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Introduction o \»5 \

In a recent publication we have reportéke formation of a /
protonated macrocyclic magnesium compound of composition N
[Mg2(LH4)2(NO3)2](NO3)2:6H,0 (1) (shown in Scheme 1) by + I
a template reaction involving 4-methyl-2,6-diformylphenol, 1,2-
diaminoethane, magnesium acetate, and magnesium nitrate.
Compoundl on reduction and demetalation affords the 36-

which, in turn, produces a number of tetranuclear as well as
trinuclear nickel(ll) and copper(ll) complexes. Several of these

membered octaaminotetraphenol macrocyclic liganti?H2) [MgZ(L1H4)(NOI I(NO3)2 6H20 (1)

complexes have been structurally charactefizécnd spin (a) [Cuy 47(L3H1 06)(Cl04)2] (4) (b)
exchange interactions exhibited by the tetrameric species have

been studied. The transmetalation reaction dfwith copper-

(I) perchlorate in the presence of triethylamine has turned out

to be interesting because the product is not the expected (\

tetranuclear copper(ll) complex but a dinuclear copper(ll) N 0, /'N/OC103
complex of composition [CL3)(CIOy),] (3).! The structure 4C§C70 8}* ch o j

of 3, as reported here, reveals that the ligantiHs the [2+2] *;H OHE H No” \IN
cyclized derivative of 4-methyl-2,6-diformylphenol and 1,2- 4/ 0:¢lo '

diaminoethane. We also report here that the reaction between
1 and copper(ll) perchlorate in absence of triethylamine is even
more interesting. The product obtained in this case is an unusual

copper-deficient species whose composition on the basis of the H4L2 (2) [Cuz (L3)(ClO4),] (3)
structure determination has turned out to be 1[&(L3H1 0g)-
(ClO4)2] (4). (a) : NaBH4/NapH,EDTA/NH3
. ) (b) : Cu(ClO4), 6H2O/Et3N
Experlmental Section ©): Cu(ClO4) 6H,0
[Cua(L3)(ClO4)7] (3). The method given below is a modification
of the earlier reported procedute. added slowly a large volume of methanol (ca. 6-fold) till incipient

A mixture of 1 (0.58 g, 0.5 mmol), Cu(Clg).-6H,O (0.74 g, 2 crystallization took place. After standingrf@ h the dark-chocolate-
mmol), and triethylamine (0.20 g, 2 mmol) in methanol (50 mL) was colored crystals that deposited were collected by filtration. The
stirred at room temperature for 2 h, and the chocolate-brown product compound was then recrystallized from hot water; yield 0.56 g (80%).
that formed was filtered. It was then dissolved in minimum volume Anal. Calcd for GoH2:N4O1ClL.Cw: C, 37.71; H, 3.14; N, 8.00; Cu,
of hot (ca. 90°C) N,N-dimethylformamide (DMF) by adding the solid  18.15. Found: C, 37.80; H, 3.18; N, 7.94; Cu, 18.06.
in portions. The DMF solution was filtered and to the filtrate was [Cuz—«(L3H2)(ClO4)2] (x &~ 0.55-0.50) (4). A mixture of 1 (0.58
g, 0.5 mmol) and Cu(CIg).-6H,0 (0.74 g, 2 mmol) in methanol (50

