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exchange with Mn(CO)5PPh3+. This procedure affords a 
straightforward method for the production of these isotopically 
labeled complexes, and it should prove quite useful for the 
preparations of "0-labeled derivatives for nuclear resonance 
studies, Le., either NMR or NQR measurements. 
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In this note we report the geometry of the coordination of 
gold in chloro(a,/3,y,&tetraphenylporphinato)gold(III), 
(Cl)Au(TPP), and its relation to some recently determined 
porphyrin structures. The synthesis and spectroscopic 
properties of (mesoporphyrin IX dimethyl ester)gold(III) (I+)l  
and [Au"'(TPP)+] (AuC1J2 have been discussed previously 
in context with gold phthalocyanine, Cu(TPP), and Ag"(TPP). 
The single crystals of (Cl)Au(TPP) used in the present study 
were obtained by slow evaporation of a mixture of chloroform 
and petroleum ether (bp 60-110 0C).3 X-ray diffraction 
measurements showed the crystals to be monoclinic, with a 
= 12.06 (1) A, b = 22.35 (1) A, c = 16.66 (1) A, and p = 
121.97 (5)' and of space group P2,/c with four molecules per 
unit cell. The crystal density (1.61 g ~ m - ~ )  indicated a 
chloroform of solvation giving a best fit formula unit of 
(Cl)Au(TPP)(CHC13)o,7 for the asymmetric unit. 

CI 

v' 
N4 

Figure 1. ORTEP drawing of the geometry of the gold coordination. 

Figure 2. ORTEP drawing of (CI)Au(TPP). 

Table I. Bond Angles Involving the Gold Atom (deg) 

N l - A u C l  84.4 N 1 -Au-N2 89.2 
N2-Au-C1 80.6 N 2 -A U-N 3 89.4 
N3-AuC1 97.0 N 3 -A U-N 4 91.3 
N4-AuCI 99.7 N4-Au-N 1 91.2 

The overwhelming electron content of the gold and the 
chlorine atoms in the unit cell, (zA? + C Z ~ ~ ) / C Z ~ ~ ~ ~  = 4.2, 
where z is the atomic number, precluded an accurate de- 
termination of the light-atom structure of (Cl)Au(TPP). This 
was emphasized when R was 0.27 ( R  = CllFol - IFcll/CIFol) 
for a structure factor calculation based only on the position 
of the gold atom and when the ensuing electron density map 
using the gold atom phase angles revealed the complete 
structure. The trial structure obtained in this way was refined 
by the method of least squares using individual isotropic 
temperature factors for the atoms and for a disordered 
chloroform of solvation (Rnnal = 0.10). 

The gold atom shows a distorted square-pyramidal geometry 
with the chloride ion coordinating in the apical position (Figure 
1). The gold atom is located in the plane of the pyrrolic 
nitrogen atoms (*0.05 A) iving unexpectedly short Au-N 

distance of 3.01 (1) A is long com ared to that of the terminal 

with the sum of ionic radii (3.18 A).5 The short Au-N and 
longer Au-Cl distances are consistent with an ionic structure 
for the gold coordination. This is in contrast to the structures 
of (Cl)Mn(TPP)6 and (N2)Mn(TPP)7 which are both highly 
covalent. 

The Au-Cl direction makes a 77' angle with respect to the 
least-squares plane of the molecule (Figures 1 and 2, Table 
I) in the direction of the partially disordered chloroform of 
solvation. This results from a strong interaction between the 
chloride ion and the carbon atom of the chloroform of solvation 
(3.21 A); the latter also appears to be librating about its 
threefold axis. The chlorine of (Cl)Au(TPP) lies close to the 
threefold axis and makes a short van der Waals contact with 

distances of about 2.00 (2) x . On the other hand, the Au-Cl 

Au-Cl distance in Au2C16 (2.29 w )4 but compares favorably 



Notes 

Table 11. Deviations (A) of Porphine Skeleton from 
Least-Squares Plane 

Au 0.03 C7 0.54 C14 -0.27 
N1 -0.05 C8 0.36 C15 0.21 
C1 -0.28 C9 0.03 N4 0.05 
C2 -0.41 C10 -0.17 C16 0.27 
C 3  -0.27 N3 0.04 C17 0.42 
C4 -0.06 C11 -0.17 C18 0.35 
C5 0.08 C12 -0.43 C19 0.05 

C6 0.16 
N2 0.01 C13 -0.32 C20 -0.16 

the chloroform carbon suggesting strongly that a weak hy- 
drogen bond exists between the two atoms. The hydrogen of 
chloroform is highly acidic and is known to show such behavior 
in acetone solution. 

