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Abstract: The structure of the iron(III) “capped” porphyrin, [5,10,15,20-[pyrromellitoyltetrakis(o-(oxyethoxy)phenyl)]-
porphyrinato]chloroiron(III), FeCl(C,-Cap), has been determined from single-crystal, X-ray diffraction data collected at ~150
°C. The material crystallizes as the trichloroform solvate, FeCl(C,-Cap)-3CHCI,, in space group C3;-P2,/c of the monoclinic
system with four formula units in a cell of dimensions @ = 14.473 (5) A, b = 19.514 (9) A, ¢ = 22.830 (11) A, 8 = 101.61
(2)°, V'=6316 A3 The structure was described by 396 variables, and at convergence of the full-matrix, least-squares refinement
the values of R and R,, (on F, 9897 data having Fy2 > 3¢(F;2)) are 0.065 and 0.078. The chloro ligand is outside the “cap”
and the iron atom is above the mean plane of the porphyrin core away from the “cap”. The geometry about the iron atom
is typical for FeCl(porphyrin) systems, with Fe~Cl = 2,242 (1) A and with Fe 0.46 A above the mean N, plane and 0.47
A above the mean 24-atom porphyrin plane. The porphyrin itself is slightly nonplanar, with the mean displacement from
the least-squares plane being 0.076 A and the maximum displacement being 0.208 A. Although the conformations of the
side chains that link porphyrin to “cap” are distinctly different from those found in the related free-base porphyrin, Hy(C,-Cap),
the “cap” to porphyrin distances are very similar in the two structures. The separations between the centroids of the phenyl
“cap” and respectively those of the four pyrrole nitrogen atoms and the 24-atom porphyrin skeleton are 4.03 and 4.01 A in
FeCl(C,-Cap) and 3.86 and 3.96 A in H,(C,-Cap). These separations are too small to accommodate O, or CO within the
cap and imply considerable flexibility of these “capped” porphyrins in solution where binding of O, or CO to Fe!'(C,-Cap)

systems occurs.

To elucidate structure—function relationships in hemoproteins
requires knowledge of the intrinsic properties of the heme
group—its affinities for bases and for axial ligands—together with
a precise sterochemical knowledge of the structures involved.
Owing to the size and complexity of protein crystal structure
analyses, it is presently only through the use of model compounds
that we can obtain at least in part such information.? Among
the well-characterized model systems the “chelated-heme”,’
“picket-fence”,* and “capped™ porphyrins are of particular interest
owing to their ability to bind dioxygen reversibly. The ligation
of small molecules, including O, and CO, to these modified
porphyrins has been studied extensively.5'° But structural studies
on these molecules have not kept pace with the ligation studies,
owing in large measure to the difficulty of growing suitable
crystals. In particular, there are no structural results on the
“chelated-heme” systems and only one structural result on a
“capped” system, namely the structure of the free-base “capped”
porphyrin, 5,10,15,20-[pyrromellitoyltetrakis(o- (oxyethoxy)-
phenyl)]porphyrin, H,(C,-Cap).!! In this paper we present
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TableI.

Crystal Data and Data Collection Procedures for
FeCl(C,-Cap)-3CHCI,

formula
formula weight, amu
space group

temp, °C
crystal volume, mm?
radiation

linear absorption
coefficient, cm”

transmission factors

detector aperture

1

takeoff angle, deg
scan speed

A" sin 6 limits, A™!
background

scan range
data collected

p
all data, including

systematic absences

unique data, with
Fo? > 30(Fy%)

CesH,sCl FeN,O,,

1484.5

CipP2, [c

14.473 (5)

19.514 (9)

22.830 (11)

101.61 (2)

6316

4

—150¢

0.0896

graphite-monochromated Mo Ko
(A(Mo Ka,)=0.7093 &)

7.29

0.696-0.872
4.5 mm wide, 6 mm high,
32 cm from crystal
34
2.0° in 26 per min
0.0431-0.6291 (3.5° <
26 (Mo Ka,) < 53.0%)
10 s at each end of scan with
rescan option®
0.8° below Ke, to 0.9° above Ka,
thk,l
0.04
13835

9897

@ Reference 13. ° Lenhert, P. G. J. Appl. Crystallogr. 1975, 8,

568-570.

structural results for FeCl(C,-Cap). As we shall see, the

“cap”-to-porphyrin separation in this molecule is very close to that
in H,(C,-Cap) and is far too small to accommodate a CO or O,
molecule.

(11) Jameson, G. B.; Ibers, J. A. J. Am. Chem. Soc. 1980, 102, 2823-2831.
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Table II. Positional and Thermal Parameters for FeCl(C,-Cap)-3CHCI,

