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Isolation of the free bicyclic tetraamine,jadamanzanti,O (1,5,9,13-tetraazabicyclo[7.7.3]nonadec&h®),

is reported along with the synthesis and characterization of a copper(ll) complex of the smaller macrocyc#]f(2.3)
adamanzane (1,5,9,12-tetraazabicyclo[7.5.2]hexadecane) and of three cobalt(ll), four nickel(ll), one copper(ll),
and two zinc(Il) complexes with fladamanzane. For nine of these compourds8{ 10b, and12) the single-

crystal X-ray structures were determined. The coordination geometry around the metal ion is square pyramidal in
[Cu([(2.3%.2Y]adz)Br]CIOy (2) and trigonal bipyramidal in the isostructural structures [CUé&z)Br]Br (3), [Ni-
([3%]adz)CI]ICI (5), [Ni([3%]adz)Br]Br (6), and [Co([3]adz)CI]CI 8). In [Ni([3%]adz)(NGs)]NO3 (4) and [Ni([3°]-
adz)(CIQ)]CIO4 (7) the coordination geometry around nickel(ll) is a distorted octahedron with the inorganic
ligands atcis positions. The coordination polyhedron around the metal ion in [Ce@)][ZnCL] (10b) and
[Zn([3%]adz)][ZnCl] (12) is a slightly distorted tetrahedron. Anation equilibrium constants were determined
spectrophotometrically for complex@s-6 at 25 and 40C and fall in the region 210 M~ for the halide complexes

and 36-65 M1 for the nickel(ll) nitrate complex4). Rate constants for the dissociation of the macrocyclic
ligand from the metal ionsi5 M HCI were determined for complex@s3, 5, 8, 10, and12. The reaction rates

vary from half-lives at 40C of 14 min for the dissociation of the Znfadz¢" complex (2) to 14—15 months

for the Ni([3]adz)CI ion (5).

Introduction one or two alkylene chains, connecting two nonadjacent nitrogen
atoms as illustrated for bowl adamanzanes in Figure 1. The
smallest member is the classical compound urotropin or
examethylenetetraamine. Large urotropin analogues with hex-
methylene or octamethylene bridge$]dlamanzane andqg
adamanzane, were synthesized and studied by Schmidt¢hen,

Metal ion coordination compounds of macrocyclic polyamines
are of current interest because of their applications in medicine
and as catalysts and because of their importance as mode
systems within bioinorganic chemistty? Recently, syntheses
and studies of a new class of macrobi- and macrotricyclic
ligands, adamanzanes, have been repdft€d.The so-called

bowl and cage adamanzanes are cyclic tetraamines strapped b{i3) Bencini, A.; Bianchi, A.; Bazzicalupi, C.; Ciampolini, M.; Dapporto,
P.; Fusi, V.; Micheloni, M.; Nardi, N.; Paoli, P.; Valtancoli, B.
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and kinetic investigations are reported as well. Abbreviations

/\H/\ N R used for the macrocycles are summarized in the Appendix.
Experimental Section

N N N N N N
\/\/ \/\ \/\/ Materials. The halide salts of the protonated macrocyclic ligands
N N N (H3[(2.3)%.2Yadz)BrChb-H,O and (H[3%]adz)Br were prepared as
previously describeé???> The remaining starting materials were com-
mercially available and of reagent or analytical grade. Doubly deionized
[24.31]adz [(2.3)2.21]adz [3%]adz water was used for all spectral measurements. Solvents were used as
purchased, with no further purification or drying. Deuterated solvents
were purchased from Sigma-Aldrich.
Physical Measurements.Elemental analyses (C, H, N) were
performed at the Microanalytical Laboratory, H. C. @rsted Institute,

7
Lehn a_nd co-worker¥! Copenhagen. Bromide and chloride analyses were performed poten-
Previously we have presented the syntheses and X-ray crystatiometrically using standard procedures.

structures of the inside protonated forms of the small tricyclic  FAB mass spectra (positive mode) were recorded on a JEOL
tetraamines [23?Jadamanzan¥, [(2.3)*ladamanzané and [F]- AZ505W mass spectrometer using glycerol or 3-nitrobenzyl alcohol

adamanzan®,23for which all of the nitrogen lone pairs point  (m-NBA) as the matrix.

into the cages. Along with the recent report by Miyahara et A Cary 3 spectrophotometer was used for spectral measurements in
al2” concerning the synthesis of the highly symmetric&-[2  the region 306-850 nm and a Zeiss DMR 21 spectrophotometer for

adamanzane, these are the first examples of adamanzane@e1 regio”msoe'lzoo nm.
containing only small chainsn(= 2 or 3). The small cage H and**C NMR spectra were measured on a Bruker Avance 400

. NMR spectrometer. In BD *H chemical shift valuesd are reported
adamanzanes act as proton sponges and have been the SUquﬁPp/)lpm and are referenced to internal dioxad@ioxane)= 3.75 ppm),

of recent ab_ir_1itio studies_ involving calculations of properties .4 are théC chemical shift valueso(dioxane)= 67.40 ppm). For

such as basicity and strain enefgy® CDCl; solutions chemical shift value)) are referenced to internal
The syntheses of related bicyclic tetraamines have also beentms (5(TMS) = 0 ppm).13C DEPT NMR spectra were used to identify

reportedt0-16.19.22.27.28323Fhese bowl-shaped ligands may adopt CH, carbon atoms, and HMBC spectra were used for the assignment

conformations having all four nitrogen lone pairs pointing into of NH protons.

the cavity, and despite this apparently relatively fixed spatial ~ Calculations. Calculations involving the kinetic data were performed

arrangement, tetrahedral, trigonal bipyramidal, or square pyra-as previously describ&dexcept for one instant where linear regression

midal as well as octahedral coordination geometries may be Was performed using the PC program OrigfiNonlinear least-squares
obtained. Weisman et &:19and Busch and co-workefst34 calculations for the determination of the thermodynamic constants were

. L . performed using the program PROC NLIN (DUD method) from the
have described coordination complexes between N-substitutedg , o Institute INC, Cary®

adamanzanes and metal ions sugh as Li(l), Fe(ll), Mn(ll), Cu- CAUTION! Mechanical handling or heating of nitrates and per-
(i), and Pd(ll). Furthermore Weisman and co-workers have chorates represents a potential hazard. In our hands, however,
reported copper(ll) and zinc(Il) complexes of &.2YJadaman- explosions with the present compounds have never occurred.
zanel®30:35and recently we published syntheses, crystal struc-  Preparations. [Fladz-H»0 (1). (H4[3%adz)Bu (7.04 g, 11.9 mmol)
tures, and thermodynamical and kinetic studies of pentacoor-was dissolved in warm water (35 mL). Following filtration, NaOH (35
dinated copper(ll) and hexacoordinated nickel(ll) complexes of ML, 40%) was added, leading to the formation of a pale precipitate.
the bowl amine [23Yadamanzan 2129 The present paper  The solid was extracted into CH{4 x 35 mL), and the combined

reports the syntheses and X-ray crystal structures of complexesEXtracts were dried by stirring overnight with 0. Filtration
of cobalt(ll), nickel(ll), copper(ll), and zinc(ll) with two followed by rotatory evaporation of the filtrate at 40 and then at 80

. - . __°C yielded a slightly brownish waxy substance. The waxy solid was
different bowl-shaped adamanzane ligands. ThermOdynamlcaldissolved at 60C in the minimum volume of acetontrile-5 mL),

- and the warm solution was filtered to remove a small amount of a
(25) gogZﬁS?]n'cﬁ{el\r‘ﬁ;lgglés% %8};'; Lantos, S. D.; Cameron, T. S.; KNOP. - yark prown residue and then cooled +d8 °C, provoking massive
(26) Howard, S. T.. Fallis, I. AJ. O?g. Chem1998 63, 7117. precipitation of white crystals. These were filtered off and dried in the
(27) Miyahara, Y.; Tanaka, Y.; Amimoto, K.; Akazawa, T.; Sakuragi, T.; air. Yield: 2.25 g (66%). Anal. Calcd for £Hs.N/O: C, 62.89; H,
Kobayashi, H.; Kubota, K.; Suenaga, M.; Koyama, H.; Inazu, T. 11.96; N, 19.56. Found: C, 63.3; H, 12.2; N, 19%C NMR (100
Angew. Chem., Int. EAL999 38, 956. MHz, CDCk), ¢ in ppm (assignment): 22.90, 25.23 +CH,—C),
(28) Springborg, J.; Nielsen, B.; Olsen, C. E.; Sgtofte].IChem. Sog. 48.06, 53.63, 53.67QH,—N). 1H NMR (400 MHz, CDC4), 6 in ppm

Perkin Trans. 21999 2701. T A .
(29) Sanzenbacher, R.;asmofte, I.; Springbordycla Chem. Scand.999 (multiplicity, integration, assignment): 1.80 (m, 10.0 H-CH,—C),

Figure 1. Bowl adamanzanes discussed in the present work.

and related compounds were reported by Takemura3éaald

53, 457. 2.25 (s, broad, 2.8 H, N), 2.50 (m, 16.5 H, €>—N), 2.80 (m, 4.0 H,
(30) Niu, W.; Wong, E. H.; Weisman, G. R.; Lam, K.-C.; Rheingold, A. CH>—N), 3.89 (s, broad, 1.5 H, ). 2D NMR (HMBC): cross peak
L. Inorg. Chem. Commuri999 2, 361. between 2.25 ppmtl) and 53.6 ppm*EC).
(31) ggglrh&\] Alcock, N. W.; Busch, D. HActa Crystallogr.1999 [Cu([(2.3)2.25adz)BI|CIO 4-H,;0 (2). Crude (H[(2.3)2.2Yadz)BrCb-
. L ) . ) . H.O (225 mg, 0.57 mmol) was dissolved 2 M NaOH (0.57 mL,
(82) ,;"“,E’I"”l'nz'r;;'C'\’r']‘é%‘ffgggké%‘ M. alcock, N. W.; Clase, H. . BUSCN. 3 34 mmol), and 0.5 M CusQ(2.75 mL, 1.37 mmol) and water (9
(33) Hubin, T. J.; Alcock, N. W’.; Busch, D. Hacta Crystallogr.200Q mL) were added. The blue solution was refluxed for 15 min, causing
C56, 37. a change of color to a deeper blue. The pH of the solution was adjusted

