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The compounds Co(QOPor}CH,CI; (1), Co(OGOPor)(NO),,+0.46CHC} (2), Co(OGOPoryCHCIs (3), and
Co(OGOPor)(Melm)3C;Hg (4) (OC,0OPor = 5,10,15,20-(benzene-1,2,4,5-tetrakis(2-phenyloxy)etho%g)-2

2'" 2" -tetraylporphyrinato dianion; OfOPor = 5,10,15,20-(benzene-1,2,4,5-tetrakis(2-phenyloxy)propoxy)-
22" 2" 2" -tetraylporphyrinato dianion; Meln¥ 1-methylimidazole), have been synthesized, and their structures
have been determined by single-crystal X-ray diffraction methodg at—120°C: 1, a = 8.824(1) A,b =
16.674(1) A,c = 16.836(1) A,a. = 104.453(1), B = 92.752(1}, y = 90.983(13, P1, Z = 2; 2, a = 9.019(1)

A, b=16.588(2) A,c = 16.909(2) A,o. = 103.923(2), B = 92.082(2), y = 93.583(2}, P1,Z=2;3,a=
13.484(3) A,b = 14.404(3) A,c = 14.570(3) A,a. = 105.508(3), B = 100.678(3), y = 93.509(4}, P1, Z =
2;4,a=16.490(1) Ab = 22.324(2) A,c = 17.257(1) A b = 92.437(13, P2;/n, Z = 4. These compounds are

the first structurally characterized Co-bound members of thgQBOr ligand system. The NO ligand thand

the Melm ligand ird bind asymmetrically and lead to several metrical changes in these porphyrins, e.g., variations
in average porphryin deviations and Co atom displacements relative to the porphyrinato N atoms and the mean
porphyrin planes.
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Characterization of the (Q©Por) Capped Porphyrins

number that have been characterized by other technijlies.

Inorganic Chemistry, Vol. 39, No. 25, 2006797

This paper reports the first four structurally characterized Co-

preparation and structural characterization of model complexes(OC,OPor) complexes: Co(QOPoryCH.Cl, (1), Co(OG-

continues to play an important role in the study of these
proteins** In particular, the precise determination of metrical

OPor)(NO),,+0.46CHC} (2), Co(OGOPorYCHCI; (3), and
Co(OGOPor)(Melm)3C7Hsg (4). Insofar as we know, only one

changes upon ligand binding to models provides important other cobalt capped-porphyrin structure, Ce@@p)/° is known,

benchmarks for understanding structafenction relationships
of ligand binding in heme proteins.

and only one other metalated @@Por structure, Ru(C©OPor)-
(H20)in(CO)our2* is known. The present structures are free of

It has been known for some time that Co-substituted Mb and Crystallographically imposed symmetry that often results in

Hb exhibit reversible oxygen bindirf§.Simple compounds, e.g.,
Co(TPP)(NOY*® have been used as isoelectronic models for
ferrous dioxygen systent§ Also, Co substitution has been used

to study other heme active sites, e.g., soluble guanylyl cyclase
(sGC)# The sGC protein has not been structurally characterized,

but it is known to contain a heme active site that binds NO.
Reconstitution of this NO-activated protein with Co(heme)
instead of Fe(heme) actually leads to an increase in acfivity.

disorder of the metatligand interactions in porphyrin systems.
As a result, compoundd—4 allow precise internal and
comparative analysis of Cdigand interactions.

Experimental Section

Materials and Equipment. All solvents and reagents were used as
purchased, except CH& lwhich was freshly distilled under Nrom
CahH; CH:Cl,, which was freshly distilled under Nfrom P,Os; and

Recently, fundamental questions regarding ligand binding effects toluene, which was freshly distilled undes Bom Na/benzophenone.

in Co(porphyrin)(NO) system&*°have been raised. There are

relatively few structurally characterized Co-based model com-
plexes compared with the many well-reviewed Fe-based models

Methyl alcohol, anhydrous 99.8% from Aldrich (packaged under N
in Sure/Seal bottles), was used for crystallizations. IR spectra were taken
on a Bio-Rad FTS infrared spectrophotometer. Mass spectra were taken

