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Metal Complexes of Macrocyclic Ligands
Part XLVII')
Copper(II)) and Nickel(II) Complexes of ‘frans’-Difunctionalized Tetraaza
Macrocycles
by Antonio Comparone and Thomas A. Kaden*

Institute of Inorganic Chemistry, Spitalstr. 51, CH-4056 Basel

Reductive cleavage of the bis-aminal 1 of 1,4,8,11-tetraazacyclotetradecane allows a new synthesis of 1,8-
dimethyl-1,4,8,11-tetraazacyclotetradecane (3), which is an ideal starting compound for preparing ‘trans’-
difunctionalized derivatives. Thus, 3 was reacted to give the macrocyclic diacetonitrile 5§ and dipropanenitrile 9.
These were reduced with Raney-Ni and H, to the corresponding diamines 6 and 10, respectively. In addition, §
was selectively hydrolysed to the diacetamide 7 and fully hydrolysed to the diacetic acid 8. The Cu?* and Ni**
complexes of these new ligands were prepared and their spectral and structural properties studied. Whereas 3
yielded square planar species, the functionalized derivatives gave penta- or hexacoordinate complexes. The
ligands with amino groups in their side chains (6 and 10) formed square planar species at acidic pH (amino
groups protonated), but pentacoordinate geometries resulted at alkaline pH, where one amino group
underwent coordination. In contrast, the diacetic acid 8 gave distorted octahedral Cu** and Ni** complexes.

Introduction. — The functionalization of tetraazamacrocycles has given to coordi-
nation chemists many new and interesting ligands [2]. Beside C-functionalization,
which is, in general, more difficult to achieve, N-functionalization with side chains
carrying ligating groups has been developed to the extent that macrocycles with high
selectivity and high thermodynamic and kinetic stability can now be prepared.

The easiest synthetic approach is persubstitution, in which all four N-atoms of the
macrocycle are alkylated or acylated. Examples with carboxylate [3], amine [4],
pyrazole [5], pyridine [6], hydroxo [7], and phosphonate [8] donors have been described.

Synthetically more demanding is the preparation of mono-, di-, or trisubstituted
derivatives. Several approaches have been tested. Thus, for monosubstituted deriva-
tives, the selective alkylation [9], the protection with three easily-to-cleave-off groups,
and the template synthesis with compounds already functionalized have been described
[10]. The protection of three N-atoms can be achieved in several ways. Using Me
groups, which of course cannot be cleaved off any more, one can introduce one side
chain at the non-methylated N-atom, whereby macrocycles with tertiary amino groups
result [11]. On the other side, one can also use protecting groups, such as tosyl [12] or
(tert-butoxy)carbonyl(Boc) [13], or use 3-N-bridged derivatives containing P or B
[14][15], Cr(CO); as well as Mo(CO); [16], or CH [17]. The N-alkylation can be
achieved with all these compounds followed by deprotection to give mono-N-
functional derivatives.

1) Part XLVL [1].
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The 3-N-bridged derivatives have also been used to prepare trisubstituted
macrocycles, since they allow to introduce orthogonal N-protecting functions, and,
thus, after removing of the protection at the three N-atoms, one has a monoprotected
derivative [17].

Disubstitution can be realized starting from dimethyl derivatives, whereby ‘cis’ [18]
and ‘trans’ [19] isomers have been used, or by introducing tosyl [20] as protecting
groups (‘cis’ and ‘trans’ refer to the relative position of two (substituted) N-atoms in a
(metal-free) macrocyclic ligand). In addition, selective dialkylation seems also possible.
An especially interesting example has been published by Anelli et al. [21] with the
preparation of selectively substituted ‘trans’ derivatives of 1,4,7,10-tetraazacyclodode-
cane.

Since relatively few compounds of this type have been studied in the case of
1,4,8,11-tetraazacyclotetradecane, we have developed a new synthesis for the 1,8-
dimethyl derivative, which allows the selective introduction of two side chains in ‘trans’
position.

