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[(bispicam)Cr(OH),(C,0,)Cr(bispicam)]Br, - 2 H,O and [(H,0)(bispicam)Cr(OH),
Cr(bispicam)(C,0,)|Cl, - 4 H,0 could be separated from a reaction mixture contain-
ing chromium(II) squarate and bis(2-pyridylmethyl)amine (bispicam). The reaction
between chromium(II) sulfate and bispicam in the presence of barium hydroxide
leads to [(H,0)(bispicam)Cr(OH)J,**, which was isolated as a chloride salt. The acid
form of this salt reacted further with squaric acid to give [(C,O,)(bispicam)Cr(OH)], -
8 H,O (1).

The structure of 1 was determined from X-ray diffraction data. The complex
crystallizes in the monoclinic space group P 2,/n with a =10.528(1), b = 13.166(1),
c=14.800(1) A, B=104.81(1)° and Z=2. The dihydroxo-bridged complex has a
centre of inversion, and the tridentate amine is in meridional coordination.

The magnetic susceptibilities of the compounds were interpreted in terms of
antiferromagnetic two-centre exchange interaction. For 1 we found a triplet energy
J = 10.53(5) cm™!. This value is in very good agreement with the structural para-

meters according to the GHP model.

The magnetic properties of chromium(III) in exchange-
coupled systems has been an area of recent intense re-
search. Most of the systems studied so far have hydroxo
groups as bridging ligands, and amine-like ligands at the
remaining coordination sites. In this work we have in-
vestigated the role of squarate ions in dinuclear di-p-hy-
droxochromium(III) complexes with the tridentate amine
bis(2-pyridylmethyl)amine (bispicam, Fig. 1). The squarate
ion is known to act as a bridging higand, but in contrast to
the oxalate ion it has not yet been seen as a chelate ligand.

In squarates of the general composition [M(C,0,)
(H,0),].. with M = Mn(II), Fe(Il), Co(II) or Ni(Il), the
oxygen atoms in C,0,>~ bridge four metal atoms forming a
sheet structure.' In squarates with the formula [M(C,0,)
(H,0),].., where M =Zn(II) or the metals mentioned
above, and also in [Ni(C,0,)(C;H,N,),(H,0),].., two oppo-
site oxygen atoms in C,0,2" are involved in metal bridg-
ing.>? Finally, {[Ni(C,0,)(C,iH3N,),(H,0),] - 2 H,0}., and
trivalent metal squarates of the composition [M(C,O,)
(OH)(H,0),], - 2 H,O with M = AI(III), Cr(III) and Fe(III)

“N""CH,—~NH—CHj N

Fig. 1. Bis(2-pyridylmethyl)amine, C,,H,;N,, bispicam.
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have two adjacent squarate oxygen atoms involved in metal
bridging.

We have synthesized three different dinuclear com-
pounds which have two hydroxo groups as bridging ligands
as a common feature. An X-ray structure analysis of one of
these compounds revealed centrosymmetric complex cat-
ions with monodentate squarate ligands and tridentate
amines in meridional coordination. For a second compound
there is chemical evidence for meridional amine coordina-
tion, and for either a terminal monodentate squarate ligand
on one of the chromium atoms or for squarate ions bridging
adjacent dinuclear complexes to form infinite chains. A
third compound evidently contains the di-p-hydroxo-u-
squarato complex with the amine in a facial configuration.

Experimental

Chemicals, elemental analysis and apparatus. Squaric acid
(3.4-dihydroxo-3-cyclobutene-1,2-dione) was purchased
from Fluka AG, Buchs, Switzerland. Chromium(II) sulfate
pentahydrate was prepared by standard methods. The
preparations of chromium(II) squarate dihydrate and of
bis(2-pyridylmethyl)-amine trihydrochloride monohydrate,
C,H3N, - 3 HCI - H,0, are described elsewhere.®’

The chromium analyses were performed on a Perkin
Eimer 403 Atomic Absorption Spectrophotometer. The



microanalytical laboratory of the H.C. @rsted Institute
carried out the carbon, nitrogen, hydrogen and halogen
analyses by standard methods.

