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Summary

The binuclear, disulfur- and trisulfur-bridged organomolybdenum complexes,
(p-SHMo(n’-CsH )(CO),], (x=2 and 3) were prepared by the reaction of
Na[Mo(7’-CsH,)(CO),] with S,Cl, at —97°C and by reaction of Li,S, (x=2, 3.
and 4) with Mo(CO),(7’-CsH;)Cl at room temperature. Similarly the binuclear,
disulfur bridged organotungsten complex, (p-S,)[W(n-CsH:)(CO),), was prepared
by the reaction of Na[W(»n’-C;H)}CO),] with S,Cl, at —97°C. No reaction was
observed between W(n’-CsH;)(CO),Cl and Li,S, (x = 2. 3 and 4) at room tempera-
ture or in boiling THF. The sulfur chromium complex, {Cr(7’-C;H;)C0),],S was
the major product of the reaction of Na[Cr(»’-CsH. ) CO),] with S,Cl, and SOCl,
at room temperature or —97°C. The reaction of [Cr(7’-C H)}CO),].S with I, in
CDCl, in 1/1 molar ratio yielded, Cr(n’-CsH )}(CO). 1.

Introduction

Transition metal-sulfur complexes are of current interest owing in part to their
potential as models for biological [2,3] and heterogeneous catalysts [4-6]. Addition-
ally, in the area of metal-cluster chemistry, sulfur ligands have proved to be very
versatile in the construction of transition metal cluster complexes including hetero-
nuclear clusters of potential catalytic utility [7]. The coordination chemistry of
polysulfide, S*~ (x =1, 2, 3, 4...etc.) is of particular interest because of their large
variety of modes of coordination [8.9]. A number of ionic disulfide bridging
complexes have been reported, [(NH,)sRuSSRu(NH;)]** [10], [(CN).CoS,Co-

* For part I see ref. 1.
** To whom correspondence should be addressed.
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(CNy]" [ and [(H-O3 CrS,CrH-O)< )" [12) Simple neutral binuckear com-
pln\u of the tvpe L, MS ML | (metallosulfanes) in which hopolvaelfide, S0 (v = 102
&IL ). serves as i hidentate bs ridging higand are infre qmm Metallomonosulfanes
(‘\' = 1) are known for o and 7 metals T3]0 an example s (CUH O PAUSAG-
P((‘:IL}; [14]. Among derivatives of typical mm,\ilmn metake the Co complex.
{(nPHCOSColnP ] (nP, = tric2-diphenvl-phosphimocthvhamine) was propuared by the
reaction of sodium cthoxide with {CoSHnP ) BPh, o THE [I3]L The binuclear
sulfur-bridged organotungsten complex, {p-SIWy-CoH 5 COy .
from the reaction 01 7 -CoH O COYWH with biscdimethy lamimoisellane, SONMe. i
The (p-S)IMo(n -C.H (CO) |, was prepared anulogoush and found 1o be less
stable than the tungsten amdogue. fosing a sulfur atom o give the dimer (Motg
C.HoNCO) ] [16] The complex (;z—\‘)iRc n"—(" HoHCO ] was prepared by the
reaction of photolvtically generated Re(y™~C H <Oy with o+ oelemental sulfur
or COS. The complex contuins a Re -Re bond in addition o hrud
We previously prepared o \cric\ of binuclear. sulfur or palvsullur bridged
THoCOy ], (s hf. substiiution reac-

wis prepared

ing subfur {1

organoiron complexes. (g8 b

ton nvolving either orgunoten oF \U“Lh nmlcnpniu ar redox reactions: the
structures of (p=SOf(n -C HFCO)L 1 and p-S, iy~ CoHL e Oy L were de-
termined by X-rav diffraction {11 Since no such neutral orgasometaliic sulfane
comp]cxc;\ are known for chromium. and only the monosullanes.  u-5iM(
C.HXCO), ), for Mo and W we deaded 1o untertake svatematic synthesis of
orgununu,lalhu sulfanes of chromium, molvbdenum and tung-ten

