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Thallium(lll) porphyrin complexes of the type [Tl(por)X] [por = 5,10,15,20-tetraphenyl- (tpp) or 
2,3,7,8,12,13,17,18-octaethyl-porphyrinate(2-) (oep); X = N,, SCN or NC] have been prepared. The 
stereochemistry of the metal has been established by I R  and 'H N M R  spectroscopy and isocyano bonding 
in [TI(tpp) (NC)] confirmed by X-ray diffraction methods using Mo-Ka radiation. Crystals are monoclinic, 
space group P2,/n, with a = 10.061 (8), b = 16.1 61 (1 2), c = 21.1 73(15) A, p = 90.80(6)' and Z = 4; 
R = 0.023 and R' = 0.028 for 4833 observed reflections. The thallium atom is five-co-ordinated by the 
four nitrogen atoms (N,) of the porphyrin plane and one nitrogen atom, N(25), of t h e  isocyano group: 
mean TI-N, 2.222(10), TLN(25) 2.260(3) A, N(25)-TI-NP 11 0.4(1) TI-N(25)-C(26) 175.3(4)". 

The relationship between metalloporphyrin stereochemistry 
and the biochemical functions of haemoproteins has been the 
subject of extensive investigations. 1-3 Studies of acyl iso- 
cyanide4.' binding to metalloporphyrins were of particular 
interest in exploring the structure at the binding site in natural 
haemoproteins. Recently hydrocarbon oxidations with oxo- 
metalloporphyrinates have been reported extensively.6-' In a 
similar approach, Groves and Takahashi' ' have demonstrated 
that a reactive nitridomanganese(v) porphyrin complex induces 
direct oxidative amination of hydrocarbons. Other nitrido- 
metalloporphyrins' 2-1 5 and nitrido-bridged metalloporphyrin 
dimersl6-I9 have been reported, the precursors often being the 
corresponding azido derivatives. 

The main purpose of this paper is to report the synthesis and 
complete characterization of the isocyano-, thiocyanato- and 
azido-thallium(1rr) complexes [Tl(por)X] (X = NC, N, or 
SCN)$ and to describe the X-ray crystal structure of 
CTl(tPP)(NC)I. 

Experimental 
Preparation of Complexes.-Synthesis. The starting com- 

pounds [Tl(por)Cl] were prepared according to the method 
reported previously.20 The azido- and thiocyanato-complexes 
were synthesised from [Tl(por)Cl] by two general procedures 
which are detailed below. 

( i )  Azido(porphyrinat0)- or porphyrinato(thiocyanato)- 
thallium(rrr). (a)  To [Tl(por)Cl] (0.125 mmol) dissolved in 
dichloromethane (100 cm3) was added NaN, or NaSCN (14.5 
mmol) in H 2 0  (10 cm3). The mixture was stirred for 12 h and 
then washed three times with water (20 cm3). The organic 
solution was dried, evaporated to dryness, and the residue 
recr ys tallised. 

(b)  To [Tl(por)CI] (0.125 mmol) dissolved in dichloro- 
methane (100 cm3) were added NaN, or NaSCN (1.125 mmol), 

~~ 

t Supplementary data available: see Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1991, Issue 1, pp. xviii-xxii. 

Abbreviarions: por = unspecified porphyrinate(2 -), oep = 
2,3,7,8,12,13,17,18-octaethylporphyrinate(2 - ), tpp = 5,10,15,20- 
tetraphenylporphyrinate(2 - ). 

18-crown-6 (1,4,7,10,13,16-hexaoxacyclohexadecane) (1.350 
mmol) and H 2 0  (10 cm3). The mixture was stirred for 2 h and 
then washed and treated as above. 

( i i )  Isocyano( porphyrinato)thallium(rII). The complex [Tl- 
(por)Cl] (0.125 mmol) was dissolved in CH2C12 (100 cm3) and 
NaCN (20.4 mmol) and H 2 0  (10 cm3) added. After reaction (12 
h) the organic phase was washed with water, dried, and the 
solvent evaporated. The reaction residue was recrystallised. 

Recrystallisation of all the complexes was accomplished by a 
slow diffusion of hexane into saturated toluene solutions by 
use of an H tube. 

