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Abgract: The pendant-aam macrocycle, meso-5,5,7,12,12,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane- 1,8-di- (1-methylngphthadlene)  has  been  synthesized and its
gngle cydd dructure determined.  The molecule cryddlizes in a primitive monodinic
cdl, with the space group P2y/a (#14). The cdl dimensions are a = 10.778(3)A, b =
13.809(3) A, c = 11.420(2) A, $ = 102.49(2)°, volume = 1659.5(6) A>.

K eywor ds: Pendant-arm macrocycle, crysta structure, 1- methylngphthaene

Introduction

There is dgnificant interest in the synthesis and properties of polyazamacrocycles bearing pendant-
ams, paticularly those having ams attached a the nitrogen aoms of the macrocycles. Most such
functionalized macrocycles are often prepared by eaborate multi-step procedures, with synthess of
patidly functiondized macrocydes being more difficult than fully-functiondized ones. Interest in
these molecules and their trandtion metal complexes has focussed on agpplications to catdyss [1], o+
sectivity [2] and ther use as radioimmunotherapy agents [3]. Recent reviews have examined
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pendant-arm macrocycles as modds for biologicd molecules [4] and the synthess and reactivity of
multinuclear macrocyclic complexes [5]. The synthess and dructure of polyazamacrocycles bearing
pendant coordinating groups attached to the nitrogen donor atoms has been reviewed [6], as well as the
synthes's and properties of transtion metal complexes of tri- and tetraazamacrocycles[7].

We are currently interested in the effect of deric hindrance on the dectron transfer properties of
trangtion metal macrocycles. Our research involves the synthess of pendant-arm polyazamacrocycles
and their metal complexes, and the study of their redox kinetics [8]. This paper presents the synthesis
and characterization of a tetraazamacrocycle derived from meso-5,5,7,12,12,14- hexamethyl-1,4,8,11-
tetraazacyclotetradecane (“tetA”) bearing two pendant 1-methylnaphthaene groups, together with the
X-ray crysd dructure of the compound. The title pendant-arm macrocycle is shown in Figure 1. The
red numbering in the figure refers to the NMR assgnments (listed in the Experimenta section below);
the blue numbering corresponds to the aom labding in the crystdlographic data and the black
numbering (1,4,8 and 11) correspond to the compound’ s nomenclature.

Figure 1. Structura representation of the 1,8-di- (1- methylnaphthaene) derivative of tet A
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The molecule is of paticular interest for severd reasons as a tetraazamacrocycle it can coordinae
to redox-active fird-row trangtion metds, the pendant methylnaphthaenes provide steric bulk around
the macrocycle, hindering close approach of redox agents and so should influence eectron-transfer
kineticss, and the methylngphthdene groups introduce the possibility of interesting fluorescence
behaviour of the macrocycle and its metal complexes.

Results and Discussion
Refluxing of tetA with 1-chloromethylnaphthdene in the presence of carbonate (to remove by-

product HCl as NaCl, carbon dioxide and water) results in dkylation of the ring nitrogens via a
nucleophilic subgtitution reaction, represented by:
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tetA + 2RCl + NaCO3 ® tetA(R), + 2NaCl + CO, + H,O
whereR = -CH2C10H7.

Gengdly, dtempts to functiondize polyazamecrocydes by this method usudly result in fully-
subgtituted macrocycles. In the present system, the presence of the gemina dimethyl groups a the 5
and 12- pogtions of tet A introduce sufficient gteric hindrance to limit subditution to the 1- and 8-
positions only. While the synthetic procedure described in the Experimenta section uses a 2:1
stoichiometric ratio of reactants, experiments usng a goichiometric excess (> 4.2:1) of 1-chloro-
methylngphthaene to tet A, with prolonged refluxing (2 weeks) ill only produced the disubgtituted
product. The presence of unsubstituted N-H groups in the product was confirmed by the band at 3259
cmtin the infrared.

The title compound was found to be virtudly insoluble in weter, but very soluble in THF. Thus
X-ray qudity crystds were produced by dlowing the THF to dowly evaporate from an 80% by
volume solution of THF in water, containing the compound. The dructure of the molecule, displayed
usng the Mercury 1.1 crysd dructure visudization program (avalable as a free download from
CCDC) isshown in Figure 2.

