1014

c@3) 0.7129 (6) 0.0411 (5) 0.2644 (4) 402
C(24) 0.7770 (5) 0.1257 (4) 0.3368 (4) 3.6(2)
cEs) 0.7309 (6) 0.2338 (5) 0.3306 (5) 44(2)
C(6) 0.6211 (6) 0.2583 (5) 0.2502 (5) 45Q)
cen 0.9602 (7) 0.1762 (6) 0.4846 (4) 52(3)
ca3l) —02537 (6) —00060 4)  —0.3602 (4) 372
Cc32) —03611 (7) —0.0911 (5) —0.4172 (5) 50(3)
c(@1) —0.0903 (8) 0.5180 (5) 02324 (6) 6.1(3)
Cc@2) —0.068 (1) 0.5904 (7) 0.3313 (8) 9.3 (5)

Table 2. Selected geometric parameters (A, °)

Cd—S(@) 2.606 2) N(1)—C(1) 1.323 (6)
Cd—S(1) 2.641 2) N(1)—C(11) 1.437 (6)
Cd—S(3) 2.646 (2) NQ)—C(1) 1.334 (6)
Cd—S(5) 2710 2) N@)—C(21) 1.430 (6)
Cd—S2) 2.765 (1) C(11)—C(16) 1.365 (7)
Cd—S(2) 2.831(2) C(11)—C(12) 1.380 (8)
S(1H—C(1) 1.699 (5) C(12)—C(13) 1.380 (8)
S(2)—C@) 1.714(5) C(13)—C(14) 1.373(7)
S(3)—C(Q2) 1.655 (5) C(14)—C(15) 1.378 (8)
S(@)—C(3) 1.701 (5) C(15)—C(16) 1.380 (7)
S(5)—C(3) 1.673 (5) C(21)—C(26) 1.369 (8)
0(1)—C(14) 1.373 (6) CQ@1—CR2) 1.378 (8)
o(1)—C(17) 1.415 (8) C(22)—C(23) 1.367 (7)
0(2)—C(24) 1373 (5) C(23)—C(4) 1.379 (7)
0(2)—C27) 1.405 (7) C(24)—C(25) 1.366 (7)
03)—C(Q) 1329 (5) C(25)—C(26) 1.384 (7)
0(3)—C(31) 1.461 (6) C(31)—C32) 1.495 (8)
0(4)—C(3) 1.319 (6) C(41)—C(42) 143 (1)
0O(4)—C(41) 1.451 (6)

S(1)—Cd—S(2) 15085(5)  N@)—C(1)—S(1) 1213 (4)
S(1)—Cd—S(3) 8587(6) O(3)—C(2)—S(3) 122.7 3)
S(1)—Cd—S(5) 98.68(5) O(3)—C(2)—S(Q2) 114.0 3)
S(3)—Cd—S(2) 6546(5)  S(3)—C(2)—S(2) 1233 (3)
S(3)—Cd—S(5) 98.56(6)  O(4)—C(3)—S(5) 1232 (3)
$(4)—Cd—S(1) 103.96(6)  O(4)—C(3)—S(4) 113.0 3)
$(@)—Cd—S(2) 10526(6)  S(5)—C(3)—S(4) 1238 (3)
S(@)—Cd—S(3) 16428(5)  C(16)—C(11)—C(12)  119.9 (5)
S(4)—Cd—S(5) 68.09(5)  C(16)—C(11)—N(1)  119.9(5)
S(5)—Cd—S(2) 91.04(5) C(UI)—CUD~-N()  120.1(4)
S(1)—Cd—S(2") 94.66(5) CU1—C(I12)—C(13)  120.1(5)
S@2)—Cd—S(2') 84.63(5) C(14—C(13)—C(12)  119.8(5)
S(3)—Cd—s(2) 9171(5)  C(U3)—C14)—0(1) 1155 (5)
S(4)—Cd—S(2}) 9382(5)  C(13)—C(14)—C(15) 1200 (5)
S(5)—Cd—S(2") 159.63(4)  O(1)—C(14)—C(15) 1245 (5)
Cd—S(@2)—Cd 9537(5)  C(14)—C(15)—C(16)  119.9 (5)
C(1)—S(1)—Cd 1105 2) C11)—C(16)—C(15)  120.3(5)
C@2)—S(@2)—Cd 98.8 (1) C(26)—C21)—C(22) 1192 (4)
c@)—S@)—cd 819 2) C6)—C2D—N@) 1208 (5)
C(2)—S(3)—Cd 89.0 2) C22)—CR1H—N@) 1199 (5)
C(3)—S(4)—Cd 853 (2) C(23)—C(22)—C(21) 1207 (5)
C(3)—S(5)—Cd 82.5(2) C(22)—C(23)—C(24)  119.8(5)
C14)—0(H)—CAT) 1167 (5) C(25)—C24)—0(2) 1243 (5)
C4)—0()—C27)  118.1(4) C(25)—C(24)—C(23)  120.1 (4)
C(2)—0(3)—C(31) 118.4 4) 0(2)—C(4)—CR3)  115.6(4)
C(3)—0(8)—C(41) 119.0 (4) C(24)—C(25)—C(26)  119.7 (5)
C(H—N(DH—C(11) 1243 (4) C@1—CR6)—C(25) 1205 (5)
C(1)—N@)—C21) 126.6 (4) 0(3)—CEI—C(32) 1068 (4)
N(1)—C(1)—N(2) 117.6 (4) C(d2)—C(41)—0@4)  107.6(6)
N(1)—C(1)—S(1) 121.0 (4)