Sabat and Ibers

A
::9:..... .5..............z'.............zl............e...95.......e...........'e33..........%le...l......ela..........eeg...ot
FE «0,331597(37) 0,2575821(26) 0.175618(22) 15,28¢26) T.16(13) 4e03(10) «0432(15) 1,69(12) «0,48(9)
cLl =0,283567(72) 04177960(49) 002645926(42) 31457 (54) 10,71(25) 6487(18) «0,10(29) 1.40(25) 2,25017)
cL11 0,205647011) 0,215473(71) 042673491(65) 70.66(96) 21,437(38) 20474(33) «9,05(48) 13423 (45) =3,13128)
cL12 0.162741(12) 06119664 1(75) 0+168137(63) 8643(10) 25,495(42) 18,15(31) «8,491(53) 20,06 (46) 3,480(29)
cL13 0,01897(10) 0,156809(66) 042340643(61) S4.u6(81) 20,471(35) 18452(30) Te4S(42) 4,48(39) 6,23(26)
cL21 0006313(11) 0,239091(76) 0.487373(83) 63,72(93) 23,92(462) 43,37(50) B8+96(50) 33,13(56) 8,98(37)
cL22 «0,06826(10) 0,1292271(86) 044911781(66) 43,78(78) 43,15(54) 18494 (32) «9,78(52) 6447(40) 0,79(34)
cL23 «0,03525(18) 04174470(90) 04378243 (69) 238,3(21) 37,09(5%) 17444 (32) 59.06(89) 39,31(68) 9,51(34)
CL31A 0416501 (44) 0,37316(41) 0409198¢(29) 35.0(15) 56,7(17) 16424 (75) «1,7¢15) 6,08(81) «10,93(97)
cL3za 0,2140(11) 0443184 (63) 0020979(72) 37.7(2@) 48,2(25) 10,59(66) 2002(23) 7.25(91) «1,0(15)
CL3I3A 0ec426(12) 0,50950(20) 0.11053¢21) 239,¢11) 3S,4(11) 27.89(86) 11.4(22) 34,0(22) 10,58(76)
CL318 0,1528(1V0) 0,4017(12) 0+0841) (66) 3848(42) 83,4(52) 18,3(18) «S.b(43) 4,9(20) 10,927
cLaze 042131(24) 0,4395(14) 042053(16) 6645(55) 66,9(56) 12.2(20) 18,40(50) «1,8(22) “6,7(33)
€L338 0428336(70) 0451317(36) 0411108¢29) SS.3(4T) 31,8(16) 27.0(13) 1001017) 14,4(15) 11,1(10)

01 «0,08201120) 0,49795(14) 0422179(12) 1.87(S)

02 «0,14558(19) 0,4%662(14) 0s10262¢(12) 1.76(S)

03 «0,18387(20) 0,54056(15) 0+04585(13) 2,17(S) ATOM X Y 2z s,nz

06 -0"5602(20) 0,21‘69(15) -0'05358(13’ 2'20(5) P R R X I R T R L R Y RS L X R SR P Y YT YR YR A Y Y XY )
0s «0,37832(19) 0,32275¢(14) «0008698(12) 1.8745) €13 «0,44508(27) 0,11700¢20) 0403488(1T) 1.56(6)
06 «0,47073¢(21) 0,26352(15) «04035642(13) 2437(S) Clé =0,45355(26) 0,16581(19) 0,08063(17) 1.30(6)
o7 «0,67151(ed) 0,22548(17) 040101715 3.02(6) ci1s «0,93589(26) 0,17773 119 0.10227(16) 1431(6)
o]} «0,61822(19) 0,35451(14) «0,03705¢(12) 1.77(5) Clé =0,54522(2T) 0,22716(19) 0elae?9(1T) 1436(6)
09 =0,62231(cl) 0,36552(16) 0406067 (14) 2047(6) c17 =0,63151(28) 0,24250(21) 0+16365(18) 1e72(T)
010 «0,50371(20) 0450636(15) 0423147013 2,23(5) c18 «0,61377(28) 0,29498(20) 0420310(18) 1.78(T)
01l «0,43467(19) 0455871(14) 0s14208¢12) 1.92(5) €19 =0451625(27) 0.31270019) 0420946(17) 1443(6)
012 «0,27589(20) 0,55343¢(15) 0015355¢(13) 2,121(5) c20 =0,47019(26) 0,36561(19) 0424606(16) 1.361(6)
N1 «0,31176(21) 0,34857(15) 0022268(14) le22(5) c27 «0,04585(31) 0.52409(22) 0417165(20) 2,19(8)
N2 «0,20552(21) 0.27671(15) 0015001 (1) 1.19(S) cz28 «0,05018(30) 0.07221¢21) 0012272019 2.03(T)
N3 «0,36897(21) 0,20021(15) 0409862(14) 1e24(S) c29 «0,20514(28) 0448784 (20) 0406698(18) 1.60(T)
N& «0,47371(22) 0,270468(16) 0417361(14) 1,434 (5) o) «0,27627(30) 0,23547(22) «0411509(19) 2.08(T)
[+ «0,37469(2T) 0,38143(19) 0025140¢(17) 1o (6) €37 «0,37467(31) 0,26373(22) «012577019) 2417(8)
c2 =0,32535(28) 0,43260(21) 0+29150¢(18) 1Le71(T) c38 =0,42552(28) 0,31361¢(21) «0,04249(18) le74(T)
c3 «0,23355(e7) 0,62955(19) 0+28823¢(17) 1+51(6) C4S «0,70646(31) 0,20771(22) =0404928(20) 2.21(8)
Ca «0,224251(26) 0,37745(19) 0424577(16) 1030¢6) Cub «0471146(29) 0,32417¢21) «0004903(18) 1e94(T)
cs «0,13945(26) 0,35902(19) 0422955¢(17) 1e361(6) Ca? «0,58095(28) 0,36917¢20) 0.02020017) o714
cé =0,13221(26) 0.31368(19) 0+18356(17) 1435(6) [4-1) =0,50937(30) 057896 (22) 0022328(19) 2,134
c? «0,0476]1(28) 0,30193¢20) 0016109¢(17) 1.59(T) CcsS “0,42736(32) 0,5989¢(23) 0419624 (20) 2440(8)
c8 «0,06950(28) 0.,25922(20) 0el)e2s(1T) le6l(T) 41 «0,35415(27) 0,53474(20) 0012955¢(17) le6l(T)
c9 «0,16789(27) 0,24160(19) 0410807¢17) 1435(6) €63 04141461(36) 0,14182(26) 0423894 (23) 3.15(9)
c10 «0,21530(26) 0,19306(19) 0,06779(17) 1.33(6) Cé4 0,01720(%2) 0,16274(30) 0445371¢(27) 4e19011)
c1l «0,30933(26) 0,17392(19) 0406640(1T) 1.3706) C65A 0,264375(81) 0,4236] (64) 0413775(52) 3.37¢26)
c12 0435686 (28) 0.,12194(20) 0402489(18) lebb (M) CeSB 0.2486(13) 0,4406(11) 0+13805(82) 1.73(37)

