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The reaction between alkyl or aryl aldehydes and macrocyclic ligands with pendant amine groups produced
imidazolidine-containing bi- or tricyclic ligands. The copper complexes of three of these ligands were structurally
characterized: [CWCI]-3H,O (triclinic, P1, a = 10.041(2) A,b = 10.172(1) A,c = 11.202(1) A,a =
92.07(1), B = 96.76(2), y = 92.99(1}, Z = 2), [Cu(HL*4CI|CI-2H,0 (monoclinic,P2,/n, a = 15.159(5) A,

b = 10.645(1) A,c = 19.094(6) A, = 93.78(1}), Z = 4), [CuL5]-2H,0-NaNQ; (monoclinic, P2;/n, a =
10.649(8) A,b = 7.261(2) A,c = 15.25(1) A, = 94.77(4), Z = 2). The conformational rigidity and
stereochemical activity of these macrocycles and their complexes are discussed in comparison with close
analogues.

Introduction asN,N'-bisacylimidazolidine$:* There are several examples of
) . imidazolidine-containing complexes in the literat@reostly
Our group has reported previously the synthesis of structurally jnyolving salicylaldehyde or similar aldehydes. These cyclic
reinforced tetraazamacrocyclic ligands containing fused imida- 5 minals are considered to be relatively stable, though they can
zolidine rings, by the reaction of the diamino-substituted pe readily hydrolyzed by aqueous acfdEhis work describes

macrocyclic complex [Cul]*" with formaldehyde in aqueous  he synthesis and isolation of three macropolycyclic complexes,
solution! This reaction involves an intramolecular cyclization CuL3Cl]*, [Cu(HL4)Cl]*, and [Cul®], which have been

of the uncoordinated pendent amine and an adjacent coordinatednaracterized both spectroscopically and by crystal structure
secondary amine, leading to both tri-%Land tetracyclic  4nayses. Some anomalous trends in their visible and electron
products () (Chart 1). At the time, we noted that incorporation spin resonance spectroscopy are discussed, as well as the
of methylene Iinks between t_he pe_ndent amine the Coordinatedexceptional stability of [Cu]. We are unaware of any examples
secondary amine resulted in a ligand with greatly reduced of iryctural characterization of imidazolidines derived from
conformational flexibility, and the physical properties of the  gjyoxylic acid (HQCCHO), and thus this paper presents the

resulting Cll complexes differed significantly from those of gt structurally characterized example of this class of imida-
the parent macrocyclic complexes. This is a consequence of,gigines.

both alkylation of a secondary amine, which is known to

significantly affect the donor capacity of the amine, and steric Experimental Section
constraints imposed by the fused five-membered ring. This
reaction offers a new route toward functionalized ligands by
employing aldehydes (other than formaldehyde) with active
groups, that may become incorporated into the macrocycle. In
addition, bridging the pendent amines of eithérdr L? to an
adjacent secondary amine via an aminal link locks the pendent (3) Coldham, I.; Houdayer, P. M. A.: Judkins, R. A.; Witty, D. Synlett

group in a predetermined and stereochemically rigid conforma- 1996 1109.
tion. (4) RereL.; Yaouancq, L.; Badet, Bletrahedron Lett1998 39, 2569.

. (5) See, for example: Adams, H.; Bailey, N. A.; Bertrand, P.; Collinson,
We report now the metal-free synthesis of further examples S. R.: Fenton, D. E.: Kitchen, S.J.Chem. SocDalton Trans.1996

of this class of modified ligands, where substituents are attached = 1181. Chiari, B.; Piovesana, O.; Tarantelli, T.; Zanazzi, Pinbrg.
to the aminal carbon, by reaction of nd L2 with both alkyl (Z3hem- 1952“21' 24éﬁ- C;"gﬁgg 2‘37-?42’203/8\?3“3’ LO-L,Taéa”\t/S”" T
L. . . anazzi, P. Flnorg. Chem ) . yang, L.; Liu, 5.7 Wong,
anc_i aryl aldehydes. These |m|da_zolld!nes are stereochermcally E.. Rettig, S. J.; Orvig, Cinorg. Chem.1995 34, 2164. Aime, S..
active and are of pharmacological interest @&drenergic Botta, M.; Casellato, U.; Tamburini, S.; Vigato, P. korg. Chem.

receptor agonist&There is also interest in their use in synthesis ( 1995 34, 5825.