Experimental. — 1. General. Compound 1,4,8,11-tetraazatricyclo[9.3.1.1.*%]hexadecane (1) was prepared
according to [22]. Solns. were evaporated in a rotatory evaporator. 'H- and *C-NMR Spectra: Varian
Gemini 300; 0 in ppm rel. to SiMe, as internal standard for CDCl; or sodium 3-(trimethylsilyl)propane-1-
sulfonate for D,O soln. TLC: aluminium oxide 60 F,s, neutral (Merck, type E) or silica gel 60 F,5, (Merck).
Flash chromatography (FC): silica gel 60 (0.04—-0.06 mm, 230—-400 mesh, Merck); method of Still et al. [23].
M.p.: Biichi 535; not corrected. GC/MS: Hewlett-Packard (mass-selective detector 5971, gas chromatograph
5890 series 1I); column ‘Me,Si’, 12 m. FAB-MS: VG 70-250; nitrobenzyl alcohol as matrix, m/z (rel. %).
Elemental analysis were performed by the analytical laboratory of Ciba-Geigy AG, Basel.

2. Ligands. 4-Methyl-1,4,8,11-tetraazabicyclo[9.3.1pentadecane (2). To a soln. of 1 (5.0 g, 22.3 mmol) in
abs. EtOH (150 ml), 10% Pd/C (450 mg) was added. The mixture was hydrogenated (60 atm) at r.t. for 96 h.
Then, it was filtered over Celite and evaporated yielding a light yellow oil (5.0 g). This was purified by FC (silica
gel 60, 50 x 8 cm, EtOH/25% NHjsoln. 11:2). The fractions were analysed by TLC (EtOH/25% NHjsoln. 7: 3)
and GC/MS: 229 ([M +2H]*'), 227 ([M +H]"), 226 (M™").

1,8-Dimethyl-1,4,8,11-tetraazacyclotetradecane (3). To a soln. of 1 (5.0 g, 22.3 mmol) in abs. EtOH (250 ml)
at —10°, Raney-Ni (5.0 g) and lig. NH; (100 ml) were added. The mixture was hydrogenated (130 atm) at 60°
for 336 h. Then it was filtered and evaporated giving a yellow oil (4.8 g) which was analysed by GC/MS: two
main products 4 (50% ) and 3 (43%) as well as a small quantity of by-products (7% ). The oil was purified by FC
(silica gel 60, 50 x 8 cm, EtOH/25% NHj soln. 11:2): 2.0 g (40% ) of crystalline 3. The compound was sublimed
at 50°/0.1 mbar. M.p. 25-30°. 'H-NMR (CDCl;): 1.80 (¢, CH,CH,CH,); 2.24 (s, MeN); 2-3 (NH); 2.46, 2.52,
2.73, 277 (4t, CH,N). BC-NMR (CDCl;): 25.55 (CH,CH,CH,); 42.06 (MeN); 47.17, 49.82, 56.69, 57.12
(NCH,N). Anal. calc. for C;,HxN,-0.25 H,0O (232.89): C 61.89, H 12.24, N 24.06; found: C 62.17, H 12.18,
N 23.99.

The tetrahydrochloride was prepared by treating 3 (220 mg) with 18% HCl soln. (8 ml) and so much EtOH
until crystallization began. After cooling to —10°, the crystals were filtered and washed with abs. EtOH.
'H-NMR (D,0): 2.22 (¢, CH,CH,CH,); 3.04 (s, MeN); 3.44, 3.53 (21, CH,N ); 3.70, 3.73 (25, CH,N ). ®C-NMR
(D,0): 20.65 (CH,CH,CH,); 45.03 (MeN); 39.63, 43.82, 49.04, 52.71 (CH,N). Anal. calc. for C;,HxN,-3.95
HCI (372.76): C 38.67, H 8.64, C137.66, N 15.03; found: C 38.65, H 8.74, C1 37.54, N 15.27.