YT T Y L Y T T Y Yy Y R Yy Y Y T YT Y YT Ty Py ey Ty X Y Yy T R R A R TR LR R Y Yy a R L L R AL S L L]

@ Estimated standard deviations in the least significant figure(s) are given in parentheses in this and all subsequent tables. ® The form of the
anisotropic thermal ellipsoid is: exp[—(B11h* + B22k? + B33/* + 2B12hk + 2B13hil + 2B23kl)]. The quantities given in the table are the
thermal coefficients X 104,

23

22(f Hoa

Figure 1. Crystal packing diagram for FeCl(Cy-Cap)-3CHCl;. The view
is down the b axis.

Experimental Section

A powder sample of FeCl(C,-Cap), prepared by the reaction of FeCl,
with Hy(C,-Cap) in THF, was kindly supplied by Dr. John R, Budge and
Professor Fred Basolo. The Hy(C,-Cap) had been prepared by Dr. T.
Szymanski from the literature method of Baldwin and co-workers.%!2
Hexane was diffused into a chloroform solution of FeCl(C,-Cap) at 5 °C

(12) Almog, J.; Baldwin, J. E.; Dyer, R. L.; Peters, M. J. Am. Chem. Soc.
1978, 97, 226-227.

Figure 2. Molecular geometry and atomic numbering scheme for
FeCl(C,-Cap). Hydrogen atoms are omitted for clarity.

over a period of 18 months. On the basis of the crystal structure de-
termination, the material formed is FeCl(C,-Cap)-3CHCI,.
Preliminary film photographs showed symmetry and systematic ab-
sences consistent with the monoclinic space group C},-P2,/c and also
provided evidence for rapid solvent loss from the crystals. The crystals
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Figure 3. Stereodiagram of FeCl(C,-Cap). Probability ellipsoids are drawn at the 50% level. Hydrogen atoms are omitted for clarify.

Table III. Derived Parameters for the Rigid Group Atoms for FeCl(C,-Cap)-3CHCI;

4 BeA
5:2:.0..oo...5...0..oo.00..Ox...o..0.......z..........OOE::....0...:xe:.....00..5.0...0....o.o.x......ooo...0.0.............:.....

ca21 «0,04812(15) 0,38752(12) 0426486 (11) 1,48(6) [} «0,75972(17) 0,11824(13)  =0,00207(11) 2.,31(8)
ca2 0,01083¢19) 0,3643607(98)  04303564¢(12) L9114 Cub «0,68508(19) 0,15934(10) 0,02577(12) 1.85¢(7)
c23 0,09521(1T) 0,36798(13) 0433750(12) 2,641(8) H1C40  «0,58777(23) 0,05215(17) 0,13019¢(14) 2.8
c24 0,12063(16) 0,43627(14) 0433278(12) 2,464(8) H1C4]  =0,71334(27)  =0,01699(12) 0,08334(17) 3.2
c2s 0,06168(19) 0,48019(10) 0029410(13) 2,29(8) M1Ck2 =0,82119(22) 0,02646(17) 0,00038(17) 3,0
c26 «0,02269(17) 0,4558) (12) 0026014 (11) 1467(7) H1C43  =0,80347(24) 0,13506(18)  =0,03573(14) 3.3
H1C22  «0,00653(26) 0,29700¢(11) 0030675(18) 2.9 cud «0,52710¢(19) 0,60606(12) 0,28352(11) 1.521(6)
H1c23 0,13544(2¢) 0,33802(17) 0.36390(16) 3.3 €9 «0,56080(20) 0,3726415(95)  0,32877(12) 1,98(7
H1C24 0,17822(20) 0045291 (19) 0035596 (17) 3.4 ¢so «0,610551(20) 0,40868(13) 0,36488(11) 2.26(8)
H1C25 0,07904(26) 0,52676(11) 0.29088(18) 3,2 ¢S1 «0,62660(19) 0,47858(12) 0,35574(11) 2.2218)
€30 «0,15968(17) 0,15881 (13) 0.02688(10) 1,44(6) ¢s2 «0,59290(20) 0,512228(94)  0,31050(12) 2.,02¢M
€3l «0,0854](18) 0,11546(14) 0,051179(82) 1,7747) ¢s3 «0,564315(19) 0,47597(12) 0,27438(10) 1.72¢7
¢ae «0,03046(16) 0,08596¢13) 0e01440(11) 2,05(Mm H1C49  «0,56985(30) 0,326471(010) 0,33500¢17) 3,0
€33 «0,04977(18) 0,09983(14)  =0404668(10) 2,05(7M H1C50  =0,63355(29) 0,38572(17) 0,39576(15) 3.1
c3s «0,126403(19) 0414318(14)  «0.0709761(82) 2,02(7) MI1CS]  «0,66055(28) 0,50333017) 0,38039(16) 3.3
€3as «0,178991(16) 0,17268(13)  «0,036420(11) 1.75¢(7) H1CS2  «0,60385(30) 0,55993(10) 0,30626(18) 3,0
M1C31  =0,07223(26) 0,10599(20) 04092860 (86) 2,8 [4-1) «0,41133017) 0,37427¢12)  =0,00052(11) 1,60(7)
H1C32 0,02023(22) 0,05637(18) 0003098(15) 360 €60 «0,48166(13) 0,39723(13) 0,02829¢(12) 1.62(T)
H1C33  «0,01226(24) 0,07970(20)  «0407178¢14) 3,0 c6l «0,46289(15) 0,45017(13) 0,06985(11) 1463(T)
M1C3e  =0,13721(2T) 0415264 (20)  =04112657(86) 3,0 c62 «0,37379017) 0,48015(12) 0,08261¢11) 1.58(7)
€39 «0,62098(16) 0.13670¢12) 0.07508(11) 1,37¢6) ¢s7 «0,30346(13) 0,45719¢(1 0,05380¢12) 1.61(7)
cuo «0,63151(17) 0,06896(13) 0,09654(10) 1,98(7) cse «0,32223(15) 0,406425(13) 0,01223(11) 1,76(T)
cal «0,70615(19) 0,02787(10) 0406870(12) 2,22(8) H1C61  «0,5108%9(19) 0,46584(19) 0,08951(16) 2.6
ce2 «0,77025(17) 0405251 (1) 0,01939¢12) 2,02¢7) H1CS8  =04274264(19) 0,38858(19)  =0,00743(16) 2.7

