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Correlation among Crystal Shape, Absolute Configuration, and Circular Dichroism
Spectrum of Enantiomorphs of Tris[2-(((2-phenylimidazol-4-yl)methylidene)amino)ethyl]-
aminemetal(ll) Nitrate —Methanol (1/1)

Introduction

Chirality is expressed on both the molecular and supramo-
lecular levelst=13 When a chiral molecule crystallizes to form
a crystalline racemate, it would be (1) a racemic compoun
(2) a conglomerate (racemic mixture), or (3) a racemic solid
solution* L. Pasteur first discovered that ammonium sodium
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A series of metal(Il) complexes of a tripod-type ligand with the chemical formulas §M{ENO3),-MeOH (M

=Mn (1), Fe @), Co 3), Ni (4), Zn (6)) and [Cu(HL)](NO3)*CH3CN-H,0 (5) were synthesized and characterized

(HsL = tris[2-(((2-phenylimidazol-4-yl)methylidene)amino)ethyllamine). The crystal structures were determined,

in which those ofl—4 and6 are isomorphous and conglomerates, because they crystallize into the acentric space
group P2;2,2;. Each metal(ll) ion ofl—4 and 6 assumes an octahedral coordination environment with e N
donor atoms of the tripod ligand and becomes eithei(elockwise) or arA (anticlockwise) enantiomorph because

of the screw arrangement of the tripod-type ligand around the metal(ll) ion. The crystals were divided into two
groups, where their crystal shapes are mirror images and their CD spectra show enantiomeric patterns. The circular
dichroism (CD) spectrum of the crystal used for the X-ray analysis was measured. The absolute configuration of
the enantiomorph of the crystal used for the X-ray analysis was determined by the Flack parameter. The correlation
among the crystal shape, the absolute configuration, and the CD spectral pattern was thus confitmédafat

6. On the other handy assumes a square pyramidal coordination geometry with ¢ghrdoNor atoms, and hence,

there are no optical isomers.

tartrate is a conglomerate on the basis of the observation of the
two crystal shapes with mirror imagé%sSince this historic
discovery, the elucidation of the correlation among the absolute
d. configuration of the chiral molecule, the circular dichroism (CD)
' spectrum, and the crystal shape is an essential and relevant
feature in chiral chemistry.

Previously, we have reported that the nickel(Il) complex of

* To whom correspondence should be addressed. Phone/F8x:96- a tripod-type ligand [Ni(HL)[(NO3)2:MeOH, 4 (HsL = tris[2-
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conglomeraté® The chemical structure @fis shown in Chart
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Their CD spectra for the two different crystal shapes were 6
measured. The KBr disk method was applied because the CD
measurements by the Nujol mull method could not be carried
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out in the UV region. The crystal structures have been 5

determined by the single-crystal X-ray diffraction analyses, and o 6600000000009 3
the absolute configurations of the chiral molecules were assigned o & ° °

on the basis of the Flack paramet&fhe CD spectra of the &

crystals used for the X-ray analyses were measured by the KBr
disk method. We report the correlation among the crystal shape,
the absolute configuration of the chiral molecule, and the CD

spectral pattern for the conglomerates. anhnLL4

l‘leﬂ/”B

Results and Discussion

Synthesis and CharacterizationThe tripod-type Schiff base
ligand (HsL = tris[2-(((2-phenylimidazol-4-yl)methylidene)-
amino)ethyllamine) was prepared by a 3:1 condensation reaction
of 2-phenyl-4-formylimidazole and tris(2-aminoethyl)amine in
methanol. The reaction mixture was subsequently used for the
syntheses of the metal(ll) complexes without isolation of the
ligand. The complexes were easily prepared by mixing the 0
ligand solution and metal(ll) nitrate hexahydrate in methanol 0 50
in a 1:1 molar ratio according to a similar procedure adopted T/K

for the synthesis o#,1° where Mn(ll), Fe(ll), Co(ll), Ni(ll), Figure 1. Magnetic behavior ofL.—5 in the form of auet vs T plot,

Cu(ln), and Zn(ll) ions were used. The C, H, and N microanaly- yhere theuer is the effective magnetic moment per metal anthe
ses agreed with the chemical formulas [M()Y(NO3),-MeOH absolute temperature.

