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Abstract 

The title compound is the first accurately deter- 
mined structure in the general class of ‘Costa’ BIz 
models. The data permit comparisons of structural 
results to other relevant BIz models and the construc- 
tion of a cis effect series. 

Crystal Data: C14HZOCoF6N403P, M = 504.4, 
monoclinic, space group P2,/c, a = 14.316(3), b = 
6.819(l), c = 22.741(5) A and p = 99.91(2)“, V = 
2186.9 A3, D, = 1.52, Z = 4, D, = 1.53 g cmm3, 
&MoKol) = 9.2 cm-‘, h(MoKa) = 0.7 107 A. Unit cell 
parameters were refmed and intensity data collected 
on a CAD4 computer-controlled diffractometer, using 
graphite-monochromated MoKol radiation. A total 
of 5803 reflections were collected and corrected for 
Lorentz-polarization factor, 2802 independent reflec- 
tions with I > 3u(I) being used in the subsequent 
calculations. 

goal of obtaining a detailed understanding of the 
effects due to the corrin in BIz. One model system, 
(DO)(DOH)pn in the scheme, was originally intro- 
duced by Costa and co-workers [3]. A modified 
version [4a], &(DO)(DOH)pn [(EMO)(EMOH)pn 
here], has been recently demonstrated to closely 
reflect cobalamins in electrochemical behavior [4b] * 
and to permit better modeling of some BIz-depen- 
dent enzymic rearrangements [S]t . 

The Co-O bond length to the axial water is 2.102- 
(3) A. This value places the Costa model structural cis 
influence as being comparatively close to corrin based 
systems, somewh’at greater than cobaloximes and 
definitely lower than Schiff-base complexes. 

One of our interests is to elucidate the relationship 
between structure and Co-C bond energy. Clear 
relationships which seem to have emerged are as 
follows: (1) The Co-C bond lengthens as the bulk of 
the alkyl group increases [6, 71 and, similarly, the 
Co-C bond energy or estimated values of this energy 
decrease [8] (likewise cobalamins with bulky alkyl 
groups readily decompose [9, lo]); (2) Bulky phos- 
phines, which appear to distort the equatorial ligand 
moiety in alkyl cobaloximes [l, 1 l] both increase 
Co-C bond lengths [l, 1 l-141 and decrease Co-C 
bond energy [ 151; and (3) For N donor axial ligands 
trans to the alkyl groups, Co-C bond energies appear 
to be lower [16, 171 in systems where the trans 
Co-N bond length is long [ 18, 191. 

Introduction 

For some time we have been interested in the 
dynamic, physical and structural properties of 
organocobalt compounds which serve as models of 
Blz coenzymes (adenosyl and methyl cobalamins) 
[ 1, 21. One emphasis of such research has been the 
systematic change of the ligand(s) which occupy the 
four corrin N equatorial sites in cobalamins, with the 

Most studies have been performed with either 
Schiff-base equatorial ligands or (DH), systems. More 
recently, estimates of Co-C bond energy have 
become available for (EMO)(EMOH)pn complexes 
[20]. However, there is only one relevant X-ray 
structure of a mono alkyl complex in this class, 

*Authors to whom correspondence should be addressed. 

*See also discussion in footnote 20 of this paper. 
‘!‘Interestingly, Rkey and MiiIler [SC] recently found that 

the Costa complex was superior to cobaloxime, CoC12, and 
even cobalamin catalysts in a model diol dehydratase reac- 
tion. This is very probably due to the fact that base-on Blz 
(cobalamins) gives the redox side reaction (to Co(I1) + 
oxidized organic) previously observed [Sa, b]. 
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namely [H,OCo((DO)(DOH)pn)CHs] C104, 1 [2 11. 
Unfortunately, the accuracy of this structure was 
limited by C104- disorder. We have now studied 
the related [H,OCo((EMO)(EMOH)pn)CHs]PFs, 2. 
Ironically, although the axial ligand trans to the 
alkyl group in cobalamins is an N-donor benzimi- 
dazole, the most extensive comparison of bond 
lengths is possible with 0 donor ligands. Since the 
Co-O bond distance has now been accurately 
determined in a Costa type model, we can now 
compare structural features of several types of model 
systems and relate these features to some aspects of 
solution behavior. 

