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Carboxymethylated Cage Amines: Coordination and Lactamization
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Depending upon the position and degree of substitution, carboxymethyl derivatives of cage amines of the
“sarcophagine” (3,6,10,13,16,19-hexaazabicyclo[6.6.6]icosane) type vary considerably in the stability of their
lactamized forms. For 1,8-diamino-3-carboxymethylsarcophabih@nly indirect evidence for some involvement

of a lactamized form of its Ni(ll) complex has been obtained. Crystal structure determinations for[E)KH
(NO3)3.5Clo.52.5H,0 and [Ni(H.1)]Cl3-3H,0 show distorted octahedral coordination of all six endocyclic N-donor
atoms in both cases. For related diaminosarcophagine derivatives with either twb31¢8;three (1,1,8L3)
carboxymethyl substituents on the exocyclic N atoms, crystallographic studies have shown a dilactam form for
the ligands in their Ni(ll) and Cu(ll) complexes which is of almost identical conformation to that of the diprotonated
“free” ligand in [H.L3][ZnCl,4]-6H,0. The lactamized ligands appear to strongly favor square planar four-
coordination, and the Co(ll) complex bf shows a remarkable lack of reactivity toward oxygen. Kinetic studies
indicate that the hydrolytic stability of the lactam rings is comparable to that of uncoordinated analogues.

Introduction e o
The incorporation of a kinetically inert and thermodynami- KAV Rkw/\N"\

cally stable molecular unit with particular desired properties into HZN{NH HN}NHZ HN NH

a higher, “supramolecular” structure commonly requires the HNENH N

introduction of functional groups to that uA#We have recently WM

provided an illustration of this approach in the carboxymethy- L L2

lation of the 1,8-diamino derivative of the macrobicyclic

polyamine known as “sarcophagine” (3,6,10,13,16,19-hexaaza- o

bicyclo[6.6.6]icosané)and the use of one of the products to RkN/\N,?\

form coordination polymer$.Desirably, the functionalization HN\E\ }(NH

of a ligand does not deleteriously alter its properties, nor does ~\H D \—comn

the method of synthesis hinder the use of the derivative. In some Y

N
circumstances, these disadvantages do attach to carboxymethy- WA/
lation of sarcophagines, as illustrated by (i) significant changes L
in complex ion properties when alkylation occurs at a secondary Figure 1. The ligandsL*, L? andL?.

N-donor; (i) intramolecular reactions of the carboxymethylated complex of this ligand (%, Figure 1) has shown that the

amines to give lactams acting as quadridentate rather thancarhoxymethyl substituent on the donor nitrogen produces a
sexidentate ligands; and (iii) difficulty in removing the substi-  gjgnificant distortion of the primary coordination sphere of the
tuted ligand from a Co(lll) template.We show presently, metal, reflected most obviously in the reddish color of the
hpwever, n analy2|_ng some chem!stry_ of mono-, d' and complex3 Whether this may be a significant disadvantage in
tricarboxymethy! derivatives of 1,8-diaminosarcophagine, that any nossible applications of the ligand requiring tenacious
these difficulties either are not of practical importance or can winging of a metal ion is difficult to say, however, since the

be readily circumvented. complex retains the kinetic inertness which may be considered
Results and Discussion typical of Co(lll) hexamine complexes. Hence, it was of interest
1. Complexes of 1,8-Diamino-3-carboxymethylsarco-  © determine the properties of its complexes with metals
phagine, L. A crystal structure determination of the Co(llly ~normally giving more labile species. _
Representations of the cationic species present in the crystals

* Author to whom correspondence should be addressed. Tel: (61) 8 9380 o the Ni(ll) and Cu(ll) complexes ofL! in its 1,8-N-

3170. Fax: (61) 8 9380 1116. E-mail: jmh@chem.uwa.edu.au. . .
t Special Research Centre for Advanced Mineral and Materials Process- diprotonated-carboxyl-deprotonated and 1,8-N-diprotonated forms,
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Figure 2. Projection of the cationic moieties (a) [Cufth)]* and (b) [Ni(H.Y)]3" in a similar orientation; (c) [kL%]?"; (d) [Cu(HL?)CI]?; (e)
[Ni(H2L?)OCIO;]3t; (d) being down CH-Cu, (e) normal to Ni-O, with (c) in similar, “prepared” orientation (see text), with neighboring anion and
solvent molecules. Atom numbering is shown throughout, carbon atoms being denoted by number only.

distances being 2.224(5) A (Ni) and 2.633(3) A (Cu). The may have some effect on the ligand conformation (note that
shortest Ni-N distance of 2.101(6) A, however, means that the the carboxyl group is protonated in the Co(lll) compex
range in that complex is very similar to that about Co(HH0(09 though the carboxylate oxygen atoms are primarily involved in
A)3 and quite unlike that for Cu(ll). For this metal, there is a H-bonding interactions with protons on the 1,8-amino centers
pronounced distortion of the primary coordination sphere toward and not the donor NH groups (O(31eN(0') (3/4 — X, y — Ya,

a square planar geometry: the-WI(3b) bond trans to the Y4+ 2), (x — Y4, 34 — y, Y4 + 2) 2.805(8), 2.772(8); O(32€)
longest, M—-N(3c), bond is also relatively long (2.318(3) A), +*N(0) M4 — X,y — ¥4, z— 14) 2.665(8) A). In the Cu complex,
and the remaining four bonds range from 2.024(3) to 2.109(3) the carboxylic acid group environment comprises anions and
A. Deprotonation of the carboxyl substituent on the Ni complex water molecules as well (O(05)0(31¢,32¢c) X, y + 1, 2)
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2.589(6), 2.859(6); O(31e}Cl (x, y — 1, 2) 3.003(9);
0(32¢)N(0) (1 — X,y — Y, 1Y, — 2) 2.835(4) A).
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carboxymethylated cage amifés illustrated presently by the
ease of conversion of the product Cu(ll) complexes to their
Zn(ll) analogues and the ease of ligand release from these.
Previous work has shown that the dilactamization reactions
occurring during isolation of the Cu complexes from acidic
media involve a single arm of the original cage amine,
presumably as a result of stereochemical preferences of the metal
and a ready adoption of a square planar array of four nitrogen
atoms by two unacylated arms. The structure determination for
[H2L3][ZnCl,)-6H,0 (Figure 2c) shows that the processes
involved in ligand release do not result in any rearrangement,
the conformation of this diprotonated species corresponding
remarkably closely to that of various related complexes (see
ref 3 and below). Such ligand “preorganization” is, however,
seen also to some degree with the parent cages?too.