(M = Mn (1), Fe @), Co (3), Ni (4), Zn (6)) and [Cu(HL)]-
(NO3)2*CH3CN-H,O (5). The infrared spectra of these com- . o )
plexes showed the characteristic absorption bands attributabled€monstrate that complexés-4 exhibit their high-spin elec-
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to the imidazolevy—n (2300-3400 cnt?), Schiff basevc—y
(1605-1650 cntl), and the nitratery—o (1384 cnTl) as the
counteraniort® The molar electrical conductivities Gf-6 were
measured in 1 M methanol solutions, and the values of 165
194 S cm mol~! are in the expected range for 2:1 electrolytes
in methanol®

Magnetic Properties. The magnetic susceptibilities were
measured under an applied magnetic field @ in the 4-300
K temperature range6 is diamagnetic because of thé®d
electronic configuration of Zn(ll) ion. The magnetic behavior
of 1—5is shown in Figure 1 in the form of thes vs T plots,
whereuers is the effective magnetic moment per metal and

tronic configurations.

Crystal ShapesAll the complexes could be obtained as well-
grown crystals by careful recrystallization of their methanol
solutions at room temperature. The crystal colordeb are
pale-green, yellow-orange, red-orange, light-blue, green, and
colorless, respectively. The crystal shape&-6ft and6, except
for the Cu(ll) complexs, are very similar, consistent with the
fact that they are isomorphous as confirmed later by the X-ray
analyses (Table 1). The well-grown crystalslef4 and6 can
be divided into two groups by observation with a microscope,
as Pasteur did for ammonium sodium tartrf&tEigure 2 shows

the absolute temperature. The effective magnetic moments ofa photograph of the two crystal shapes &rindicating that
1-5are nearly constant over the whole temperature range excepthe two crystal shapes in parts a and b are mirror images.
for the lower temperature region, and the reciprocal magnetic

susceptibilities follow the Curie law, demonstrating that the

complexes can be described as magnetically isolated systems:

The effective magnetic moments df-5 are compatible with
the spin-only values expected f6r= 5/, (d® Mn(ll)), S= 2
(dS, Fe(ll)), S= 3, (d7, Co(ll)), S= 1 (c&, Ni(ll)), and S= /5
(d® Cu(ll)), respectively?>22 The magnetic measurements

Structural Descriptions of 1—4 and 6.The crystallographic
data for all the complexes includirgreported previoushf are
given in Table 1.1—4 and6 crystallize into the acentrosym-
metric space group2;2,;2; and are isomorphous. Each crystal
structure consists of a metal(ll) complex cation [M(H 2,
two nitrate ions as the counteranions, and a methanol molecule

Chart 1. Chemical Structure of [M(kL)]2" and C (Clockwise) andA (Anticlockwise) Enantiomorphs Due to the Screw

Arrangement of the Tripod-Type Ligand around the M(Il) lon
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Table 1. X-ray Crystallographic Data for [M(kL)](NO3).:MeOH (M = Mn (1), Fe @), Co (3), Ni (4), Zn (6)) and
[Cu(HsL)J(NOg)2rCHsCN-H20 (5)

1 2 3 Vs 5 6
formula GHaoN120;Mn Cs7HaoN1207Fe G/HaoN120,Co Gs7Ha0N1207Ni C3gH41N130,Cu Gs7HaoN1207Zn
fw 819.74 820.65 823.73 823.50 - 837.36 830.18
space group P212121 P212121 P212121 P212121 P1 P212121
a A 14.206(1) 14.221(2) 14.228(6) 14.198(2) 13.236(3) 14.233(2)
b, A 22.690(3) 22.553(2) 22.514(6) 22.422(2) 13.741(2) 22.512(3)
c A 12.168(2) 12.064(2) 12.015(9) 12.019(2) 12.178(2) 12.049(4)
a, deg 90 90 90 90 108.05(1) 90
B. deg 90 90 90 ) 96.98(2) 90
v, deg 90 90 90 90 103.49(2) 90
V, A3 3922.2(8) 3869.4(8) 3849(3) 3826.4(6) 2002.4(8) 3861(1)