Crystal Data 
Crystals of Ci4HZOCoF6N403P, (2) were obtained 

from HzO. Crystal data: M = 504.4, monoclinic, 
space group P2i/c, a = 14.316(3), b = 6.819(l), c = 
22.741(S) A and 0 = 99.91(2)‘, V= 2186.9 A3, D,= 
1.52,Z = 4, D, = 1.53 g cmp3, p(MoKo) = 9.2 cm-‘, 
X(MoKa) = 0.7107 A. Unit cell parameters were 
refined and intensity data collected on a CAD4 
computer-controlled diffractometer, using graphite- 
monochromated MoKa radiation. A total of 5803 
reflections were collected and corrected for Lorentz- 
polarization factor, 2802 independent reflections 
with I > 3a(I) being used in the subsequent calcula- 
tions. Anomalous dispersion correction for Co and 
P was applied. No absorption correction was applied 
because of the small size of the crystal used (0.03 X 
0.04 X 0.05 cm3) and the small value of the absorp- 
tion coefficient. 

Structure Determination and Refinement 
The structure was solved by conventional Patter- 

son and Fourier methods and refined by full-matrix 
anisotropic least-squares method to final R and Rw 
values of 0.052 and 0.062, respectively. The contribu- 
tion of hydrogen atoms, held constant at calculated 
positions (B = 5 I\‘), was included in the final refine- 
ment. The final weighting scheme was w = l/(a2(F) + 
@ X F)2q), where p = 0.02 and 4 = 1.7. The PF6- 
anion was found to be disordered. The disorder was 
easily interpreted as being due to two orientations of 
the PF6- anion of about the same occupancy, 
differing by a rotation of -30” around the axial 
F(5)-P-F(6) direction. 

Atomic scattering factors were those given in Ref. 
22. 

All the calculations were done using computer 
programs from the CADCSDP package. Final posi- 
tional parameters are given in Table I. Anisotropic 
thermal parameters for non-hydrogen atoms, calcu- 
lated and observed structure factors and hydrogen 
atom fractional coordinates, are all available from one 
of the authors (LR). 

Description of the Structure 
A drawing of the crystallographically independent 

cation of (2) and the PFe- anion with the atom 
numbering scheme is given in Fig. 1, where the two 
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Fig. 1. Numbering scheme for non-hydrogen atoms of the 
crystallographically-independent cation and PFb- anion. 

orientations of the PF6- anion are also shown. The 
four N atoms of the equatorial ligand are coplanar 
within kO.005 A and the cobalt atom is displaced by 
0.01 a from this mean plane towards the axial water 
molecule. With the exception of the C(l), C(7), C( 13) 
and the H atoms, the equatorial ligand is nearly 
planar with the largest displacement being 0.07 A for 
C(5). The six-membered ring has the expected 
flattened chair conformation: the torsional angles 
around C(6)-C(7) and C(7)-C(8) bonds are -67.8 
and 68.3”, respectively, whereas the Co, N(3), N(4), 
C(6) and C(8) atoms are coplanar within kO.007 A. 
The bond lengths and angles (Table II) are very 
similar in the two chemically equivalent halves of the 
equatorial moiety. On the contrary, Co-N(l) and 
CO-N(~) bond lengths (mean value of 1.884(4) A) 
differ significantly from CO-N(~) and CO-N(~) 
distances (mean value of 1.916(4) A). A similar dif- 
ference has already been noticed in CH,Co((DO)- 
(DOH)pn)CH3 [23] (0.040 A) and in (1) (0.06 A) 
]21]. 