Although isolated as a violet, pseudooctahedral species, the The structure of the Cu(ll) chloride complex of the dilactam

visible spectrum showing maxima at 338 nfA £y — 5T14(P)),
e=15M"1cm? 518 nm Az — 3T14(F)), e =9 M~ Lcm™Y
and 820 nm YAz — 3Ty, € = 13 Mt cm™%, very like
[Ni((NH3)zsanf+ 7 and [Ni(NHs)e]2™,2 a yellow, presumably
square plandrcomplex, is also present in the preparative
reaction mixture from Ni(ll) and_?, and conversion between
the two forms is relatively slow. Somewhat similar behavior is
observed for [Ni(NH).sar)}",” though the interconversion rates
are faster, suggesting the possibility that, with a square

derivative of  1,8-bis(carboxymethylamino)sarcophagine,
[Cu(HL?)CI|Cly-2H,0-EtOH (Figure 2d), is isomorphous with
that of [CuCIL3)]CI-~3.9H,0.2 as noted in the Experimental
Section. In both, the geometries of the five-coordinate metal
are very similar, the only significant difference being in
Cu—Cl distances, that in thie3 complex being 2.472(2) A and
that in the present? species 2.5036(8) A (Table 1). In the
former, CHCu—N(3a,343b,38) are 101.4(1), 98.7(1},
91.3(1y, 95.1(1y, slightly differing from those of the latter,

planar/octahedral equilibrium may be associated with lactam perhaps because of a better-defined water molecule approach

formation (and some N-inversion), as shown in Figure 3. The
ligandsL2 andL? (Figure 1) also involved in the present study
are formed in lactamization reactions of this type, though to
give constitutional isomers of what is suggestedLférand it
does appear that the stability of the lactamized forms of

carboxymethylated cages increases with the number of car-

boxymethyl substituentsA 3,6-bridged oxamide of sarcoph-
agine is knowrl? showing that such linking within the cage is

here with Ct--O 3.140(3) A, rather than 3.17(2) A in the
complex, where the water site is modeled as half-occupied. CI-
(2) in both compounds interacts most strongly with N(0) and
0O(01), (CI(2)+*N(0) (x — 1,y, 2), O(01) 3.147(3), 3.178(2) A
(L2 species), 3.372(5), 3.173(4) A species)) despite the
difference in the degree of protonation of N(0).

The structure (Figure 2e) of the Ni(ll) perchlorate complex
of L2, [Ni(H2L?)OCIO;](ClO4)36H:0, is closely similar to those

possible, though it is noteworthy that there is no apparent of other lactamized cage ligand complexes, the most obvious

evidence that the complex [CufH!")]*" undergoes lactamization
even after extended times in acid solution.

difference from that of [Cu(H?)CI]Cl,:2H,0O-EtOH being that
the Ni environment might reasonably be described as square

Despite the considerable coordination sphere distortions seempyramidal (see trans NM—N angles in Table 1), with the

in all complexes ofL?, it is apparent from the preparative
procedures used herein that the complexes of Ni(ll) and

perchlorate approach really rather distant, while that of the Cu
is clearly square-pyramidal. Transfer of the ligand from Cu(ll)

Cu(l), at least, retain a considerable kinetic robustness, indicat-to zn(ll) to H™ and then to Ni(ll) seems otherwise to have had
ing that this readily prepared, functionalized cage ligand could almost negligible effect. Torsion angles, as descriptors of ligand
have useful application in, for example, radiopharmaceutical conformation, are given in Table 2. These quantify the close
agentst! We show in a related paper that the Co(lll) complex  similarities for the present Ni and Cu complexes (and for related
can, for example, be grafted to polyamirés. specied), but more remarkable is the close similarity to the
2.1. Lactam Derivatives of Carboxymethylated 1,8-Di- conformation of the ligand in [bL3][ZnCl,4]-6H,0. Here, the
aminosarcophagine, 12 Structural Studies. The utility of diprotonated ligand, witlquasi-2symmetry, can be considered
[Cu((NHy);san)P* as a reagent for production of selectively “preorganized” for metal binding, despite the fact that repulsion
between the protonated macrocyclic-N donors, N(3#,&bght
be expected to have some effect on the conformation. Any such
effects appear to have been counterbalancettdnsannular
N(3b)---H(3aA) (2.06(4) A) and N(3%--H(3b'A) (1.98(4) A)
interactions, resulting in N-N distances very similar to those
in the complexes (Table 1a). This may be further assisted by
interactions with the anion and solvent molecules (N{36)-
1,2) &, Yo —y, z+ ), N(Ba)--Cl(2) (x, Y2 — vy, z + )
3.437(3), 3.524(3), 3.464(3) A, N(32)0(03) (x, /> — y, z+
;) 2.720(9 A, N(3b):+-O(2) x — 1,y, 2) 2.709(3) A). The
carboxylic acid moiety interacts with a nearby water molecule
(H,0(42)---0(01) &, > +y, 2 — Y,) 1.66(4), 2.605(4) A).

(5) SPECFIT/32 from Spectrum Software Associates, P.O. Box 4494,
Chapel Hill, NC 27515-4494.

(6) The Xtal 3.4 User's ManuaHall, S. R., King, G. S. D., Stewart, J.
M., Eds.; University of Western Australia: Lamb, Perth, 1995.

(7) (a) Clark, I. J.; Creaser, I. |.; Engelhardt, L. M.; Harrowfield, J. M.;
Krausz, E. R.; Moran, G. M.; Sargeson, A. M.; White, A. Alst. J.
Chem.1993 46, 111. (b) Engelhardt, L. M.; Harrowfield, J. M.;
Sargeson, A. M.; White, A. HAust. J. Chem1993 46, 127.

(8) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistryith ed.;
John Wiley and Sons: New York, 1980; p 787.

(9) Anichini, A.; Fabbrizzi, L.; Paoletti, P.; Clay, R. Nhorg. Chim. Acta
1977, 24, L21.

(10) Korybut-Daszkiewicz, B.; Klimkiewicz, JChem. Commun1996
1175.

(11) Parker, D. IlComprehensie Supramolecular Chemistrireinhoudt,
D. N., Vol. Ed.; Atwood, J. L., Davies, J. E. D., MacNicol, D. D.,
Vogtle, F., Executive Eds.; Pergamon Press: Cambridge, 1996; Vol. (13) Bottomley, G. A,; Clark, I. J.; Creaser, I. I.; Geue, R. J.; Hagen, K.
10, Chapter 17, p 487. S.; Harrowfield, J. M.; Lawrance, G. A.; Lay, P. A.; Sargeson, A.

