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The cationic unit and the contacts are illustrated in
Fig. 1 and are very similar to those observed in the
structures of C¢H,S,P* . AlCl,~ (Burford et al., 1988)
and Me,Si(N‘Bu),P* .AICI; (Veith, Bertsch & Huch,
1988). The cation is planar [maximum deviation
0-088 A at C(7)] with P—N bond lengths [mean
1-643 (6) A] comparable to other phosphenium
cations (Cowley et al., 1978; Pohl, 1979) and metal-
lophosphenium complexes (Hutchins, Campana &
Paine, 1980; Hutchins, Duesler & Paine, 1984,
Hutchins, Reisacher, Wood, Duesler & Paine, 1987),
indicating a substantial degree of pmpw bonding
between the P and N centres. The endocyclic C—N
distances [mean 1-379 (9) A] are significantly shorter
than the exocyclic counterparts [mean 1-476 (9) A].
The heterocyclic bond angles appear to be defined by
the cyclic geometry (Hutchins et al., 1980, 1984,
1987; Burford et al., 1988). The molecular geometry
of the benzene ring exhibits no unusual features, and
the anion adopts a tetrahedral geometry comparable
to that observed in other tetrachloroaluminate salts
(Cardinal, Gillespie, Sawyer & Vekris, 1982).

The structural features are consistent with an
efficient 7-delocalized 10#-electron, aromatic cation,
illustrating further isolobal diversity for framework
(1), while maintaining naphthalenic uniformity.
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Structure of Dimagnesium(II) o-Phenylenediaminetetraacetate,
[Mg(C,4H 2N, O5)(H,0)4]
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Abstract. [Mg,(C,,H,;,N,05)(H,0)], M, = 493-0, tri-
clinicc, PI, a=9774(2), b=11466(1), c=
9760 2) A, a=9725(), B=10510(1), y=
9849 (1)°, ¥ =1029-0(3) A3, Z=2, D,,= 1592, D,

* To whom correspondence should be addressed.
0108-2701/89/101487-04$03.00

=1-591 gem™3, AMCu Ka) = 1-54178 A, w=
17-6 cm ™!, F(000) = 516, T=298 K, R=0-035 for
2832 observed reflections. The title compound, 1,1.-
1,1,1,2-hexaaqua-u-(o-phenylenediamine-N,N,N’,N'-
tetraacetato-O":N,N',0%,03,0*,0°)-dimagnesium(II),
has a dinuclear structure, which consists of a

© 1989 International Union of Crystallography
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chelated seven-coordinate Mg(1) moiety and a penta-
hydrated Mg(2) moiety in a nearly O, environment.
The two groups are bridged through acetate O(2),
and every water molecule is directly coordinated to
either magnesium ion. All the oxygen atoms except
O(2) are hydrogen bonded, constituting a three-
dimensional network.

Introduction. Hydrated magnesium(1I) ion frequently
serves as a large counter cation in metal complexes
of aminopolycarboxylates like edta, e.g. in Mg-
(H,0)¢Cd(edta)H,O where cadmium(II) ion alone is
chelated and seven-coordinated (Pozhidaev, Polinova
& Porai-Koshits, 1972; Solans, Gali, Font-Altaba,
Oliva & Herrera, 1983). Hoard et al. have
determined the structure of an interesting compound
which consists of hexahydrated magnesium(II)
cation and uncomplexed diprotonated Hjedta’~
anion (Julian, Day & Hoard, 1973). In some cases
magnesium(II) ions act as a cationic center in a
MgO?2* polyhedron and at the same time as an
anionic center of MgY(H,0)>~ where Y denotes edta
(Pozhidaev, Polinova, Porai-Koshits & Logvinenko,
1973; Passer, White & Cheng, 1977). Similar situa-
tions have been found for o-phenylenediamine-
tetraacetate (phdta®~) complexes of cobalt(Il)
(McCandlish, Michael, Neal, Lingafelter & Rose,
1978), manganese(I1) (Nakasuka, Azuma,
Katayama, Honda, Tanaka & Tanaka, 1985) and
cadmium(ll) ions (Nakasuka, Azuma & Tanaka,
1986b). This reagent gave a well defined crystal with
magnesium(II) ion, and preliminary chemical ana-
lyses indicated a possibility of the dinuclear structure
as mentioned above.