RIG1D GROUP PARAMETERS

GROYP l‘ VC ZC DEL"Aa EPSILON ETa

PY L L T Ty Y XYy Y Y Yy Ly P T e R L X Y Y T X T YT Y Y XL XL R LA LA A L A R R P X Y Y T L A A AL AL L A A T AR Al L L)
R 0.03626(12) 0.,411898(90) 0,298819(75) 0,2137014) 2.7623(16) 0,4220(18)
R2 «0+10472(12) 0,129319(83) =0,009898(7T) 0.,8711(23) 2,3730¢(12) =1,5267423)
R3 =0,69562(12) 0,093602(88) 00047234(7TT) 0,4066(17) 204916(16) «2,7544(19)
R4 «0,57685(12) 0,442321(87) 00319631 (T4) «0,1232(18) 2,5758(14) 2,1715019)
RS =0+39256(12) 0,427207(83) 04041043(72) «1,510301%) 2,7899(14) 2,3880(17)

% X, Yo, and Z, are the fractional coordinates of the origin of the rigid group. b The rigid group orientation angles delta, epsilon, and
eta(radians) have been defined previously: La Placa, S. J.; Ibers, J. A, Acta Crystallogr. 1965, 18, 511-519.

Table VI. Geometry of the Coordination Sphere in High-Spin Fe(III)-Porphyrin Complexes, FeX(porphyrin)

Fe-N, A Fe-X, A N-Fe-N,deg  AN,,A% Aporph, A? ref
FeF(TPP)® 2.072 (1)¢ 1.792 (3) 86.99 (1) 0.47 0.47 16
FeCl(TPP) 2.049 (9) 2.192 (12) 0.38 0.38 17
FeBr(TPP) 2.069 (9) 2.348 (2) 86.8 0.49 0.56 18
Fel(TPP) 2.066 (11) 2.554 (2) 87.2 (2) 0.46 053 19
FeCl(Proto 1X)® 2.062 (10) 2.218 (6) 87.0 0.48 0.55 20
Fe(SPhNO,)(Proto-1X) 2.064 (18) 2.324 (2) 87.5 (6) 0.43 0.45 21
Fe(OCH, )(MesoP)” 2.073 (6) 1.842 (4) 86.7 (2) 0.46 0.43 22
FeCl(C,-Cap)? 2.063 (3) 2.242 (1) 87.2 (4) 0.46 0.47 this work

@ Distance of the Fe atom from the least-squares plane through the 4 N atoms of the porphyrin core. ? Distance of the Fe atom from the
least-squares plane through the 24-atom porphyrin in core. € TPP =5,10,15,20-tetraphenylporphyrinato. ¢ Estimated standard deviation of
a single observation is given in parentheses. € Proto-IX = protoporphyrin IX dimethyl ester dianion. f MesoP = mesoporphyrin [X dimethyl
ester dianion. # Structure determined at —150 °C; all other structures were determined at room temperature.

used for the collection of intensity data was cut from a larger crystal Intensity data were collected by methods standard in this laboratory.!*
contained in a glovebag saturated with CHCl; vapor. The crystal was Crystal data and details of data collection are given in Table I.

quickly transferred to the cold stream'® of a Picker diffractometer. The The structure was solved by direct methods (MULTANS0). Refinement
cold stream (¢ =~ —-150 °C at the crystal) provided complete protection of the structure proceeded along lines standard in this laboratory.!* In

of the crystal from desolvation during the period of data collection.