Physical Measurements.-Proton NMR spectra were 
recorded on a Varian FT-80 instrument. Samples (5 mg) were 
dissolved in CDC1, (0.6 cm3) with SiMe, as internal reference. 
Samples for IR measurements were prepared as 1% dispersions 
in CsI pellets or Nujol mulls and recorded on a Perkin-Elmer 
298 spectrophotometer. Electronic absorption spectra were 
recorded on a Perkin-Elmer 330 spectrophotometer using 
5 x l C 3  mol dm-, toluene solutions or on an ORIEL diode- 
array visible spectrometer. 

Crystal and Molecular Structure Determination.-A suitable 
crystal of [Tl(tpp)(NC)] was obtained by slow diffusion of 
hexane into a toluene solution of the compound in an H tube. 

Crystal data. C,5H2,N,Tl, M = 843.13, monoclinic, space 
group P2,/n (alt. P2, /c ,  no. 14), a = 10.061(8), b = 16.161(12), 
c = 21.173(15) A, p = 90.80(6)", U = 3442(4) A3 (by least- 
squares refinement, using the setting angles of 18 reflections in 
the range 15 < 28 < 20°, h = 0.710 73 A), Z = 4, D ,  = 1.63 g 
cm-,. Dark violet tablets. Crystal dimensions 0.48 x 0.92 x 
1.04 mm, p(Mo-Ka) = 47.8 cm-'. 

Data collection andprocessing.20 Nicolet P3F diffractometer, 
24( 1) "C, 8-28 technique (graphite-monochromated radiation). 
The scan rate was 4" min-' (in 28) and data were collected to a 
maximum 28 of 45". The scan range (") was determined as a 
function of 28 to correct for the separation of the Ka doublet;20a 
28 scan width = 2.00 + [28(Ka2) - 28(Kal)]; 6078 reflections 
collected of which 6705 were unique and not systematically 
absent. The slope of the least-squares line through a plot of 
intensity uersus time was -6(5) counts-', corresponding to a 
total loss of intensity of 0.2%. A linear decay correction was 
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Table 1 Fractional atomic coordinates for [Tl(tpp)(NC)] with estimated standard deviations in parentheses 

Xla 
0.333 47( 1) 
0.457 9(3) 
0.476 O(3) 
0.351 4(3) 
0.324 8(3) 
0.131 7(3) 
0.443 6(4) 
0.498 l(4) 
0.544 l(4) 
0.519 8(4) 
0.558 8(4) 
0.540 9(4) 
0.593 l(4) 
0.561 2(4) 
0.487 6(4) 
0.439 6(4) 
0.378 3(4) 
0.340 4(4) 
0.291 3(4) 
0.298 8(4) 
0.264 O(4) 
0.281 7(4) 
0.267 6(4) 
0.300 O(4) 
0.336 8(4) 
0.389 7(4) 
0.035 7(5) 
0.635 9(4) 
0.574 2(5) 
0.644 l(6) - 
0.779 6(6) - 
0.842 5(5) 
0.769 6(5) 
0.464 8(4) 
0.362 4(5) 
0.384 O(5) 
0.505 4(6) 
0.606 2(6) 
0.587 4(5) 
0.209 7(4) 

Ylb 
0.315 78(1) 
0.310 6(2) 
0.220 4(2) 
0.360 9(2) 
0.450 9(2) 
0.261 O(2) 
0.364 2(2) 
0.325 O(3) 
0.249 9(3) 
0.241 2(2) 
0.172 7(2) 
0.164 8(2) 
0.100 O(3) 
0.116 2(3) 
0.192 6(2) 
0.233 5(2) 
0.310 8(2) 
0.354 9(3) 
0.427 5(2) 
0.433 5(2) 
0.502 5(2) 
0.510 8(2) 
0.585 9(2) 
0.569 6(2) 
0.484 l(2) 
0.444 2(2) 
0.239 7(3) 
0.106 O(2) 
0.035 9(3) 
.0.027 4(3) 
-0.018 6(3) 
0.050 4(4) 
0.112 2(3) 
0.195 8(2) 
0.158 l(3) 
0.131 9(3) 
0.142 5(3) 
0.178 7(3) 
0.205 3(3) 
0.575 5(2) 

Z l c  

0.240 O( 1) 
0.120 O( 1) 
0.054 5( 1) 
0.174 7( 1) 
0.172 3(1) 
0.290 O(2) 
0.344 8(2) 
0.327 8(2) 
0.261 l(2) 
0.224 5(2) 
0.158 9(2) 
0.120 6(2) 
0.059 7(2) 
0.058 6(2) 
0.005 6(2) 
0.003 4(2) 