Experimental. Transparent crystals grown from an
aqueous ethanol solution containing nearly equi-
molar amounts of Mg(ClO,), and Na,H,(phdta),
and recrystallized from water at pH 6. Elemental
analysis: caled for C,H,;Mg,N,O,,: C 3411, N
5-68, H 4-91%; found: C 3397, N 5-58, H 4:78%.
Crystal of dimensions 0-3 X0-3 X 0-2mm. D, by
flotation in C¢H,,/C,H,Br,. Rigaku AFC-5R diffrac-
tometer, graphite-monochromated Cu Kea radiation.
Cell dimensions from 28 for 20 reflections (40 <20<
42°). Intensities measured up to 28=120° in A
—10/10, £ —12/0, I —10/10. R, = 0-025. Three
standard reflections monitored after every 100 scans,
no variation in intensity. Total of 3038 unique
reflections measured. Absorption corrections applied
by an empirical method (Walker & Stuart, 1983),
relative absorption factors 0-881-1-164. Structure
solved by the heavy-atom method. Positional param-
eters of all atoms and anisotropic thermal param-
eters of non-H atoms refined by the block-diagonal
least-squares technique. H atoms located on a
difference electron density map. Temperature factor
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Table 1. Atomic coordinates (*x 10*) and equivalent
isotropic temperature factors (A? X 10?)

ng = §2izjﬁ,-,a,-.aj.
y

x z By
Mg(1) 663-8 (5) 66851 (4) 75137 (5) 140 (1)
Mg(2) 52264 (5) 62004 (5) 12819-1 (5) 148 (1)
o(1) 2699 (1) 6483 (1) 8681 (1) 188 (3)
0oQ) 4255 (1) 6479 (1) 10787 (1) 196 (3)
03) —1013 (1) 6005 (1) 8466 (1) 208 (3)
0(4) —-2383 (1) 6317 (1) 9926 (1) 265 (3)
[¢ )] 1465 (1) 6771 (1) 5685 (1) 235 (3)
0(6) 2842 (1) 7747 (1) 4554 (1) 288 (3)
o7 —1032 (1) 7321 (1) 6271 (1) 281 (3)
O(8) —1752 (1) 8677 (1) 4952 (2) 321 (3)
0(9) 318 (1) 4806 (1) 6730 (1) 241 (3)
O(10) 3281 (1) 5687 (1) 13293 (1) 180 (3)
o(11) 6322 (1) 6003 (1) 14863 (1) 326 (3)
0(12) 7274 (1) 6710 (1) 12536 (1) 247 (3)
0O(13) 5075 (1) 4438 (1) 12057 (1) 237(3)
0(14) 5325 (1) 8009 (1) 13689 (1) 237 (3)
N(1) 1125 (1) 7787 (1) 9940 (1) 141 (3)
N(2) 1639 (1) 8776 (1) 7604 (1) 144 (3)
(1) 1977 (2) 8983 (1) 10199 (2) 150 (4)
C(2) 2507 (2) 9661 (2) 11580 (2) 234
C(3) 3357 (2) 10789 (2) 11806 (2) 252 (4)
C(4) 3713 2) 11235 (2) 10672 (2) 2524
C(5) 3181 (2) 10573 (1) 9292 (2) 202 (4
C(6) 2289 (2) 9454 (1) 9047 (2) 144 (3)
<N 1965 (2) 6998 (1) 10775 (2) 175 (4)
C(8) 3064 £2) 6634 (1) 10043 (2) 148 (3)
C9) -270(2) 7761 (1) 10258 (2) 187 4)
C(10) —1306 (2) 6596 (1) 9502 (2) 170 (4)
C(11) 2682 (2) 8759 (2) 6750 (2) 240 (4)
C(12) 2291 (2) 7680 (2) 5569 (2) 183 (4)
C(13) 384 (2 9279 (2) 6863 (2) 223 4
C(14) —892(2) 8348 (1) 5941 (2) 196 (4)

of each H atom set to B,, of the bonded atom.
S(w|AF?) minimized, w = [0*(F,) + 0-00177|E,[2] "
for reflections with w'?|F,| >3 and w'?|AF| <4, w
=0 otherwise. Final R=0-035, wR=0-052, S=
1:127 for 2832 reflections. (4/0)max = 04, Apmax =
0-17e¢ A~3. Atomic scattering factors calculated by
2laexp(—bA"%sin’6)] (i=1-4) (International
Tables for X-ray Crystallography, 1974). Calculations
performed on a FACOM M340R computer at
Shionogi Research Laboratories.

