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A new ligand, 1,12,15-triaza-3.4:9,10-dibenzo-5,8-dioxacyclopentadecane, has been synthe-
sized and characterized as the hydrobromide salt, on the bases of analytical data, 'H NMR,
IR and FAB mass spectra. An X-ray crystal structure shows the ligand crystallizes in the rhom-
bohedral system, space group R3, with a=35.194(1), b=35.194(1), c=10.397(1) A, v=120°,
V=11152.6(1)A3, Z=18, refined to R=0.061 for 1120 observed reflections with /> 3o(1)
from 3392 independent reflections. Stability constants for 1:1 complexes of transition metals
and protonation constants for the ligand have been determined by potentiometric titration in
95% ethanol (J = 0.1, (CH;3)4NCl) at 25°C.

Keywords: Crystal structure; macrocyclic ligand; stability constants

INTRODUCTION

The main aim in macrocyclic design is to synthesize macrocycles which are
able to discriminate between different metal cations. Many factors influence
the selectivities of macrocycles for cations, such as substituent effects, donor
atom type and number.'

Lindoy and co-workers have studied the effects of mixed nitrogen and
oxygen ligands with various pendant carboxylic acid arms on stability and

* Corresponding author.
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selectivity.*~® In an attempt to further study the properties of new macro-
cyclic derivatives with varying types and numbers of pendant arms, we have
synthesized a new macrocyclic ligand and describe its structure in this paper.
Protonation constants for the ligand and stability constants for transition
metal complexes have been determined and compared with analogous
ligands, as shown below.

o ﬁ@d;g

N
Rz
L1 L, R1 =R2 =R3 =H
L3 R,=R,=R,=CH, COOH
L4 Rl =R3 =H, R2 =CH2 CH2 NHz
EXPERIMENTAL

All chemical reagents were commercial products of analytical grade. The
solvents were purified by conventional methods. The parent macrocycle
1,12,15-triaza-3,4 : §,9-dibenzo-5,8-dioxacyclooctadecane was synthesized
previously.’

Synthesis of Ligand (L,)

Some 50 cm? of a dry methanol solution of sodium hydroxide (0.05 mol) was
added to 50cm® of a dry methanol solution of bromoacetic acid (7g,
0.05 mol) at 10°C. The mixture was added in portions to a mixture of parent
macrocycle (27.3 g, 0.08 mol) and powdered anhydrous sodium carbonate
(0.1 mol) in 400cm® of methanol, then refluxed with stirring for 24 h. The
mixture was cooled and the white precipitate of sodium hydrogen carbonate
was filtered off. After nearly complete evaporation of the solvent, distilled
water (200 cm®) was added to the residue, the white precipitate of unreacted
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parent macrocycle was filtered off, and the solution was acidified to pH
5.5-6.5 with hydrobromic acid. The product precipitated as a white solid.
Yield: 32%. Anal. Calc. for C,;Hp9N303Br; (%): C, 40.51; H, 5.34; N, 7.73,
Found: C, 40.49; H, 5.50; N, 7.76. IR (em™'): 1625 (vc—o); '"H NMR (D,0):
§3.2 (1H, NH"), §3.4-3.9 (8H, NCH,), 6§4.1 2H, CH,0), 6§4.36 (4H,
ArCH,), 64.5-4.6 (2H, NH7 ), 64.8 (4H, OCH,), § 7.0-7.5 (8H, Ar); FAB-
Ms: m/e 382.

Potentiometric Determinations

Potentiometric measurements and computation of the protonation and sta-
bility constants were carried out by procedures described previously.® Typi-
cal concentrations of experimental solutions were 2.00 x 10> mol - dm~> of
ligand and 0.100moldm ™ of KOH, and initial solution volumes were
50.0 cm®. Twenty experimental data points were recorded by the titration for
measurement of protonation constants. Three parallel titrations were per-
formed for determination of the error. Standard stock solutions were pre-
pared from analytical grade Cu(ClOy4),, Ni(ClOy),, Co(ClO,),, Zn(Ac), and
Cd(NOs),. The meter-glass electrode system was calibrated by standard acid
with KCl at 0.100 moldm™ as the supporting electrolyte to read hydrogen
ion concentration, [H™], directly so that the measured value was — log[H].

Crystal Data

Data were collected at 294K on a Rigaku RAXIS IIC imaging-plate dif-
fractometer using MoK a radiation from a rotating-anode generator operat-
ing at 50kV and 90 mA (exposure 8 min per frame). Absorption corrections
were made using the ABSCOR program based on Fourier coefficient fitting
to the intensities of symmetry-equivalent reflections.” The structure was
solved by direct methods and refined on F? by full-matrix least-squares
methods using SHELXTL.!® All non-hydrogen atoms were refined aniso-
tropically to a final R=0.061, R, =0.1814 for 1120 observed reflections
with 1> 30(7) from 3392 independent reflections. All the hydrogen atoms
were placed in calculated positions (C~H, 0.96 A), assigned fixed isotropic
thermal parameters at 1.2 times the equivalent isotropic U of the atoms to
which they are attached, and allowed to ride on their respective parent
atoms. The contributions of these hydrogen atoms were included in the
structure factors calculations. All computations were carried out on a 586
computer using the SHELXTL program package, Analytical expressions of
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neutral atom scattering factors were employed and anomalous corrections
were incorporated.'!