TIndian Association for the Cultivation of Science. mL) was refluxed for 2 h. The dark brown product that formed was
* Universitat Gesamthochschule Paderborn. ) filtered off. This was recrystallized twice from a DM#eOH mixture
(1) Mohanta, S.; Nanda, K. K.; \éVerner, R.; Haase, W.; Mukherjee, A.; in the same way as described above; yield 0.41 g (60%). Anal. Calcd
Dutta, S. K.; Nag, Kinorg. Chem-199% 36, 4656, for Czz Ha INaO10Cl.Cus s (x = 0.55): C, 39.63; H, 3.47; N, 8.41; Cu,
(2) Nanda, K. K.; Mohanta, S.; Florke, U.; Dutta, S. K.; NagJKChem. ) ] i
Soc., Dalton Trans. 1993831. 13.83. Calcd for @2H23N4010C|2 CU15 (X = 050) C, 3945, H, 343,
(3) Nanda, K. K.; Venkatsubramanian, K.; Majumdar, D.; Nag|rtorg. N, 8.37; Cu, 14.24. Found: C, 39.56; H, 3.41; N, 8.40; Cu, 14.04.
Chem.1994 33, 1581. Safety Note. Perchlorate salts are potentially explesiand should
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Table 1. Crystallographic Data for [G(L3)(ClO4),] (3) and (C, H, and N) analyses were performed on a Perkin-Elmer 2400 II
[Cu1.4AL3H1.09)(ClO4)7] (4) analyzer. Copper was estimated gravimetrically withenzoin oximé.
empirical formula  GoH22N4O1Cl.Cle  CooH23.0dN4010C1Clh 47 Results and Discussion
fw 700.42 667.81
space group P1 P1 Synthesis and Characterization. Despite the fact that the
a A 8.290(3) 8.183(2) magnesium compound [M@-1H,)(NOs),](NO3),:6H,0 (1) is
b, A 8.384(3) 8.334(2) readily obtained by the metal template reaction, the macrocyclic
c A 9.821(%) 9.874(2) ligand HL® could not be isolated in the metal-free stat
a, deg 81.77(2) 81.31(2) igan I—h_ could not be isolated in the metal-free state.
B, deg 69.36(2) 70.09(2) Demetalation oflL presumably leads to hydrolytic cleavage of
y, deg 78.97(2) 80.66(2) the imino moieties of the macrocylic ligand. To prepare a
Z 1 1 tetranuclear copper(Il) complex ofH!, transmetalation reaction
v, A3 , (152846?(4) ‘1527192(2) of the magnesium complext) (shown in Scheme 1) was
pcaﬁqdngclm 1982 1552 considered to be an obvious choice. However, whéhequiv)
l—f— K 200(2) 203(2) is reacted with copper(ll) perchlorate (4 equiv) and triethylamine
RL2(I > 20(1)) 0.0353, 0.0345 (4 equiv) the product obtained is the dinuclear complex,{Cu
WR2 (all data) 0.0991 0.0875 (L3)(CIO4)7] (3) whose characterization data have already been
aRL =[S ||Fo| — IFel|SIFol]. ®WR2 = [SW(Fs2 — FASW(F2)? Y2 reportedt The formation of3 indicates that the replacement

of magnesium by copper induces the nucleophilic attack of water

be handled small quantitiesNo problems were encountered with the  ON @ pair of diagonally opposite protonated iminesldhto
complexes reported in this study, however. two identical fragments, which then undergoes deprotonation,

Determination of the Crystal Structures of [Cux(L3)(ClO4)3] (3) additional copper binding, and aminaldehyde condensation.
and [Cu;4AL3H109(ClO4)7] (4). Crystals suitable for the structure  In contrast to the present case where &4# macrocyclic
determinations o8 and4 were obtained by diffusing methanol to the  compound is transformed to a{2] system, there is a reported
DMF solutions of the corresponding compounds. casé for a [2+2] — [4+4] macrocyclic rearrangement that has

Diffraction data were collected at 26@03 K on a Siemens R3m/V been imp]icated due to transamination reactions.
ﬂﬁraitomege.r {.” the";ﬁe Scart‘ mgdzus'r}lg gtr_aph'te'mO”OCh_m?atﬁd Interestingly, when the above transmetalation reaction is