Symmetry code: (i) ~x, -y, ~z.

The structure was solved by the Patterson method and Fourier
syntheses and refined by full-matrix least-squares methods with
anisotropic displacement parameters for all non-H atoms. H-
atom coordinates were refined with fixed bond distances. All cal-
culatios were performed on a MicroVAX 3100 using TEXSAN
(Molecular Structure Corporation, 1989).

This work is supported by a Grant for Key Research
Project from the State Science and Technology Commis-
sion and National Science Foundation of China.
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[Cd2(C3H;508:)4(C15H16N20:8):]

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates, bond distances involving H atoms and least-squares-planes
data have been deposited with the IUCr (Reference: AL1069). Copies
may be obtained through The Managing Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Abstract

The structure determination of the title compound,
{2,7,12,17-tetrakis(4-methoxyphenyl)-21,22,23 24-
tetraazapentacyclo[16.2.1.1*%,1%111'%!"]tetracosa-
1(21),2,4,6,8(23),9,11,13,15,17,19-undecaenediido-
N,N',N”,N"'}bis(trimethyl phosphito-P)iron(1l),
[Fe(CasH3sNg)(C3HoO3P),), is the first example of a
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structural study on a model phosphito ferrous por-
phyrin derivative. The complex crystallizes in a
centrosymmetric form. The metal-phosphorus bond
lengths [2.255 (2) A] are shorter than those observed
in the analogous iron(I) complex containing
dimethylphenylphosphine ligands [2.284 (1) A].

Comment

During the past few years, we have been investigat-
ing the coordination of phosphines both to metallo-
porphyrins (Sodano, Simonneaux & Toupet, 1988)
and to haemoproteins (Simonneaux, Bondon &
Sodano, 1987, Simonneaux, Bondon, Brunel &
Sodano, 1988). A few phosphite derivatives of haemes
(Ohya, Morohoshi & Sato, 1984; Stynes, Fletcher &
Chen, 1986) and haemoproteins (Schejter, Plotkin &
Vig, 1991) have been described. However, no struc-
tural studies on model phosphine ferrous porphyrin
derivatives have been reported previously. Herein we
report the structural study of [meso-5,10,15,20-
tetrakis(p-methoxyphenyl)porphinato]bis(trimethyl
phosphito)iron(II), (1).

