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de direction moyenne paralléle a ¢ (Fig. 2), lesquels
-sont reliés via les atomes d’oxygeéne O(3) et O(4) par
les molécules d’eau pour former des couches de plan
moyen parallele & be (Fig. 1). Ces couches sont
alternativement reliées entre elles par ces mémes
molécules d’eau au moyen de liaisons hydrogene et
par les atomes de plomb (Fig. 1).

Toutes les liaisons hydrogéne sont intermolécu-
laires. La molécule d’eau joue un réle trés important
dans la cohésion de la structure. Chacun de ses
atomes d’hydrogéne, H(1 W) et H(2W), échange une
liaison hydrogéne assez lache [O(W)O(4) =
2,799 8) A et O(W)--O(Cli) = 2,860 (8) A] avec
respectivement O(4) et O(Cl"), tandis que l'atome
d’oxygéne O(W), en coordination tétraédrique,
échange deux liaisons hydrogéne plus courtes
[O(W)0(3)=2,708 () A et  O(W)-O(6™) =
2,652 (8) A] avec respectivement H(O3) et H(O6'").
La molécule d’eau est donc liée & quatre anions
HEDP?~ par liaison monodentée. Réciproquement
chaque coordinat HEDP?~ est relié a quatre molé-
cules d’eau.

En définitive, cette structure est constituée de
feuillets bidimensionnels paralléles au plan b¢ selon
la séquence: --—(HEDP),—(Pb),—(HEDP),—
(H20) »—(HEDP) ,—(Pb) o —.

La conformation des anions HEDP?~ est telle que
les groupes PO, sont en position éclipsée et qu'ils
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[Pb{C(CH;)(OH)(HPO;),}].H,0

admettent un pseudo plan de symétrie défini par
C(1), C(2) et O(C1). Pour chaque POs on reléve deux
liaisons P—O courtes [1,506 (5) et 1,507 (2) A pour
P(1); 1,499 (5) et 1,513(5) A pour P(2)] dont les
atomes d’oxygéne [O(1) et O(2), O(4) et O(5)] sont
accepteurs de liaison hydrogéne et (ou) entrent dans
le polyédre de coordination du plomb et une liaison
longue [P(1)—0(3) =1,570 (5) A; P(2)—O(6) =
1,581 (5) A] concernant les atomes d’oxygeéne de
groupements hydroxyles. Il en résulte que chaque
groupe phosphonate conserve un proton conférant
dans le cas présent a lacide hydroxyéthylidénedi-
phosphonique un comportement de diacide, alors
que dans le cas de la structure de [Rb{C(CH,)-
(OH)(P,O¢H;)}1.2H,O (Charpin, Lance, Nierlich,
Vigner, Lee, Silvestre et Nguyen Quy Dao, 1988) il
avait été observé un comportement de monoacide.
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Abstract. [Mn,I(CO)s(CsH,005P,),]15, M, = 1301-94,
orthorhombic, P2,2,2;,, a=18027(4), b=
17-788 (4), ¢ =13-657 3) A, ¥'=4379 (2) A3, Z=4,
D,=1975Mgm™3, Mo Ka radiation (graphite
monochromator, A=0-71073 A), x =3-54mm~’,
F000) = 2488, T=291K, final R=0-049 for 2613
observed reflections and 433 variables. The complex
cation consists of two fac-Mn(CO); moieties bridged
by the I atom and by the two phosphite ligands to
give an A-type structure. The Mn—I, Mn—C and

0108-2701/90/060988-03$03.00

Mn—P distances are 2-688-2-678 (3), 1-79-1-92 (2)
and 2-262-2-279 (6) A respectively, and Mn—I—Mn
is 114-4 (1)°.

Introduction. The determination of the structure of
the present compound, whose preparation has
already been described (Riera, Ruiz, Tiripicchio &
Tiripicchio Camellini, 1986), was carried out to con-
firm the stereochemistry of the complex cation. The
spectroscopic data, especially those from infrared

© 1990 International Union of Crystallography
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spectroscopy (C—O stretching vibrations, vco), sug-
gested an A-type structure such as that shown in the
Fig. 1 (the three bridges are placed in a face of the
octahedron around each Mn atom), as has finally
been confirmed by the present X-ray diffraction
study. However, the above IR spectroscopic data did
not totally exclude the possibility of a B-type struc-
ture (in which both P atoms on each manganese are
mutually trans) (see Fig. 1).

