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Table V. Selected Interatomic Distances (A) and Angles (Deg) for Ethynyl-Bridged Metal Derivatives 

C=C M-C LM-C-M LC-M-C bridging dist 

compd short M long M (bridging) (terminal) LCS-C (bridge) LM-CS LM’-C=C (terminal) -- 
Al,(pC=€Me),Me,” 2.050 (15) 2.15 (3) 1.229 (4) 1.956 ( 5 )  167.8 (1.6) 92.0 (1) 158.3 (1.9) 109.7 (1.3) 120.8 

Al, @-GCPh),Ph,’ 1.992 2.184 1.207 1.904 91.73 171.6 
Ga,(p-C=CPh),Me4C 2.004 (7) 2.375 (7) 1.183 (6) 1.952 (8) 180 (2) 86.7 (3) 172.8 (7) 93.8 ( 5 )  126.86 
In,@-GCMe),Me4d 2.193 (14) 2.933 (23) 1.212 (20) 2.185 (av) 178.6 (1.3) 177 (1) 129.8 (4) 
Be,@-C=CPh),Me,e 1.85 1.89 1.17 1.75 178 77 147 1.36 
[Cu,(C,H4NMe,-2),- 2.028 2.054 1.17 177.9 75 148.1 137.2 

HC=CHg 1.204 (2) 

Reference 4. This work. 
In-C, distances. e Reference 17. Reference 16. Reference 18. 

(gas phase) 

(=C,H,M*4), 

“ Reference 5 .  Reference 6. Note that the In-Cp distance is 2.989 (24) A,  i.e., nearly equivalent to the 

V and a careful review of the behavior of the indium species 
in solution6J0 suggests that the major differences are observed 
only in the solid state since the indium derivative forms a 
relatively stable dimer in solution with behavior similar to that 
observed for the aluminum and gallium derivative and pre- 
sumably, therefore, with a similar structure. 

Other studies have shown that both copper16 and beryllium” 
form derivatives which contain ethynyl-bridge bonds. The 
bonding in these species has been discussed in detail, and it 
has been concluded that the ethynyl moiety contributes one 
electron to the bridge bond in the copper compound. This 
conclusion was based on the short (compared to 1.204 (2) 8, 
in acetylene) C=C distance of 1.17 A observed and on the 
large separation between the bridged copper atoms of 2.47 
A similar proposal was made for the beryllium system which 
again has a 1.17 A C=C distance and no available “low 
energy” metal orbitals for interaction with the a-electron 
system on the ethynyl groups.16 

In both aluminum derivatives, for which structures are 
known, and for the gallium derivative studied in this work, it 
is quite clear that the molecular unit is held together by 
bridging ethynyl groups which enter into two distinctly dif- 
ferent bonding interactions: one, as evidenced by the Ga-C 
bond distance of 2.004 (7) 8, and the C=C-Ga angle of 
172.8 (7)O, is essentially a gallium-carbon Q bond while the 
second is best described as a strong interaction between the 
second gallium atom and the a electrons of the carbon-carbon 
triple bond and is characterized by the location of the gallium 
atom which permits significant metal-a-electron interaction. 
This is shown in the indium derivatives where the metal atom 
is shifted toward the a electrons and is located almost at the 
midpoint of the carbon-carbon triple bond with the two 
metal-carbon distances nearly equivalent at 2.93 and 2.99 A, 
respectively. 

Variations in carbon-carbon triple bond lengths were sug- 
gested by ten Hoedt et a1.16 as a measure of the metal-a- 
electron interaction. These bond distances for several ethy- 
nyl-bridged derivatives, along with other parameters, have been 
collected in Table V. Examination of these data show that 
the carbonerbon triple bond distances for the aluminum and 
indium derivatives are greater than that observed in acetylene, 
as expected from ten Hoedt’s proposal, but that the carbon- 
carbon triple bond distance found in the gallium derivative 
is significantly less than that in acetylene and is within the 
values reported for species which presumably have no met- 
al-a-electron interaction. Therefore, it appears that the 
carbon-carbon triple bond length does not serve as an effective 

(16) ten Hoedt, R. M. W.; Nolts, J. G.; van Koten, G.; Spek, A. L. J.  Chem. 
Soc., Dalton Trans. 1978, 1800. 

(17) Morosin, B.; Howatson, J. J. Orgammer. Chem. 1971, 29, 7. 
(18) “Molecular Structure and Dimensions”; Kennard, O., Watson, D. G., 

Allen, F. H., Isaacs, N. W., Motherwell, W. D. S., Pettersen, R. C., 
Town, W. G., Eds.; N.V.A.: Oosthoek, Utrecht, 1972; Vol. AI, p 52. 
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measure of the metal-welectron interaction, and other criteria 
must be sought. 

