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Synthesis of Nickel(I) and Copper(ll) Com-
plexes with Macrocyclic Ligand: 1,8-Diethyl-5,
12-dimethyl-1,4,8,11-tetra-azacyclotetradeca-4,
11-diene(L?)
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The reaction of the monohydroperchlorate salt of 1,2-di-
aminoethane with but-3-en-2-one in methanol solution gives
the dihydroperchlorate salt of the macrocyclic ligand, 5,12-
dimethyl-1,4,8,11-tetra-azacyclotetradeca-4,11-diene (L), This
synthesis is an extension of the procedure devised by Curtis®
for the preparation of the macrocycle 5,7,7,12,14,14-hexame-
thyl-1,4,8,11-tetra-azacyclotetradeca4,11-diene. However, most
macrocycles® obtained by Curtis method have no substitutes
at the nitrogen atoms. Miyamura* first reported the N-methyl
tetra-aza macrocycle (L? by the non-template reaction, but
no further N-alkyl 14-tetra-aza diene macrocycles have been
reported.

In this paper, we report the synthesis of the new macrocy-
cle 1,8-diethyl-5,12-dimethyl-1,4,8,11-tetra-azacyclotetradeca-4,
11-diene (L* by the non-template reaction of but-3-en-2-one
with N-ethyl-1,2-diaminoethane hydroperchlorate salt and its
Ni(II) and Cu(Il) complexes.
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We could not obtain the macrocycle (L¥) from the reaction
of 4-methyl-3-penten-2-one with N-ethyl-1,2-diaminoethane.
We suspect that it may be attributable to the effect of steric
hindrance of the starting materials on the formation of the
macrocycle (LY. A new ligand (L% without having such a
problem of streic hindrance might be readily obtained by
reaction (Eq. 1) of but-3-en-2-one with N-ethyl-1,2-diamino-
ethane hydroperchlorate’. The ligand was, however, turned
out to be unstable and decomposed within a few hours of
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Table 1. Spectral Data of Ni(Il) and Cu(ll) Complexes of L?

IR spectra, cm™'  d-d band®

Compound Reference
viC=N) v(CI0)  Aua, ()
[NiL?}ClO,), 1650 448(111) 4
[NiL*J(C10y), 1650 1092, 624 455(134) this work
[CuLZX(ClOy), 1650 526(179) 4
[CuL*](ClO,), 1663 1107, 625 532(207) this work

“In H,O solutions at 25C. *nm (dm’mol ‘cm™?)

Absorbance

350 550 nm

Figure 1. Visible absorption spectra of (a) [NiL¥]*~ in CH3;NO,,
(b) [NiL*J?* in CHiCN, and (c) [Cul®)** in CH,;NO, at 25C.
[Notice the absence of the characteristic octahedral Ni(Il) band
of around 350 nm in CH3;CN solution.]

its isolation at room temperature. Its instability was only
managed to be prevented us from doing analytical, IR or
NMR measurements. Thus, the analysis for the ligand was
performed on its Ni(Il) and Cu(Il) complexes. The latters
were prepared and isolated as their perchlorate salts accord-
ing to Eq. 2 as shown®;

2CH;CH,NHCH,CH,NH3HCIO,+ 2CH,CHCOCH;
——>L*-2HCIO, (1

L*- 2HCIO+ MID——[ML*](CIO,), @
IM=Ni(ID, CudD]

The reaction of the ligand with Cu(Il) salt gives to the
reddish purple complex, [Cul?](C10Q4),. The infrared spec-
tra (Table 1) shows the presence of the characteristic vibra-
tions for C=N bond at vc_-y (1663 cm™!) and perchlorate
bands (1107 and 625 cm™ ). But no absorption of N-H vibra-
tion around 3200 cm~! is shown. The electronic spectra of
this complex shows a single d-d band at A, =532 nm with
a molar extinction coefficient of 207. The position of this
band and the value compare quite well with those reported
by other copper(Il) tetra-aza macrocyclic complexes®. Also the
ligand forms the yellow complex with Ni, [NiL*](ClOy),. Its
infrared spectrum also shows the bands expected for the char-
acteristic vibrations of C=N bond at vc-y (1650 cm™!) and
perchlorate bands (1092 and 624 cm™') (Table 1). This com-
plex [NiL*](ClO,), shows a strong band in aqueous solution
at Ame=455 nm (e=134 dm®mol !cm™!) typical of singlet
ground-state Ni(II)’. There is little tendency to add water
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Figure 2. The C NMR spectrum of [NiL*](ClOQy),; in MeSO-
ds solution with solvent peaks omitted.

or CHsCN ligands in the axial position to give octahedral
species (see Figure 1) as is frequently observed with macro-
cyclic tetra-aza nickel(I) complexes. The reason might be
due to the steric crowding of the axial sites increased by
N-ethyl groups on two nitrogen atoms. The electronic spectra
of Ni(Il) and Cu(ll) complexes of L? show the 6-7 nm shift
of Ama longer wavelengths than those of L? indicating that
N-ethyl complexes weaken the ligand field strength of com-
plex further than N-methyl complexes do®. Two nitrogen
atoms with Ri(ethyl group) in L* tend to form sp’ rather
than sp® hybridization as suggested by the X-ray data of
the Ni-N bonds length in similar complexes®. The 'H NMR
spectrum'® of [NiL3]J(Cl0,); in Me;SO-ds solution shows a
sharp singlet at §=2.08 ppm which is assigned to the imine
methyl groups. The methyl] triplet and methene quartet of
N-ethyl occur at $=1.15 and §=2.74 ppms, respectively. The
three peaks mentioned just before as well as other ones
do not show any broadening, indicating that this complex
maintains the square-planar geometry and is diamagnetic
even in coordinating solvent of Me,SO!,

The BC NMR spectrum of [NiL*](Cl10,); is shown io be
8 resonances rather than 16 ones, indicating that the ligand
contains eight pairs of nonequivalent carbon atoms (Figure
2). This observation supports the symmetric arrangements
of this complex. Namely, there is the possibility of two ster-
eoisomers, %e., one N-meso form and the other racemic form'.
We are currently doing X-ray analysis in order to tell in
which form the complex exists. In conclusion, we have syn-
thesized N-ethyl 14-tetra-aza diene (L’) by the non-template
reaction and its Ni(Il) and Cu(ll) complexes.
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Lactam synthesis via cyclization of radicals generated from
N-substituted haloacetamides is now well documented. Typi-
cally. N-allyl and N-propargyl haloacetamides undergo cycli-
zation under various radical-generating conditions to afford
y-lactams.! Synthesis of B-lactams from N-vinyl haloacetami-
des was also reported.” These reactions proceed viz (amino-
carbonyl)methyl radical intermediates. In view of the results
we obtained in the synthesis of a-methylenelactones and a-
methylencycloalkanones from propiolates and acetylenic ke-
tones® via (a-alkoxycabonyl-B-stannyl)vinyl and (a-carbonyl-p-
stannyl)vinyl radicals, N-substituted propiolamides appeared
to be proper substrates in the synthesis of a-methylenelac-
tams. We now report that t-butyl-substituted N-allyl propiol-
amides indeed serve well as precursors in radical cyclizations
via (a-aminocarbonyl-B-stannyl)vinyl radicals formed by the
addition of stannyl radicals to the propiolamide triple bonds.

N-t-Buty! propiolamide was prepared from propiolyl chlo-
ride* and #-butylamine and it was reacted with various allylic
bromides under basic conditions (KOH/DMSO)® to form sub-
strates la-g. Radical cyclization of these substrates was