6-Methyl-1,4,8,11-tetraazacyclotetradecane-6-amine pentahydrochlo-
ride (L*-5HCI) andtrans-6,13-dimethyl-1,4,8,11-tetraazacyclotetrade-
cane-6,13-diamine hexahydrochloride?@HCI) were prepared as
previously described® Glyoxylic acid monohydrate was washed with

6) Bucke, D. R.; Pinto, I. L. 4.09 Functions bearing two Nitrogens. In
Comprehensie Organic Functional Group Transformations. Vol. 4.
(1) Bernhardt, P. V.; Hetherington, J. C.; Jones, L.JA.Chem. Sog. Synthesis; Carbon with Two Heteroatoms, Each Attached by a single
Dalton Trans.1996 4325. Bond Katritzky, A. R., Meth-Cohn, O., Rees, C. W., Eds.; Perga-
(2) Timmermans, P. B. M. W. M.; Chiu, A. T.; Thoolen, M. J. M. C. mon: New York, 1995.
Section 12.1a-Adrenergic Receptors. I@omprehensie Medicinal (7) Lawrance, G. A.; O’'Leary, M. A.; Skelton, B. W.; Woon, F.-H.; White,

Chemistry The Rational Design, Mechanistic Study and Therapeutic A. H. Aust. J. Chem1988 41, 1533.
Application of Chemical Compoundgol. 3. Membranes and Recep- (8) Bernhardt, P. V.; Comba, P.; Hambley, T. W.; Lawrance, G. A
tors; Sammes, P. G., Taylor, J. B., Eds.; Pergamon Press, 1990. Varnagy, K.J. Chem. So¢Dalton Trans.1992 355.
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diethyl ether and filtered before use. All other chemicals were obtained
commercially and used without further purification.

L15HCI (2.0 g) was suspended in 100 Tmf absolute EtOH.
Triethylamine (2.45 g, 5 equiv) was added and the solution stirred until
all of the ligand hydrochloride had dissolved. 4-Carboxybenzaldehyde
(0.73 g, 1 equiv) was added, followeg B g of MgSQO, (anhydrous),
and the solution was refluxed for 4 h. In an initial experiment, the
solution was cooled to room temperature and 1.7 g of NaB&t added
portionwise. In later experiments, the NaBias omitted with no effect
on the final yield of products. An excess of Cu(§J£2.5H,0 (1.50 g)
was added, and the solution was stirred. The solution was filtered to
remove MgSQ@, and triethylamine was removed from the filtrate by
rotary evaporation. The solution was diluted with water5t L and
applied to a Sephadex cation exchange column’ (féam). A pink-

[CuL3Cl]-3H,0. Band 3 was concentrated on a rotary evaporator;
then slow evaporation afforded dark purple crystals suitable for X-ray
diffraction. (Found: C, 44.68; H, 7.20; N, 13.55. Calcd forotduo-
CICuNsOs: C, 44.09; H, 7.79; N, 13.53.) UV/ViSimax, NM €, L mol~*
cm1) 507 (144), 231 (13 900), shoulder 272 (9480).

HL3. Ca. 0.05 g of [CuBCI]-3H,0 was dissolved in 0.75 chof
D,0. NaS-9H,0O was added in small portions until the solution was
no longer purple. The solution was filtered to remove precipitated CuS,
and the filtrate was used directly for NMR measurements. NMR
(D20): H, 6 1.25 (s, 3H, Me); 1.76 (mult, 2H), 2.332.80 (mult, 15H
including AB doublet at 2.30 ppm), 3.39 (AB doublet, 1H) 4.20 (s,
1H), 4.80 (HDO), 7.557.92 (AABB’, 4H). 3C: 25.38 CHs), 27.76
(CH,CH,CH,), 46.58, 47.35, 47.74, 48.82, 48.92, 49.23, 57.39
(HNCH,C-), 59.57 (quaternary C), 61.67CH,— imidazolidine ring),

colored solution was not retained by the column upon water being addedg1.97 (HNCHRN), 127.65, 129.27, 141.28 (A3), 148.78 (ArCCO:H),

(band 1), but was not present in sufficient quantity to allow isolation
of a solid. A solution of 0.2 M NaCl adjusted to pH 8 with }&Ds;
was applied to the column, and two bands rapidly eluted using this
solution (bands 2 and 3). A fourth band was slower to elute and was
found to be unreacted [C&2*. A compound precipitated on the column
but eluted with 0.2 M NaCl/5% acetic acid (band 5).