Z 4 4 4 4 2 4

Deaica g CNT2 1.388 1.409 1.421 1.429 1.389 1.428

u, et 4.01 4.55 5.12 5.73 6.08 7.02

RPRy ¢ 0.047, 0.030 0.082, 0.062 0.041, 0.026 0.040, 0.043 0.054, 0.041 0.048, 0.054

2Reference 162 R = 3 ||Fo| — |Fcll/Z|Fol. ¢ Ry = [W(IFol — IFc))¥IWIFol7"2, w = 1/o(Fo)*

Figure 2. Photograph of the two crystal shapes (a and b3fsiowing
that the two crystal shapes are mirror images.

as the crystal solvent. The hydrogen-bonded chain structure of
3 is shown in Figure 3. Three imidazole nitrogen atoms of
the tripod ligand of the complex cation form hydrogen bonds
(NH---O) with the methanol molecule and the two nitrate anions
form them through the imidazole protons, where the-®
distances are N(7}O(7)(methanol}= 2.742(5) A, N(4)--O(6)

= 2.757(6) A, N(10)--O(2) = 2.862(6) A, respectively. The
oxygen atom O(7) of the methanol is further hydrogen-bonded
to the oxygen atom O(1) of one nitrate ion of the adjacent
molecular unit with a hydrogen bond distance of O{-0Q(1)

= 2.822(5) A. Thus, the adjacent metal complex cations are
connected by the three hydrogen bonds through a methanol and
a nitrate ion, N(79-O(7)H:+-O(1)N(11)O(2)--N(10)*, to form
a 1D helical chain structure running along theaxis. The

hydrogen bond distances for all the complexes are listed in TableFigure 3. Hydrogen-bonded 1D chain structure®fThree imidazole
2 nitrogen atoms of the tripod ligand form hydrogen bonds (N{©X7)-

_ _ _ (methanoly= 2.742(5) A, N(4)--O(6) = 2.757(6) A, N(10--0(2) =
The ORTEP drawing 08 with the atom numbering scheme 2 862(6) A). The oxygen atom O(7) of the methanol molecule is further
is given in Figure 4. Selected bond distances, angles, andhydrogen-bonded to the oxygen atom O(1) of one nitrate ion of the
hydrogen bond distances with their estimated standard deviationsadjacent molecular unit with a distance of O(7p(1) = 2.822(5) A.
for 1—6 are summarized in Table 2. Each metal(ll) ion assumes The adjacent metal complex cations are thus connected by the three

o : ; hydrogen bonds through a methanol molecule and a nitrate ion,
an octahedral coordination environment with thedénor set N(7)--O(7)H-+O(1)N(11)0(2)-"N(10)*, to form a 1D helical chain
structure running along the axis. The symmetry codes are as
(17) Flack, H. D.Acta Crystallogr., Sect. A993 39, 876. follows: (i) =x + 3, =y, z — Yy; (i) —x + 3, =y, z+ Yy; (iii) X, ,

(18) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor- 7z 4 1.
dination Compoundsth ed.; John Wiley: New York, 1986.

(19) Geary, E. JCoord. Chem. Re 1971, 7, 81. . . . . .

(20) Carlin, R. L. Magnetochemistry Springer-Verlag: Berlin, 1986; of the tripod-type ligand, including three imidazole and three
Chapter 5. imine nitrogen atoms. The distances of the six Nlbonds are

@ ggy;r;%%“ngt'ﬁs- rr’jwi'l\g;'%eLWNJkaoqg‘g Appfggét'ons of Molecular a5 follows: Mn(ll), 2.230(5)-2.366(5) A; Fe(ll). 2.146(7