(12) Donnelly, P. S.; Harrowfield, J. MBioconj. Chem.submitted for M.; See, A. J.; Skelton, B. W.; White, A. H.; Wilner, F. Rust. J.
publication. Chem.1994 47, 143.
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Table 1. Metal Atom Environments
(a) The Five-Coordinatd PMX] Species (X= OCIO;z (Ni); Cl (Cu))ab

atom r N(3a) N(38) N(3b) N(3B)
X 2.85(1) 95.4(5) 94.2(5) 83.0(5) 90.4(6)
2.5036(8) 97.15(7) 94.49(7) 95.54(7) 98.95(7)
N(3a) 1.892(9) 89.0(4) 91.4(5) 174.2(4)
1.981(2) 87.68(9) 91.54(9) 163.90(9)
N(3d) 1.92(1) 177.2(4) 91.3(5)
2.024(2) 169.96(9) 90.9(1)
N(3b) 1.90(1) 88.6(5)
2.031(2) 87.1(1)
N(3b) 1.904(9)
1.972(2)
(b) The Six-Coordinate [M(kLY)]*"2* Arrays
atom r N(3d) N(3b) N(38) N(3c) N(3¢)
N(3a) 2.102(7) 82.1(2) 86.2(3) 101.7(2) 90.8(2) 167.9(2)
2.041(3) 86.1(1) 89.8(1) 118.7(1) (82.7(1)) 156.2(1)
N(34) 2.141(6) 161.1(2) 85.5(2) 107.0(2) 90.1(2)
2.024(3) 166.4(1) 88.8(1) (108.87(9)) 87.6(1)
N(3b) 2.126(5) 82.3(2) 87.9(2) 103.6(3)
2.048(2) 81.8(1) (83.37(9)) 101.1(1)
N(3b) 2.142(6) 163.5(2) 86.9(2)
2.318(3) (153.76(9)) 84.0(1)
N(3c) 2.224(5) 82.5(2)
(2.633(3)) (77.73(9))
N(3c) 2.101(6)
2.109(3)

ar/A is the metal ligand distance; other entries are the angles/deg subtended at the metal atom by the relevant atom at the head of the row and
column. Values for the Ni complex are given above those for its Cu countePpdirt: O(11)-CI(1) is 131(1). For the ligand cation [kL%]?",
copper and nickel species, N(3aN(3d,3b) are 2.859(4), 2.764(4); 2.774(3), 2.875(4); 2.67(1), 2.71(2); and N¢BW3d,3b) are 2.754(4), 2.866(4);
2.847(4), 2.759(2); 2.74(1), 2.66(2) A.

2.2. Lactam Derivatives of Carboxymethylated 1,8-Di- The ligand conformation found in the crystal is analogous to
aminosarcophagine: Solution StudiesThe replacement of Cu-  that described agrans|” for the simple macrocycle cyclar,
(1) in complexes of the lactamized cage ligands is very facile with the bound N configuration® SSR, meaning that the five-
through the reductive route using Zn, and, although ESMS membered chelate rings might be considered formally as
measurements show that the Zn(ll) complexes are present ineclipsed, though the structure shows that distortions occur to
solution, removal of Zn (presumably involving halide as- avoid this situation, as in related systeth$? Although it might
sistancel* to provide the “free” ligand also occurs readily. still be anticipated that rapid interconversion between two
Detailed studies have not yet been made of the kinetics of metalenantiomeric conformations would occur, NMR spectra (Figure
ion binding to the ligands presently studied, but the incorporation 4) show that in aqueous solution the diastereotopicity of
of Co(ll) (and Cu(ll)) in neutral media is fast (the preparative methylene protons expected from the solid-state structure is
procedure given for the Ni(ll) complex &f? was based on the  maintained, meaning that the conformational inversion must at
reaction periods described as necessary for binding permethydeast be slow on the NMR time scale.
lated cage ligand¥, and visual observation suggested that it~ Assuming that, because of the ligand rigidity, the Co(ll)
was unnecessarily long), so that radioisotopes suéfCasand complex ofL2 would have a structure similar to that of the
®4Cu, for example, could be expected to be readily bound to Ni(ll) compound, some chemistry akin to that of “cyclidene”
any reagents based on the ligands. system® was expected to be detectable and thus to possibly

Although many Ni(ll) complexes of quadridentate macro- complicate any practical application of the ligand with Co. The
cycles are known to exist in solution as a mixture of octahedral complex, precipitated as the perchlorate salt from ethanol, is
and square planar forfid®no evidence was obtained that [Ni-  unusual for a cobalt cage spedds that it is not readily
(H2L?)]** behaved in this way. The visible spectruiimix 416 oxidized by air to the Co(lll) forn? The complex is orange/
nm, e 64 M~* cm™! in water) was inappreciably affected by brown but has an electronic spectrum quite unlike those of
change in pH, addition of coordinating anions or amines, or Co(Ill)—Ng compound® with Amax = 422 nme = 122 M1
increase in temperature, and béthand**C NMR spectra (see  c¢cm ! in a DMSO solution. The mass spectrum shows a peak at
ahead) showed sharp resonances under all conditions. The ligand
field is strong for an NiN system® and perhaps explains why (17) Bosnich, B,; Poon, C. K.; Tobe, M. llnorg. Chem.1965 4, 1102.
there is no apparent tendency to add a fifth or sixth ligand, even (18) D’Aniello, M. J.; Mocella, M. T.; Wagner, F.; Barefield, E. K.; Paul,

if this might be facilitated by additional interactions with the IHC' J\-Nf,”?d %he,&“; 20‘1975 97;6\1?\/?.' Skelton. B. W.: White. A H
“superstructure” created by the dilactam bridge. (19) Al?g%_ lghém'mglé 4?91%510.”’ - W Sxetion, B, W, Wvhite, A 1.
(20) Busch, D. H.; Cairns, (Prog. Macrocyclic Chem1987, 3, 1.

