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plexes believed to contain a Re-Re bond. The spectrum 
was dominated by an intense broad band centered 
-17,400 cm-’ which would probably obscure any band 
due to the 6 3 u, transition. This higher energy band 
may arise from a charge-transfer transition of the 
type bipy(r)+Re. 

Under sufficiently acid conditions the bipyridinium 
salt (bipyH)zRe2C& could be isolated. 

On refluxing RezCls2- with tris(2-cyanoethy1)phos- 
phine in absolute ethanol, the red complex ReC18- 

(CEP)%.CzHbOH could be prepared. The free ligand 
C=N stretching frequency (2240 cm-l) was unaffected 
by complex formation, consistent with the ligand 
being only phosphorus bonded. The diffuse reflectance 
spectrum of the complex indicated that the Re-Re 
bond had been broken, so that octahedral rhenium(II1) 
with coordinated ethanol or a chlorine-bridged dimer 
with a molecule of ethanol in the lattice (or weakly 
hydrogen-bonded to the uncoordinated nitrile groups) 
seem the most likely structural formulations. 
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Acidified methanol or acetone solutions of black crystalline rhenium(1V) chloride react with halide ion and other donors to 
form complexes containing the Re2Xa2- ion or species derived from this dimer, for example, R ~ z ( O Z C C H ~ ) ~ C ~ Z ,  Rez(O&CH3)2- 
Clr. 2H20, and [ReCI&’(CsHj)3] n. In addition, 
the following oxorhenium(V) complexes were isolated: ReOC13[P(CeH~)312, ReOCla(bipy), [ReO~(py)a] C1.2H20, and 
Re203(py)4C14. In no instance were rhenium(1V) complexes of the type ReC14L2 prepared, and it was only in the complex 
[(C~H~)4As]zRezC19 that rhenium(1V) was believed to be stabilized. This chloro complex is believed to be dinuclear and to 
contain rhenium in its +3 and $4 oxidation states; ;.e., a mean formal oxidation state of 3.5. The disproportionation of 
rhenium(1V) chloride into rhenium(II1) and rhenium(V) appears to be quite general in solution. The rhenium(1V) chloride 
( p  form) studied in the present work is believed to be a different form from that already reported in the literature (a). The 
reaction of rhenium(V) chloride with pyridine has been reinvestigated. Bands due to the Re=O and Re-0-Re stretching 
vibrations have been assigned in the infrared spectrum of Re203(py)4C14. 

The new complex [ReCl~As(CeHa)3] was also prepared and characterized. 

Introduction 1963 the preparation of rhenium(1V) chloride was 
reported for the first time,” and its magnetic properties 

Occurrence of metal atom clusters of the types have since been interpreted2’ in terms of the trinuclear 
and Rez&*-, RrhoSe stability, reactivity, 2-11 and cluster Red& structurally similar to Re3C112~-. l6 

electronic12-14 and molecular15-19 structures have at- However, other than a brief examination of its solubility 
tracted considerable attention in recent years. In  properties and thermal instability,*O this substance was 

not studied further. Brown and ColtonZ0 also men- 
tioned that they were unable to obtain an X-ray dif- 
fraction pattern of this substance, although they re- 
ported that “rhenium tetrachloride appears to be 
crystalline. ” 

The chemistry of rhenium(II1) is dominated by the 
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We have recently acquired a sample of pure crystal- 
line rhenium(1V) chloride and in the present paper 
report several aspects of its chemical reactivity and 
stability. Evidence is presented that the sample of 
rhenium(1V) chloride investigated in the present work 
is a different form (p) from that prepared by Brown and 
Colton.20 The latter form will subsequently be 
designated a. 

Experimental Section 
Black crystalline rhenium(1V) chloride was obtained from the 

S. W. Shattuck Co., Denver, Colo. It was supplied as a sample 
of “rhenium(II1) chloride,” and in a subsequent communication 
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with this company we mere informed "that it was prepared by 
the thermal decomposition of rhenium(Tr) chloride in a nitrogen 
swccp in the temperature range 350-375" ." Temperatures in 
excess of this gave the expected trinicr Re&&. 

Anal. Calcd for ReC14: Re, 5 6 . i 5 ;  C1, 43.25. Fouiid: R e ,  
56.62, 56.92; C1, 43.40, 43.03. 

The  identity of the substance as rheiiiuin(I\-) cliloride is also 
iiidicated by a preliminary single crystal X-ray examination. 
Inteiisity data have now been collected for a complete structure 
analysis. 