Acknowledgment is made to the donors of the Petroleum 
Research Fund, administered by the American Chemical 
Society, for the partial support of the research. W.H.I. was 
a Lubrozol fellow during the 1977-1978 academic year. 
Registry No. Ga2(p-C=LPh)2Me,, 18744-50-8. 
Supplementary Material Available: Listings of observed and cal- 

culated structure amplitudes (7 pages). Ordering information is given 
on any current masthead page. 
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The molecular stereochemistry of a number of five-coor- 
dinate high-spin (porphinato)iron(III) complexes, Fe(P)(X), 
has been determined, including those for X = ClY3 Br: and 
I.5 We have completed the series of halide derivatives by 
preparing and determining the molecular stereochemistry of 
a fluoro complex, fluoro( mem tetraphen y lporphinato) iron (111) , 
hereinafter written as Fe(TPP)(F). 
Experimental Section 

Fe(TPP)(F) was prepared by the reaction of a CHCl, solution of 
[Fe(TPP)I2O6v7 (500 mg/100 mL) with an aqueous 5% H F  solution 
in a polyethylene sepratory funnel. After the CHCl, layer was washed 
with water, the CHC13 solution was concentrated. Crystals (about 
300 mg) were obtained by allowing pentane to diffuse into the solution. 
This material was recrystallized by dissolving it in CHC1, and diffusing 
pentane into the solution. The IR  spectrum exhibits a Fe-F band* 
at  600 cm-l. Anal. Calcd for CUH2*N4FFe: C, 76.86; H, 4.10; N ,  

(1) Nagoya City University. 
(2) University of Notre Dame. 
(3) Hoard, J. L.; Cohen, G. H.; Glick, M. D. J. Am. Chem. Soc. 1967,89, 

1992-1996. Hoard, J. L., private communication. 
(4) Skelton, B. W.; White, A. H. Aust. J .  Chem. 1977, 30, 2655-2660. 
(5) Hatano, K.; Scheidt, W. R. Inorg. Chem. 1979, 18, 877-879. 
(6) Maricondi, C.; Swift, W.; Straub, D. K. J .  Am. Chem. Soc. 1969,91, 

5205-5214. Cohen, I. A. Ibid. 1969, 91, 1980-1983, 
(7) Hoffman, A. B.; Collins, D. M.; Day, V. W.; Fleischer, E. B.; Srivastava, 

T. S.; Hoard, J. L. J. Am. Chem. SOC. 1972, 94, 3620-3626. 
(8) Alben, J. 0. Porphyrins 1978-1979, 3, 332. 
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Table 1. Structural Parameters of the Atoms in Crystalline FeTPPFa 
coordinates anisotropic thermal parameters,b A' 

atom 104x 1 0 4 ~  1 0 4 ~  B 11 Bll B,, B 11 4 3  B7.3 

Fe 0 0 486 (1) 2.16 (3) 2.16 (3) 3.49 (2) 0 0 0 
F 0 0 2321 (3) 4.04 (16) 4.04 (16) 3.74 (12) 0 0 0 
N 364 (1) 1462 (1) 0 2.43 (5) 2.29 (5) 4.35 (6) 0.00 (4) 0 0 
C, -284 (1) 2261 (1) 0 2.80 (6) 2.38 (6) 4.27 (7) 0.07 (4) 0 0 
C, 274 (1) 3182(1) 0 3.34 (7) 2.21 (6) 5.92 (9) -0.08 (5) 0 0 
C, 1249(1) 2936 (1) 0 3.16 (7) 2.44 (6) 5.65 (9) -0.37 ( 5 )  0 0 
C4 1313(1) 1864(1) 0 2.69 (6) 2.42 (5) 4.06 (7) -0.28 (4) 0 0 
C, 2205(1) 1329(1) 0 2.49 (6) 2.77 (6) 3.90 (7) -0.31 (4) 0 0 
C, 3165 (1) 1906 (1) 0 2.50 (6) 2.74 (6) 4.37 (8) -0.20 (4) 0 0 
C7 4920(1) 3006 (2) 0 2.56 (7) 3.31 (8) 9.68 (16) -0.46 (6) 0 0 
C, 3613 (1) 2178 (1) 1207 (2) 4.06 (6) 6.21 (8) 4.90 (7) -1.54 (6) -0.28 (5) -0.40 (6) 
C. 4488 (1) 2733 (2) 1199 (2) 4.09 (7) 6.34 (9) 7.24 (10) -1.46 (6) -1.24 (6) -1.43 (8) 

~~ ~ ~~~ 

coordinates coordinates 

atom 1 0 4 ~  104y 1042 B , A Z  atom 1 0 4 ~  1 0 4 ~  1042 B, A' 

H8 3318 1978 20.54 5.91 
H9 4795 2929 2038 6.44 

-17 3831 0 4.67 
1816 3371 0 4.63 

5.46 

HIC 
H3 
H7 5520 3386 0 

The numbers in parentheses are the estimated standard deviations. Bij is related to the dimensionless pij employed during refinement as 
Each hydrogen atom carries the same subscript as the carbon atom to which it is attached. Their isotropic thermal para- Bij = 4pij/a*ia*j. 

meters were fixed at one unit higher than the bonded carbon atom (B(H) = B(C) t 1.0 A'). 