4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diacetonitrile (5). To a stirred soln. of 3 (20g,
8.8 mmol) and 37% formaldehyde soln. (1.6 ml, 17.9 mmol) in H,O (15 ml), cooled to 0°, KCN (1.45 g,
22.3 mmol) in H,O (15 ml) was slowly added. The soln. was kept overnight at r.t., then alkalinized with NaOH,
and extracted with CH,Cl, (5 x 30 ml). The org. phase was dried (Na,SO,), filtered, and evaporated. The
product was recrystallized from EtOH to give colourless crystals (2.0 g, 78% ) which were dried under high
vacuum. M.p. 137-138°. 'TH-NMR (CDCL): 1.61 (¢, CH,CH,CH,); 2.19 (s,2 MeN); 2.41, 2.45, 2.62, 2.64 (4t,
CH,N); 3.63 (s, NCH,CN). BC-NMR (CDCl,): 24.77 (CH,CH,CH,); 42.35 (NCH,CN); 43.13 (MeN); 50.38,
51.10, 52.97, 54.50 (CH,N); 114.99 (CH,CN). FAB-MS: 308 (18, [M +2H]"), 307 (100, [M +H]"), 306 (32,
M™*). Anal. calc. for C;sH;,Ng (306.45): C 62.71, H 9.87, N 27.42; found: C 62.60, H 9.84, N 27.51.
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4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diethanamine Hexahydrochloride (6-6 HCl). To a
cooled soln. of 5 (1g, 3.26 mmol) in EtOH (200 ml), Raney-Ni (5 g) and liq. NH; (ca. 50 ml) were added.
The mixture was hydrogenated (70 atm, 45°) for 1 week in an autoclave. The catalyst was filtered off and the
solvent evaporated. The remaining yellow oil (ca. 1 g) was dissolved in conc. HCI soln. and the crystallization
induced by addition of EtOH. The hydrochloride was filtered, washed with cold EtOH, and dried: 1 g (75%).
'H-NMR (D,0): 2.14 (¢, CH,CH,CH,); 3.01 (s, MeN); 3.14, 3.24, 3.35, 3.39, 3.46 (5t, NCH,CH,); 3.63
(t, CH,CH,NH,). *C-NMR (D,O): 22.29 (CH,CH,CH,); 37.71 (CH,CH,NH,); 44.94 (MeN); 48.14, 51.61,
51.67, 53.50, 53.95 (CH,N). Anal. calc. for C;(H;Ng-5.8 HCI-0.8 H,O (540.93): C35.53, H 8.46, C138.11,
N 15.54; found: C 35.56, H 8.49, C138.07, N 15.46.

4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diacetamide (7). To hydrolyze both nitrile groups, 5
was treated with Cu(ClO,), (1 g in DMF (3 ml)) and 0.lm NaOH (15 ml) overnight. Then KCN (2.12 g) was
added to demetallate the macrocycle, and the soln. was extracted wtih CH,Cl,. From this soln., 7 (0.4 g, 36%)
crystallized on standing. M.p. 210-215°. 'H-NMR (CDCl;): 1.60 (¢, CH,CH,CH,); 2.14 (s, MeN); 2.41, 2.53,
2.56, 2.60 (4t, CH,CH,N); 3.08 (s, NCH,CONH,); 5.36, 9.16 (NCH,CONH,). BC-NMR (CDCL): 26.05
(CH,CH,CH,); 42.58 (MeN); 53.33, 54.96, 55.07, 57.20, 59.34 (CH,N); 176.90 (CONH,). FAB-MS: 344 ([M +
2H]*), 343 ([M +H]*). Anal. calc. for C;sH;,NO,- 0.5 H,0 (351.50): C 54.67, H 10.04, N 23.9; found: C 54.78,
H 9.89, N 23.65.