0 ta radiation. 1hree standard retlections were periodicaly capried out in the absence of triethylamine the product is

monitored and in both the cases no crystal decay was observed. Th nd to b r-deficient ies with th m ition
intensity data were corrected for Lorentz and polarization effects and ou 0 b€ a copper-aeficient Species € compositio

semiempirical absorption correction was made firscans. Pertinent [Cuz-X(L3H2)(ClOy)] (x ~ 0.55-0.50) @). In fact repeated
crystallographic data are given in Table 1. In the cas8 aftotal of syntheses of the metal-deficient complex yields the same
2977 reflections were collected, of which 2817 reflections were Composition each time. Initially, it was thought to be a
considered uniqueR; = 0.0404) and used for structure determination. cocrystallized product of [G(L3)(ClO4);] and [CuMg(L®)-
The corresponding reflections used fbwere 2877 and 271R = (ClO4)2] compounds. However, energy dispersive spectroscopic
0.0232). analysis of the single crystals dfhas estabilished the absence
The structures were solved by direct and Fourier methods and refinedof magnesium or any other metalic impurity. Indeed, the Cu/
by full-matrix least-squares methods basedF8rusing the programs | ratio 0.72(3):1.00(3) determined by quantitative electron
igiﬁl;j;;gfép:mse?Ehg"v\?f&e?‘e“tra' atom scattering factors microprobe analysis is in very good agreement with the
All non-hydrogen atoms were refined anisotropically. Fayr composition [Clll"}7(L3Hl'06)(CIO4)2] obtained from the X-ray
: structure determinaton (see later). Attempts to convert the

hydrogen atom positions were roughly observed in difference Fourier - . S .
map. They were then placed at idealized positions and refined with a Nonstoichiometric complex4f to the stoichiometric complex

riding model. The final least-squares refinemerit 20(1)) converged (3) by treating4 with the required amounts of copper(ll)
to R = 0.035 and VR2 (for all data)= 0.095. In the final difference perchlorate and triethylamine were not met with success.

Fourier map the maximum and minimum peaks correspond to 0.611 However, wherd is boiled with water, a part of it goes into
and—0.791 e A3, respectively. solution and the filtrate, on concentration, affo@ls

In the case o#, during the course of refinement it became apparent Description of the Structures of [Cux(L3)(CIO4),] (3) and
that in the asymmetric unit the metal site is not fully occupied, albeit [Cu1.4AL3H109(ClO4)7] (4). The structure of3 is illustrated
full occupancy was observed for the chlorine position of the perchlorate j, Figyre 1 along with the atom labels. Atomic coordinates
anion. Refinement led to a ratio of 0.73:1 for Cu/Cl, which is in and selected bond distances and angles are given in Tables 2

excellent agreement with the ratio obtained from energy dispersive and 3. respectivel The compound has a centrosvmmetric
spectroscopic and chemical analyses. Thus, on the basis of the X-ray ’ p y- P y

analysis4 is formulated as [CluAL®H:09(CIO)z]. The perchlorate structure with the center of inversion at the middle of thQC(i‘gg
anion is disordered over two sites with common Cl and O(11) positions Plane. The two square pyramidal copper centers are bridged
and site occupation factors for the other oxygen atoms are 0.54 [for by the two phenoxide oxygen atoms, and the gbiNplane is
0(12)-0(14)] and 0.46 [for 0(122)0(142)]. The refinement converged completed by the two imine nitrogens. The perchlorate ions
to R (== Zo(l)) = 0.034 and VR2 (all data)= 0.087, and final are transaxially bound above and below the dinuclear centers.
difference Fourier map peaks were 0.297 ar@l462 e A*. The macrocyclic ligand adopts roughly a planar structure in
Analyses. Energy dispersive spectroscopic analysis was carried out which the two phenyl rings are parallel.

on e}JS_,M-5400 el;actron dm|crosc|_o;:r)1e. 4 Quar;nfatl_ve elfcotqunt microprobe e final atomic coordinates dfare given in Table 4, while
analysis was periormed on polshed crystals Inserted Into an epoxy y,q selacted bond distances and angles are summarized in Table
matrix. Six measurements on different crystals were matlemental L

3. The cell parameters df(Table 1) show small but significant
differences from those @&. As expected, the cell volume 8f

(4) SHELXTL-PLUSSiemens Crystallographic Research Systems: Madi-

son, WI, 1990.