Experimental

Muaterial and methods

All reactions were conducted under nitrogen with Schlenk glassware [18]. Diethvl
ether and tetrahvdrofuran (THE) were distiied from sodmum benzophenone ketvl
Petroleum cther was purified by vacuum transfer {rone CaH .. Methvlene chloride
was vacuum transferred from PO Deuterated NMR solvents, acetone-d, and
chloroform-d, . were dricd over activated 4-A miolecular sieves and vacuunty distilled,
The sulfur monochloride (S.CT .3 used contamed o few drops of PCT which had been
added 1o the 300 ml bhottlc o iphibit decomposition. and was stored at 0 f‘f(,‘.
Thionyl chloride (SOCT, ) was used as purchased and wored oo refrigerator,
Chrommum  hexacarbonyl. OOy, 0 molvbdenum  hexacarbonvi MorCOn, L and
tungsten hexacarbonvl, WO, were purchased from Aldeich, Anhyvdrous THE
solutions of lithium sulfides LSO LioS. LS, and Li-S, were j“,»rcgmrcd by treating
LiC.H,).BH with clemental sulfur as described by Gladvay {19] For column
chromatography. silica particle size 0063 -G.200 mm (70 3.“.3 mesh ASTMy M
reagent, was emploved. For preparative thin-laver chromutography (PTLO). sihica
gel 60 laver thickness 0.5 mn. BEM reagent wax emploved. For thin-laver chromato-
graphy (TLC) sthica gel 600 F. .0 0.2 mm EM reagent wis cnméa‘-‘\cd. Chromato-
graphic separations mvolved elution of silica columns or preparatve thin laver plates
with a petroleam ether /diethy! ether mixture. diethy] cther ddone. or o diethvl
ether /THF mixture In!rm d

spectra were recorded on Pve-Unicam SPR-100 spec-
trometer with KBr tc‘”\ for selution samples and KBr disk< for solid samples. 'H
NMR spectra were recarded on Bruker WP 80 SY spectrometer with TMS ax
mternal standard. Mass specira were recorded on 7070F VG Analviical orounic
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mass spectrometer. Melting points were determined on a capillary melting point
apparatus and are uncorrected. Elemental analyses were performed by Mikroanaly-
tisches Labor Pascher, Busch-str. 54 Bonn 1, West Germany and Spang Microana-
lytical Laboratory, Eagle Harbor, Michigan 49951.

Procedures

(a) Chromium reactions

1. Reaction of Na[Cr(n’-C;H)(CO),] with S5Cl, at —97°C. A solution of S,Cl,
(2.7 g, 20 mmol) in THF was added dropwise (15 min) to a rapidly stirred THF
solution (150 ml) containing (8.7 g, 40 mmol) of Na[Cr(n’-C;H;)(CO),] [20] cooled
to —97°C (methylene chloride slush bath [18]). The colour changed rapidly to
brown. When the addition was complete the mixture was stirred for 1 h at —97°C
and then allowed to warm slowly to room temperature with stirring. Solvent was
removed in vacuo, the residue was extracted with diethyl ether (150 ml), and the
extract was filtered. The volume of the filtrate was reduced in vacuo to 30 ml, and 6
ml portions were transferred to the top of the silica gel column. The column was
eluted with 10% diethyl ether in petroleum ether, to give a broad olive-green band
which was collected under nitrogen and kept under vacuum to give dark green
crystals (0.88 g, 65% vield based on Cr) of [(n’-CsH;)Cr(CO),],S (compound I).
Anal. Found: C, 45.13; H, 2.95; S, 8.50; Cr, 27.80. C,H,,Cr,0,S caled.: C. 44.45;
H, 2.67; S, 8.48; Cr, 27.50%. IR (petroleum ether): »(CO) 1998s, 1958vs, 1932s and
1925s cm~!. IR (THF): »(CO) 1990s. 1942vs and 1915s (br) cm '. '"H NMR
(CDCl,): strong singlet at 8§ 490 ppm (5H, C.H;). The melting point was
114-115°C. R, (10% diethyl ether in petroleum ether) was 0.30. The data are
consistent with those reported for [(4>-CH;)(CO),],S [21].

2. Reaction of Na[Cr(n’-C;Hs)(CO);] with S,Cl, at room temperature. A THF
solution of S,Cl, (1.62 g, 12 mmol) was added dropwise (15 min) to a rapidly stirred
THF solution (100 ml) containing (5.40 g, 24 mmol) of Na[Cr(n>-C,H)(CO),] at
room temperature. The colour changed rapidly to green. The mixture was then
stirred for 30 min and the IR spectrum was recorded. This revealed the »(CO) bands
2005m, 1948s, 1925s and 1910sh cm™!; these are characteristic of the chromium
tricarbonyl cyclopentadienyl dimer. [Cr(n -C.H )}CO),], [22].