Experimental. A crystal of about 0-1 x 0-1 x 0-1 mm
was selected and mounted on a Philips PW-1100
four-circle diffractometer. The unit-cell parameters
were determined from 25 reflections (4 <6 =<12°)
and refined by least-squares method. Intensities were
collected, using the £2-26 scan technique, up to 8 =
25° in the Akl range from (0,0,0) to (21,20,16). Three
reflections were measured every two hours as
orientation and intensity control, no significant
intensity decay was observed. 4321 reflections were
measured, 2613 of which were assumed as observed
applying the condition 7 = 3a(/). Lorentz and polari-
zation corrections were applied.

The structure was solved locating all the I and Mn
atoms, and three of the four P atoms, with
MULTAN80 (Main, Fiske, Hull, Lessinger,
Germain, Declercq & Woolfson, 1980); the other
atoms were found by Fourier synthesis with
SHELX76 (Sheldrick, 1976).

The structure was refined by full-matrix least
squares, using SHELX76 (Sheldrick, 1976). The
function minimized was >w(|F,| — |F.|)?, where w =
[0*(E,) + 0-00035|F,)%] .

All non-H atoms, except C(85), were anisotrop-
ically refined. Due to a disorder problem, C(85) was
isotropically refined in two sites, C(854) and C(858),
with occupation factor 0-5. Only the H atoms of CH,
groups, except for C(8), were included in the
refinement in their geometrical positions with overall
isotropic temperature factor (final value U = 0-15).

The final R was 0-049 (wR = 0-047). Maximum
shift/e.s.d. was 0-157 for U,, of C(3). The final
difference Fourier map showed a residual electron
density between —1-31 and 0-68 € A~3. The values of
f, f7 and f”" were taken from International Tables
for X-ray Crystallography (1974).

+ P/O\p +

c P P oc
l,/l\\\/ Oc\\ /,co %.__ /,CO
g S N
o "~o—" % p\o/ P
(A) (B)

Fig. 1. Possible ‘a priori’ structures of the complex cation.
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Table 1. Fractional positional and thermal parameters
with e.s.d.’s in parentheses

