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Chloro(nitrato)[1,4,7-tris(4-vinyl)benzyl-

1,4,7-triazacyclononane]copper(ll)

The title compound, [CuCl(NO;)(Cs;3H3oN3)] or Cu([9]-
ane(Nvbz);NO;Cl, is the polymerizable form of a potent
metal-chelator complex that catalyses the hydrolysis of
phosphate esters. The coordination geometry around the Cu
atom is square pyramidal. The structure has a similar
conformation to the parent catalyst Cu([9]aneN;)Cl,, showing
that the extensive functionalization does not significantly
distort the metal-complex geometry.

Comment

The hydrolysis of phosphate esters in nature is often facilitated
by metalloenzymes. The catalytic processes involved are, in
general, rapid and highly selective. Numerous phosphate
mono-, di-, and triesterases have been isolated and their
structure and reactivity investigated in order to elucidate the
features contributing to the hydrolytic ability of these enzymes
(Wilcox, 1996). Of particular environmental interest are
triesterases that accelerate the rate of degradation of highly
toxic phosphate triesters (Donarski et al., 1989; Caldwell &
Raushel, 1990; Benning et al., 1995; LeJeune et al., 1997; Hong
& Raushel, 1999).
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Given the environmental significance of triester hydrolysis,
there have been numerous attempts to design easily recover-
able heterogeneous catalysts that can also rapidly hydrolyse
these toxic substances (Dannenberg & Pehkonen, 1998;
Menger & Tsuno, 1989; Srivatsan & Verma, 2000; Srivatsan &
Verma, 2001). We are exploring the utility of heterogeneous
catalytic systems for the hydrolysis of phosphate esters, using
insoluble polymeric materials as a scaffold for incorporation
of potent homogeneous catalytic systems (Hartshorn et al.,
2001).

Recent research, especially by Burstyn and co-workers, on
homogeneous catalysis of phosphoesters has shown that the
1,4,7-triazacyclononane-Cu** (Cu[9]aneN;) complex is very
efficient in hydrolyzing selected phosphate diesters (Hegg &
Burstyn, 1996; Hegg et al, 1999). The process of making
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Figure 1
The structure of (I). Displacement ellipsoids are shown at the 50%
probability level.

inhomogeneous, catalytically active forms of this system,
however, requires the attachment of a polymerizable group to
the cyclononane. This functionalization may adversely affect
the ability of the Cu[9]aneN; complex to hydrolyse phosphate
esters.

We report here the crystal structure of a copper complex of
a 1,4,7-triazacyclononane ([9]aneN;) ligand that contains
three polymerizable 4-vinylbenzyl substituents, Cu([9]-
ane(Nvbz);)NO;Cl, (I), and compare it with a previously
reported crystal structure of Cu([9]aneN3)Cl, (Schwindinger
et al., 1980). Correlation between coordination geometry of
the catalyst and reaction rates for phosphate ester hydrolysis
has previously been reported, although the reasons for this
behavior were not fully elucidated (Hegg et al., 1999)

The structure of (I) is shown in Fig. 1 and selected bond
lengths and angles are listed in Table 1. The nitrate ion acts as
a monodentate ligand, and the Cul—O2 and Cul---O1
distances are 1.984 (2) and 2.815 (2) A, respectively. This
complex and Cu([9]aneN3)Cl, have quite similar structures.
Both are square pyramidal, with T = 0.04 and 0.02, respec-
tively, where 7 is a measure of the difference between two
opposite ‘basal’ angles divided by 60; a perfect square pyramid
has a 7 value of 0.00. Likewise, the geometry of the respective
CuNj; fragments is also quite similar. The different electro-
negativity of the NO;~ ligand compared to CI~ skews the
bond distances in (I), but the average Cu—N bond distances,
2.13 and 2.12 A, are similar. The sum of the three N—Cu—N
angles is increased slightly to 253°, compared with 249°, and
the O2—Cul —Cl1 angle is 90.74 (5)°, compared with the Cl—
Cu—Cl angle of 94.23 (5)° in the previously reported complex
(Schwindinger et al., 1980). Interestingly, such changes in bond
angles correlated to increased rates of reactivity with bis(4-
nitrophenyl)phosphate for a series of cyclic polyamine
complexes (Hegg et al., 1999), but in the present case these
bonding changes may also be an artifact of the N3CIO donor
set as opposed to N3Cl,.