Absorption spectra were recorded on a Cary Model 14
spectrophotometer. The spectra are characterized by their
maxima and minima (g,A), where the molar extinction
coefficient € is in units of 1 mol™! cm™ and A is nm. The
magnetic susceptibilities of powdered samples were mea-
sured by the Faraday method in the temperature range
4.0-300 K at a field strength of 1.3 T. Hg[Co(NCS),] was
used as calibrant for susceptibility at room temperature.
The temperature scale below 77 K was calibrated using a
solid solution of 1 mol % hexamminechromium(III) ions in
hexamminecobalt(III) iodide. Diamagnetic corrections
were made using Pascal constants. The apparatus is de-
scribed elsewhere.®® The X-ray powder photographs were
obtained using a camera of the Hiagg—Guinier type with
CuKa radiation. Silicon was used as standard.

Preparations. 1. Di-p-hydroxo-p-squarato-bis[{bis(2-pyri-
dylmethyl)amine }chromium(III)] bromide dihydrate,
[(CH3N3)Cr(OH),(C,0,)Cr(C(,H3Ny)]Br, - 2 H,O. Bis-
picam - 3 HCI - H,0 (3.27 g, 10.0 mmol) was dissolved in
water (20 ml). The pH of the solution was adjusted to 7.0
with aqueous sodium hydroxide (2 M, ~12 ml). Chromium
(II) squarate dihydrate (2.00 g, 10.0 mmol) was added with
stirring, and the reaction started immediately. After 1 h,
pH of the solution remained constant (~4.2), and the so-
lution was filtered. The filtrate was transferred to a column
of SP-Sephadex C-25 (length 10 cm, diam. 7 cm) and the
column was eluted with aqueous sodium sulfate (0.1 M).
Several red bands appeared on the column. The eluate
containing the first red major band was diluted five times
and transferred to a shorter column, where sodium and
sulfate ions were eluted with hydrobromic acid (0.1 M).
The red compound was subsequently eluted with aqueous
lithium bromide (1 M). The dark red crystals that sep-
arated from the last eluate were filtered off and washed
with ethanol (99%). Yield: 0.58 g (13.7). Anal. [Cr,
(C,H3N,),(OH),(C,0,)]Br, - 2 H,O: Cr, C, N, H, Br.
Sometimes the compound crystallized with 5 mol of crystal
water. (&, M)max: (101, 535). (€, M) in: (32.9, 459). The corre-
sponding perchlorate was obtained when sodium perchlo-
rate (1 g) was added to a concentrated solution of the dark
red bromide (0.50 g) in water (6.5 ml). After cooling on ice
the crystals were filtered off and washed with a solution of
sodium perchlorate (1 M) and with ethanol. Yield: 0.41 g.
Anal. [Cr,(C,H3N;),(OH),(C,0,)](CIO,), - 5 H,0; Cr, C,
N, H, ClL.

2. Aqua{bis(2-pyridylmethyl)amine }chromium(III)-di-p-
hydroxo-{bis(2-pyridylmethyl)amine}squaratochrom-
ium(III) chloride tetrahydrate, [(H,0)(C,,H;5N;)Cr(OH),
Cr(C,H3N;)(C,0.)]C, - 4 H,0. The eluate containing the
second red band (see prep.1) was diluted five times and
transferred to a shorter column, and sodium and sulfate
ions were eluted with 0.1 M hydrochloric acid. The red
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complex was eluted with 0.4 M hydrochloric acid. The
orange-red crystals that separated were washed with etha-
nol (96 %). Yield: 0.10 g (1.5%). Anal. [Cr,(C,;H;;N;),
(OH),(C,04)(H,0)]Cl, - 4 H,O: Cr, C, N, H, CL (&, M) na:
(89.8, 519), (&, M) min: (32.9, 448).