When the reaction mixture was continuously stirred for 2 h it became dark
olive-green. TLC examination of this olive-green solution showed the presence of the
sulfur complex, [Cr(n"-CsH )X CO),1,S, R; (10% diethyl ether in petroleum ether)
0.30. The sulfur complex was isolated by column chromatography (2.75 g, 66% yield)
and characterized by IR, "H NMR and melting point.

3. Reaction of Na[Cr(w'-CsHs)(CO),] with SOCI, at —97°C. A solution of
SOCI, (1.43 g, 12 mmol) in THF was added dropwise (15 min) to a rapidly stirred
THF solution (100 ml) containing (5.40 g, 24 mmol) of Na[Cr(n’-C H)(CO);]
cooled to —97°C. The colour changed rapidly to brown. The mixture was then
stirred for 1 h at —97°C and subsequently allowed to warm slowly to room
temperature with stirring. Solvent was removed in vacuo, the residue was extracted
with diethyl ether (100 ml), and the extract was filtered. The volume of the filtrate
was reduced in vacuo to 10 ml, and 5 ml portions were transferred to the top of the
silica gel column. The column was eluted with 10% diethyl ether in petroleum ether,
to give a broad olive-green band. This band was collected under nitrogen and kept
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under vacuum to give a dark-green crvstalline solid (0.66 2. 6% vield) identified by
IR, "H NMR and melting point as [Cr(n -C.HO(CO)- 1, S

When Na|Crin"-C,H. C0Oy, ] was treated with SOCT. at roon temperature. the
results were sinular 1o those obtamed at room leerdl‘H" with S.C1.o the chro-

mium sulfur complex was olated by column chromatography (2,75 ¢ 66% vield).
o Reaction of [Crig -C H CO [ with elemiental suliur. A soluton of sulfur
(3.07 2. 12 mmoly in THFE (30 ml} was added to a rapidly stered THE solution (80
ml) com;umng (2.01 g. S mmobly of [Criy -CoHCOY - 230 The mmxture wis kept
at 40 30°C under nitrogen for 2 h during which the colour changed from green to
dark olive-green. The mixture was allowed to cool to room temperature, then the
solvent was removed i vacuo, the residue was extracted with diethyl ether (100 mis,
and the extract was filtered. The volume of the filtrate was reduced o vacuo to 13
ml. and 5 ml portions were transferred to the top of a sibica gel column. The column
vith 107

was first eluted with petrofeum ether to remove elemental solfur. Fluton
cen hand. which was

diethyl ether in petrofeuny ether afforded a broad ofive

collected under nitrogen, Solvent was removed under vacuum o give dark-green
crystals of the sulfur comples. [Crin -CoHOCO3- .50 (028 g0 45% wvield), The
complex was characterized by IR and "H NMR spectroscopy and melting point.

S Reaction of the sulfur compound [Criyy -CoH 0 CQG L5, waiht doding. A CDCLL
solution of md}m (0.051 g, .20 mmoly was added to a CDCT, solution (0,080 .10, ’()
mmoly of [Crig-C_ H. )(( 1S moan NMR tube under mitrogen, Gus c\,ululmn
was observed and the colour of the mixture changed from Jdark olive-green to Haht
green. The "H NMR spectrim of the mixture was recorded 10 mun after mixing the
clet at 4 522 ppm had appeared. and the singlet of the
sulfur compound at 8 4% ppm had dsmppx ared. When the rauo of reactants
[Crin™-C.H CO) .S AT, was 271
after 10 min showed two singlets, one for the product at & 322 and the other at 8

reactants: a new strong SINg

the "H NMR spectrum of the reaction miswure

4.90 ppm for the starting suifur compound. The mfrared specirum of the product
was recorded in CDCH, and i CCH IR (CDCH )0 (00 20250 1970vs and
1951s(bryem IR (CCly e w0CO 2028 1974vs and 1931m o ' The IR bands
in the carbony] region are it the positons reported for iy -CLH (OO 124,

