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The heats of iodination of chromium tricarbonyl complexes of benzene, 
toluene, mesitylene, and cycloheptatriene have been measured by solution 
calorimetry in tetrahydrofuran at 25°C. The order of the Cr-ligand strength 
is: mesitylene > cycloheptatriene > toluene > benzene. This order differs 
from that determined by high temperature decomposition and iodination and 
is confirmed by chemical equilibration studies. 

The reaction of wenechromium tricarbonyls with iodine in THF 
has been widely used to liberate the coordinated arene [ 11. We have measured 
the heat given off in this reaction in order to determine the thermodynamic 
stability of benzene, toluene, mesitylene, and cycloheptatriene complexes 
of chromium tricarbonyl. The reactions studied are exemplified by those 
shown in eq. 1 and 2: 

Arene’ Cr(C0)3 + 3/2 Iz 
THF 

- Arene’ + Cr13(THF), + 3 CO (1) 

AreneZCr(C0)3 + 3/2 I2 
THF 

---+ Arene’ + Cr&(THF), + 3 CO (2) 

In order to determine absolute heats of formation, all relevant heats of 
mixing and solution must be determined. Such work is in progress, however of 
more importance is the difference between these measurements. Subtracting 
eq. 2 from eq. 1 gives directly the equation representing the substitution of 
one arene for another since all other terms cancel out: 

Arene’ Cr(CO),, + Arene2 + Arene2 Cr(C0)3 + Arene’ (3) 
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TABLE 1 

HEATS OF IODINATION AND ESTIMATED ENTHALPIES FOR THE ARENE EXCHANGE: 

BenzeneCr(CO), + Arene + AreneCr(CO), + Benzene 

Lilarid Heat of 
iodination cp5 
(kcal/mol) 

Enthalpy for Enthslpy for 
arene exchange c arene exchange d 
(this work) (kcel/mol) 
(kcal/mol) [2-51 

0 0 

4 0 

0 
I’ - 

d, 0 
-31.4 

-29.8 
-33.3 -30.9 +_ 1.9 
-29.0 

40.1 
40.0 
-41.5 40.4 f 0.6 
-40.0 
40.0 

-39.3 
-36.9 
40.9 -39.0 f 1.5 
-38.4 
-39.6 

-34.0 
-35.2 -34.1 f 0.8 
-33.4 
-33.7 

0 0 

-1.4 +0.8 

-6.3 +9.1 

-9.5 -3.6 

c Typical reaction conditions involved addition of 0.12 g of the ciy&lline complex to a solution of 2.0 5 
of I, in 200 ml of rigorously dry and oxygen free THF. If the solvent is not rigorously drv a considerably 
more exothermic reaction occurs, due to hydration of the CrI,(THF), product. b The calorimeter used 
was purchased from Guild Corporation, Bethel Park, Pa., (model 400) and was installed (with some 
modifications) in an inert atmosphere dry box purchased from Vacuum-Atmospheres Inc., Hawthorne, 
California. The heats of iodination were calibrated electrically. The calorimeter system was standardized 
using the “TRIS” reaction 1161 before establishing an inert atmosphere. c The enthalpy of this reaction 
can be viewed as a relative order of stability with benzenechromium tricarbonyl taken as reference. 
d Data calculated using heats of formation for the complexes taken from ref. 3 and heats of formation 
for the llgands taken kom ref. 15. 

It can reasonably be assumed that solution effects are small and tend to 
cancel for this system *. Thus the enthalpy of arene exchange can be deter- 
mined directly from the heats of iodination, and reflects the relative Cr-arene 
bond strength. The heats of iodination can be measured with fair accuracy by 
solution calorimetry, and data obtained in this study are shown in Table 1. 

The enhanced stability of the Cr-arene bond upon increasing methyl sub- 
stitution is in keeping with many observations in synthetic organometallic 
chemistry [6] . What is surprising is that the Cr-cycloheptatriene bond is 
stronger than the O-benzene and Cr-toluene bond but weaker than the Cr- 
mesitylene bond. Furthermore, this conclusion is in contrast to that deter- 
mined by high temperature decomposition and iodination studies [ 2-51. 

*Initial work indicates that this assumption is correct within experimental error [71. 
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Cycloheptatrienechromium tricarbonyl is relatively labile [S] and has been 
reported to undergo substitution with various reagents as shown below in eq. 4: 

cyclo-C,H8Cr(CO)B + 3 L -+ L&r(CO)3 + cyclo-C,H, 

L = PRB , RNC, mesitylene, etc.) 

(4) 

While mesitylene has been shown to substitu~ for cy~lohep~t~ene~ no men- 
tion has been made of this reaction taking place for benzene or toluene [ 81. 
It is relevant to note that the major product from the reaction of Cry 
with phenylcy~lohep~t~ene (which could coordinate through either the arene 
or cycloheptat~ene) coordinates the subs~tuted ~yclohep~triene unit rather 
than the arene [9-U J . These observations are in keeping with the relative 
order of stability determined in our work, however they are not definitive. 

In order to establish this point, competition experiments have been done 
under conditions simiiar to those used by Strohmeier and coworkers studying 
the kinetics of arene substitution [ 12-141. For example, heating benzene- 
chromium tricarbonyl in THF in the presence of a tenfold excess of both 
benzene and cycloheptatriene in sealed tubes (90°C for 14 days, or 135°C 
for 20 h) results in near complete conversion of benzenechromium tricarbonyl 
to the cycloheptatriene complex as shown in eq. 5. 

Starting from cycloheptatrienechromium tricarbonyl does not lead to pro- 
duction of benzenechromium tricarbonyl under equivalent conditions. Since 
the cycloheptatriene complex has been shown to be more labile to substitu- 
tion [ 12-141 ;tbis provides strong support for our work. Observations using 
other arenes are consistent with the order of s~bi~ties measured by solution 
c~o~rnet~. 

The temperature~time curves provide ~fo~ation about the kinetics of 
iodination of these complexes. The relative rates under equivalent conditions 
are: cyclohep~t~ene > benzene = toluene > mesitylene. Thus while the 
~yclohep~t~ene complex enjoys considerable the~odynamic stability, it is 
kinetically the most reactive. 

This work indicates that, at least for the chromium complexes studied, 
conclusions drawn from higb temperature methods may be subject to the same 
limitations associated with static bomb calorimetry of organometallic com- 
pounds [ 151. Further thermodynamic studies on these and related compounds 
are in progress. 
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