
Table 111. Important Bond Lengths (A) and Angles (deg) 
bond av' range 

Zr-0 2.081 (43) 1.913 (20)-2.212 (16) 
P1-0 1.544 (20) 1.501 (24)-1.588 (19) 
P2-0 1.507 (32) 1.418 (18)-1.550 (19) 
07-H1 1.008 (31) 
010-H1 1.565 (32) 
07-010 (short) 2.461 (21) 

anale av' range 
0-Zr-O 88.9 (16) 8 1 .O-95.5 
0-P-0 109.2 (16) 102.7-121.7 
07-H1-010 145.2 (28) 

K coordb length K coordb length 
K1-03 2.744 (15) K2-01 2.688 (21) 
K1-05 2.834 (i8j ~ 2 - 0 6  2.974 (isj  
K1-07 2.814 (25) K2-07 2.895 (20) 
K1-010 2.794 (21) K2-010 3.019 (26) 

"The esd of N observations is calculated as [Xlav - obsd12/N(N - 
1)]1/2.  bAll two contacts. 

A using a five-term refinable background function. No thermal diffuse 
scattering (TDS) background corrections were included in this function. 
No corrections were made for multiple scattering as the oscillatory nature 
of the background, characteristic of multiple scattering, was not observed. 
Refinement proceeded slowly until the [Ool] preferred orientation vector 
was assumed to have a Gaussian distribution about the axis of the sample. 
This preferred orientation factor is refinable as part of the least-squares 
technique. Refinement of better crystal and atom parameters now pro- 
ceeded smoothly to convergence, at which stage a difference Fourier 
synthesis revealed the position of the hydrogen atom. Refinement of all 
parameters (including the hydrogen) was conducted to convergence, 
following which the non-hydrogen atoms were refined with anisotropic 
temperature factors. 
Results and Discussion 

Details of the refinement parameters are given in Table I while 
the positional parameters are contained in Table 11. The final 
difference plot for the neutron Rietveld refinement is shown in 
Figure 1, and a summary of the bond distances and angles is given 
in Table 111. Comparison of the results with those obtained in 
the X-ray study1,5 reveals agreement within 3~7 of the quoted esd's 
except for two K-0 interatomic distances that exceed the 3u 
criterion by about 10%. It should be remembered that the subject 
compound is layered so that the intensity data suffer from severe 
preferred orientation effects. Better handling of this error would 
undoubtedly improve matters considerably. 

The hydrogen atom occupies a position between the P-0- ( 0 7  
and 010)  groups, as predicted previo~sly.~ It is bonded to 0 7  
at  a distance of 1.0 A and hydrogen bonds to 0 1 0  at 1.57 A. The 
hydrogen bond angle is 145". This positioning of the hydrogen 
atom makes 0 7  four-coordinate since it bridges two potassium 
ions as well as bonding to hydrogen and phosphorus. The ar- 
rangement is a highly distorted tetrahedron. 

It appears from this study that the structure of an unknown 
compound can be deduced from a minimal data set (40-50 re- 
flections) by using deconvoluted powder X-ray intensity data to 
obtain a starting model for both X-ray and neutron Rietveld 
refinement with satisfactory results. We are in the process of 
applying this technique to a variety of compounds. 
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Although the synthesis of 9-iodo-o-carborane (1) has been 
described in the literature3 we have experienced difficulty in 
making this useful intermediate in the synthesis of 9-alkyl-o- 
~ a r b o r a n e s . ~  We describe here a simple modification of the 
published3 procedure that gives high yields of pure 1. 

5 

12 

I 
I 
1 

The published synthesis calls for treatment of o-carborane with 
I2 and AIC13 in CC14 for 3 h.3 We found that this procedure leads 
to a mixture of halogenated carboranes containing, along with 
the desired 1 (28%), 9-chloro-o-carborane (2, 13%), 9,12-di- 
chloro-o-carborane (3, 1 l%), 9-chloro-12-iodo-o-carborane (4, 
28%), and 9,12-diiodo-o-carborane (5, 20%). That chlorinated 
carboranes should be present was perhaps not unexpected given 
the report6 that o-carborane could be chlorinated in the presence 
of CCI4 and AlCl,. 