The N-O, N-C(sp’) and C(sp’)-C(sp’) mean 
bond lengths of 1.338(5), 1.284(5) and 1.472(7) A, 
respectively, are in agreement with those of 1.338- 
(7), 1.309(8) and 1.452(9) A, respectively reported 
for the dimethyl derivative. 

The two axial Co-CH3 and Co-OH2 bonds have 
lengths of 1.977(4) and 2.103(3) A, respectively, and 
make an angle of 178.8(2)‘. These bond lengths 
should be compared with the much less accurate 
value of 1.99(4) and 2.14(2) A, respectively reported 
for the analogous perchlorate derivative (1) [21]. On 
the other hand, the Co-C distance is significantly 
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Atom X Y 

co 
01 
02 
03 
Nl 
N2 
N3 
N4 
Cl 
c2 
c3 
c4 
c5 
C6 
Cl 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
P 
Fl 
F2 
F3 
F4 
F5 
F6 
Fl* 
F2* 
F3* 
F4* 

0.37050(4) 
0.2476(3) 
0.3991(3) 
0.4282(2) 
0.2590(3) 
0.4356(3) 
0.4854(3) 
0.3021(3) 
0.0301(6) 
0.1004(4) 
0.1922(3) 
0.2184(4) 
0.1493(5) 
0.3411(5) 
0.4478(4) 
0.4998(4) 
0.6406(5) 
0.5462(4) 
0.5196(4) 
0.5807(5) 
0.5614(8) 
0.3147(4) 
0.2986(l) 
0.2411(8) 
0.2197(7) 
0.3568(6) 
0.3792(6) 
0.2518(3) 
0.3549(3) 
0.2082(5) 
0.2761(8) 
0.3935(6) 
0.3228(8) 

0.2098(l) 
-0.1086(6) 
-0.1 lOO(6) 

0.0360(5) 
0.0590(7) 
0.0545(7) 
0.3614(6) 
0.3663(6) 
0.073(2) 
0.009(l) 
0.1202(9) 
0.3047(9) 
0.404(l) 
0.5442(9) 
0.5370(8) 
0.5404(9) 
0.385(l) 
0.294(l) 
0.110(l) 

-0.007(l) 
0.052(2) 
0.3624(9) 

-0.0111(3) 
-0.159(2) 

0.140(2) 
0.155(l) 

-0.157(l) 
-0.0571(8) 

0.0346(8) 
-0.045(2) 

0.206(l) 
0.021(2) 

-0.236(l) 

z 

0.14659(2) 
0.1592(2) 
0.2280(2) 
0.0854(l) 
0.1309(2) 
0.2092(2) 
0.1643(2) 
0.0842(2) 
0.1083(5) 
0.0730(3) 
0.0894(2) 
0.0629(2) 
0.0155(3) 
0.0621(3) 
0.0683(2) 
0.1319(3) 
0.2301(3) 
0.2067(2) 
0.2335(2) 
0.2832(3) 
0.3414(4) 
0.2059(2) 

-0.08420(6) 
-0.1233(5) 
-0.1041(5) 
-0.0435(4) 
-0.0640(5) 
-0.0288(2) 
-0.1360(2) 
-0.1284(4) 
-0.0826(5) 
-0.0407(4) 
-0.0848(4) 

B&*) 

3.63(l) 
6.14(9) 
6.4(l) 
4.33(7) 
4.68(9) 
4.79(9) 
4.58(9) 
4.64(9) 

14.2(4) 
8.8(2) 
5.5(l) 
5.9(l) 
8.8(2) 
6.7(2) 
6.7(l) 
6.7(l) 
8.7(2) 
5.8(l) 
5.8(l) 
9.8(2) 

13.6(3) 
5.9(l) 
5.20(3) 

14.5(3) 
13.9(3) 