(14) Grondahl, L.; Hammershoi, A.; Sargeson, A. M.; fhoW. Inorg. (21) The NMR spectra are very broad and unresolved over normal field
Chem.1997, 36, 5396. widths, and remain so even with prolonged exposure of the solution

(15) Bernhardt, P. V.; Harrowfield, J. M.; Hockless, D. C. R.; Sargeson, to the normal atmosphere. The cyclic voltammogram of the complex
A. M. Inorg. Chem.1994 33, 5659. in water shows a highly irreversible wave near potentials associated

(16) (a) Fabbrizzi, L.; Gatti, F.; Pallavicini, P.; Zambarbieridem. Eur. with the Co(lIl)/Co(lll) couple in hexamine cage species, but, since a
J. 1999 5, 682. (b) Kang, S. G.; Ryu, K.; Song, Bolyhedron1999 similar wave is seen in the Zn(ll) complex of the dilactam ligand, we

18, 2193. tentatively associate this with reduction of the lactam ring.
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Table 2. Ligand Conformatior’s
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(a) The (M)sar Core

atoms [BL2]?H [Ni(H.L?)OCIOs)3t [CuLdCIt [Cu(HLH]4+ [Ni(HLY]3+
2b—1-2a-3a —12.2(4) —22(1) —25.8(3) —46.7(3) —50.7(8)
2c—-1-2b—3b —63.5(3) —60(1) —60.8(3) —54.5(4) —57.0(8)
2a-1-2c¢—-3c 65.5(3) 66(1) 64.1(3) —49.8(4) —52.2(8)
2c-1-2a-3a 112.1(3) 102(1) 101.4(3) 85.6(3) 79.6(7)
2a-1-2b—3b 62.7(3) 67(1) 68.9(3) 76.9(3) 74.9(8)
2b—1-2c-3c —167.8(2) —168(1) —165.8(2) 80.1(3) 78.7(8)
2b—-1'-2d-34 61.2(3) 67(1) 69.5(3) 90.4(3) 73.9(8)
2¢—1'-2—-3b 111.1(3) 102(1) 99.6(3) 79.6(3) 77.6(8)
2d—1'-2c¢-3c —169.6(2) —167(1) —166.2(2) 76.6(3) 79.5(8)
2c—1-2d—-34d —60.8(3) —62(1) —57.8(3) —38.1(3) —56.1(8)
2d—1'-2-30 —8.3(4) —25(1) —24.9(3) —48.1(3) —52.4(8)
2b—-1'-2c¢—-3c¢ 67.2(3) 64(1) 67.3(3) —50.9(4) —50.6(8)
1-2a-3a—4a —163.5(3) —172(1) —164.1(2) —145.8(3) —148.8(6)
1-2b—3b—4b 97.6(3) 97(1) 93.5(3) —151.9(3) —137.6(7)
1-2c—3c—4c —167.3(2) —166(1) —167.7(2) —126.6(3) —130.8(6)
1'—2d—-3d—44d 98.1(3) 98(1) 91.3(3) —157.9(3) —134.3(6)
1'-2b—3b—4b —166.7(2) —168(1) —166.2(2) —141.8(3) —143.5(6)
1'-2¢—-3c—4c —168.3(2) —166(1) —170.5(2) —157.8(3) —150.6(6)
1-2a-3a—M —48(1) —40.9(3) —20.1(3) —22.7(7)
1-2b—3b—M —34(1) —36.4(3) —29.8(4) —16.4(8)
1-2¢c—3c—M (—21.5(3)) —18.2(7)
1'-2d-3d—-M —30(1) —37.6(3) —36.1(3) —13.4(7)
1'-2b—-3b—M —46(1) —43.1(3) —22.2(3) —20.9(7)
1'-2¢—-3c—M —29.5(3) —23.3(8)
2a—-3a—4a—4d 73.6(3) 94(1) 89.1(3) 173.7(3) 165.7(6)
2b—3b—4b—-4b —173.4(3) —173(1) —171.0(2) 177.3(3) 170.5(7)
2c—3c—4c—4c 93.9(3) 96(1) 93.0(3) 160.5(3) 167.2(6)
2d—3d—4d—4a —175.3(3) —168(1) —168.9(2) 167.9(3) 170.5(6)
2b—3b—4b—4b 72.9(3) 88(1) 85.7(3) 164.8(3) 167.4(7)
2c¢—3c—-4c—4c 97.3(3) 97(1) 96.1(3) 172.2(3) 166.6(6)
M—3a—4a—4d —31(1) —39.0(2) 40.4(3) 36.4(7)
M—3b—4b—4b —38(1) —36.3(2) 49.5(3) 43.4(9)
M—3c—4c—4c (47.1(2)) 47.4(6)
M—3a—4d—4a —34(1) —35.4(2) 41.1(3) 43.1(7)
M—3b—4b—4b —35(1) —41.9(3) 38.6(3) 40.6(8)
M—3c—4c—4c 42.9(3) 35.5(7)
3a—4a—4d—3d 53.0(3) 43(1) 50.5(3) —55.5(3) —54.1(8)
3b—4b—4b—3b 54.7(3) 47(1) 52.7(3) —61.4(3) —57.1(10)
3c—4c—4c—3c —86.5(3) —89(1) —86.0(3) —66.6(3) —58.2(7)
(b) The Lactam Torsion Angles (Primed Values Follow Unprimed)
atoms [HL3]2* [Ni(H2L?9)OCIOs)3+ [Cu(L?Cll™
01-0—1-2c 59.8(3), 62.5(3) 58(1), 60(1) 61.7(3), 58.9(3)
0—1-2c-3c —52.5(3),—53.4(3) —54(1),—-53(1) —52.4(3),—50.7(3)
1-2¢—3c—02 26.3(4), 28.8(4) 35(1), 35(2) 26.8(4), 26.5(3)
2c—3c—02-01 —6.2(4),—10.3(4) —16(2),—8(2) —5.9(4),—9.0(4)
3c—-02-01-0 13.9(4), 19.6(4) 19(2), 16(2) 14.1(4), 17.6(4)
02-01-0-1 —41.5(4),—47.8(3) —43(1),—43(1) —43.9(3),—43.9(3)
1-2c—3c—4c —167.3(2),—168.3(2) —166(1),—166(1) —167.7(2),—170.5(2)
01-02—3c—4c —172.3(3),—173.2(3) —175(1),—173(1) —171.2(3),—171.5(2)
01-0-1-2a —61.8(3), 176.7(2) —65(1), 178(1) —60.0(3), 175.7(2)
01-0—-1-2b 176.7(3)~57.9(3) 174(1)-62(1) 177.3(2)—-64.0(3)

aTorsion angles/deg are given, defined by (carbon) atom numbers Nritglicized.

