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Experimental Section 
To prepare Cu-N-MeTPP+Cl-, a fivefold molar excess of 

CuC1.2H20 was added to H-N-MeTPP in methanol and stirred 
overnight. The methanol was evaporated and the resulting solid taken 
up in benzene and filtered. The solution was passed through a dry 
alumina column and eluted with benzene to remove CuTPP. The 
copper-chloro complex was eluted with 1% MeOH in C6H6 and the 
solvent was immediately removed by flash evaporation. The complex 
was then dried under vacuum at 100 O C .  Anal. Calcd for Cu- 
N-MeTPP+CI-, C ~ ~ H ~ I N ~ C U C I :  C, 74.37; N, 7.71; H, 4.30; Cu, 8.74. 
Found: C, 74.50; N, 7.54; H,  4.64; Cu, 8.77. Absorption band of 
Cu-N-MeTPP+Cl- in CHCI3 (25 "C): 672 nm (log E,,, = 3.60), 
617 nm (3.82), 537 nm (3.80), 452 nm (4.95). 

Results and Discussion 
When dissolved in CHCl3, Cu-N-MeTPP+Cl- spontaneously 

transforms into CuTPP in a first-order fashion. The reaction 
shows no deviation from first-order kinetics over 3 half-lives 
and the observed rate was independent of total porphyrin 
concentration from ca. to 10" M. The half-life was 75.0 
f 1.0 min at  25.5 O C ;  A P  = 24.4 f 0.5 kcal/mol and AS* 
= +3.7 f 1.0 eu. Excellent isosbestic points were found as 
the reaction proceeded and the product CuTPP was identified 
by the position and intensities of its absorption bands. Acid 
demetalation of the resulting CuTPP produced H2TPP. The 
N M R  spectra of a distilled fraction of the product solution 
gave a singlet at 3.1 ppm characteristic of CH3Cl and flushing 
the solution with nitrogen caused the resonance of the gaseous 
CH3Cl to disappear. Spectrophotometrically, 1 mol of CuTPP 
was produced from 1 mol of reactant. The reaction is 

CHCl, 
Cu-N-MeT PPCl- CuTPP + MeCl 

Notes 

This reaction also occurred in C6H6, CH2C12, and C C 4  but 
was orders of magnitude slower in CH3OH or CH30H-C- 
HCl3. The methanol presumably solvates the porphyrin and 
chloride, forming the outer-sphere adduct (Cu-N-MeTPP+)Cl- 
which is less reactive than the inner-sphere ion-pair form. 

This free base H-N-MeTPP shows no evidence of deme- 
thylation after weeks in CHC13. As another indication of the 
metal ion specificity of such reactions, Zn-N-MeTPP+Cl- can 
be refluxed without change for hours in CHC13, while the 
copper adduct decomposes in minutes under similar conditions. 

This simple reaction is novel insofar as the spontaneous 
demethylation of a metallo-N-methylporphyrin in the absence 
of added nucleophiles has not been reported. The fact that 
this copper porphyrin type has never heretofore been isolated 
may be due to its spontaneous decomposition under the usual 
porphyrin recrystallization conditions and it is noted that this 
adduct has always been prepared in situ for solution s t ~ d i e s . ~  
Further work is in progress on the anion, metal, and porphyrin 
influences in these presumed ion-pair, metal-assisted acid-base 
reactions. 
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There has been considerable recent interest in the stereo- 
chemistry of low-spin cobalt porphyrins, and structure de- 
terminations for a variety of derivatives have come from our 
lab~rator ies l -~ and Despite this, the molecular 
stereochemistry of the simplest member of the class, a 
four-coordinate cobalt(I1) porphyrin, has not been determined. 
We report herein the molecular stereochemistry of one such 
four-coordinate derivative, as found in tetragonal crystals of 
a,P,y,&tetraphenylporphinatocobalt(II), to be written as 
CoTPP. CoTPP crystallizes in the same tetragonal system 
as that observed for the tetraphenylporphinato derivatives of 
iron( 11), nickel(II), and copper( 11); the M( 11)-N bond 
lengths in this sequence are thus subject to the same constraints 
of crystal packing. 
Experimental Section 

CoTPP was prepared by the method of Adler et aL15 Attempts 
to prepare crystals of CoTPP from a variety of solvents yielded only 
very fine needles, which were unsatisfactory for diffraction studies. 
Acceptable crystals were obtained from diethyl ether. CoTPP was 
placed in a Soxhlet extractor and extracted with diethyl ether for 3 
days; well-formed tetragonal-bipyramidal crystals were found in the 
solvent flask. 