(22) Earnshaw, Alntroduction to MagnetochemistnAcademic Press;  2-289(7) A; Co(ll), 2.134(4y2.236(4) A; Ni(ll), 2.087(5) _
New York, 1968. 2.190(5) A:; zn(ll), 2.120(6)2.306(6) A. These values are in
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Table 2. Relevant Bond Distances (A) and Angles (deg), and Hydrogen Bond Distances (A) Less Than 3.00 A with the Estimated Standard
Deviations in Parentheses fiir-6

1 2 3 A 5 6
Bond Distance
M(1)—N(2) 2.230(5) 2.146(7) 2.132(4) 2.120(6) 2.025(3) 2.196(6)
M(1)—N(3) 2.366(5) 2.289(7) 2.232(4) 2.131(5) 2.204(6)
M(1)—N(5) 2.283(5) 2.210(8) 2.167(4) 2.130(5) 2.035(3) 2.190(6)
M(1)—N(6) 2.297(5) 2.207(7) 2.202(4) 2.122(6) 2.116(3) 2.194(6)
M(1)—N(8) 2.278(5) 2.191(7) 2.169(4) 2.089(5) 2.234(4) 2.120(6)
M(1)—N(9) 2.289(5) 2.209(7) 2.170(4) 2.188(5) 2.049(3) 2.306(6)
N---Ob 2.75(1) 2.77(1) 2.776(6) 2.869(9) 2.733(5) 2.756(8)
N---O 2.87(1) 2.75(1) 2.863(6) 2.781(9) 2.896(5) 2.863(9)
N---O 2.71(1) 2.88(1) 2.756(6) 2.768(8) 2.860(5) 2.764(9)
Q-0 2.80(1) 2.81(1) 2.797(6) 2.798(8) 2.940(6) 2.816(9)
Bond Angles
N(2)—M(1)—N(3) 75.0(3) 77.1(3) 78.1(2) 79.4(2) 77.7(2)
N(2)—M(1)—N(5) 95.4(2) 95.4(3) 94.7(2) 92.7(2) 92.0(1) 93.9(2)
N(2)—M(1)—N(6) 167.1(2) 169.8(3) 171.5(2) 171.0(2) 157.6(1) 169.8(2)
N(2)—M(1)—N(8) 98.3(2) 98.6(3) 97.5(2) 93.6(2) 105.4(1) 94.1(2)
N(2)—M(1)—N(9) 93.1(2) 91.7(3) 90.5(2) 89.9(2) 90.2(1) 90.4(2)
N(3)—M(1)—N(5) 91.8(3) 90.2(3) 89.4(1) 88.6(2) 90.2(2)
N(3)—M(1)—N(6) 96.4(3) 96.2(3) 96.7(2) 96.9(2) 96.7(2)
N(3)—M(1)—N(8) 170.3(3) 174.5(3) 174.6(2) 172.2(2) 169.3(2)
N(3)—M(1)—N(9) 99.0(3) 99.6(3) 99.3(1) 97.0(2) 95.0(2)
N(5)—M(1)—N(6) 74.9(2) 76.7(3) 78.4(1) 78.9(2) 80.6(1) 77.5(2)
N(5)—M(1)—N(8) 95.9(2) 93.8(3) 94.2(2) 95.3(2) 97.5(1) 97.3(2)
N(5)—M(1)—N(9) 167.7(2) 169.0(3) 170.7(1) 174.2(2) 176.4(1) 173.8(2)
N(6)—M(1)—N(8) 91.4(2) 88.4(3) 88.1(1) 90.4(2) 96.5(1) 92.5(2)
N(6)—M(1)—N(9) 97.8(2) 97.0(3) 97.1(2) 98.7(2) 98.4(1) 98.6(2)
N(8)—M(1)—N(9) 74.1(2) 76.8(3) 77.4(1) 79.4(2) 79.1(1) 77.9(2)

aReference 16° Methanol oxygen except fds.