3. Di-p-hydroxo-bis[{bis(2-pyridylmethyl)-amine }aqua-
chromium(III)]chloride heptahydrate, [(H,0)(C,,H;5N;)Cr
(OH),Cr(H,H3N;)(H,0)]Cl, - 7 H,O. Bispicam 3 HCl -
H,O (4.90 g, 15.0 mmol) was dissolved in water (45 ml).
Barium hydroxide octahydrate (6.31 g, 2.00 mmol) was
added followed by crushed chromium(1I) sulfate penta-
hydrate (3.57 g, 15.0 mmol). The mixture was stirred for
20 h. After filtering, the solution was transferred to a Se-
phadex column (length 20 cm, diam. 7 cm) and eluted with
an aqueous phosphate solution (0.5 M Na,HPO,—-0.05 M
NaH,PO,) until the first major band (blue) had beeniso-
lated from the other bands (compounds of higher nuclear-
ity). The blue eluate was diluted five times and trans-
ferred to a smaller column, where sodium and phosphate
ions were removed by elution with 0.1 M hydrochloric
acid. The blue compound was subsequently eluted with
2 M hydrochloric acid. The solid compound was precip-
itated with ethanol and ether. Yield: 0.327 g (5.2 %). Anal.
[Cry(Cy,H3N3),(OH),(H,0),]CL, - 7 HyO: Cr, Cl. (& Myax
(270, 532), (112, 394.5). (&, M)min: (59.4, 442), (45.3, 350).
The corresponding dihydroxo complex was obtained by
dissolving the compound in an ice-cold solution of ammo-
nia and precipitation with sodium perchlorate at pH =9.7.
The blue-violet compound was washed with a solution of
sodium perchlorate (1 M) and with ethanol (96 %). Anal.
[Cry(C,;H3N3),(OH),(OH),J(ClO,), - 2 H,0: Cr, C, N, H,
CL (&, M) max: (242, 559), (182, 378). (&, M) pin: (46.9, 452.5),
(122, 352).

4. Di-p-hydroxo-bis[{bis(2-pyridylmethyl)amine }squa-
ratochromium(III)]enneahydrate,  [(C,0,)(C;,H5N;)Cr
(OH),Cr(C,H;3N5)(C,0,)] - 9 HyO. [Cry(C,H;3N;),(OH),
(H,0),]Cl; - 7H,0 (prep.3) (0.20 g, 0.24 mmol) and
squaric acid (0.070 g, 0.61 mmol) were dissolved in water
(5 ml). The pH of the solution was adjusted to 3.5 with
aqueous sodium hydroxide (2 M). A blue precipitate im-
mediately appeared. The mixture was placed at 55°. The
next day large red crystals had separated, and the blue solid
had disappeared. The insoluble crystals were washed with
water. Yield: 0.030 g (16 %). Anal. [Cr,(C,,H;N;),(OH),
(C,04),] - 9 H,0: Cr, C, N, H. It was, however, not pos-
sible to locate more than 8 mol of water in the X-ray
structure analyses (see below).

5. fac-Trichloro{bis(2-pyridylmethyl)amine } chromium(III)
monohydrate, fac-[Cr(C,,H3N;)Cl;] - H,0. Red [Cr,
(Ci,H;sN3),(OH)(C,0,)]Br, - 2 H,O  (prep.1) (0.200 g,
0.24 mmol) was suspended in conc. hydrochloric acid
(1-2 ml), and the mixture was left in a stoppered flask in
the dark for three days. By then green crystals had sep-
arated. They were filtered off and washed with hydro-
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chloric acid (4 M), water and ethanol (99%). Yield:
0.115 g (64 %). Anal. [Cr(C;,H,;N;)CL] - H,O: C, N, H,
Cl. The water content was confirmed by thermogravimetry.

An identical compound was prepared from [Cr,
(C;H3N3),(OH),(SO,)]ICL’ by the same procedure. The
identity of the two sample was established by means of
X-ray powder diffraction.

6. mer-Trichloro{bis(2-pyridylmethyl)amine }chrom-
ium(IIT) monohydrate, mer-[Cr(C,;,H;N;)Cl;] - H,0. Or-
ange-coloured [Cr,(C,,H;N,),(OH),(C,0,)(H,0)]Cl,
4 H,O (prep.2) (0.100 g, 0.124 mmol) was treated with
hydrochloric acid as described above. Yield of greenish
crystals: 0.070 g (75 %). Anal. [Cr(C,,H;;N;)CL] - H,0: C,
N, H, Cl. The water content was confirmed by thermo-
gravimetry.

An identical compound was prepared from [Cr,
(Ci,H;3N3)(OH),(C,0,),] - 9 H,O (prep. 4) by the same
procedure. The identity of the two samples was established
by means of X-ray powder diffraction.

The dihydroxo complex (prep. 3) did not react with conc.
hydrochloric acid to give a trichloro complex unless the
reaction mixture was heated. In that case, the resulting
compound was the mer-trichlorotriamine complex, but the
reaction could have taken place with change of the amine
configuration.

X-ray crystallography. Structure determination. The crys-
tals of di-p-hydroxo-bis{{bis(2-pyridylmethyl)amine}squa-
ratochromium(III) enneahydrate (prep.4) form dark-red
needles with a as the needle axis. The data collection was
carried out on an Enraf—Nonius CAD4 diffractometer us-
ing graphite monochromated MoK radiation. Correction
for absorption was not applied. Table 1 lists the crystal data
and other information relevant to data collection and struc-
ture refinement.