(14) See, for example: Waters, J. M.; Ibers, J. A. Inorg. Chem. 1977, 16,
(13) Huffman, J. C. Ph.D. Thesis, Indiana University, 1974. 3273-3277.
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Table VII. Bond Distances (&) for FeCl(C,-Cap)-3CHCIl,

Sabat and Ibers

Fe-Cl(1) 2.242 (1)
Fe-N(1) 2.065 (3)

Fe-N(2) 2.059 (3) Fe-N
Fe-N(3) 2.062 (3) 2.063 (3)°
Fe-N(4) 2.064 (3)

N() C(1) 1.382 (5)

N(1)-C(4) 1.390 (5)

N(2)-C(6) 1.381 (5)

N(2)-C(9) 1.376 (5) N-C,?
N(3)-C(11) 1.375 (5) 1.384 (7)
N(3)-C(14) 1.384 (5)

N(4)-C(16) 1.395 (5)

N(4)-C(19) 1.389 (5)

C(HCQ) 1.443 (6)

C4)-C(3) 1.430 (5)

C(6)-C(7) 1.438 (6)

C(9)-C@®) 1.444 (6) CaCyp
C(11)-C(12) 1.437 (6) 1.437 (6)
C(14)-C(13) 1.437 (5)

C(16)-C(17) 1.432 (6)

C(19)-C(18) 1.432 (6)

C(2)-C(3) 1.347 (6)

C(7)-C@®) 1.342 (6) Cp=Cp
C(12)-C(13) 1.345 (6) 1.347 (6)
C(17)-C(18) 1.354 (6)

C(5)C(4) 1.398 (5)

C(5)-C(6) 1.393 (5)

C(10)-C(9) 1.400 (5)

C(10)-C(11) 1.398 (5) Ca<Cm
C(15)-C(14) 1.398 (5) 1.398 (5)
C(15)-C(16) 1.394 (5)

C(20)-C(19) 1.409 (5)

C(0)-C(1) 1.397 (5)

C(6)C2Y) 1.509 (4)

C(10)-C(30) 1.507 (5) Ca=Cq
C(15)-C(39) 1.516 (4) 1.514(7)
C(20)-C(48) 1.522(5)

C(26)-0(1) 1.370 (4)

C(35)-0(4) 1.362 (4)

C(44)-0(7) 1,364 (4) 1.365 (4)
C(53)-0(10) 1.365 (4)

0()C27) 1444 (5)

0(4)<C(36) 1.435 (5)

O(7)-C(45) 1.418 (6) } 1.431an
0(10)C(54) 1.429 (5)

CQTI-C(28) 1.500 (6)

C(36)C(37) 1.498 (6)

C(45)-C(46) 1.494 (6) } 1.497 (6)
C(54)-C(55) 1.496 (6)

C(28)-0(2) 1.453 (5)

C(37)-0(5) 1.461 (5)

C(46)-0(8) 1.448 (5) 1453(6)
C(55)-0(11) 1.451 (5)

0(2)<C(29) 1.330 (5)

0(5)-C(28) 1.345 (5)

O(8)-C(47) 1,341 (5) } 1.339 (6)
0(11)C(56) 1.339 (5)

C(29)-0(3) 1203 (5)

C(38)-0(6) 1.205 (5)

C(47)-009) 1.200 (5) 1.205 )
C(56)-0(12) 1211 (5)

C(29)-C(57) 1517 (5)

C(38)-C(59) 1511 (5)

C(47)-C(60) 1514 (5) } 15100)
C(56)-C(62) 1.497 (5)

C(63)<CI(11) 1762 (5)

C(63)-CI(12) 1.759 (6

C(63)C1(13) 1.778 (6)

Cl64)C121) 1.746 (6) 1.760 (11)
C64)C1(22) 1765 (6)

C64)C1(23) 1752 (7)

C(65A)°CI(31A) 170 (1)

C(65A)-CI(32A) 179 2

C(65A)-CI(33A) 179 (1)

C(65B)CI(31B) 183 2)

C(65B)-CI(32B) 171 (4)

C(65B)-CI(33B) 1.66 (2)

@ Here, and elsewhere, the estimated standard deviation given in parentheses following a mean value is the larger of that calculated for an in-
dividual observation on the assumption that the values averaged are from the same population or of that calculated for an individual parame-
ter from the inverse of the least-squares matrix. ° The nomenclature is that of: Hoard, J. L. Science (Washington, D.C.) 1971, 174, 1295-
1302. € The chloroform solvate composed of atoms C(65), Cl(31), C1(32), and C1(33) is disordered over sites A and B with a distribution of

0.75:0.25.

the refinement only the Fe and Cl atoms were refined anisotropically; all
other nonhydrogen atoms were refined isotropically, with the phenyl
groups restricted to their idealized geometry (Dg;). The only complica-
tion in the refinement was the disorder of one of the three chloroform
groups. Refinement of both alternative positions with a variable occu-
pancy factor was carried out. Prior to the final cycle of refinement on
F, all hydrogen atoms, except those for the disordered chloroform mol-
ecule, were idealized and included as fixed contributions. The final cycle,
involving 396 variables and 9897 observations, converged to values of the
usual R and R, indices of 0.065 and 0.078 and to an error in an obser-
vation of unit weight of 2.47 e. Elaboration of the model, e.g., anisotropic
refinement of the carbon atoms, was not attempted owing to the expense
involved with minimal expectation of dramatic changes in porphyrin
parameters derived from these low-temperature data. Moreover, an
analysis of Sw(|F,| - | F. |)? as a function of |F,|, setting angles, and
Miller indices revealed no unusual trends. In the final difference electron
density map, the three highest peaks (0.9-1.2 e/A%) were in the vicinity
of the disordered solvent molecule. Neither in this map nor throughout
the refinement process was there any indication of disorder in the side
chains. The final parameters of the atoms are listed in Tables IT and III.
Table IV'5 lists the idealized positions of the H atoms, while Table V15
presents the values of 10}F,| vs. 10{F} for those reflections used in the
refinement.

(15) Supplementary material.
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Figure 4. Displacements (X10?) of atoms from the least-squares plane
of the 24-atom porphyrin skeleton. The estimated standard deviations
are 0.003 A for nitrogen atoms and 0.004 A for carbon atoms. Dis-
placements in parentheses were not included in the calculation of the
least-squares plane.