(34) Hubin, T. J.; McCormick, J. M.; Collinson, S. R.; Buchalova, M.;  to neutral wih 2 M NaOH, after which the reaction mixture was
Perkins, C. M.; Alcock, N. W.; Kahol, P. K.; Raghunathan, A.;; Busch,  yefluxed for another 10 min. The hot solution was filtered to remove

(35) '\:,)\'/0';'@"]'EA"T".;%U‘égmig"zg?%izﬁnf%?c; Reed, D. P.; Rogers, M, Insoluble residues stemming from the ligand. To the filtrate was added
E.; Condon, J. S.; Fagan, M. A.; Calabrese, J. C.; Lam, K.-C.: Guzei, & mixture of saturated NaBr (5 mL) and saturated Na@8mL), and
I. A.; Rheingold, A. L.J. Am. Chem. So200Q 122 10561.
(36) Takemura, H.; Hirakawa, T.; Shinmyozu, T.; Inazu,TEtrahedron (38) Springborg, JActa Chem. Scand.992 46, 1047.
Lett. 1984 25, 5053. (39) Origin Professionalversion 5.0; Microcal Software, Inc.: Northamp-
(37) Graf, E.; Kintzinger, J.-P.; Lehn, J.-M.; LeMoigne,JJ.Am. Chem. ton, MA, 1997.
Soc.1982 104, 1672 and references therein. (40) SAS Institute INC, Cary, NC.
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the resulting solution was cooled in ice. This gave a blue precipitate,
and after cooling for a total of 10 min the crystals were filtered off,
washed once with ice-cold water (1.5 mL) and twice with 1.5 mL
portions of 96% ethanol, and dried in the air. Yield: 165 mg (60%).
Anal. Calcd for GoH2gN4BrCIOsCu: C, 29.58; H, 5.79; N, 11.50; Br,
16.40. Found: C, 29.12; H, 5.84; N, 11.36; Br, 16.20.-t\s—near-

IR [Amax, NM €, M~ cm™)]: in 4 M NaBr, 980 (124), 592 (292); in

1 M perchloric acid containing 3 equiv of By 992 (69), 599 (74.8).

Crystals suitable for X-ray diffraction studies were grown by slow
cooling of a hot (96-100 °C) solution of [Cu([(2.3).21]adz)Br]CIOy
H20 (2) (86 mg) in water (3 mL). The crystals were washed with 96%
ethanol and dried in the air.

[Cu([3%]adz)Br]Br (3). The salt (H[3%]adz)Br (1.00 g, 1.69 mmol)
was dissolved in 0.5 M CuS4.30 mL, 2.15 mmol), and 1.9 M NH
(7 mL, 13.3 mmol) was added. The blue solution was refluxed for 10
min. After cooling in i@ 4 M HBr (5.5 mL, 22 mmol) was added.
This immediately gave a turquoise precipitate, and after cooling for
another 5 min the crystals were filtered off, washed once with ice-cold
water (1 mL) and three times with 2 mL portions of 96% ethanol, and
dried in the air. Yield: 0.70 g (84%). Anal. Calcd for4El3N4Br,Cu:

C, 36.63; H, 6.56; N, 11.39; Br, 32.49. Found: C, 36.77; H, 6.12; N,
11.35; Br, 32.54. UV-vis—near-IR fmax NM €, M~ cm™)]: in4 M
NaBr, 922 (270), 677 (472); in 0.003 M perchloric acid containing 3
equiv of Hg*, 891 (359), 674 (180, sh), 644 (183).

Crystals suitable for X-ray diffraction studies were grown by slow
cooling to 25°C of a hot (96-100 °C) solution of [Cu([3]adz)Br]Br
(3) (76 mg) in water (2.8 mL). The crystals were washed with 96%
ethanol and dried in the air.

[Ni([3%]adz)(#*>NO3)INO3 (4). Ni(NO3),*6H,0 (815 mg, 2.8 mmol)
was dissolved in absolute ethanol (5 mL). To the green solution was
added a solution of BadzH,O (1) (285 mg, 1.0 mmol) in absolute
ethanol (5 mL), instantly leading to the formation of a white precipitate.
Stirring at reflux fo 3 h gave complete conversion of this precipitate
to a violet solid, which was filtered off and washed three times with
absolute ethanol and twice with diethyl ether. Yield after drying in the
air: 402 mg (89%). Anal. Calcd forfH3:NsOsNi: C, 39.93; H, 7.15;

N, 18.63. Found: C, 39.7; H, 7.13; N, 18.4. YVis [Amax "M (,
M~tcm™1)]: in methanol, 560 (33.9), 357 (68.6); in 0.3 M NaNQ.7

M CFsSOsNa, 562 (36.0), 358 (82.0). FAB-MS: multiplets centered
aroundm/z 325 [NiC15H31N4]+, 388 [NiC15H32N503]+.

Crystals suitable for X-ray diffraction studies were grown at room
temperature by slow dissolution of NaN@@rystalline) in an agueous
solution of [Ni([3*]adz)(NG;)]NOs (4).

[Ni([3%]adz)CIICI (5). [3%]adzH.O (1) (59 mg, 0.21 mmol) was
dissolved in methoxyethanol (1 mL), and the solution was heated to
70 °C. To this was added a warm solution of Ni®H.O (52 mg,
0.22 mmol) in methoxyethanol (1 mL), instantly causing the green color
of this solution to intensify. Within 5 min green crystals started to form.
Heating at 70°C was continued for 2 h, after which the mixture was
allowed to cool to room temperature and then further cooled 6.5
Filtration followed by thorough washing with diethyl ether gave green
crystals of a quality suitable for X-ray diffraction studies. Yield after
drying in the air: 78 mg (95%). Anal. Calcd fori§H3.N4Cl:Ni: C,
45.26; H, 8.10; N, 14.08; Cl, 17.81. Found: C, 46.0; H, 8.09; N, 14.0;
Cl, 17.5. UV=Vis [Amax, NM €, M~ cm™b)]: in methanol, 624 (62.5),
387 (186); h 5 M HCI, 615 (66.5), 382 (201). FAB-MS: multiplets
centered aroundvz 325 [NiCisH3iN4] ™, 361 [NiCisH3N4ClI] .

[Ni([3%]adz)Br]Br (6). [3%]adzH,O (1) (57 mg, 0.20 mmol) was
dissolved in methoxyethanol (1 mL), and the solution was heated to
70 °C. To this was added a warm solution of NiEH,O (64 mg,
0.23 mmol) in methoxyethanol (1 mL), instantly causing the green color
of this solution to intensify. Within 2 min a green precipitate started to
form. The mixture was heated for a total of 15 min and then allowed
to cool to room temperature followed by further cooling t6&G The
green microcrystalline solid was filtered off and washed thoroughly
with diethyl ether. Yield after drying in the air: 87 mg (89%). Anal.
Calcd for GsHs2N4BrzNi: C, 37.00; H, 6.62; N, 11.51. Found: C, 37.2;
H, 6.50; N, 11.8. UV~ViS [Amax, NM (€, M~ cm™1)]: in methanol, 629
(75.6), 391 (254);n 5 M HBr, 620 (90.8), 386 (308). FAB-MS:
multiplets centered arount/z 325 [NiCisHziN4] ", 407 [NiCisH3N4-
Br]*.
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Crystals suitable for X-ray diffraction studies were grown at room
temperature by gradual addition of 48% HBr (0.5 mL) to a blue-green
saturated aqueous solution of [Nif[&dz)Br]Br (6) (9 mg in 2.5 mL).

[Ni([35]adz)(12-ClO4)]CIO 4 (7). [Ni([3%]adz)CI|CI (5) (100 mg, 0.25
mmol) was dissolved in 0.01 M trifluoromethanesulfonic acid (3 mL).
A solution of 0.5 M Hg(CIQ); in 2 M HCIO, (1.5 mL), was added,
causing immediate precipitation of a turquoise solid. This was filtered
off and washed twice with trifluoromethanesulfonic acid (0.01 M), once
with tert-butyl alcohol, and then twice with diethyl ether. Drying in
the air provoked a color change to blue. Yield: 80 mg (61%). Anal.
Calcd for GsHa2N4Cl,OgNi: C, 34.25; H, 6.13; N, 10.65. Found: C,
34.2; H, 5.93; N, 10.6. UMVIiS [Amax M (€, M~t cm™1)]: in acetone,
580 (40.0), 365 (100)ni1 M CRSOsNa, 600 (35.5), 374 (86.3). FAB-
MS: multiplets centered aroundvz 325 [NiCisHsziN4t and 425
[NiC15H3N4ClO4] *.

Crystals suitable for X-ray diffraction studies were grown—&it8
°C by the diffusion of ether vapor into a solution of [Nif[&8dz)(CIQ)]-

ClO4 (7) in acetone (30 mg in 6 mL).

[Co([3%]adz)CIICI (8). [3%]adzHO (1) (57 mg, 0.20 mmol) was
dissolved in methoxyethanol (4 mL) and heated t6@50ver a period
of 35 min a solution of CoGi6H,O (54 mg, 0.23 mmol) in
methoxyethanol (2 mL) was added in portions of:85 Between the
additions the flask was shaken manually to provoke dissipation of the
local blue coloring initially caused by each addition. Progressively
through this process the color of the reaction mixture changed from
red-violet to a more intense, darker violet. Approximately halfway
through the addition violet crystals started to form. Gentle magnetic
stirring was applied after addition of all of the cobalt solution, and
heating at 73C was continued for a total of 2 h, after which the mixture
was allowed to cool slowly to room temperature. Separation of the
solid from the green mother liquor by filtration followed by thorough
washing with absolute ethanol gave violet crystals. Yield after drying
in the air: 66 mg (83%). Anal. Calcd for,8H3,N,Cl.Co: C, 45.24;

H, 8.10; N, 14.07. Found: C, 45.3; H, 8.17; N, 13.9. Y¥s [Anax

nm (¢, M~ cm™)]: in methanol, 673 (17.8), 633 (18.4) (poorly
separated), 505 (50.7); in 0.01 M trifluoromethanesulfonic acid at 1.0
°C, 763 (11.4, sh), 613 (17.9), 485 (29.0); in 12 M HCl at 10) 766
(56.6), 573 (301). FAB-MS: multiplets centered aroundz 326
[COC;|_5H3;|_N4]Jr and 362 [COQ{,H32N4C|]+.