The summary of the column chromatography is as follows.

Band 1: minor band, charge-neutrakax 515 nm.

Band 2: minor bandimax 513 nm.

Band 3: major bandimax 507 nm, [Cul®] " (32% of total complexed
Cu").

Band 4: major bandimax510 nm, [Cull]?" (14% of total complexed
Cuh.

Band 5: major bandimax 537 nm, [Cu(HL%]?" (54% of total
complexed Cl)

The products from bands 1 and 2 were not identified.

180.65 CO;H).

[Cu(H2L4CIICI-2H,0. The eluate from band 4 was concentrated
to ca. 100 cry and purple crystals, which formed overnight, were
collected by filtration. (Found: C, 48.39; H, 6.02; N, 10.02. Calcd for
Cu7H3sClL,.CUNsO4+2.5H,0: C, 48.18; H, 5.99; N, 10.40.) UV/vis: (pH
1.6): Amax NM (¢, L mol~* cm1) 535 (264), 280 (15 200), 233 (25 600).
(The visible spectrum was recorded in a solution of pH 1.60, by addition
of 1 M HCl to a suspension of the complex. The compound is sparingly
soluble in neutral or basic aqueous solution.) [CHICI]CI-2H,0
could not be demetalated using 4869H,0, because of the formation
of an insoluble sulfide salt of the complex.

[CuL®]-2H,0-NaNQs. A procedure analogous to that described
above was used for the reaction dfand glyoxylic acid monohydrate.
Cu(NG;)2:2.5H,0 was added to the reaction mixture, the solution
filtered, and the filtrate diluted to ca. 5 L. The solution was applied to
a Sephadex cation exchange columni(f&@m). A blue solution {max
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Table 1. Crystal Data

Bernhardt and Sharpe

[CuL3Cl]-3H,0

[Cu(HL*4)CI|CI-2H,0

[CuL®]-2H,0-NaNO;

space group P1 (No. 2) P2:/n (No. 14) P2;/n (No. 14)
formula GigH36CICUNsOs Co7H45Cl,CuNsOg C16H3:CuN;NaGy
a A 10.041(2) 15.159(5) 10.649(8)

b, A 10.172(1) 10.645(1) 7.261(2)

c, A 11.202(1) 19.094(6) 15.25(1)

o, deg 92.07(2)

p, deg 96.76(2) 93.78(1) 94.77(4)

y, deg 92.99(1)

v, A3 1133.6(3) 3074.4(1) 1175(1)
Peale, g CNTS 1.504 1.435 1.563

fw 513.52 664.07 553.02

z 2 4 2

u, cnrt 11.22 9.32 10.09

temp, K 293 293 293

A, A 0.71073 0.71073 0.71073

N 3976 5379 2075

No (F > 20) 3283 3356 1606

20max deg 50 50 50

R(Fo), WR2(F2)?2

0.0805, 0.1956

0.0403, 0.1046

0.0652, 0.1675

aR(Fo) = SIIFol — IFdI(IFol). WR2FD) = [SW(Fo2 — FAITWFA]Y2 w = 1/[0XF2) + (@P)2 + bP]. P = Y3 max(Fe20) + UaF .

Table 2. Selected Bond Lengths (A) and Angles (deg) for

557 nm) was not retained by the column and was collected by washing [CuL*Cl]-3H,0
° 2

the column with water. The solution was concentrated on the rotary

evaporator, and slow evaporation over a period of several weeks led Cu(1)—N(1) 2.006(4) Cu(1yN(4) 2.065(4)
to the formation of X-ray quality crystals, of a deep purple color. Later ~ Cu(1)-N(3) 2.026(4) Cu(2)CI(1) 2.603(1)
crops afforded a purple powder (yield 25%). (Found: C, 32.22; H,  Cu(1)=N(2) 2.040(4)

6.24; N, 13.93. Calcd for gH26CuNsO4-6H,O-NaCl: C, 32.11; H, N(1)—Cu(1)-N(3) 170.9(1) N(2)-Cu(1)-N(4) 172.0(1)

