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The most commonly used and generally applicable 
technique for the synthesis of n-cyclopentadienyl 
derivatives is the reaction of sodium cyclopentadienide 
with a transition metal halide. This reaction was first 
used for the preparation of certain metallocenes in 1956.4 
A more recent variation of this reaction substitutes 
thallium(1) cyclopentadienide for the sodium cyclo- 
~en tad ien ide .~ -~  Thallium(1) cyclopentadienide was 
found to offer the following advantages over sodium 
cyclopentadienide: (1) thallium(1) cyclopentadienide 
is air stable and readily obtained in the pure state; (2) 
thallium(1) cyclopentadienide undergoes fewer side 
reactions in certain transition metal systems than 
sodium cyclopentadienide. 

Another type of preparatively useful reaction of 
sodium cyclopentadienide is its displacement of three 
carbonyl groups from the metal hexacarbonyls to give 
the sodium cyclopentadienyltricarbonylmetalates Na- 
[C,H5M(C0)~].10s11 This note describes the analogous 
reaction of thallium(1) cyclopentadienide with a 
representative metal hexacarbonyl, Tvlo(C0)~, in an 
attempt to prepare thallium(1) cyclopentadienyltri- 
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carbonylmolybdate, [TIMO(CO)&!~H~],. However, an 
unexpected disproportionation reaction was found to 
occur which resulted in the formation of the nonionic 
thallium(II1) derivative T1 [ICZO(CO)&!~H~]~ (I). 

Experimental Section 
A nitrogen atmosphere was routinely provided for the followiiig 

operations: (a) carrying out reactions, (b) admitting to evacu- 
ated vessels, and (c) handling solutions of Tl[Mo(C0)3CjHs]3. 
Thallium(1) cyclopentadienide was prepared from thallium(1) 
sulfate, potassium hydroxide, and cyclopentadiene by the pub- 
lished procedure.12 

Reaction of Thallium(1) Cyclopentadienide with Hexa- 
~arbonylmolybdenum.-~4 mixture of 2.69 g (10 mmol) of thal- 
lium(1) cyclopentadienide, 2.54 g (10 mmol) of hexacarbonyl- 
molydenum, and 75 ml of tetrahydrofuran (freshly distilled over 
LiX1H4) was boiled under reflux for 15-20 hr. After cooling to 
room temperature, the deep red reaction mixture was filtered 
and the residue was washed with a few milliliters of tetrahydro- 
furan. Tetrahydrofuran was removed from the combined fil- 
trate and washings a t  25" (40 mm). The resulting dark red- 
green crystals were washed with three 20-ml portions of pen- 
tane and dried. Unreacted TICaHj and Mo(C0)e were removed 
from this crystalline solid by heating a t  45-65" (0.1 mm). The 
crude T ~ [ M O ( C O ) & H ~ ] ~  was then extracted with 150 ml of 
acetone in four portions. The filtered dark red acetone extracts 
were treated with 40 ml of hexane and the solution was then con- 
centrated to -10 ml a t  40 mm. The resulting red-green crystals 
were washed by decantation with two 50-ml portions of pentane. 
The insoluble fluffy yellow decomposition product could be de- 
canted away with each portion of pentane leaving behind the 
denser red-green crystals of T1[Mo(CO)aCjHjl3. After drying a t  
25' (0.1 mm) the yield of dark red-green crystalline Tl[Mo- 
(CO)3C6Hj13 was 0.54-0.93 g (17-30% based on Mo(CO)e, the 
limiting reagent). Anal. Calcd for C2eHljMo309T1: C, 30.7; 
H ,  1.6; Mo, 30.7; 0, 15.3; T1, 21.8. Found: C, 31.7, 31.9; 
H ,  1.7, 1.6; Mo,30.7; 0, 16.1, 16.2; T1,Zl.O. 