Results

The crystal structure of FeCl(C,-Cap)-3CHCI, consists of the
packing of discrete monomeric molecules of FeCl(C,-Cap) and
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Table VIII. Bond Angles (deg) for FeCl(C,-Cap)-3CHCI;
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CI(1)-Fe-N(1) 103.5 (1)

CI(1)-Fe-N(2) 99.4 (1)

CI(1)-Fe-N(3) 103.0 (1)

CI(1)-Fe-N(4) 105.3 (1)

N(1)-Fe-N(2) 87.3(1)

N(1)-Fe-N(4) 86.6 (1) N-Fe-N
N(2)-Fe-N(3) 87.2 (1) 87.2 (4)
N(3)-Fe-N(4) 87.6 (1)

N(1)-Fe-N(3) 153.5 (1)

N(2)-Fe-N(4) 155.2 (1)

C(1)-N(1)-C(4) 105.6 (3)

C(6)-N(2)=<C(9) 106.2 (3) Ca-N-C,
C(11)-N(3)-C(14) 105.6 (3) 105.7 (4)
C(16)-N(4)-C(19) 105.2 (3)

N(1)<C(1)<CQ2) 109.4 (3)

N(1)-C(4)-C(3) 110.0 (3)

N(2)=C(6)<C(7) 109.5 (3)

N(2)-C(9)<C(8) 109.5 (3) N-C—Cp,
N(3)-C(11)=C(12) 110.1 3) 109.8 (3)
N(3)-C(14)-C(13) 109.7 (3)
N(4)-C(16)-C(17) 109.9 (3)
N(4)-C(19)-C(18) 110.0 (3)

C(1)=C2)-C(3) 107.6 (4)

CR)-C(3)<C(4) 107.3 (4)

C(6)-C(7)-C(8) 107.6 (4)

C(7)<C(8)<CO) 107.2 (4) CaCpCp
C(11)-C(12)-C(13) 107.1 (4) 107.4 (4)
C(12)=C(13)=C(14) 107.4 (4)
C(16)-C(17)-C(18) 107.3 (4)
C(17)-C(18)=C(19) 107.5 (4)

N(1)=C(1)-C(20) 1262 (4)

N(1)-C(4)<C(5) 125.2 (4)

N(2)-C(6)-C(5) 125.7 (4)

N(2)-C(9)-C(10) 125.7 (4) N-C,<Cpn
N(3)-C(11)-C(10) 125.7 (4) 125.5 (4)
N(3)-C(14)-C(15) 125.5 (4)
N(4)-C(16)-C(15) 125.5 (4)
N(4)-C(19)-C(20) 124.8 (4)

C(2)-C(1)<C(20) 124.2 (4)

C(3)-C(4)C(5) 124.7 (4)

C(7)-C(6)=C(5) 124.7 (4)

C(8)-C(9)-C(10) 124.7 (4) Cp<CaCm
C(12)-C(11)=C(10) 124.1 (4) 124.6 (4)
C(13)-C(14)-C(15) 124.8 (4)
C(17)<C(16)=C(15) 124.5 (4)
C(18)=C(19)-C(20) 125.2 (4)

C(4)<C(5)=C(6) 124.5 (4)

C(9)-C(10)-C(11) 124.1 (4) CaCm—Ca
C(14)=C(15)=C(16) 124.7 (4) 124.3 (4)
C(19)-C(20)=C(1) 123.7 (4)

C(4)-C(5)-C21) 119.0 (3)

C(6)-C(5)-C(21) 116.5 (3)

C(9)-C(10)-C(30) 117.1 (3)
C(11)-C(10)=C(30) 118.9 (3) CaCmCo
C(14)-C(15)-C(39) 116.3 (3) 1179 11
C(16)-C(15)=C(39) 118.9 (3)
C(19)-C(20)-C(48) 1179 (3)

C(1)=C(20)=C(48) 118.3 (3)

C(5)-C(21)-C(22) 118.1 (2)

C(5)-C(21)-C(26) 121.9 2)
C(10)-C(30)-C(31) 119.2 (2)
C(10)-C(30)-C(35) 120.7 (2) 120.0 (13)
C(15)-C(39)-C(40) 1202 () :
C(15)-C(39)-C(44) 119.6 (2)
C(20)-C(48)-C(49) 118.8 (2)
C(20)-C(48)-C(53) 121.1 (3)

C(25)C(26)-0() 1212 )

C(34)-C(35)-0(4) 124.6 (2)

C(43)-C(44)-0(T) 124.4 (2) 123.3 (16)
C(52)-C(53)-0(10) 1230 2)

C21)-C26)-0(1) 118.8 2)

C(30)-C(35)-0(4) 115.4 (3)

C(39)C(44)-0(7) 115.5 (2) 116.7 (16)
C(48)-C(53)-0(10) 116.9 (3)

C(26)-0(1)-C27) 116.0 (3)

C(35)-0(4)-C(36) 1197 (3)

C(44)-0(7)-C(4$) 119.8 (3) 1189 20)
C(53)-0(10)-C(54) 1202 (3)

0(1)-C(271)C(28) 112.6 (4)

O(4)-C(36)C(37) 106.4 (4)

O(7)=C(45)-C (46) 108.1 (4) 108.4 (29)
0(10)-C(54)-C(55) 106.5 (4)

CQT-C28)-0(2) 111.2 (4)

C(36)-C(3N-0(5) 110.0 (4)

C(45)-C(46)-0(8) 111.4 (4) 1098 (23)
C(54)-C(55)-0(11) 106.4 (4)

C(28)-0(2)<C(29) 1163 (3)