0.152 33(1) 

-0.052 9(2) 
-0.035 O(2) 
0.032 3(2) 
0.068 4(2) 
0.133 7(2) 
0.169 4(2) 
0.229 7(2) 
0.233 6(2) 
0.287 7(2) 
0.183 8(2) 
0.257 7(2) 
0.279 4(2) 
0.308 6(2) 
0.314 9(2) 
0.294 5(2) 
0.266 2(2) 

-0.057 8(2) 
-0.091 8(2) 
-0.153 2(2) 
-0.180 9(2) 
-0.146 9(2) 
-0.085 4(2) 
0.033 O(2) 

Xla 
0.285 O(4) 
0.232 8(5)  
0.103 7(6) 
0.030 l(5) 
0.079 8(5)  
0.397 6(4) 
0.284 7(5) 
0.295 l(5) 
0.415 3(5) 
0.526 2(5) 
0.517 9(4) 
0.500(4) 
0.578(4) 
0.638(4) 
0.584(3) 
0.352(4) 
0.259(4) 
0.223(4) 
0.307(4) 
0.501(4) 
0.604(5) 
0.812(5) 
0.935(4) 
0.802( 3) 
0.277(6) 
0.300(4) 
0.505(5) 
0.693(5) 
0.668(4) 
0.366(4) 
0.280(4) 
0.068( 5 )  

O.O46( 3) 
0.210(4) 
0.2 14(4) 
0.419(4) 
0.590(3) 
0.583(4) 

.0.023( 3) 

Ylb 
0.616 3(3) 
0.679 9(3) 
0.704 4(3) 
0.664 5(3) 
0.601 2(3) 
0.494 O( 2) 
0.515 4(3) 
0.560 5(3) 
0.586 4(3) 
0.566 6(3) 
0.521 3(3) 
0.352(3) 
0.2 15(2) 
0.059(2) 
0.086(2) 
0.3 3 5 (2) 
0.458(2) 
0.642( 3) 
0.601(2) 
0.030(2) 

- 0.08 l(3) 
- 0.053( 3) 
0.058(2) 
0.151 (2) 
0.137(4) 
0.1 16(3) 
0.1 18(3) 
0.188(3) 
0.227(3) 
0.599(2) 
0.705(2) 
0.749( 3) 
0.672(2) 
0.585(2) 
0.50 1 (3) 
0.5 70( 2) 
0.6 14(3) 
0.578(2) 
0.516(2) 

Z l c  
-0.011 6(2) 
-0.047 3(2) 
-0.038 7(2) 

0.005 2(3) 

0.346 7(2) 
0.380 O(2) 
0.434 9(2) 
0.456 6(2) 
0.423 9(2) 
0.369 5(2) 
0.385(2) 
0.349(2) 
0.135(2) 
0.025(2) 

0.041 O(2) 

-0.093(2) 
-0.056(2) 
0.147(2) 
0.26 1 (2) 
0.28 l(2) 
0.3 17(2) 
0.324( 2) 
0.298(2) 
0.2 56( 2) 

-0.073(3) 
- 0.179(2) 
-0.231(2) 
- 0.160(2) 
-0.058(2) 
-0.014(2) 
-0.075(2) 
- 0.069( 3) 

0.0 14( 1) 
0.070(2) 
0.363( 2) 
0.459(2) 
0.493(2) 
0.432(2) 
0.345(2) 

applied. The correction factors on Franged from 1.OOO to 1.001 
with an average value of 1.001. Lorentz and polarization 
corrections were applied, the linear absorption coefficient was 
47.8 cm-’, and a numerical absorption correction was made.20b 
Relative transmission coefficients ranged from 7.45 to 23.19 
with an average value of 17.31. A secondary extinction 
correction was applied,20b and the final coefficient refined in 
least-squares (1.2 x 10-* absolute units). The agreement factors 
for the averaging of the 606 observed and accepted reflections 
were 2.2 (I) and 1.9% (F,) respectively. 