(hy Molvhdenum reactions

1. Reu('mm of \'(I/WU( N -CoHOICO) ) wih §.CH. A THE  solution of
Na[Mo(n-C.H M CO), ] was prepared by refluxing (14 h) solud MocCO), (7.83 g0 30
mmol) with a THF mluuon (150 ml) of sodium cyclopentadienide ¢1.95 2. 30 mmol)
[25]. Slow addition (20 muny of a solution of S-C1. (2,03 g, 15 mmoly in 46 mi THF
to a rapidly stirred solution of Na[Mo(y -C. H, NC ) (804 » 30 mmoly in THEF
(150 mly cooled to —977C gave a dark brown solution, Hm was stirred for o further
I h at —977C then warmed to room temperature with surring, The solvent was

00 mi). The extracts
were filtered. reduced in vacuo to ca. 50 ml and column giwrurmnog,r;lphcd. The

removed in vacuo and the residue extracted with diethyvl ether ¢

column was first eluted with 10% diethvl ether in petroleum ether which vave a

purple red band: this was collected under nitrogen and ovaporated (o give the
characteristic purple-red crystalline solid {Mo('r;“-(;H:‘)((‘()‘:}\, IR (CH.CI

#(CO): 2015 m. 1962vs and 19155 cm LT NMR (CDCL ) strong singlet at 8 3 S 2
ppm (SH. C.H.y [26]. The column was then cluted with 0% dicthyi cihcr n



TABLE 1
LOW RESOLUTION MASS SPECTRUM DATA FOR (-8, )[Mo(5°-CsH XCO).], (1D ¢

m/e Tentative Relative m/je Tentative Relative
assignments abundance assignments abundance

311 (CsH)Mo(CO)5S, ™" 23.6 196 Mo, © 63.7
283 (CsH)Mo(CO),S, ™ 8.4 195 (C<H)MoS™ 100.0
279 (CsH)Mo(CO),S™ 20.8 190 (CO)MoS,~ 100.0
255 (CsH)Mo(CO)S, ™ 53.9 179 (CsHMo,S7* 6.2
251 (CsH)Mo(CO),S " 100.0 163 (CsHs )Mo~ 299
247 (CsH)Mo(CO), ™" 16.4 162 MoS, "~ 10.2
246 Mo(C0),S, ™" 73.0 130 MoS™ 11.9
228 Mo,S™ 4.0 65 (CsH™ 8.6
227 (CsH)MoS,* 10.5

218 (COy,MoS,™ 28.5

214 (CO),MoS™ 10.5

“ The assignments involve the most abundant naturally isotopes in each fragment (**Mo isotope for
molybdenumy).

petroleum ether, to give a broad greenish-orange band which was collected under
nitrogen. TLC examination of this eluats indicated the presence of two compounds
with R, (33% diethyl ether in petroluem ether) 0.17 (orange) and 0.24 (green); These
were separated by preparative thin-layer chromatography (PTLC) using 40% diethyl
ether in petroleum ether as eluant. The compound with R, value 0.17 was isolated as
an orange-red crystalline solid (0.95 g. 56% vyield) and identified by elemental
analysis. infrared and 'H NMR spectroscopy, and melting point as Mo(7-
C,H;)(CO),C1[25]. Anal. Found: C, 34.26; H, 1.91; Cl, 12.81. C,HMo00O,C(l caled.:
C, 34.3; H. 1.8; Cl, 12.7%. IR (CCl,) »(CO): 2055s, 1980vs and 1958vs cm ~'. 'H
NMR (CDCI,): strong singlet at 8 5.64 ppm (5H, C.H;) melting point: 135-136°C.

The compound with R; value 0.24 was isolated as a green crystalline solid (0.67 g,
20% vyield) and characterized by elemental analysis, infrared spectra, '"H NMR, mass
spectra and melting point, 69-70°C, as (p-S,)[Mo(n>-CsH X CO)s], (11). Anal
Found: C, 34.46; H, 1.95; Mo, 34.93; §, 11.71. C, H,,M0,0,§, calcd.: C, 34.67; H,
1.82; Mo, 34.62; S, 11.57%. IR (petroleum ether) v(CO): 2040s, 1972vs and 1949vs
cm”'. '"H NMR (CDCl,): strong singlet at 8 5.56 ppm (5H, CsHs). In the mass
spectrum the molecular ion was not observed; significant mass fragments were
observed for the molybdenum isotopes (see Table 1).

When the reaction of NajMo(#’-CsH )} CO),] with S,Cl, was carried out at room
temperature the products were mainly the molybdenum dimer [Mo(%’>-C,H )(CO),1,,
the chloromolybdenum derivative Mo(5*-CH{)(CO),Cl. and elemental sulfur.