C(37)-0(5)-C(38) 1161 (3) 1165 (4)
C(46)-0(8)-C(47) 116.6 (3) '
C(55)-0(11)-C(56) 117.0 (3)

0(2)<C(29)-0(3) 125.2 (4)

0(5)-C(38)-0(6) 125.5 (4) 1252 4)
0(8)-C(47)-0(9) 124.9 (4)
O(11)C(56)-0(12) 125.0 (4)

0(2)-C(29)-C(57) 110.5 (3)

0(5)-C(38)-C(59) 110.5 (3) 111 (10)
O(8)-C(47)-C(60) 1125 (3) :
0(11)C(5 6)-C(62) 1107 (3)

0(3)-C(29)-C(57) 124.3 (3)

0(6)-C(38)-C(59) 124.0 (&) 1235 9)
0(9)-C(47)-C(60) 122.4 (3) :
0(12)C(56)-C(62) 124.3 (4)
CQ29)-C(ST)C(S8) 118.3 (3)
C(29)-C(57)-C(62) 1217 (3)
C(38)-C(59)-C(60) 1222 (3)
C(38)-C(59)-C(58) 117.6 (3)
C(47)-C(60)-C(59) 1263 (3) 120.0 37)
C(47)-C(60)C(61) 1137 (3)
C(56)-C(62)-C(61) 118.9 (3)
C(56)-C(62)C(57) 121.0 (3)
CI(11)-C(63)C(12) 1112 (3)
CI(11)-C(63)C1(13) 109.4 (3)
C1(12)-C(63)-C1(13) 109.8 (3) 1102 (12)
CI21)-C(64)C1(22) 1102 (3) :
C1(21)-C(64)C1(23) 111.9 (3)
Cl(22)-C(64)-CI(23) 108.5 (3)
CI(31A)-C(65A)~CI(32A) 1112 8)

CI(31A)=C(65 A)C1(33A) 1118 (7)

CI(32A)C(65 A)CI1(33A) 104.4 (7)
CI(31B)~C(65B)-CI(32B) 106 (2)
CI(31B)~C(65B)-CI(33B) 111 (1)

C1(32B)-C(65 B)CI(33B) 121 (1)

CHCI; solvent (Figure 1). There are no unusual intermolecular
contacts.

The FeCl(C,-Cap) molecule has its expected connectivity. The
molecular geometry and numbering scheme are shown in Figure
2. Figure 3 presents a stereoview of the molecule. As can be

seen from these figures, the chloro ligand is outside the cap rather
than in it. The resultant coordination geometry about the Fe atom
is very similar to that found in other five-coordinate Fe(III)
porphyrin systems!6-22 (Table VI). It is difficult to understand
the metrical trends in the series FeX(TPP), X = F, C|, Br, [,16%°
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Table IX. Least-Squares Planes for FeCl(C,-Cap)-3CHCI,

Sabat and Ibers

coefficients Ax + By + Cz—-D =0°

atoms defining the plane displacement?

name A B C D
I 1.664 -13.516 15.397 -1.786 N(1) NQ2) N(3) N(4)
—015 (3) 014 (3) -015 (3) 016 (3)
11 1.382 -13.741 15.297 -1.763 C() C(10) C(15) C(20)
148 (4) -150 4) 145 (4) —-147 (4)
py-1 0.225 -13.311 16.278 -1.079 N(1) C) CQ) C3) c4)
—006 (3) 010 (4) -007 (4) 001 (4) 005 4)
py-2 1.554 —15.079 13.497 —2.460 N(2) C(6) Cc( C(8) c®
-007 (3) 002 (4 008 (4) —015 (4) 015 4)
py 3 2.435 —13.582 14.837 -2.157 N(3) c(1 C(12) C(13) C(14)
003 (3) —003 (4) 001 (4) 002 (4) ~-003 (4)
py-4 1.233 -12.791 16.390 -1.201 N(4) C(16) camn C(18) C(19)
003 (3) —004 (4) 003 4) 000 4) -002 4)
ph-1 9.159 —-4.747 -19.347 —7.404 C(21)C(26)
0
ph-2 8.696 15.300 0.724 1.061 C(30)-C(35)
0
ph-3 10.205 -7.130 —-16.830 —-8.561 C(39)C(44)
0
ph-4 10.744 3.890 10.894 -0.995 C(48)-C(53)
0
ph-5 (cap) 2.147 —-13.032 15.629 ~5.769 C(57)C(62)
0
ester-1 5.362 -9.513 —-19.383 ~7.021 0(2) C(29) 0(3) CST
003 (3) —018 (4) 004 (3) 002 (3)
ester-2 10.379 —8.404 8.959 ~7.420 0(s) C(38) 0(6) C(59)
002 (3) -012 (4) 003 (3) 001 (2)
ester-3 4.641 —18.201 2.220 —9.399 0(8) c4n o) C(60)
—-004 (3) 029 (4) —007 (3) —003(2)
ester-4 -1.630 -13.621 16.333 —4.582 0O(11) C(56) 0(12) C(62)
001 (3) —008 (4) 002 (3) 001 (2)
porph 1.509 -13.581 15.409 -1.758 see Figure 4
Dihedral Angles, deg
porph I cap py-1 py-2 py-3 py-4 ph-1 ph-2 ph-3 ph-4
porph 0.7 3.2 5.3 6.6 3.7 34 106.7 111.9 95.9 66.9
I 2.6 5.8 6.8 3.2 35 ester-1 ester-2 ester-3 ester-4
cap 7.7 8.8 2.7 39 101.3 37.5 37.7 15.2
py-1 9.6 9.0 4.4
py-2 7.0 9.9
py-3 6.1

@ Plane is in crystal coordinates as defined by Hamilton, W. C. Acta Crystallogr. 1961, 14, 185-189. b The displacement (A) is generated
by placing a decimal point prior to the first digit.