I 
I00 XQ f a  100 

A I-) 

Figure 1. UV-visible spectra of Fe(TPP)(F) (solid line) and Fe(T- 
PP)(Cl) (dashed line) in CHC13 solution. 

8.15. Found: C, 75.99; H, 4.01; N, 8.03. Figure 1 shows thevisible 
spectrum of Fe(TPP)(F) in CHC13. A spectrum of Fe(TTP)(Cl) in 
CHC13 is also shown for comparison. 

Preliminary examination of a crystal of Fe(TPP)(F) with dimensions 
of 0.4 X 0.5 X 0.7 mm established that the Laue symmetry and 
systematic absences were consistent with the tetragonal space groups 
14,14, and I4/m. Lattice constants, a = 13.381 (2) and c = 9.767 
(2) A, came from a least-squares refinement that utilized the setting 
angles of 60 reflections, collected at  f29. These constants led to a 
calculated density of 1.306 g/cm3 for a cell content of two Fe(TPP)(F) 
molecules; the experimental density was 1.30 g/cm3. All measurements 
were made at  the ambient laboratory temperature of 20 f 1 'C. 

Diffracted intensities were measured by 9-29 scanning with use 
of graphite-monochromated Mo Ka radiation (x = 0.71073 A). The 
scan range used was 0.75' below Kal to 0.7.5' above KaZ. Back- 
grounds were collected a t  the extremes of the scan for 0.5 times the 
time required for the scan itself. All independent data to (sin 9 ) / A  
< 0.789 A-' were measured. Four standard reflections, measured 
periodically, showed no trend with time. Variable 29 scan rates were 
used as described previously: the slowest was l.OO/min and the fastest 
was 12.0°/min. Net intensities were reduced to relative squared 
amplitudes, lFOl2. Reflections having Fo > 3a(F0) were taken to be 
observed. A total of 1465 unique data, 86% of the theoretical number 
possible, were used in the subsequent solution and refinement of the 
structure. 

(9) Scheidt, W. R. J .  Am. Chem. SOC. 1974, 96, 84-90. 

Table 11. Coordination Group Parameters for 
(Porphinato)iron(III) Halide Complexes 

A 
complexa Fe-Nb AN4 (core) Fe-X ref 

Fe(TPP)(F) 2.072 (1) 0.47 0.47 1.792 (3) this work 
Fe(TPP)(Cl) 2.060(3) 0.39 0.39 2.193 (3) 3 
Fe(Proto IX)(Cl) 2.062 (10) 0.48 0.55 2.218 (6) 17 
Fe(TPP)(Br) 2.069 (9) 0.49 0.56 2.348 (2) 4 
Fe(TPP)(l) 2.066 (11) 0.46 0.53 2.554 (2) 5 

meso-tetraphenylporphyrin dianion. 
A. 

a Abbreviations: Proto IX, protoporphyrin 1X dianion; TPP, 
All distances have units of 

The structure was solved by the heavy-atom rnethod.l0 The 
necessity of choosing between the space groups 14, 14, and 14/m has 
been encountered a number of times,'.'l-I4 and in all but one occa~ion,~' 
the choice of 14/m appeared proper. Accordingly, the choice of 14/m 
was made for Fe(TPP)(F), and all subsequent developments of 
structure solution and refinement were consistent with this choice of 
space group. Isotropic full-matrix least-squares refinement smoothly 
converged.I5 A difference Fourier synthesis gave the approximate 
positions of all hydrogen atoms in the asymmetric unit of structure; 
these atoms were then assigned to their theoretically calculated 
positions (C-H = 0.95 A, B ( H )  = B(C) + 1.0 A*), and their con- 
tributions to the calculated structure amplitudes were included in 
subsequent cycles of refinement. Anisotropic temperature factors were 
now included, and the structure refined to convergence. This led to 
a conventional residual (R,)  of 0.048, a weighted residual (R3 of 0.068, 
and an error fit of 2.33. The final data/parameter ratio was 20.1/1. 
A final difference Fourier synthesis was featureless with the largest 
peak having a height of 0.13 e/A3. Final atomic coordinates and the 

(10) In addition to various local programs, modified versions of the following 
programs were employed: Busing and Levy's OWE; Johnson's ORTEPZ; 
Hubbard, Quicksall, and Jacobson's ALFF Fourier program; Busing, 
Martin, and Levy's ORFFE error function program. 