(5) Sheldrick, G. M.SHELXL-93: A Program for Crystal Structure (7) Vogel, A. I. A Textbook of Quantitate Inorganic Analysis3rd ed.;
RefinementUniversity of Gdtingen: Gitingen, Germany, 1993. Longmans: London, 1961.

(6) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal- (8) Brooker, S.; McKee, V.; Shepard, W. R.; Pannell, L. X.Chem.

lography, Kynoch Press: Birmingham, England, 1974; Vol. IV. Soc., Dalton. Trans1987 2555.
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Table 3. Selected Bond Distances Phand Angles (deg) of
[Cu(L3)(CIO)2] (3) and [CU.sALH1.09(CIOs):] (4)

3 4
Cu—-N(1) 1.890(2) 1.896(2)
Cu—-N(2) 1.894(2) 1.902(2)
Cu-0(1) 1.898(2) 1.880(2)
Cu-0(1) 1.898(2) 1.870(2)
Cu—-0(14) 2.394(3) 2.45(2)
Cu—-0(142) 2.37(2)
O(1)-C(10) 1.326(3) 1.316(3)
N(1)—C(9) 1.286(3) 1.286(3)
012 N(2)—C(3) 1.285(3) 1.282(3)
N(1)—C(1) 1.477(3) 1.468(3)
N(2)—C(2) 1.479(3) 1.478(3)
Cur+-CU 2.9013(13) 2.7915(10)
N(1)—Cu-N(2) 90.36(9) 90.88(8)
N(2)—Cu-O(1) 93.60(9) 91.36(8)
N(1)—Cu-O(1) 94.18(9) 92.42(8)
O(1)-Cu-0(1) 80.30(9) 83.82(8)
N(1)—Cu-O(14) 94.51(11) 90.7(5)
N(2)—Cu-O(14) 98.14(9) 96.7(4)
O(1')-Cu—0(14) 91.26(9) 92.4(4)
O(1)~Cu-O(14) 94.74(11) 99.0(5)
N(1)—Cu-O(1) 169.32(9) 169.69(8)
Figure 1. ORTEP representation of the molecular structure offCu N(2)—Cu-O(Z) 169.22(9) 170.26(9)
(L3)(ClOy),] (3) showing the 50% probability of thermal ellipsoids. Cu—O(1)-Cu 99.70(9) 96.18(8)

Table 2. Atomic Coordinates %10%) and Equivalent Isotropic
Displacement Parameters{A 10%) of [Cu,L3(ClO4),] (3)

Table 4. Atomic Coordinates x10% and Equivalent Isotropic
Displacement Parametersi{A 10%) for [Cuy.4AL3H1.0g)(ClO4)7]