9.8(2) 
12.0(3) 
11.1(l) 
10.6(l) 
10.8(3) 
12.3(3) 
12.7(3) 
12.0(3) 

aAnisotropi&ly refined atoms are given in the form of the isotropic equivalent thermal parameter defined as: (4/3) X [a*Bl,l+ 
bzB, + c2B3 + abBI,* cos 7 + acB1.3 cos p + bcBx3 CDS OL ] 

TABLE II. Bond Lengths (a) and Angles (“) with e.s.d. s in Parentheses. 

co-03 2.102(3) 
Co-N1 1.881(4) 
Co-N2 1.887(4) 
Co-N3 1.925(4) 
Co-N4 1.907(4) 
Co-Cl4 1.977(4) 
Ol-Nl 1.336(5) 
02-N2 1.338(5) 

P-F1 
P-F2 
P-F3 
P-F4 

1.497(14) 
1.536(13) 
1.602(10) 
1.536(13) 

Nl-C3 
N2-Cl1 
N3-C8 
N3-Cl0 
N4-C4 
N4-C6 
Cl-C2 
C2-C3 

P-F5 
P-F6 
P-Fl* 
P-F2* 

1.291(6) 
1.291(6) 
1.459(6) 
1.271(6) 
1.282(6) 
1.459(6) 
1.458(10) 
1.506(7) 

1.558(3) 
1.569(3) 
1.513(11) 
1.516(12) 

c3-c4 
c4-c5 
C6-C7 
C7-C8 
c9-Cl0 
ClO-Cl1 
Cll-Cl2 
C12-Cl3 

P-F3* 
P-F4* 

1.471(7) 
1.495(7) 
1.511(8) 
1.508(8) 
1.500(7) 
1.472(7) 
1.527(8) 
1.456(11) 

1.553(11) 
1.572(14) 

03-Co-N1 
03-Co-N2 
03-Co-N3 
03-Co-N4 

89.1(l) 
89.0(l) 
91.3(l) 
91.9(l) 

Co-N1 -01 
Co-Nl-C3 
Ol-Nl-C3 
Co-N2-02 

123.1(3) 
117.4(4) 
119.5(4) 
122.8(3) 

C2-C3-C4 127.0(5) 
N4-C4-C3 114.4(4) 
N4-C4-C5 125.7(6) 
c3-c4-c5 119.9(5) 

(Continued overleafJ 
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03-Co-Cl4 177.4(2) 
Nl -Co-N2 97.5(2) 
Nl-Co-N3 178.8(2) 
Nl -Co-N4 81.6(2) 
Nl-Co-C14 89.3(2) 
N2-Co-N3 81.4(2) 
N2-Co-N4 178.7(2) 
N2-Co-C14 89.2(2) 
N3-Co-N4 99.6(2) 
N3-Co-C14 90.4(2) 
N4-Co-C14 89.8(2) 

Fl -P-F2 
Fl-P-F3 
Fl -P-F4 
Fl -P-F5 
Fl -P-F6 
F2-P-F3 
F2-P-F4 
F2-P-F5 
F2-P-F6 
F3-P-F4 

88.6(9) 
177.0(l) 

93.0(l) 
94.3(8) 
89.3(8) 
88.9(8) 

179.0(l) 
88.6(8) 
95.3(8) 
89.8(9) 

Co-N2-Cl1 
02-N2-Cl1 
Co-N3-C8 
Co-N3-Cl0 
C8-N3-Cl0 
Co-N4-C4 
Co-N4-C6 
C4-N4-C6 
Cl -C2-C3 
Nl-C3-C2 
Nl -C3-C4 

F3 -P-F5 
F3-P-F6 
F4-P-F5 
F4-P-F6 
F5-P-F6 

FS-P-Fl* 
F5-P-F2* 
F5-P-F3* 
F5-P-F4* 

117.6(4) 
119.7(4) 
122.3(4) 
114.4(4) 
123.4(5) 
115.1(3) 
122.9(4) 
122.0(5) 
111.7(6) 
121.5(6) 
111.5(4) 