Attempts to repeat this preparation have so far been unsuccess- 
ful. Dr. F. Bonati has foundzz that only ReaCls is obtained under 
conditions mentioned above and a t  present work is in hand to 
ascertain the exact conditions under which rhenium(1Y) chloride 
is formed. Further communications with interested workers in 
this field will be welcome. 

Properties.-p-Rhenium(I\-) chloride is attacked by moisture 
with resulting formation of a sticky black mass. It is insoluble 
in dry acetonitrile, tetrahydrofuran, and nonpolar solvents, but 
soluble with reaction in methanol, absolute ethanol, acetone, 
dimethyl sulfoxide, and concentrated hydrochloric acid. I t  
appears to disproportionate into rhenium(\') and rhenium(II1) 
chlorides when heated in a nitrogen atmosphere a t  280-300" . 2 2  

Reactions of Rhenium(1V) Chloride. (1) Aqueous Hydro- 
chloric Acid in the Presence of ReM+X-. [(n-C4H9)4N]2Re2C18.- 
To a hot solution of 0.43 g of ReCle in 100 ml of 6 A7 HC1 was 
added 0.6 g of tetra-n-butylammonium bromide. The solution 
was digested at  95" for 1 hr and then filtered to recover the blue 
insoluble product. The material was washed with 6 iV HCI and 
recrystallized from 150 ml of hot methanol by addition of 50 ml 
of concentrated HC1 and subsequent evaporation of the methanol 
on a steam bath; yield 0.19 g. 

Anal. Calcd for C32H&2Re2C18: C, 33.60; H, 6.35; S, 
2.46. Found: C, 33.92; H ,  6.65; X, 2.13. 

The following salts were prepared from ReC14 in a similar 
manner. 

[(n-C4Hg)4N]2Re2Br8.-From 0.74 g of ReC14; yield 0.15 g.  
Anal. Calcd for Ct2H72X?Re2BrB: C,  25.67; H, 4.81; S, 

1.87. Found: C, 23.90; H, 4.89; N, 1.39. 
This complex was soluble in acetonitrile and a 1.23 X lo-' 111 

solution in this solvent had A X  = 342 ohm-' cm2, close to that 
expected for a 2 :  1 electrolyte in this solvent.6 

[CsHBNHI2Re2C1~.-From 0.50 g of ReC14; yield 0.20 g .  
Anal. Calcd for CloHlsN2RezCls: C, 14.66; H, 1.73. Found: 

[(CsHBNH]2ResBrs.-From 0.50 g of ReClr; yield 0.36 g. 
Anal. Calcd for C10H12S2Re2Brs: C, 10.25; H, 1.03. Found: 

C, 10.78; H ,  1.41. 
The infrared spectra of the above salts showed only bands 

characteristic of the cations. No bands attributable to the 
Re=O group were observed. 

I n  the reaction of ReC14 with tetraphenylarsonium chloride in 
hydrochloric acid, the product isolated depeuded upon the ex- 
perimental conditions used. 

(a).-ReCI4 (0.75 g) was dissolved in 50 mi of HC1 and 150 ml 
of methanol on a steam bath, and 1.5 g of [(C6Hs)&]C1 in 25 
ml of ~riethanol was added. The solvent was evaporated to half 
volume and cooled, and the blue-green insoluble salt [(CGH:)~- 
AsI2RelCls was separated by filtration, washed with HC1, 
methanol, ethanol, and ether, and dried under vacuum; yield 
0.75 g. 

Anal. Calcd for C48H40As2Re2C18: C, 40.51; H, 2.84. Found: 
C, 41.30; H ,  3.03. 

(b).-The reaction a t  25-30" of 0.37 g of ReC14 dissolved in 
70 ml of methanol containing 0.4 ml of 12 N HCI with 0.55 g 
of [(C8Hs)4As]C1 gave a violet, insoluble product. The reaction 
mixture was stirred for 30 min and filtered, and the insoluble 
complex was washed three times with 20-1111 portions of methanol 
and ether; yield 0.43 g. 

Anal. Calcd for C48H40-i~~Re2C19 (;.e.,  [(CGHj)~As]nRe~Clo): 

C, 14.68; H, 1.68. 

C, 39.54; H ,  2.76; As, 10.28; CI, 21.9. Found: C, 39.45; 
H ,  2.79; As, 9.66; C1, 21.14. ( [ (CsHj) .As]PR~2C1~ requires 
19.93y0 C1.) 

The infrared spcctra from 650 to 4000 cm-l of [(Cs€I,)t.4s]2- 
Re2Clx and [(CsHa)As] ZReaCl!, were essentially ideiitieal. 