C¢H,-OMe

C¢Hs-OMe

CsH,-OMe
M

The molecule lies on a centre of symmetry (Fig. 1).
The geometry of the porphyrin ring is very similar to
that found in other low-spin ferrous porphyrins
(Scheidt & Reed, 1981). The bond distances for the
two crystallographically non-equivalent pyrrole rings
have an average value of 1.996 (4) A, which is in
agreement with those observed in other low-spin
iron(IT) porphyrin structures (Scheidt & Reed, 1981).
This low-spin state has been confirmed by 'H NMR
spectroscopy. The spectrum displays two groups of
signals corresponding to the porphyrin ring protons
(7-9 p.p.m.) and to the phosphite ligand [P(OMe),;
1.82 p.p.m.] as expected for a diamagnetic iron(II)
porphyrin derivative. The axial Fe—P(OCH,) dis-
tance [2.255(2) A] is shorter than the analogous
distance in the bis(dimethylphenylphosphine)iron(II)
complex [2.284 (1) A] (Sodano, Simonneaux &
Toupet, 1988). This is consistent with the greater
m-acceptor ability of phosphite ligands compared
with that of phosphine ligands (Tolman, 1970), and
with a concomitant increase in 7 back bonding from
iron to the axial ligand.

1015

Fig. 1. ORTEP (Johnson, 1965) views of the title structure: (a)
with atomic labels; (b) with ellipsoid axes (50% probability).

Experimental
Crystal data

[Fe(CasH3sN4)(C3HoO3P)2]
M, = 1036.9
Orthorhombic

Pccn .
a=2112(3)A

b = 20.705 (6) A
c=11.610 () A

V =5078 (2) A®

Z=4

D, = 1.356 Mg m~?

Data collection
Enraf-Nonius CAD-4
diffractometer
w/[20 scans
Absorption correction:
none
4879 measured reflections
4879 independent reflections
2362 observed reflections
1> 20()]

Refinement

Refinement on F
R = 0.055

wR = 0.052
S$=19

Mo Ka radiation

A=0.7107 A

Cell parameters from 25
reflections

0=17-12°

g =0417 mm™'

T=294K

Prism

0.35 x 0.30 x 0.22 mm

Red

Crystal source: grown from
o-dichlorobenzene/pentane
solution

Omax = 25°
h=0-—- 12
k=0— 24
l=0——>25

3 standard reflections
frequency: 60 min
intensity variation: 0.2%

w = 1/[o*(D) + (0.04F)*'/?
(A/O’)max =0.6

Apmax =032 A3

Apmin = 0.05e¢ A7?
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2362 reflections

404 parameters

Only coordinates of H atoms
refined

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A%)

By = (4/3)2,'2][3,:,’8,’.8].

x y z Beq
Fe 0 0 0 1.99 (2)
P 0.02225 (7) —0.00583 (8) 0.1896 (1) 3.05(3)
o1 0.3848 (2) —0.1798 (2) —0.1424 (4) 4.6(1)
02 0.1631 (2) 0.4049 (2) 0.0290 (4) 4.7(1y
03 —0.0149 (2) —0.0598 (2) 0.2545 (4) 50
04 0.0264 (2) 0.0544 (3) 0.2704 (4) 6.0 (1)
05 0.0939(2) —0.0314 4) 0.2184 (4) 50(1)
N1 0.0871(2) 0.0343 (2) —0.0263 (4) 2.10 (9)
N2 0.0327 (2) —0.0899 (2) —-0.0166 (4) 221(8)
c1 0.0670 (2) 0.1504 (2) —0.0053 (5) 25Q1)
C2 0.1064 (2) 0.0978 (3) —0.0247 (5) 24(1)
c3 0.1731 3) 0.1020 (3) —0.0488 (5) 29(1)
Cc4 0.1943 (3) 0.0424 (3) —0.0649 (5) 3.0(1)
C5 0.1414 (2) —0.0011 (3) —0.0499 (4) 25(1)
C6 0.1451(2) —0.0674 (3) —0.0549 (5) 2.5(1)
C7 0.0938 (2) —0.1086 (2) —0.0379 (5) 23(Q)
c8 0.0975 (3) —0.1778 (3) —0.0456 (5) 3.0(1)
(0] 0.0390 (3) —0.2008 (3) —0.0307 (5) 30(1
C10 —0.0023 (3) —0.1463 (2) —0.0118 (5) 2.54 (9)
c1n 0.0963 (2) 0.2166 (2) 0.0015 (5) 25()
C12 0.0902 (3) 0.2610 (3) —0.0862 (5) 3.6(1)
C13 0.1138 (3) 0.3230 (3) —0.0746 (6) 39(1)
C14 0.1434 (3) 0.3413 (3) 0.0251 (5) 32(1)
C15 0.1519 (3) 0.2979 (3) 0.1107 (6) 44(2)
C16 0.1275 (3) 0.2362 (3) 0.0986 (6) 4.1(1)
C17 0.1834 (4) 0.4280 (3) 0.1383 (7) 56(Q)
ci18 0.2084 (2) —0.0975 (3) —0.0803 (5) 2.5(1)
C19 0.2559 (3) —0.0978 (3) 0.0009 (6) 34(1)
C20 0.3143 (3) —0.1257 (3) -0.0230(5) 37(1)
czl 0.3256 (3) —0.1540 (3) —0.1283 (5) 33Q1)
C22 0.2790 (3) —0.1548 (3) —0.2089 (6) 391
C23 0.2214 (3) —0.1266 (3) —0.1841 (6) 3.6(1)
C24 0.4018 (3) —0.1984 (4) —0.2551(7) 57Q)
C25 —0.0032 (4) —0.0753 (4) 0.3754 (6) 6.4(2)
C26 —0.0314 (3) 0.0911 (5) 0.2976 (T) 6.9 (2)
c27 0.1447 (3) 0.0081 (3) 0.2449 (6) 45(1)