U = (113)Z,5,U,a%a*a,a,

x y z U, (A*x10%)
12 0-30599 (10) 089674 (10) 0-66698 (14) 784 (7)
13 021658 (9) 087300 (9) 0-84368 (13) 6-87 (6)
14 012307 (11) 0-85066 (12) 1-:01724 (16) 942 (8)
Il 0-30534 (7) 0-55305 (7) 0-48026 (10) 424 (4)
Mnl 0-37315(17) 043146 (16) 0-40510 (22) 374 (10)
Mn2 0-39801 (16) 066011 (17) 0-54385 (22) 370 (10)
Pl 0-4287 (3) 0-4184 (3) 0-5540 (4) 400 (18)
P2 04792 (3) 0-4846 (3) 0-3499 (5) 4-23 (20)
P3 0-4708 (3) 05762 (3) 0-6253 (4) 3-83 (19)
P4 0-4625 (3) 06484 (3) 0-4025 (4) 4-28 (22)
010 0-4784 (7) 0-4899 (7) 0-5885 (9) 38 (5)
020 0-5045 (7) 05686 (7) 0-3785 (10) 50 (5)
[0]] 0-4858 (7) 03518 (7) 0-5559 (11) 55 (6)
02 0-3807 (7) 0-4093 (8) 06523 (10) 56 (5)
03 0-4806 (11) 04899 (11) 0-2326 (12) 919
04 0-5504 (7) 0-4409 (8) 0-3787 (12) 63 (6)
05 0-5529 (7) 0:5999 (8) 0-6242 (11) 53(5)
06 0-4447 (8) 0-5690 (8) 07372 (10) 53(5)
o7 0-5260 (7) 07039 (8) 0-3855 (13) 66 (6)
08 04113 (8) 06623 (9) 0-3101 (10) 61 (6)
Cl1 0-3283 (12) 04586 (12) 0-2824 (17) 51(8)
Oll 0-3000 (10) 04732 (10) 02136 (11) 81(7)
C12 02896 (12) 03788 (12) 0-4373 (14) 44 (3)
012 02373 (8) 03469 (10) 04522 (12) 72(7)
Ci13 04133 (12) 03415 (13) 0-3598 (16) 53 (8)
013 04367 (10) 0-2897 (9) 0-3245 (13) 78 (8)
C21 0-3402 (11) 0:7296 (12) 04792 (18) 50 (8)
021 0-3064 (9) 07742 (9) 0-4365 (11) 73(7)
C22 0-3358 (11) 0-6666 (11) 06530 (17) 42 (8)
022 0-2991 (8) 0-6721 (8) 0-7190 (11) 61 (6)
C23 04580 (11) 07338 (13) 0-5843 (15) 44 (8)
023 0-4945 (8) 07825 (9) 06136 (13) 71(7)
Cl 0-5365 (12) 03359 (13) 06386 (19) 71 (1)
Cl15 0-5676 (16) 02612 (14) 06253 (21) 9:5(12)
c2 03253 (14) 0-3488 (16) 0-6758 (26) 10-5 (15)
C25 0-3196 (20) 0-3274 (18) 0:7699 (17) 109 (16)
C3 0-5290 (23) 0-478 (3) 0-1637 (27) 25(4)
C35 0-5559 (23) 04312 (25) 01065 (27) 164 (22)
c4 0-6250 (14) 0-4659 (16) 0-3855 (25) 98 (13)
C45 0-6799 (18) 0-4048 (24) 0-3887 (28) 14-9 (19)
Cs5 06175 (12) 05612 (14) 0-6666 (18) 7-1 (10)
C55 0-6880 (14) 05992 (16) 0-6445 (22) 10-1 (12)
C6 0-4694 (16) 0-5188 (14) 0-8158 (17) 79 (12)
C65 0-4100 (18) 0:5150 (19) 0-8901 (24) 12:0 (16)
C7 0-5980 (13) 0-6999 (14) 0-4085 (25) 90 (13)
C75 0-6379 (15) 0-7780 (16) 0-4165 (26) 10-6 (15)
C8 0-4427 (16) 06708 (16) 0-2078 (19) 94 (12)
C854 0391 (3) 0728 (4) 0166 (5) 101 (19)
C858 0-380 (3) 0662 (4) 0134 (5) 99 (20)

Table 2. Selected bond lengths (A) and angles (°) with
e.s.d.’s in parentheses

Mn1—Mn2 4-509 (4) Mnl—Cl1 1923 (23)
11—Mnl 2688 (3) Mn1—CI12 1-828 (21)
11—Mn2 2678 (3) Mnl—Cl13 1862 (23)
Mnl—P1 2279 (6) Mn2—C21 1842 (22)
Mnl—P2 2262 (6) Mn2—C22 1-869 (22)
Mn2—P3 2278 (6) Mn2—C23 1787 (22)
Mn2—P4 2263 (7)

2—13—14 1783 (1) C12—Mn1—C13 87-7 (10)
Mnl—i1—Mn2 114-4 (1) 11—Mn2—P3 930 (2)
I—-Mnl—PI 866 (2) 11—Mn2—P4 888 (2)
11—Mni—P2 100-1 (2) 11—Mn2—C21 882 (7)
1I—Mnl—Cl11 866 (7) 11—Mn2—C22 859 (6)
11—MnI—C12 86:9 (7) 11—Mn2—C23 178:1 (7)
11—Mn1—C13 1743 () P3—Mn2—P4 93-5(2)
P1—Mn1—P2 882 (2) P3—Mn2—C21 1788 (7)
P1—Mnl—Cl1 1713 (7) P3—Mn2—C22 898 (7)
P1—Mn1—CI2 955 (7) P3—Mn2—C23 889 (7)
P1—Mn1—C13 922 (7) P4—Mn2—C21 868 (8)
P2—Mni—Cl1 87-7(7) P4—Mn2—C22 1739 (7)
P2—Mnl—C12 1723 (7) P4—Mn2—C23 91-2(7)
P2—Mn1—CI3 854 (7) C21—Mn2—C22 90-1 (9)
Cl11—Mnl1—CI2 89-5 (9) C21—Mn2—C23 89-9 (10)
C11—Mn1—C13 951 (10) C22—Mn2—C23 94-0 (10)