m/z 552 which corresponds to the-Zation with one perchlorate
anion, [(CoGgH34NgO)ClO4] . Efforts to crystallize the com-

color of [Co(NCS)]%".) It is perhaps surprising that chloride
can displace a macrocyclic ligand, but this has been observed

plex in a form suitable for an X-ray structure determination have even in Cu(ll) system&’ Thus, although the Co complex may
to date been unsuccessful. Co(ll) complexes with quadridentatenot have the kinetic inertness of its Ni(ll) analogue, it is

ligands in solution are known as either four-, five-, or six-

nonetheless a rather unreactive repository of the metal ion.

coordinate species, where the additional sites are occupied by 3. Regaining Hexamine Forms: Hydrolysis of Lactamized

anions or solvent molecul@3There is no evidence, however,

Ligands. Preparative observatiohimdicated that lactamization

that [Co(?)]?* binds any additional ligands, and indeed efforts of carboxymethylated sarcophagine complexes occurred over

to force chloride ion binding in dimethyl sulfoxide solvent
resulted in partial displacement of the metal as [GPCI
(Similarly, addition of a large excess of NC%o a solution of

the complex in aqueous acetone results in the distinctive blue

(22) Rybak-Akimova, E. V.; Kuczera, Kinorg. Chem.200Q 39, 2462.

the period of hours required for product isolation and that, once
formed in acid, the lactams were very stable. For many purposes,
however, it would be useful to regain the ring-opened forms,

(23) Comba, P.; Curtis, N. F.; Lawrance, G. A.; O'Leary, M. A.; Skelton,
B. W.; White, A. H.J. Chem. Soc., Dalton Tran988 497, 2145.
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Figure 5. Visible spectra showing the hydrolysis of the lactam rings
in [Ni(HoL?)]**.

Table 3. Rate Constants for the Hydrolysis of [Nigt)]*"
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Figure 4. NMR spectra of [Ni(HL?]*": (a)*H NMR, (b) 3C NMR,
and (c) HSQC.
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and in fact lactam hydrolysis occurs quite readily in basic media,
resulting in MN; species replacing MN For [Cu(?)]?t in 1

mol L~ NaOH at room temperature, for example, hydrolysis
is effectively complete within 1 h, an initially violet solution
turning to a clear blue. More detailed kinetic measurements (by
spectrophotometry; see Figure 5) were made onl[N]&" in
0.50-0.15 mol L NaOH solutions (Table 3). Since at least
two ring-opening and several N-inversion steps must be involved
in the reaction, the kinetic analysis was surprisingly simple in
being consistent with an A~ B — C process. Assignment of
the derived rate constants to the first and second steps of th
reaction was difficult since neither spectrum calculated for the

NaOH (mol L™ kag (579 kac (s
0.50 (4.9+0.6)x 104  (1.85+0.07)x 104
0.25 (3.6£0.4)x 10*  (6.2+£0.2)x 105
0.15 (2.7£0.3)x 10*  (3.17+0.09)x 1075

intermediate on the two possibilities differed significarfiyf

is assumed that the two steps are both those of ring opening, so
that the first might statistically be expected to be faster than
the second, and that both steps might show a first-order
dependence on [OH, then the assignments tabulated in Table

3 can be made. If these are indeed the rates for lactam
hydrolysis, it appears that the metal has little effect upon the
rates, perhaps unsurprisingly, since the metal is relatively remote
from the carbonyl carbon and is not involved in coordination
to the amide oxygef?

Conclusions

This work builds upon our earlier repdnf regioselective
carboxymethylations of the cage amine 1,8-diaminosarcoph-
agine. The most useful reaction with regard to many of the
potential applications of these ligands is the reaction involving
the copper complex of the ligand. This reaction provides a
pathway to obtain the alkylated ligands in which the introduced
functional groups are all on the external amine sites. The copper
can be removed to obtain the free alkylated ligand, which can
be used to form complexes with several other metals. Interest-
ingly, at least two of these functional groups undergo intra-
molecular reaction to form lactam rings during the isolation
procedure. This process converts the ligand to a tetraaza
macrocycle with quite unique properties, and these ligands may
be of interest in their own right. The amide rings can be
hydrolyzed, and this process returns the macrocycle to a
sexidentate ligand which retains the properties of the parent
ligand. The introduced carboxymethyl pendent arms can then
be used to form formally “charge neutral” complexes. It is
possible to use these pendent arms as a site of further
functionalization to enable the attachment of biomolecules that
might provide a molecular agent with specificity in vivo, and
this is the focus of a future papé&t.

Experimental Section

General. Nuclear magnetic resonance (NMR) spectra were acquired
using either a Varian Gemini 200H at 200 MHz and'*C at 50.3

(24) Harrowfield, J. M.; Jackson, W. G.; Vowles, P.Ibt. J. Kinet.1977,
9, 535.

e(25) Buckingham, D. A.; Harrowfield, J. M.; Sargeson, A. MMAm. Chem.

Soc.1974 96, 1726 and references therein.
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MHz) spectrometer, a Bruker AM 300H at 300 MHz and'*C at
75.5 MHz) spectrometer, or a Bruker ARX 508H(at 500.13 MHz

and 13C at 125.8 MHz) spectrometer. Chemical shifts for samples
measured in BD are expressed in parts per million relative to an internal
standard of acetone which was taken as béi2g22 for'H NMR and

0 30.89 for'3C NMR spectra. All spectra were acquired in@unless
stated otherwise. Assignments were made with the aid of either the
DEPT or HSQC techniques.

Microanalyses for carbon, nitrogen, and hydrogen were carried out
by The Australian National University Microanalytical Service. All
samples were thoroughly dried under vacuum (0.1 mmHg) &t®&0
for 4 h prior to their analysis.
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solution was cooled, diluted to a total volume of 500 mL, and applied
to a column of SP Sephadex C25 (Nfarm). Elution with 0.025 mol

L~ sodium citrate removed excess Ni(ll) (green), and subsequent
elution with 0.05 mol L* sodium citrate revealed three bands. The
first band was pink, the second was yellow, and the third, which proved
to be [Ni((NH),sar)Pt, was pink. Band 1 was collected and applied
to a column of Dowex 50Wx2. The column was washed with water
(200 mL) and 1 mol £* HCI before being eluted with 3 molt: HCI.

The eluate was then evaporated to dryness under reduced pressure and
then crystallized from water/ethanol/diethyl ether to give [NKH]-
Clss4H,0 as pink crystals. Yield: 0.91 g (70%). (Found: C, 29.4; H,
6.9; N, 17.0. Calcd for NigH4eNsCl4Os: C, 29.70; H, 7.17; N, 17.32.)