(11) Collins, D. M.; Scheidt, W. R.; Hoard, J. L. J.  Am. Chem. Soc. 1972, 

(12) Scheidt, W. R.; Hoard, J. L. J.  Am. Chem. Soc. 1973,95,8281-8288. 
(13) Scheidt, W. R.; Frisse, M. E. J .  Am. Chem. SOC. 1973, 97, 17-21. 
(14) Sakurai, T.; Yamamoto, K.; Naito, H.; Nakamoto, N. Bull. Chem. Soc. 

Jpn. 1976, 49, 3042-3046. 
(15) Scattering factors are from: Cromer, D. T.; Mann, J. B. Actu Crys- 

tullogr., Sect. A 1968, A24, 321-323. For hydrogen they are from: 
Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J .  Chem. Phys. 1965, 
42, 3175-3187. Corrections for real and imaginary anomalous dis- 
persion were taken from: Cromer, D. T.; Liberman, D. J. Ibid. 1970, 

94, 6689-6696. 

53, 1891-1898. 
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Figure 2. Computer-drawn view of the Fe(TPP)(F) molecule. The numbering scheme for the crystallographically unique atoms is shown as 
are the individual bond distances and angles with their respective estimated standard deviations. 

associated thermal parameters are reported in Table I. A listing of 
the final observed and calculated structure amplitudes (XlO) is 
available as supplementary material. 

Results and Discussion 
Figure 2 presents a perspective view of the Fe(TPP)(F) 

molecule. The figure also illustrates the numbering scheme 
employed for the unique atoms and the individual values for 
the bond distances and angles in the molecule. A table of 
values is also given in the supplementary material. In space 
group 14/m, the Fe(TPP)(F) molecule is disordered with 
statistical 4/m-C4,, symmetry. The porphinato core in Fe- 
(TPP) (F) thus has crystallographically required planarity. The 
anisotropic temperature factors (Table I) do not appear to be 
disguising any significant nonplanarity of the core. 

The coordination group parameters for Fe(TPP)(F) are 
typical of those for a high-spin five-coordinate (porphinat0)- 
iron(II1) complex.I6 Table I1 summarizes four coordination 
group parameters for the (porphinato)iron(III) halide com- 
plexes.” The parameters are the average Fe-N bond distance, 
the iron to axial ligand distance, the displacement of the 
iron(II1) atom from the mean plane of the four nitrogen a tom 
and the mean plane of the core. In Fe(TPP)(F) and Fe(TP- 
P)(Cl), these two displacements are equal because of the 
planarity of the respective cores. It can be seen that the 
displacements in Fe(TPP)(Cl) are smaller than any other 
derivative; it is possible that this smaller displacement is a 
consequence of molecular packing.I8 

The axial Fe-F distance of 1.792 (3) A in Fe(TPP)(F) is 
significantly shorter than the value normally observed, about 
1.92 A, for terminal Fe-F distances in polymeric fluorides19 

Hoard, J. L. Porphyrins Metalloporphyrins 1975, 313-380. Scheidt, 
W. R. Porphyrins 1978, Chapter 10. 
Koenig, D. F. Acta Crystallogr. 1965, 18, 663-673. 
Hoard, J. L., personal communication. 
Von der Muhll, R.; Ravez, J. Reu. Chim. Miner. 1974, 11, 652-663. 
Von der Muhll R.; Daut, F.; Ravez, J. J .  Solid Stare Chem. 1973, 8, 
206-212. Von der Muhll, R.; Anderson, S.;  Glay, J. Acta Crystallogr., 
Sect. 8 1971, 27, 2345-2353. Babel, D.; Wall, F.; Heger, G. Z .  Na- 
turforsch., B Anorg. Chem., Org. Chem. 1974, 298, 139-148. Hep- 
worth, M. A.; Jack, K. H.; Peacock, R. D.; Westland, G. J. Acta 
Crystallogr. 1957, 10, 63-67. 
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or in monomeric octahedral complexes.20 It was originally 
noted by HoardI6 that the axial distances in high-spin five- 
coordinate (porphinato)iron(III) complexes are particularly 
short. This pattern persists for all the halide derivatives listed 
in Table 11. 
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The molecular conformations of aminophosphorus(II1) 
compounds have attracted quite a bit of attention recently. 
The various conformational models (drawn with planar ni- 
trogens) are shown in Figure l .  Model compounds have been 
prepared which contain nitrogen “lone-pair” orbitals whose 

(1) (a) Auburn University. (b) University of Birmingham. 
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