4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diacetic Acid Tetrahydrochloride (8-4 HCl). A soln. of
5(1g,3.26 mmol) and LiOH (0.69 g) in H,O (40 ml) was heated to reflux for 14 d. Then the soln. was acidified
with 2M HCI and filtered and the residue purified by ion-exchange chromatography (Dowex 2, 0.2m HCI): 8-
4HCI (0.7 g, 44%). FAB-MS: 346 ([M+2H]*), 345 ([M+H]'), 344 (M*). 'H.NMR (D,0): 2.08
(¢, CH,CH,CH,); 2.96 (s, MeN); 3.31, 3.44, 3.46, 3.54 (4t, CH,N); 3.73 (s, NCH,COOH). BC-NMR (CDCl;):
27.86 (CH,CH,CH,); 48.52 (NCH,COOH); 5592 (MeN); 58.79, 60.06, 60.21, 61.66 (CH,N); 181.28
(NCH,COOH). Anal. calc. for C;¢H;N,0O,-4 HC1-2.2 H,O (529.94): C36.26, H7.68, C126.76, N 10.57;
found: C 36.04, H 7.76, C126.83, N 10.75.

4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-dipropanenitrile (9). To a soln. of 3 (1.7 g, 7.4 mmol) in
EtOH (50 ml), acrylonitrile (2 ml, 30.0 mmol) was added. The mixture was stirred overnight at r.t. and then
evaporated to give a crude product which was recrystallized from EtOH: 2.1 g (84%). M.p. 74°. 'TH-NMR
(CDCL): 1.62 (¢, CH,CH,CH,); 2.20 (s, MeN); 2.45, 2.47, 2.47, 2.58, 2.60 (5t, CH,N); 2.80 (¢, NCH,CH,CN).
BBC-NMR (CDCl,): 16.04 (CH,CH,CH,); 24.98 (CH,CH,CN); 43.41 (MeN); 50.47, 51.32, 51.51, 54.57, 54.83
(CH,N); 119.28 (CH,CN). FAB-MS: 336 ([M +2H]*"), 335 ([M + H]*), 334 (M*). Anal. calc. for CgH3Ng
(334.51): C64.53, H10.24, N 25.12; found: C 64.65, H 10.24, N 25.37.

4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-dipropanamine Hexahydrochloride (10-6 HCl). Same
procedure as for 6: 14¢g (83%). 'H-NMR (D,0): 2.26 (¢, CH,CH,CH,); 3.13 (s,MeN); 3.17, 3.48
(2t,NCH,CH,); 3.62 (m,NCH,CH,); 3.90 (s, NCH,CH,). C-NMR (D,0): 19.19 (CH,CH,CH,); 24.68
(NCH,CH,); 38.64 (MeN); 44.99, 45.71, 46.85, 49.52, 51.63, 54.88 (NCH,CH,). Anal. calc. for CgH,,N-
5.8 HCI-1.2 H,0 (575.67): C 37.56, H 8.79, C1 35.72, N 14.60; found: C 37.68, H 8.73, Cl 35.74, N 14.46.

8,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,4-diacetic Acid Tetrahydrochloride (11-4 HCI). A soln.
of 8,11-dimethyl-1,4,8,11-tetraazacyclotetradecane-1,4-diacetonitrile [24] (1 g, 3.26 mmol) and LiOH (0.69 g)
in H,O (40 ml) was refluxed for 2 weeks. The soln. was acidified with 2m HCI, whereby the product precipitated.
It was purified by ion-exchange chromatography (Dowex 2 x 4): 0.6 g (35%). FAB-MS: 346 ([ M +2H]"), 345
([M+H]"),344 (M+).'H-NMR (D,0): 2.19 (¢, CH,CH,CH,); 3.02 (s, MeN); 3.25,3.50 (2t, CH,N ); 3.38,3.77
(2s, CH,N); 3.88 (s, NCH,COOH). BC-NMR (CDCl;): 22.44 (CH,CH,CH,); 44.89 (MeN); 49.19, 52.94, 53.92,
54.75, 57.69 (CH,N); 174.00 (COOH). Anal. calc. for C,;H;,CI,N,O,-0.75 H,0O (521.83): C36.83, H 7.63,
C127.18, N 10.74; found: C 37.01, H 7.46, C126.97, N 10.86.

3. Copper(Il) Complexes. The Cu?* complexes were obtained by mixing equimolar amounts of Cu(ClOy), -
6H,0 and ligand in EtOH or H,O and gentle heating.