The reactions of this violet cornplcx are shown below. 
(i) It decomposed to the insoluble blue salt [(Cb1-It,),,2s12- 

IZe2CI8 on shaking with acetone or acetonitrile a t  rooiii 
temperature. 

Anal. Found: C, 40.32; H ,  2.92. 
(ii) X 0.25-9 sample was heated with 30 In1 of coiicciitratccl 

HC1 for 14 hr a t  95'. The blue precipitate of the corresponding 
ResClg2- salt was filtered off and washed with mcthanol and 
ether; yield 0.15 g. 

Anal. Found: C,  41.21; H ,  3.29. 
(iii) A 0.9-g sample was refluxed under nitrogen for 1 hr wit11 

30 In1 of acetic acid containing 5 mi of acetic anhydride. Tlic 
orange precipitate was filtered off, washed witli rnethauol atld 
ether, and dried in vacuo a t  room temperature; yield 0.32 g.  

Anal. Calcd for CEHUO~R~ZCL (i.e., Rez(OnCCH~)aClz):~z~ 
C, 14.14; H ,  1.78. Found: C, 14.69; H ,  1.56. 

The infrared spectrum of this complex was identical with that 
of an authentic  ample.^ 

(iv) A 0.1-g sample was warmed on a steam bath for 10 iiiin 
with 10 ml of methanol containing 0.5 ml of hydriodic acid. h 
black microcrystalline solid separated and was filtered off and 
washed with methanol and ether. 

Anal. Found: C, 31.59; H, 2.22; C1, 5.72; I,34.12. Coni- 
plete halogen exchange could not be effected, in keeping with 
our observations on the reaction of [ (n-CaHo)4K] RenC18 with 
methanol-hydriodic acid 

(c) .-A procedure similar to (a) but using methanol-hydriodic 
acid as solvent gave a purple crystalline product containing 
both chlorine and iodine. 

Anal. Found: C, 38.55; H ,  2.51; As, 10.25; CI, 17.25; 

(2) Acetic Acid. Red,O&CH3)4CI~.-ReCia (0.5 g)  was 
refluxed under nitrogen with 30 ml of acetic acid for 12 lir. 
The orange complex was filtered off and washed with etlianol 
and ether; yield 0.2 g. 

Anal. Calcd for C8H,208Re2C12: C, 14.14; H, 1.78; CI, 
10.43. Found: C, 13.93; H ,  2.13; C1, 10.60. 

Re2(O2CCH3)&14* 2H?0.-ReC14 (0.3 g) was dissolved with 
warming in 15 ml of 12 N HC1 and 10 ml of acetic acid addcd. 
The blue solution was allowed to evaporate slowly to dryness a t  
room temprature over a period of 2 weeks. The very dark blue 
residue was washed sparingly with acetone and ether and dried 
under vacuum. 

Anal. Calcd for CeHloOsReaCl4: Cl, 21.22. Found: C1, 
21.45. This complex had an infrared spectrum identical with 
that of an authentic sample of Re2(02CCHs)?Cl4.2HzO.'O 

(3)  2,SDithiahexane (DTH). (ReC13(DTH)),.-ReCle 
(0.1 g)  was dissolved in methanol-hydrochloric acid solution 
and excess DTH added. The solution was allowed to stand over- 
night, during which time the initial dark green solution turned 
pale orange and a brown solid precipitated. The complex was 
isolated by filtration, washed with methanol and ether, and dried 
in vacuo. 

Anal .  Calcd for C4HloS2ReC13: C, 11.59; H ,  2.43; S, 15.46. 
Found: C, 11.78; H, 2.53; S, 15.94. 

The infrared spectrum of this complex was identical with that 
of a sample of (ReC18(DTH)), prepared from [(n-CeHg)4S]~- 
ReaC18.10 
(4) Thiourea (tu). ReCls(tu)s.1/3(CH8)2C0.-RcC14 (0.18 g) 

was dissolved in 20 ml of acetone, and 0.20 g of thiourea was 
added. The orange-red complex precipitated and was filtered 
off and washed with acetone, dichloromethane, and ether; 
yield 0.07 g .  

Anal. Calcd for C8HlaX~SaReC13. (CaH~0)o.a~: C, 8.97; H ,  

I, 8.18. 

(22) F. Bonati, unpublished observations in  these laboiatories ( 2 3 )  K. A. Walton, unpublished observations. 
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2.77; N, 15.74; S, 17.69. Found: C, 7.50; H,2.65; N, 15.01; 
S, 16.63. 