RESULTS AND DISCUSSION

Protonation and Stability Constants

The protonation constants X were determined potentiometrically by titrat-
ing the respective ligand hydrochlorides with base. Protonation constants of
L, and analogous ligands are listed in Table I.

For L;, there are three nitrogen donor groups. Log K| refers to protona-
tion of substituted nitrogen (N1); Log K, refers to protonation of a second
amine nitrogen atom; Log K3 corresponds to protonation of other sub-
stituted nitrogen of the macrocycle. Negative charge on nitrogen decreases
owing to conjugation between N and C=0, as demonstrated by the crystal
structure of L. Ether oxygen donors of the ligand are too weakly basic to
be protonated.

The interaction of ligand L, and transition metal (Cu®>*, Ni**, Co*",
Zn*", Cd**) has been studied in 95% ethanol solution (I=0.1, (CH;),NClI,
25°C). Stability constants for 1: lcomplexes are listed in Table 11.

For L,, formation of equilibrium is very slow, and the formation con-
stants are small compared with the corresponding parent macrocycle L, and

TABLE I Protonation constants of macrocyclic ligands
(£0.05) at 25°C

Ligand log K, log K> log K3 log Ky
L, 10.21 6.85 3.91

L 9.47 8.27 2.35

L 10.33 9.30 3.70 2.10

L 9.90 8.78 3.15 2.08

TABLE II LogK values for metal compiex formation
(£0.2) at 25°C

Ligand Co Ni Cu Zn Cd
Ly 4.6 58 8.9 5.0 d
LS 7.6 10.0 144 75 8.7
L 14.2 >15 d 14.5 4
L 1.5 11.8 12.3 12.5

dPrecipitation occurred.
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substituted macrocyclic ligands, Ly and L. Oxygen atoms do not coordi-
nate with the transition metals. It has been found that it is more difficult to
form complexes for substituted macrocyclic ligands than unsubstituted
macrocyclic ligands. X-ray crystal structures and molecular model studies of
the complexes of macrocycles containing N-benzyl!® and N-cyanoethyl'*
arms indicate the substituents greatly restrict the formation of complexes.

Crystal structures show that ether oxygen atoms of the unsubstituted par-
ent macrocycle participate in the formation of complexes,'® but those of N-
substituted macrocycle do not coordinate with the metal ion'® in general
when pendant arms are present on the macrocycle. The results confirm that
ether oxygen atoms are less capable of binding than the amine nitrogen
atoms of the macrocyclic ligands.

Crystal Structure

Crystal data for the ligand (L;) are given in Table III and final atomic
coordinates in Table IV. Selected bond distances and angles are listed in
Table V. An ORTEP plot of the macrocycle is displayed in Figure 1 C-N
bonds, 1.414(1)A, because of conjugate effects between C—O and N(2).

TABLE III Crystal data and structure refinement details for the

ligand

Empirical formula C,2 Hyo Bry N3O,
Formula weight 543.29
Temperature (K) 296(2)
Wavelength (A) 0.71073

Crystal system R;

Space group Rhombohedral
Unit cell dimensions

a(A) 35.194(1)

c(A) i 10.397(1)
Volume (A%) 11152.6(12)

VA 18

D.(mgm™) 1.451

p(mm™") 3.297

F (000) 4932

Crystal size (mm?) 0.63 x 0.35x0.22
Colour Colourless

0 range for data collection (°) 2.00-25.00
Reflections collected 3705

Independent reflections
Refinement method

3392 (R(int) =0.025)
Full-matrix least-squares on F?

Data/restraints/parameters 3392/0/271
Goodness-of-fit on F? 1.045
Final R indices (1 > 20(1))

R 0.0621

R, 0.181
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TABLE IV Atomic coordinates (x 10% and equivalent isotropic displacement parameters
(A2 x 10%). U(eq) is defined as one third of the trace of the orthogonalized Uy tensor