Structure analysis and re$nement. Direct methods program 
SHELXS 86.20‘ A total of 32 atoms were located from an 
electron-density map, and the remaining atoms located in 
succeeding difference Fourier syntheses. Hydrogen atoms were 
located, and the structure was refined by full-matrix least 
squares where the function minimized was Zw(lF,I - IF&’ and 
w = 4F02/0(F02)2. The standard deviation on intensities, G- 

(FO2)’, is defined by [S’(C + R’B) + @F02)2]/L,2 (S = scan 
rate, C = total integrated peak count, R = ratio of scan time to 
background counting time, B = total background count, L, 
Lorentz-polarization factor, p = factor introduced to down- 
weight intense reflection = 0.030). Scattering factors were taken 
from Cromer and Waber.’Od Anomalous dispersion effects were 
included in F,;’Oe the values for Af’ and Af” were those of 
Cromer,”f only 4833 reflections having intensities I > 341)  
were used. An alternative refinement with N(25) treated as 
carbon and C(26) as nitrogen gave unsatisfactory thermal 
parameters for these atoms. Final R and R’ values were 0.023 

and 0.028, with an estimated error based on (r(F)’Oq of 0.08. All 
calculations were performed on VAX 11/750 and VAXstation 
3 100 computers using SDP/VAX.’Oh Fractional atomic co- 
ordinates of the non-hydrogen atoms are given in Table 1 and 
selected bond distances and angles in Table 2. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises thermal parameters and 
remaining bond lengths and angles. 

Results and Discussion 
Reaction of NaN, or NaSCN at room temperature with the 
thallium(1II) porphyrin complexes [Tl(por)Cl] (por = oep 
or tpp) afforded compounds [Tl(por)(N,) J or [Tl(por)(SCN)J 
respectively. The yields of the azido complexes were high (85- 
91%) and independent of the nature of porphyrin. The yields of 
the thiocyanato complexes were satisfactory (70-887;). The 
method of Abraham and co-workers21~22 was not used to 
prepare cyanothallium(III) porphyrin complexes but instead a 
direct substitution reaction of [Th(por)Cl] by CN- was 
employed. However the compounds actually obtained were not 
the cyano complexes but the isocyanothallium(IIr) porphyrin 
complexes (yield 75-84%) as established after examination of 
the spectroscopic data. The axial-substitution reactions of the 
chlorothallium(m) porphyrin complexes are summarised in 
Scheme 1. Purification of the complexes by chromatography 
(either with alumina or silica gel) was not performed owing to 
significant ligand exchange (with traces of water or chloro ions). 
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Table 2 Selected bond distances (A) and angles (") for [Tl(tpp)(NC)] 

TI-N( 2 1 ) 2.225( 3) TI-N( 24) 2.236(3) 
TI-N (2 2) 2.221(3) Tl-N(25) 2.260( 3) 
TI-N( 23) 2.206( 3) 

N(21)-TI-N(22) 82.7( 1) N(22)-TI-N(24) 140.4(1) 
N( 2 1 )-TI-N( 23) 138.0( 1) N(22)-TI-N(25) 1 1  1 4 1 )  
N(21 )-Tl-N(24) 83.3( 1) N(23>-Tl-N(24) 83.1( 1) 
N(21 )-TI-N(25) 109.0( 1) N(23)-Tl-N(25) 1 13.0( 1) 
N(22)-TI-N(23) 83.0( 1) N(24)-Tl-N(25) 107.8( 1) 

R' R2 R' 

R' R2 R' 

Scheme 1 R' = Et, R2 = H (por = oep); R' = H, R2 = Ph (por = 
tpp); X = N, or SCN. (i) NaX, CH,C12; (ii) NaX, 18-crown-6, CH,CI,; 
(iii) NaCN, CH,C12 

In addition to absorptions normally observed in thallium(II1) 
porphyrin complexes, the IR spectra of [Tl(por)(N,)] and 
[Tl(por)(SCN)] show characteristic absorptions of their 
respective pseudohalide ligands (Table 3). The azido derivatives 
exhibit four bands which are normally assigned to the 
asymmetric stretching (2048-2035), symmetric stretching 
(1370-960), and Tl-N3 stretching (465-445 cm-I). The last may 
be due to the mixing of the TI-N, and T1-por stretching modes. 
These data suggest that the TI-NNN bond is not linear.23.24 
Similar behaviour has been observed for the analogous 
azidogallium(II1) porphyrin complexes and confirmed by an X- 
ray structural study of [Ga(~ep)(N~)].~'  Analysis of the IR 
spectra for the thiocyanoto complexes is more complicated but 
each complex exhibits generally four bands and a structural 
diagnosis between the bonding modes of the SCN group is 
p o ~ s i b l e . ~ ~ , ~ ~  In general, Class A metals (first-row transition 
series, such as Cr, Mn, Fe, Co, Ni, Cu or Zn) form M-N bonds, 
whereas Class B metals (second half of the second- and third- 
row transition series, such as Rh, Pd, Ag, Cd, Ir, Pt, Au or Hg) 
form M-S bonds.27 However, other factors, such as the 
oxidation state of the metal, the nature of other ligands 
present, and steric considerations can influence the mode of co- 
ordination. Several empirical criteria have been developed to 
determine the bonding mode of NCS in metal complexes.24 The 
high CN-stretching frequency (2160-2150 cm-I), and the low 