‘on a QUATTRO Il electrospray mass spectrometer from Micromass,

Moreover, Co model systems offer advantages of stability over ajtringham, England.
Fe model systems. These issues have led to a resurgence in the porphyrin Metalation. Co was inserted into the free-base porphyrins

study of Co-substituted heme proteih&4°5659 and related
Co(porphyrin) systemk)48.57.6674
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Table 1. Selected Crystallographic Data
Co(OGOPor) Co(OGOPor)(NO)out Co(OGOPory Co(OGOPor)(Melm}
CH,Cl, (1) 0.46CHC} (2) CHCl; (3) 3CHs (4)
formula GsgH42N40gCo CHLCl CsgH42N509C0°0.46CHC} Ce2H50N40gC0o CHCl3 CeeHseNeOgC0-3C7Hg
fw 1066.81 1067.58 1157.36 1396.5
space group P1 P1 P1 P2:/n
a, 8.824(1) 9.019(1) 13.484(3) 16.490(1)
b, A 16.674(1) 16.588(2) 14.404(3) 22.324(2)
c, A 16.836(1) 16.909(2) 14.570(3) 17.257(1)
o, deg 104.453(1) 103.923(2) 105.508(3) 90
B, deg 92.752(1) 92.082(2) 100.678(3) 92.437(1)
y, deg 90.983(1) 93.583(2) 93.509(4) 90
Vv, A3 2394.8(2) 2447.4(5) 2661.3(9) 6346.8(9)
z 2 2 2 4
Pcalc g/ 1.479 1.449 1.444 1.461
u, cmt 5.4 5.0 5.4 3.4
T,°C —120 —120 —120 —120
R(F)2 0.041 0.082 0.069 0.082
Ru(F?)P 0.113 0.196 0.145 0.160

2R(F) = (ZIFol = IFd)/ZIFol. ® Ru(Fed) = [SIW(Fe2 — FAA/TWFAYE wt = 02(Fsd) + (0.04:)? for Fo? > 0; wt = 0%(F?) for Fe? < 0.

4 06>

C27-C32

C21-C26 M=Co for 1 C39-C44 c21-C26 M=Co |f°f 4 C39-C44
M=Co for 2 N5
| 7N
N5 o8 e
N
09 Co4—N6
N

Figure 1. Labeling schemes for Co(QOPor)}CHCl, (1), Co(OGOPor)(NO),+0.46CHC} (2), Co(OGOPoryCHCI; (3), and Co(OGOPor)-

(Melm)-3C/Hs (4).

Synthesis of Co(OGOPor)-CH.CI; (1). Hy(OC,OPor) was prepared
following the literature methotf; and it was recrystallized from GH
Cl,/CH;OH. Co was inserted, and then crystalslofvere grown by
slow diffusion of CHOH (~4 mL) into a CHCI, solution of1 (~4
mg) at—20 °C. Low-resolution mass spectrum (E®)z 980.5 [Co-

(OC,OPor)}* (100%).

Synthesis of Co(OGOPor)(NO)ou0.46CHCL (2). With the use
of air-free techniques, Co(QOPor) -5 mg) was dissolved in 1.5
mL of CHCls. Excess 1,2-Mgm was added. NO(g) was bubbled into
the solution for 10 mir? Then 0.65 mL of solution was transferred to
a Schlenk diffusion tube by gastight syringe, where it was layered with
CH3;OH (~5 mL) and stored at-20 °C. Crystals of2 formed over 1
month. Low-resolution mass spectrum (E8jz 1018.1 [Co(O@OPor)-
(NO)]* (15%) and 980.6 [Co(O©OPor)]" (100%). IR (KBr, cnr?):
vno = 1667. CAUTION: NO is toxic, and reactions should be

was sealed under\and stored at 25C. Crystals of4 formed in 2
weeks. Low-resolution mass spectrum (B8 1036 [Co(OGOPor)I"
(100%) andm/z 980.6 [(OGOPor)]" (80%).