Crystals suitable for X-ray diffraction studies were synthesized in
the same manner except for the lack of magnetic stirring and the
employment of a nitrogen atmosphere during all the procedures up until
the filtration.

[Co([3%]adz)(H20)2](ClO 4)2"H20 (9). [Co([3°]adz)CI]CI B8) (100
mg, 0.25 mmol) was dissolved in ice-cold 0.01 M trifluoromethane-
sulfonic acid (3 mL). An ice-cold solution of 0.5 M Hg(Ci2 in 2 M
HCIO, (1.5 mL) was added causing immediate precipitation of a pale
green solid. The solid was isolated by filtration and washed twice with
ice-cold 0.01 M trifluoromethanesulfonic acid, once witrt-butyl
alcohol, and three times with diethyl ether. Yield after drying in the
air: 111 mg (76%). Anal. Calcd for {8H3gN401:CloCo: C, 31.05; H,
6.60; N, 9.65. Found: C, 31.0; H, 6.61; N, 9.61. Yvis in 0.01 M
trifluoromethanesulfonic acid at 1°C [Amax, "M €, Mt cm™)]: 760
(12, sh), 606 (19), 484 (28). FAB-MS: multiplets centered arow'm
326 [COQ5H31N4]+, 362 [COQ5H35N402]+, and 426 [CO@ngzNA-
ClO4)*.

[Co([3%adz)](PFs)2 (10a).[Co([3°]adz)CI]CI (8) (81 mg, 0.20 mmol)
was dissolved in water (2 mL) at room temperature over a period of
2—3 min. After an additional 4 min a freshly made, saturated,Rfg
solution (ca. 0.8 mL) was added dropwise. This addition was performed
over a period of 2 min. The resulting pink precipitate was filtered off
and washed twice with ice-cold water. Redissolution of the crude
product on the filter in water (25 mL) was followed by filtration, and
solid NH,PFRs (grams) was then added until no further precipitation
seemed to be occurring. The resulting pink solid was filtered off and
washed four times with ice-cold water, twice with absolute ethanol
(=18 °C), and then thoroughly with diethyl ether. All manipulations
in the reprecipitation process were performed as quickly as possible.
Yield after drying in the air: 62 mg (49%). Anal. Calcd for
CisH3N4PoF1Co: C, 29.19; H, 5.22; N, 9.08. Found: C, 29.0; H, 5.22;
N, 9.01. UV-vis in 0.01 M trifluoromethanesulfonic acid at 2°€
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Table 1. Crystallographic Data for Compounds [Cu([(Z.2}]adz)Br]CIO; (2), [Cu([3]ladz)Br]Br (3), [Ni([3%]adz)CIICI (), [Ni([35%]adz)Br]Br
(6), and [Co([3]adz)CI]ICI (8)

2 3 5 6 8
formula GoHo6BrCICUuNsO4 C15H3:Bro,CulNy C15H3ClLNgNi C15H3:BroN4Ni C15H3,Cl,CoN,
fw 469.27 491.81 398.06 486.98 398.28
temp, T/K 120(2) 120(2) 120(2) 120(2) 120(2)
cryst syst monoclinic orthorhombic orthorhombic orthorhombic orthorhombic
space group P2:/n Ibca Ibca Ibca Ibca
alA 8.498(2) 13.251(3) 12.693(3) 13.130(3) 12.738(3)
b/A) 22.952(5) 13.951(3) 13.619(3) 13.859(3) 13.675(3)
c/A 8.948(2) 20.374(4) 20.725(4) 20.645(4) 20.674(4)
pldeg 95.92(3)

V/IA3 1735.9(6) 3766.4(13) 3582.5(12) 3756.9(13) 3601.3(12)
z 4 8 8 8

D,/g cnt3 1.796 1.735 1.476 1.722 1.469

u(Mo Ko)/mm~? 3.738 5.406 1.384 5.290 1.252

cryst color blue blue blue-green green blue-violet
cryst size/mm 0.2% 0.16x 0.15 0.13x 0.06x 0.06 0.16x 0.08x 0.05 0.29x 0.18x 0.15 0.24x 0.15x 0.11
0 range/deg 1.7729.56 2.91-29.50 1.97-34.06 1.97-33.96 1.97-29.55
meas refins 11994 6220 26217 28100 11499
unique reflns 4448 2382 3472 3573 2355

reflns with | > 20(1)] 3731 1568 2297 2919 1978

R(int) 0.0360 0.0478 0.0815 0.0287 0.0285
transm factors 1.00660.8565 1.0006-0.8915 1.0006-0.8605 1.0006-0.8235 1.0006-0.8080
refined params 221 102 102 102 103

R1? (obs.data) 0.0651 0.0435 0.0630 0.0297 0.0348
wR2 (all data) 0.1343 0.0893 0.1100 0.0738 0.0962
GOF 1.183 1.127 1.131 1.099 1.077

max, minAple A-3

—0.962 and 2.483 (near Br) —0.667 and 0.573
*R1= ZHFol - |Fc||/Z|F0|- PwR2 = [ZWH:O2 - Fcz‘Z/ZWFOA]Uz-

—0.582 and 0.668

—1.078 and 0.505

—0.527 and 0.737

[Amax NM €, M~ cm™b)]: 811 (71), 543 (314). FAB-MS: multiplets
centered arounvz 326 [CoGsHziN4] T, 346 [CoGsH3N4F]*, and 472
[CoCisH3N4PR) ™.

[Co([3%]adz)][ZnCl 4] (10b). [Co([3%]adz)CI|CI () (83 mg, 0.21

Crystals suitable for X-ray diffraction studies were obtained by the
same method but using more dilute solutions and slow cooling. In this
case an anhydrous salt was obtained.

X-ray Crystal Structure Determination. Crystal data for the

mmol) was dissolved in water (2 mL) at room temperature over a period compounds are listed in Table 1 and Table 2. The crystal of the
of 2—3 min. After an additional 4 mi 4 M Li[ZnCls (1 mL) was compounds was cooled to 120 K using a Cryostream nitrogen gas cooler
added. This addition was performed over a period of 2 min. Isolation system. The data were collected on a Siemens SMART Platform
by filtration of the resulting precipitate followed by thorough washing diffractometer with a CCD area sensitive detector. The structures were
with absolute ethanol and then with diethyl ether gave an intensely solved by direct methods and refined by full-matrix least-squares against

pink microcrystalline solid. Yield after drying in the air: 93 mg (83%).
Anal. Calcd for GsH3:N4ZnCl,Co: C, 33.70; H, 6.03; N, 10.48.
Found: C, 33.3; H, 5.92; N, 10.3. UWis in 0.01 M trifluoromethane-
sulfonic acid at 2.3C [Amax "M €, M~tcm™Y)]: 811 (61), 543 (273).
FAB-MS: multiplets centered aroumd/z 326 [CoGsH3:1N4] ™ and 362
[COC15H32N4C|]+.

Crystals of a quality suitable for X-ray diffraction studies were grown

F2 of all data. In2 the oxygen atoms are disordered with the population
factors of 0.760(5) and 0.240(5), respectively. The structuress 6f

6 and8 are isostructural and rather disordered. In tHga@amanzane
ligand the site of each of the atoms C(2), C(3), C(4), C(5), and C(7)
split into two equally populated positions. The atoms X(1), X(2), M,
and C(8) are positioned on 2-fold axes £XCl or Br; M = Cu, Ni, or
Co). The non-hydrogen atoms were refined anisotropically. In tfe [3

by slow evaporation at room temperature of an aqueous solution of adamanzane ligand dfthe site of each of the atoms C(3), C(4), C(5),

this somewhat impure product.

Zn([3%]adz)Br; (11). To a solution of (H[3%adz)Br, (1.00 g, 1.69
mmol) and NaOH (0.28 g, 7.0 mmol) dissolved in methanol (8 mL) at
60 °C was added a solution of ZnB{0.39 g, 1.73 mmol) in methanol
(1 mL). The mixture was refluxed for 30 min and then cooled in ice.
After 30 min colorless crystals were filtered off, washed twice with 2
mL-portions of 96% methanol, and dried in the air. Yield: 0.78 g (93%).
Anal. Calcd for GsHs:N4BrZn: C, 36.50; H, 6.53; N, 11.35; Br, 32.37.
Found: C, 36.24; H, 6.33; N, 11.00; Br, 31.62.

[Zn([3%]adz)][ZnCl 4]-H20 (12). Zn([3°]adz)Br (11) (0.78 g, 1.58

mmol) was dissolved in water (31 mL) at 8C. The filtered solution
was cooled in ice, ah4 M Li,[ZnCl,] (2.5 mL, 10 mmol) was added.
This gave a colorless precipitate, and after further cooling for 30 min
the crystals were filtered off, washed twice with 2 mL portions of 96%
ethanol, and dried in the air. Yield: 0.78 g (83%). Anal. Calcd for
CisHz2N4ClaZnH,0 @ C, 32.23; H, 6.13; N, 10.02; Cl, 25.37. Found:
C, 32.29; H, 5.50; N, 9.94; Cl, 25.4%C NMR (100 MHz, BO), d in
ppm (assignment): 21.6, 23.7{CH,—C) and 51.4, 53.8, 58.CH>—
N). 'H NMR (400 MHz, D,O), ¢ in ppm (multiplicity, integration,
assignment): 1.89 (m, 4 H,-CH,—C), 2.15 (m, 4 H, G-CH,—C),
2.26 (q, 2 H, G-CH,—C (bridge)), 2.98 (m, 8 H, NCH, (tert) and 4
H, N—CH; (sec)), 3.08 (t, 4 H, NCH; (bridge)), 3.28 (m, 4 H, NCH,
(sec)).