Infrared Spectrum.-The following bands were observed on an 
infrared spectrum taken in a KBr pellet and recorded on a Perkin- 
Elmer Model 421 spectrometer with grating optics: v(CH) fre- 
quency a t  3112 cm-1 (vw); v(C0) frequencies a t  1960 (vs), 
1945 (vs), and 1885 cm-I (vs); other bands a t  1422 (vw), 1413 
(wj, 1352 (vw), 1347 (vw), 1104 (vw), 1060 (vw), 1052 (w), 
1006 (w), 998 (w), 842 (w) ,  828 (w), 815 (m), 808 (m), 802 (In), 

577 (m),  539 (s), 540 cm-' (m, sh). 
Proton Nmr Spectrum.-The following 7i-CjH5 resonances (all 

singlets) were observed in spectra taken in the indicated solvents 
and recorded on a Varian ;1-60 or a Perkin-Elmer Hitachi K-20 
spectrometer a t  60 Mc: (a) acetone, T 4.52 and 4.64 of approxi- 
mate relative intensities -4: 1; (b) chloroform, ~4 .61 ,4 .73 ,  and 
4.82 of variable relative intensities (e.g., -5:4:2); (c) benzene, 
r 5.05, 5.16, and 5.41 of relative intensities - 8 : 8 : 2 ;  (d) tri- 
Auoroacetic acid, T 4.17 and 4.3 (broad). 

Reaction of NaMo(CO)aC5Hj with Thallium(1) Sulfate.--A 
solution of N ~ L M O ( C O ) ~ C ~ K ~  (-50 mmol) in tetrahydrofurarr was 
prepared by the usual p r o c e d ~ r e ~ ~ ' ~ ~  and the tetrahydrofuran was 
removed a t  25' (40 mm). The yellow solid residue was dis- 
solved in 100 ml of 10% aqueous sodium hydroxide and the filtered 
yellow solution treated with a filtered solution of 12.5 g (24.8 
mmol) of thallium(1) sulfate in 100 ml of water. A yellow pre- 
cipitate formed immediately but became deep red upon standing 
overnight. The precipitate was then filtered, washed with four 
20-ml portions of water, and dried. The crude product was 
purified by extraction with acetone. Evaporation of the filtered 
acetone extracts followed by washing with pentane gave a -10% 
yield of dark red-green crystalline Tl[Mo(C0)3CjHj] 3 identical 
with material obtained from TICjH, and Mo(C0)e as described 
above. 

(12) F. A. Cotton and  L. T. Reynolds, J .  Anzer. Chem.  Soc., 80, 2GO 

(13) 11. B. Kin&! and  hl .  B. Uisiiettc, J.  O, '~u i i omc lo l .  C h c m ,  2, 15 (1Wt). 
(1958). 



NOTES Inorganic Chemistry, Vol. 9, No. 8, 1970 1937 

Discussion 
If the reaction between hexacarbonylmolybdenum 

and thallium(1) cyclopentadienide proceeded entirely 
analogously to  the corresponding reaction between 
hexacarbonylmolybdenum and sodium cyclopentadi- 
enide, the product would be thallium(1) cyclopentadi- 
enyltricarbonylmolybate, T1Mo(CO)3CWH5. However, 
the dark red-green crystalline solid obtained from the 
reaction between hexacarbonylmolybdenum and thal- 
lium(1) cyclopentadienide was shown by elemental 
analyses on several independent preparations to be the 
thallium(II1) derivative Tl[Mo(C0)3C~H5]3 (I) rather 
than the expected thallium(1) derivative. Further 
support for structure I for T~[MO(CO)&!~HS]~ with 
pairs of C~HSMO(CO)~ groups bonded to each other 
through a thallium atom was obtained from the v(C0) 
region of the infrared spectrum where frequencies 
were observed similar in position and relative intensities 
to those reported14 for the mercury derivative Hg [Mo- 
(C0)3C5H6]2 when two CsH,Mo(C0)3 groups are bonded 
to each other through a mercury atom. Furthermore, 
the v(C0) frequencies in the infrared spectrum of 
T1 [Mo(CO)~C~HS]~  do not correspond to those reportedI5 
for the C ~ H ~ M O ( C O ) ~ -  anion. This further supports 
the nonionic structure I rather than ionic formulations 
such as [CSHSMO(CO)~TIMO(CO)~C~H~]+ [CsH5Mo- 
(CO)s]- with a cation similar to  the well-known RzTl+ 
cations. 