2. Reaction of Mo(n’-CsHs)(CO),Cl with Li,S. A THF solution (20 ml) of Li,S
(0.092 g, 2 mmol) was added slowly under nitrogen to a rapidly stirred solution of
Mo(#7’-CsH, )(CO),Cl (1.12 g, 4 mmol), which had been made by reaction of
Na[Mo(#>-CsH)(CO),] with S,Cl, in 50 ml THF at room temperature. The
mixture was stirred for 24 h at room temperature and TLC examination then
indicated the presence of two compounds with R, values (33% diethyl ether in
petroleum ether) of 0.56 and 0.17. The compounds were identified as [Mo(#’-
CsH)(CO),], and unreacted Mo(n’-CsH)(CO),Cl by comparison with authentic
samples.
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3. Reaction of Moty -C_H (COpCHwith 10,50 A THE solution (30 mil)y of
Li-Sy (0,156 g0 2 mmoly was added to u rapdly surred solution of Moy
C.HOCO).CL 12 g0 4 mmmoly m THE (100 ml) at roorn wmperature undet
mitrogen. The mixture was <trred for 24 ho solvent was removed s vacuwo, and the
solid residue was extracted with 100 ml of petroleum ether. The extract waxs fiitered
under nitrogen and reduced 1o 30 mb o vacuo. TLO exarmation of the extract
indicated the presence of Jour compounds with A, wvalues (335 diethnd ether an
petroleum cethery 036 purple-red: 042 reddish-pink: 024 hightegreen and 017
orange-red. These were separated by preparative thin-layver chromatography (404
dicthvl ether i petroleum cthery and extracted with diethv] ¢ther. The compound
with R, 0.56 was identified as [Mo(y -C o H OO 1 The product with R, 0,42 was
a reddish-pink solid (compound )y with IR (petroleam othery #oCOn 204¥m.
1982vs and 1955s e O THENMR (CDCTH) smglerat & 261 Anal Found: 501664,
Cr HyMoO S (p=SofMuol g -CoHOCO) .S caledls S0 Teds, The u»mpuund
with R, 0.24 was 4 green erystallme solids wdentified as compaound Ho g5 Mo(y -
. H. {( 'Oy .. The compound with £, 017 appeared as r::ddi.\i‘.'m‘mgu cresta l.A
and was identified as the unreacted Mo(y-C HCOLCL o solution compaeund
HI 1s reddish-pink and s gradually converted into compoeund I and the dimer.
(Mo -C . H CO) ] as shown by "H NMR \pu roscopy and by TLO R vadues,

4 Reacton of Mogyg C A 0 COp Chwih LS, Slow addition under nrrogen of
THE solution (30 mly of Li.S, U}‘_J 2. 2 mmoh oo cofution of Mogg
CHCO),CHLT2 g4 mmely in THE (100 mb) at room tcmpcz';mn‘c followed by
24 h stirring gave after the usual \\urk-up (see experiment( 1) mamiv compound HIL
which is graduallv converted in solution into compound 11 and the dimer [Mo(y-
C HO(COy, -

- Reaction of Moty -CoH i COJCT with L4.5, Slow addinon of a solution of
Li.S, (0.280 g, 2 mmoly in THF (30 mD) to a solution of Mody -C H COCLH1 12
g. 4 mmol) in THF (100 ml; under nitrogen at room temperature. followed by 24 h
stirring gave. after the usual work-up (see experiment (33 mamiy {10 11 and the
dimer [Mo( 7 -C.H . (CO)

Tungsren reactions

1o Reaction of Naf Wiy -C H . j(COj ) with S:CL-. - A solution of S-Cl. (271 & 10
mmoly in THE (40 ml) was added slowly (20 min) to o rapudlv stirred solution of
NalWinp -C.H (CO) {251 1712 g0 20 mmoly i THE (120 mb e - 977°C, The
colour changed rapidiv to greenish-brown. The mixture was subsequenthy surred for