Table 2. Selected geometric parameters A, °)

Fe—P 2.255(Q2) C2—-C3 1.438 (7)
Fe—Nl1 1.996 (4) C3—C4 1.326 (8)
Fe—N2 1.995 (4) C4—CS5 1.445 (8)
N1—C2 1.376 (6) C5—C6 1.376 (8)
N1—C5 1.388 (7) C6—C7 1.393 (8)
N2—C7 1370 () C6—C18 1.505 (7)
N2—C10’ 1.382 (6) Cc7—C8 1.439(7)
Cl1—C2 1.390 (7) C8—C9 1.335(8)
C1—C10’ 1.384(8) Cc9—C10 1.442 (7)
c1—Cc1 1.505 (7)

P—Fe—N1 88.6 (1) C3—C4—CS5 107.6 (5)
P—Fe—N1’ 91.4(1) N1—-C5—C4 109.4 (5)
P—Fe—N2 88.4 (1) N1—C5—C6 125.6 (5)
P—Fe—N2' 91.6 (1) C4—C5—C6 125.0 (5)
N1—Fe—N2 89.9(2) C5—C6—C7 124.1 (5)
N1—Fe—N2’ 90.1(2) N2—C7—C6 1259 (5)
C2—N1—C5 105.2 (4) N2—C7—C8 110.1 (5)
C7—N2—C10 105.8 (4) C6—C7—C8 124.0 (5)
C2—C1—-C10 124.5 (5) C7—C8—C9 107.2(5)
N1—C2—Cl 125.0 (5) C8~—C9—Cl10 107.5(5)
N1—C2—C3 110.2 (5) N2—C10—C1’ 125.8 (5)
C1—C2—C3 124.8 (5) N2—C10—C9 109.4 (5)
C2—C3—C4 107.5 (5) C1'—C10—C9 124.8 (5)

All the calculations were performed with a Digital MicroVAX
3100 using the MolEN package (Fair, 1990).

©1994 International Union of Crystallography
Printed in Great Britain — all rights reserved

[Fe(C4gH36N4)(C3HyO3P)2]

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the British
Library Document Supply Centre as Supplementary Publication No.
SUP 71728 (23 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England. [CIF reference: PA1063]
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Abstract

The Na cation forms a 1/1 complex with 15-crown-5
ether. In this complex, Na™ is six-coordinated to the
five macrocyclic O atoms (average Na—O 2.42 A)
and the I~ ion. The coordination geometry is
pentagonal pyramidal. The Na* ion lies 0.798 (3) A
above the least-squares plane of the ether O atoms.
All structural parameters of the crown ether are
similar to those of related complexes.

Comment

To date, only one crystal structure for a sodium
complex of 15-crown-5 ether has been published,
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