(1,8-Dimethyl-1,4,8,11-tetraazacyclotetradecane)copper(1l) Diperchlorate ([Cu(3)](ClO,),): Blue-violet
crystals (47%) from EtOH. Anal. calc. for C;,;H,sCl,CuN,O; (490.83): C29.37, H5.75, Cl 14.45, Cu 12.95,
N 11.41; found: C 29.06, H 5.69, C1 14.51, Cu 12.9, N 11.35.

(4,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diacetamide)copper(1l1) Diperchlorate Hemihydrate
([Cu(7)](C10O,),-0.5 H,0): Blue crystals (48%) from EtOH. Anal. calc. for C;¢H;3Cu,CLN;O,, (604.94):
C31.77, H5.67, C111.72, Cu 10.50, N 13.89; found: C 31.80, H 5.62, C112.16, Cu 10.2, N 13.58.

(4.11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,8-diacetic Acid)copper(II) Diperchlorate Dihydrate
([Cu(8)](Cl0O,), 2 H,0): Blue crystals (41%) from H,O after acidifying to pH 1 with HCIO,. Anal. calc. for
C,sH3,CL,Cu,N,0,, - 2 H)O (642.93): C29.89, H 5.64, C1 11.03, Cu 9.88, N 8.71, O 34.84; found: C 30.00, H 5.39,
C110.85, Cu9.90, N 8.84, O 35.02.
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(8,11-Dimethyl-1,4,8,11-tetraazacyclotetradecane-1,4-diacetic Acid)copper(1l) Diperchlorate Monohydrate
([Cu(11)](ClO,),] - 1.2 H,0): Blue crystals (31%) from H,O at pH 6-7. Anal. calc. for C,;H3,CL,Cu,N,O,"
1.2 H,0 (628.52): C 30.58, H5.52, C111.28, Cu 10.11, N 8.91; found: C 30.53, H 5.54, Cl1 11.54, Cu 9.82, N 8.92.

4. Nickel(II) Complexes. The Ni** complexes were prepared by mixing equimolar amounts of Ni(ClO,),
and ligand, and adjusting the pH to the desired value.

Results and Discussion. — The bis-aminal 1 of 1,4,8,11-tetraazacyclotetradecane has
been described [22], but no application from the synthetic point of view were reported
until recently. We now studied the reductive cleavage of 1 using different reagents. The
results (Table 1) show that, depending on the reaction conditions, either the
monomethyl monoaminal 2 (Scheme 1, Conditions a) or the two isomeric dimethyl
derivatives with ‘trans’ and ‘cis’ structures 3 and 4, respectively (Conditions b) were
formed. Especially interesting is the observation that the reduction of the two animal
groups occurs stepwise so that, e.g., with 10% Pd/C under H,, the intermediate 2 was
produced in 90% yield. If, however, one is interested in the complete reduction, the
hydrogenation with Raney-Ni can be used which yielded the two dimethyl isomers 3
and 4, with a slight excess of the ‘trans’ compound 3 and a minimum of by-products. The
separation of the isomers was achieved by FC (EtOH/25% NHj; soln. 6:1) and gave
pure products (by GC/MS).

The ‘cis’-compound 4 has been prepared by a template reaction with good yields,
and this is of course the easiest way [25]. The ‘trans’ derivative 3 has also been
described with an overall yield of 28% [19]. In contrast, we now prepared 40% of pure
‘trans’ isomer 3 in a two-step synthesis with a relatively simple purification procedure.
Both ‘cis’ and ‘trans’ derivatives allow to selectively prepare bis-functionalized
macrocycles. Whereas several compounds with ‘cis’ structure have been described [18],
only the diacetate has been prepared in the ‘trans’ series [19].