6.74; N, 14.04.) UVNIiS: Amax, NM (€, L mol~t cm™) 544 (79), 263 N(1)—Cu(1)-N(2) 84.9(2)
(7900). N(3)—-Cu(1)-N(2)  94.5(2)

Physical Methods. Solution UV/vis spectra were measured on a  N(1)—Cu(1)-N(4) 93.6(2)
Beckman DU 7500 spectrometer. Nuclear magnetic resonance (NMR) N(3)—Cu(1)-N(4) 85.8(2)
spectra were measured at 208l) and 50.3 MHz {3C) on a Bruker
AC200 spectrometer. Spectra were referenced with tetradeuterated
sodium trimethylsilylpropionate (TSP) or 1,4-dioxartéQ), and all
chemical shifts are cited versus trimethylsilane. EPR spectra of &ll Cu
complexes were measured on a Bruker ER200 D spectrometer as frozen
1 mM solutions (1:2 DMF:water, 77 K), except for the sparingly soluble
[Cu(H.LHCIICI-2H,0, where a saturated solution was used, with an
increased gain and number of scans. Spin Hamiltonian parameters were
obtained by spectral simulatién.

X-ray Crystal Structure Analyses. Intensity data for the compounds
were measured on an Enraf-Nonius CAD4 four-circle diffractometer
using graphite-monochromated Maxi€adiation ¢ 0.710 73 A) in the
w—26 scan mode. Lattice dimensions were determined by a least-
squares fit of the setting parameters of 25 independent reflections. Data
reduction and empirical absorption corrections were performed with
the XTAL package?® No absorption correction was applied to the
data for [Cul®Cl]-3H,O. Structures were solved by heavy-atom
methods with SHELXS-86 and refined by full-matrix least-squares
analysis with SHELXL972 All non-H atoms were refined with  Figure 1. Drawing of [CUL*CI]; 30% probability ellipsoids shown. H
anisotropic thermal parameters. Crystallographic data are given in Tableatoms and solvent molecules have been omitted for clarity.

1 and selected bond lengths appear in Tablest.2The atomic
nomenclature is defined in Figures-3, drawn with the graphics
program PLATON:

N(1}-Cu(l}-Ci(1)  97.1(1)
N(3y-Cu(1)-CI(1)  92.0(1)
N(2}-Cu(1)-CI(1)  90.4(1)
N(4y-Cu(1)-CI(1)  97.5(1)

Ci1

Table 3. Selected Bond Lengths (A) and Angles (deg) for
[Cu(HLHCIICI-2H0

Cu(1)-N(4) 2.009(3) Cu(1}N() 2.066(3)
Results and Discussion Cu(1}-N(3) 2.016(3) Cu(13CI(1) 2.603(1)
Cu(1)-N(1) 2.053(3)

There is considerable interest in the modification of

polyazamacrocyclic ligands for their use in chemical sensing, N(4)—=Cu(1)=N(3) 97.2(1)

N(4)—Cu(1)-N(1)  85.5(1)

N(1-Cu(1)-N(@2)  90.6(1)
N(4}-Cu(1)-Cl(1)  96.4(1)

pharmaceutical applications, and their attachment to biological n(3)-cu(1)-N(1) 170.0(1) N(3}Cu(l)-CI(1)  86.8(1)
N(4)—Cu(1}-N(2) 170.3(1) N(1}Cu(1)-Cl(1) 102.55(9)
(9) Martinelli, R. A.; Hanson, G. R.; Thompson, J. S.; Holmquist, B.;  N(3)—Cu(1)-N(2) 85.3(1) N(2>-Cu(1)>-Cl(1) 93.17(9)

(10) PH'Ieﬁlrog’ge‘R'F;lel(d'HD'g';\S/?éﬁi}tBjLB,{,?Chédrgfe"ﬁgiig% %23%1 molecules. Consideration of these approaches shows that

Manuat Universities of Western Australia, Geneva and Maryland, theyrely generally upon the N-substitution of expensive parent
an 159th|(}| G c ' 090 Ad6 46 macrocycles, often requiring selective protection and deprotec-
11 eldrick, G. MActa Crystallogr.1 A46 467. ; ; ;

(12) Sheldrick, G. M.SHELXL97 Program for Crystal Structure Deter- '.[Ion rgglmes. It is for these reasons that We .have begun to
investigate the modification of the macrocyclic ligandsand

minatiory University of Gdtingen: Gdtingen, 1997. ' ' ’
(13) Spek, A. L.Acta Crystallogr.199Q A46, C34. L2, formed by inexpensive metal template reactions. It was
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Table 4. Selected Bond Lengths (A) and Angles (deg) for Scheme 1

[CULS]-2H,0-NaNO; o
Cu(1-N(2) 2.025(4) Cu(1)}0(1) 2.339(4) NH, HOMC
Cu(1)-N(1) 2.032(4) N(1)}-C(5) 1.469(6) C }’ ?