The analytical data indicated that this complex was con- 
taminated with an impurity. However, its infrared and diffuse 
reflectance spectra and solubility properties were very similar 
to those of an authentic sample of ReCl~(tu)s.~/a(CH3)~CO.~~ 

( 5 )  Triphenylphosphine. [ReClsP(CeH&]..-Triphenylphos- 
phine (1 g) was added to 0.65 g of ReC14 dissolved in 150 ml of 
methanol containing 5 ml of hydrochloric acid, and the reaction 
mixture was stirred for 1 hr. The green precipitate that formed 
was filtered off, washed with acetone and ether, and dried in 
vacuo; yield 0.55 g. 

Anal. Calcd for Cp,H&'ReC13: C, 38.95; H,  2.72. Found: 
C, 40.91; H ,  3.19. 

The infrared spectrum of this complex had a band of medium- 
weak intensity at 975 cm-1, suggesting some contamination 
with ReOC13[(CeH&P]2. 
ReOC13[(CBH5)3P]2.-ReC14 (0.2 g) was dissolved in 20 ml of 

rcagent grade acetone, and the green solution was allowed to 
stand for 1 day in contact with the atmosphere. An acetone 
solution of triphenylphosphine was then added, and the green 
insoluble complex was filtered off and washed with acetone and 
ether. 

Anal. Calcd for C36H300P2ReC13: C, 52.00; H ,  3.61. Found: 
C, 51.89; H ,  4.08. 

This complex had a strong band a t  975 cm-1 in its infrared 
spectrum, assigned to v(Re=O). 

( 6 )  Triphenylarsine. [ReC13As(C6H5)3] ..-This yellow-green 
complex was obtained in low yield by mixing acetone solutions 
of ReC14 and triphenylarsine a t  room temperature. 

Anal. Calcd for CisHljAsReCb: C, 36.11; H,  2.53. Found 
(for separate preparations): C, 37.36, 37.86; H,  2.96, 2.96. 

As for its triphenylphosphine analog this complex was con- 
taminated with a trace of R~OC~~[AS(C~HF,)~]~.  It was insoluble 
in acetone, ether, dkhloromethane, tetrahydrofuran, and 
acetonitrile. 

(7) 2,2'-Bipyridyl. ReOCls(bipy) .-Mixing acetone solutions 
of the reactants gave a brown precipitate and red-brown solu- 
tion. The insoluble product was removed by filtration, and 
excess of 12 N HC1 was added to the filtrate, which turned dark 
green in color. The solvent was evaporated to low bulk when a 
heterogeneous green-yellow solid separated. This was filtered 
off and extracted with boiling acetone to give a green soluble 
product and a bright yellow insoluble residue. 

Soluble product. Anal. Calcd for CloH8N20ReC13: C, 
25.84; H ,  1.95; N, 6.03. Found (for separate preparations): 
C, 25.43, 26.09; H ,  1.58, 1.82; N, 5.91, 6.54. 

Insoluble product. Anal. Calcd for Cl0H&2OReC14 (&., 
[bipyH]ReOC14): C, 23.96; H ,  1.81; N, 5.59. Found (for 
separate preparations): C, 22.82, 23.68; H,  1.91, 1.97; N, 
5.56, 5.60. 

I n  the infrared spectrum of ReOClr(bipy), v(Re=O) was as- 
signed to  a strong band a t  975 cm-'. N o  such band was observed 
in the spectrum of [bipyH]ReOC14. This latter product was 
insoluble in common pdlar and nonpolar solvents. 

The filtrate from the reaction of ReC14 with 2,2'-bipyridyl was 
allowed to evaporate slowly a t  room temperature without the 
addition of HCl. A blue-green insoluble powder precipitated 
and was filtered off and washed with hot acetone and ether. 

Anal. Calcd for CzoH18N4RezCls ( L e . ,  [bipyHIzRezCls): 
C, 24.i6; H ,  1.87; N, 5.78; C1, 29.25. Found: C, 26.55; H,  
2.01; N, 6.33; C1, 28.32. 

The remaining filtrate was evaporated further to  yield a small 
amount of the grcen-yellow complex ReOCla(bipy), which was 
fikered off and washed sparingly with cold acetone and ether. 

Anal. Found: C, 25.80; H ,  1.70; N, 6.33. 
( 8 )  Pyridine. Re203(CsHsN)4C14.-ReC14 was dissolved in 

acetone and excess of pyridine added dropwise with stirring. 
The pale green precipitate tha t  formed was filtered off and 
washed with acetone and ether. 