X-ray Crystal Structure Determinations. A chosen crystal was
attached with silicone cement to the tip of a drawn glass fiber on a

goniometer head and transferred to the cold stream of a Bruker Smart

1000 CCD diffractometer. The crystal was kept-at20 °C for the
length of the data collection. For all four structures, data were collected
with 0.3° w scans for 10, 2, 15, or 30 s/frame far 2, 3, or 4,
respectively. Final unit cell parameters were determined from a global
refinement of the positions of all reflections havihg> 100(1), as
performed by the processing program SAHNT® No absorption
correction was applied to compourd A face-indexed absorption
correction was applied tt, 3, and4 with the use of XPREP Then

the program SADABS? which relies on redundancy in the data, was
used to apply some semiempirical corrections for frame variations and
other effects to all four compounds. The structures were solved with
the use of the direct methods program SHELXS of the SHELXTL PC
suite of programg? The structures were refined by full-matrix least-
squares techniques with the program SHELREor all four structures

all non-hydrogen atoms were modeled anisotropically, except the
chloroform C atom, C59, of compour®] which was refined isotro-

performed in a wellventilated fume hoad

Synthesis of Co(OGOPor)-CHClI 3 (3). Ho(OC;OPor) was prepared
following the literature methoep,and it was recrystallized from CHEI
CH3OH. Co was inserted, and crystals 8fwere grown by slow
diffusion of CHsOH (~4 mL) into a CHC} solution of3 (~4 mg) at
—20 °C. Low-resolution mass spectrum (ESivz 1037 [Co(OG-
OPor)]" (100%).

Synthesis of Co(OGOPor)(Melm)-3C;Hs (4). Co(OGOPor)
CHCl; (~5 mg) was dissolved in 0.9 mL of toluene. Then 20 of
Melm was added. The solution was transferred to a Schlenk diffusion (78) SMART Version 5.054 Data Collection and SAINT-Plus Version

; ; ; 6.02A Data Processing Software for the SMART System; Bruker
tube by gastight syringe and layered witi6 mL of hexane. The tube Analytical X-Ray Instruments, Inc., Madison, WI, 2000,
(79) Sheldrick, G. M. SHELXTL DOS/Windows/NT Version 5.10; Bruker
Analytical X-Ray Instruments, Inc., Madison, WI, 1997.

(77) Scheidt, W. R.; Frisse, M. B.. Am. Chem. Sod.975 97, 17—-21.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
Co(OGOPor)CH.Cl, (1), Co(OGOPor)(NO}),0.46CHC} (2),
Co(OGOPor)CHCI; (3), and Co(OGOPor)(Melm)3C;Hs (4)
(€ 2 ©) )

Co—N1 1.962(2) 1.970(4) 1.957(4) 1.985(3)
Co—N2 1.968(2) 1.990(3) 1.938(4)  1.993(3)
Co—N3 1.964(2) 1.958(4) 1.957(4)  1.988(3) 1
Co—N4 1.966(2) 1.973(3) 1.946(4) 1.976(3)
av Co—Ned 1.965(1) 1.972(7) 1.949(5) 1.985(4)
av N—-C, 1.384(2) 1.383(2) 1.387(4) 1.380(4)
av G—GC, 1.433(2) 1.435(4) 1.432(3) 1.439(2)
av G—Cn 1.386(2) 1.389(6) 1.383(2) 1.388(3)
N1-Co—N2 90.11(6) 90.03(13) 90.34(16) 89.69(12)
N1-Co—N3 176.52(6) 173.56(14) 174.28(17) 172.31(12)
N1-Co—N4 89.78(6) 89.24(14) 90.29(16) 89.96(12)
N2—Co—N3 90.00(6) 88.85(13) 90.15(16) 89.96(12)
N2—Co—N4 178.92(6) 169.59(14) 171.56(17) 173.76(12)
N3—Co—N4 90.17(6) 90.71(14) 90.06(16) 89.56(12)
C21-C26 dihedrdl 64.7(1)  68.1(1) 57.3(1) 64.2(1)
C27-C32dihedral 78.0(1)  76.0(1) 86.2(1) 70.7(1)
C33-C38dihedral 70.8(1)  79.5(1) 63.4(1) 82.2(1)
C39-C44 dihedral 62.0(1) 61.2(1) 65.8(1) 76.4(1)