C(8), C(9), C(10), C(13), and C(15) splits into two equally populated
positions. The hydrogen atoms B) 3, 5, 6, 8, 4, and 7 were at
calculated positions using a riding model with-8 = 0.99 A, N—H

= 0.93 A, and fixed thermal parametetd(H) = 1.2U for attached
atom]. In10b and 12 the hydrogen atoms could all be located from
electron-density difference maps and were refined isotropically. The
Flack x-parameter is-0.010(12), 0.095(10), and 0.038(6) far10b,

and 12, respectively, indicating that this is the correct absolute
structuret>*? Programs used for data collection, data reduction, and
absorption were SMART, SAINT, and SADABS# The program
SHELXTL 95% was used to solve the structures and for molecular
graphics. PLATONF was used for molecular geometry calculations.

Equilibrium Studies. The equilibrium constants were determined
spectrophotometrically at two temperatures (25 and°@), and

(41) Flack, H. D.; Schwarzenbach, Bcta Crystallogr 1988 A44, 499.

(42) Flack, H. D.Acta Crystallogr.1983 A39, 876.

(43) SiemensSMARTandSAINT, Area-Detector Control and Integration
Software;Bruker AXS Analytical X-ray Systems: Madison, WI, 1995.

(44) Sheldrick, G. MSADABSProgram for Absorption CorrectigrBruker
AXS Analytical X-ray Systems: Madison, WI, 1996.

(45) Sheldrick, G. M.SHELXTL95 Bruker AXS Analytical X-ray Sys-
tems: Madison, WI, 1995.

(46) Spek, A. L.Acta Crystallogr 199Q A46, C-34.
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Table 2. Crystallographic Data for Compounds [Nif[@dz)(NG)]NOs (4), [Ni([3%]adz)(CIQ)]CIO4 (7), [Co([3*]ladz)][ZnCly] (10b), and

[Zn([3°]adz)][ZnCL] (12)

4 7 10b 12
formula GisH3NgNiOg C15H32CIoN4NiOg C15H3.Cl,CoNsZn Ci5H32Cl4N4Zno
fw 451.18 524.04 534.55 540.99
temp,T/K 120(2) 120(2) 120(2) 120(2)
cryst syst orthorhombic orthorhombic orthorhombic orthorhombic
space group Pcca 21212, Pna2; Pna2;
alA 27.468(6) 10.1453(4) 14.0833(2) 14.067(3)
b/R) 10.663(2) 13.9663(6) 11.9845(2) 11.916(2)
c/lA 13.552(3) 14.5922(6) 12.6741(1) 12.600(3)
pldeg
VIA3 3969.1(14) 2067.60(15) 2139.15(5) 2221.1(7)

z 8 4 4 4

Dy/g cnr3 1.510 1.683 1.660 1.701

w(Mo Ko)/mm™ 1.023 1.249 2.403 2.784

cryst color blue blue-violet red-violet colorless
cryst size/mm 0.2 0.13x 0.13 0.25x 0.18x 0.15 0.35x 0.25x 0.08 0.28x 0.21x 0.09
6 range/deg 1.4829.53 2.02-29.66 2.23-29.49 2.24-29.70
meas reflns 23916 14351 13884 13690
unique refins 5164 5280 5160 5345

reflns with | >20(1)] 1974 4324 4838 4951

R(int) 0.1478 0.0444 0.0263 0.0232
transm factors 1.00060.8120 1.0006-0.8630 1.0006-0.5775 1.0006-0.8606
refined params 287 271 337 352

R1? (obs data) 0.0977 0.0362 0.0305 0.0213
wR2 (all data) 0.1671 0.0698 0.0818 0.0462
GOF 1.081 1.015 1.027 0.979

max, minAple A-3

—0.377 and 0.416

—0.379 and 0.317

*R1l= ZHFol - |Fc||/Z|F0|- PwR2 = [ZWH:O2 - Fcz‘Z/ZWFOA]Uz-

—0.505 and 1.140

—0.367 and 0.585

nonlinear least-squares calculations were performed using the SAS(6) in agueous solution and compared with those of [Njg8z)Br]Br
program?® yielding equilibrium constants and thermodynamic param- and [Ni([3]adz)(CIQ)]CIO4 in 1.0 M CRSO:Na to yield an estimate

eters (Table 7).

Reference spectra were recorded for the copper complexasif
dilute perchloric acid containing 3 equiv of Aigand in 4 M NaBr as

for the equilibrium constant at 2%5C.
Kinetic Measurements.The rate constants were determined at two
temperatures byH NMR in 5 M DCI for the zinc complex12) and

well. The ionic strength for the equilibrium measurements was kept at spectrophotometricallyni5 M HCI for the rest. Linear least-squares
1.0 M, using NaCIQ@ as the inert electrolyte for the measurements calculations were performed for the zinc complé®2)( For the rest,

involving the Cu([(2.3).2Y]adz)Br" complex @) and NaNQ for the
Cu([¥]adz)Br" complex ). The calculated spectra of CuLB(L =

[(2.32.2Yadz/[F]adz) were identical to those of the dissolved bromide 7).

salts n 4 M NaBr, and the calculated spectra of the agua complexes
were identical to those of solutions of the bromide salts in exceds Hg

The [Ni([3%]adz)(CIQ)]CIO, salt (7) was used for the measurements

nonlinear least-squares calculations were performed as previously
described? yielding rate constants and activation parameters (Table

For the copper(Il) complex?] of the smaller macrocycle, [(233Y-
adamanzane, the calculations were performed from 450 to 750 nm, for
the copper(ll) and nickel(ll) complexes offfadamanzane3( 5) from

involving the nickel equilibria, adjusting the ionic strength to 1.0 M 400 to 800 nm, and for the cobalt(ll) complexes 10) from 350 to
800 nm. The calculations for the zinc compleb2f were performed

For solubility reasons the perchlorate ions were removed in the nitrate USing the'H NMR integrals in the area around 1.89 ppm and from 2.1

with CRSO;Na.

experiment by running a solution of [Niffadz)(CIQ)]CIO, (7) through
a Dowex 1-X8 anion exchange column on trifluoromethanesulfonate
form. The blue eluate was diluted with water and 2.0 M;8B;Na to

to 2.5 ppm.
Generally, batch methods were employed except during the deter-
mination of the rate constants concerning the cobalt(ll) compleXes (

give a final trifluoromethanesulfonate concentration of 1.0 M; this 10); here an external thermostat was used to keep the spectrophotometer
solution was divided into suitable portions, which were stored in the Sample block at constant temperature in between measurements. The
experiments were continued until the elapse of at least 7 half-lives.

freezer until needed for each measurement.

The spectrum of [Ni([§adz)(CIQ)]CIO,4 (7) in 1.0 M CRSO;Na

For the zinc complex1) the final NMR spectrum was compared with

was assumed to equal that of the aqua complex and corresponded withiffhat of the free ligand1) in 5 M DCI, and for the remainder the final

the standard variations with the spectra calculated for this complex
and with that of the solution from the anion exchange column.
Due to insufficient solubility of the [Ni([§adz)X]X salts (X= NOs,

Cl, Br), spectra of these complexes could not be reconddd\ NaX
solution for reference. However, comparison of the spectrum calculated ~ Synthesis, Characterization, and Reactivity Twelve com-

for [Ni([3%]adz)CI|CI (5) with that of the compounchi5 M HCI showed

Results and Discussion

UV —vis spectra were compared to those of an appropriate $dlt
(M = Co, Ni, Cu) in 5 M HCI.

plexes of two different adamanzane bowl ligands were synthe-

ionic activity. The spectrum calculated for [NifJadz)(NG)INOs (4)
was equal within experimental error to that recorded at 26.ih 0.300
M NaNGO3/0.700 M CESOsNa, in accordance with substantial conver-

sion at this stage.

Direct determination of the anation equilibrium constant for the Ni-
([3%]adz)Br complex 6) was hindered by low solubility of the bromide

were used in the synthetic procedure, and in other cases
employment of the free amine was necessary. An overview of
the syntheses of the complex&s-(L2) of the larger bowl, [J]-
adamanzane, is presented in Scheme 1.

The synthesis of the bowl tetraamine,’]i&lamanzane

salt of this species. However, due to what is surely a medium effect, (1,5,9,13-tetraazabicyclo[7.7.3]Jnonadecane), was reported re-

the [Ni([3%]adz)Br]Br salt is somewhat solubla@ i5 M HBr. This
spectrum was assumed to equal that of the Njig#z)Br- complex

cently, and the ligand was isolated as the tetraprotonated
bromide salt, (H[3°%]adz)Br.?2 In contrast to several other
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Scheme 1. Overview of the Synthesis of Complexes of the
Ligand []Adamanzang

4
NiLNOs)*

NiCly- 6 Hy
methoxyetha

ZnBry
methanol

ZnLBr,

=1
=2

CoL(H;0),>*
9

3L = [3%]adz.

macrocyclic tetraaminés!316.194the free amine is not a proton
sponge (K«(H[3%]adz") = 12.09). This allows for the presence
of the free amine in basic aqueous solutions. Isolation of a
compound analyzing as j&dzH,O (1) was afforded by the
addition to the (H[3%adz)BK, salt of a strong NaOH solution
followed by extraction with chloroform. Recrystallization in
acetonitrile gave a crystalline off-white product, which is soluble
in various organic solvents and somewhat soluble in water. This
product was characterized by NMR, FAB-MS, and elemental
analysis.

The two broad singlets observed at 2.25 and 3.89 ppm in the

IH NMR spectrum were assigned with the aid of 2D NMR
(HMBC) to the NH and CH protons, respectively. The water
molecule must be partly hydrogen bonded to the amine in order
to show up at the present position (3.89 ppm) in the GDCI
solution. This is equivalent to viewing the compound as an
intermediate between the free amine with one crystal watg+, [3
adzH,0, and the hydroxide salt of the singly protonated amine,
(H[3%]adz)OH. The integrations point to the presence of more
than two NH protons and less than two OH protons. This does

not lead to an unambiguous interpretation; however, a structure

resembling a proton complex could be proposed (Figure 2), with
hydrogen bonds to some or all of the amine groups.

Two copper complexes2( 3) are described in this work
differing in the size of the macrocyclic ligand. Both complexes
are five-coordinated with bromide in the fifth position.