To functionalize the ‘trans’ derivative 3, we introduced side chains with nitrile
groups either using Strecker’s synthesis or by addition of acrylonitrile (Scheme I). The
obtained dinitriles 5 and 9, respectively, are ideal intermediates since they could either
be reduced to the diamines 6 and 10, respectively, using Raney-Ni/H, in the presence of
liquid NH3, or in the case of §, be hydrolysed to the diacetic acid 8 or the diacetamide 7.
This last reaction was performed overnight using the Cu?* complex of 5 dissolved in
0.Im NaOH and resembles that previously described for the hydrolysis of 1,4,8,11-
tetraazacyclotetradecane-1-acetonitrile [18] which also stopped at the amide state. For
the preparation of the diacetic acid 8, prolonged hydrolysis with LiOH at reflux
temperature was necessary.

All of the new ligands were complexed with Cu?* and Ni*" in order to compare their
properties with the analogous ‘cis’ derivatives. The UV/VIS spectra allow to discuss
their structures in solution (7able 2). The Cu?t and Ni** complexes of the ‘trans’-
dimethyl ligand 3 show spectral properties typical for a square-planar geometry. Thus,
the absorption maximum at 542 nm for [ CuL]** is typical for a square planar CuN,
chromophore and is comparable with that of the Cu?* complex of the corresponding
‘cis’ ligand with A,,, 540 nm [26]. Similarly, the observation that only one band at
457 nm is found for the Ni** complex of 3 is a clear indication for its square-planar
coordination geometry (cf. 460 nm for the Ni** complex of 4 [26]).

For the complexes of the ‘trans’- and ‘cis’-diacetic acids 8 and 11, the structures must
be different. The known X-ray structure of [ Cu(8) ]** shows that a distorted octahedral
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Table 1. Reductive Cleavage of 1 with Different Reagents and Yields of the Products
Reagent Conditions Products Ratio in % ?)
HCOOH 72 h reflux (EtOH/H,0) 61:24
NaOH/Zn 1 h reflux (EtOH) -
NaBH, 2 h reflux (EtOH/H,0) 54:37
NaBH,/NaHCO; 2 h reflux (EtOH/H,0) 52:43
LiAlH, Et,0 100
10% Pd/C 55°/130 atm H,/136 h 4:90
Raney-Ni, abs. EtOH 50°/120 atm H,/144 h 45:47
Raney-Ni, NH; 50°/120 atm H,/144 h 44:51

) Determined by GC/MS. ®) Unknown by-product.

Table 2. Absorption Spectra of the Cu** and Ni** Complexes with Ligands 3, 6, 10, 11, and 8

Ligand Amax [nm] (¢[M~! cm™1])
[CuL]+ [NiL]*+
3 542 (209) 457 (47)
6 668 (249) 602 (42), 381 (101)
10 735 (246) 651 (23), 399 (55)
1 638 (106) 948 (9), 582 (7), 368 (12)
8 621 (133) 1018 (13), 576 (7), 373 (8)

N, O, donor set is present [27]. A similar structure is probably also present in the ‘cis’
derivative since its absorption spectrum is very similar. Both Ni** complexes of 8 and
11 show spectra which are typical for octahedral high-spin Ni**.

Especially interesting are the spectral properties of the complexes with 6 and 10,
which have two alkanamine side chains. The spectra at alkaline pH are typical for
pentacoordinated species. In the case of the Cu?* complexes, the relatively high ¢ values
and the maxima at longer wavelengths are indicative for it. In the case of the Ni**
complexes, the two bands with relatively high ¢ values also indicate pentacoordination
for Ni?+.

Since the spectra of these species are strongly pH-dependent, we run spectropho-
tometric pH titrations which were fitted assuming the equilibria described by Egns. 1
and 2.

[CuL]** + H*=[CuLHJ**; K, (1)

[CuLHP* + H* =[CuLH,]**; K, )

For the complexes 6 and 10, the log K; values are high and typical for the
protonation of a free amine ( 7able 3). The spectral changes in going from [ CuL]** to
[CuLHJ** are only minor so that the log K, values must be associated with the
protonation of a free, uncoordinated amino group. The second protonation log K, is
strongly dependent on the chain length and induces a strong shift in 4,,,, indicating
that, through protonation, the ligand field around the Cu®*" is changed. A similar
behaviour was observed for the Cu?* complexes of diamines 12 and 13 [28] (see
Table 3).
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Table 3. Absorption Spectra and log Ky, Values of the Species Formed with the Macrocycles 6,10,12 [28], and 13
[28] Carrying Two Alkanamine Side Chains

