 4 Hz) must be due to a low resolution of a doublet resulting from the 
coupling of the corresponding proton with phosphorus atom (2J(PH) < 4 Hz); the 
corresponding *J value in Cp(CO),W(n2-CH(PPh,)CH(CN) is 3.7 Hz [l]. 

Addition of dicyanoacetylene (dca) to the solution of 1 in THF at room 
temperature leads to an immediate change of colour from yellow to blue and the 
acylic heterometallacyclic complex 6 can be isolated (Scheme 4). This is in a good 
agreement with the results obtained by other workers [4-61 for the reactions of 
organometallic thiolates with the symmetric alkynes. 

Experimental 

The reactions were performed under nitrogen by use of Schlenk tube techniques. 
Solvents were purified by standard methods and purged with nitrogen before use. 
Cp(CO),WSMe (1) [17], (mea) and (dca) [18] were prepared by the published 
methods. ‘H and 31P NMR spectra were recorded on a JEOL-JNM-FXlOO spec- 
trometer and IR spectra on a Pye-Unicam SP2000 spectrophotometer. 

Reaction of 1 with HCSCN (mea) 
About 15 mmol of freshly prepared (mea) was condensed into a solution of 4.0 g 

(10.5 mmol) of 1 in THF frozen in liquid nitrogen. The mixture was allowed to 
warm to room temperature and then stirred for 16 h. The solvent was removed 
under vacuum and the residue dissolved in a small amount of CH,Cl, and 
chromatographed on a Florisil column. Elution with 3/l CH,Cl,/hexane gave a 
yellow band (15% yield) of 3 and that with 95/5 CH,Cl,/THF a red band 
containing 2 (40% yield). 
Complex 2: Found: C, 33.4; H, 2.0; N, 3.3; W, 41.1. C,,H,NO,SW calcd.: C, 33.4; 
H, 2.1; N, 3.3; W, 42.7%. 
Complex 3: Found: C, 33.4; H, 2.0; N, 3.2; W, 42.3. C,,H,NO,SW calcd.: C, 33.4; 
H, 2.1; N, 3.3; W, 42.6%. 

Reaction of 1 with NCCSCN (dca) 
Addition of a slight excess (0.12 g, 2.8 mmol) of (dca) in THF to the solution of 1 

g (2.6 mmol) of 1 in THF caused an immediate change of color from yellow to blue. 
After five minutes stirring the solvent was evaporated and the residue dissolved in 
CH,Cl, and chromatographed on Florisil. Elution with CH,Cl, gave 6 in 90% 
yield. 
Complex6: Found: C, 34.5; H, 1.9; N, 6.3; W, 39.5. C,,H,N,O,SW calcd.: C, 34.2; 
H, 1.8; N, 6.1; W, 40.3%. 

Reaction of 2 with PPh, 
A solution of 0.57 g (0.8 mmol) of 2 and 0.6 g (2.2 mmol) of PPh, in THF was 

irradiated for 24 h. The yellow-light precipitate was filtered off (40% yield). 
Complex 4: Found: C, 51.2; H, 3.4; N, 1.9; P, 4.2; W, 25.6. C,,H,,NO,PSW calcd.: 
C, 52.0; H, 3.5; N, 2.0; P, 4.5; W, 26.5%. 
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5.0 A*. The final residuals were R = 0.044, R, = 0.060, GOF = 1.59. The weighting 
scheme employed was W-I = u*(F) = ~[a(I)/(I) + O.O62(1)]. The final atomic 
coordinates are listed in Table 3. 

Lists of hydrogen atom positions, thermal parameters and structure factors are 
available from the authors (R.K. or M.M.K.). 
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