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Both such systems are normally obtained when the 
metal is manganese or rhenium, especially the dimeric 
system. In fact the only mononuclear manganese 
compound identified, M ~ I ( C O ) ~ S C ~ F ~ ,  is unstable a t  
ambient temperature. l6 The rhenium analogs are 
more stable and the monomers Re(CO)&CF3’5 and 
Re(C0)5SCaF516 are known. They undergo condensa- 
tion to dimers under mild activation. Tile stability of 
the group VI metal anions M(CO)5SR- is in contrast 
to this behavior since no evidence for a sihilar conden- 
sation reaction was observed when the M(C0)&3R- 
salts were subjected to irradiation or refluxing in THF. 
If irradiation was carried out in the presence of Ph3P, 
substitution of a carbonyl group by the phosphine 
occurred and displacement of the sulfur ligand was not 
observed. The bis-substituted products appear to 

M(C0)sSR- + Ph3P + M(CO)*(SR)Ph3P- + CO 

R = CH3 or CF3 

have a cis configuration since four VC=O stretching fre- 
quencies are observed in the infrared spectrum (see 
Table 11). 

Since only singly bridged species were obtained upon 
reaction of ( T Z - C ~ H ~ ) ~ S ~ S R  with chlorocarbonyl an- 
i o n ~ , ~  M(C0)5C1-, i t  was felt that  the sulfur in the 
presumed mononuclear mercaptide intermediate was 
highly nucleophilic. However, attempts to demon- 
strate this nucleophilicity failed and no reaction was 
observed between the anion W(C0)5SCH3- and W- 
(CO)6 or the photochemically produced W(CO)s*THF. 
Conversion of the M(CO)&R- anions to  the bridged 
mercaptide derivatives M2(CO)loSR- occurred readily 
in the presence of organotin mercaptides. For ex- 
ample treatment of the anion W(CO)5SC&- with (n- 
C4HY)3SnSCH3 resulted in the formation of’ W2(CO)l0- 
SCH3- in good yield. The source of the bridging 
2W(CO)&CH3- + (n-GHg),SnSCH3 + W2(CO)loSCH3- + 

SCH3- + (n-CgH&3nSCH3 

mercapto group was shown to be the mercapto group 
bonded to tin and not to the pentacarbonyl moiety 
since the following reaction was observed. No evi- 
dence for an equilibrium mixture was observed using 

SCH3- + ( ~ - C ~ H Q ) ~ S ~ S C H ~  

lH nmr. This reaction is completely analogous to the 
reaction of the M(C0)sCI- anions with the organotin 
mer~apt ides .~ 

Since the organotin compound was intimately in- 
volved in the conversion of M(C0)5SR- to M P ( C O ) I ~ -  
SR- anions, the recently reported compound Cr (C0)5- 
S(CH3)Sn(CH3)3 was felt to be a likely intermediate. 
Therefore the known compound Cr(CO)gS(CH)aSn- 
(CH& and its tungsten analog were prepared. When 
W(CO)SS(CH~)S~(CH& was allowed to react with 
either W(C0)5SCHs- or W(CO)&l-; the known di- 
nuclear carbonyl mercaptide derivative was formed 
according to the following equation. The new bridged 
W(CO)sS(CH3)Sn(CH& f W(C0)sL- + W2(CO)l&CH3- f 

(CH3)aSnL (L = C1, SCH3) 

mixed-metal mercaptide [(CO)5CrS(CH3)W(CO)5]- 
was formed when Cr(C0)5S(CH3)Sn(CH3)3 was allowed 

2W(CO)aSCH3- -I- (n-caH~,)dhSC~Hs --+ W~(cO)iosCsHs- + 

(16) A. G. Osborne and F. G. A. Stone, J. Chem. Soc. A ,  1143 (1966). 