Anal. Found: C, 18.16; H,  1.89; N, 2.90; C1, 33.14. 
A portioii of i t  was suspended in acetone containing a few 

milliliters of 12 N HCl, and the mixture was refluxed for 1 hr. 
The blue-green insoluble powder was filtered o f f ,  washed with 
acetone and ether, and dried in vacuo. 

Anal. Calcd for C1oH12N2RezC1~: C, 14.66; H,  1.73; N, 
3.42. Found: C, 14.66; H, 1.50; N, 3.70. 

The infrared spectrum of this product was identical with that 
of the sample of [CSH~NH] 2ReLCls prepared previously and showed 
only bands characteristic of the pyridinium cation. 

The original filtrate, which remained after removal by filtration 
of the pale green insoluble product, was now treated with a few 
drops of 30y0 hydrogen peroxide. The solution turned blue and 
then violet and bright green crystals slowly separated. These 
were filtered off, washed with acetone and ether, and dried 
in VUCUQ. 

Anal. Calcd for C Z O H Z O N ~ O ~ R ~ Z C ~ ~ :  C, 27.34; H, 2.30; iY, 
6.38; C1, 16.14. Found: C, 27.34; H ,  2.60; X, 6.62; C1, 
16.65. 

The infrared spectrum of this complex was identical with that 
of the product of the same composition prepared from ReCl5 (see 
later). 

[Re02(C6HjN)4] C1.2H~0 .-Excess of pyridine was added to 
an acetone solution of ReC14 and the reaction mixture refluxed 
for 5 hr. After this time the insoluble green product was filtered 
off and washed with acetone and ether. 

Anal. Found: C, 15.95; H ,  2.00; N, 3.67. 
The analytical data and infrared spectrum of this product 

suggested it was impure [CjH6NH] &e&&. 
The red filtrate remaining after the removal of this insoluble 

green powder was allowed to evaporate slowly a t  room tempera- 
ture to yield a mixture of green and orange crystals. These were 
separated by hand, the green crystals were discarded (Re203- 
(py)aCL?), and the orange product was washed with acetone and 
ether. 

Anal. Calcd for C20H24N40aReC1: C, 39.63; H ,  3.99; N, 
9.25. Found: C, 39.78; H,  4.25; N, 9.03. 

The infrared spectrum of these orange crystals confirmed their 
formulation as [Re02(py)4] C1.2HzO (see later). 

( 9 )  Other Reactions. (a).-ReClr was treated with triphenyl- 
phosphine and [ ( C B H ~ ) ~ A S ] C ~  after the halide had becn allowed 
to stand for 1 week in contact with the atmosphere. 

The sticky brown-black residue was dissolved in acetone, and 
excess of triphenylphosphine was added. The green-yellow 
complex [ReClaP(CsHs)3] . slowly precipitated. 

Anal. Calcd for C18H16PReCb: C, 38.95; H, 2.72. Found: 
C, 40.91; H, 3.19. 

Reaction with [(CBHL)~AS] C1 in acidified acetonitrile solution 
gave the blue-green crystalline salt, [ ( C ~ H ~ ) ~ A S ] Z R ~ Z C ~ ~ .  

Aqal. Calcd for C ~ ~ H ~ O A S Z R ~ Z C ~ ~ :  C, 40.51; H,  2.84. Found: 
C, 40.99; H, 2.93. 

(b). The Reaction of Rhenium(V) Chloride with Pyridine.- 
Johnson, et ~ l . , ~ ~  have reported the preparation of the complex 
R e ~ O ~ ( p y ) ~ C l ~  from the reaction of ReC15 with pyridine in acetone. 
We were unable to repeat their preparation procedure, although 
Rez0s(py)4C14 and [ReO~(py)4] C1.2H20 were isolated from the 
reaction mixture. 

The reaction of ReCls with pyridine in acetone solution (using 
the recommended quantities of reagents)z4 gave a violet solution 
and a dark green insoluble powder. This insoluble product was 
filtered off, but found to be completely insoluble in dichloro- 
methane contrary to the reports of Johnson, et It is there- 
fore not Re203(py)4C14 as was anticipated. 

The reaction was then repeated using a sample of ReClj which 
had been allowed to age for a further week. This gave an insoluble 
green product and a green solution. After filtration, the filtrate 
was allowed to evaporate slowly at room temperature to give a 
mixture of green and orange crystals which could be separated by 
hand. 

Green crystals. Anal. Calcd for C Z U H L O N ~ O ~ R C L C ~ ~ :  C, 27.34; 
H,  2.30; N, 6.38. Found: C, 27.75; H ,  2.42; N, 6.25. 

(24) N. P. Johnson, Ir. I. M. Taha, and G. Witkinson, J .  Chef%. Soc., 2014 
(1064). 