Preliminary examination of crystals of CoTPP established that the 
Laue symmetry and systematic absences were consistent with the 
choice of two tetragonal space groups,16 141md and 142d. Lattice 
constants a = 15.062 (4) 8, and c = 13.954 (5) 8, (A 0.71069 A) came 
from a least-squares refinement that utilized the setting angles of 29 
reflections, each collected at i 2 0 ,  given by the automatic centering 
routine supplied with the Syntex P1 diffractometer. These constants 
led to a calculated density of 1.41 g/cm3 for a cell content of four 
CoTPP molecules; the experimental density was 1.42 g/cm3. All 
measurements were made at the ambient laboratory temperature of 
20 1 OC. The crystal used in all measurements was a truncated 
tetragonal bipyramid with a basal edge of 0.45 mm and a length of 
0.23 mm along the unique axis; the unique axis was approximately 
parallel to the mounting axis. 

Diffracted intensities were measured by 8-28 scanning using 
graphite-monochromated Mo K a  radiation. The scan range used was 
0.8' below Kal  to 0.8' above Ka2. Backgrounds were estimated by 
profile ana1y~is.l~ Two equivalent forms of data to (sin 0 ) / A  5 0.758 
A-' were measured and averaged. Four standard reflections, measured 
periodically, showed no trend with time. Variable 20 scan rates were 
used as described previ~usly;~ the slowest was O.So/min and the fastest 
was 6.0°/min. Net intensities were reduced to relative squared 
amplitudes, IFolz, without correction for the absorption of x radiation. 
The maximum error in any structure amplitude arising from the 
neglect of absorption was estimated to be -3%. Reflections having 
Fo > 3a(F0) were taken to be observed. A total of 1157 unique data 
were taken to be observed, 82% of the theoretical number possible 
within the range of (sin 0) /A examined. 

The choice of 142d as the probable space group follows that of the 
isomorphous crystals of FeTPPi2 and CuTPP and PdTPP14 and was 
confirmed by all subsequent details of the structure solution and 
refinement. Initial coordinates for CoTPP were taken from those 
reported for CuTPP.14 Full-matrix least-squares refinement,18 with 
anisotropic thermal parameters and standard values for the atomic 
form factors,19 smoothly coverged. A Fourier difference synthesis 
gave the approximate positions of all hydrogen atoms in the asymmetric 
unit of structure; these atoms were then assigned to theoretically 
calculated positions (C-H = 0.95 A), with isotropic thermal pa- 
rameters fixed one unit higher than those of the associated carbon 
atoms, and their contributions to the calculated structure amplitudes 
were included in subsequent cycles of refinement. Inclusion of the 
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Table I. Structural Parameters of the Atoms in Crystalline CoTPP 

