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Abstract: The synthesis and crystal structure of Cu(ll) carpdf a binucleating tridentate
ligand 1,3-bis [N,N-bis(2-picolyl)amino]propan-24d) is being reported. The two chelating
bispicolylamine arms ih are tethered by a 2-hydroxypropyl group with Qu¢bordinating
in a slightly distorted square planar geometry it@ gCu(1)(OH,)(CI)](CIO4)3-2H0 (I1).
The crystal data foll : Triclinic, space groufPt with cell dimensions o& = 13.345 (4) A,

b =13.873 (4) Ac=12.867 (2) Aa=111.68 (2), S = 100.34 (2, y= 65.83 (2), V =
2018.4 (9) R, F.W.= 962.46 pcac= 1.583 g crit for Z = 2, = 13.93 cnt
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1. Introduction

The fact that many enzymes require metal ions toeae full catalytic activity has stimulated
interest on the chemistry taking place at the adites of the metalloenzymes [1-4]. Model enzym
are being developed and extensive studies conduttedier to gain an understanding of the factors
underlying the relationship between coordinatioorgetry and the nature of the donor ligands. For
example, copper(ll) complexes coordinated to palyake pyrazole-based ligands have been proposed
as models for the type 3 copper proteins [5-7]. g@ogrontaining proteins are involved in various
essential bio-processes and amongst thenherecyaninwhich binds and transports, Qyrosinase
which has a catecholase and cresolase activity,catethol oxidasdor the oxidation of catechols
[8,9]. A striking feature of the type 3 copper f@ias is that they contain binuclear Cu(ll) centres
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their active sites with each centre coordinatedhoge hystidine nitrogen atoms [10-12]. It is fbrst
reason that nitrogen donor ligands such as pyridimee pyrazole are a logical choice in modelling of
copper proteins since the former have pKa valuasdhte close to those found in histidyl moieties in
several enzymes [13,14].

Karlin et al.[15], for example, were able to dentoste that the binuclear Cu (I) complex of m-
xylpy (py = 2-pyridyl) acts as a good model for theoxy-sites in the proteins. Selmeczi et al.[16p a
reported the syntheses of dicopper complexes cbis{Bl,N-bis(2-[2-pyridyl]ethyl)amino}propane
and 1,3-bis{N,N-bis(2-[2-pyridyl]ethyl)amino}-2-hydxypropane and were able to demonstrate their
ability to catalyze the oxidation of 3,5-t#rt-butylcatechol as well as highlight some of the
fundamental structure-reactivity relationships.

Previously we reported the syntheses and X-rayctsires of Zn(ll) complexes of bis(2-
pyridylmethyl)amine (bpa), bis(2-pyridyl-2-ethyl)ame (bpea), 2,2dipyridylamine (dipyam) and 2,2
dipyridyl (dipy) in an attempt to develop complexkat could mimic the structure and function of the
active sites of zinc enzymes such as alkaline giaisge and carbonic anhydrase [17]. The catalytic
behaviour on the hydrolysis of bis(4-nitrophenyhpphate by these zinc complexes were subsequently
determined. In this paper we report the synthests characterisation of a Cu(ll) complex of 1,3-bis
[N,N-bis(2-picolyl)amino]propan-2-d{l) with a view to understanding the coordination d&gbur of
the binucleating tridentate N-donor ligands.

an, /0O
& "o

1,3-bis(bispicolylamino)-2-propanol
1)

2

2. Experimental
2.1. Materials

Methanol, methylene chloride, acetonitrile, Cu(Q¥BH,O, 2-picolylchloride-HCI, 1,3-
diamino-2-hydroxypropane and NaOH were reagentegea! were used as purchased from Aldrich.
The ligand1,3-bis (bispicolylamino)-2-propanevas synthesized by a modification of literature method
and characterized by spectroscopic methddsNMR spectra were run in deuterated solvents with
internal TMS standard on@E 300 MHz spectrometer. IR spectra were collectec déterkin-Elmer
FT-IR. UV-Vis spectra were collected on a PerkimEt Lambda 2 spectrometer using 1-cm quartz
cuvettes. The %Cu in a complex was determined uBerin-Elmer AAS (model 2380) equipped
with a hollow cathode source and employing airAdeat flame.
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2.2 Synthesis of 1,3-bis [N,N-bis(2-picolyl)aminjpan-2-ol