Ligand [CuL]?+ [CuLH*+ [CuLH,]**
12 [28] A(€) 683 (336) 672 (280) -
log Ky 8.17 (1) <3
6 A(e) 659 (254) 669 (249) -
log Ky 8.25 (1) <3
13 [28] A(e) 743 (321) 739 (315) 651 (260)
log Ky 9.45 (1) 6.71 (1)
10 A(€) 748 (261) 751 (255) 654 (227)
log Ky, 9.52 (2) 7.04 (2)

To explain the results of the photospectrometric pH titrations, we propose Scheme 2
in which the protonations and concomitant structural processes are depicted. [ CuL]** is
pentacoordinated, the four N-atoms of the macrocycle and one alkanamine side chain
being involved in coordination. The other alkanamine side chain is free and does not
coordinate. Addition of the first proton takes place at this NH, group with a minor
change in the absortion spectrum. In the second step, however, the coordinated NH,
group is protonated and, depending on the alkane chain length, the process is more or
less easy. Through protonation, the resulting ammonium group dissociates from Cu?* so
that a square-planar species results, as indicated by the spectral properties.

Scheme 2

[CuL)®* [CuLHP* [CuLH,**

In conclusion, it is interesting to note that the difunctionalized macrocycles can give
so many different coordination geometries with Ni** and Cu?*. In particular, it is not
clear yet why the macrocyclic diacetic acids give trans-octahedral geometry with a
trans-II1 configuration of the macrocycle, whereas the macrocyclic dialkanamine
ligands form pentacoordinate species with trans-I configuration of the N-atoms

This work was supported by the Swiss National Science Foundation (project No. 20-45408.95), and this is
gratefully acknowledged.



1772 HELVETICA CHIMICA AcTA — Vol. 81 (1998)

REFERENCES

[1] H. Weller, L. Siegfried, M. Neuburger, M. Zehnder, T. A. Kaden, Helv. Chim. Acta 1997, 80, 2315.

[2] ‘Copper Coordination Chemistry; Biochemical and Inorganic Perspectives’, Eds. K. Karlin and J. Zubieta,
Academic Press, New York, 1983; ‘Biological and Inorganic Copper Chemistry’, Eds. K. Karlin and
J. Zubieta, Academic Press, New York, 1986, Vols. I and II.

[3] H. Stetter, W. Frank, Angew. Chem. 1976, 88, 760; H. Stetter, W. Frank, R. Mertens, Tetrahedron 1981, 37,
767; V. Bulach, D. Mandon, J. Fischer, R. Weiss, Inorg. Chim. Acta 1993, 210, 7.

[4] E. Asato, S. Hashimoto, N. Matsumoto, S. Kida, J. Chem. Soc., Dalton Trans. 1990, 1741; E. Asato, S. Kida,
I. Murase, Inorg. Chem. 1989, 28, 800; 1. Murase, M. Mikuriya, H. Sonoda, Y. Fukuda, S. Kida, J. Chem.
Soc., Dalton Trans. 1986, 953; K.P. Wainwright, ibid. 1983, 1149; G. M. Freeman, E. K. Barefield,
D. G. Van Derveer, Inorg. Chem. 1984, 23, 3092.

5] M. R. Malachowski, L. J. Tomlinson, M. J. Parker, J. D. Davis, Tetrahedron Lett. 1984, 23, 1487.

6] N. W. Alcock, P. Karapulli, K. P. Balakrishnan, P. Moore, J. Chem. Soc., Dalton Trans. 1986, 1743.