The Patterson function gave the position of the chro-
mium atoms, and DIRDIF" revealed the hydroxo group,
the coordinated oxygen atom from the squarate ion and the
atoms in the tridentate ligand apart from the hydrogen
atoms. The rest of the atoms in the complex were located
by Fourier methods, except for some of the hydrogen
atoms for which the positions were calculated. The water
molecules were found to be disordered. Only the positions
of the oxygen atoms could be located, and only eight ox-
ygen atoms per complex instead of nine as found by ele-
mental analysis as mentioned above. Refinement was car-
ried out anisotropically for all non-hydrogen atoms in the
complex. The oxygen atoms from the water molecules were
refined isotropically. The X-Ray System!! was used in the
calculations. Coordinates are given in Table 2. A list of
thermal parameters and population parameters, and of ob-
served and calculated structure factors can be obtained
from the authors on request.

The neutral di-p-hydroxo complex is centrosymmetric,
and the tridentate ligand has the meridional configuration
and is shown in Figs. 2a and b. The O1 in the squarate
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Table 1. Crystal data for [((C,0,)(C:,H:sNs)Cr(OH)),] - 8 H,0.

Space group Monoclinic P2,/n (No. 14)
a/A 10.528(1)

b/A 19.166(1)

c/A 14.800(1)

pr 104.81(1)

VIA3 1983

V4 2

w(MoKa)/cm™! 5.81

Crystal size/mm 0.40x0.18x0.15
Total no. meas. refl. in calc. 3232

sin 6/A range 0.04-0.58

No. indep. obs. refl. 2801

LT[F < 6%(F?)] 330

No. of parameters 261

R 0.048

R, 0.072

w' = 0%(F)+0.0117|F+0.0004 P

ligand is trans to one hydroxo group in the double bridge.
The complex has an internal hydrogen bond of length 2.63
(3) A between O2 in the squarate ligand and OO in the
bridging system. The oxygen atom bound to C4 in the
squarate ligand was found to be disordered, and two posi-
tions, called O4 and O41, were refined both with pop-
ulation factors of 0.5. The distances of these from the plane
formed by the four carbon atoms in the squarate ion are
both 0.3 A. The other three oxygens are displaced by 0.1 A
from this plane.

The oxygen atom O3 opposite to the coordinated atom
O1 in the squarate ligand forms a hydrogen bond of length
2.865(5) A to a neighbouring complex molecule. In this
way a puckered net is formed around a plane perpendicular
to the glide direction (Fig. 3). The pyridine rings are per-
pendicualr to this net and parallel to the two-fold axis.

The water molecules are, as mentioned above, partly
disordered and placed in the channels formed between the
net planes. Only one of these, Olw, can be refined with a
population factor of one. It has a contact distance of 3.165
(6) A to O1 in the complex. The rest are smeared out in
groups having oxygen—oxygen distances ranging from 2.2
to 2.8 A. Distances from these oxygen atoms to Olw are in
the range 2.6 to 3.3 A. The population factors are 0.5 for
O2w—O5w and 0.25 for the rest of the water—oxygen
atoms. Selected distances and angles are given in Table 3.

Results and discussion

Synthetic and stereochemical aspects. It was demonstrated
earlier’ that chromium(II) sulfate pentahydrate reacts
smoothly with bispicam in water to give the dinuclear sul-
fato-bridged ion [bispicamCr(OH),(SO,)Crbispicam]** and
we now find that chromium(II) squarate dihydrate reacts
similarly but gives at least two dinuclear compounds both
of which contain one mol of squarate ion per mol. We
suggest that one of these compounds has a structure in
which two adjacent squarate oxygen atoms are involved in
metal bridging, and that the amine ligands surround the



Table 2. Fractional coordinates for [Cr,(C;,H,3N3)>(OH),(C,0,),]
- 8 H,0.