X y z U X y z U

Cu(1) 4184(1) 4372(1) 6495(1) 24(1) Cu(1y 4215(1) 4388(1) 6435(10) 25(1)
o) 3565(2) 5611(3) 4928(2) 31(1) Oo(1) 3527(2) 5566(2) 4898(2) 35(1)
N(1) 4983(3) 2832(3) 7810(2) 22(1) N(1) 5022(2) 2882(2) 7778(2) 24(1)
N(2) 1843(3) 4185(3) 7645(2) 22(1) N(2) 1849(2) 4147(2) 7560(2) 28(1)
Cc@) 3516(3) 2644(3) 9184(3) 23(1) C(1) 3539(3) 2715(3) 9121(2) 27(1)
C(2) 1804(3) 2882(3) 8837(3) 26(1) C(2) 1841(3) 2843(3) 8756(3) 31(1)
C(3) 491(3) 4989(3) 7375(3) 23(1) C@3) 479(3) 4992(3 7361(2) 24(1)
C4) 508(3) 6183(3) 6116(3) 22(1) C4) 485(3) 6181(3) 6113(2) 22(1)
C(5) —1101(3) 7063(3) 6073(3) 24(1) C(5) —1105(3) 7087(3) 6070(2) 25(1)
C(6) —1233(3) 8193(3) 4915(3) 25(1) C(6) —1235(3) 8221(3) 4918(3) 25(1)
C(7) 279(3) 8429(3) 3762(3) 24(1) C(7) 285(3) 8452(3) 3758(2) 25(1)
C(8) 1932(3) 7572(3) 3721(3) 21(1) C(8) 1921(3) 7571(3) 3712(2) 22(1)
C(9) 3435(3) 7877(3) 2418(3) 22(1) C(9) 3425(3) 7868(3) 2424(2) 23(1)
C(10) 2036(3) 6442(3) 4925(3) 22(1) C(10) 2024(3) 6422(3) 4905(2) 22(1)
C(11) —2986(3) 9120(4) 4907(3) 32(1) C(11) —2973(3) 9149(3) 4910(3) 35(1)
CI(1) 3166(1) 7641(1) 8631(1) 27(1) CI(1) 3166(1) 7658(1) 8647(1) 30(1)
0O(11) 2680(3) 6619(3) 9970(2) 44(1) O(11) 2693(3) 6625(2) 9991(2) 45(1)
0(12) 3932(4) 8955(3) 8804(3) 45(1) o(12y 1688(19) 8153(23) 8181(19) 54(3)
0(13) 1665(4) 8229(4) 8201(3) 58(1) O(13y 3902(29) 9031(20) 8778(24) 43(3)
0(14) 4456(4) 6690(3) 7520(3) 59(1) O(14y 4491(22) 6691(24) 7591(18) 47(3)
) ) ) ) 0O(122) 1569(23) 8423(51) 8398(40) 64(5)

@ Ueq is defined as one-third of the trace of the orthogonalizigd 0(132) 4107(49) 8901(34) 8790(25) 47(5)
tensor. 0142y 4199(58) 6779(31) 7471(25) 65(6)

aUeq is defined as one-third of the trace of the orthogonalizgd

(624.8(4) B) is larger relative to that of (621.4(2) &) in which

the metal site is 73.3% occupied. The presence of a crystal-

lographic inversion center id indicates that the copper is

statistically distributed over the two equivalent positions. Unlike patveen 1.870(2) and 1.902(2) A, while the average-Ou

3, the perchlorate ion in the asymmetric unit4dt disordered  (herchiorate) distance is 2.41(4) A. Significantly, the GQu

over two sites having common Cl and O(11) positions and is geparation i (2.791(1) A) is shorter relative to that 8(2.901-

modeled, as shown, in Figure 2. (1) A), underscoring the effect of partial occupancy of the metal
The metrical parameters given in Table 3 for comple®es  sjtes. For the same pair of bonds the difference between the

and4 show small differences in the metal coordination spheres. pond distances @ and4 varies from 0.006 to 0.028 A, while

In 3the in-plane CtrN(1), Cu-N(2), Cu-O(T), and Cu-O(T) for the same pair of angles the difference ranges from 0.5 to

bond distances range from 1.890(2) to 1.898(2) A, while the 3 5

axial Cu-O (perchlorate) bond (2.394(3) A) is considerably  The structure o8 may be compared with those of the related

elongated due to the Jahieller effect of copper(ll). The metal ropylene-bridged macrocyclic dicopper(ll) complexes #Cu
center is displaced from the basal least-squares plane towarcﬁ_zt)xz] (X = Cl, Br, 1)° derived from 4-methyl-2,6-di-

0O(14) by 0.156(1) A. The Gu-Cu separation is 2.901(1) A
with the intervening Ct-O(1)—Cu angle of 99.70(9) On the
other hand, the in-plane metdigand distances i vary

tensor.? Occupancy factor 0.733(2).Occupancy factor 0.54(9Y.0Oc-
cupancy factor 0.46(9).