Although the positions of the atoms of the porphine ring 
could not be determined with a high degree of certainty (f0.05 
A),* the standard deviation of the atoms from the least-squares 
plane was f0.27 A, with some atoms deviating up to 0.5 
from the plane (Table 11). FuEtherrnore, the porphine ring 
shows a well-defined quasi S4-4 ruffling similar to that ob- 
served with (C1)Mn(TPP),6 (N3)Mn(TPP),7 and porphyrin 
diacids9 where the pyrrole rings are tilted alternately up and 
down with respect to the 4 axis around the Ca-C, bonds. Since 
the standard deviation from the plane is about 5 times the 
standard deviation in position, the ruffling and the symmetry 
of the porphine ring in (Cl)Au(TPP) are both highly sig- 
nificant. However, as with the Mn(TPP) structures, the 
underlying cause of the ruffling is not clear. The common 
feature of the central core region between the former covalent 
structures and the ionic (Cl)Au(TPP) is that both metals form 
strong interactions with the pyrrolic nitrogen atoms. 
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Hexakis(ary1 isocyanide)manganese(I) compounds show a 
large variation in oxidation half-potential.1,2 Members of the 
series [MII (CNC~H~R)~]+  follow the sequence in E l l 2  values 
where R = p-OCH3 < H = 0-, m-, p-CH3 < p-NO2. For a 
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Figure 1. Bonding diagram of highest occupied and first four 
unoccupied molecular orbitals of CNC6H5. Contributions from the 
principal MO’s of CN- or C6H5+ a r e  shown. Energies a r e  in eV. 

series of mixed methyl isocyanide-carbonyl complexes, we have 
previously shown a good correlation of Ellz  value with the 
energy of the highest occupied molecular orbital (HOMO) 
of the complex which depends intimately on the nature of the 
?r-bonded  ligand^.^ The extent of ?r back-bonding will often 
be reflected in the stretching frequencies of the  ligand^,^",^ so 
one might expect to see variations in v(CN) corresponding to 
the variations in Ell2 for the series [Mn(CNC6H4R)6]+. 
Interestingly enough, v(CN) is essentially invariant within the 
series, all having a strong C N  stretch at 2089 f 1 cm-’ 
(free-ligand valuesla 2121 f 4 cm-l). In this note we reconcile 
the seemingly anomalous electrochemical and infrared data 
on the basis of nonempirical molecular calculations5 on a series 
of aryl isocyanides, CNC6H4R (R = H, 0-, m-, p-CH3, p -  

The size of hexakis(ary1 isocyanide) complexes has made 
their theoretical treatment difficult and studies to date have 
chiefly discussed the UV-visible spectra, on the basis of 
qualitative MO schemes for the complexes.6 The theoretical 
treatment of the full complexes is further complicated by the 
lack of good structural data; the symmetry of such complexes 
is subject to much conjecture and spectral information does 
not provide an unambiguous answer.6 Correlation of the 
UV-visible spectra also has been attempted on the basis of 
CNDO calculations on the free liganda7 The results of our 
calculations differ substantially from the CNDO results, 
particularly in the order of filled MO’s. On the basis of what 
is reported by Fantucci et al., it is impossible to assess whether 
or not their calculations are consistent with the scheme 
presented here. 

The MO scheme for CNC6H5 is representative of the entire 
series of substituted aryl isocyanides (Figure 1). Trans- 
formation into the canonical orbitals of CN- and C6H5+ was 
performed, which allows assessment of the bonding picture in 
terms of the molecular orbitals of the two fragments. In Table 

OCH3, p-NO2). 