Atom X y z

Cr 0.92401(5) 0.04851(4) 0.56242(3)
00 1.0235(2) —-0.0750(2) 0.05535(2)
o1 0.8760(2) 0.0102(2) 0.6775(2)
NO 0.8312(3) 0.1853(2) 0.5576(2)
N11 0.7377(3) 0.0093(2) 0.4838(2)
N12 0.0738(3) 0.1359(2) 0.6433(2)
Cc21 0.6878(4) —0.0846(3) 0.4661(2)
C31 0.5633(4) —0.1026(3) 0.4100(3)
C41 0.4882(4) —0.0211(4) 0.3692(3)
C51 0.5370(4) 0.0753(4) 0.3886(3)
Ceé1 0.6618(3) 0.0891(3) 0.4472(2)
C71 0.7209(4) 0.1924(3) 0.4724(3)
c22 0.1829(4) 0.1015(3) 0.7037(2)
C32 0.2802(4) 0.1674(4) 0.7521(3)
C42 0.2626(5) 0.2696(4) 0.7372(3)
C52 0.1498(5) 0.3054(3) 0.6794(3)
Cc62 0.0554(4) 0.2370(3) 0.6324(2)
C72 0.9281(4) 0.2696(3) 0.5661(2)
C1 0.8531(3) —0.0774(2) 0.7070(2)
C2 0.8702(3) —0.1820(2) 0.6834(2)
C3 0.8111(3) —0.2165(3) 0.7585(2)
C4 0.7960(4) —0.1085(3) 0.7830(2)
02 0.9159(3) —0.2265(2) 0.6231(2)
03 0.7847(3) —0.2990(2) 0.7874(2)
04 0.7740(7) —0.0639(4) 0.8531(4)
o1 0.7284(7) —0.0682(4) 0.8315(4)
o1 w 0.4720(6) 0.3503(4) 0.3161(4)
02 W 0.1576(8) 0.4192(7) 0.4331(6)
03 W 0.0808(9) 0.5081(8) 0.5558(6)
04 W 0.1479(12) —0.0237(10) 0.8820(9)
05 W 0.0734(7) 0.4348(5) 0.3811(5)
06 W 0.3814(20) 0.3262(15) 0.5041(13)
o7 W 0.4780(16) 0.3584(12) 0.5324(10)
o8 W 0.1762(26) 0.0287(21) 0.9289(20)
09 W 0.4037(28) 0.3936(24) 0.5564(18)
H NO 0.7960 0.1899 0.6145

H 00 0.0031 0.1242 0.4316
H21 0.7277 0.1394 0.4869
H31 0.5436 —0.1660 0.4080
H41 0.4173 —0.0295 0.3298
H51 0.5127 0.1276 0.3689
H171 0.6621 0.2419 0.4920
H271 0.7571 0.2167 0.4210
H22 0.1956 0.0370 0.6940
H32 0.3321 0.1271 0.7795
H42 0.3340 0.3186 0.7668
H52 0.1258 0.3685 0.6537
H172 0.9455 0.2845 0.4991
H272 0.8938 0.3266 0.5903

chromium atoms in facial positions (Fig. 4a). This assumed
structural analogy to the sulfato-bridged compound re-
ceives support from a similarity of the absorption spectra,
and also from the identity of the reaction products formed
with conc. hydrochloric acid. Thus, both compounds react
to give the same trichlorotriaminechromium(III) complex,
viz. the facial form, if the reaction proceeds with retention
of the amine configuration (Scheme 1).

When chromium(II) sulfate pentahydrate reacts with bis-
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(a)
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03 Cst G2t
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Fig. 2. (a) Drawing and (b) numbering scheme of [(C,O,)
(bispicam)Cr(OH)], - 8 H,O. Atom are drawn as 50 % probability
ellipsoids.

picam in the presence of barium ions, a dimeric compound
with terminal hydroxy groups is formed (see Experimental,
prep. 3). The acid form of this compound reacts with so-
dium sulfate to give the sulfato-bridged dinuclear com-
pound described above.” Unexpectedly, the same complex
reacts with squaric acid under the same conditions to give
an uncharged, dinuclear complex containing two squarate
ions as terminal, monodentate ligands and with the amines
in meridional positions, as confirmed by the X-ray structure
determination (Fig. 4c). The product of the reaction of this
complex with conc. hydrochloric acid is the meridional
form of trichlorotriaminechromium(III) if the reaction pro-
ceeds with retention of the amine configuration
(Scheme 1).

For the product (see Experimental, prep. 2) we suggest a
meridional configuration of the amine on the basis of the
reaction of the compound with conc. hydrochloric acid.
This leads to the meridional form of trichlorotriaminechro-
mium(III). The squarate ion may occupy a terminal posi-
tion as a monodentate ligand to one of the chromium atoms
(Fig. 4b) or it may function as a bidentate ligand, bridging
chromium atoms in different dinuclear units. Both inter-
pretations may result in chain or net-like structures, similar
to what is found in the structure described below, since a
terminal squarate ion is probably involved in strong hydro-
gen bonding to ligands on chromium atoms in other mole-
cules (Scheme 1).
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Table 3. Summary of structural data, selected bond lengths (A)
and angles (°).