x/a yib zje Uleq)
Br (1) 374(1) 8080(1) ~9155(1) 65(1)
Br(2) ~160(1) 8681(1) —2793(1) 85(1)
o) —784(2) 7161(1) — 8428(4) 712)
oQ) —374(1) 7252(1) — 5967(4) 68(2)
0o@3) —894(1) 8005(1) — 6158(4) 66(2)
N(1) —983(1) 8005(2) — 9641(5) 47(2)
NQ2) ~ 426(2) 8500(2) ~ 7568(5) 47(2)
N@3) —60(2) 8196(2) — 5276(6) 59(2)
(1) ~753(2) 7778(2) - 10201(7) 522)
cQ) ~1061(2) 7293(2) — 10366(6) 54(2)
ci3) — 1354(2) 7123(2) — 11390(7) 68(2)
C(4) — 1641(2) 6674(3) ~ 11512(8) 76(3)
) — 1638(2) 6396(2) — 10626(8) 71(3)
C(6) ~1351(2) 6556(2) - 9610(8) 70(2)
C(7) —1062(2) 6997(2) —9461(7) 55(2)
C(8) - 537(2) 6962(2) —8033(7) 89(2)
Co) —597(2) 6857(2) — 6714(8) 77(3)
C(10) —342(2) 72142) ~ 4671(7) 59(2)
c@1) —575(2) 6824(2) ~3999(8) 67(2)
c(12) —525(2) 6819(2) —2672(8) 74(3)
c(13) ~238(2) 7207(2) —2063(7) 71(2)
C(14) —16(2) 7588(2) —2706(7) 63(2)
C(15) —53(2) 7598(2) —4027(7) 53(2)
c(16) 204(2) 8010(2) ~ 4806(7) 61(2)
camn 179(2) 8590(2) ~6103(7) 58(2)
C(18) —112(2) 8757(2) ~ 6563(7) 62(2)
c(19) —1325(2) 8657(2) — 8887(6) 57(2)
C(20) —720(2) 8490(2) —9714(7) 56(2)
c@l) ~1133(2) 7881(2) — 8278(6) 56(2)
C(22) —1799(2) 8142(2) - 7253(6) 53(2)

TABLE V Selected bond lengths (A) and bond angles (°) for the structure

ol C7 1.371(86) ol Cs 1.422(9)
o2 Cl0 1.364(8) 02 C9 1.434(8)
03 22 1.217(7) N(1) C20 1.482(7)
NI c21 1.499(8) N1 Ci 1.508(8)
N2 c22 1.326(7) N2 Ci9 1.455(8)
N2 c18 1.460(8) N3 C16 1.462(9)
N3 C17 1.485(8) Cl 2 1.507(8)
2 C3 1.392(9) 2 c7 1.403(10)
c3 c4 1.394(10) ca Cs 1.347(11)
Cs c6 1.371(10) c6 C7 1.374(9)
cs C9 1.408(10) Cl10 Cll 1.387(9)
C10 Cls 1.392(8) clt c12 1.392(11)
ci2 C13 1.380(10) C13 Cl4 1.346(10)
Cl4 Cl5 1.382(10) C15 Cl6 1.505(9)
c17 C18 1.493(10) C19 C20 1.486(9)

“C21 C22 1.512(8)




14:36 23 January 2011

Downl oaded At:

TABLE V (Continued)

NOVEL MACROCYCLES

C7
C20
C21
C22
Cl16
c3
(oy)
Cs
Cs
01
co
02
C11

Ol C8
Nt C21
NI C1
N2 Ci8
N3 C17
C2 (07)
C2 Cl1
C4 C3
C6 C7
(o7} C2
C8 Ol
C10 c1
Cl10 C15
C12 Cl1
Cl4 C1s
Cl5 Clé
C16 Cl15
Cl8 C17
C20 C19
C22 N2
C22 C21

120.3(6)
108.1(5)
114.6(5)
119.7(5)
114.8(5)
118.0(6)
119.9(6)
119.8(7)
121.9(7)
118.6(5)
111.2(7)
123.9(6)
120.2(7)
118.5(7)
120.3(6)
122.7(6)
113.6(5)
116.1(6)
110.2(6)
123.6(6)
120.2(6)

118.2(5)
113.6(4)
122.1(6)
118.2(4)
111.7(4)
122.2(6)
121.1(7)
120.0(6)
122.2(7)
119.2(7)
109.6(6)
115.9(6)
119.7(6)
122.1(7)
119.0(6)
118.2(6)
111.9(5)
113.1(5)
115.7(5)
116.1(5)

FIGURE 1

Other bond lengths and angles are within ranges of the reported values.

ORTEP plot of L, with atomic numbering scheme (Br ion is omitted for clarity).

17,18

Protonated N atoms in the macrocycle are N1 and N3. A six-membered ring
(N1, C21, C22, C19, N2 and C20) is due to the N, N-substituent. N1, C21,
C22, C19, N2 and O3 form a plane with mean deviation 0.05A. C20 is
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0.63 A from the plane. The O1, 02, N1, N2 and N3 atoms of the macrocycle
ring also lie in a plane with mean deviation 0.09 A. The dihedral angle
between the two planes is 56.7°.

The crystal structure is stabilized by intramolecular hydrogen bonds. N3
and N1 and Br(2) form two intermolecular hydrogen bonds (Br(2)---
N(@3)=3.213(1)A; Br(1) - - - N(1) = 3.177(2) A).
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