central amine nitrogen atom to the metal(ll) ion. Because the
complexes crystallize into the acentric space geg2,2;, the
crystal, which was subjected to the X-ray analysis, should consist
of one of two enantiomorphs. The absolute configurations of
1-4 and 6 were determined to be the C enantiomorph for all
the complexes, on the basis of the analysis of their Flack
parameterd’ The refined Flack parameters are0.022(5),
—0.023(8),—0.008(2), 0.013(1), ane-0.007(3) forl—4 and

6, respectively. The present X-ray analyses demonstrate that
1-4 and 6 are conglomerates and that the separation of the
two enantiomers spontaneously occurred during the course of
the crystallization. Jacques et al. reported that between 5% and
10% of all racemates form conglomerafeand that chiral
molecules exhibiting &3 axis have a much higher tendency to
undergo spontaneous resolutfit can thus be considered that
the present complexes with a pseutpaxis and with a 1D
hydrogen-bonded chain structure show great probability to
conglomerate.

Structural Description of 5. The complex of5 crystal-
lizes into a space groupl with Z = 2, and the crystal structure
consists of a copper(ll) complex cation, two nitrate anions as
the counteranions, and one acetonitrile and one water molecule
as the crystal solvents. The molecular structure of the complex
cation is shown in Figure 5. The copper(ll) ion assumes a square
pyramidal coordination geometry with thesNlonor atoms
with bond distances of 2.025(32.234(4) A, in which the N(3)
Figure 4. ORTEP drawing of3 with the atom numbering scheme atom of one of the three imidazole groups is free from
showing the C enantiomorph (clockwise molecule) and 50% probability coordination. Therefore, there is 1@ molecular axis in this
ellipsoids. molecule. The adjacent two Cu(ll) complexes are linked by the

two hydrogen bonds through a nitrate ion to form a 1D chain
the expected range for their high-spin metal(ll) complexes with strycture. Figure 6 shows the hydrogen-bonded 1D chain
the same coordination number and donor atoms. structure, where the N O distances are N(4yO(1) = 2.896-

Each metal(ll) complex becomes eitheCgclockwise) or (5) A and N(10)--O(3) = 2.860(5) A. The remaining imidazole

an A (anticlockwise) enantiomorph because of the screw

arrangement of the tripod-type ligand Qround t_he metal(ll) ion, (23) Jacques, J.; Leclercq, M.; Brienne, M. Tefrahedrorl 981, 37, 1727.
where the complex has a pseu@g-axis running from the (24) Brock, C. P.; Dunitz, J. DChem. Mater1994 6, 1118.
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Figure 6. Hydrogen-bonded 1D structure Bfrunning along thea axis, where the distances are N¢4p(1)* = 2.896(5) A, N(10)--O(3)** =
2.860(5) A, and N(7y-O(4)** = 2.733(5) A. The symmetry codes are as follows) €£x, —y, =z (k) 1 — X, =y, —=Z (k%) 1 — X, 1 — Y, —Z
MH1+xyz@H)1+xyz

group is hydrogen-bonded to the other nitrate ion with a distance ca. 320 nm attributable to the imine-s* transition is much

N(7)-+-O(4) = 2.733(5) A. larger than that in the region 56850 nm because of the ligand
Correlation among Crystal Shape, Absolute Configura- field transitions. Since it was found thkt-4 and6 exhibit strong
tion, and CD Spectrum. The CD spectra ol—4 and6 were CD signals at ca. 320 nm, the sign of the CD band at ca. 320
measured by the KBr disk method. In the previous paptre nm was used to investigate the correlation among the crystal
CD spectrum of the nickel complexX)(in a Nujol mull was shape, the absolute configuration, and the CD spectrum.
measured in the region 46A000 nm by the opal glass The crystals oB were obtained as well-grown orange crystals
technique?® In this ligand field transition region, the CD  from careful recrystallization. They can be divided into two
spectrum of a large-size crystal (ca. 3 num3 mm x 4 mm) groups whose crystal shapes are mirror images, as observed with

of 4 exhibited a positive and a negative péékut the CD a microscope, as shown in Figure 2. The CD spectra for the
spectrum of the crystal used for the X-ray analysis could not two different crystal shapes were measured, and thoSeacd