This complex was insolublc in cthanol but slightly soluble in 
acetone, acetonitrile, and nitromethanc. 

Orange crystals. A4nel. Calcd for CPoH24S402ReC1: C, 
39.63; H, 3.99; S, 9.25. Found: C, 40.23; H ,  4.13; 3,  9.64. 

Physical Measurements .-The visible and ultraviolet spectra 
of solutions were run on a Cary Model 14 recording spectro- 
photometer using 1.0-cm matched quartz cells. Diffuse re- 
flectance spectra were obtained with a Beckman DU spectro- 
photometer. Infrared spectra of Sujol mulls were recorded from 
4000 to  650 cm-I using Perkin-Elmer Model 337 and 23TB 
grating spectrophotometers. 

The molar susceptibility of [(CGH~)&] 2ReaClg was measured 
at room temperature by the Gouy method. The molar suscepti- 
bility, corrected for diamagnetism (-630 X was 482 X 
10F cgs unit a t  302OK; using the Curie law, this leads to weii = 
1.08 BM. 

Results and Discussion 
Although several rhenium(1V) complexes of the types 

IieC14L2z3--27 and ReC162--28 are known, they are invari- 
ably prepared by oxidation or reduction procedures on 
other rhenium complexes. The present work has 
shown that @-rhenium(1V) chloride reacts to give com- 
plexes of rhenium(II1) and/or rhenium(V). There is 
evidence for the stabilization of rhenium(1V) in one of 
the complexes isolated in the present work, but the 
simple adducts ReC14L2 were not isolated. 

Chemical evidence that this halide is not a mixture of 
rhenium(II1) chloride (Re3Clg) and rhenium(V) chloride 
is provided by its insolubility in acetonitrile (Re3C1g is 
very soluble’l) and its failure to form complexes cf the 
type Re3ClgLa.11 It is unstable thermallyz2 and in 
solution with respect to its disproportionation into 
rheiiiuin(II1) and rheniuin(V) chlorides. On the other 
hand, Brown and colt or^*^^^^ report that  on heating 
a-rhenium(1V) chloride, it  decomposes into rhenium- 
(VI) chloride. The a form is also soluble in acetone 
and in dry acetonitrile to give reddish brown solutions, 
whereas P-rhenium(IV) chloride, although soluble in 
acetone to give a green solution, is insoluble in aceto- 
nitrile. From the available evidence it appears that  
two different forms of this halide exist. 

From acidified methanol solutions of @-rhenium (IV) 
chloride the dimeric rhenium(II1) complexes [ReCla- 
(DTH)],, v-here DTH = 2,%dithiahexane, and 
MzResXs, where M = (n-C4Hg)4N+, (CGH;)4A~+, or 
C5H5NH+ and X = C1 or Br, can be isolated. Simi- 
larly, from the reaction of this halide with acetic acid, 
the previously reported 3, 9, lo binuclear acetates Rez(Os- 
CCH3)4C1z and Rez(O2CCH3)2Cl4. 2H20 were prepared. 
Thus, dissolving rhenium(1V) chloride in acid solution 
almost certainly yields a dimeric rhenium(II1) species, 
in addition to any oxidized rhenium products (e.g., 
rhenium(V)). 

Triphenylphosphine and triphenylarsine gave thc 
insoluble green complexes [R~C~SP(CGHS)S]~’  and [Re- 

( 2 6 )  \-. G. Tronev and G. K. Babeshkina, Zh. Y e o r g a n .  Khim.,  10, 2484 
(1965). 

(26) V. G. Tronev and G. K .  Baheshkina, Russ. .I. Inorg. Chcm., ‘7, 108 
(1962). 

(27)  J. Chatt ,  J. U.  Garforth, N.  P. Johnson, and G. A. Rowe, J .  Chem. 
Soc., 601 (1964). 

(28) R. Colton, “The C1iemisti.y o f  Rhenium and Technetium,” John 
\Wcy and Sons. New York, h- Y . ,  1 9 6 5  p 87. 

(99 )  11. B r o w ~ i  and I<. Coltoli, J ,  Clzem. S O L . ,  714 ( l U t i 4 ) .  