85.9(5) 
90.6(5) 
91.9(7) 
84.1(7) 

174.7(2) 

94.0(6) 
93.1(6) 
88.0(6) 
86.3(6) 

N4-C6-C7 
C6-C7-C8 
N3-C8-C7 
N3-ClO-C9 
N3-ClO-Cl1 
c9-ClO-Cl1 
N2-Cll-Cl0 
N2-Cll-Cl2 
ClO-Cll-Cl2 
Cll-C12-Cl3 

F6-P-Fl* 
F6-P-F2* 
F6-P-F3* 
F6-P-F4* 
Fl *-P-F2* 
Fl*-P-F3* 
Fl*-P-F4* 
F2*-P-F3* 
F2*-P-F4* 
F3*-P-F4* 

112.4(4) 
114.4(4) 
112.4(4) 
125.2(6) 
115.6(4) 
119.2(5) 
111.1(4) 
122.5(5) 
126.4(5) 
110.8(7) 

91.2(6) 
87.9(6) 
86.7(6) 
92.6(6) 
90.2(9) 

177.8(7) 
90.7(9) 
90.6(9) 

179.0(l) 
88.5(9) 

TABLE III. Comparison of some Relevant Structural Parameters in some Co(che1) Units, where Chel contains at Least one Oxime 
Bridge. Distances are in aand Angles in Degrees. 

Co-N(O) 
O-N 
N-C(sp’) 
C(SP?-C(SP2) 

o.**o 

Co-N-O 
Co-N-C 
O-N-C 
(O)N-Co-N(O) 

Co[ (DO)(DOH)pn] a 

1.859(6) 
1.338(7) 
1.309(8) 
1.452(9) 

2.461(6) 

124.2(4) 
117.8(5) 
118.0(6) 

97.4(2) 

Co[(EMO)(EMOH)pn] 

1.884(4) 
1.338(5) 
1.284(5) 
1.472(7) 

2.445(5) 

123.0(3) 
117.5(4) 
119.6(4) 

97.5(2) 

Co(DH)a b Co [ (AO)a-H] ’ Co(PnAO-H)d 

1.8901(g) 1.891(2) 1.900(3) 
1.3492(9) 1.345(3) 1.353(3) 
1.301(l) 1.279(3) 1.276(3) 
1.462(3) - _ 

2.487(2) 2.42213) 2.432(3) 

122.63(7) 120.7(l) 121.0(2) 
116.60(7) 119.9(2) 119.9(2) 
120.61(g) 119.3(2) 119.3(2) 

98.57(8) 99.0(l) 98.6(l) 

a Ref. 23. b Data are mean values of about 300 measurements as reported in Ref. 1. CRef. 33. dRef. 34. 

shorter than the mean value of 2.047(8) A reported 
for the two axial Co-C distances in CHsCo((DO)- 
(DOH)pn)CHa [23]. The O.*.O distance of 2.445(5) 
A is similar to the value of 2.461(6) found in the 
dimethyl compound. 

Discussion 

A comparison of some relevant structural para- 
meters of the equatorial moiety in this and similar 
cobalt complexes (see scheme) with at least one 
oxime bridge is presented in Table III, where the 
mean values of the chemically-equivalent bond 
lengths and angles are given. The general trends of 
bond lengths and angles in these systems are very 

similar, with differences only in fine details. These 
are: (i) a systematic increase of the 0. * -0 distance in 
the order (A0)2-H - (pnAO-H) < (DO)(DOHpn - 
(EMO)(EMOH)pn < (DH),. This trend should parallel 
the increasing ease of the oxime bridge deprotonation 
in the above complexes. This suggestion is supported 
by the slower exchange of the proton in the OH0 
bridge of (DO)(DOH)pn complexes with free water as 
compared to that of complexes of (DH)2 with similar 
axial ligands [ 1, 251. (ii) The bond angles around the 
N atom are all close to 120” in (AO)-H and pnAO- 
H, while the Co-N-O and Co-N-C angles are signi- 
ficantly larger and narrower respectively than 120’ 
in complexes of (DO)(DOH)pn, (EMO)(EMOH)pn 
and (DH),. These two observations suggest that the 
electron charge distribution in the oxime bridge is 
influenced by the nature of the equatorial ligand. 