Experimental

All reagents and solvents were purchased from commercial sources
and used as received. [9]aneN; (504 mg, 3.9 mmol) was dissolved in
CH,Cl, (20 ml) and stirred under argon. To this, 4-vinylbenzyl
chloride (5.9 mmol) dissolved in CH,Cl, (30 ml) was added dropwise.

The mixture was stirred for 4 h, over which time a small amount of
white precipitate (found by 'H NMR to be [9]aneN;, which
presumably precipitated out as a hydrochloride salt) formed in the
yellow solution. Upon filtering, the solvent was removed under
reduced pressure to give a yellow oil. The residue was loaded on to a
silica column and eluted using chloroform/methanol (92:8 v:v). The
second fraction was 1,4,7-tris(4-vinyl)benzyl-1,4,7-triazacyclononane
(129 mg). The eluent was slowly adjusted to 85:15 chloroform/
methanol, to complete the elution of the [9]ane(Nvbz);. To prepare
the title compound (I), Cu(NOs3),-2.5H,0O (0.1 mmol) and [9]-
ane(Nvbz); (0.1 mmol) were mixed in methanol (10 ml). The
resulting green solution was allowed to slowly evaporate, yielding
green crystals of (I) suitable for analysis by single-crystal X-ray

diffraction.

Crystal data

[CuCI(NO3)(Cs3H30N3)]
M, = 638.67
Monoclinic, Cc

a =9.7764 (10) A

b =128491 (3) A
c=11.2790 (12) A

B =102.437 (2)°

V =3068.0 (6) A®

Z=4

Data collection

Bruker SMART 1000 CCD
diffractometer
¢ and w scans

Absorption correction: by integra-

tion (XPREP; Bruker, 1997)
Tinin = 0.68, Ty = 0.87
10947 measured reflections

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.023

wR(F?) = 0.064

§=0.88

5597 reflections

379 parameters

H-atom parameters constrained

D, =1.383Mgm™

Mo Ko radiation

Cell parameters from 5031
reflections

6 = 4.7-56.5°

n=0.84 mm™

T=93(2)K

Prism, blue

0.35 x 0.20 x 0.10 mm

1

5597 independent reflections
5414 reflections with I > 20(1)
R;n = 0.014

Omax = 28.3°

h=-12—- 13
k =-36 — 37
[=-14 — 14

w = 1/[c*(F,?) + (0.0335P)*
+ 1.7291P]
where P = (F,” + 2F.%)/3
(A/6) max = 0.001
Apmax = 035 A3
Appin = —022 e A3
Absolute structure: (Flack, 1983),

1798 Friedel pairs
Flack parameter = 0.011 (6)

Table 1 .

Selected geometric parameters (A, °).

Cul—02 1.9837 (15) Cul —N4 2.2232 (17)
Cul —N1 2.0428 (17) Cul—Cll 2.2892 (6)
Cul —N7 21111 (17)

02—Cul—N1 174.25 (7) N7—Cul —N4 83.90 (6)
02—Cul—N7 91.42 (7) 02—Cul—Cl1 90.74 (5)
N1—Cul—N7 84.70 (7) N1—Cul—Cll 93.69 (5)
02—Cul—N4 90.96 (6) N7—Cul—-CIl 171.91 (5)
N1—Cul—N4 84.43 (6) N4—Cul—Cll 103.86 (5)

Data collection: SMART (Bruker, 1999); cell refinement: SMART,
data reduction: SAINT (Bruker, 2000) and XPREP (Bruker, 1997);
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: SHELXTL (Bruker, 2000); software used to
prepare material for publication: SHELXTL.
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