N(1)—-Cu(1)-N(2)  86.5(2) N(L-Cu(l-O(1)  79.2(1)

N(2)—Cu(1}-0(1)  91.8(2) . <: y o C :>/NH

C02H N H
J HL3
CO,H

CHO

VAN

<: :>/ (not isolated)
N %
H H

0,H

Figure 2. Drawing of [Cu(HL*CI]"; 30% probability ellipsoids
shown. H atoms and solvent molecules have been omitted for clarity.

the presence of the imidazolidine ring is reflected in the
N—Cu—N bond angles. N(£)Cu—N(3) has an angle of 17C.7
The remaining nitrogen, N(5), is precluded from binding to the
metal center by the rigid nature of the five-membered imida-
zolidine ring. The Cu atom is displaced 0.152 A from the least-
squares plane defined by the four nitrogen donors, in the
direction of the axial ligand. The chloro ligand completes the
coordination sphere by forming a bond to the metal at a distance
of 2.603(1) A. In the imidazolidine ring, the-eN bond further
away from the metal is shorter (1.447(6) A as compared to
1.506(5) A). This has been observed previously in other
macrocyclic systems possessing ar®G-N group!*1> The
configuration of the aminal carbon is such as to have the
hoped that the primary amine or amines of these ligands would 4-carboxybenzyl group positioned over the macrocyclic ring,
be capable of being modified specifically by reductive alkylation blocking access to the remaining axial site of the metal. The
using aldehydes, which would provide suitable functional groups Cu—H(17) distance is 2.74(1) A.
for possible further derivatization. ThelH NMR spectrum of the demetalated macrocyclé)(L
The reaction of 4-carboxybenzaldehyde with proceeded (as its N& salt) shows the expected AB pattern from the
readily in ethanol solution, but in situ reduction of the imine methylene group in the five-membered imidazolidine ring. One
intermediate using sodium borohydride did not occur. The major part of the resulting AB coupling pattern is seen at 3.39 ppm,
product isolated was not the 4-carboxybenzylated ligand, but and the other is at 2.30 ppm. A singlet is observed at 4.20 ppm,
instead the imine intermediate underwent intramolecular con- due to the hydrogen attached to the aminal tertiary carbon. The
densation with one of the secondary amines of the macrocyclic 13C NMR spectrum shows the asymmetry of the macrocycle,
ring, as shown in Scheme 1, to form Blindeed an additional 12 resonances being seen in the alkyl region of the spectrum
product was identified where two imidazolidine rings had (90 to 0 ppm) whereas only 8 would be expected for the
formed, HL# despite the aldehyde and being reacted in a  macrocycle alkylated only at the pendent nitrogen atom. The
1:1 ratio. Analogous reactions were seen when [{iLwas resonance at 81.9 ppm is characteristic of an aminal carbon,
reacted with aqueous formaldehydin the present instance,  which is expected to fall in the range 780 ppm*® Importantly,
imidazolidine complexes are not formed when these less reactiveno decomposition of the metal free ligand was found over a
substituted aldehydes are reacted with the copper complexeseriod of several weeks.
of L or L2 The crystal structure of [Cu@l4)CI|CI-2H,O (Figure 2)
The crystal structure of [CWCI]-3H,O (Figure 1) revealed  shares a number of features common with that of [(i]:
a square pyramidal coordination geometry, with one chloro and
four nitrogen donors. Selected bond lengths and angles appeat14) Creaser, I. I.; Geue, R. J.; Harrowfield, A. J.; Herlt, A. M.; Sargeson,

Figure 3. Drawing of [CuL®]; 30% probability ellipsoids shown. H
atoms and solvent molecules have been omitted for clarity.