Discussion. Atomic coordinates and equivalent
isotropic temperature factors of non-H atoms are
given in Table 1.* Bond lengths and angles are listed
in Table 2. The numbering system and molecular
structure appear in Fig. 1, and the crystal packing is
illustrated in Fig. 2; figures were drawn with the aid
of the program PLUTO (Motherwell & Clegg, 1978).
Phdta acts as a hexadentate ligand but the central
ion Mg(1) is further hydrated to give rise to hepta-
coordination. The other pentahydrated metal ion
Mg(2) is in a nearly octahedral environment. The
two polyhedra are linked together via one car-
boxylate oxygen atom O(2).

* Lists of structure factors, anisotropic thermal parameters, and
atomic coordinates and isotropic temperature factors B of H
atoms have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 51986 (24
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Table 2. Selected bond lengths (A), bond angles (°)
and hydrogen-bond lengths (A)

Mg(1)—0(1) 2-081 (2) Mg(1)—0(3) 2:181 (2)
Mg(1)—0(5) 2135(2) Mg(1)y—0(7) 2070 (2)
Mg(1)—0(9) 2-139 (2) Mg(1)—N(1) 2:434 (2)
Mg(1)—N(2) 2:427 (2) Mg(2y—0(2) 2:051 (2)
Mg(2)—0(10) 2:091 (2) Mg(2)—O(11) 2-062 (2)
Mg(2—0(12) 2:100 (2) Mg(2—0(13) 2033 (2)
Mg(2)—0(14) 2-118 (2) O(1y—C(8) 1-265 (2)
0(2—C@8) 1-252 (2) O3—C(10) 1-264 (2)
O(4)—C(10) 1-242 (2) O(5)—C(12) 1-257 (3)
O6)—C(12) 1-250 (3) O(7T—C(14) 1-257 (2)
O(8)—C(14) 1-:242 (3) N(H)—C(1) 1-450 (2)
N(1)Y—C(7) 1-488 (2) N(1)»—C(9) 1-472 (2)

