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LETTERS TO THE EDITORS 

Chloro-meso-tetraphenylporphyrinatocobalt(lII) as Catalyst 
for Quaclricyclane lsomerization 

There is considerable current interest 
in t’he catalytic isomerization of quadri- 
cyclane to norbornadiene, bot’h in the 
cont,ext of mechanistic considerations (I) 
and of pot,ential application to solar energy 
storage (2). In a recent paper in this 
Journal (3) Wilson and Rinkcr (WR) 
reported the kinetics of isomcrizat,ion 
of quadricyclcne to norbornadienc 
by,meso-tctraphenylporphyrinatocohalt(II), 
Co’iTPI’. After numerous trials, wc failed 
to reproduce their result, (k:(“) = 3.0 X 1O+3 
M-’ set-1 at %“C in chloroform)’ with 
purchased CoTITI’P or with CO~~‘I’I’P 
synthesized according to the procedure of 
Rothcmund and Menotti (4) or of Adler 
and co-workers (5). Our rates were in- 
variably a hundredfold slower. The WR 
results were finally reproduced by following 
their procedure (6) which involved an 
intcndcd purification of their crude product 
by Soxhlet extraction with carbon tet,ra- 
chloride. 

$1’~ now believe t.hat t.he very active 
cat’alyst used by WR (at least in chloroform 
as solvent) is chloro-nzeso-tetraphenylpor- 
phyrinatocobalt(II1) [CoTir(T.Pl’)C1], pro- 
duccd by reaction of CoIiTPP with CCL 
during reflux. This reaction was unknown 
and was not anticipated by WK. 

Results in support of this conclusion are : 

1. Authentic sa#mples of CoTITPI syn- 
thesized in our laboratory and variously 

l lIerived from Fig. 7 in Ref. (3). There is a 
discrepancy bet.ween the values in Table 1 and 
Fig. 7. Apparently, the catalyst’ concentration in 
Table 3 should be {2.1-27.3) X 10-j M. 

purified, or purchased (St,rem Chemical) 
gave sat’isfactory analyses (X0. l-3 of 
Table I) and have el&ronic spectra which 
agree wcJ1 with that rcportcd by Dorough 
et al. (7). These crystalline mat’erials (all 
maroon in color) give second-order rat,e 
constants for the isomcrization of quadri- 
cyclanc to norbornadiene of 30 + 10 ML1 
WC-’ in chloroform at room temperature. 
Such rate constants arc consistent with the 
limited data reported by Manassen (8). 

2. During reflux of CoIiTI’P with carbon 
t8etrachloride the color of the solid changes 
slowly from maroon to violet’. Simul- 
taneously, absorpt.ion maxima of solutions 
of these solids in chloroform shift from 52’7 
to 545 nm and from 410 to 433 nm. The 
cIect,ronic spectrum (Table 2) of a sample 
isolated after 30 hr of reflux agrees with 
that reported for the violet compound 
CO’~~(TP~‘)C~ (9). ,Qnalysis of t’his sample 
(No. 4 of Table 1) is satisfactory for 
CoiIr(TI’l’)Cl, except for a possibly high 
chlorine analysis. Analysis of a sample 
which was used in the WR study (kindly 
provided by I’rofcssor Rinker) also indi- 
cartes the presence of chlorine (No. ;? of 
Table 1). 

3. Sample Xo. 4 gave a second-order 
rate constant of 2.5 X 10” M-l WC-~ (room 
tcmperat~urc) in chloroform, in reasonable 
agreement with WR. An authentic sample 
of CoIlI (TPl’)Cl, synthesized according to 
Sakurai et cd. (9) gave the same second- 
order rate constant. 

?Ve suggest that the unusual variat’ions 
in ratBe laws and rate constants in CHCIX, 
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TABLIl: 1 

Elemental Analysesa of Samples 

Sample No. Percent Remarks 

C H N co Cl 

1 79.10 4.53 8.26 - - Co”TPP from Strem Chemical. 
2 77.94 4.49 7.83 7.70 - Co”TPP prepared according to Ref. (4) 

and purified by column chromatog- 
raphy on alumina. 

3 79.25 4.65 8.06 7.95 - Co”TPP prepared according to Ref. (5). 
4 74.55 3.92 7.63 7.45 5.72 Sample No. 2 refluxed in CC14 for 30 

hr, recrystallized from benzene/ 
isooctane. 

5 71.72 3.93 7.56 5.83 8.23 Sample provided by Prof. Rinker. 

Calcd for 
Co”TPP 78.68 4.20 8.34 8.77 0 
Co”‘(TPP)CI 74.73 3.99 7.92 8.33 5.01 

a By Galbraith Laboratories, Knoxville, Tenn. 

TABLE 2 

Electronic Spectra of CO”~(TPP)C~ in Methanola 

Preparation Visible band Soret band UV band 

Lit. (9) 575,h(3.8), 541,,,(14.4), 505,,,(3.5) 425.5,,(250) 313,,,(17.0) 
This work, lit. (9) method 575,h(3.6), 540,,,(13.9), 505.t,(3.9)b 42Lx (252) 312,, (16.8) 
Sample No. 4 of Table 1 575,1,(3.6), 540,,,(15.0), 505.h(4.4)b 426,,, (264) 312,,,(18.3) 

a Entries are wavelengths (nm) of absorption band maxima or shoulders and (molar extinction coefficients 

x 10-3). 
b Measured in neutral methanolic solution at 5.0 X 10-b M. According to K. Yamamoto (personal com- 

munication) this spectrum is acidity-dependent and slightly concentration-dependent. 

Ccl,, and 1-chloronaphthalene reported by 
WR are related to the ionizability 
and coordinative unsaturation (1O)2 of 
Co”‘(TPP)Cl. It is noteworthy that the 
catalytic activity of square pyramidal (9) 
d6 Co(II1) is much higher than that of 
square planar (11) d’ Co(I1) and the other 
metalloporphyrins and related complexes 
investigated by Manassen (8); it is not 
clear how this result may be reconciled 
with Manassen’s interpretation of the 
electronic requirements for effective cataly- 
sis of quadricyclane isomerization. The 

2 Addition of pyridine to Co”‘(TPP)Cl effectively 
deactivates the catalyst; pyridine is known to co- 
ordinate to form an octahedral complex. 

behavior of the Co(II1) catalyst will be 
the subject of further investigation. 
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