The thallium compound T1 [Mo(C0)&5H5]3 was 
fairly stable in the solid state but decomposed rather 
rapidly in solution thereby preventing purification by 
usual recrystallization techniques. Fortunately, the 
insoluble decomposition products could be suspended 
in the mother liquors and decanted away from the 
crystals of purified TI [Mo(C0)3C5H5]3. The instability 
of TI [Mo(C0)3C~H5]8 in solution also complicated 
a study of its proton nmr spectrum. Only in acetone 
solution did T1 [Mo(C0)3C;H5]3 appear to be stable 
enough to give predominantly (>70%) a single peak 
(T  4.52) which could be assigned to the 15 equivalent 
protons required for structure I. The proton chemical 
shift of one of the peaks of the decomposition products 
of Tl[Mo(C0)3C~H5]3 ( T  4.61 in CHC13 solution) corre- 
sponds to that reported” for [CsHsMo(C0)3]2 (T  4.61 
in CDCl3 solution) suggesting the following mode of 
decomposition in solution 
T ~ [ M O ( C O ) ~ C ~ H ~ ] ~  + [CsHsMo(CO)s]* + T ~ M O ( C O ) ~ C ~ H S  

The third peak observed in the chloroform and benzene 
nmr spectra could then arise from the thallium(1) deriv- 
ative TlMo(C0)3C5H5 which reverts to the thallium- 
(111) derivative TI [Mo(C0)3CaH6]3 upon attempted 
isolation. The instability of T I M O ( C O ) ~ C ~ H ~  in the 
solid state is suggested further by the observation that 
the yellow precipitate (presumably TIMo(CO)3C6H5) 
obtained by mixing aqueous solutions of N ~ M o ( C O ) ~ -  
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CjH, and thallium(1) sulfate rapidly decomposes to  
give the thallium(II1) derivative T1 [Mo(C0)3C5H5]3 
upon attempted isolation. 

The behavior of T1 [MO(CO)~C~H~]S  in trifluoroacetic 
acid solution is quite different. The sharp peak a t  
T 4.17 appears to arise from the trifluoroacetate CF3- 
COzMo(CO)&H5 (lit.lX value T 4.12 in acetone solu- 
tion); the broad resonance a t  T 4.3 has not yet been 
identified. 

The compound TI [Mo(CO)&hH5]3 is of particular 
interest since the only previously reported metal car- 
bonyl derivatives with thallium-transition metal bonds 
are the cobalt compounds TlCo(C0)d and TI [Co(CO),]3 
first prepared by Hieber and Tellerlg by reaction of a 
mixture of finely divided cobalt and thallium with car- 
bon monoxide under vigorous conditions. Patmore 
and Graham20 have studied much more recently the 
thallium(II1) derivative T1 [Co(CO)d]3 which they pre- 
pared either from NaCo(C0)r and thallium(II1) chlo- 
ride or from Coa(CO)x and thallium(1) acetylacetonate ; 
the latter reaction is another example of the formation 
of a thallium(II1) transition metal derivative from a 
thallium(1) starting material similar to the preparation 
of the thallium(II1) derivative TI [ M O ( C O ) ~ C ~ H ~ ] ~  
froin thallium(1) cyclopentadienide discussed in this 
note. 

The red-green dichroic appearance of TI [Mo (CO)3- 
C5H5]3 resembles that of certain solid 16-electron square- 
planar complexes of rhodium(1) (e.g., C5H7O2Rh- 
( C 0 ) ~ ) ~ l  and platinum(I1) (e.g., Pt(CN)42-)22 which 
can form “stacked” polymeric crystal structures with 
metal-metal 6 bonding on an axis perpendicular to the 
coordination square.23 The thallium atom in T1- 
[Mo(CO)~CSH~]S apparently has a coordination number 
of 3 with planar-trigonal sp2 hybridization. Further- 
more, the thallium atom in T1[Mo(C0)3C5H5I3 has a 
16-electron conf ig~ra t ion~~  like the central metal atoms 
in the “stackable” square-planar rhodium(1) , iridium- 
(I), and platinum(I1) derivatives. The coplanarity of 
the three thallium-molybdenum bonds and the 16- 
electron configuration of the three-coordinate thallium 
atom makes possible a similar stacked polymeric struc- 
ture for T1 [Mo(C0)3CsH513 in the solid state with thal- 
lium-thallium bonding between layers. The molyb- 
denum atoms in successive layers would then be rela- 
tively close to each other thereby possibly accounting 
for the facile decomposition in solution to give [C,- 
HsMo(CO)alz. 
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