aThe standard deviation is that of the mean. In some instances, for 2
example Ce-Ngg for 2, there are significant differences among
guantities averaged and the entry is only given for comparative
purposesPMeasured as the dihedral angle between the 6-atom mean
plane of the phenyl ring and the 24-atom mean plane of the porphyrin.
Ca Gy, and G, stand respectively for the andg pyrrole carbon atoms,
and methine carbon atomse\stands for the porphyrinato nitrogen
atoms N1, N2, N3, and N4.
Table 3. Displacements(A) from the 24-Atom Porphyrin Mean
Plane

1 2 3 4

Co® —0.019(2) 0.161(3) 0.036(4) 0.133(3)

N1 0.029(2) 0.047(3) 0.067(4) —0.027(3)

N2 —0.028(2) —0.006(3) —0.122(4) 0.009(3)

N3 0.052(2) 0.055(3) 0.129(4) 0.027(3) 3

N4 —0.048(2) —0.032(3) —0.092(4) 0.042(3)

C1 0.064(2) 0.062(4) 0.269(5) —0.038(4)

c2 0.224(2) 0.209(4) 0.520(5) —0.137(4)

C3 0.252(2) 0.253(4) 0.473(5) —0.152(4)

Cc4 0.109(2) 0.136(4) 0.222(5) —0.065(4)

C5 0.034(2) 0.074(4) —0.0671(5) 0.018(4)

C6 —0.036(2) —0.014(4) —0.305(5) 0.053(4)

c7 —0.151(2) —0.167(4) —0.544(5) 0.123(4)

C8 —0.233(2) —0.268(4) —0.499(5) 0.103(4)

Cc9 —0.152(2) —0.161(4) —0.183(5) 0.033(4)

C10 —0.157(2) —0.185(4) 0.085(5) —0.002(4)

C11 0.028(2) 0.005(4) 0.292(5) —0.038(4)

C12 0.192(2) 0.172(4) 0.533(5) —0.131(4)

C13 0.302(2) 0.315(4) 0.472(5) —0.128(4)

Ci14 0.178(2) 0.190(4) 0.190(5) —0.022(4)

C15 0.087(2) 0.151(4) —0.085(5) —0.002(4)

C16 —0.064(2) —0.038(4) —0.280(5) 0.029(4) 4

C17 —0.222(2) —0.228(4) —0.549(5) 0.050(4)

C18 —0.278(2) —0.328(4) —0.481(5) 0.096(4)

C19 —0.138(2) —0.164(4) —0.183(5) 0.090(4)

C20 —0.047(2) —0.078(4) 0.067(5) 0.068(4)

av 0.129 0.160 0.282 0.062

2 Here and in succeeding tables a positive displacement is away from
the benzene cap for compountis4 (and toward the ligand fa2 and

4). PNot involved in the calculation of the mean plarf&verage

L h Figure 2. Stereoviews oll—4. Ellipsoids are drawn at the 50% level.
deviation from the 24-atom porphyrin core.

H atoms and solvent molecules are omitted for clarity.

pically. Hydrogen atoms were placed at calculated positions and refined
with a riding model.

The refinements ofi—3 were straightforward. The occupancy of
the chloroform site ir2 refined to an occupancy of 0.464(4). However,
for 4 there were difficulties in refining solvent(s) of crystallization, as
only one toluene could be resolved. Electron density associated with
two 210 A potential solvent regions, each containing 47 electrons,
was identified and removed with the SQUEEZRIgorithm in the
PLATONB! suite of programs. From these volumes and electron counts,

it is likely that each region contains a highly disordered toluene
molecule.

Crystallographic details for the four compounds may be found in
Table 1. Additional information is available in the Supporting Informa-

(80) van der Sluis, P.; Spek, A. |Acta Crystallogr., Sect. A: Found.
Crystallogr.199Q 46, 194-201.