Atom Fractional coordinates Anisotropic thermal parameters, A, 
type 104x 1 0 4 ~  1042  4 1 4 2  4 3  BIZ B13 Bm 
c o  0 0 0 2.10 (4) 2.10 (4) 3.50 (3) 0 0 0 
N 1117 (2) 652 (2) -17 (2) 2.4 (1) 2.2 (1) 3.9 (1) 0.0 (1) 0.0 (1) -0.1 (1) 
C, 1959 (2) 328 (2) 181 (3) 2.2 (1) 2.9 (1) 4.5 (2) -0.1 (1) -0.3 (1) 0.0 (1) 
C, 2594 (2) 1031 (2) 169 (4) 2.4 (1) 3.2 (1) 6.4 (2) -0.4 (1) -0.4 (1) 0.0 (2) 
C, 2160(2) 1781 (2) -67 (4) 2.7 (1) 2.9 (1) 6.5 (2) -0.6 (1) -0.5 (2) 0.4 (2) 
C, 1234 (2) 1550 (2) -164 (3) 2.6 (1) 2.7 (1) 4.1 (2) -0.3 (1) -0.1 (1) 0.1 (1) 
c, 568 (2) 2169 (2) -303 (3) 2.8 (1) 2.2 (1) 3.8 (2) -0.1 (1) -0.2 (1) 0.1 (1) 
C6 815 (2) 3102 (2) -556 (3) 2.6 (1) 2.4 (1) 4.5 (2) -0.1 (1) -0.4 (1) 0.3 (1) 
C, 1319 (3) 4822 (2) -1041 (4) 4.8 (2) 3.0 (2) 6.5 (2) -0.8 (1) -0.5 (2) 0.8 (1) 
C, 1020 (3) 3313 (2) -1488 (3) 4.8 (2) 3.0 (1) 4.7 (2) -0.3 (1) 0.1 (2) 0.3 (1) 
C, 1270 (4) 4178 (3) -1734 (4) 6.2 (2) 3.7 (2) 5.6 (2) -0.9 (2) 0.7 (2) 0.9 (2) 
C,, 856 (3) 3758 (2) 132 (3) 6.0 (2) 3.0 (1) 4.6 (2) -0.9 (1) 0.0 (2) 0.1 (1) 
C,, 1104 (3) 4618 (2) -103 (4) 6.2 (2) 2.8 (1) 5.9 (2) -0.8 (1) -0.6 (2) -0.3 (2) 

The figure in parentheses following each datum is the estimated standard deviation in the last significant figure. 

Figure 1. Computerdrawn model in perspective of the CoTPP 
molecule. Each atom is represented by a thermal ellipsoid drawn 
at the 50% probability level. Each unique atom is identified with 
the symbol used throughout the paper. 

imaginary component AJ" of the form factor of the cobalt atom20 in 
the refinement enabled us to conclude t_h_at the experimentally 
measured intensities were those of the set {hka rather than those of 
the originally assumed set (hkl) .  

Final least-squares refinement led to a conventional residual (RI) 
of 0.049 and a weighted residual (R2) of 0.053 and an error of fit 
of 1.31. A final difference synthesis displayed peak density of 0.5 
e/A3 a t  the origin and a pair of smaller peaks (0.4 e/A3) lying on 
the c axis at  f0.92 8, from the metal atom. The atomic coordinates 
and the associated thermal parameters in the asymmetric unit of 
structure are listed in Table I. A listing of observed and calculated 
structure amplitudes is available.21 

Discussion of Results 
Figure 1 presents a perspective view of the CoTPP molecule. 

This figure also illustrates the numbering scheme employed 
for the unique atoms. Individual bond parameters for the 
porphinato core are presented in Table 11. With four CoTPP 
molecules in the unit cell, the space group Z42d requires that 
the molecule observe S4-4 symmetry. The out-of-plane 
displacements of individual atoms of the S 4  ruffled porphinato 
core are illustrated in Figure 2. The departures from planarity 
are comparable, in both magnitude and sign, to those observed 
in the isomorphous crystals of FeTPP,12 CuTPP,I4 and the 
tetragonal form of the free base, H2TPP.22 

The unique Co-N complexing bond has a length of 1.949 
(3) A. This distance is significantly shorter than the 1.977 
(6)-2.000 (4) A range of average Co-N bond distances23 
observed in several five- and six-coordinate cobalt(I1) por- 

Table 11. Bond Parameters of the Core in CoTPP4 

Bond Lengths, A 
CO-N 1.949 (3) C,-C3 1.346 (5) 

1.387 (4) C 3 C ,  1.443 (5) 
1.378 (4) C ,C ,  1.384 (5) 

1.396 (5) c, 4, 1.426 (5) C , C , '  

Bond Angles, Deg 
NCoN' 90.00 (2) C,NC, 105.0 (3) 
NCoN" 178.6 (5) c,c c 107.5 (3) 
CoNC, 127.5 (2) C,C:C:' 124.6 (3) 
CoNC,, 127.4 (2) C,C,C, 106.8 (3) 
NC,C, 124.9 (3) C3C,C, 123.4 (3) 

NC,C, 126.0 (3) C,'C,C, 118.8 (3) 
NC,C, 110.3 (3) 

N-C, 
N e 4  

NC,C, 110.4 (3) c,c,c, 119.0 (3) 

The figure in parentheses is the estimated standard deviation in 
the last significant figure. 