Cr-0,
Cr-0,
Cr—N,
Cr—N;,
Cr—N,,

Pyridine
C-N
c-C
N,-C,

s—Cr

Squarate
c-C
Cc-0

1.957-1.963(2)
1.962(2)
2.042(3)
2.074(3)
2.068(3)

1.341-1.348(4)
1.359-1.394(7)
1.482-1.491(5)
1.491-1.503(5)

1.442—1.486(5)
1.225—-1.278(8)

0,—Cr—0y
Ny ~Cr—Ny,
Cr—0Q,~-Cr’
Cr-0,-C,

c-Cc-C

79.2(1)
159.2(1)
100.8(1)
129.9(2)

118.6—-120.3(4)
118.5-119.0(3)
121.2-122.6(3)

88.9-91.2(3)

Fig. 3. Simplified drawing showing the hydrogen bonds in
[(C,0,)(bispicam)Cr(OH)], - 8 H,0. All carbon and hydrogen
atoms in bispicam are omitted.

(a)

(b)

()

Fig. 4. (a) [(bispicam)Cr(OH),(C,0,)Cr(bispicam)]?*. (b) [(H.O)
(bispicam)Cr(OH),Cr(bispicam)(C,0,)}**. (¢) [(C4O,)(bispicam)Cr
(OH)]..

+H* .
Cr()SO, + bispicam + OH- + Ba?* ———> [(OH)bispicamCr(OH),Crbispicam(OH)]?* —— [(H,O)bispicamCr(OH)],**

Cr(ll)SO, + bispicam + OH~

Cr(I)C,O, + bispicam + OH" C

[(HO)bispicamCr(OH)},** + H,C,0,

Scheme 1.
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— [bispicamCr(OH),(SO,)Crbispicam}?*
@—» fac-[CrbispicamCl,]
[bispicamCr(OH),(C,O,)Crbispicam]?*

[(H.O)bispicamCr(OH),Crbispicam(C,O,)**
i_H_C_|—>—+ mer-[CrbispicamCl,]
—— [(C,0,)bispicamCr(OH),Crbispicam(C,O,)]
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Fig. 5. Magnetic susceptibility (left-hand scale, in cgs units) and effective magnetic moment (right-hand scale, in Bohr magnetons) of

[(C,0,)(bispicam)Cr(OH)], - 8 H,O.

Magnetic properties. The magnetic susceptibility and the
effective moment of the title compound are shown in Fig. 5,
covering the range 4-275 K. These measurements were
interpreted in terms of antiferromagnetic two-center inter-
actions according to the Hamiltonian

H=1JS,-S, + pgHS.

Data fitting was performed according to a least-squares
method as previously described.® The resultant parameter
values were J = 10.53(5) cm™! and g = 1.986(3). The value
of J equals the triplet energy relative to the singlet ground
state. The data fitting showed no indication of any signif-
icant interdimer interaction via the squarate ligands and
hydrogen bonds throughout the sheet illustrated in Fig. 4.

The value of J can be correlated with the structural
information via the GHP model? for magnetic exchange
between d* centres bridged by OH groups. We used the
average value of the Cr—O distances, r = 1.960(3) A, and
the angle Cr—O—Cr = ® = 100.7(2)°, and, finally, a value
of © =43° was calculated as the angle between the OH
vector and the plane through Cr—O—Cr—0O. With these
input parameters the calculated value of J was J . = J,—J;
=16.3—-5.2 = 11.1 cm™. Here, J, and J; are antiferromag-
netic and ferromagnetic contributions, respectively. An es-
timated standard deviation for J, cannot be given since
the positions of the hydrogen atoms were not refined. The
contribution from r and @ is 0.7 cm™.

On this background the structural and magnetic proper-
ties are in satisfactory agreement according to the GHP
model.

The compounds described in prep. 1 and 2 in the Experi-

mental exhibit antiferromagnetic exchange interactions as
expected for dinuclear chromium(III) complexes with cou-
pling constants of J = 15.45(6) cm™! and 19.54(5) cm™!, re-
spectively. These results will not be discussed further since
structural information is not yet available.
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