to react with either W(C0)5Cl- or W(C0)5SCH3-. 
This compound was found to be similar to other di- 
nuclear carbonyl tungsten mercaptides reported earlier, 
as determined by its analytical data and infrared spec- 
trum. These results suggest the following reaction 
scheme. The trialkytin mercaptide R3SnSR’ reacts 
with the tungsten pentacarbonyl halide or mercaptide 
anion to form the neutral compound W(CO),S(R’)- 
SnR3. Thus displacement of halide or mercaptide ion 
occurs rather than sulfur-tin bond cleavage. The 
sulfur in the trialkyltin mercaptide would be expected 
to be more nucleophilic than the sulfur in a related 
alkyl sulfide due to the electropositive character of the 
tin atom compared to that of a carbon atom. This was 
demonstrated by addition of diethyl sulfide to  the 
mononuclear carbonyl mercaptide. No reaction oc- 
curred and the starting mercaptide derivative was re- 
covered. Attack on the neutral intermediate by an- 
other tungsten pentacarbonyl halide or mercaptide ion 
results in sulfur-tin bond ‘ cleavage as shown above. 
The lability of the sulfur-tin bond has been demon- 
strated by Ehrl and Vahrenkamp17 by allowing com- 
pounds of the type R,EY (Y = alkyl or halogen; E = 
Li, Mg, B, C, P, As, or S) to react with the neutral 
carbonylthiotin derivative Cr(C0)6S(CH3)SnR3. 
Cleavage of the sulfur-tin bond resulted (e.g., Cr- 
(CO)5S(CHs)SnR3 + CH3MgBr SnCH3 + Cr- 
(C0)5S(CH3)MgBr). This reaction scheme explains 
the formation of the singly bridged species from both 
M(6O)sCl- and M(C0)bSR- ions and the formation 
of the mixed-metal-bridged compound. 
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There has been renewed interest in the complexes of 
1,4-dioxane (DX) with the mercuric ha?ides. The far- 
infrared spectral and nuclear quadrupole resonance 
spectra2 of HgX2.DX and the dipole moments of 
HgXz in dioxane solution3 have been reported. Each of 
these studies suggests that the interaction of DX with 
HgX2 decreases in the order HgCl2 > HgBrz > HgL. 
The enthalpies of decomposition reported by Cren- 
shaw, Cope, Finklestein, and Rogan (CCFR)4 appear 
to indicate the order of stability to be HgBrzSDX > 
HgIz- DX > HgClz. DX. CCFR reported AH for reac- 
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tion 1 to be -3.725, -7.253, and -4.880 kcal/mol for 

HgXp(s) + DX(1) e HgXz-DX(s) (1) 

X = C1. Br, and I, respectively. These values were 
obtained from unreproachable measurements of the 
vapor pressures over the solids left by evaporating DX 
from HgXz solutions. 

CCFR were not aware that, in addition to HgXz. DX, 
complexes HgXz.2DX also exist. These 1 : 2  com- 
plexes decompose under vacuum by reaction 2 .  Hg- 

HgXz.2DX(s) ----f HgXz.DX(s) + DX(g) (2) 

Brz-2DX and HgIz.2DX are very unstable. There is 
no doubt that reaction 2 occurred during the removal 
of the last traces of free solvent so that CCFR did in- 
deed study the decomposition of HgBrz.DX and 
HgIz.DX according to reaction 3. However, Hg- 

HgXz.DX(s) + HgXz(s) 4- DX(g) (3 1 
Clz.2DX is relatively stable. I t  can be crystallized 
readily from dioxane solution below 40". Comparison 
of the vapor pressures reported by CCFR with those 
given for HgC12.2DX and HgClz.DX by Daaschj and 
values obtained in the present work shows that CCFR 
assigned values appropriate to HgClz. 2DX to the 1 : 1 
compound. Values of AH, AG, and A S  for reactions 2 
and 3 are summarized in Table I. 

TABLE I 

REACTIOXS OF COMPLEXES~ 
THERMODYSANIC QUANTITIES FOR DISSOCIATION 

ASlJ 
A H /  10 3 J - ACilO~J  mol -1 

Compound Reaction mol -1 mol - 1  K-1 Ref 
HgClz.2DX 2 53.02 9 . 5 4  2 10 b 

2 54.28 i. 0.43  9 . 7 0  & 0 . 0 5  215 i. 5 c 
2 36 .96  + 6 . 1  10.17 i. 0 . 2  158 zt 20 d 

HgC12.DX 3 65 .5  i. 0 . 3 9  22.71 i 0.40  297 i. 5 c 
3 64.26 + 0 . 6  21 .43  zt 0 . 4 0  287 I 10 d 