(81) Spek, A. L.Acta Crystallogr., Sect. A: Found. Crystallogt99Q
46, C34.
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Table 4. Comparison of Structural Parameters among {@®or) Porphyrins

displacement of cap (&) gihedral angle

structure av deifA) AM (A)b vertical lateral of cap (deg) T(°C) ref
H(OC,OPor)acetic acid 0.10 3.81 0.54 8.0 —115(2) 31
H(OC,OPor)yCH.Cl, 0.09 3.80 0.54 7.3 —163(2) 83
Co(OGOPoryCHxCl; (1) 0.13 —0.02 3.78 0.56 7.2 —120(2) this work
Co(OGOPor)(NO),+0.46CHCE (2) 0.16 0.16 3.94 0.55 7.6 —120(2) this work
Ru(OGOPor)(HO)n(CO)out 0.06 0.26 4.80 0.60 8 -167(2) 34
H2(OC;OPor) 0.07 4.74 0.54 14.3 —167(2) 40
Co(OGOPoryCHCI; (3) 0.28 0.04 451 1.02 4.6 —120(2) this work
Co(OGOPor)(Melm)3C;Hs (4) 0.06 0.13 5.27 0.27 23.1 —120(2) this work
Fe(OGOPor)(Cl) 0.15 0.52 4.65 1.35 3.9 —167(2) 40
Fe(OGOPor)(CO)(Melm) 0.08 0.06 5.55 0.21 20.3 —167(2) 40
Fe(OGOPor)(CO)(1,2-Mgm) 0.07 0.10 5.59 0.66 5.3 —167(2) 40

a Average deviation from the mean plane through the 24 atoms of the porphryin cordN@Nand C1C20). Displacement of the metal from
the mean plane.

tion. Drawings of the molecular structures of the porphyrinic portions 'IF;abI?] > Sglect(;eg Bond Lengths (A) and Angles (deg) for
of 1—4 are presented in Figure 1, and stereoviews are presented in orphynnss an

Figure 2. 2 4
, , Co—La? 1.837(4) 2.132(3)
Results and Discussion angle between Coil 5 and the 2.1 2.6
orphyrin plane normal

Co(OC,0P0r)-CH-Cl, (1) and Co(OGOPor)(NO)eu “ggndpogemgﬂoh 1341 249
0.46CHCL (2). Note that, despite the presence of excess 1,2- | to 24-atom mean plane 89.3 85.9
Mezlm in the reaction mixture, compourg] a five-coordinate N1—Co—Lax 94.25(17) 91.99(12)
nitrosyl complex, is the sole product. There are no reported six- N2—Co—La 92.20(16) 93.31(12)
coordinate Co(Por)(NO)(base) structures, where base is an Hz:go:taxa gg-%g(iz) gg-gg(g)
imidazole. It appears that NO can displace 1,2e a o-Lax 78(14) -93(12)

sterically hindered nitrogenous base, in elaborated Co(Por) *Lax= N (of NO) for 2 and N(of Melm) for4. "Measured as the
SystemS, |n agreement Wlth some Observatlons on hemeangle between the GaN—O p|ane and the NAN3 vector for2 and
system& and the idea that NO binding to the Co-substituted 1€ N5~N6, C63-C65 plane and NIN3 vector for4.

heme site of sGC can trigger cleavage of the histidine béhds. ¢\ e of H(OC,0P0r)3183 and the other is Ru(OOPor)-

The crystal structures of both Co(g()]?or)CHZCIz (1)_and (H20)in(CO)ut3* The metrical details for {OC,0OPor) are in
Co(OGOPor)(NO).r0.46CHC} (2) consist of the packing of 5464 agreement, despite the different solvents of crystallization.
one porphyrin moiecule with an ordered solventlmollecule (one Among the five OGOPor structures, lateral displacement of
CHCl; molecule in1 and 0.46 CHG molecule in2) in the the cap shows little variation, differing by only 0.06 A between
asymmetric unit. The benzene cap bfand 2 consists of & e most extreme values. In contrast, average deviation of the
1,2,4,5-substituted benzene cap connecte_q by four-atom linkages 4_atom plane seems metal dependent, with compoliashel
of the type—O(CH),0— to the ortho positions of the phenyl 5 exhibiting greater average deviation thag(®C,0Por), and
rings of 5,10,15,20-tetraphenylporphyrin. Compouni un- Ru(OGOPor)(HO)in(CO)* exhibiting less deviation. Vertical
ligated, whereas compouritihas NO bound on the sterically  gispjacement of the cap is obviously affected by ligand binding,