Structure of [H20Co((EMO)(EMOH)pn)CH3]PF6 143 

TABLE Iv. Co-C(A) and Co-O@) Axial Bond Lengths in some RCo(chel)(O-ligand) Complexes with Different Equatorial 
Chel Ligand. 

R Chel O-&and co-c co-o 

Ph 
CH=CH2 
CH2COCH3 
CH3 

CH3 

CN 
CH$(CH& 
CH3 

CN 

acacena 
acacena 
.salena 
(DO)(DOH)pnb 
(EMO)(EMOH)pnC 
cobyrinic acidd 
(DH)z e 
(DH)z e f 
(DH)2 g 

H2O 

H2O 

CH30H 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

1.93(3) 
1.89(l) 
2.02(l) 
1.99(4) 
1.977(4) 
1.85 
2.044(7) 
1.990(S) 
1.906(3) 

2.33(2) 
2.221(7) 
2.202(9) 
2.14(2) 
2.102(3) 
2.06 
2.056(5) 
2.058(5) 
1.992(4) 

aRef. 35. bRef. 21. CPresent work. d Ref. 36. eRef. 37. f Ref. 38. aRef. 39. 

It has been shown [24] that axial Co-N and 
Co-O bond lengths are indicative of the following 
order of the cis influence in different coenzyme Br2 
models: 

cdt,m) 

(DH)2 < salen < acacen (1) 

The tetradentate ligands salen (dianion of bis- 
(salicylidene)-ethylenediamine) and acacen (dianion 
of bis(acetylacetone)-ethylenediimine) differ from 
the ligands in the scheme in that they have 2 Schiff- 
base N donors and 2 oxygen donors. In this compari- 
son, (DH)2 has the strongest axial cobalt ligand bonds 
and acacen the weakest. To provide a framework for 
developing further insights from the structural results 
it is useful at this point to summarize relevant results 
for B12 model ligand association (K,,,) and substitu- 
tion (M*, AT’) reactions in solution. 

Recently, Brown and Flay [26] have suggested on 
the basis of thermodynamic measurements (Km,,), 
and earlier work by Courtright and Drago [27] that 
the order of the c&influence in different coenzyme 
B12 model systems (cis activating or labilizing 
influence)#, ’ IS described by series (l-) above. Further- 

#Brown and Flay cite their data (see p. 68) [26] as a cis- 
deactivating rather than activating order, (DH)2 > salen. 

more, activation AH* values [28], for (DH)2 com- 
plexes are ca. 2 kcal/mol larger than for (DO)(DOH)- 
pn analogues. Finally, dehydration results [25] for 
the H20Co(chel)CH3 series, where chel = (DH),, 
(DO)(DOH)pn, and tin-r, indicate that Hz0 binds 
cobalt relatively strongly for tim. Combined, these 
results suggest that the cis-labilizing sequence in (1) 
could be extended as follows: 

tim < (DH), < (DO)(DOH)pn < salen < acacen (2) 