The ligand 1,3-bis [N,N-bis(2-picolyl)amino]prop@rel (I) was synthesized by a slight
modification of the literature method [18]. An agus solution of NaOH (0.091 mol in 40 trvater)
was added dropwise to an aqueous solution of 2ypetdoride-HCI prepared by adding 15.0 g of 2-
picolylchloride-HCI (0.091 moles) to 40 &rof distilled water at OC. An aqueous solution of 1,3-
diamino-2-hydroxypropane (2.05 g in 40 tmater), also maintained at°C, was added dropwise to
the vigorously stirred reaction mixture. The miwvas stirred for 20 min after which 200 cof
methylene chloride was added. The reaction mixtmantained at pH 9-10, was left to stir for 2 slay
at 0°C and for 4 more days at room temperature. Thetienlwas then extracted with three 60°cm
portions of methylene chloride. The combined miethy chloride extracts were dried with anhydrous
MgSQy. Methylene chloride was removed by means of aryatvaporator to yield 1,3-bis [N,N-bis(2-
picolyl)amino]propan-2-ol 1) as a brown oil (65% yield).'H NMR(CDCkL-TMS): (ppm): 2.68
(m,4H), 3.88 (s,8H), 5.29 (d,1H), 7.11 (m,4H), 7(8B84H), 7.58 (m,4H), 8.49 (m,4H)

2.3 Synthesis of [GI)(OH2)(CI)](ClO4)3-2H,0

To a solution of 1.0g (2.2 mmol) of 1,3-bis(bispidamino)-2-propanol in 75 cirwater:methanol
(1:9) was added 1.63g (4.4 mmol) of Cu(@QkBH,O. The mixture was allowed to stir at room
temperature for 24 h followed by slow refluxing fanother 24 h. The solvent was allowed to
evaporate slowly at room temperature resulting lire kerystals of [Cy(1)(OH,)(CI)](ClO4)3-2H,0
complexll. IR (Nujol), v (cm™): 3500.0 (OH stretch), 1613 (NH stretch), 157%9ridlyl stretch),
1066.8 (CIQ), UV-Vis: Amax= 669 NM gmax = 134.57 M'em'*, % Cu: found = 13.31, calc = 13.36

2.4 Crystallographic structure determination

A crystal of complexl was mounted in a random orientation on the eralgass fiber using 5
min epoxy cement and transferred to a goniometad.hereliminary crystal parameters and reflection
data were obtained at room temperature and pratdsgestandard methods [19,20] on a Rigaku
AFC6S X-ray diffractometer with graphite monochraethMo K, radiation and 12 kW rotating anode
generator. Details of the crystal data collectimgiven in Table 1. The structure was solved lbgadi
methods [21] as implemented in the SHELXTLPC systdncomputer programmes and refined to
convergence by full matrix least-squares methodt.hpdrogens were found and their positional
parameters refined. Atomic scattering factors usete those from the International Table for X-ray
crystallography [22].
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Table 1 Crystallographic data for [G(I)(OH2)(CD](CIO4)s-2H0 (1I)

Chemical formula
Formula weight
Crystal colour, habit
Crystal system
Crystal dimensions
Space group

a(A)

b(A)

c(A)

R = S/Fol-[Fcli/s [Fol

C27H36N6016Cl4CL
969.46

Blue, prism
Triclinic
0.400x0.300x0.500
P1

13.345(4)
13.873(4)
12.867(2)

R. = [(2W(Fol-Fclf/swFd?)]*

a(®) 111.68(2)
B(°) 100.34(2)
V) 65.85(2)
V(A3 2018.4(9)
Z 2
Deadg/cnT) 1.583
(Mo Ka), cmi* 13.93