The blue copper(ll) aqua complex of the ligand, [(2.3)-

adamanzane, was obtained by reaction between the monopro

tonated bicyclic tetraamine H[(232%adz" and copper(ll) ions

(in excess) in aqueous solution followed by addition of 1 equiv
of base. Subsequent addition of bromide gave the bromo
complex, which was isolated as a perchlorate salt, [Cu(R23)
adz)Br]CIQ-H,0 (2) (yield 60%).

The copper(ll) complex with Badamanzane3j was syn-
thesized using the method described previddstr Cu([2*.3Y]-
adz)Br by heating an excess of tetraamminecopper(ll) ions with
H,[3%ad2*/H[3%adz" in an ammonia/ammonium buffer solu-
tion resulting in the formation of a blue copper(ll) complex with
[35]adamanzane. From the acidified product solution turquoise
crystals of [Cu([3]adz)Br]Br (3) were isolated in 84% vyield.

The nitrate and halide nickel complexes—6) of the ligand

[3%]ladamanzane were synthesized directly from the free amine

ligand (1) and the appropriate hydrated nickel(ll) salt. Maintain-
ing an excess of the metal ion was crucial to the yields{89

Broge et al.

—N
< / \’H ........
£ N /

Figure 2. Proposed structure of fadzH,0O (1). Weak interaction to
the tertiary nitrogen atoms cannot be excluded.

well. Ethanol was found to give the best result for the violet
six-coordinated chelate nitrate comple®} (vhereas the use of
methoxyethanol optimized the syntheses of the green five-
coordinated halide complexes, 6). Employment of the latter
solvent gave the added benefit of nicely crystalline products;
in the case of the chloride compleX)(X-ray crystallographic
measurements were performed directly on the bulk product.

The perchlorate nickel complex)(of the [?]adamanzane
ligand was synthesized in a 58% vyield based on the ligand by
dissolving the corresponding chloro comple%) (at room
temperature in a solution containing Hg(G)&in dilute HCIO,.

The initial turquoise color of the precipitate changed to blue

upon drying, and microanalysis and the single-crystal X-ray

structure reveal the compound to be anhydrous. It is a relatively
rare example of a chelate coordination mode of the perchlorate
ion in a transition metal complei:4°

In aqueous solutions interconversion between the nitrate,
chloro, and bromo complexed-{6) is fast. The aqua species
present in aqueous solutions of all the nickel compledesr]
displays visible decay according to the bVis spectra within
days at neutral pH.

A cobalt(ll) complex 8) of the large bowl adamanzane was
synthesized as well (83% yield). The Cd{gdz)CI" ion (8) is
analogous to the five-coordinated complexes mentioned above
(3, 5, 6), and the synthesis is similar to that of the nickel(ll)
halo complexes§, 6). With a little extra care crystals of a
quality suitable for X-ray diffraction studies could be obtained
directly from the bulk reaction.

A pale green compound) analyzing as Co([8adz)(CIQy),-
(H.0); was also isolated. The color of the solid strongly
resembles that of solutions of the compound in cold 0.01 M
trifluoromethanesulfonic acid. Most likely, the complex ion is
a diagua species, and we have chosen to write it as such, i.e.,
[Co([3°]adz)(H0),](ClO4,)2°H20 (9). The solid product slowly
deteriorates and should be stored in sealed vials in the freezer.

With time, aqueous solutions of the [Cof[&dz)CI|CI salt
(8) and of the compound [Co(fRdz)(H:0),](ClO4)2-H20 (9)
display equilibration with the pink tetrahedral CAgdz}* ion
(20), which may be isolated by precipitation with various anions.
The crystal structure was solved for this complex. Aqueous
solutions of the Co([Jadzf" cation (L0) are unstable; thus
timing is a crucial factor to the yields (41% based on the ligand
for the pure hexafluorophosphate sdlo§). The equilibration
and decomposition rates vary nonlinearly with pH and the
chloride ion concentration and are seemingly independent of
the presence of air.

The pink color of the Co([§adz)" ion stems from the much
higher ligand field strength of the amine macrocycle compared
to that of the anionic ligands present in the more prevalent blue

95%), which were quite dependent on the choice of solvent as (48) Che, C.-M.; Chan, C.-W.; Yang, S.-M.; Guo, C.-X.; Lee, C.-Y.; Peng

(47) Ciampolini, M.; Micheloni, M.; Vizza, F.; Zanobini, F.; Chimichi,
S.; Dapporto, PJ. Chem. So¢Dalton Trans.1986 505.

S.-M. J. Chem. Soc., Dalton Tran$995 2961
(49) House, D. A.; Steel, P. J.; Watson, A. A. Chem. Soc., Chem.
Commun 1987, 1575 and references therein.
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Figure 3. View of the cation in [Cu([(2.3)2Yadz)Br]Br (2). In this

and the following four figures the thermal ellipsoids are drawn at the
50% probability level. With exception of H(1) and H(3), bound to N(1)
and N(3), respectively, the hydrogen atoms have been omitted for
clarity.

Table 3. Bond Lengths (A) and Bond Angles (deg) for the
Coordination Sphere around the Metal lon in
[Cu([(2.3%.2Yadz)Br]CIC: (2)
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Figure 4. View of the cation in [Cu([3Jadz)Br]Br (3). Five of the
carbon atoms are disordered. Only one position of these atoms is
presented. [Ni([Jadz)CI]|CI (5), [Ni([3%]adz)Br]Br (6), and [Co([3]-
adz)CI|CI @) are isostructural witl3.

Table 4. Bond Lengths (A) and Bond Angles (deg) of the
Coordination Sphere around the Metal lons in [CEig8z)Br]Br
(3), [Ni([3%adz)CIICI (), [Ni([3%]adz)Br]Br (6), and
[Co([3°]adz)CIICI (8)2

Br—Cu 2.4796(8) CeN(4) 2.128(4) 3 5 6 8
Cu—N(@3) 1.997(4) Cu-N(2) 2.176(5)
_ X(1)—-M 2.4978(11) 2.3140(11) 2.4706(6) 2.3051(9
Cu-N@)  2.008%) M(—)N(l) 2.035(§) ) 2.116(2() ) 2.108(2() ) 2.170(2() )
N(3)-Cu—N(1) 176.3(2) N(4»Cu—-N(2)  83.9(2) M—N(2) 2.130(3)  2.086(2)  2.090(2) 2.100(2)
N(3)—Cu-N(4)  83.2(2) N(3)-Cu—Br 91.49(13) N(1)—M-N(1) 174.8(2) 173.87(12) 174.15(8) 173.08(9)
N(1)—Cu-N(4)  95.0(2) N(1)-Cu—Br 89.66(13) N(1)-M—N(2) 88.12(12) 87.90(8)  87.95(6) 87.78(6)
N(3)-Cu—N(2)  85.0(2) N(4)»-Cu—Br 167.64(13) N(1)-M-N(2) 88.91(13) 88.48(8)  88.59(6)  88.30(7)
N(1)-Cu—N(2)  98.0(2) N(2)-Cu—Br 106.86(13) N(2)-M-N(2) 109.9(2)  107.54(12) 107.44(9) 111.04(9)
N(1)-M—X(1) 92.59(10) 93.06(6)  92.92(4) 93.46(4)
tetrahedral cobalt(ll) complexes. The position of the visible N(@2)~M—X(1) 125.05(10) 126.23(6) 126.28(4) 124.48(5)

absorption band (543 nm) is nearly identical to that of the
reported tetrahedral Co([16]angRl" ion (540 nm)2°

Analogous to the pink CoffadZ* complex (L0) is the
colorless tetrahedral Zn@{Rdzyt ion (12). This zinc(ll)
complex was prepared by heating a basic solution containing a
mixture of [Fladamanzane (free amine) and Zn(@H)(in
slight excess) in methanol. This gave colorless crystals analyzing
as Zn([3]adz)Br, (11). The constitution of this compound was
not established, but preliminary experiments indicate the pres-
ence of at least one coordinated bromide ligand. Dissolution of
this salt in hot water followed by addition of 4{¥ZnCl,] gave
[Zn([3%]adz)][ZnCl]-H20 (12) in high yield (83% based upon
the ligand).

Crystal Structures. Structure of [Cu([(2.3)2.2Yadz)Br]-
ClO4 (2). Compound2 consists of Cu([(2.3)2]adz)Br" and
ClO,4~ ions. Bond lengths and angles of the coordination sphere
around the copper ion are listed in Table 3. The labeling of the
atoms of the cation is shown in Figure 3. For five-coordinated
compounds two basic idealized geometric formsDigrigonal
pyramid (TBP) and th€,, square pyramid (SP), exist. The two
forms are most simply and symmetrically related by the Berry
intramolecular ligand exchange process with the trigonal bi-
pyramid as reference. The coordination geometry around the
copper ion in the present structure is best described as squar
pyramidal, the percentage (TBP SP) being 86.6. The apical
position is occupied by N(2). In [Cu({Z'adz)Br]CI02° and
in [{Cu([2*.3"adz})} 3(us-CO3)](ClO4)4?* the coordination was

aSymmetry code: (iy-x, =y + ¥, z (M, X) in 3,5, 6, and8 =
(Cu, Br), (Ni, CI), (Ni, Br), and (Co, CI).

percentages (TBP> SP) being 52.3 and 56.9, respectively. In
the present structure the hydrogen atoms attached to N(1) and
N(3) are oriented toward the Br atom and away from the ligand.
The same result is found for the copper(ll) and nickel(ll)
complexes with [23'adamanzané’?-2° The Cu-N bonds
involving the bridgehead nitrogen atoms are longer than the
other two Cu-N bonds. This result is opposed to what was
found for the five-coordinated Cu complexes of. BJadz20:2

The distance between the bridgehead nitrogen atoms:N(2)
N(4) is 2.876(7) A, and the N(1xN(3) distance is 4.002(6) A.

In H[(2.3)%]ladz" 28 the distance between the bridgehead nitrogen
atoms [ethylene bridge] are 2.73(2) and 2.91(1) A for the two
independent cations.