unhindered face of thg pqrphyrin. The similarity of .unit ceil especially by binding under the cap. Thus, RugOBor)(HO)-
contents and volumes implies no unusual differences in paCklng,(Co)OutM shows the greatest increase in vertical displacement,
despite the differences in solvation. Hence these two structures_q A relative to H(OC,0Por). But for unknown reasons the

provide an excellent opportunity to exanr_iing the structural displacement for compour®) which has the NO ligand on the
changes to Co(OOPor)CH;Cl; upon NO binding. unhindered face, is 0.16 A greater than that in compoLnd
In Co(OGOPoryCHCI; (1) the Co center is coordinated  The tilt of the cap relative to the porphyrin plane seems
symmetrically to the four B atoms, with Ce-Neq distances unaffected by metalation or ligand binding.
ranging from 1.962(3) to 1.968(2) A (Table 2). The Co atomis  Taple 5 lists additional metrical details of the ligands bound
—0.019(2) A out of the mean 24-atom porphyrin plane (Table 15 compoundsg and4. For compouna, the NO ligand exhibits
3) in the direction of the cap. Upon ligation by NO, the Co  asymmetry in its binding. The GeN(NO) vector, rather than
atom in Co(OGOPor)(NO)u0.46CHC (2), now five- being normal to the mean porphyrin plane, is°dff-axis with
coordinate, moves 0.161(3) A out of the mean porphyrin plane the ligand tilted slightly toward atoms N2 and N3. This small
in the direction of the NO ligand. But the Co atom2ris not deviation would certainly go undetected if a crystallographic
symmetrically disposed with respect to thegltoms, as the  rotation axis through the metal atom were present, as is often
Co—Neq distances range from 1.958(4) to 1.990(3) A. Other the case with metalloporphyrin crystal structures. Atom O9 of
individual and averaged bond lengths seem unaffected by NOthe nitrosyl ligand is oriented almost directly toward one of the

binding. The 24-atom porphyrin plane in both compounds is phenyl rings (C33-C38), with a closest calculated nonbonded
saddle shaped, but is more distorted in compajras reflected contact of 2.80 A for H34A-09.

in  0.031 A increase in average deviation. The dihedral angles  Taple 6 provides comparisons among other five-coordinate
of the phenyl groups are similar in the two structures. Co porphyrin nitrosyl complexes. Discounting Co(TPB)hose

Three structures containing @0Por have been structurally  structure suffers from crystallographically imposed symmetry
characterized previously (Table 4). Two of these are different that makes the resolution of the NO atoms imprecise, bond

(82) Traylor, T. G.; Sharma, V. Biochemistry1l992 31, 2847-2849. (83) Jene, P. G.; Ibers, J. A. Unpublished results.
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Table 6. Selected Five-Coordinate Cobalt Porphyrin Nitrosyls

complex M-Nef (A)  M—Nno(A)  OMNO(deg) N-OA)  AMPA)  wyo(cm™) T(°C) ref
Co(OGOPOr)(NO)ue 1.958(4), 1.837(4) 121.8(3) 1.174(4) 0.16 1667  —120(2) this work
0.46CHC} (2) 1.970(4),
1.973(3),
1.990(3)
Co(OEP)(NO) 1.977(1), 1.8444(9) 122.70(8)  1.1642(13) 0.6 4677 —143(2) 48
1.977(1).
1.989(1).
1.994(1)
Co(TPP)(NO) 1.978(4) 1.833(53) ~135 1.01(2) 009 1689 —45(2) 46
Co(T(-OCH)PP)(NO)  1.837(3), 1.854(5) 119.6(45)  1.195(8) 020 1696 —20(1) 66
2.128(4)