] S. Buoen, J. Dale, P. Groth, 1. Krane, J. Chem. Soc., Chem. Commun. 1982, 1172.
] R. Delgado, L. C. Siegfried, T. A. Kaden, Helv. Chim. Acta 1990, 73, 140.
] M. Studer, T. A. Kaden, Helv. Chim. Acta 1986, 69,2081; 1. M. Helps, D. Parker, J. R. Morphy, J. Chapman,
Tetrahedron 1989, 45, 219; J. Xu, S. Ni, Y. Lin, Inorg. Chem. 1988, 27, 4651; W. J. Kruper, Jr., P. R. Rudolf,
Ch. A. Langhoff, J. Org. Chem. 1993, 58, 3869.
[10] T.J. Lotz, T. A. Kaden, Helv. Chim. Acta 1979, 61, 1376.
[11] D. Tschudin, A. Basak, T. A. Kaden, Helv. Chim. Acta 1988, 71,100; A. Basak, T. A. Kaden, ibid. 1983, 66,
2086; E.K.Barefield, K. A.Foster, G.M. Freeman, K.D.Hodges, Inorg. Chem. 1986, 25, 4663;
E. K. Barefield, G. M. Freeman, D. G. Van Derveer, J. Chem. Soc., Chem. Commun. 1983, 1358.

[12] P.S. Pallavicini, A. Perotti, A. Poggi, B. Seghi, L. Fabbrizzi, J. Am. Chem. Soc. 1987, 109, 5139; 1. M. Helps,
D. Parker, J. R. Morphy, J. Chapman, Tetrahedron 1989, 45, 219.

[13] S. Brandes, C. Gros, F. Denat, P. Pullumbi, R. Guilard, Bull. Soc. Chim. Fr. 1996, 133, 65.

[14] A. Filiali,J.-J. Yaouanc, H. Handel, Angew. Chem. 1991, 103, 563; J. E. Richman, J. J. Kubale, J. Am. Chem.
Soc. 1983, 105, 749.

[15] H. Bernard, J.-J. Yaouanc, J.-C. Clement, H. Hanel, H. Des Abbayes, Tetrahedron Lett. 1991, 32, 639.

[16] J.-J. Yaouanc, N. Le Bris, G. De Gall, J.-C. Clement, H. Handel, H. Des Abbayes, J. Chem. Soc., Chem.
Commun. 1991, 206.

[17] To E. R. Squibb & Sons., Inc., EP 0232 751, EP 0 292 689 A2.

[18] W. Schibler, T. A. Kaden, J. Chem. Soc., Chem. Commun. 1981, 603.

[19] L. M. Helps, D. Parker, J. R. Morphy, J. Chapman, Tetrahedron 1989, 45, 219.

[20] A.Dumont, V. Jacques, P. Qixiu, F. Desreux, Tetrahedron Lett. 1994, 35, 3707.

[21] P. L. Anelli, M. Murru, F. Uggeri, M. Virtuani, J. Chem. Soc., Chem. Commun. 1991, 1317.

[22] R. W. Alder, E.Heilbronner, E.Honegger, A.B.McEwen, R.E.Moss, E.Olefirowicz, P. A. Petillo,

R. B. Sessions, G. R. Weisman, J. M. White, Z. Z. Yang, J. Am. Chem. Soc. 1993, 115, 6580; N. W. Alcock,
P. Moore, K. F. Mok, J. Chem. Soc., Perkin Trans. 2 1980, 107, 1186.

[23] C.Still, U. Kahn, A. Mitra, J. Org. Chem. 1978, 43, 2923.

[24] W. Schibler, T. A. Kaden. J. Chem. Soc., Chem., Commun. 1981, 603.

[25] E. K. Barefield, F. Wagner, K. Hodges, Inorg. Chem. 1976, 15, 1370.

[26] R. Buxtorf, T. A. Kaden, Helv. Chim. Acta 1974, 57, 1035.

[27] J. Chapman, G. Ferguson, J. F. Gallagher, M. C. Jennings, D. Parker, J. Chem. Soc., Dalton Trans. 1992,

345; 1. M. Helps, D. Parker, J. Chapman, G. Ferguson, J. Chem. Soc., Chem. Commun. 1988, 1094.

[28] U. Brunner, T. A. Kaden, unpublished results.

[
[
[7
(8
[9

Received June 26, 1998