No unique reflectiong 9250

No of observations | 3805

R 0.081

Ry 0.101

Table 2 Selected bond distances an bond angles fo([){gDH,)(CI)]**

Bond distance (A)

Cul-CL1 2.247 (3) Cu2-0O1WwW 1.974 (8)
Cul-N1A 2.000 (9) Cu2-N1B 2.003 (9)
Cul-N2A 2.028 (8) Cu2-N2B 2.027 (8)
Cul-N3A 1.967 (9) Cu2-N3B 1.970 (1)
Bond angles (°)
CL1-Cul-N1A 97.9 (2) O1W-Cu2-N1B 96.8 (4)
CL1-Cul-N2A 178.0 (3) O1W-Cu2-N2B 174.4 (4)
CL1-Cul-N3A 96.5 (3) O1W-Cu2-N3B 97.8 (4)
N1A-Cul-N2A 84.0 (3) N1B-Cu2-N2B 83.4 (3)
N1A-Cul-N3A 164.3 (3) N1B-Cu2-N3B 163.5 (3)
N2A-Cul-N3A 81.6 (4) N2B-Cu2-N3B 82.8 (4)

Estimated standard deviations in the least sigmififigure are given in parentheses

182
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Figure 1. Ortep drawing of the crystal structure of JO)OH,)(CI)]?*, the cation of compleht

3. Results and Discussion

The reaction offt with two equivalents of Cu(Cl-6H,O gave a binuclear Cu complék. A
summary of the crystallographic data and strucpai@ameters fol is provided in Table 1. A list of
selected bond distances and bond angles is giveralile 2. The ORTEP drawing of the crystal
structure for [Cw(1)(CI)(OHy)]?*, the cation of compleX, is shown in Figure 1. The two chelating
bispicolylamine arms are tethered by a 2-hydroxgprgroup with each Cii ion coordinated to three
bispicolylamine nitrogen atoms, a® molecule on one arm and ClI ligand on the other &ith the
latter producedhn situ from the dissociation of metal perchlorate [28]tthe outer coordination sphere
there are three perchlorate anions and two watdeaules of crystallization. The bonds CL1-Cul-
N2A and N1A-Cul-N3A have bond angles of 178.0 af4dl.3 respectively which are close to T80
The bond angles in CL1-Cul-N1A (97.9), CL1-Cul-N@%.5), N1A-Cul-N2A (84.0), N2A-Cul-
N3A (81.6) are close to 90This suggests a slightly distorted square plgeametry around Cul ion.
The bonds O1W-Cu2-N2B and N1B-Cul-N3B have bondesngf 174.4 and 163.5 respectively
which are close to 18%C. The bond angles in OIMZu2-N1B (96.8), O1W-Cu2-N3B (97.8), N1B-
Cu2-N2B (83.4.0), N2B-Cu2-N3B (82.3) are all cldse9(. This also suggests a slightly distorted
square planar geometry around Cu2 ion. The bisgamine arms chelate to €ucentres with Cu-N
bond distances of 1.967¢9)1.970(19, 2.000(9, 2.003(9§, 2.027(8Y, 2.028(89, Cu-CL bond distance
of 2.247(3 and Cu-O bond distance of 1.974(8}he Cu-N and Cu-O bond distanceslirare typical
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and compares closely to those in a dicopper complek 1,3-bis{N,N-bis(2-[2-
pyridyllethyl)amino}propane [14]. The latter hasemeshown to catalyse the oxidation of 3,5-di-tert-
butylcatechol to the correspondiogjuinone and hydrogen peroxide.

4. Conclusions

A dicopper complex of 1,3-bis [N,N-bis(2-picolyl)amo]propan-2-ol has been prepared and its
structure characterised by IR, UV, AA, *H-NMR andrXy diffraction. An investigation of this
complex as a model for the active sites of coppmrtaining enzymes with binuclear Cu(ll) centres is
soon to follow.
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