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The solid potassium cyclooctatetraene dianion was heated from 300 to  1000 "C. Below 400 "C it 
did not produce any new products. However, a t  temperatures above 650 "C both hydrogen and 
methane gases are liberated and account for all of the volatile products. The nonvolatile products 
are polymeric in nature, and laser desorption mass spectroscopy reveals that they are held together 
by single bond linkages and linkages that result from 12 + 21 additions. The methane is proposed 
to result from the reaction between molecular hydrogen and carbenes. 

Introduction 
Some of the most kinetically and thermodynamically 

stable organic materials are represented by the polyaro- 
matic hydrocarbons (PAH's). Heating benzene, a 4n + 
2 n electron annulene, to temperatures of over 1000 "C 
produces only one material: hot benzene. Despite the 
absence of new products, automerization (degenerate 
skeletal rearrangement) does take p1ace.l Aromatic 
naphthalene acts in a manner similar to that of benzene 
when heated to temperatures well over 500 "C, but it and 
the other PAH's are not quite as  resistant to fragmenta- 
tion. I t  was discovered over a half century ago that 
naphthalene will liberate hydrogen under very high 
temperature pyrolysis conditions,2 and very recently it 
was realized that CSO is produced from the high temper- 
ature ('1000 "C) pyrolysis of n a ~ h t h a l e n e . ~  

In contrast to the aromatic systems, cyclooctatetraene 
(COT), a 4n n electron annulene, polymerizes a t  room 
t empera t~ re .~"  Even gentle warming (100 "C) of COT 
results in a myriad of products including four dimers, 
and polymeric  material^.^ Under more vigorous condi- 
tions (ca. 510 "C) dihydropentalene is f ~ r m e d . ~  The 
addition of two electrons to COT dramatically decreases 
its fragility. Under inert conditions the dianion of COT 
(a 4n + 2 n electron system) behaves more like the 
neutral PAH's. The solid and tetrahydrofuran (THF)- 
solvated COT dianion salts have persisted for years a t  
ambient temperatures on our shelves and resist both 
polymerization and thermal decomposition up to tem- 
peratures where Pyrex glass begins to soften (ca. 400 CL6 

In contrast to the COT system, electron addition to the 
PAH's results in rendering the C-C and C-H bonds 
much more thermally labile. The thermal chemistry of 
the anion radicals of these materials contrasts dramati- 
cally with that of the neutral materials. Ten years ago 
it was found that warming the solid anion radical salt of 
naphthalene to just 100 "C results in the polymerization 
of the hydrocarbon with simultaneous generation of 
hydrogen gas.7 These contrasting behaviors and the 
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exciting high temperature chemistry of the PAH's2 
motivated us to investigate the high temperature behav- 
ior of the dianion of COT. 

Experimental Section 
Samples of the dianion of cyclooctatetraene (1-5 mmol) 

were generated via exhaustive reduction of COT in an evacu- 
ated apparatus on a potassium metal mirror in 10-30 mL of 
tetrahydrofuran (THF). After separation of the dianion solu- 
tion from the excess metal, the solvent was removed under 
reduced pressure.8 The solid K+2COT2- was then poured into 
a quartz glass tube, which was sealed from the appa ra tu~ .~  
This tube containing the K+2COT2- salt was connected to the 
high vacuum system through a U-tube, which was cooled in 
liquid nitrogen. After the line was pumped down to  about 
torr, the stopcock separating the K+2COT2- and the high 
vacuum system was opened, and the quartz tube was heated 
in a sand bath, Figure 1. The temperature was monitored with 
a nickel-chromium vs nickel-aluminum thermocouple by 
Omega (-200-1250 "C). The pressure in the vacuum system 
was monitored with a Fluid Precision Inc. capacitron pressure 
gauge to hO.01 torr. The final pressures ranged from 20 to 
100 torr. From the known volume of the vacuum system, the 
number of moles of noncondensable gases that passed through 
the U-tube was obtained. In this system (Figure 1) 1 mmol of 
gas produces a pressure of about 150 torr. 