Mass spectra were recorded using the electrospray technique (positiveMS: m/z 465 = [NiC 16H3sNsO2Cl] "; 429 = [NiC16H3sNsO,] 7; 256 =

ion trap) on a VG Autospec instrument using a 1:1 mix of acetonitrile/
water as a solvent.

lon exchange chromatography was performed under gravity flow
using H" form Dowex 50Wx2 (206-400 mesh) or Na form SP
Sephadex C25 (260400 mesh) cation-exchange resin.

The Schlenk technique using high-purity argon or high-purity

nitrogen was employed wherever it was necessary to exclude oxygen

or moisture from preparative mixtures. Deionized water was used in
all preparations. All evaporations were performed at °&0 under
reduced pressure-0 mmHg) using a Behi rotary evaporator and a
water aspirator. All organic solvents (Aldrich Chemical Co.) were
distilled prior to use. Acetonitrile was dried by distillation over GaH
and stored owe3 A molecular sieves. Chloroacetic acid (Ajax
Chemicals) was used as received.

Spectrophotometry was carried out using a Hewlett-Packard 8452A

diode array instrument. Kinetic measurements were performed at 50

°C on stirred solutions prepared using water purified through a Milli-Q
Ultra-Pure water system. Sodium hydroxide (1.@0@.005 mol L=%)

was supplied by Ajax chemicals. Rate constants were determined using

the program SPECFIT.

Synthesis. Samples of the (crude) free ligand 1,8-diamino-3-
carboxymethylsarcophagine, here designdtédand of the Cu(ll)
complexes of dilactamized formk? andL 3, respectively, of the 1,8-
di(carboxymethylamino)- and 1-(di-carboxymethyl)amino-8-carboxym-
ethylamino-sarcophagine ligands were available from our previous
work2 (Note that there is an error in the Experimental Section of ref
3, where the Cu complexes are all said to be derivatives of the 3,6-
dicarboxymethyl cage ligand, whereas in fact they are derivatives of
the 1,8-dicarboxymethylamino cage where lactamization has involved
acylation/cyclization onto the 3,6-N atoms, as shown in the structures
given. There is also an error in the formula @u1b, where two surplus
perchlorate anions are included.)

[Cu(H2LY)]Cl43H0. Cu(CHCO,)2°HO (0.41 g, 2.0 mmol) was
added to a solution (in water, 10 mL) of the crude ligahé) Ebtained
from 0.5 g of 1,8-(NH).sar. The deep blue solution formed was diluted

[NiClengNgOZ(CH3CN)2]2+. Visible Spectrum%max = 338 nm,e =
15 Mt cm™ Amax = 518 nm,e = 9 M~ cm™%; Amax = 820 nm,e =
13Mtemt

Vapor diffusion of ethanol into an aqueous solution of the complex
gave pink/mauve spearlike crystals suitable for X-ray diffraction studies,
from which composition was assigned as [Ni(H|Cl3-2.5H:0.

Band 2 was collected and desalted in the same way as band 1. The
yellow/orange eluate from the Dowex column was evaporated to dryness
under reduced pressure to give an orange/red residu¢HTRMR of
this material showed broad resonances from 2.3 to 4.2 ppm*3the
NMR also exhibited broadening indicative of some paramagnetic
character, but 9 major signals were observe(76 MHz): 50.0, 52.4,
52.9, 54.7, 55.9, 60.2, 60.9, 62.0, and 166.8). This material inevitably
turned mauve/pink on crystallization or after time, the final pink/mauve
product having the same characteristics as the solid isolated in band 1.

[Zn(H 2L3)][ZNCI 4]Cl*H 0. Excess Zn dust was added to a purple
aqueous solution of [Cu@ti ?)]Cl45H,0 (0.3 g) in water (3 mL). The
mixture was stirred for 30 min and then filtered. The colorless filtrate
was taken to dryness by evaporation under reduced pressure to give a
white residue, which was crystallized from water/ethanol to give
colorless crystals of [Zn(.9)][ZnCl,4]Cl*H,0. Yield: 0.38 g (100%).
(Found: C, 28.9; H, 5.1; N, 14.3. Calcd for ZgH30NsClsO2-H20:

C, 28.52; H, 5.05; N,14.78)H NMR (300 MHz): ¢ 2.5-3.8, complex
m, 28H, CH. 13C NMR (125 MHz): 6 44.6, 44.7, 46.8, 49.2, 51.6,
52.6, 53.2 CH, 59.1 C quaternary, and 170.8 amide. M&/z 493 =
[ZnC34NgOQC|]+.

[HeL?Cle*3H20. [Zn(H2L?)][ZNnCl,4Cl2+H,0 (0.38 g) was dissolved
in water and applied to a column of'HDowex 50Wx2 (4 cmx 4 cm
diameter). The column was washed with water (200 mL) and 1 mol
L1 HCI (to remove Zn(ll)) and then eluted with 5 motLHCI. The
eluate was evaporated to dryness to give a white solid. This was
dissolved in 5 mol £* HCI, and addition of ethanol caused the
precipitation of [HL?Cle-3H,O as a white powder (0.25 g, 76%).
(Found: C, 32.6; H, 6.7; N, 16.8. Calcd fordE10NsClsO,-3H,0: C,

with water and then applied to a column of SP Sephadex C25. Excess32.40; H, 6.95; N, 16.79H NMR (300 MHz): 6 2.9-4.4, complex

Cu(ll) was removed by elution with 0.025 mol~t sodium citrate.
Elution with 0.05 mol L* sodium citrate revealed four deep blue bands,
followed by one light blue band which proved to be [Cu((Nddar)F*.