(9) Mondal, S. K.; Thompson, L. K.; Newlands, M. J.; Gabe, E. J.; Nag,
K. Inorg. Chem 199Q 29, 1325.
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c1 The structural parameters of another five-membered lateral chain
Q macrocyclic complex [CL8)(DMF),](ClO4),,*2 obtained by
reacting 4tert-butyl-2,6-diformylphenol, 1,2-diaminobenzene,
and copper(ll) perchlorate (1:1:1), compare very well with those
of 3. In this case CtN = 1.896(9) A, Cu-O = 1.899(8) A,
Cu-++Cu = 2.929(4) A, and CwtO(phenoxide}Cu = 100.9-

3.

It is relevant at this stage to comment on the composition of
complex4. The metal deficiency in this compound seems to
arise due to statistical distribution of the two resonating forms
| andll of the diprotonated mononuclear macrocyclic complex

| 0 oH |
% +
N, O N BN o, N
[ el Jee e ]
N o N N (6] N
I INH H/ |l l
Figure 2. Perspective view of the structure of [Cii (L3H1.09)(ClO4),] I I

4. [Cu(L3H,)(ClO4)](ClOy4) and the dinuclear complex [G(L3)-
(ClQy)2], approximately in the ratio 1:1 in the crystal lattice.
The fact thaB can be isolated by boiling with water provides
support to this view.

In conclusion, two unusual observations have emerged out
of this study. First, the transformation of thet4] macrocyclic
ligand (HyLY) to its [2+2] replica (HbL3) during the transmeta-

Ith|CI:I beLrS’no|_r|e(;eIe\é?:nt t?oﬁ?mtﬁare tgebSthtureiMI”:h thelltt lation reaction. Second, the unprecedented synthesis of the
of [Clp(L*)(Hz0)](BF4)2, °** obtained by the metal template o0 geficient macrocyclic complek It is worth mentioning

reaction between 4-methyl-2,6-diacetylphenol and 1,2-diami- y, . 0 first synthesis dB involving a sequential route was
noethane, because both the compounds have five-membere 3

. eported® some 25 years ago.
ethylene lateral chains. The structural parameters regéited ] ' )
for [Cux(L%)(H20):](BF4). have some uncertainties due to severe _ Acknowledgment. Financial support was received from the
disorderding of the fluoborate anions. Nevertheless, the averagd?€partment of Science and Technology, Government of India.

formylphenol and 1,3-diaminopropane. In these compounds the
in-plane coppetligand distances (average 1.98 A), the-Gu

Cu separation (average 3.13 A), and the-@(phenoxidey

Cu angle (average 10gare all larger relative to those 8fand

are consistent with the larger cavity size of the macrocyele*H

bond distances in the basal plane &= 1.90 A; Cu-0O = Supporting Information Available: Tables of crystal data and
1.89 A), the Cu-O(phenoxide)-Cu bridge angle (96,5(9){ structure refinement, anisotropic thermal parameters, complete bond
99.2(5y11) and the nonbonded GuCu distance (2.847(4) A lengths and angles, and hydrogen atom coordinates fand 4 (7
2.997(3) ,5}1) of this compound are quite similar to thosef pages). Ordering information is given on any current masthead page.
1C971582X

(10) Carlisle, W. D.; Fenton, D. E.; Roberts, P. B.; Casellato, U.; Vigato,

P. A.; Graziani, RTransition Met. Chem1986 11, 292. (12) Brychey, K.; Diger, K.; Jens, K.-J.; Tilset, M.; Behrens, Ghem.
(11) Thompson, L. K.; Mondal, S. K.; Tandon, S. K.; Bridson, J.; Park, Ber. 1994 127, 465.
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