HgBrp.DX 3 66.57 17 .71  281 b 
H g I r ' D X  3 5 8 , 3 1  11.35 233 b 
SbCla.2DX 4 47.30 7 .70  184 e 

4 35 .08  9 . 4 2  149 d 
AgClOa,3DX 5 58.96 + 0 . 6 1  14 .24  + 0 . 2 1  246 I 10 .f 

5 45.00 13.61 197 d 
AgClOa.DX 6 92 .09  i. 1.10 26 .87  =t 0 . 4 0  399 rt 12 ,f 

6 35 .62  16.74 176 d 
a All data refer to 298°K. * Data from ref 4, expressed in 

terms of reactions 2 or 3 (errors cannot be estimated from the 
smoothed data presented). Present work. Reference 5, 
estimates of error by present author. e Calculated from data 
of C. J. Kelley and P. A. McCusker, J .  Amer. Chem. SOC., 65, 
1307 (1943). f J. C. Barnes and C. S. Duncan, J .  Chenz. SOC., 
Dalton Trans., in press. 

The order of stability is now HgC12.DX > Hg- 
Brz.DX > HgIz. DX as expected by analogy with other 
mercury(I1) halide complexes and as indicated by the 
infrared spectra,' nqr spectra,2 and dipole moment mea- 
surements. 

Table I shows that the values reported by Daaschj 
for AH298 and ASzvs are smaller than those reported by 
other workers not only for the mercury compounds but 
also for the decomposition reactions 4, 3 ,  and 6. 

2[SbC1$.2DX] (s) + (SbCla)p,3DX(s) + DX(g) 

' / P A ~ C ~ O ~ . ~ D X ( S )  + '/ZAgC104.DX(s) + DX(g) 
(4) 
( 5 )  

&@Oc.DX(s) + AgClOc(s) + DX(g) (6 ) 
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Figure 1.-Decomposition of HgClz D X  and HgCleS2DX: 

dotted line, HgClz.2DX; full line, HgClp, DX;  circles, present 
data; squares, smoothed data presented by CCFR;4 crosses, data 
presented by Daasch.6 

Since the alternative data have been collected inde- 
pendently over 35 years, i t  appears that the values ob- 
tained by Daasch are in error. The error may lie in the 
method used to determine the vapor pressures. Daasch 
measured the intensities of the 1258- and 881-cm-' 
bands of dioxane in a gas cell connected to a thermo- 
stated .flask containing the sample. The calibration of 
the transmittance scale with dioxane vapor was not de- 
scribed. Each of the other workers including the pres- 
ent authors used conventional monometric techniques. 

Experimental Section 
HgCls. D X  was prepared by allowing a boiling saturated solu- 

tion of analytical grade HgCly in reagent grade dioxane to crystal- 
lize. HgClr.2DX was obtained from dilute solutions which 
formed crystals only below 40". Since both compounds have 
been described p r e v i o ~ s l y , ~ ~ ~  the dried products were analyzed 
only for mercury, using the gravimetric Cu(en)zHgI* method.6 
Anal.  Calcd for C4H8ClzHg02: Hg, 55.81. Found: Hg, 
55.5. Calcd for C8H16C12Hg0~: Hg, 44.82. Found: Hg, 
44.9. 

Vapor presslire measurements were made in an  apparatus 
differing from that  used by CCFR4 only in being arranged to 
use previously prepared solid complexes whereas in the original 
the samples were prepared in situ. The sample cell and the 
adjacent mercury-filled trap viere heated in a mater bath thermo- 
statically controlled to  = l ~ 0 . 0 5 ~ .  Pressures were measured by 
a mercury manometer to j z O . 1  Torr and the usual corrections 
applied. Readings were accepted only when the same pressure 
was obtained three times, exhausting the sample cell to 0.1 Torr 
between .each reading. In this way errors due to traces of 
trapped, uncomplexed dioxane could be avoided. 

Figure 1 shows the experimental results obtained in this work 
compared with those reported by CCFR* and by Daasch.6 

(5) L. W. Daasch, Sliectvochim. A d a ,  17, 726 (1959) 
(6) A. I .  Vogel, "Quantitative Inorganic Analysis," 3rd ed, Longmans, 

Green and Co., London, 1961, p 488. 