hoat —97°C and then altowed to warm slowly to room temperature with strimg.
The solvent was removed 1 vacuo and the residue was extracied with diethyvl ether
(200 mly. The volume of the extract was reduced in vacue o 13 mlb and column
chromatographed. The column was first eluted with 60% dicthyl vther i petroleum
cther, to give an orange-red band. The band was collecred under nirogen and
solvent was removed in vacuo o give an orange-red crvstalline sohid (1092 g, 37%
vield)y, which was idenuficd from its IR and "H NMR specira and melting point
(136-1377°C dec) as Wi -CoH OCOCH26) TR ACCH v(CO 20435 1962y,
and 19435 cm ' TH NMR (CDC ) strong singlet ar 8 576 pprm (SHO O H 3 The
column was then eluted with 18% THF in dul wl ether. to give o deep brownish-green
band. which wux collected under nitrogen. TLC examination showed that the cloae
gave one major green spot with R, value 042 (30% THE 0 petreleum ethery and an
unidentified minor brown spoat with 2, value 0300 The cluate was then reduced m
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vacuo to 10 ml and subjected to preparative TLC. Elution with 35% THF in
petroleum ether and extraction with THF gave a pure green crystalline solid.
compound IV m.p. 182-184°C (decomp.). IR (CH,Cl,) »(CO): 2025m, 1945sh,
1926s (br) and 1885 sh em~'. "H NMR (CDCl,): singlet at § 5.62 ppm (SH, C H).
R, (50% THF in petroleum ether) 0.42. Anal. Found: S. 9.03. C, H,,\W,O,S,.
(p-S;)[W(n’-CsH X(CO),],S, caled.: S. 8.77%.

When the reaction of Na[W(#’-C,H;)(CO),] with S,Cl, was carried out at room
temperature, the products were mainly the dimer, [W(n’-C;H;)CO),],. and the
chloro derivative W(n>-C,H,)(CO),CL.

When W(n’-C,H, (CO),Cl was treated separately with THF solution of Li,S,
Li,S,, Li,S;, or Li,S, at room temperature or in boiling THF, no reaction was
observed, and the starting material, W(n>-CsH)CO),Cl stayed intact. Mainly
similar results were obtained when boiling toluene was used, but in this case an
unidentified precipitate was also observed.

Results and discussion

In neutral organometallic sulfanes each terminal sulfur atom acts as simple two
electron o-donor, and each sulfur atom retains two uncoordinated lone pair which
should be available for further complexation. The procedures used for the prepara-
tion of the organometallic sulfanes involved mild conditions in order to avoid
decarbonylation and further complexation. From previous work [1], it was known
that the organoiron trisulfane, (p-S,;)[Fe(n’-CsH;)CO),], was the most stable iron
sulfane. In the present work, the most commonly encountered product from the
chromium reactions was the dark-green crystalline chromium sulfur complex I, in
- 65% yield, [Cr(n>-CsH)(CO),],S. This was the final major product from the
reaction of Na[Cr(n’>-C;H,)(CO),] with S,Cl, and SOCI, at room temperature or at
—97°C. Reaction of the chromium dimer with elemental sulfur also gave the
chromium sulfur complex I. The reaction of chromium dimer, [Cr(n° — C;H)(CO);],
with elemental sulfur was previously shown to produce the chromium sulfur complex
(7°-CsHj),Cr,(CO);S, as dark brown crystals having the following structure [27,28]:

This disulfur complex undergoes CO-elimination and desulfurization slowly at
ambient temperature to produce the chromium sulfur complex I. We observed
formation of a brown color on addition of S,Cl, or SOCI, to Na[Cr(7%’-CsH)(CO),]
at —97°C, this gradually changed to dark olive green, the color of complex I upon
warming up to room temperature; we think that the development of the brown color
at low temperatures may indicate the formation of chromium sulfane. (p-S,)[Cr(7’-
C,H)(CO);],. which at room temperature undergoes CO elimination and desulfuri-
zation, and is finally converted into the stable chromium sulfur complex I. Complex
I was first obtained by Legzdins [21), in 34% yield. from the reaction of Na[(n’-



(1)

C HoCOy ] with trithiazyl chloride. S.N;Cl inan attempt to prepare the
thionitrosyl chromium complex, (-C.H 3 CO),CrNS. The molecular structure of
complex I has been also reported [21], and inv olves € (g ~CoH O COY . units hridged
by a sulfur atom with a ~hort Cr- 8§ bond distance (2,074 Ay suggestimg mujtiple
hond character in the essentially linear Cr-S - Cr hakage, The structure of complex |
15 shown,

