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A Self-assembled Helix from 4,6-Dimethylpyrimidine and Copper(Il) Bromide
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A 1:1 polymeric complex of 4,6-dimethlpyrimidine and
CuBr, was spontaneously resolved to afford a 6, helix. Steric ef-
fects seem to play an important role for constructing a helical
structure. Magnetic measurements showed a uniform S = 1/2
1-D behavior. A dinuclear complex is also obtained as a precur-
sor to the polymeric complex.

Various self-assembled structures have been developed
from pyrimidines and transition metal ions, such as di- and trinu-
clear complexes,1 hexagons,2 cis-> and trans-zigzag chains,*®
and 3-D networks.” Lehn and co-workers exploited supramolec-
ular approaches to helicates using oligo—bipyridines.8 Oligo-ter-
pyridines and -phenanthrolines have also been utilized for vari-
ous helicates.’ Peng et al. '%and Cotton et al.'! reported the metal
wires supported by helical oligo-dipyridylamido ligands. We
will report here a chiral crystal containing a 6; helical structure
consisting of simple 4,6-dimethlpyrimidine (DMPM) and cop-
per(Il) bromide; namely, a helicate was prepared without sup-
port from pre-organization of ligands.

An ethanol solution (3mL) containing DMPM (46 mg;
0.42 mmol) was slowly added to an ethanol solution containing
CuBr; (92mg; 0.41 mmol), and the combined solution was al-
lowed to stand in a refrigerator for a day. Black hexagonal
prisms of [DMPM-CuBr,-(C,HsOH),], (1) were precipitated.
They were collected on a filter and washed with a small amount
of ethanol. The yield was 66 mg (0.20 mmol; 48%). The crystals
were subjected to structural and magnetic studies without further
purification. Anal. Calcd.: C, 8.26; N, 22.43; H, 2.67% for 1 with
x =0.17. Found: C, 8.19; N, 22.98; H, 2.59%. The elemental
analysis indicated that the products contained some solvent, de-
pending on the degree of evacuation. A similar procedure using
methanol as a solvent gave green blocks of a dinuclear complex
[DMPM3;-(CuBr;),-(CH30H),] (2). In some case both types of
compounds were precipitated at a time, and the crystals could
be separated manually based on the different shapes and colors
under a microscope.

Diffraction data of a single crystal of 1 were collected on a
Rigaku R-axis RAPID diffractometer with graphite monochro-
mated Mo Ka: radiation (1 = 0.71069 A) at 90 K.'? The space
group was hexagonal P6;22. A half portion of DMPM and
CuBr; was crystallographically independent and Z = 12. The
molecular structure was expanded according to the symmetry,
giving a helical structure (Figure 1).

The space group of 1 is chiral, and there is no enanthiomeric
helix in a crystal. Thus, spontaneous resolution took place during
the crystallization, though the starting materials DMPM and
CuBr;, are achiral.

The dc magnetic susceptibility of the randomly oriented pol-
ycrystalline sample of 1 was measured on a Quantum Design
MPMS SQUID magnetometer at 5 kOe over a temperature range
1.8-300 K. As Figure 2 shows, the molar magnetic susceptibility
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Figure 1. Crystal structure of [DMPM-CuBr,-(C,H50H),], (1;
x = 1). (a) ORTEP drawing as a top view with thermal ellipsoids
at the 50% probability level. Hydrogen atoms are omitted. A
structural formula is also shown. Only oxygen atoms are drawn
for the solvent molecules.'? Selected interatomic distances and
angles are: Cul-Brl, 2.346(2); Cul-Ol, 3.10(2); Cul-NI1,
2.02(1)A; Brl-Cul-Brl*, 168.6(2); N1-Cul-N1*, 163.1(7);
Br1-Cul-O1, 84.3(1); Brl-Cul-N1, 91.1(4); Br1-Cul-N1¥,
90.5(4); 01-Cul-N1, 98.5(3)°; Cul---Culf, 12.04 A. Symme-
try operation codes for *, #, and T are (—y, —x, —7/6 — 2),
(x—y, =y, =1 —2), and (—x, —y, 1/2 + 7), respectively. (b)
A side view. Three pitches are shown in an infinite helix.

of 1 was reproduced with a combined expression of a Bonner—
Fisher term'> and a small contribution of a Curie spin. The best
optimized parameters were: g = 2.16(1) and 2J /kg = —56.7(3)
K, where the spin Hamiltonian is defined as H = —2JS; - S,.
This finding indicates that the copper spins are arranged in a
1-D array with equally spacing, being consistent with the crystal
structure determined. The Curie term (Ccuie = 0.014cm’K
mol~!) corresponds to 3.2% of the total copper(Il) spins, which
is ascribable to lattice defects or other origins (e.g. staggered
fields caused by the canting g-tensors of neighboring Cu ions).”

In 1, pyrimidine nitrogen atoms were coordinated at the
equatorial positions. The o-type orbital overlaps between copper
d,»_,» and nitrogen n orbitals on both sides bring about an anti-
ferromagnetic superexchange through the pyrimidine molecular
orbitals.**!*

Steric effects seem to play an important role in forming hex-
agons vs zigzag chains, as previously pointed out on the crystal
engineering of isophthalic acids." Actually, the methyl groups
in DMPM are needed for the preparation of 1, as indicated by
the following results: Complexation of unsubstituted pyrimidine
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Figure 2. Temperature dependence of the molar magnetic sus-
ceptibility X, for [DMPM.:CuBr,-(C;HsOH)g 17], (1). Solid
and dotted lines represent calculated curves. For details, see
the text.

Figure 3. ORTEP drawing of [DMPM,-(CuBr;),-(CH30H),]
(2) with thermal ellipsoids at the 50% probability level. H atoms
are omitted.

(PM) and CuBr, gave only unidentified solids, and the PM-
bridged copper(Il) nitrate and 1,1,1,5,5,5-hexafluoropentane-
2,4,-dionate complexes have been characterized as zigzag
chains.*® We also have to pay attention to solvated molecules
in coordination compounds.16 To clarify driving forces of the he-
lix formation preferable to planar cyclization, we analyzed the
molecular structure of 2" (Figure 3), which can be regarded as
a precursor of 1.

Each copper(Il) ion in 2 possesses a methanol molecule as
an axial ligand. Owing to the steric repulsion, the copper ions
can not accept another axial ligand, and the anti configuration
is favored with respect to methanol and two methyl groups
(O1-C19 and C6; O1-C19 and C11). Accordingly, the two
methyl groups are located in the same hemisphere of the copper
surroundings, giving rise to a bent (DMPM);(CuBr;), backbone.
This geometry also forces two neighboring methanol ligands
close to each other (see C19 and C20), and they have to steer
to opposite directions. The neighboring copper basal planes
are twisted. A possible mechanism for the helix formation of 1
is as follows. Ethanol molecules are once coordinated to cop-
per(Il) ions, and a bent and twisted DMPM-CuBr, backbone
is formed like 2. After the helical polymerization, the ethanol li-
gands easily escape from the axial positions because of the less
ligating nature than that of methanol. In fact, the X-ray crystal
structure of freshly prepared 1 was solved to be a helix in a trigo-
nal P3;21 space group at 90 K. Although the final R factors were
rather unsatisfactory (R = 0.083 [/ > 20(])]), the electron den-
sity peaks due to the solvent could be observed more sharply
than the analysis on evacuated samples.

We thank Dr. D. Hashizume and Prof. F. Iwasaki for kind
assistance in the X-ray crystal structure analysis.
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