Compounds 2, 3, and 5 are known, and their physical and 
spectroscopic properties could be compared to those reported in 
the literature (Z,7 3,9 5397bJ0). Compound 4 is new and was 
identified by high-resolution mass spectrometry and IIB N M R  
spectroscopy. 

We found the composition of products not to vary with time, 
but reducing the temperature to 40 "C did increase the percentage 
of 1, although the other halogenated carboranes were still present. 
We were finally successful in obtaining a high yield of pure 1 by 
combining low temperature with a change of solvent. Methylene 
chloride seemed less likely than CC1, to contribute a chlorine to 
the reaction pool, and this proved to be the case.* Treatment of 
o-carborane with iodine and AlC13 in CH2C12 gave 1 in good yield 
and high purity. Traces of 5 and a compound believed to be 
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9-iodo- 12-(chloromethyl)-o-~arborane are formed but  are easily 
removed by a single crystallization. 

Inorg. Chem. 1985, 24, 3716-3718 

Table I. Kinetic Data for Co"'-P/Fe-EDTA2- Reactionso 
kn. M-l 

f 0.003. 
Iodination of o-Cerborane in CH2CI2. A mixture of 10.35 g of o- 

carborane and 18.2 g of I2 was refluxed in 250 mL of CH2CI, with a 
catalytic amount of AICI, for 16.5 h. The clear yellow solution was 
poured into distilled water and the organic layer separated. The water 
was extracted once with 100 mL of ether, and the combined organic 

water pump and the residue recrystallized from hexane to give 18 g of 

15 

layers were dried over MgSO,. The filtered solvent was removed at the 

Experimental Section 
Iodination of o-Carborane in CCI4. A solution of 3.3 g of I,, 2.1 g of 

o-carborane, and 0.3 g of AIC13 in 80 mL of CCI4 was refluxed under 
N, for 3 h. The mixture was poured into 100 mL of distilled water and 
the organic layer separated and dried over MgS04. The filtered solution 
was concentrated at the water pump to give a residue that was analyzed 

A 
0 3 -  - - 
n - /" 3 - 

c'-,.e" 

I;/ C @ I I I I I - l A P 5 *  

, 1 

la0 m - 

compd EOx, V b  

Co"'-TPPS3- + 1.06 
Co"'-TAPSt +1.17 
C O " ' - T M P ~ P ( ~ ) ~ +  +1.19 
Co"'-TMPyP(4)'+ + 1.19 
Co"'-TMPyP( 2) '+ 

PK3 
4.6 
3.6 
1.8 
1.4 

-0.9 

s-l c K, M-Ic kc, s& 
2.0 x 10) < I O  
7.3 X lo3 460 1.6 X 10 
7.8 X IO4 530 1.5 X lo2 
8.7 X lo4 470 1.8 X I O 2  
1.4 X IO5 770 1.8 X lo2 
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Kinetics studies on t h e  mechanisms of reduction of cobalt(II1) 
porphyrins to their divalent states have employed c h r o m i ~ m ( I I ) , I - ~  
vanadium(II),2 d i t h i ~ n i t e , ~ , ~  hexaammineruthenium(II),z%6 ra- 
diolysis-produced  radical^,^ superoxide,* cobalt( 11)  porphyrin^,^ 
and metalloporphyrin anion radicals7 In contrast to  many of these 
reagents, iron(I1) ethylenediaminetetraacetate ( Fe"-EDTA2-) is 
a weak reductant t h a t  will attack only t h e  coordinated metal ion 
and not reduce the  metalloporphyrin ring system itself. We report 
t h e  kinetics of reduction of five water-soluble positively and 
negatively charged cobalt(II1) porphyrins with Fe"-EDTA2-. The 
observed ra te  laws are a function of t h e  porphyrin charge type, 
and the corresponding Co"'/"-porphyrin self-exchange ra te  
constants  are calculated.  

