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Abstract - The action of elemental sulfur with 

vanadium (II) porphyrins complexes V11(por)(TRF)2 
[ 1 

(per - porphyrinate) affords the thiovanadyl porphy- 

rins [vxV(por)(s)] . EXAFS spectroscopy at the V K-edge 

of rvlv(oep) csa confirms the axial syormetry of fhese 

complexes. 

Although complexes containing the vanadyl ion, 

v-02+ , are well known, there are very few studies of 

vanadium compounds in which the thiovanadyl ion is 

I.2 present . K.P. Callahan et al’. recently have deve- 

loped a synthetic route to the previously unknown 

thiovanadyl species, V-S Ln, which involves reaction 

of V-O Ln with B2S3. As such thiovanadyl species are 

of likely relevance to certain industrial catalysts in 

petrochemistry3 , E report here a convenient procedure 

for the isolation of thiovanadium (IV) porphyrins 

[VIV(por)(S)l (par - oep, tpp, tmtp or tptp)+ by reac- 

tion of low-valent vanadium porphyrins with elemental 

sulfur. EXAFS spectroscopy at the V K-edge provides 

convincing evidence for the monomeric nature of the 

complexes, as well as the multiple V=S bond. 

Reduction 
++ 

by zinc amalgam (Ig) of a dry oxygen 

+Abbreviations used : por - porphinato ; oep - octae- 

thylporphinato ; tpp - mcso-tetraphenylporphinato ; 
tmtp - meso-tetra-m-tolylporphinato ; tptp - meso- 

terra-p-tolylporphinato. 

++A11 operations were carried in Schlenk tubes under 

purified argon and with dried oxygen free solvents. 

+++TtIF - tetrahydrofuran. 

free tetrahydrofuran solution (60 cm’) containing 

[ 
vIV (WP)(C12) 4, 1 [“’ (ld)(0.65g, 0.8 mmol) led to a 

brow” solution of V11(tptp)(TRF)2 5 
] 

after 24 h of 

vigourous stirring at room temperature. Excess of zinc 

amalgam was filtered and elemental sulfur (O.lg,3 mmol) 

was added to the filtrate. The mixture was then stir- 

red for 5 h at room temperature and concentrated in 

VBCUUIO. The excess sulfur was then sublimated (O.Imm 

Hg) at IIO-IZO’C. The obtained residue was purified by 

chromatography on an aluminium oxide column (eluent : 

toluene) and recrystallized in a mixture of toluene- 

heptane (l/2) (0.27 g. 45% yield of [VIV(tptp)(SJ , 

(2d))‘. 

The analytical results and the mass-spectral data 

agree perfectly with the proposed molecular formula 

[‘?(por) CS)] . Th e parent peak corresponds either to 

the molecular peak [VIV(por)(Sj +’ or to the recombi- 

nation ion [VIV(por)(S)+Hr. The IR spectra of these 

complexes show a medium to strong intensity band in 
-1 

the 550 - 565 cm range ; this band corresponds to 

the V-S stretching vibration2. The isotropic EPR 

spectral parameters gav and Aav as well as the prin- 

cipal components of the <g> tensor and the hyperfine 

interaction tensor <A> for the thiovanadyl complexes 

(2) - arc given in Table I. 

The complexes (2) exhibit eight-line isotropic 

solution spectra, indicative of a d’ V(W) nucleus. 

The tensor components calculated from spectra measured 

on frozen solutions correspond to axially synrmetric 

camp”&. EKAFS spectroscopy at the V K-edge confirms 

this square - plane pyramidal molecular structure. 

For the sake of comparison WC have reproduced on 

the same plots the FT-EXAFS spectra of both 

blV(oep)(Ofl and [VIV(oep)(SjJ : the power spectra 

(xl(R)\ and the imaginary part Imxl(R) being respec- 

tively displayed in figures la and lb. It is worth 

mentioning here that according to a now standard 

procedure detailed elsewhere 
4.7,S , these FT - spectra 

were corrected for both the amplitudes and phase- 

shifts of the V . ..N shell which we expected to be the 

dominant signal of a typical porphyrinic pattern. As 

illustrated by figures la/lb the contributions of the 

carbons of the porphyrinic ring are fairly identical, 

for both compounds, whereas a strong destructive 

interference effect is clearly detected in the case 

of [VIV(oep) WI I as a direct consequence of the 

scattering phase shift difference between S and N. 

As the geometry of the porphyrinic ring remains iden- 

tical, for both compounds a difference FT - spectrum 

gives (Fig 2) the negative contribution of the V-O 
0 

shell (RI=l.blA) together with the unknown V=S signal 

(R2.2.06+0.02$ . The latter distance is in excellent 

agreement with the V-S distance reported for another 

compound]. 
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Fig. 1 a) comparison bf the modulus of x1(R) for 

[VIV(oep) CO)] (dotted line) and [V”(sep) (s)] (full 
line) 

b) Imaginary parts hi,(R) for [VIv(oep)(0)] 

(dotted line) and [VIV(oep)(s)] (full line) 

Fig 2 Difference spectra [P(mp) (S)] - [VIV(Oep)(O~ 
(lx(R)1 dotted line ; Im i(R) full line) 

The reaction of elemental sulfur with low-valcnt 

organometallic systems led normally to chair-like metal 
pentasulfide molecules ; in contrast. reaction of the 

low-valent vanadium (II) porphyrins with excess sulfur 
led to the thiovanadyl complexes. We plan to report 

further studies on the catalyst deactivating agents 

during petroleum hydrodesulfurization ; these agents 
contain sulfur and vanadium, also, thiovanadyl petro- 
porphyrins are very interesting models for the cata- 

lyst poisons. 
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