be measured because of the small size of the crystal (ca. 0.2shown in Figure 7. It was found that the crystal (see Figure 2a)
mm x 0.2 mmx 0.3 mm) and the weak CD intensity in this  exhibits a CD spectral pattern (Figure 7), while the crystal shown
region. The CD measurements could not be carried out in thein Figure 2b exhibits the enantiometric pattern (Figure 7). The
UV region because the intensity of the light after passage of an crystal in Figure 2a with the crystal shape3fvas subjected
opal glass plate was very weakened. In the present study, CDto single-crystal X-ray analysis, and the absolute configuration
spectra were measured with the KBr method, and the measureof the chiral molecule was determined by the Flack parameter
ment region could be extended to lower wavelengths to 260 to be theC enantiomorph. The CD spectrum of crysBalised

nm. Figure 7 shows the CD spectra®fThe CD intensity at  for the X-ray analysis was measured and showed the same CD
pattern as that for crystal in Figure 2a. As a result, one can
(25) Taniguchi, Y.; Shimura, YBull. Chem. Soc. Jpri982 55, 2847. conclude that the crystal in Figure 2a with the crystal shape of




Shape, Configuration, and CD of Enantiomorphs Inorganic Chemistry, Vol. 40, No. 11, 2002539

60 T T T T T T n
40 —
. l«—— CD x 10 —»
—_ N,
% T ’/\
(&) \
%) §
¥
2 i ,"’ . R
— e 4
< -0 I'. . el e 4
8 l‘ ‘J
-40 KN -
-1h ‘1'
-0 - ] I ! ] ] ] i
250 300 350 400 450 500 550 600

Wavelength / nm

Figure 7. CD spectra of3. A crystal piece of3 was selected and ground into a powder, and the CD spectrum was measured using the KBr disk
method in the wavelength regions 40850 and 266-600 nm. One crystal showed positive peaks at 320 and 525 nm, while the other showed an
enantiomeric CD pattern.

3 exhibits a CD pattern (Figure 7) and contains tle at 300 K. Anal. Calcd for gHioN1207Fe: C, 54.15; H, 4.91; N, 20.48.

enantiomorph in the crystal cell. Found: C, 54.04; H, 4.87; N, 20.57.
The correlation among the crystal shape, absolute configu- [CO(HsL)I(NOs)"MeQH, 3. 3was prepared as red-orange crystals
ration, and CD spectrum for a series of the compleke 4, according to a similar method adopted fhrusing Co(NQ@)2:6H-0

: instead of Mn(NQ)2:6H,O. Ay = 181 S cnd mol~* in methanol. IR
and6 were studied as follows. The crystal shaped-e# and (6M1): vy 3200-2800: voun 1644, 1er/Co = 4.82 g at 300 K.

6 are very similar because they are isomorphous, as confirmedAnaI_ Calcd for GiHaNLO,Co: C, 53.95: H. 4.89: N, 20.41. Found:
by X-ray analyses. The absolute configurations of the chiral ¢ 53 98: H, 4.90: N, 20.39.

molecules of the crystals, which were subjected to the X-ray  NjH ,L)J(NO 3)-MeOH, 4. 4 was prepared as light-blue crystals
analyses, were determined by the Flack parameters to & the according to a similar method reported previou§ip\y = 187 S cr
enantiomorph fod, 2, 4, and6. The CD spectra of the crystals  mol2 in methanol. IR (cm?): wn_p 2840-2300; ve—n 1648. stern/Ni

1, 2, 4, and6 used for the X-ray analyses exhibited a positive = 3.08 ug at 300 K. Anal. Calcd for gHadNi:0O/Ni: C, 53.97; H,
CD band at ca. 320 nm. We can conclude that the crystal with 4.90; N, 20.41. Found: C, 53.87; H, 4.91; N, 20.39.

the shape of crystal a exhibits a positive CD band at 320 nm  [Cu(H3L)](NO 3)>»CH3CN-H20, 5. 5was prepared according to a

and contains th& enantiomorph in the crystal cell fa—4 similar method adopted fdt, using Cu(NQ)2-3H.0 instead of Mn-
andé. (NO3)2:6H,0. Ay = 185 S cnd mol™* in methanol. IR (cmY): vn-p