in Table 2. There are significant differences in the four-Gu '201'\2 Snow, M. R; Springborg, 1. Am. Chem. Sod982 104
bond distances. As expected, the tertiary amine-IS(#) (15) Suh, M. P.; Shim, B. Y.: Yoon, T.-Snorg. Chem.1994 33, 5509.

distance is the longest of the four. The distortion induced by (16) Zelenin, K. N.Org. Prep. Proced. Int199§ 30, 109.
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Table 5. Spectroscopic Parameters for Copper Complexes of Imidazolidine-Containing and Other Tetraazamacrocycles

/‘Lmax

complex o A (G) (o} Ao (G) (e L mol~tcm™) ref
[CuLsCl] 2.172 201.0 2.037 23.8 507 (144) this work
[Cu(HLACI* 2.192 188.0 2.0375 23.84 535 (264) this work
[CuL9] 2.192 188.0 2.0375 23.84 544 (66.7) this work
[Cu(cyclam)pt 2.186 199.7 2.049 39.80 513 (100) 23,24
[Cu(Mescyclamp* 2.240 154.1 2.072 51.67 650 (275) 25

3H,0. Again, the metal atom is five-coordinate, with aQ\l evidence for this, the complex being stable for several weeks.

coordination sphere. There is less distortion of the macrocyclic Indeed, for the metal to be released from the center of the
ring due to the more symmetrical nature of the macrocyclic macrocycle, it would first be necessary to hydrolyze one of the
ligand, with the Cu-N distances separating into two pairs; the imidazolidine rings. This is hindered by coordination of the
tertiary amines forming bonds approximately 0.04 A longer than tertiary amine, which lessens its reactivity. The pendent amines
those of the secondary amines. The chloro ligand occupies anare unable to bind to the central metal because of the rigid five-
axial site, at a distance from the copper slightly longer than membered ring. The 1,8 disubstitution pattern of the secondary
that observed in [CWCI]-3H,0. The copper atom is displaced amines in cyclam and its analogues (cyclam 1,4,8,11-
0.166 A from the least-squares plane defined by the four tetraazacyclotetradecane) is more commonly observed than 1,4
nitrogen donors toward the chloro ligand. This is a slightly larger or 1,11 patterng?2t

distance than for the complex containing only one imidazolidine |t is generally possible to relate the degree of distortion of
ring. The presence of the two five-membered rings (with N(5) the CuN, chromophore to parameters derived from the electron
being common to both rings) precludes coordination in the paramagnetic resonance (EPR) spectrum. The moleaular
remaining axial site. The configurations of the aminal carbons values and hyperfine constants are related to the energies of
(C(11) and C(19)) lead to 4-carboxybenzyl groups that point the d-d electronic transition¥ A weaker ligand field is
away from the macrocyclic ring. Both carboxyl groups are consistent with largerg, and smallerA; values. This is
protonated. demonstrated quite clearly for the tetracyclic [Cel(HCI] T by

The synthesis was also extended to the reaction of glyoxylic g, andA, values which differ significantly from those of related
acid with the diamino-substituted macrocyclé. The close  complexes not containing imidazolidine rings (Table 5). The
approach of the phenyl ring to the metal atom in [€Dl complex containing only one imidazolidine ring represents an
suggested the design of a ligand where the close proximity of interesting situation. Thg, value of 2.172 is smaller than that
a functional group could force coordination in the axial site of obtained for the unsubstituted analogue [Cu(cyclam(gyclam
a metal. Reaction of glyoxylic acid with?proceeded to give = 1,4,8,11-tetraazacyclotetradecane), which implies a stronger
H.L 5 as the major product, even when the aldehyde was reactedigand field. The A, values are comparable to those of the
with the ligand in a 1:1 ratio. The product was isolated as its nonalkylated tetraazamacrocyclic complexes. For comparison,
copper complex, using cation exchange chromatography tothe values for the copper complexes of cyctadt and
separate the neutral copper complex from charged byproductsN,N',N"" ,N'"’-tetramethylcycla# have also been placed in the
and starting material. table.