Figure 2. Mercury 1.1 display of meso-5,5,7,12,12,14- hexamethyt- 1,4,8,11-
tetraazacyclotetradecane- 1,8-di- (1- methylngphthaene)

The bond lengths and bond angles are listed in Tables 1 and 2.
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Table1. Bond lengths (A)

atom aom Digtance Atom atom Digtance

N1 C3 1.49(1) N1 C4 1.46(1)

N2 C1 1.50(1) N2 C5 1.47(1)

N2 C6 1.46(1) Cl C2 1.51(2)

C1 C17 1.53(1) c2 C3 1.52(1)

C3 C18 1.55(1) C3 C19 1.54(1)

C4 C5 1.51(1) ce C7 1.52(1)

Cc7 Ccs8 1.37(1) C7 Ci15 1.41(2)

Cs8 C9 1.41(1) c9 Ci10 1.35(2)

Cl10 Ci16 1.41(1) Cl1 cCi2 1.34(1)

Cl1 Ci6 1.40(1) C12 Ci13 1.40(1)

Cl13 Ci4 1.38(1) Cl4 Ci15 1.42(1)

Cl15 Ci16 1.41(1)

Table 2. Bond Angles(©)

aom aom atom | Angle aom atom aom age
C3 N1 C4 115.1(7) Cl N2 G5 111.3(7)
C1 N2 C6 112.6(7) C5 N2 C6 110.8(7)
N2 Cl1 C2 112.4(8) N2 C1 C17 114.3(8)
Cc2 Cl1 C17 111.5(9) Cl C2 C3 120.3(9)
N1 C3 C2 107.8(8) N1 C3 C18 113.1(8)
N1 C3 C19 108.4(8) c2 C3 C18 109.7(8)
C2 C3 Ci19 108.7(9) Ci8 C3 C19 109.0(9)
N1 C4 C5 113.2(8) N2 C5 C4 114.8(8)
N2 C6 C7 112.9(8) ce C7 Ccs8 120.1(9)
C6 C7 Ci15 121.1(9) cs8 C7 C15 119(2)
C7 c8 C9 122(1) c8 C9 C10 120(1)
C9 Cl10 Ci16 121(2) Cl12 Cl1l1 Ci6 120(1)
Cl1 C12 cCi13 122(1) C12 Ci13 cCu4 120(1)
Cl13 Ci4 Ci15 119.9(9) C7 Ci5 cCu4 121.9(9)
C7 Ci15 Ci16 120(1) Ci4 Ci15 Ci6 118.1(9)
Cl0 Ci16 cC11 121(1) Cl10 Ci16 Ci5 119(1)
Cl1 Ci16 Ci5 121(2)

246

The GC, C-N, C-H bond lengths are in the norma range, as are the bond angles. The macrocycle
maintains a conformation with the tmethylnaphthdene arms trans to one another and to the adjacent
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methyl groups a the 5 and 14- postions of the macrocycle. This is the dericaly least hindered
conformation. The molecule has a centre of inverson, and there is hydrogen-bonding between N(1)-H
and N(2), which serves to lend some rigidity to the macrocyclic ring. The naphthaene groups within
each molecule are co-planar and are folded over the face of the macrocycle, effectively blocking access
to the macrocycle's cavity. It may be seen from the packing diagram (Figure 3) that there is long-range
stacking of the ngphthaene rings dong the b axis of the unit cell.

Interestingly, we found little or no interaction between the macrocycle and nickd(ll) ions in
agueous THF solutions when we attempted to prepare the nicke (1) complex of the ligand. While we
were initidly surprised by this observation, the crystd dructure suggests that the macrocycle presents
a very hydrophobic periphery, with access to the central cavity blocked by the pendant 1-methyl-
naphthalene moieties.

Figure 3. Packing diagram, viewing dong the b axis of the unit cdl

Current studies in our laboratory on this compound indicate that the macrocycle does form a
complex with copper(ll) ions, where the macrocyclic ligand is deformed, resulting in exposure of the
cavity. Thiswork will be reported |ater.

Experimental

General

NMR Spectra were obtained using a Bruker Avance 300MHz spectrometer, using deuterated
chloroform (CDChk) as solvent. FTIR Spectra were obtained as KBr pdlets, usng a Bruker Equinox
55 spectrometer.
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X-Ray qudity cydds of the titte complex were obtaned by dow effuson of THF from an
agueous THF solution of the macrocycle. A colourless plate crystad (0.06 x 0.20 x 0.24 mm) was
mounted on a glass fibre. The X-ray structure determination was performed on a Rigaku AFC5R
diffractometer, using graphite monochromated MoK - radiation (8 = 0.71073 D) and a rotating anode
generator. The structure was solved by direct methods [9] and expanded using Fourier techniques [10].
All cdculations were performed usng the teXsan [11] crystdlographic software package of Molecular
Structure Corporation.  Atomic coordinates and equivaent anisotropic  displacement parameters,
together with torson angles have been deposited with CCDC as supplementary information [12]. The
crystalographic parameters are given in Table 3.