2800-2400;vc=n 1645.ue/Cu = 2.10ug at 300 K. Anal. Calcd for
CseH3sN1206Cu: C, 54.30; H, 4.56; N, 21.11. Found: C, 54.30; H,
4.59; N, 21.08. The crude products were recrystallized from a mixture
Caution! Nitrate salts of metal complexes with organic ligands are of acetonitrile/methanol/water. The green crystal thus obtained was
potentially explosie. Only small amounts of materials should be coated with epoxy resin and subjected to X-ray analysis. The X-ray
prepared, and the samples should be handled with much caution.  analysis reveals that the crystal contains one acetonitrile and one water
General Procedures.All chemicals and solvents used for the molecule as the crystal solvents, which are eliminated in the open
syntheses were reagent grade. Reagents used for the physical measurdtmosphere as indicated by the microanalysis.
ments were spectroscopic grade. [Zn(H sL)](NO 3)2:MeOH, 6. 6 was obtained as colorless crystals
[Mn(H 5L)](NO 3),»MeOH, 1. A methanol solution of 2-phenyl-4-  according to a similar method adopted fbrusing Zn(NQ).:6H.0
formylimidazole (2.583 g, 15 mmol, in 10 mL) was added to a methanol instead of Mn(NQ@)z:6H,0. Ay = 194 S cmi mol~* in methanol. IR
solution of tris(2-aminoethyl)amine (0.731 g, 5 mmol, in 10 mL). The (€M™): vn- 2900-2500; ve—n 1605. Anal. Calcd for &HadN1207-
mixture was stirred at room temperature for 30 min, and the resulting Zn: C, 53.53; H, 4.86; N, 20.25. Found: C, 53.54; H, 4.87; N, 20.20.
yellow solution was used in the subsequent reaction without isolation ~ Physical MeasurementsElemental analyses for C, H, and N were
of the ligand. A methanolic solution of Mn(NR-6H,0 (1.44 g, 5 performed at the Elemental Analyses Service Center of Kyushu
mmol, in 20 mL) was added to the ligand solution, and the mixture University. Infrared spectra were recorded using a Perkin-Elmer FT-
was stirred for 30 min at room temperature and filtered. The filtrate IR Paragon 1000 spectrometer with KBr disks. Electrical conductivity
was allowed to stand for several days, after which pale-green crystalsmeasurements were carried out on a Horiba DS-14 conductometer in
that had precipitated were collected by suction filtration, washed with ca. 103 M methanolic solutions. Magnetic susceptibilities were

Experimental Section

a small amount of methanol, and dried in vacua, = 165 S cm measured with a MPMS5 SQUID susceptometer (Quantum Design,
mol~t in methanol. IR (cmY): vn—y 3200—-2800;vc—y 1650. er/MN Inc.) in the 4-300 K temperature range under an externally applied
= 5.91ug at 300 K. Anal. Calcd for gHaN:20;Mn: C, 54.21; H, magnetic field of 1 T. The calibration was done with palladium metal.
4.92: N, 20.50. Found: C, 54.21: H, 4.91; N, 20.58. Corrections for diamagnetism were applied using Pascal’s consants.
[Fe(HsL)J(NO 3),xMeOH, 2. A methanol solution of FeG#4H,0 Effective magnetic moments were calculated using the equatios

(0.994 g, 5 mmol, in 20 mL) was then added to th# Hgand solution (8xaT)"? whereya is the magnetic susceptibility per metal. Circular

(5 mmol in 20 mL of methanol). After the reaction mixture was stirred dichromism spectra were measured with a JASCO J-720 spectropola-
for a while, sodium nitrate (0.850 g, 10 mmol, in 10 mL of methanol) fimeter by the KBr disk method.

was added to this solution. The reaction mixture was stirred for 30  X-ray Data Collection, Reduction, and Structure Determination.