The crystal structure of [CU{-2H,O-NaNO; reveals a The visible maxima of these imidazolidine-containing Cu-
centrosymmetric complex (Figure 3). The complex has a (j|) complexes bear no clear relationship to the degree of
tetragonally elongated octahedral structure, with a coordination alkylation. This is consistent with the EPR parameters. Gener-
sphere consisting of pairs of symmetry-related secondary aly, the visible maxima of complexes shift to longer wavelength
amines, tertiary amines, and carboxylate oxygens. The nitrogenas the number of tertiary amine donors increases. However, the
atoms occupy the equatorial plane, with the coordinated extinction coefficients for the visible maxima of these complexes
carboxylate oxygens occupying the two axial sites. The four go increase by ca. 60 L mdl cm for every additional
Cu—N bond lengths are the same within experimental error. jmidazolidine ring.

Both carboxylate groups are forced to coordinate because of - concjysions.Our previous work with 2-unsubstituted imi-
the configuration of the tertiary C atoms, which places them in  4a70jidines has been extended to the preparation of macrocyclic
close proximity of the metal. The GO distance is within the ¢y plexes where the imidazolidine ring contains either aryl or
range expected for axially bound carboxylates (2:20:0 )" other substituents attached to the aminal carbon. In the case of
For comparison, the analogous distance in [Gu,L® = aryl substituents, the large substituent groups block access to

1,4,8,11-tetraazacyclotetradecane-1,8-diacetic acid) is slightly one of the axial sites on the metal, resulting in 5-coordinate
shorter at 2.263 A8 The Cu-0 distances in [Cuf]2~ (H4L®

= 1,4,8,11-tetraazacyclotetradecabl,N'’,N'"'-tetraacetic acid),

(17) Orpen, A. G., Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.

which shares the distortédins-octahedral geometry, are 2.302- G.; Taylor, R.J. Chem. So¢Dalton Trans.1989 1.

(5) and 2.278(6) A° The coordinated O atoms are laterally (18) gh?pénr?n, J.;SFeJrjqulfon,TG.; Gig%%hgzsl F.; Jennings, M. C.; Parker,
displaced from axial coordination sites, the angle N(@y— - J. Lhem. sogbafton frans. -

O(1) of 79.2 illustrating this. This feature is also observed in (1% Rjesen. A.; zehnder, M. Kaden, T. Acta Crystallogr 1983 C44

the copper complex of @2~. The two aminal N-C bonds (20) Helps, I. M.; Morphy, J. R.; Parker, D.; Chapman Tétrahedron
(N(1)—C(7) and N(5)-C(7)) are of the same length within Lett. 1994 35, 3707.

experimental error, whereas it has usually been observed that??) fghgzprgfg' J.; Ferguson, G.; Parker,JDChem. SogDalton Trans.

the bond further from the metal is slightly shorter. (22) Mcgarve)',, B. RTrans. Met. Chem. (N.Y2)966 3, 89.

The red-shifted visible absorption maximum of [CU(544 (23) Barfield, E. K.; Wagner, Anorg. Chem.1973 12, 1435.
nm), compared to [CWl]2+ (510 nm), is evidence for retention ~ (24) Myoshi, K. Tanaka, H., Kimura, E.; Tsuboyama, S.; Murata, S.;
h LN . . Shimizu, H.; Ishizu, KInorg. Chim. Actal983 78, 23.
of the solid-state coordination sphere in solution. The extreme 25y Gaspar, M.: Grazina, R.; Bodor, A.; Farkas, E.; Santos, M. &hem.

resistance of [Cut] to demetalation using N& provides further Soc, Dalton Trans.1999 799.
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square-pyramidal complexes. The formation of five-membered receptor groups, where effective through-space interaction
rings with an attached carboxylic acid group results in an between the pendent group and the metal ion in the macrocyclic
extremely stable Cu(ll) complex. ligand is crucial.

These results show that the introduction of fused, five-
membered imidazolidine rings into preexisting macrocycles such
as L' and L2 offers a stable, stereochemically rigid and active
pendent group attached to the ligand. The benefits of preorga-
nizing the orientation of the pendent group attached to macro-
cyclic ligand framework are many. In complexes of all ligands
reported in this work, the binding mode and disposition of the Supporting Information Available: Full cry;t_al and refinement
active pendent ligands are fixed. This is important if com- data, tables of thermal parameters,_H-atom pos!tlonal parameters, bond
munication between the metal ion within the macrocyclic ring :(engths and angles and unit cell dlagrams. This material is available

. . ; . ree of charge via the Internet at http://pubs.acs.org.
and pendent group is sought, which of course will be distance-
dependent. To this end we are currently pursuing compounds
similar to those reported herein with photoactive and metal ion 1C9906353
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