When these noncondensable gases were exposed to a 300 
"C Cu-CuO furnace, the pressure dropped due to the oxidation 
of the H2 to form water. In separate experiments mixtures of 
methane and hydrogen were injected into the system to verify 
that the hot CuO would selectively oxidize the H2 leaving the 
CH4. This vacuum system was fitted with a 10 cm gas IR cell 
allowing us to take an IR sample at any time. 

After completion of the pyrolysis, 1 2  and ether were distilled 
into the quartz tube to oxidize any reactive anionic material. 
The ether and I2 were then removed under reduced pressure, 
and the solids were extracted with toluene. Both the toluene 
soluble and toluene insoluble materials were submitted to laser 
desorption mass spectral analysis. Nothing, not even unre- 
acted COT, was recovered in the U-tube. On the other hand, 
heating neutral COT under identical condition results in all 
of the COT being recovered in the U-tube, and no gases 
produced. 

To insure that THF did not remain in the solid K+2COT2- 
salt, samples of it were quenched with DzO, and the resulting 
DzO solution was checked for the presence of THF using a 'H 
300 MHz NMR (Gemini-2000 by Varian). This procedure has 
been previously de~cribed.~ 

Spectroscopic analyses were carried out using a Nicole FT- 
IR using a gas cell fitted with sodium chloride windows. 
Matrix assisted laser desorption time of flight mass spectra 
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Figure 1. Apparatus used to analyze evolved gasses from the 
M'2COT'- pyrolysis. The dianion was heated with stopcock 
A, B, C. and F open. Thus the IR cell and the pressure gauge 
were exposed to the noncondensahle (liquid N2) evolved gases 
as they were formed. Hydrogen gas could be analyzed by 
closing stopcock F and opening stopcock D. This allowed the 
gases to enter the hot CuO furnace. The water produced in 
the furnace was caught in the adjoining U tube, which was 
immersed in liquid N?, 

were obtained in the Mass Spectrometry Laboratory. School 
of Chemical Sciences, University of Illinois. 

Results and Discussion 

No apparent chemical alterations or gas evolution take 
place when a sample (ca. 1 mmol) of the solid potassium 
salt of cyclooctatetraene dianion (K-2COTY-) is  heated 
under static conditions to 380 "C for up to 8 h. However, 
when the sample is  further heated to 650 "C, the 
evolution of noncondensable gases is detected. After 3 
h, a s  much as 0.17 mol of gaslmol of dianion is evolved, 
Figure 2. Heating the sample to over 1000 "C results in 
the production of three times as much gas. The exposure 
of this gas mixture to a hot 300 "C Cu-CuO furnace 
results in a drop in the pressure to 5% of its original value 
and the consequent formation of water. This means that 
95% of the gas is  Hz (HZ + CuO - Cu + HzO). I t  seems 
probable that heating of the dianion results in the 
ejection of an  electron to form the COT anion radical, 
which then polymerizes in a manner analogous to that 
of the naphthalene anion radical, Scheme 1.' 

A granular black solid polymeric material remained 
after the completion of the pyrolysis. I t  was quenched 
under vacuum with Iy in diethyl ether. Laser desorption 
mass spectral analysis of the quenched material reveals 
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Figure 2. Plot ofthe number of moles of noncondensable gas 
evolved per mole of K2COT'- produced from a 1.03 mmol 
sample of K'pC0T'- as the salt was being heated to ca. 650 
"C in a quartz glass vessel. Similar results were obtained from 
five separate reactions with various amounts (1 -2 mmol) of 
K-gCOTI-. After the sample is immersed in the oven. there is 
an induction period required to heat up the sample. This 
accounts for the near zero readings at the beginning of the 
experiments. Very similar results were obtained from samples 
of LiA2COT' . 