N@Q)—C(6) 1-450 (2) NER)Y—C(11) 1-476 (3)
N(2y—C(13) 1-487 (3) C(1)—C(2) 1:394 (3)
C(1)—C(6) 1:390 (3) C(2—C(3) 1-388 (3)
C(3—C®) 1378 (3) C(4)y—C(5) 1-386 (3)
C(5—C(6) 1:395 (3) C(1—C@®) 1-515 (3)
C(9)—C(10) 1:522 (3) C(11)»—C(12) 1-509 (3)
C(13)—C(14) 1-511 (3)
O(1)—Mg(1)—0(3) 112:1 (1) 0(1)—Mg(1}—0(5) 884 (1)
O(1)y—Mg(1)—O(N 163-9 (1) O(1)—Mg(1)—0(9) 854 (1)
O(1)—Mg(1)—N(1) 731 () O(1)y—Mg(1)—N(2) 889 (1)
O3)—Mg(1)y—0(5) 150-3 (1) O3)y—Mg(1)y—O(7) 81:3 (1)
O(3)—Mg(1)—0(9) 789 (1) O3)y—Mg(1)—N(1) 699 (1)
O(3)—Mg(1)—N(2) 126-2 (1) O(Sy—Mg(1—0O(7) 830 (1)
O(5)—Mg(1)>—0(9) 816 (1) O(5—Mg(1)—N(1) 1390 (1)
O(5—Mg(1)—N(2) 732 (1) O(7)y—Mg(1)—0(9) 106-7 (1)
O(7—Mg(1)—N(1) 1049 (1) O(N—Mg(1)—NQ) 757 (1)
O(9)—Mg(1)—N(1) 131:0 (1) O(9)—Mg(1)—N(2) 1543 (1)
N(1)—Mg(1)—N(2) 70-2 (1) 0(2—Mg(2y—0(10) 94-4 (1)
O(2y—Mg(2y—0(11) 176-1 (1) 0O(2)—Mg(2)y—0(12) 90-7 (1)
0(2)—Mg(2—0(13) 90-6 (1) 0O(2)—Mg((2y—0(14) 91-1 (1)
O(10)y—Mg(2—O0(11) 891 (1) O(10y—Mg(2—0(12) 1749 (1)
O(10)—Mg(2—0(13) 86-5 (1) O(10y—Mg(2—0(14) 909 (1)
O(11)—Mg(2)—0(12) 85-8 (1) O(11)—Mg(2)—0(13) 91:3 (1)
O(11)y—Mg(2)—0(14) 871 (1) O(12)—Mg(2—0(13) 940 (1)
O(12y—Mg(2)—0(14) 884 (1) O(13)—Mg(2)—0(14) 1770 (1)
Mg(1)—O(1)—C(8) 121-:2 (1) Mg(2)—0(2—C(8) 140-3 (1)
Mg(1)—O(3)—C(10) 123-8 (1) Mg(1)y—O(5—C(12) 12244 (1)
Mg(1)—O(7—C(14) 122-8 (1) Mg(1)—N(1)—C(1) 1145 (1)
Mg(1)—N(1)—C(7) 99-6 (1) Mg(1)»—N(1)—C©) 107-9 (1)
C(1y—NQ1)»—C(M 110-:3 (1) C(1—N(1)—C(9) 1134 (1)
C(T—N(1)>—C©) 110-2 (1) Mg(1)—N(2)—C(6) 1145 (1)
Mg(1)—N@2)—C(11) 1050 (1) Mg(1)—N(2)—C(13) 104-8 (1)
C(6—N(2)—C(11) 112-2 (1) C(6y—N(2)—C(13) 109-6 (1)
C(11)y—N(2—C(13) 1104 (1) N(1)—C(1)—C(2) 121-4 (2)
N(I)—C(1—C(6) 1192 (2) C(@2)y—C(1y—C(6) 1194 (2)
C(1)»—C(2—C(3) 12013 (2) C(2y—C(3—C4) 1202 (2)
C(3—C(4)—C(5) 1199 (2) C(4y—C(5—C(6) 1202 (2)
N(2)—C(6)—C(1) 1187 (2) NQ2)—C(6—C(5) 121:5 (2)
C(1)—C(6)—C(5) 1198 (2) N(1)»—C(7—C(8) 109:6 (1)
O(1—C(8—0(2) 123-4 (2) O(Hh—C@B—C(N 1168 (2)
OQ)y—C@B—C(7) 119-8 (2) N(1)»—C(9)—C(10) 1106 (2)
0(3)—C(10)—0(4) 1253 2) 0(3)—C(10y—C(9) 1169 (2)
0O4)y—C(10—C(9) 117-7 (2) N@E)—C(11)—C(12) 1130 (2)
O(5—C(12)—0(6) 124-5 (2) O(5—C(12—C(11) 1182 (2)
O(6—C(12y—C(11) 117-2(2) N(@2y—C(13—C(14) 1143 (2)
O(7—C(14)—0(8) 1252 (2) O(N—C(14—C(13) 117:6 (2)
O(8)—C(14)—C(13) 117:0 (2)

Proton

donor Acceptor Ro.o Ry.o
O(9)H o12)(1-x,1-y,2~2) 3117 (2) 228 (3)
O(9H’ 0G) (-x, 1=y, 1-2) 2778 (2) 1-89 (3)
O(10)H O(6) (x, y, 1 +2) 2668 (2) 181 (3)
O(10)H’ Oo3)(—x,1-y,2-2) 2:744 (2) 1:76 (3)
O(11)H o10)(1—x,1-y,3-2) 2-808 (2) 1:93 (3)
O(11)H’ o +xp1+2) 2708 (2) 171 (3)
O(12)H O@) (1 +x,y,2) 2-647 (2) 171 3)
O(12)H’ o) (1 +x,p,1+2) 2:900 (2) 2-11 (3)
O(13)H oN(l-x1-y2-2) 2770 (2) 1-88 (3)
O(13)H’ o4 (—x,1-y,2~2) 2:769 (2) 1-80 (3)
O(19)H OB (1 +x,y,1+2) 2-748 (2) 1-82 (3)
O(14)H’ 06) (x, y, 1 +2) 2758 (2) 1:90 (3)

Structurally similar anions have been found in
Na,[Mg(H,0)Y].5H,O (Stezowski, Countryman &
Hoard, 1973) and [Mg(H,0)¢][Mg(H,0)Y].2H,0
(Passer et al., 1977), where Y denotes the edta anion.
The chelated anion is heptacoordinated in both
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cases, but the geometry is better described in first
approximation as monocapped trigonal prismatic for
the former complex, while it is very close to the
pentagonal bipyramid for the latter complex. Copla-
narity of the phenylenediamine chelate ring may be
apt to give rise to a monocapped trigonal prism (Fig.
1), but some distortion from it is found in the present
complex, for which the sum of interior angles for the
chelate ring [Mg(1)—N(1)—C(1)—C(6)—N(2)—
Mg(1)] is 537-1°, in contrast to 539-9° for the
aforementioned Cd—phdta complex (Nakasuka et al.,
19866) and to 539-8° for a Cu-phdta complex
(Nakasuka et al., 1986a).