Table X. Torsional Angles (Deg) in the Linkages for FeCl(C,-Cap)-3CHCI,

atoms? chain 1 chain 2 chain 3 chain 4
C(25)-CQ26)-0(1)-C(2T) 65.2 (4) —4.9 (4) —-27.2 (5) 2.3(4)
C(26)-0(1)-C(27)-C(28) 78.1 (4) 164.6 (3) 161.1 (3) 154.6 (3)
O(1)-C(27)-C(28)-0(2) 55.8 (5) 60.9 (4) 69.6 (4) 56.1(4)
C(27)-C(28)-0(2)C(29) 77.0 4) -109.9 (4) -93.0 (4) ~-141.2 (4)
C(28)-0(2)<C(29)-0(3) 7.7 (6) —6.7 (6) -7.9 (6) —13.5 (6)
C(28)-0(2)<C(29)C($sD -175.4 (3) 171.3(3) 177.1 (3) 165.2 (3)
O(3)-CRHC(ENHLC(58) 99.9 4) —-35.9 (5) —-34.5(5) -14.2 (5)
02)-CR9H-C(57)LC(58) -77.1 (4) 146.1 (3) 140.7 (3) 167.1(3)

@ Only the atoms of chain 1 are listed here; atoms in chains 2, 3, and 4 are defined analogously as shown in Figure 2.
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Figure 5. Stereodiagram of FeCl(C,-Cap) perpendicular to the porphyrin plane. Chain 1 is in the lower right, and the chains are numbered in a
counterclockwise direction.
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at least with respect to the AN, and A, distances. Hence it
is sufficient to note that these distances in the present structure
fall within the range generated by the FeX(TPP) series. Con-
sequently, the presence of the cap has placed no apparent steric
restraints on the coordination geometry of the Fe atom.

Bond distances and angles are presented for FeCl(C,-Cap) in
Tables VII and VIII, respectively. The porphyrin portion of the
molecule appears to be normal in all respects, with good internat
consistency among chemically equivalent bond parameters. Figure
4 displays the deviations of the atoms of the porphyrin core from
the best least-squares plane through the 24-atom segment. The
mean deviation is 0.076 A and the maximum is 0.208 A. The
porphyrin core is thus more nearly planar than in H,(C,-Cap),
where the mean deviation from the plane is 0.135 A and the
maximum derivation is 0.354 A.1!

In the description of the structure of H,(C,-Cap), we noted that
the cap was centered over the porphyrin and that the two planes
were essentially parallel (dihedral angle, 0.03°).!! In FeCl-
(C,-Cap), the analogous dihedral angle is 3.0° (Table IX). In
H,(C,-Cap) the steric strain engendered by the cap was apparent
in the presence of two types of C,~C_,—C, angles that resulted
from buckling of the meso-tetraphenylporphyrin moiety. This
is not apparent in the present structure. Whereas in the free base
two of the ester groups were approximately coplanar with the cap
plane and the other two were almost perpendicular, in FeCl-
(C,-Cap) there are three ester groups approximately parallel to
the cap plane (Table IX and Figure S). Here again the
Cobenyi—Cester bond of ester group 4 (the one most nearly coplanar
with the cap) is significantly shorter, indicating the possibility of
resonance interaction with the cap.

(16) Anzai, K.; Hatano, K.; Lee, Y. J.; Scheidt, W. R. Inorg. Chem. 1981,
20, 2337-2339.
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89, 1992-1996.

(18) Skelton, B. W.; White, A. H. Aust. J. Chem. 1977, 30, 2655-2660.

(19) Hatano, K.; Scheidt, W. R. Inorg. Chem. 1979, 18, 877-879.

(20) Koenig, D. F. Acta Crystallogr. 1968, 18, 663—673.

(21) Tang, S. C.; Koch, S.; Papaefthymiou, G. C.; Foner, S.; Frankel, R.
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In H,(C,-Cap), the conformations of side chains 2 and 4, which
have ester groups nearly perpendicular to the cap, are very nearly
the same, while chains 1 and 3, though very different in the
ether—ethyl portions, are similar in the ester-phenyl cap portions.
In the present structure there is only a general similarity in the
conformations of chains 2 and 3 (Table X). Of course, the torsion
angles of side chains with similar conformations in the two
structures are approximately equal. Thus, in two structures of
the cap four very different conformations for the chains have been
observed, evidence for considerable conformational flexibility.

In H,(C,-Cap) the separation between centroids of the cap and
the 24-atom porphyrin core is 3.96 A; in FeCl(C,-Cap) it is 4.01
A. In H,(C,-Cap) the sexaration of the cap from the N, plane
of the porphyrin is 3.86 A; in FeCI(C,-Cap) it is 4.03 A, Itis
remarkable that the separation of cap from porphyrin is so similar
in these two very different structures. This suggests that a sep-
aration of about 4 A between cap and porphyrin is a comfortable
one in the solid state where a balance between intramolecular
strain and intermolecular contacts exists. Clearly, this separation
must expand in solution by a minimum of 1-1.5 A in the analogous
Fe(II) systems, Fe(base)(C,-Cap); these systems bind CO as well
as the more open porphyrins while they bind O, less well 10
Whether these relative differences in CO and O, binding can be
ascribed to steric interactions between modified porphyrin and
liganded molecule remains mere speculation until the structure
of a CO or O, complex in the “capped” series can be determined.
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