The six-membered ring, Cu(@N(1)—C(1)—C(2)—C(3)—
N(2), has a chair conformation, whereas the other one has a
twist-boat form. All three five-membered rings are in a twist
conformation. The hydrogen attached to N(3) is involved in a
weak hydrogen bond to O(1%§ — x, — > +y, %> — 2) of the
ClO4~ ion. The N(3Y-H::-O(1) bond is 3.038(7) A (B-A).

Structure of [Cu([35]adz)Br]Br (3), [Ni([3 5]adz)CI]CI (5),

INi([3%]adz)Br]Br (6), and [Co([3%adz)CIICI (8). 3, 5, 6, and

8 are isostructural, and the compounds consist of Ré[&X)"
and X ions (M = Cu, Ni, or Co; X= Cl or Br). The cations
have 2-fold symmetry, the metal ion, X(1), and C(8) being

best described as being about halfway between the two idealizedPOSitioned on a 2-fold axis. Bond lengths and angles of the

structures, trigonal bipyramidal and square pyramidal,

(50) Chen, L.; Cotton, F. Anorg. Chim. Actal997, 263 9 and references
therein.

the coordination sphere around the copper ion are listed in Table

4. The labeling of the atoms of the cation is shown in Figure 4.
The coordination geometry around the copper ion is trigonal
bipyramidal, the percentages (TBPSP) being 8.1, 10.2, 10.5,
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Table 5. Bond Lengths (A) and Bond Angles (deg) of the
Coordination Sphere around the Metal lons in
[Ni([3%]adz)(NQ)]NOs3 (4) and [Ni([3*]adz)(CIQ)]CIO4 (7)

4 7
Ni—N(1) 2.083(6) 2.066(2)
Ni—N(2) 2.094(6) 2.101(2)
Ni—N(3) 2.074(6) 2.072(2)
Ni—N(4) 2.095(6) 2.084(2)
Ni—0O(1) 2.195(5) 2.260(2)
Ni—0(2) 2.180(5) 2.258(2)
N(3)—Ni—N(1) 176.5(2) 177.34(10)
N(3)—Ni—N(2) 89.2(3) 88.28(9)
N(1)—Ni—N(2) 88.6(3) 89.99(9)
N(3)—Ni—N(4) 89.6(3) 88.69(9)
N(1)—Ni—N(4) 88.3(2) 89.87(9)
N(2)—Ni—N(4) 105.9(2) 106.41(9)
N(3)—Ni—0(2) 91.4(2) 92.87(8)
N(1)—Ni—0(2) 91.6(2) 89.48(8) ) . L .
N(2)-Ni—0(2) 157.5(2) 158.61(8) Figure 5. View of the cation in [Ni([3]adz)(NQ)INO;3 (4). Eight of
N(4)—Ni—0(2) 96.6(2) 94.97(8) the carbon atoms are disordered. Only one position of these atoms is
N(3)—Ni—0(1) 91.7(2) 92.67(8) presented.
N(1)—Ni—0(1) 91.4(2) 89.54(8)
N(2)—Ni—0(1) 98.3(2) 96.67(8)
N(4)—Ni—0(1) 155.7(2) 156.91(8)
O(2)—-Ni—0(1) 59.2(2) 61.94(6)

and 5.1 for [Cu([8]adz)Br]Br (3), [Ni([3%]adz)CI|CI (5), [Ni-
([3%]adz)Br]Br (6), and [Co([3]adz)CIICI (8), respectively,
whereas a square pyramidal coordination was found in [Cu-
([(2.3%.2Yadz)Br]CIO, (2). The geometry around the metal ion
depends on the metal ion, the anions, and the size of the
tetraamine cavity.

In each of the present structures the-M bonds are of almost
the same length. The N(1) and N(li)= —x, —y + />, ) atoms
occupy the axial positions. The N¢2)N(2)' distance between
the bridgehead nitrogen atoms is 3.487(6), 3.366(4), 3.369(3),
and 3.461(3) A, and the N(#)N(1) distance is 4.065(6), 4.226-
(4), 4.211(3), and 4.332(3) A for [Cu@Rdz)Br]Br (3), [Ni-
([3°]adz)CIICI ), [Ni([3°]adz)Br]Br (6), and [Co([3]adz)CI|CI tetramethyl-1,4,8,11-tetraazacyclotetradecathnickel(I1) ni-
(8), respectively. The hydrogen atom attached to N(1) is oriented yratést and nickel(ll) complexes with the bidentate perchloféte.
away from the X(1) atom and is involved in a weak hydrogen  As a consequence the NOligand in [Ni([3%]adz)(NQ;)]NO3
bond with X(2) (X= Cl or Br). The N(1)-H(1)---X(2) bond (4) and the CIQ~ ligand in [Ni([3%]adz)(CIQ})]CIO4 (7) show

Figure 6. View of the cation in [Ni([3]adz)(CIQ)]CIO4 (7).

is 3.528(4), 3.447(2), 3.522(2), and 3.398(2) A«B,) for [Cu- distortion from regular triangle and tetrahedron symmetry,
([8%adz)Br]Br @), [Ni([35%]adz)CI]CI (5), [Ni([35]adz)Br]Br (6), respectively, the O(1)N(5)—0O(2) angle being 116.0(%)and
and [Co([3]adz)CI|CI (8), respectively. the O(l)_—CI(l)—O(_Z) angle bejng 104.97(12) .

. . i those of other six-coordinated Ni(ll) complexes. As with other
(CIO4]CIO. (7). Compound4 consists of Ni([3]adz)(NQ) coordinated perchloratéthe CHO bond lengths in [Ni([3-

and NQ 7|c.>ns, and compound consists of N|([§]adz)(CIQ)+ . adz)(CIQ)]CIO4 (7) are shorter to the noncoordinating oxygens
and ClQ~ ions. Bonq Iengths a”‘?' ang!es of the Coordlnatlgn (1.425(2), 1.426(2) A) than to the coordinated oxygens (1.464-
sphere around the nickel ion are listed in Table 5. The labeling (2), 1.468(2) A).

of the atoms of the cations is shown in Figures 5 and 6. The | the perchlorate compound)(the two six-membered rings
NO;™ and CIG™ ligands are bidentately coordinated, giving @ containing N(1) are in a twist-boat conformation, whereas the
cis configuration as found in the Ni complexes with the ligand other three rings are in a chair form. The N¢2)(4) distance
[2%.3']adamanzan@ In octahedral complexes the adamanzanes between the bridgehead nitrogen atoms is 3.344(7) A in [Ni-
constrain the configuration tois as opposed to the related ([3°]adz)(NQ;)]NO;z (4) and 3.351(3) A in [Ni([3]adz)(CIQ)]-
macrocyclic ligand, 1,5,9,13-tetraazacyclohexadecane ([16]- CIOs (7), and the N(1)-N(3) distance is 4.156(7) A in the
aneNy), which formscis as well astrans complexe<?8 In the nitrate compound 4) and 4.136(3) A in the perchlorate
present structures the angles around the nickel ion showcompound (). In both structures the hydrogen atoms attached
distortions with respect to those of a regular octahedron. This 10 N(1) and N(3) are oriented away from the inorganic ligand.
is mainly due to the very small angle OANi—0(2) of 59.2- !N [Ni([3°]adz)(NQ)INO; (4) the hydrogen atom of N(3) is
(2)° and 61.94(6) for [Ni([35]adz)(72-NO3s)]NOs (4) and [Ni- involved in a weak hydrogen bond of 3.009(9) A-(BA\) with

([3%]adz)(7%-Cl0O4)]CIO, (7), respectively. These values are in O(6) (1= x 1 =y, =2) of one of the N@" anions, and in

agreement with those of 60.19(2Z)nd 61.0(2) found incis- (51) Panneerselvam, K.; Lu, T.-H.; Chi, T.-Y.; Liao, F.-L.; Chung, C.-S.
(nitrato-O,0")[(LRS4SR5SR8RS11SR12SR-C-rac-1,5,8,12- Acta Crystallogr 1999 C55, 724 and references therein.
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Table 6. Bond Lengths (A) and Bond Angles (deg) of the
Coordination Sphere around the Metal lons in [C&@82z)][ZnCL]
(10b) and [Zn([F]adz)][ZnCL] (12)2

10b 12
M—N(1) 2.005(3) 1.990(2)
M—N(3) 2.011(3) 1.995(2)
M—N(2) 2.018(3) 2.021(2)
M—N(4) 2.025(3) 2.021(2)
N(1)-M—N(3) 126.22(11) 125.44(8)
N(1)-M—N(2) 107.19(10) 107.54(7)
N(3)-M—N(2) 104.58(10) 104.86(7)
N(1)—M—N(4) 104.84(10) 104.84(7)
N(3)-M—N(4) 107.84(10) 108.24(7)
N(2)—M—N(4) 104.31(11) 104.14(7)

aMin 10bis Co and in12is Zn.

[Ni([3°]adz)(CIQ)ICIO, (7) there is a weak hydrogen bond Figure 7. View of the cation in [Co([3]adz)][ZnCL] (10b). [Zn([37]-
between the hydrogen atoms attached to N(1) and O(7) of theadz)jizncl] (12) is isostructural withLOb.

ClOo,~ anions of 3.226(4) A.