Fig. 1 ORTEP view of [Tl(tpp)(NC)J 

intensity of several bands near 420 cm-I are consistent with the 
presence of TI-SCN thiocyanato bonding. In the far IR region 
some bands can be distinguished from v(T1-N) (arising from the 
porphyrin) and are attributed to v(T1-S) vibrations (280 cm-I). 
These observations and the analogy with other thiocyanato 
thallium complexes23 lead us to propose TI-SCN bonding. The 
elucidation of the bonding of the cyano group in [Tl(por)(NC)] 
is very difficult on the basis of IR spectroscopy. As is known, the 
-CN ion acts as both a o donor and a 7t acceptor. o-Donation 
tends to raise v(CN) since electrons are removed from the 50 
orbital, which is weakly antibonding, while K back-bonding 
tends to decrease v(CN) because the electrons enter into the 
antibonding 2p,* orbital. In general -CN is a better o donor 
and a poorer 7t acceptor than CO. Thus v(CN) values in 
complexes are generally higher than that of free cyanide. 
Compared with the intensity of v(CN) of NaCN, the intensity of 
this band in [Tl(por)(NC)] is higher. The soft thallium(II1) ion 
forms very strong complexes. For example, its chloride and 
bromide complexes are amongst the strongest metal-ion halide 
complexes known. The soft cyanide ion, as mentioned above, 
is a very important complexing ligand and forms strong 
complexes with most of the transition elements and with d" 
ions. The Hg" ion, which is isoelectronic and has similar 
properties to TI"', likewise forms very strong cyano com- 
plexes, The IR spectra of [Tl(por)(NC)J show a major band 
at 2160-2150 cm-', i.e. at higher wavenumber than for the 
free ligand (2100 cm-'), indicating a higher bond order in the 
complex than for the free ligand.28 These results are consistent 
with the presence of a positive formal charge on the carbon in 
the complex indicating isocyano (cyano-N) bonding. The 
increase in bond order is attributed to the better donor 
properties of isocyanides towards TI"' and the concomitant 
decrease in the o* population of the CN bond. It is sometimes 
assumed that thallium does not form cyanide complexes29 {with 
the possible exception of [Tl(CN),] -1, because TI"' is reduced 
to Tl'. However, in the present system binding of cyanide is 
clearly shown. To establish with certainty whether cyano (Tl-C) 
or isocyano (TI-N) bonding occurs an X-ray crystal structure 
determination of [Tl(tpp)(NC)] was undertaken (see below). 

Proton NMR data for the complexes [Tl(por)X] (X = N,, 
SCN or NC) are presented in Table 4. All azido, thiocyanato 
and isocyano derivatives exhibit spectra characteristic of dia- 
magnetic complexes and the NMR data of the three series are 
very similar. As reported 1 7 3 2  in the literature, 1H-203,205Tl 
couplings are observed (see Table 4) but only between Tl"' and 
the meso or pyrrolic proton of the porphyrin macrocycle and 
the axial ligand proton. The magnitude of the coupling varies 
with the proton-thallium distance and the meso H-TI and 
pyrrolic H-TI couplings are smallest for [Tl(por)(NC)]. This 
property is in accord with the fact that the central metal atom of 
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Table 3 IR data for the thallium(~n) porphyrin complexes [Tl(por)X] (X = C1, NC, N3 or SCN) 

-N=N=N 

vaSym vSym 6 v(TI-N) -C=N -S-C=N M-X 
278 

2160 330 
2048 1370 635 465 

1250 
960 

21 20,2043 280 
290 

2150 470 

2115,2035.1360 280 
2035 1308 795 445 

Table 4 Proton NMR data" 