990

Final positional and thermal parameters, for
non-H atoms, are given in Table 1.* A selection of
the molecular geometry data is collected in Table 2.
The geometry and the crystallographic numbering
scheme of the cation complex is given in Fig. 2. The
geometrical calculations were performed with
PARST (Nardelli, 1983), and Fig. 2 was drawn with
PLUTO (Motherwell, 1976).

Discussion. The complex cation consists of two fac-
Mn(CO); moieties bridged by the I atom and by the
two tetraethyl diphosphonate (tedip) ligands in an
A-type structure. Each metal displays a distorted
octahedral coordination with three carbonyl groups
and one iodine and two phosphorus in the remaining
positions (see Fig. 2 and Table 2). Application of the
EAN rule to the Mn atoms requires no direct
M—M bond, which is an accord with the very long
Mn(1)>—Mn(2) distance, 4-509 (4) A.

The bond lengths Mn(1)—I(1) 2:688 (3)A,
Mn(2)—I(1) 2:678 (3) A, Mn—C(carbonyl)
1787 (22)-11923 23) A, and Mn—P 2:279 (6)-
2262 (6) A, and the bond angle Mn(1)—I(1)—
Mn(2) 114-4 (1)° are in the range expected, and show
a good match with the results obtained for the
closely related cationic complex [Mny(u-I)(CO)s-
(u-Ph,PCH,PPh,)][BF,] (Riera ef al., 1986). In this
cation the bond lengths Mn—I are 2-689 (3) and
2666 (2) A, and the bond angle Mn—I—Mn is
1139 (1)°. The distances Mn—P are 2-350 (4) and
2361 (4) A, and those between Mn and C(car-

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters, and bond lengths and angles involving H
atoms have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 52554 (24
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

Fig. 2. Minimum-overlap view of complex cation.

[anl(CO)G(CBHzoospz)zlls

bonyls) are in the range 1-78 (1)-1-87 (1) A. All these
values match satisfactorily with the results for our
structure, given in Table 2.

In the literature there are no other cationic com-
plexes of iodine-bridged dimanganese, except for
those obtained by one of us (V. Riera and collabora-
tors), but the structures of those complexes have not
been determined by X-ray diffraction.

A neutral diiodine-bridged dimanganese complex,
[Mny(u-1)(CO)s(pe-PoPhy)], has been studied by
X-rays (Calderazzo, Poli, Vitali, Korp, Bernal,
Pelizzi, Atwood & Hunter, 1983). In this compound
the distances Mn—I are in the range 2-698 (2)-
27725 (2) A, the distances Mn—P are 2:355 (3) and
2:369 (3) A and the distances Mn—C are in the
range 1-77 (1)-1-83 (1) A. Some of these bond
lengths are slightly longer with respect to those in the
present structure, which could be due to the cationic
character of our complex. However, the differences
in the Mn—I—Mn angles are considerable [90-26(5)°
and 90-84 (5)° in the neutral complex].

Binuclear cationic iodine-bridged complexes are
known for other metals, for instance [(u-iodo)-bis-
[dicarbonyl-n-cyclopentadienyliron(I)]  tetrafiuoro-
borate(Ill), with an Fe—I—Fe angle of 110-8 (1)°
(Cotton, Frenz & White, 1973). These authors point
out that ‘presumably the tendency of the bridging I
atoms would be to form bonds at or near an angle of
90° so as to optimize the employment of its p orbit-
als,” and they attribute the greater magnitude of the
angle to steric demands. Our complex would be
another example of this type.

The triiodide anion shows the expected linear
arrangement, I12—I3—I4 angle 178-3 (1)°.

The authors thank Dr Miguel A. Ruiz for provid-
ing the crystal which has been studied in this work.
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