The third deep blue band was by far the major component. Its eluate

was collected and applied to a column of form Dowex 50Wx2.
The column was washed with water and then with 1 mot HCI
(removing N&) before the complex was eluted with 3 motiHCI.

m, 28 H, methylene proton¥C NMR (125 MHz): § 42.2, 44.6, 45.3,
46.4, 48.5, 49.3, 54.8, 54.9, and 163.9 (amide). M8z 395 =
[C18H35N802]+-

[Ni(H 2L?)](CIO 4)4:5H,0. [HeL 3 Clg3H20 (0.100 g) was dissolved
in water (5 mL). Excess Ni(C¥CO;), (0.075 g) was added, and the
green mixture was heated at reflux under an atmosphere of nitrogen
for 8 h. The mixture was then diluted with water and applied to a

The eluate was evaporated to dryness and the residue crystallized frontolumn of Na form SP Sephadex C25 (20 crm2 cm diameter). The

water/acetone to give [Cugdb)]Cls3H,O as deep blue crystals.
Yield: 1.04 g (80%). (Found: C, 30.2; H, 6.4; N,17.5. Calcd for
CUQ5H33N30|402‘3H202 C, 3031, H, 700, N, 1768) MSmv/z 470
= [CuCygH3eNsO.Cl]*. Visible spectrum:imax = 582 nm,e = 123
M~tcm

Crystals suitable for X-ray studies were grown by dissolving the
solid in the minimum volume of water and adding an equal volume of
2 mol L™ HNQs. Slow evaporation of the solvent led to the formation
of deep blue, prismatic crystals, the composition [GUHI(NO3)s s
Clos2.5H0 being assigned from the structural model.

[Ni(H 2L Y]Cl4+4H,0 and [Ni(HL Y)]Cl3-3H.0. Crude ligand (1)
from 1,8-(NH).sar (0.5 g) and Ni(CECO,).+4H,0 (0.47 g, 1.9 mmol)

column was eluted with 0.05 mol sodium citrate to give a green
band of excess Ri which eluted very quickly followed by a slower
moving yellow band. The eluate of the latter was applied to a column
of H* Dowex 50Wx2 (4 cmx 4 cm). The column was washed with
water and 1 mol £ HCI before the yellow complex was eluted with

3 mol L™t HCI. The yellow eluate was evaporated to dryness to give
a yellow residue, which was dissolved in water and precipitated by the
addition of ethanol, to give [Ni(kL?)]*" as its chloride saltH NMR
(500 MHz): 6 2.40, 4H, m, CH; 2.85, 10H, m, CH 3.32, d of AB
quartet,?Jyy = 14 Hz, CH; 3.70, 6H, m, CH; 4.15, 2H, d of AB
quartet,?Jay = 13 Hz, CH; 4.68, 2H, d of AB quartelun = 14 Hz,
CHy; 5.75, d of AB quartet?Jyy = 13 Hz, CH. 3C NMR (500 MHz):

were dissolved in water, and the brown solution formed was heated atd 42.98, 47.94, 48.94, 49.60, 49.70, 52.74 methylene, 55.71 quaternary

reflux under an atmosphere of nitrogen for 20 h. The red/brown final

C, 58.15 CHCO, and 164.25 amide carbonyl. MSwz 487 =
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[NiC18H34N802C|]+; m/z 451 = [NiC13H33N302]+. Visible spectrum:
Amax = 416 nm,e = 64 M~Icm™L,

Crystals of the perchlorate salt suitable for an X-ray structure
determination were grown by slow evaporation of a solution of the
chloride in 1 mol Lt HCIO,. The bulk was converted to the perchlorate

as follows: A solution of the chloride salt in water was passed through

a column of acetate form Dowex & 8 anion-exchange resin. The

effluent was taken to dryness to give a yellow residue. This was

Donnelly et al.

(Z=4) = 1.7G g cn 3. umo = 9.2 cnt?; specimen: 0.20< 0.12 x

0.07 mm; Trinmax = 0.81, 0.93N; = 33222,N = 7216 R = 0.031),
N, = 5737;R = 0.054,R, = 0.066.n, = 594, |Apmaxl = 1.47(4) €
A3 T~ 153K,

Variata. (X, ¥, z Uiso) were refined for those hydrogen atoms in
association with the cation. Nitrates—3 were well-defined, the
remaining nitrate and associated residues designated as anionic and
solvent moieties being disorderly with high displacement parameters,

dissolved in ethanol, and an excess of concentrated perchloric acideventually modeled as shown, the water complement being made up

(CAUTION! ) was added. Cooling in ice resulted in the precipitation
of yellow crystals of [Ni(HL?)](ClO4)s5H,0, which were collected
by filtration and washed with ice cold ethanol and diethyl ether.
(Found: C, 22.9; H, 4.5; N, 11.7. Calcd for NigElzeNgO2(ClOg)4
5H,0: C, 22.92; H, 4.92; N, 11.88.)

[Co(HLA](CIO 4)3+2H,0. [HeL ?]Cle*3H,0 (0.089 g) was dissolved
in water (5 mL). Excess Co(GE0,),-4H,0 (0.083 g) was added, and
the mixture was heated on a steam bath for 30 min. The solution forme
was passed through a column of Dowex 18 anion-exchange resin

of five fragments, site occupancies set at 0.5 after trial refinement.
[NI(HL 1)]C|3‘2.5H201 C16H43C|3N3Ni05; M = 584.6. Orthorhombic,

space groufFdd2 (C»,*%, No. 43),a = 23.443(5) A b = 23.566(5) A,

c = 18.408(4) A,V = 10170 RB. D(Z=16) = 1.52 g cn 3. upo =

11.2 cn1?; specimen: 0.3% 0.13 x 0.10 mm; Tryinmax = 0.77, 0.93.

N = 30690,N = 3397 Rn = 0.068),N, = 2391;R = 0.048,R, =

0.046.n, = 293, [Apmal = 1.4(3) e A3 T ~ 153 K.

d  variata. “Friedel pair” data were retained distinct in the merging
of data, xaps refining to 0.00(2). Water molecule oxygen assignments

(acetate form). The effluent was evaporated to dryness, the residuep(03,04) were assigned occupancies of 0.5 after trial refinemet. (

dissolved in ethanol, and concentrated HE{OAUTION! ) added to
afford a brown precipitate of [Co(tP)](ClO.)3:2H,0, which was
collected by filtration and washed with ethanol and diethyl ether.
(Found: C, 27.8; H, 5.2; N, 13.6. Calcd for C@H3sNsO2(ClOy)s
2H,0: C, 27.37; H, 5.10; N, 14.19.) MS1/z 552 = [C0oC;gH34NsO2-
(ClO4)]*. Visible spectrum (in DMSO):Amax = 422 nm,e = 122
M~lcm™

[Zn(H ;L 3)]Cl4+4H,0. Starting with [Cu(HL3)},CI](NO3)4Cl-

z, Uiso)n Were included restrained at estimates for the cation, not located
for the solvent component.