COo
Cp I ICC
Cr—e § o Cr
A \
co | ‘
e ~P
Cp = (P~C.H,_

The sulfur chromium complex L [Cr(g-CoHCOY L[4 S, reacts with an equimolar
amount of 1, in CDCl, o give the iodo dcn\atlu, Crigy -CoHOCO b The
behaviour of the sulfur chromium complex in this reaction 15 similar to thut of the
dimer. [Crin -C.RNCO)- |, {R = H. Me) (which contains ¢ Cr o Crotriple bond),
which reacts with 1, 1o give Cr(™-C.R % C0Oy ] {79 _13124

In the molvbdenum reactions, the anion [Mof r) SCOH T, reacts with S.CTL
at = 97°C (o a give purple-red erystalline sohid of lhc dimer {Motn-C.H 3 COy ..
the orange-red crystatline sold of the chloro-derivative, Mo(y -CoHLOCO) O (56%
vield) and the new green crvstalline solid molvbdenum disulfane (u-S. 3 Moty -
CoHOCO) ], 20% vieldy 1 Bolation of these products was achieved by column
chmnmlugr.lph) and preparative thin-laver chromatography, The #CO) mifrared

spectrum of the molybdenum disulfane. 11, in petrolewm ether (Frg. Dy showed three

strong bands at 2040s. 1972vs and 1949vs em  which are attributed to terminal
carbony! ligands. The same pattern of IR bands s found s cmnpic,\c.\ of the
formula Mo(n -C.H. CO) X (X = CL Br. L Mo(n -C H (COy 1 {26] Tn addition,
the iron trisulfane. (p- S Whet g -CoH OO L [ has IR spectrad features, simitdar
to those of the iron derivative. n-CoHL X HCO) Jl eX (X o= O Bro LoCH Ly [20] as
expected since the metallosulfune compounds each have two sdentical carbonyi
containing units on cach ternuna! sulfur of the selfur chain S, cv = 20 3 or hugher)
and the ditferent rotomers of the sulfur-bridged compound are expected to undergo
interconversion very rapidiv in solution at room temperatuic. the harner to rotation
about a single S-S bond being only ci. § keal mol '

131 The above reasoming
would also suggest that the two qxlnpcnhuhcrryl rings in the metallosulfane com-
pound are magneticallv equivalent on the NMR time at ambient remperature. and

consequently the metallosulinne compound exhibits o single resonance duc o the
two (n'-C H.) rings: the new molybdenum disulfane compaound. (-8 Moy -
CHOWCOY, ] gives a sharp singlet at & 556 ppm m CDC, as does the iron
trisullfane. (u-S; ) Fe(n -C.H. W CO) . |, (sharp singlet at 5 518 ppm (CDCT ) {1
Details of the mass spectrum of (u-Ss)[Mogy -C.Ho ) COy 1L are shown in Table
Although the moleculur 1on was not observed. the fragment wns observed iy the
spectrum strongly support the formation of the disulfur-bridged molvbdenum com-
pound. We found that the disulfur-bridged molybdenum compound undergoes slow
desulfurization under nirmwu at room temperature to give the molvbdenum dimer
[Mo(n™-C.H (CO) .. This was confirmed by the "HENMR spectrunm and by R
values.
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2200 2000 1900 1800
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Fig. 1. »(CO) infrared spectrum of {u-S;)[Mo(n’-CsH;)(CO),], in petroleum ether.

Reactions of Mo(n’-CsH ) CO),Cl with Li,S, (x=1, 2, 3, and 4) in THF
solution in 2/1 molar ratio respectively were carried out separately at room
temperature. The Li,S reaction yielded only the molybdenum dimer, [Mo(7’-
CsH ) CO),], whereas the Li,S, reaction gave the molybdenum dimer, the
molybdenum disulfane, (p-S,)[Mo(7’-CsH,)(CO),],, and a new reddish-pink solid
compound, III, which was identified as (p-S;)[Mo(7’-CsH)(CO);]. These com-
pounds were separated by preparative thin-layer chromatography under nitrogen.
The solution (petroleum ether) infrared spectrum in the »(CO) region of compound
III is shown in Fig. 2. The spectrum shows three bands at 2048m, 1982vs and 1955s
cm !, which are attributed to terminal carbonyl ligands. The '"H NMR spectrum of
compound IIl shows a sharp singlet at 5.61 ppm due to the cyclopentadienyl] ring
protons. Compound III dissociates slowly at room temperature in solution to give
the molybdenum dimer [Mo(7’-CsH)(CO),], and the molybdenum disulfane,