In accordance with the previous findings for the
phdta complexes, metal-N distances (2-434 and
2:427 A) are again longer than those in the

Fig. 1. A perspective view of the molecular structure of di-
magnesium(II) o-phenylenediaminetetraacetate. Pentahydrated
Mg(2) is in an O, environment, while Mg(l) is hepta-
coordinated. The molecular geometry of the Mg(1)-phdta
moiety is close to a water-capped trigonal prism, for which one
triangle is defined by N(1), O(1) and O(3), and the other by
N(2), O(5) and O(7). The rectangle approximately defined by
the four carboxylate oxygen atoms is nearly perpendicular to a
twofold axis passing through Mg(l) and bisecting the line
N(I)—N(Q).

Fig. 2. Stereoscopic illustration of the molecular packing of
dimagnesium(lI) o-phenylenediaminetetraacetate, viewed
approximately down the ¢ axis. H atoms are omitted for clarity.



1490

corresponding edta complexes {2:378 A in Na,[Mg-
(H,0)Y].5H,0 and 2396 A in [Mg(H,0)[Mg-
(H0)Y].2H,0}. This reflects the reduced basicity
on the nitrogen atoms in phdta compared with those
in edta. Configuration around the N atoms is well
described as tetrahedral, since the sum of the three
C—N—C bond angles is 333-9 (3)° for N(1) and
332:2 (3)° for N(2), respectively, although our pre-
liminary work shows a quasiplanar configuration in
neutral ligand Hphdta and exclusive protonation on
the carboxylate oxygens atoms alone (no zwitterion).

The pentahydrated Mg(2)Os moiety may be
approximately described as octahedral, though the
bond lengths Mg(2)—O are somewhat more
divergent than those in the other edta complexes
having a discrete hexahydrated moiety; ie. the
Mg(2)—O bond ranges from 2033 to 2118 A
(2:076 A on the average) in [Mg(H,0)s][Mg(H,0)-
phdta], while it ranges from 2:047 to 2-087 A (ave.
2:062 A) in [Mg(H,04][Mg(H,0)Y] (Passer et al.,
1977) and from 2-053 to 2:087 A (ave. 2:076 A) in
[Mg(H,0)6][H, Y] (Julian et al., 1973). These values
may be compared with the mean Mg—O distance of
2-044 A found for an aqueous solution (2 molar in
MgCl, and CaCl) by an X-ray diffraction study
(Caminiti, Licheri, Piccaluga & Pinna, 1977). All the
water molecules are hydrated in this Mg—phdta com-
plex, differing from those in the dimeric Mg-edta
complex. These water molecules act as proton donor
in a three-dimensional hydrogen-bonding network,
as summarized in Table 2.
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Structure of cis-Bis(4-allyl-4H-1,2,4-triazole)bis(2,2’-bipyridine)ruthenium(II)
Bis(hexafluorophosphate)

By Hu ZHEN-SHAN, LIN YONG-HuUA AND JIN SONG-CHUN
Changchun Institute of Applied Chemistry, Academia Sinica, Changchun, Jilin, People’s Republic of China

AND J. G. Vos
School of Chemical Sciences, Dublin City University, Dublin 9, Ireland

(Received 1 December 1988; accepted 27 February 1989)

Abstract.  [Ru(CsH;N3)»(CoHsN,),J(PFs),, M, =
921-74, monoclinic, P2,/n, a=13472(4), b=
20-278 (6), c¢=13-995(4)A, B=10134 )y, V=
3748-6 A’°, Z=4, D, = 1633, D,, = 166 (1) Mgm™3,

0108-2701/89/101490-04%03.00

A(Mo Ka) =0-71069 A, x=0-819 mm~!, F000)=
1848-80, T=298K, R=0-0489 for 2635 unique
reflections [I> 30(1,)]. The planar 2,2-bipyridine
ligands are coordinated in a cis fashion to the central
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