Table 3. Crystalographic parameters

Empiricd Formula C3gHs2N4
Formula Weight 564.86

Crysta Color, Habit colourless, plate
Crygstd Dimensions 0.06 x 0.20 x 0.24 mm
Crystd System monodlinic

Lattice Type Primitive

Space Group P21/a(#14)

L attice Parameters a= 10.778(3) A

b= 13.809(3) A
c= 11.420(2) A

3= 102.49(2)0
Volume 1659.5(6) A3
No. of Reflections Used for Unit Cell Determination (29 range) 25(20.4- 26.00)
Omega Scan Pesk Width a Half-height 0.250
Zvdue 2
Dcac 1.130 g/em3
FO00 616.00
H(MoK:-) 0.66 cnrl
Function Minimized Sw (JFol - |Fc])2
Least Squares Weights 1/$(Fo) = 4F02/¢(Fo?)
p-factor 0.0142
Anomaous Disperson All non-hydrogen atoms
No. Observations (1>3.005(1)) 588
No. Variables 101
Reflection/Parameter Ratio 5.82
Resduds R; Rw 0.059; 0.056

Goodness of Fit Indicator 231
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Max Shift/Error in Find Cycle 0.00

Maximum pesk in Find Diff. Map 0.16 e /A3

Minimum pesk in Find Diff. Map _0.18 /A3
Syntheses

1-Chloromethylngphthdene  (Aldrich) was used as received. Tt A was syntheszed as the
dihydrate according to the literature [13] and was recrystallized from water prior to use. Its purity was
checked by MP (143-145°C; Lit.146-148°C [14]) and *H-NMR (ppm): 1.06 and 1.05 (2 s, 12 H, 1),
1.38 (m, 4 H, 3), 280 (m, 2 H, 4),098(d, J=6.0Hz, 6 H, 5), 3.2 (br s, 4H, 6), 280 (m, 2 H, 7) and
226 (doft,J=22Hzand 11 Hz, 2H, 7),280 (m, 2H, 5and 8) and 252 (d of t, J= 2.6 Hz and 12
Hz, 5 and 8); 3C-NMR (ppm): 24.4 (1a), 29.1 (1b), 53.3 (2), 52.0 (3), 51.4 (4), 21.6 (5), 48.3 (7) and
42.4 (8); the IR spectrum (KBr) showed peaks at 3403 (N-H), 1177 (C-C-N), 1156 (C-N), 754 (N-H),
and 511 cm'* (C-N-C).

Meso-5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacycl otetr adecane-1,8-di-(1-methyl naphthal ene)

To a stirred dlution of Echloromethylngphthalene (8.66g, 0.0490 mal) in THF (20 mL) was added
tetA.2H,0 (7.759, 0.0242 mol) in methanol (100 mL) and a solution containing Na&COs (5.20g,
0.0490 mal) in water (40 mL). The reaction mixture was refluxed for 24 hours. The solution was
cooled to room temperature and the white solid that had precipitated during the reaction was filtered,
washed with cold water and ar-dried. The solid was recrystalized from THF and water (yidd 6.75 g
(81.4 %)). M.P. 257 - 260 'C; *H-NMR (ppm): 0.90 (s, 6H, 1a), 0.03 (s, 6H, 1b), 2.38 (m, 2H, 3) and
0.95 ppm (d, J= 3.0 Hz, 2H, 3), 2.93 (m, 2H, 4), 1.00 (d, J= 6.0 Hz, 6H, 5), 3.23 and 1.75 (2 br s, 2H,
6 and 15), 3.45 (d of t, J= 3.0 Hz and 12 Hz, 2H, 7) and 2.39 (m, 2H, 7), 2.93 (m, 2H, 8) and 2.39 (m,
2H, 8), 4.61 (d, J= 12 Hz, 2H, 19) and 3.37 (d , J= 12 Hz, 2H, 19), 7.81 (m, 1H, 21), 7.81 (m, 1H,
22),9.27 (d, J=8.4 Hz, 1H, 23), 7.42 (m, 1H, 25), 7.54 (m, 1H, 26), 7.54 (m, 1H, 27) and 7.42 (m, 1H,
28); 13C-APT NMR (ppm): 29.0 (1), 22.0 (1b), 52.9 (2), 46.8 (3), 49.6 (4), 11.6 (5), 45.9 (7), 39.3 (8),
51.8 (19), 135.8 (20), 128.1 (21 and 22), 127.2 (23), 134.1 (24), 128.6 (25), 125.7 (26), 125.8 (27),
125.0 (28) and 133.5 (29); the IR spectrum (KBr) showed pesks at 3259 (N-H), 1597 and 1510
(aromatic ring stretch), 1198 (C-C-N), 779 to 807 (C-H out of plane deformation), 477 and 649 cmt
(in plane ring deformation).
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