Structure of [Co([3°]adz)][ZnCl 4] (10b) and [Zn([3°]adz)]- Solution Studies.X-ray crystal structures were not obtained
[ZnCl4] (12). The compounddOband12are isostructural and  for any of the aqua species of the presently reported complexes.

consist of M([3Jadzf* and ZnC§*~ions (M= Co or Zn). Bond  The values of the absorption coefficients were used to assign
lengths and angles of the coordination sphere around the metakhe coordination numbers.

ion are listed in Table 6. The labeling of the atoms of the cation
is shown in Figure 7. The coordination polyhedron around the
metal ion, M, is a slightly distorted tetrahedron. The angles
around the metal ion are in the range 104.31{111)7.84(10)
(M = Co,10b) and 104.14(7y108.24(75 (M = Zn, 12) except
for the angle between the nonbridging nitrogen atoms, N(1)
M—N(3), which in [Co([3]adz)][ZnCl] (10b) is 126.22(11)
and in [Zn([Fladz)][ZnCL] (12) is 125.44(8). These values
are very close to those found in the two isostructural and . : T o
tetrahedral complexes, [Co([16]angNCI0,),%° and [Zn([16]- :nzsggag]da;oz)t?ég?ﬁa species, i.e., Cu([{23pdz)(H0)
aneN)](ClO4)2.52 In Co([16]aneN)?" the angles N-Co—N . L . o
range from 98.9(9)to 124.6(8, and in Zn([16]anel)?* the Thg _S|m|Iar lack of_a significant reqluctlon in the extinction
angles N-Zn—N range from 101.9(5)to 123.4(4). In the co_efﬂments for the nickel aqua species (aquec_>us solutl_ons of
present structures, the NEN(3) distance is 3.581(4) and  [Ni([3°1adz)(CIQ)ICIO. (7)) supports a formulation as a five-
3.542(3) A and the N(2)-N(4) distance between the bridgehead c00rdinated complex as well, i.e., Nifjadz)(HO)>". The high
nitrogen atoms is 3.192(4) and 3.188(3) A in the cobaib extinction coefficients found for th_e S|x-coord|na_ted nitrate and
and zinc (2) compounds, respectively. The ZN(1) and Zn- perchlorate complexed,(7) are _attrlbuted to the dlstortlor_l from
N(3) bonds are slightly shorter than the two other-&hbonds regular octahedral geometry imposed by the small bite angle
(12), whereas inLOb the Co-N bonds are of equal length. In of th_e anionic ligands. The dlstc_>rt|on is a_pparently severe enough
both structures, the six-membered ring containing N(1) and N(2) 0 disrupt the presence of parity selection rules. Complexes of
and the ring containing N(3) and N(4) have the envelope this type hav_e previously been descrlbed as psegdo-flve-
conformation. The ring involving N(2) and N(3) and the one coordinated with t_he ghelat.ely bound oxo ligand occupying only
with N(1) and N(4) are both in a chair form. The fifth ring "€, mean coordination sité.
with N(2) and N(4) has a twist-boat conformation. The hydrogen ~ The opposite is true for aqueous solutions of the cobalt(ll)
atoms attached to N(1) and N(3), both being oriented away from complexes &, 10), which at low chloride ion concentrations
the ligand, are involved in a weak hydrogen bond with ZACI appear to contain substantial amounts of a species with very
ions, the N(1}-H(1)---CI(1) (x, y, z — 1) and the N(3)}-H(3)- low absorption coefficients: cal/ip of those of the five-
-CI(2) (Y, z— 1) bonds being 3.312(3) ([Cofadz)][ZnCly], coordinated and tetrahedral species. The absorption spectrum
10b), 3.298(2) ([Zn([3]adz)][ZnCly], 12) and 3.266(3) ([Co- of the pale green product [Coffadz)(H.O),](ClO4)2°H20 (9)
([3°]adz)][ZnCl], 10b), 3.236(2) ([Zn([3]adz)][ZnCL], 12) A is very similar to that of the Co(f3adz)CI ion (8) in cold
(D---A), respectively. 0.01 M trifluoromethanesulfonic acid (a medium in which the

In the investigation of these small bicyclic tetraamines we various reactions of the present cobalt(ll) system are slow).
find the N—H bonds to be oriented away from the adamanzane These facts are taken as evidence for the presence of a six-
ligand in the complexes of {Badamanzane and of [(223Y]- coordinated, pseudo-octahedral CEJ§8lz)(HO),2" ion.
adamanzane and in the four-coordinated complexes 9 [3 In aqueous solutions of high chloride concentration the five-
adamanzane, whereas in the five- and six-coordinated complexegoordinated Co([§adz)Clt ion (8) presents itself as a highly
of [3°Jadamanzane the-NH bonds are oriented in the opposite  absorbing species as is seen from the reported spectrum of [Co-
direction. ([3%]adz)CIICI 8) in 12 M HCI. This is in conflict with the
. . absorption bands of very low extinction coefficients observed
(2) é‘r’fkay'SR-?Dcrl‘ta”ts_F’”' T-lgé?SRfé%%”sPe's' J. H.; Hancock, R.D.  for solutions of the same compound in organic solvents. The
(53) Ch:% é’_ ?c_?C%Zn;f’ES_:&Chem_ Soc., Dalton Trans991 1685, spectra are interpreted as evidence of six-coordination in the
(54) Mathew, M.; Palenik, G. J.; Clark, G. Rorg. Chem1973 12, 446. organic solvents, afforded either by coordination of the ionic

Previously reported crystal structures of copper(ll) aqua
complexes with macrocyclic tetraamines all display five-
coordination®® The bromo complexes in the present wogk (

3) are five-coordinated, and the extinction coefficients for the
corresponding aqua species (acidic, aqueous solutions containing
Hg?" in excess) vary by less than a factor of 3 from those for
the bromo complexes. This moderate change suggests roughly
identical coordination geometries; accordingly, five-coordination
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Table 7. Thermodynamic Data for the Equilibrium ConstarkgxX)/M 1,

Broge et al.

for the Formation of MLX* Complexes in Agueous Solution and

Kinetic Data for the Dissociatiomi5 M HCI of the Macrocyclic Ligand from the Metal lon at 262

KM~ AH°/kJmol-1 AS/Jmol 1K1 k/s1 AH¥kJmol~t AS/JFmol 1Kt
cu([2*.31)adz)Br" 8.3(2p —8.4(1.8) —11(6) 1.48(2)x 10°° 89(6) —60(14)
Cu([(2.37.24adz)Br* 4.8(3F 1.7(9) 19(3) 1.79(5K 10° 93(4) —42(9)
cu([Fladz)Br 4.55(2) —4.5(3) —2.6(1) 2.28(6)x 1077 121(4) 32(14)
Ni([3%jadz)Cl 9.1(4¥ —-7.9(2.7) -8.1(8.7) 1.4(6)< 1009 126(6) 8(17y
Ni([35adz)(NQ)* 62(4F —33(4) —75(15)
Ni([3%adz)Br+ 1.0(3)
Co([Fladz}* 1.12(2)x 10°4h 84(2) —39(5)
Zn([3adzp* 1.60(6)x 10741 82(2) —44(7)

a Equilibrium and rate constants at 40 are given in Tables S1 and S2 (available as Supporting Informatiar)0 M Na(Br,CIlQ), ref 20.
€1.00 M Na(Br,CIQ). 91.00 M Na(Br,NQ). €1.00 M Na(X,CRESG;) (X = Cl, NOs3). f Rough estimate, see teftThe rate constants at 26 have
been calculated from the values AH* and AS® determined in this study from rate constakts: 4.81(9) x 10°¢ st at 80°C andk = 5.04(50)
x 107° st at 100°C. " Equilibrium mixture containing Co(f3adzf™ and Co([3]adz)ClI", see text! 5 M DCI. | Activation parameters calculated
from an earlier determination dfat 25°C andk at 40°C determined in this study (Table S2).

chloride ion to form a neutral species or by coordination of a
solvent molecule.

Equilibrium Studies. No aqua species has made itself evident
for the adamanzane complexes of zinc(ll},(12), but for the
remainder 2—10), equilibration with the aqua complexes is
observed in aqueous solutions, and for the five- and six-
coordinated complexe2<{8) the reaction is fast.

In the present work the equilibria involving the copper(ll)
(2, 3) and three of the nickel(I1)4—6) complexes were studied
spectrophotometrically. Omission of the Ni{[&dz)CIQ;" ion
(7) from this study was justified by the weak donor capabilities

The binding of the nitrate ion is 25 times more efficient in
the present species, Nifjadz)@2-NOs)™ (4), than was the case
for the analogous Ni([23adz)@2-NOs)* complex2® For the
[3%]adamanzane specied) (veak hydrogen bonding is possible
between the hydrogen atoms of the methylene groups directly
attached to the nonbridged nitrogen atoms and the coordinated
oxo groups of the inorganic ligand. Such interaction is prohibited
with complexes of the smaller macrocycle, which display an
inverted geometry around the nonbridged nitrogen atoms. This
hydrogen bonding might aid slightly to greater stability of the
present nitrate complexd) and also toward formation of the

of the perchlorate ligand and by spectral measurements of thergther unusual chelate perchlorate compl&x However, the

complex in water/acetone solutions of varying composition. The
complex interconversions of the cobalt(ll) system have not been
examined here.

X-ray data shows the interaction to be weak, and Table 7 shows
the standard enthalpy change for the complexation reaction to
be dramatically more favorable for the nickel(Il) nitrate complex

In all five cases studied, interpretation of the spectral changes(4) than for the remainder of the adamanzane complexes.

in terms of the equilibria shown in eq 1 was unambiguous for
the entire wavelength region, with no indications of the presence
of other species. The equilibrium constant§(X~), were

determined as described in the Experimental Section (Table 7).

ML(H,O)* + X~ ~EL MLX * + H,0 (1)

M = Cu: L= [(2.3)%2"adz, [F]adz, X=Br_
M = Ni: L =[3%adz, X=NO, , CI", Br~

The equilibrium constants for the copper(ll) complexes
correspond well with those reported for Cu{@]adz)Br" and
for copper(ll) complexes with other macrocyclic tetraamines,
all having values oK(Br~) in the region 2-20 M~1,20.55-58

A 9-fold increase in the equilibrium constants for the
formation of the nickel(ll) anion complexe4+6) is seen when
crossing from bromide & to chloride 6) and a further
approximate 5-fold increase upon changing to nitrd)e The
nitrate ion is generally considered to be of weak ligating power.
However, the results obtained for the present complexes
correlate with the acidity of the corresponding strong acids; the

stronger the acid, the weaker the anion is bound to the positively

charged nicketadamanzane moiety. Accordingly, the binding
of the perchlorate ion appears to be insignificant in aqueous
solution.

(55) Liang, B.-F.; Margerum, D. E.; Chung, C.480org. Chem1979 18,
2001.

(56) Liang, B.-F.; Chung, C.-Snorg. Chem.198Q 19, 572.

(57) Wu, S.-Y,; Lee, C.-S.; Chung, C.-Biorg. Chem.1984 23, 2548.

(58) Chen, J.-W.; Chang, C.-C.; Chung, C k&irg. Chem1987, 26, 335.

Clearly, other effects must be present as well.