min and filtered, and the filtrate was allowed to stand for several days. Each single crystal was mounted on a glass fiber and coated with epoxy
Yellow-orange crystals were formediy = 182 S cm mol™? in
methanol. IR (cm?Y): vn—y 3400-2850;vc—n 1646.uer/Fe= 5.52ug (26) Kahn, O.Molecular MagnetismVCH: Weinheim, 1993.
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resin. All crystallographic measurements were carried out on a Rigaku unweighted and weighted agreement factorfRef 5 ||Fo| — |Fcll/
AFC-7R diffractometer with graphite monochromated Ma Kadiation Y IFol andRy, = [SW(|Fo| — |Fc|)?YW|Fo|3*2 were used. The weighting

(A =0.71069 A) and a 12 kW rotating anode generator. The data scheme was based on counting statistics. Plofsve(iF,| — |Fc|)? vs
were collected at a temperature of 201 °C using thew—26 scan |Fol, the reflection order in data collection, i, and various classes
technique to a maximumé2value of 50.0 at a scan speed of 8:0 of indices showed no unusual trends. In the least-squares refinements,
16.0°/min (in w). The weak reflectiond (< 10.00(l)) were rescanned the Flack parameter defined #5| = (1 — X)|F(+)| + X|F(—)| was
(maximum of five scans), and the counts were accumulated to ensurerefined?’

good counting statistics. The intensities of three representative reflec-  Neutral atomic scattering factors were taken from Cromer and
tions were measured after every 150 reflections. Over the course of Waber?® Anomalous dispersion effects were includedrinthe values

the data collection, the standard reflections were monitored and decayAf’ andAf " were those of Creagh and McAuléThe values for the
corrections were applied through a polynomial expression. An empirical mass attenuation coefficients were those of Creagh and HébR#I.
absorption correction based on the azimuthal scans of several reflectionscalculations were performed using the teXsan crystallographic software
was applied. The data were also corrected for Lorentz and polarization package from the Molecular Structure Corporafion.

effects.

The space groupP2,2;2; for 1-3 and 6 was unequivocally Supporting Information Availabl_e: _ Th!'ee supplementary ORTEP
determined by the extinction rulé@, h = odd; &0, k = odd; 00, | drawmgs a_nd X-ray crystallographic files in CIF format for the structure
= odd). There are two possible space groupssfoP1 andP1. P1 is determinations of [M(L)](NO3),*MeOH (M = Mn (1), Fe @), Co
chosen because the structure was well determined and the constituent3): Zn (6)) and [Cu(HL)(NO3)2*CH,CN-H,O (5). This material is
atoms gave reasonable thermal parameters Whamas assumed. The available free of charge via the Internet at http://pubs.acs.org.
structures were solved by DIRDIFO2(PATTY) and expanded using cog12540
Fourier technique%’:28 The non-hydrogen atoms were anisotropically
refined. Hydrogen atoms at their ideal calculated positions were included
in the structure factor calculations but were not refined. Full-matrix

(29) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,

least-squares refinements ¥ 2.000(1)) were employed, where the Table 2.2A.
(30) Creagh and, D. C.; McAuley, W. J. Imternational Tables for
(27) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia- Crystallography Wilson, A. J. C., Ed.; Kluwer Academic Publish-
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smikalla, IRDIF92: ers: Boston, MA, 1992; Vol. C, Table 4.2.6.8, pp 21Zp2.
The DIRDIF Program System, Technical Report of the Crystallography (31) Creagh, D. C.; Hubbel, J. H. Imternational Tables for Crystal-
Laboratory, University of Nijmegen: Nijmegen, The Netherlands, lography, Wilson, A. J. C., Ed.; Kluwer Academic Publishers: Boston,
1992. MA, 1992; Vol. C, Table 4.2.4.3, pp 26206.

(28) Fan, H.-F.SAPI91 Structure Analysis Programs with Intelligent  (32) teXsan Crystal Structure Analysis Packag®lolecular Structure
Control; Rigaku Corp.: Tokyo, Japan, 1991. Corp.: The Woodlands, TX, 1985, 1992.