2 Symmetry independent Cd\(Por) bonds® Displacement of the Co atom from the 24-atom mean porphyrin pfaf@r pellet. ¢ Nujol mull.

lengths, angles, and IR frequencies are generally in good compound3. This is visible in the stereoviews of Figure 2. The
agreement among these porphyrins. The asymmetry of axialcap superstructure in these compounds is flexible, and thé 18.5
ligands in C484°(Table 6) and F&84five-coordinate porphyrin change in cap tilt betweehand4 probably results simply from
nitrosyls has been commented on recently. The asymmetry founddifferences in crystal packing, although it is not possible to

in Co(T(p-OCHs)PP)(NO)%6 seems excessive. comment further given the solvent disorder in compodnth
Co(OC30Por)-CHCI3 (3) and Co(OGOPor)(Melm) -3C7Hg the solid state the flexibility of the porphyrin core, as manifested
(4). The crystal structures of both Co(@@PoryCHCl; (3) and in its various modes of distortion, has been well docu-

Co(OGOPor)(Melm)3C;Hs (4) consist of the packing of one  mented?285-8° |n some instances, for example Ni(OEP§?2
porphyrin molecule and one (compousjdor three (compound  and Fe(OEP¥® polymorphs exist that show pronounced struc-
4) solvent molecules in the asymmetric unit.4ntwo of the tural differences. In addition, subtle crystal packing effects, as
three toluene solvent molecules are badly disordered. Theengendered for examp]e by solvate m0|ecu|esy can bring about
linkage between benzene cap and porphyrin in these structuresrofound structural changes in a given porphyrin system. Interest
is —O(CH)30—. Compound4 can be considered as a model jn the role ligands play in porphyrin distortions has generated
for deoxyCoMb or R-state deoxyCoHb. predictive rules for the TPP and OEP systéf&:93But the
Compound3 is unligated, whereas compoudchas Melm  rejative importance of crystal packing forces, solvents of
bound on the sterically unhindered face of the porphyrin. Upon ¢rystallization, and ligand binding on the conformational varia-
ligation of Melm the average CeNeq bond length increases  igns in the (OGOPor) system remain unclear.
by 0.036(5) A, but in contrast to ligation of Co(@QPoryCH,-
Cl, by NO all Co-Np bonds lengthen. Other average bond
lengths are essentially unchanged. The Co atom, which is not
symmetrically positioned in either compou8ar 4, shifts from
slightly closer to atom N2 to slightly closer to atom N4. The
N1—Co—N3 bond angle decreases by 2.0(2ut the N2-Co—
N4 bond angle increases by 2.2(2nplying that the ) atoms
follow the Co atom out of the mean porphyrin plane. This is
supported by the N atom displacements in Table 3. The Co atom

moves from 0.036(4) to 0.133(3) A out of the mean porphyrin : _ POT ,
plane toward the Melm ligand. This is a smaller displacement coordinate ligand binding between unconstrained models and

than that seen in compouri despite the fact that Melm is a  (OCsOPor)(Melm)-based models can reasonably be assigned
bulkier ligand than NO. to ligand—cap interactions.

Average distortions of the 24-atom mean planes for com-
pounds3 and 4 also display a pattern different from that in  (85) Munro, O. Q.; Bradley, J. C.; Hancock, R. D.; Marques, H. M.;
compoundsl and 2 (Table 3). Compound has the largest Marsicano, F.; Wade, P. Wi. Am. Chem. Sod 992 114, 7218~

2 7230.
average deviation of the known QQPor structures, whereas (86) Sparks, L. D.; Medforth, C. J.: Park, M.-S.: Chamberlain, J. R.:

Comparisons of compound with other unligated CoMb
model complexes and a recent unligated Mb protein structure
are presented in Table 7. Among the models, the- Rg,bond
length average differs by a maximum of 0.03(1) A, the-Co
Nuvem bond length differs by a maximum of 0.025(3) A, and
the ACo displacements are equal. This excellent agreement
among the unconstraing>models and compoundglsuggests
that the cap superstructure has minimal effect on Melm
coordination. An important corollary is that differences in six-

compound has the smallest. This variation is opposite to that Ondrias, M. R.; Senge, M. O.; Smith, K. M.; Shelnutt, J.JA.Am.
of 1 and2, and certainly differs from the pattern of Fe(@C @) CBZ‘?;?QEOE?\‘}"?? 1R1e5nn5§1_M593\-/_ Fureniid. L R Medforth. C. J.
OPor)(CO)(base) species in Table 4. Among the {ORor)- Smith, K. M.: Fajer, JJ. Am. Chem. Sod993 115 3627-3635.

based structures, cap dihedral angles and lateral displacemen(gs) Jentzen, W.; Simpson, M. C.; Hobbs, J. D.; Song, X.; Ema, T.; Nelson,
of the cap do not seem to be related to metalation or ligand N. Y.; Medforth, C. J.; Smith, K. M.; Veyrat, M.; Mazzanti, M.;

binding. This suggests that the cap superstructure is flexibly gﬁgﬁjﬁegl’fj %:,rcgﬁg'mj'_s%(;iggls(,elulc;i'11-6;82—01(11(1()63(7" WA

_attaChed to the porphyrin core, and likely has only a ”mited (89) Neal, T. J.; Cheng, B.; Ma, J.-G.; Shelnutt, J. A.; Schulz, C. E.; Scheidt,
impact on mean deviations of the (g@Por)-based porphyrins. W. R. Inorg. Chim. Acta1999 291, 49-59.
Of course the maximum vertical displacement of the cap is (90 g/lﬁyer,l 'S'{"jgmz‘?{%gﬁté‘;“’g“ Sect. B: Struct. Crystallogr. Cryst.

. . . . em. )y .
corre_lated with Ilggnd bmdm_g under the cap. The two carbonyl (91) Cullen, D. L.; Meyer, E. F., Jd. Am. Chem. S0od974 96, 2095
species have vertical cap displacements that are-0L.ZB A 2102. _
greater than those of the other (¢8Por)-based porphyrins. (92) Brennan, T. D.; Scheidt, W. R.; Shelnutt, J. A.Am. Chem. Soc.

Both compound$8 and4 show saddle distortions (Table 3), (93) é%??mlalr%3%9_l\2/|?j/|4éhon M. T Godbout. N.: Sanders. L. K.

but the maximum deviations are three to four times larger in Wojdelski, M.; Oldfield, E.J. Am. Chem. Soc999 121, 3818~
3828.
(84) Ellison, M. K.; Scheidt, W. RJ. Am. Chem. S0d.997, 119, 7404 (94) Scheidt, W. RJ. Am. Chem. Sod.974 96, 90—94.

7405. (95) Little, R. G.; Ibers, J. AJ. Am. Chem. Sod.974 96, 4452-4463.
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Table 7. Comparison of Selected Co(Por)(Melm) Species with Mb

Jene and lbers

M—Ned M —Nveim) AMP Melm angle Melm tilt T
complex A R A (deg) (degy (°C) ref
Co(OGOPor)(Melm3C/Hs (4) 1.985(6) 2.132(3) 0.13 74.9 2.6 —120(2) this work
Co(OEP)(Melm) 1.96(2) 2.15(1) 0.13 10 1 presumed 25(2) 95
Co(TPP)(Melm) 1.977(3) 2.157(3) 0.13 ~45 7.2 20(1) 94
unligated ferrous Mb 2.07(3) 2.14(2) 0.39 not reported 58 —163 44

2 Average of the metal porphyrinato N atom bon®iBisplacement of the metal from the 24-atom mean porphyrin plaMeasured as the
angle between the metaN(Melm) or metat-N(histidine) bond and the normal to the mean porphyrin plane.

Table 7 provides an interesting comparison of the accuracy quadrupole electrospray mass spectrometer were provided
obtainable in modern studies of the Mb system versus that in through NIH Grant S10 RR11320.

model systems. It seems clear that structural studies of model
systems, even if such systems are not functional models for

Mb and Hb, remain important as one means to probe structure
function relationships in the hemoproteins.
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