R' R2 Protons of R' 
Ph H o-H m, 8, 7.98; m, p-H, m, 12,7.42 
Ph H o-H m, 8, 8.19; m, p-H, m, 12,7.76 
Ph H o-H m, 8, 8.21; m, p-H, m, 12, 7.75 
Ph H o-H m, 8,8.24;m,p-H, m, 12,7.78 
H Et d,4, 10.33 (39) 
H Et d, 4, 10.25 (32) 
H Et d,4, 10.27 (40) 
H Et d, 4, 10.30 (34) 

Protons of R2 
d, 8,9.03 (63) 
d, 8,8.74 (59) 
d, 8,9.04 (63) 
d, 8,9.07 (60) 
t, 24, 1.79; m, 16,3.87 
t, 24, 1.96; m, 16,4.15 
t, 24, 1.95; m, 16,4.16 
t, 24, 1.95; m, 16,4.15 

" Spectra recorded in CDCl,. Data given as multiplicity, intensity, chemical shift. Coupling constants J(1H-203*205Tl) are given in parentheses. 
Ref. 30. 

B(O,O) 
418 (2.1) 
421 (4.1) 
427 (1.4) 
433 (0.9) 
434 (2.7) 
437 (2.3) 
439 (2.9) 
436 

Q(2,O) 
498 (11.8) 
504 (17.9) 
510 (25.8) 
513 (17.8) 
520 (13.6) 
523 (1 5.8) 
526 (22.3) 
(sh) (17.0) 

Q(1,O) (or a )  
545 (10.5) 582 
547 (13.6) 582 
553 (20.7) 588 
554 (13.2) 591 
566 (8.5) 608 
569 (10.5) 607 
572 (11.1) 612 
568 (11.3) 608 

Q(0-0) (or P) 

[Tl(por)X] is a heavy metal and appears to be more important 
in influencing deshielding than the electron-donor or -acceptor 
properties of the axial ligand. Also, the interaction between the 
meso and pyrrolic protons with the thallium centre is stronger 
when the axial ligand has some electron-withdrawing ability 
(Cl, N,, SCN, NC). The signals of the ethyl groups for the oep 
complexes show a multiplet for the methylene protons resulting 
from an ABX, coupling with the methyl protons. This 
behaviour is similar to that observed for oep complexes of 
gallium or i n d i ~ m ~ ~ . ~ ~  and is in accord with five-co-ordination 
of the T1"' ion which is displaced out of the porphyrin plane. 

All the complexes [Tl(por)X] (X = N,, SCN or NC) 
exhibit characteristic electronic spectra for 'normal' metallo- 
p ~ r p h y r i n s ' . ~ ~ , ~ '  They show an intense Soret band in the region 
418-439 nm (see Table 5); three additional bands are red-shifted 
with respect to the Soret band, the Q(2,0), Q(1,O) and Q(0,O) 
bands. The spectra are similar to those displayed by all other 
known thallium(Ir1) porphyrins. 

To confirm isocyano bonding of [Tl(por)(NC)] the crystal 
structure of [Tl(tpp)(NC)] was solved. An ORTEP drawing of 
the molecule with the numbering scheme used is shown in Fig. 1. 
As expected the thallium atom is five-co-ordinated by the four 
nitrogen atoms (N,) of the porphyrinato group and the nitrogen 
atom [N(25)] of the isocyano group; the co-ordination 
polyhedron is an almost erfect square pyramid [mean TI-N, 
2.222, Tl-N(25) 2.260(3) 1, mean N(25)-TI-NP 110.4( l)"]. The 

thallium atom lies 0.774 8, from the 4N, plane and 0.905 8, from 
the porphyrinato core whereas the N(25) atom is 3.032(3) A 
above the 4N, plane. For comparison, the distance of the 
thallium atom from the 4N, plane is 0.737 A in [Tl(tpp)Cl],36 
0.974 8, in [ T l ( t ~ p ) M e ] , ~ ~  and 2.213(6) 8, in [Tl(tpp)F].30 The 
metal-isocyano angle is almost linear [TI( l)-N(25)-C(26) 
175.3(4)"] (a refinement for the alternative-form, TI-CN, 
indicated that the initial refinement was correct and the N and C 
atoms are correctly assigned). The carbon-carbon and carbon- 
nitrogen bond distances in the macrocycle are normal and there 
are no short intermolecular distances. 
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