I 9 

Figure 2. Diagram to illustrate the ruffling of the porphinato 
skeleton. Half of the molecule is shown, but only one-fourth of 
the molecule is unique. The perpendicular displacements, in 
units of 0.01 A, of the atoms from the mean plane of the core 
are shown. 

phyrin~.~,~%"* This distance is also shorter than the 1.978 (6) 
A average observed in two six-coordinate cobalt(I1) por- 
p h y r i n ~ . ~ , ~  The Co-N distance is comparable to the 1.948 (4) 
and 1.954 (6) A values found, respectively, for a five- 
coordinate24 and a six-coordinate5 cobalt(II1) porphyrin. 
These two derivatives, along with CoTPP, have substantially 
ruffled porphyrin cores. The results for CoTPP confirm the 
previous suggestion4 that the porphyrin care conformation has 
a greater effect on the basal Co-N distances in the cobalt(I1) 
and -(III) porphyrins than the oxidation state of the central 
cobalt atom. Thus, the Co-N distance in a cobalt(I1) por- 
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Table 111. Complexing Bond Lengths in a Sequence of 
FourCoordinate  Metallotetraphenylporphyrinsa 

Metal ion 

d6  F e  d’ Co d 8  Ni d 9  Cu d 5  Mn 
M-N, A 1.972 (4) 1.949 (3) 1.928 (3) 1.981 (7) 2.082- 

2.092 
Spin state, S 1 ‘I 2 0 ‘I 2 51 

Ref b c d e f 

for  the bond  distance. Reference 12. This  work. Refer- 
ence 13. e Reference 14. Reference 25. 

a The number i n  parentheses is the estimated standard deviation 

Figure 3. Diagram of a peripheral phenyl group displaying the  
numbering scheme used for the a toms  and the  values, with esti- 
mated standard deviations, of all bond  parameters. 

phyrin wherein the core was nearly planar would have C e N  
bond distances of 1.97-1.98 A. 

The observed M(I1)-N bond distances in a sequence of 
MTPP derivatives are given in Table 111. The presence of 
an electron in the 3d+2 orbital of the d9 copper(I1) atom and 
the high-spin d5 manganese(I1) atom is clearly correlated with 
the M-N bond lengths and, of course, the magnetic data. The 
absence of such an electron in the intermediate-spin iron(I1) 
and the low-spin cobalt(I1) and nickel(I1) atoms also correlates 
with the M(I1)-N bond distances. It should be pointed out 
that MnTPP is anomalous not only with respect to the very 
large difference in the M-N bond distances but also in 
porphyrin core conformation. The other members of the series 
listed in Table I11 have porphyrin cores ruffled in agreement 
with S4-4 symmetry; MnTPP has an expanded, nearly planar 
core. 

The individually determined bond parameters of the pe- 
ripheral phenyl group are given in Figure 3. The dihedral 
angle between the mean plane of the core and the phenyl ring 
is 80.0’. The C-C bonds of the phenyl ring that are fore- 
shortened from the standard aromatic spacing are associated 
with the thermal motion of the rigid group; this phenomenom 
has been discussed p r e v i ~ u s l y . ~ ~ , ~ ~  

The packing relationships in crystalline CoTPP are quite 
similar to those found in the isomorphous crystals of H2TPP; 
a complete description is given in Table VI of ref 22. 
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In a review of oxovanadium(1V) chemistry Selbin’ pointed 
out that more than ordering of optical assignments can fit a 
single set of ESR data. This is because there are two ad- 
ditional important variables in the appropriate equatiom2 
They are the spin-orbit coupling constant { and the dipole 
parameter P. They have generally been considered as fixed 
parameters. However, it is known that they both are functions 
of the charge on the vanadium. Since the values of the 
molecular orbital coefficients are what determines the charge, 
it is possible to write a computer program which does an 
iterative charge self-consistent solution of the ESR equations, 
given the experimental ESR parameters and a set of optical 
assignments. Although this approach will not give a unique 
set of optical assignments for each compound, a comparison 
of the range of acceptable values for complexes of different 
covalent character should be useful in establishing the general 
behavior of the optical transitions. 

Experimental Section 

coefficients by2 
T h e  experimental ESR values were related to  the molecular orbital 

gll= 2.0023 - 