Scheme 1 
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negative ion peaks a t  208,317, and 830, Figure 3. These 
are consistent with 2, 3, and 8 partially hydrogenated 
COT units linked together and are consistent with the 
mechanism proposed above. Since the reaction is es- 
sentially taking place in a hydrogen bath, the partially 
hydrogenated polymers are to be expected, because both 
the THF solvated and dry anion radical salts are known 
to readily take u p  Hz as  shown below.In 

@ - Na' + NaH + 8 
H H  

The IR spectral analysis ofthe noncondensable gasses, 
taken either before or after the oxidative removal of the 
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SW. ~ p n .  1970. 4.x ~ 7 2 .  



5454 J.  Org. Chem., Vol. 60, No. 17, 1995 Stevenson and Fico 

3 1.4  

5 

5 5 2 . 1  

d 

7'" 

*' , 

0 , , , ,  , , ,  ( , , ,  , , , ,  , , , ,  , , , ,  , , , ,  , ,  , , , , .  , ,  ~ , I  0. OEO 
 do 260 3 b o  460 560 660 160 8 6 0  g b o  ' 10'00 m/ z 

Figure 3. Negative ion laser desorption mass spectrum of the 12-quenched toluene-washed soot. The toluene-extracted material 
also contains peaks at 830, 596, and 317, and in addition has a peak at 208 mlz. 

Hz, proves that the other gas is methane. As mentioned 
in the Experimental Section, the K+zCOT2- samples are 
free of THF. To further insure that the methane did not 
originate from the THF, a sample was generated in THF- 
dS. Methane (CH3 was also generated from this sample, 
not CD,. The CH4 production is a surprising result, given 
that only one hydrogen is associated with each carbon 
in the starting material (KCzCOT2-). I t  isn't difficult to 
imagine reaction pathways where two hydrogens gather 
on a single carbon, but four hydrogens ending up on 
single carbon most likely requires the involvement of 
carbenes. Scott and co-workers proposed a mechanism 
for the high temperature automerization of 1,2-diJ3C- 
benzene that  involves a carbene intermediate, structure 
1.' A mechanism involving structure I1 was, however, 
favored over that  involving the intermediate carbene.' 

I I1 

An intermediate involving a structure that is analogous 
to Scott's proposed carbene nicely accounts for the 
observed methane gas, Scheme 2. At these elevated 
temperatures, it  is expected that a cycloheptatrienyl 
system would eject its electrons immediately upon forma- 
tion, and the ever present hydrogen would capture the 
newly formed carbene to form methane. The cyclohep- 
tatriene would be involved in the polymerization process 
a t  these temperatures, and we should observe some 
evidence of seven-member rings in the polymeric prod- 
ucts. Indeed the positive ion laser desorption mass 
spectrum of the toluene soluble solids exhibits a peak a t  
397 mlz, which corresponds to 3 COT'S and a tropylium 
cation connected via single bonds. The contraction of 
COT yielding a cycloheptatrienyl system is known to take 

Scheme 2 

H 8C H 

c polymeric materials 

place in number of reactions.ll For example methanol 
adds to COT in the presence of mercury acetate to give 
III.Ila Some polymerization can take place without 
hydrogen evolution, as it is known that the solvated anion 
radical of COT will undergo a [2 + 21 dimerization to form 
the dianion and anion radical of [16]annulene via IV.I2 

111 IV 

Conclusion 

The static pyrolysis of the solid potassium salt of the 
cyclooctatetraene dianion results in polymerization in- 
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volving single bond linkages as well as some [2 + 21 
additions. The formation of the former linkages results 
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sis of neutral COT, which are benzene, styrene, acetylene, 
and eth~1ene. l~ 

in the production of hydrogen gas, which can either 

mixture in the form of H2 or CH4. I t  is proposed that 
the production of methane. which accounts for about 5% 
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of t'he C H a 2  mixture, 'comes from the capture of 
hydrogen by carbenes. These products contrast with 
those obtained from the very high temperature thermoly- 
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