2200 2000 1800 1800
v(CO) (em™)

Fig. 2. »(CO) infrared spectrum of (u-S;)[Mo(7>-CsHs X CO), ], in petroleum ether.
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Fig. 3. »(COy infrared spectrum of { -8 [W( -C.H(CO, 0 in CHLCLL

(p-S;) )[Mo(n’-CsH NCO) L]+ these two dissociation products were 1dentified by
their "TH NMR spectra. color. and R, values. The formation of the molybdenum
trisulfane in addition to the disulfane in the Li .S, reaction could be attributed to the
presence of the S,°  associated with the following equilibrium [34]:

25,7 = S0+ 8§

The reaction of Mo(nf—(}H})(CO)_}CI with THF solution of Li,S, and Li,§;
separately at room temperature produced the moilybdenum dimer and compound
III: no other sulfur molybdenum compounds were formed at room temperature. but
when the reaction mixture in THF was refluxed for a few hours & precipitate was
formed, but this was not characterized. It appears from the results that melvbdenum
disulfane. ( p-S, [Mo(7'-C . H, ¥CO).|. is more stable than the mono- and tri-sulfanc.

In the tungsten reaction. the anion. [W(n -C.H }(CO).] . reacts with S-Cl. in
THFE at room temperature to give the tungsten dimer [Wey™-C.oH o1} and the
chloro derivative. W("-C.H, ) (CO),CL these were identified by their IR and “H
NMR spectra properties [26]. When the anton was treated with 5.CH o THIE ot
= 97°C the chloro dertvative, W ™-C.H 3w CO),Cland 4 new green ovestathne sobid.
compound IV were isolated by column chromatography und . or by preparative
thin-layer chromatography under nitrogen. Compound IV was denufied as the
tungsten disulfane (p-S,){W(5-C H NCO) ] 1 its viCO) bands (CH .CLL) are shown
in Fig. 3. The spectrum shows bands at 2025m, 1945sh. 19265 (bry and 1883sh cm
which are attributed to ternunal carbonyl ligands. The reported «(CO) mirared
spectrum of the recently prepared tungsten monosuifane, (p-SW (i -C. H WCO), ],
[16] showed similar bands. 2030w, 20055, 1935vs (br) and 1910y The "H NMR
spectrum (CDCI L) of compound IV exhibits a singlet at & 5.62 ppm attnibutable to
the cyclopentadienyl ring protons. IR and '"H NMR data are shown in Table 2.

The reaction of W 7;5-(‘5H.‘ WCOY,CLwith Li,S (v= 1. 20 3 and 4y in THE at
room temperature did not vield the expected tungsten sulfanes (p-5 {Win™-
C HCO): ], the Winp-C.H (CO),Cl remaining unchanged. Similar results were
observed when the reactions were carried out in boiling THF or toluene for few
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TABLE 2
SOME PROPERTIES OF (u-S_)[M(7°-CsH, ) CO):], (M=Mo, x=1,2.3: M=W, x—1. 2)

Compound Colour M.p. R, IR 'H NMR, & (ppm)
°C) »(COY(cm™ 1) (CDCl,)
(u—S)[Mo(nS-CSHS)(CO)3]2 ¢ green 5.48

(1-$,)[Mo(°-CsH H(CO)Y,;],  green 69-70 0247 2040s, 1972vs 5.56
and 1949vs ¢

(1-S3)[Mo(n>-CsHs (CO),],  reddish 0.42°%  2048m, 1982vs  5.61
pink and 1955s ¢
(p-SHW(P-CsH HCO),], ¢ green 2030w, 2005s, 5.56
1935vs (br) and
1910sh ¢
(1-S,)[W(n-CsH )(CO)5], green 182-184 0.42°  2025m. 1945sh,  5.62
(dec.) 19265 (br) and
1885 sh

“ Ref. 16.» R, values were measured in 33% diethyl ether in petroleum ether. ¢ R, value was measured
in 50% THF in petroleum ether. ¢ In petroleum ether. ¢ In CDCl,./ In CH,Cl,.

hours, after which the solution contained unreacted, W(7’-CsH,)(CO),Cl and a
precipitate was also present, but this was not characterized.
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