C@~s(C&j)a], wheii added to freshly prepared acetom 
solutions of rhenium(1V) chloride. Unfortunately 
these products were contaminated with small amounts 
of the analogous oxorhenium(V) complexes ReOClaL2. 
Acetone solutions of this halide oxidize on standing, as 
evidenced by the isolation of ReOC13 [P(C6H5)8]s rather 
than the monophosphine rhenium(II1) complex. A s  
discussed previously,1° [ReC13L] il complexes are almost 
certainly dinuclearZga and are identical (infrared and dif- 
fuse reflectance spectra) with the products obtained 
from the direct reaction of the RezX82- ions with L.;t10 

The diffuse reflectance spectra of [ReC13P(C6Hj)3]n 
and [R~C~&(CGHJB] ,  were almost identical (Figure 
1) and closely resemble those of other nontrinuclear 
complexes of the type [ReC13L]..10 

The complexes [ReC13P(C~H5)31, and [ (CGHJ.L- 
AsIzRezCla were also prepared from a sample of rhe- 
nium(1V) chloride which had been exposed to moist 
air. The most likely explanation of this stabilization 
of rhenium(II1) even in the hydrolyzed halide is that 
hydrochloric acid, formed by hydrolysis, reacts with 
any rhenium(II1) species to form RezC1gz-, or a related 
chloro complex. This then resists further attack by 
air and moisture. 

The violet compound [ (C6H5) , A S ] ~ R ~ ~ C ~ ~ ,  which has 
a room-temperature magnetic moment of -1.1 BAT, 
can reasonably be formulated as a dinuclear anionic 
complex containing rhenium in two oxidation states 
(+3  and +4). A structure such as I, based upon the 
dimeric Re2CIB2- ion1g (which is known to be diamag- 
netic), may account for the observed magnetic 
moment, although a bi-octahedron structure (like 
that of v7&lg3-) must also be considered. The 
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(%la) NOTE AIjDED I N  PROOF.-This has now been proved (single crystal 
X-ray study) for IRcCls(CnIls)aP]~, which has an eclipsed, dinnclcar struc- 
ture (symmetry, Czt,). 
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Figurc 1.-Diffuse reflectance spectra (1000-350 inh) of (a) 

presence of rhenium (111) and rhenium( IV) species 
(we are here assuming a charge localization) would re- 
sult in the loss of one electron from the filled 6 orbital 
in the molecular orbital diagram of RezCls2-,1a and 
consequently the presence of one unpaired electron per 
dimer. It is uncertain a t  present whether this would 
result in an eclipsed (as in RezClsZ-) or staggered 
molecular configuration. This proposed structure is 
evidently a reasonable one, since this salt is readily 
converted into the RezCbZ- dimer under very mild 
reaction conditions (see Experimental Section), Thus 
RezClg2- is almost certain to be dinuclear. I ts  isola- 
tion from methanol solution evidently results from the 
stabilization of some rhenium(1V) species under the 
weakly acidic reaction conditions; addition of more acid 
gave the expected dimer [(CGHS)~AS I2Re2Cl~. Salts 
of the dinuclear rhenium(1V) species, RezXg-, have 
recently been isolated, 22 so that RezC1g2- could con- 
ceivably be an unstable intermediate in the oxidation 
of RezXs2- to RezXg-. The formation of dinuclear 
rhenium compounds of mixed, or mean fractional, oxida- 
tion states appears to be quite extensive. Thus the 
recent crystal structure determinationao of the Re- 
(111)-Re(I1) dimer [Re2C15(DTH)2l1 and the polaro- 
graphic reduction31 of Rez(NCS)P to  R ~ z ( N C S ) ~ ~ -  

(30) M. J. Bennett, F. A. Cotton, and R. A. Walton, J. Am.  Chem. Sot.> 
88, 3866 (1966). 

(31) F. A. Cotton, W. R. Robinson, and 1L A. Waltou, I u u v g .  Chem., in 
yr ess. 

alld l<e~(NcS)8~- and RenC1s2- to RezC1s3- alld lies- 
Cls4-, have revealed the existence of other dinuclear 
species with formally mixed oxidation states. 

The diffuse reflectance spectra (Figure 2) of RezClez- 
and RezCl2- are different, although both complcx 
anions show a sharp band a t  -720 mF, characteristic 
of a dimeric rhenium halide species.13 However, the 
solution spectrum of Re2Clg2- in acetonitrile indicates 
(Table I) that in this solvent some decomposition to 
ReL!12- occurs. The band maxima and extinction 
coefficients of a solution of rhenium(1V) chloride dis- 
solved in acidified methanol (Table I) suggest that  
under these conditions RezC1g2- is present in the 
solution. 
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Figure 2.-Diffuse reflectance spectra (1000-350 mr)  of (a) 
[ C J W W I ~ [ R ~ Z C ~ ~  ; (b) [(Cd%)4Asl2[RezCl~]. 