Hydrolysis Kinetics. In hydrochloric acid the adamanzane
complexes are cleaved slowly to form the hexaaquametal(ll)
ions or the tetrachlorometalate(ll) anions plus the corresponding
protonated amines. The kinetics were studied as described in
the Experimental Section, and the obtained kinetic parameters
are listed in Table 7. In the case of the copper(ll) sped@e8)(
and following previous studié$ of the [2*.3']adamanzane
complexes, it is assumed that transformation of the bromo
complexes into the corresponding chloro complexes is fast and
guantitative. The overall reaction is shown in eq 2.

CULCI* + 4H" + 301" -2 CuCLz +H,L* (2

L = [(2.3)%2Yadz, [F]adz

For nickel(Il), measurements were performed directly on the
chloro species. Due to the extreme inertness of the five-
coordinated chloro comple%), the experiments were conducted
at 80 and 100C. The overall reaction is shown in eq 3.

Ni([3%]adz)CI" + 4H" + 6H,0 o

Ni(H,0)" + H,[3%]adZ" + CI™ (3)

The NMR data obtained for the analogous reaction involving
the tetrahedral zinc(ll) compled®) also followed the expres-
sion for a first-order reaction, and the overall reaction is shown
in eq 4.
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_ Kobs the other hand, display a general increase in both parameters
+ + _obs.
Zn([35]adz)2 +4H" +4Cl with the increase in ligand size, ending up with a change of
ZnCl>" + H,[3%adZ" (4) sign for the activation entropy concerning the dissociation of

the [Fladamanzane comple8)

The stoichiometries of the reactions of the cobalt(ll) com-  When comparing only the fladamanzane complexes the
plexes 8 and10) in 5 M HCl are shown in eqs 5 and 6. At 25  general expectatiShis for the cleavage of nickel(ll) complexes
°C both reactions showed biphasic kinetics, which was inter- to be the slowest followed by cobalt(ll), copper(ll), and finally
preted in terms of two consecutive reactiongbeing 10 times zinc(ll) as the fastest.

larger thanksiow. In accordance with this, the dissociation of the five-
coordinated nickel(ll) complex5] is by far the slowest.
Co([f]adz)CF +AHT + GHZOibS» However, the order is reversed for the next two metal ions (Table

7). The reactionri 5 M HCl is slower for the [§Jadamanzane
Co(H,0)y"" + H,[3%adZ" + CI” (5) complex of copper(l)8) than for the cobalt(l) systen8( 10).
. Apart from the difference in the products of the dissociation
+ + _obs reactions this may relate to the preequilibrium (eq 7) established
Co([35]adz)2 +AH +6H0 for the cobalt complexesB(10). As mentioned earlier, com-
Co(H,0)s’" + H,[3%adZ" (6) parison with the five- and six-coordinated species of-[3
adamanzane 3(-8) reveals an inverted geometry for the
The slow/fast ambiguity was resolved by looking at the tetrahedral complexed@, 12) around the nonbridged nitrogen
calculated spectra of the intermediates, and it was unambigu-atoms. Also, the coordination polyhedron for the latter com-
ously concluded thaks,s; corresponds to the first reaction. As  plexes (0, 12) forms aflattenedtetrahedron (HN-M—NH ~
discussed in the following, the kinetic data can be interpreted 126°, Table 6). In combination these two structural features
in terms of a fast pre-equilibration followed by a slow ligand cause the metal ion to be less embedded in the cavity formed
extrusion reaction(s) (eqs 5 and 6). The pre-equilibration is by the organic framework of the macrocycle, leaving more room
for attack. Thus the presence of substantial amounts of the
l’f tetrahedral specied() in the equilibrium mixture concurs with
Co([Fladzf + CI~ ké Co([Fladz)Cl (7) an enhanced dissociation rate for the cobalt(ll) system. The result
! is faster cleavage for cobalt(l1B(L0) than that observed for
the five-coordinated copper(ll) comple3)( contrary to the order
expected just from the nature of the metal i6hs.
Faster yet is the dissociation of the zinc(ll) complé@)(
d This complex is isostructural with the tetrahedral cobalt(ll) ion
" (10). Furthermore, no ligand field stabilization exists for zinc-
(I1), rendering obsolete the contribution to the activation energy
barrier from the difference in LFSE between the starting
for equilibration kinetics (eq 7). From the calculated equilibrium comple;x and the product(s) for reactions involving this particular
spectrum and the spectra of the starting compounds, theme'[all lon.. )
concentration equilibrium constakt= [Co([3%|adz)CI*}/[Co- The dissociation reactions of the’J@damanzane complexes

([3%]adz?*][C1 ] = 0.2 M1 was calculated, i.e., the equilibrium of copper(ll) and nickel(ll) §, 5) in 5 M HCI are much more
mixture contains approximately equal amounts of the two temperature dependent than is the case for the remainder of the

proposed to be an equilibration between the compl@&xasd

10 as shown from the kinetic data (eq 7). The calculated
intermediate spectra for solutions starting with eitBesr 10
were identical, confirming that equilibrium has been attaine
Furthermore, the observed pseudo-first-order rate conskasis,
for reactions starting with eithe or 10 were identical (1.41-
(3) x 103 and 1.38(3)x 1073 s, respectively) as expected

speciesii 5 M HCI. Assuming thakis = ki + k_1[CI-] and complexes'(TabIe 7).' Furthermore, C(.)mpa.ris'on of the enthalpies
using the value folK = ky/k_1, the rate constants, = 7 x and entropies of activation for the dissociation process (T_ab_le
104standk ;= 1.4 x 104 s1 (25 °C) are calculated. 7) shows the parameters for these two to be identical within
The observed pseudo-first-order rate constants for the secondh® Standard variation but quite different from the parameters
reaction ksow, Were identical for the two compoungsand 10. of the rest. Again structural differences might constitute an

This corresponds well to the proposal that for both complexes €xPlanation. The only systems which involve the cleavage of
the second reaction corresponds to the ligand extrusion reactiorVe-coordinated [Jadamanzane species solely are precisely
for an equilibrium mixture of the two species (eq 7). At present th0se€ involving the mentioned copper and nickel comple8es (

we have no indication as to whether the rate-determining step-2)- 1€ préeviously discussed inversion around the nonbridged
(s) in the extrusion process mainly involves eiteor 10 or nitrogen atoms is observed when comparing the_flve- and six-
both species. coordinated complexes of Jadamanzane3(-8) with all of

At 40 °C the time required to dissolve the samples in 5 M the rest of the adamanzane complexes and may be responsible
HCI prohibited a reliable determination of the first and fast for a different mechanism for the dissociation of the macrocyclic

reaction, but well-defined values for the ligand extrusiagu, ligand from the metal ion.
could be obtained. Data for this reaction are given in Table 7.
The dissociation of the macrocyclic ligand from the metal
ion is a multistep process for which the nature of the rate- A range of transition metal complexe®{12) with the bowl-
determining step remains unknown. Furthermore, the productsshaped macrocyclic ligand Jadamanzane were synthesized
of the dissociation reactions differ, from tetrachloro to hexaaqua and characterized, along with a copper(ll) complxdf the
ions. These facts dictate extreme caution when attempting smaller ligand [(2.3)2%adamanzane. Equilibrium constants for

comparison of the rates and kinetic parameters. However, a fewthe complexation with various anions as the fifth ligand were
observations merit comment.

There is no trend in the variation of the dissociation rates for (5g) wilkins, R. G.Kinetics and Mechanism of Reactions of Transition
the three copper(ll) complexes. The activation parameters, on Metal Complexgs2nd ed.; VCH Publisher: New York, 1991.

Concluding Remarks
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N clature corresponds to that used for the series of bicyclic systems
in which the numbers of carbon (and hetero) atoms in the three
chains are given as a prefix in a square braéKéte cages and

NA— 200 WO N bowls may be considered as nitrogen analogues to the tetrahedral

s carbon cage whose smallest member is adamantane, tricyclo-

\ / [3.3.1.B"]decane. We name the series of tetraaza bowls and

N cagesadamanzanes(adamartane + tetraaa + amine) and
Figure 8. Order of listing the five and six carbon chains, respectively, follow the rules above with the additional rule that the carbon

in bowl and cage adamanzanes. chains are listed in the order as shown in Figure 8. The cages
and bowls are named as indicated below (an additional short

determined, as were decomposition rates5i M HCI. The notation for cases with several carbon chains of equal length in

obtained thermodynamic and kinetic parameters were discussedequence is also given), and the notation is illustated in Figure
in light of the structural data, particularly the observed inversion 1 for bowl adamanzanes (adz adamanzane).

in the conformation of the nonbridged nitrogen atoms of the

macrocyclic ligands. Complexes of42]adamanzané’21.2° Bowls:

[(2.3)2.21]adamanzane2(in this StUdy)r and the tetrahedral 1,5,9,13-tetraazabicyclo[7.7.3]nonadecane=[3.343.3.3]adamanza.ne=[35]adz.
complexes IO, 12) of the Iarger [g]adamanzane maCfocyCle 1,4,7,1O—tetraazabicyclo[S.S.S]pentadecane=[2.2.2A2A3]adamanzane:[24.3]]adzA
displayed a conformation with the hydrogen atoms of the 1,5.9,12-tetraazabicyclo[7.5.2]hexadecane = [2.3.2.3.2]Jadamanzane = [(2.3)*2"adz.
secondary amine groups pointing upward from the rim of the ¢,

bOW"Shaped macrocycle, in the direction of the site for the 1,3,5,7-tetraazatricyclo[3A341.13’7]decane=[Ll.l.l.l,l]adamanzane:[lé]adz.

p0tential fifth Iigand' Inversion was observed for all of the five- 1,4,8,11-tetraazatricyclo[6.6.2.2*'"Joctadecane = [2.2.2.2.3.3]Jadamanzane = [2*.3%]adz.

and six-coordinated complexes off@damanzane3(-8) yield-

ing a configuration where the metal ion seems much more . .

deeply embedded in the cavity of the ligand. In general these FOrmulas for the protonated species may be written as, for
latter complexes showed a tendency toward greater stability, instance H[3%jadz.

i.e., lower decomposition rates. . . . . i
' P Supporting Information Available: Nine X-ray crystallografic
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