Experimental Section 

The cobalt(II1) forms of tetrakis(4-sulfonatophenyl)prphyrin (TPP- 
S), tetrakis(N,N,N-trimethylaniliniumy1)porphyrin (TAP), and tetra- 
kis(N-methyl-4-, -3-, or -2-pyridiniumy1)porphyrin (TMPyP(X)) were 
prepared and purified by literature methods I5-l7 Iron(I1) in the form 

(1) Pasternack, R. F.; Sutin, N. Inorg. Chem. 1974, 13, 1956-1959. 
(2) Fleischer, E. B.; Cheung, S. K. J.  Am. Chem. SOC. 1976,98,8381-8386. 
(3) Balahura, R. J.; Trivedi, C. P. Inorg. Chem. 1978, 17, 3130-3132. 
(4) Pasternack, R. F.; Cobb, M. A.; Sutin, N. Inorg. Chem. 1975, 14, 

866-873. 
(5) Adeyemo, A.; Valiotti, A.; Hambright, P. Inorg. Chim. Acta 1982, 64, 

L251-L253. 
(6) Pasternack, R. F. Inorg. Chem. 1976, 15, 643-646. 
(7) Neta, P. J .  Phys. Chem. 1981, 85, 3678-3684. 
(8) Peretz, P.; Solomon, D.; Weinraub, D.; Farragi, M. Int. J .  Radiaf. Biol. 

Relat. Stud. Phys. 1982, 42, 449-456. 
(9) Chapman, R. D.; Fleischer, E. B. J .  Am. Chem. SOC. 1982, 104, 

1575-1 582. 
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Figure 1. Graphs of /cow vs. Fe-EDTA2- for the Co"'-P/Fe-EDTAZ- 
reactions at 25 OC (Co"'-TPPS'- data at Z = 0.1, Co"'-TAPSt data at 
I = 0.5). The insert is a plot of kobsd-l vs. [Fe-EDTA2-]-l. 

FeCI2.4H20 or Fe(NH4),(SO4),.6H,O (both gave the same kinetic re- 
sults) was dissolved in deareated solutions and analyzed spectrophoto- 
metrically with o-phenanthroline.18 A stoichiometric amount of stand- 
ardized deaerated EDTA was added to produce the air-sensitive Fe- 
EDTA2-. All reagents were handled in Hamilton glass syringes. The 
reactions were run under chromous scrubbed argon at 25 OC and followed 
on a Durrum-Gibson stopped-flow apparatus. The ionic strength ( I )  was 
maintained with NaCl/HCI, and M HOAc/NaOAc was the buffer. 
Ac and cyclic ~ol tammetry '~  using a polished glassy-carbon electrode and 
SCE was done on N2-deaerated solutions at pH 4.5 ( I  = 0.1 M HCI/ 
KCI, 0.01 M HOAc/NaOAc). 

Results 
While other  groups have reported reduction potentials in 

aqueous solution for CO'~'/" porphyrins with TMPyP(4) ( E D  = 
+0.42 V vs. NHEZ0), TPPS (-0.41 V2'), TAP (+0.38 v2*), we 
found only broad, ill-defined peaks in the expected potential ranges 
using slow-sweep ac voltammetry However, one-electron-oxidation 
waves assigned to the ligand oxidation process Co"'-P = Co"'-P+ 
+ e- were readily observed under t h e  same conditions, and such 
Eo" values are listed in Table I. Cyclic voltammetry studies gave 
one-electron-reduction potentials of 0.00 V for Mn111/11-TMPyP(4) 
and -0.21 V for Mn"'/I1-TPPS at pH 4.5. 

The kinetics were followed a t  t h e  Soret bands for t h e  cobal t  
porphyrins. Under pseudo-first-order conditions with a t  least a 
50-fold excess of Fe-EDTA2- to  Co(II1)-P (ca. M), t h e  
reactions were all first order in porphyrin for over 90% of t h e  
reaction, with an observed rate constant koM. For Co(III)-TPPS3- 

(10) Wherland, S.; Gray, H. B. In "Biological Aspects of Inorganic 
Chemistry"; Addison, A. W., Cullen, W. R., Dolphin, D., James, B. R., 
Eds; Wiley: New York, 1977; pp 289-357. 

(11) Reid, L. S.; Mauk, G. A. J .  Am. Chem. SOC. 1982, 104, 841-845. (b) 
Reid, L. S.; Mauk, M. R.; Mauk, G. A. J .  Am. Chem. Soc. 1984, 106, 
2 182-2 185. 

(12) Hcdges, H.; Holwerda, D. A.; Gray, H. B. J .  Am. Chem. SOC. 1974, 
96, 3132-3137. 

(13) Rosenberg, R. C.; Wherland, S.; Holwerda, R. A,; Gray, H .  B. J .  Am.  
Chem. SOC. 1976, 98, 6364-6369. 
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