[Cu(HL ?CIICl 2+2H,0-EtOH: CpH4sClzCuNsOs; M = 647.5. Mono-
clinic, space groufP2:/n (Cx5, No. 14; variant)a = 9.804(1) A,b =
14.558(2) A,c = 20.358(3) A, = 103.913(2), V = 2820 A. D
(Z=4) = 1.5% g cn 3. umo = 11.1 cn'l; specimen: 0.20< 0.07 x
0.06 mm; Trinmax = 0.70, 0.84N; = 28169,N = 7196 R = 0.036),

N, = 5417;R = 0.041,R, = 0.046.n, = 498, |Apmax = 1.22(6) €

11H,0.? the same reductive procedure as described above for the -3 1« 153 K.

complex ofL? resulted in the isolation of colorless crystals of the simple
chloride [Zn(HL3)]Cl4+4H,0. (Found: C, 32.4; H, 5.7; N, 14.9. Calcd
for ZnCyoH3eNsCl4O4+4H,0: C, 32.73; H, 6.32; N, 15.27H NMR
(300 MHz): 6 2.75-3.80, complex m, 28 H, methylene protons; 4.28,
AB quartet, 2H, CHCO,H. 3C NMR (125 MHz): 6 44.6, 45.1, 46.0,
46.1, 49.0, 49.1, 49.2, 51.0, 51.6, 52.6, 52.9, 53.0, 57.1,(8.5,
59.0 C (quaternary C), 169.8, and 175.7 (amide). M8z 551 =
[ZnC20H36NgO4C|]+.

[H2L3][ZNnCI 4]-6H,0. Liquid diffusion of ethanol into an aqueous
solution of [Zn(HL 3)]Cl4+4H,0 slowly produced crystals of a quality
suitable for an X-ray study. The structure solution showed, however

Variata. All hydrogen atoms were located, all being refinedx (
Y, Z, Uiso) except those associated with the two water molecules. The
present compound is isomorphous with compoGué of ref 3, [CuCl-
(L3]Cl ~ 3.9H,0, for whicha = 10.197(4) Ab = 14.556(5) Ac =
19.280(7) A = 100.810(7), V = 2812 A&, at 300 K, and was refined
in that setting. Coordinates for the atoms of the cation (except those of
the pendent carboxymethyl group), the two corresponding chlorine
atoms and water molecule O(01) correspond closely throughout. The
pendent carboxyl group &@u5 is (broadly) replaced by the ethanol of
the present compound, while the present additional chloride and water

' molecule are disposed in the vicinity of the remaining solvent content

that the isolated crystals were of the protonated ligand, as its hydrated ¢ ;5.

tetrachlorozincate salt.
Structure Determinations. Five single-crystal structure determina-

tions underpin the present work; in each case the compound is modele

as ionic, the cation containing the ligand variously coordinated,

substituted, and (de-) protonated. One such species with associate
counterions and solvent molecules, devoid of crystallographic sym-
metry, comprises the asymmetric unit of the structure in each case.
The modeling of the counterionic and solvent components in a number

of cases is fraught with difficulty arising from disorder and/or

incomplete site occupancy and/or large displacement parameters..
Nevertheless, in each case, the cationic component is well-defined as

also its protonation and substitution pattern.

Full spheres of CCD area-detector diffractometer data were measure

(Bruker AXS instrumenti scans, Bmax = 58°; monochromatic Mo
Ka radiation,A = 0.710% A), Ny reflections being merged after
“empirical’/multiscan absorption correction (proprietary software) to
yield N independent R quoted),N, with F > 4g(F) considered

“observed” and used in the full-matrix least-squares refinement.
Anisotropic displacement parameter forms were refined for the non-
hydrogen atoms, hydrogen atom treatment as specified individually.

Conventional residual®, R, (weights: ¢%(F,) + 0.0004,%) 1) are

guoted at convergence, neutral atom complex scattering factors being

employed within the Xtal 3.4 program systérRertinent results are

given below and in the tables and figures, the latter showing displace-

ment envelopes at the 20% (300 K) or 50% (153 K) probability levels;

[NI(H 2L2)OCIO3](CIO4)3-6H20: C18H4gc|4N3Ni024; M = 961.1.
onoclinic, space groupn (C& No. 7; variant)a = 12.966(4) A b
11.265(3) A,c = 13.096(4) A, = 108.753(4), V = 1811 A.

(Z=2) = 1.76, g cnm 3. umo = 9.3 cnT?; specimen: 0.45¢ 0.35 x

.30 mm; Tminmax = 0.52, 0.89N; = 20336,N = 4558 R, = 0.040),
N, = 3015;R = 0.064,R, = 0.073.n, = 491, |Apmax = 0.90(6) e
A3 T~ 293 K.

Variata. “Friedel pair” data were retained distinct in the merging
of data,xaps refining to 0.07(4) in the final cyclesx(y, z, Uiso)n were

¢’

included constrained at estimates for the cation, not being located for

the water molecules, whose displacement parameters were generally
dhigh (also true of the perchlorate oxygen atoms, disorder not being

resolvable). O(06) was refined with an isotropic displacement parameter
form.

[H 2L3][chl 4]'6H201 Ca0H50CIsNgO10ZNn; M = 769.9. Monoclinic,
space groupP2y/c, a = 10.045(2) A b = 21.739(5) A,c = 15.077(3)

A, B =94.781(4}, V = 3281 B. D(Z=4) = 1.5% g cn 3. umo
11.4 cnm}; specimen: 0.3& 0.14 x 0.05 mmM; Tminmax = 0.55, 0.84.

N; = 38938,N = 8419 R = 0.067),N, = 5580;R = 0.044,R, =
0.045.n, = 589, |Apmal = 1.2(2) € A3 T ~ 153 K.

Variata. Difference map residues modeled plausibly as waters of
crystallization, X, Yy, z, Uiso)u being located and refined throughout
except for O(6), comprising two fragments separated by 0.67(2) A,
modeled with equal (0.5) occupancy after trial refinement, associated

individual difficulties, variations, and idiosyncrasies are described under hydrogen atoms not being located.

“variata”. Other crystallographic data are lodged as CIF files (see

Supporting Information).

[CU(H zLl)](N03)3,5C|0,5'2.5H201 C16H43C|0,5CUN11,@15; M=717.9.
Monoclinic, space group2i/c (Cx5, No. 14),a = 11.010(1) Ab =
12.943(1) A,c = 19.680(2) A, = 92.506(1}, V = 2802 A. D

Supporting Information Available: Crystallographic data in CIF
format. This material is available free of charge via the Internet at
http://pubs.acs.org.

1C010049L





