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SYNTHESES, CHARACTERIZATION, AND MOLECULAR STRUCTURES OF NITROALKANOATO

NICKEL(II), ZINC(II), AND CADMIUM(II) COMPLEXES WITH TETRAAZACYCLOALKANES

Haruko ITO and Tasuku ITO®
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Nickel(II), 2zinc(II), and cadmium(II) complexes of tetraazacyclo-
alkane (L) (L = 1,4,8,11-tetramethyl-1,4,8,11~-tetraazacyclotetradecane
(Ll), 7RS ,14RS-5,5,7,12,12,14-hexamethyl-1,4,8,1l1-tetraazacyclotetra-
decane (L2), or 1,4,8,l12-tetraazacyclopentadecane (L3)) react with
nitroalkanes (RR'CHNO2 : R=R'=H; R=H, R' = CH3; R = R' = CH3)
in the presence of NEt3 to afford the nitroalkanoato complexes,
[M(L)(OZNCRR')]+, which have been characterized by IR, lH and 13C

NMR spectroscopy, and by X-ray analyses on three compounds.

The a-hydrogen of nitroalkane RR'CHNO2 is known to be acidic and the
nitroalkanoate ion, RRfCNOZ-, resulting from deprotonation in a basic medium, is

D and rutheniumz)

a potential ligand to form metal complex. A few copper
complexes with chelated nitroalkanoate ion through both oxygens have been reported
as well as M-C bonded nitromethyl complexes of platinum3) and cobalt.4)

We report here the chelating ability of nitroalkanoate ion through a series
of its complexes of Niz+, Zn2+, and Cd2+ with certain tetraazamacrocyclic ligands

(L), which are able to coordinate to metal ion in folded cis-=conformation.
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The nitroalkanoato complexes, [M(L)(OzNCRR')]Clo4 were obtained via either

route A or B in neat nitroalkane at 40 °C (Scheme 1).

1
4)2 + RR'CHNO, + NEt,

A. [ML](ClO [ML(OZNCRR')]ClO4 + HNEt,ClO

3 4

B. [ML(0,CX)]ClO, + RR'CHNO, [ML(O,NCRR') ]C10, + CO, + HX
1 —
RR CHN02 = CH3N02, CH3CH2N02, or (CH3)2CHN02
w2t = nieh?t, v, nia)h .9 anal)?t or cal) 2t
X = OCH3',7) or ou~ 8
Scheme 1.

In route A, certain ligands (L2, L3) are subject to nitrogen atom inversiong'lo)

such that the macrocycle can not achieve the required folded conformation for
nitroalkanoato chelation, and, in addition, a considerable amount of HNEt3ClO4 is
formed. Therefore careful product purification was required. On the other hand,
the reaction through route B proceeds nicely and the nitroalkanoato complexes

were isolated cleanly.

Elemental analyses (C,H,N) of 12 compounds out of 15 listed in Scheme 1 were
consistent with [M(I)(OzNCRR')]Clo4. The remaining three compounds,
nitromethanoato complexes with Ll, were obtained as mixtures of unknown

by-products which were difficult to be removed. The IR band of YNoO appeared in

1

the region of 1585 - 1595 cm ~ for the nitromethanoato complexes, in the region of

1

1603 - 1620 cm ~ for the nitroethanoato complexes, and in the region of 1620 -

1

1630 cm — for the nitropropanoato complexes, respectively. The selected data of

lH and 13C NMR spectra for the Zn and Cd complexes are shown in Table 1.

X-Ray structural analysesll) were carried out on [Ni(Lz)(OZNCH2)1C104-1/2H20

0,1 wmiah onen(cny)yicio, (20,12 ana (za@h (onc(eny) yicio, (3.1

Figure 1 shows a perspective view of [Ni(Lz)(OzNCHz)]+ along with molecular

dimensions of the NiO NCH, moiety. The Ni atom is in a pseudooctahedral geometry

2 2
with the macrocyclic ligand folded. The CHZNOZ- ligand is chelated to nickel(II)
through its two oxygen atoms. The C(L)-N(L) distance is shortened to 1.27 R as
compared with a normal C-N single bond. Four atoms, O(l), 0(2), N(L), and C(L) are
coplanar. Coordination structures of the nitroethanoato and the 2-nitropropanoato

ions in 2 and 3 are similar to that of the nitromethanoato ligand in 1.



Chemistry Letters, 1985 1253

On the basis of the crystallographic and other spectroscopic measurements
presented, we firmly believe that the nitroalkanocato ligand deserves to be placed
with other well-known ligands such as acetates, nitrates, and carbonates in this

particular system.

Table 1. Selected lH and 13C NMR data of nitroalkane and nitroalkanoato
complexes of ZnII(Ll) and CdII(Ll) in CDCl3a)
1, 13,

c-CH, NCHR'  C-CH, NCRR'
Nitromethane 4.33% 61.4
Nitroethane 1.59%  4.439  10.6 70.4
2-Nitropropane 1.569  4.66%®¢ 19.1 79.1
[ZnLl(OzNCHZ)]ClO4 5.68° 98.7
[ZnLl(OZNCH(CH3))]ClO4 1.839  6.009  13.0 106.7
[ZnLl(OzNC(CH3)2)]C104 1.855 18.5 114.1
[cdLt (o,NcH,) Iclo, 5,745 99.2
[CdLl(OzNCH(CH3))]C104 1.859  6.059  13.4 107.7
[CdLl(OzNC(CH3)2)]Clo4 1.985 19.0 115.0

a) TMS internal standard. Superscripts, s, 4, t, g, and se stand for singlet,
doublet, triplet, quartet, and septet, respectively.

Fig. 1. Perspective view of [Ni(Lz)(OzNCH2)1+.
Bond lengths: Ni-0(1)=2.100(4), Ni-0(2)=2.100(4), O(1l)~-N(L)=1.305(7),
0(2)-N(L)=1.312(7), N(L)-C(L)=1.273(9) A. Bond angles:
0(1)-Ni-0(2)=62.8(2), Ni~O(1)-N(L)=91.8(3), Ni-0(2)-N(L)=91.6(3),
0(1)-N(L)-0(2)=113.5(4) , O(1)-N(L)-C(L)=123.3(7), O(2)—N(L)—C(L)=123.2(6)°.
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