The reactions of rhenium(1V) chloride with 2,2’- 
bipyridyl and pyridine gave several oxorhenium (V) 
complexes, in addition to yielding (bipyH)zRezC& or 
(pyH)zRezC& under conditions which favored the 
formation of acidic solutions. 

The green, acetone-soluble complex ReOCla(bipy) 
was identical with that prepared from the reaction of 
ReOC13[P(C6H5)3]2 with 2,2’-bipyridyl,11 and its dif- 
fuse reflectance spectrum (bands a t  12,050, 12,820 
(sh), and 23,260 cm-I) was very similar to that of 
R ~ O C ~ ~ [ P ( C B H ~ ) ~ ] Z  (Figure 1). A yellow complex of 
compositioii approximating to [bipyH]ReOCI4 was also 
isolated, but its infrared spectrum showed the absence 



TABLE I 
ELECTRONIC ABSORPTIOX SPECTRA 

Absorpliuii maxima, 
Compound hledium cn-1 a 

[ (  C6TS6)4A~]2Kc2C10 Solid 13,900, 17,700 
[ C6HsNH]zRezCl8 Solid 14,080, -16,700 sli?, 

[( C~H~) ,~AS]ZRC~CIU CI-IaCK!' 14,620 (0.09), 18,350 
21,050 sh 

(0.03), 28,250, 31,950 
(0.62), 36,900 (0.92),c 
37,800 ( l . O ) , c  38,760 
(0. 94)c 

(42), 32,260 (11,500), 
39,530 (11,200), 
46,300 (13,000)d 

(ZOO),  29,850 sli, 
31,550 sh, 36,500 
(5000) 

[(n-C*Hg)4N]d<e~Cls CH&K 14,660 (2770), 27,030 

1Zc.Cla ClIjOII- IIClO 13,990 (400), 18,730 

Extinction coeRcieiits in parcntlieses unless otherwise statcd. 
Relative values only. Components of a closely spaced 

triplet. This band has not previously been reported for 
RezCls2- (ref 6). e 5.21 mg of sample dissolved in 10 in1 of 
methanol and -0.05 ml of concentrated HCI. 

of bands associated with the Re=O stretching vibra- 
tion, suggesting that i t  could contain the polymeric 
anion [OReC14],-. However, the absence of a band in 
its infrared spectrum which could be attributed to the 
bridging Re-0-Re does not support such a 
formulation, In view of the complete insolubility of 
this compound in polar and nonpolar solvents, i t  was 
not investigated further. 

Under oxidizing conditions, e . g . ,  the addition of 
hydrogen peroxide or the free access of air, acetone solu- 
tions of rhenium(1V) chloride and pyridine gave the 
complexes Re203(py)dC14 (green) and [ReOz(py)4]- 
C1.2H20 (orange), both of which have previously been 
prepared from rhenium(V) chloride. 24 The single 
strong sharp band a t  825 cm-' in the infrared spectrum 
of [ReOz(py)4]C1. 2H20 is characteristic of the trans 
dioxo O=Re=O g r ~ u p i n g . ~  

Johnson, et U Z . , ~ ~  have reported that RezOa(py)& 
has a band a t  970 cm-l in its infrared spectrum, as- 
signed to v(Re=O), but none which they could attri- 
bute to the bridging Re-0-Re group. Previous 
~ o r k ~ ~  has indicated that the antisymmetric M-0--M 
stretching mode of such a bridging group in halo com- 
plexes, e.g., Ru20Cl1o4-, occurs as a strong band between 
900 and SO0 cm-l. However, if the structure of 

(32) D. J. IIewkin and 1%'. P. Grirfith, J. Chenz. Soc., Sed.  A ,  472 (1966). 
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Figure 3.-Infrared spectra (1200-650 cm-l) of (a) [RcOz- 

(py)4]C1*2H~O (y = v(O=Re=O)); (b) Rc~03(py)4C14 (x = v 
(Re=O) and z = v(Re-0-Re)). 

Re203(py),C14 is as shown in 11, then the electron- 
withdrawing effect of the terminal Re-0 groups 
should result in a relative weakening of the bridging 
Re-0 bonds and consequently a reduction in the 
frequency of this mode. In keeping with this postu- 
late, we observed a very strong broad band (710-075 
cm-l) in the infrared spectrum of Re203(py),C14 which 
appeared to be at least a triplet. This we attribute 
to the overlap of v(Re-0) of the bridging Re-0-Re 
group, with the pyridine out-of-plane deformation 
vibrations. This is clearly shown in Figure 3, where 
the infrared spectra of [ReOz(py)a]C1.2H20 and 
Re203(py),C14 are compared. 