This order parallels the increasing order of the 
‘electron richness’ [16] of the Co(che1) moiety. If it 
is assumed that most of the AH* variation is due to 
changes in the ground state and that the ground state 
is mainly affected by the change of the equatorial 
ligand, the AH* comparison suggests a Co-O axial 
bond in the (DH)2 complexes stronger than that in 
(DO)(DOH)pn analogues. There is a discrepancy, 
however, in that the order found by Gus&l and 
Brown for dehydration and for CH3CN exchange in 
CH3CNCo(chel)CH3 is tim < (DO)(DOH)pn < (DH), 
[25]. Previous work on the cis and trans effects in 
B12 concluded that ‘the main factor is the amount of 
negative charge donated to the cobalt atom through 
the u-bond [29] in these ‘soft, class B’ systems [25, 
261. It is of interest to examine which trend is 
suggested by the structural data. Some relevant Co-C 
and Co-O bond lengths for a series (O-ligand)Co- 
(chel)R, having different chel equatorial ligands, are 
listed in Table IV. As already observed [19], the 
Co-C bond length is not influenced by the electronic 
nature of the chel ligand. The differences in Co-C 
bond lengths reported in Table IV reflect mainly the 
different hybridization states of the C bonded to Co 
or different steric interactions between the axial alkyl 
and the equatorial ligands (steric cis influence). On 
the contrary, the Co-O bond lengths are strongly 
affected by the nature of the chel ligand. The order 
of decreasing Co-O bond lengths derived from data 
of Table IV is: 
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acacen > salen > DO(DOH)pn - (EMO)(EMOH)pn 

m cobyrinic acid > (DH), (3) 

A similar trend for the Co-N bond lengths but based 
on fewer observations has been reported for analo- 
gous complexes containing pyridine [19]. The 
present series is derived with the consideration that 
the Co-OH, bond is also affected by trans-influence 
since the axial ligands frans to 0 in the complexes 
in Table IV are different. It has been shown that a 
CHs group produces a lenthening of the tram bond in 
the range 0.05-0.1 A, as compared with a CN group 
[30] as shown for H,,OCo(DH),X complexes (R = 
CHs, CN) of Table IV. 

Similar lengthening is observed in the cobalamin 
system [31] for N-containing neutral ligands. Thus, 
a bond length of at least 2.1 A is assumed to be 
reasonable for the methyl analogue of the CN deriva- 
tive of the cobyrinic acid of Table IV in the deriva- 
tion of the above trend. 

An important conclusion of the present work is 
that the bond length trend is in agreement with the 
trend (2) established from ligand association (K,,) 
values and ligand substitution AH* values for 
Co(DH), and Co [(DO)(DOH)pn] aquo complexes. 
It would be useful to extend the work of Guschl and 
Brown 1251 for a comparison to trend (2) by 
obtaining kinetic, AH* and aS* values for ligand 
substitutions on tim vs. (DH), and (DO)(DOH)pn 
aquo complexes. The discrepancy between trend (2) 
and the kinetic, AH’ and AG data reported for 
substitution of axial P(OMe), or CHsCN ligands and 
for dehydration in tim, (DH), and (DO)(DOH)pn 
cobalt complexes? is not understood. One possible 
explanation is that AH* for ligand substitution can 
be a variable measure of the Co-L bond strength 
(depending upon the transition state structure), since 
AH* will reflect the difference in all the axial R, L 
and equatorial N and 0 to cobalt bond strengths 
between the transition and ground states. 

A second important conclusion is that by the 
structural cis influence criterion, the [(EMO)- 
(EMOH)pn] model system is a better mimic of 
cobalamins than cobaloximes. Support for this con- 
clusion was offered previously [4] on the basis of 
electrochemical, ligand charge, ligand symmetry, and 
axial base binding constant datatt . Subtle but impor- 
tant differences in the redox behavior of the 
[(EMO)(EMOH)pn] model vs. Br2 have recently been 

TDependent upon the original axial ligand, the AC* for 
ligand substitution are tim - (DO)(DOH)pn - (DH)a (for 
P(OMe)a) to AC* tim > (DO)(DOH)pn > (DH)a (for 
CHsCN). 

ttNote that recent work (191 shows that both Co(saloph) 
and Bra are cu. lo7 more labile towards substitution than 
Co(DHa) complexes. 

L. G. Marzilli et al. 

observed* .and, importantly, the differences between 
the available Co-C BDE’s as a function of the Brz 
models are relatively small**. 
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