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Synthesis and Structure of Chiral Metal Complexes of Polyazacycloalkane Ligands

Incorporating Phosphinic Acid Donors
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The chiral copper(n) and gallium(mn) complexes of a triazatris(phenylphosphinic acid) ligand have very similar
structures: the anionic copper complex possesses C; symmetry, shows no Jahn-Teller distortion at 293 K nor at

123 K and is resistant to protonation.

Aminoalkylphosphinic acids are intriguing complexing agents
that possess distinct differences in their behaviour from their
carboxylic acid analogues. The pentavalency of phosphorus
means that the alkyl (or aryl) substituent on the phosphorus
atom may be used to allow further ligand functionalisation. In
addition, when the phosphinic acid oxygen is coordinated to a
metal atom, a new stereogenic centre at phosphorus is created
and stereoisomeric complexes may form. A phosphinic acid is
usually more acidic than the corresponding carboxylic acid so
that protonation on oxygen in both the ligand and in the

complex occurs only under strongly acidic conditions. The
polyaza-macrocyclic complexing agents 1, 2, and 3, 4 are
hexadentate and octadentate ligands representative of this
class of complexing agent.!-2 Their structural and chemical
properties underline the importance of these distinctive
features.

The phenylphosphinic acids 1 and 4 were prepared by
reaction of 1,4,7-triazacyclononane or 1,4,7,10-tetraazacyclo-
dodecane with paraformaldehyde and PhP(OMe), in tetra-
hydrofuran (THF), followed by acidic hydrolysis (6 mol dm—3
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Table 1 Protonation constants and 3!P NMR data for ligands 1 to 44
(298 K, I = 0.1, Me,NNOs)

Ligand pK,,? pKay PKay Op

1 11.7(1)  6.66(02) 3.68(03) 27.4(CD;0D)
2 12.1(2)  7.76(02) 3.75(03) 50.0 (pD O)

3 11.3(1)  8.12(03) 3.66(02) 39.2(pD 14)

4 11.7(2)  7.44(03) 6.23(01) 2.28(02) 28.9(pD 13)

@ Determined by pH-metric titration with data analysis by SCOGS-2
followed by SUPERQUAD. » Determined by 3P NMR (ref. 85%
H;PO,).

HCI, 110 °C, 15 h). Protonation equilibria and 3P NMR data
for these ligands and their P-Me analogues, 2 and 3, are
summarised in Table 1. Reaction of 1 with cupric perchlorate
in aqueous solution (pH 1.5) led to formation of a blue
complex, [H;O+][Cu-1]7+:4H,0 [Ayax(H>0) 700 nm (82 dm3
mol~-1 cm~1)] whose visible spectrum was essentially invariant
in the pH range 2.5 to 10. The crystal structuret of the
complex at 293 K revealed that the complex anion possessed
Cs-symmetry that was crystallographically imposed (Fig. 1),
with RRR and SSS$ enantiomers in equal occupancy in the unit
cell. The H;0O+ counterion was remote from the copper atom
and involved in a hydrogen-bonded network to other water
molecules. The structural analysis at 123 K showed that the
complex crystallised in the same space group and no signifi-
cant structural changes were observed, neither in Cu-O nor
Cu-N bond lengths nor in the anisotropy of the thermal
parameters for the bound N and O atoms. The absence of a
Jahn-Teller distortion at both temperatures is striking? for this
hexacoordinate d CuN;O; anion, and contrasts with the
behaviour of the tris-acetate analogue (NOTA)# for which one
elongated Cu~N and Cu-O bond was observed and in which
reversible protonation on oxygen occurred at pH 2.77.5 The
copper complex anion also possesses a ‘helical’ element of
chirality: the sense of the ‘twist’ (as seen in the relative

t Crystal data for H;0+[Cu-1]-4H,0. C;7H4CuN;0;,P3;, M = 743.1,
trigonal, sgace group P3, a = 14.399(3), ¢ = 9.0232) A, U =
1620.0(4) A3, Z = 2, D, = 1.522 g cm~3, F(000) = 778, w(Mo-Ka) =
8.8 cm~1. Intensity data were measured at 20 °C using an Enraf-
Nonius CAD4 diffractometer. Lorentz, polarisation and absorption
corrections were applied to the data; 3893 reflections were measured
of which 2360 were unique and the 1254 with / > 3(o) were labelled
observed and used in the structural study. The structure was solved by
the heavy atom method and refined by full-matrix least-squares
calculations. At convergence R = 0.040, R,, = 0.045.
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Fig. 1 View down the C; axis of [Cu-1]~ in the crystal. Selected bond
lengths (A) and bond angles (°): Cu-N(1) 2.134(3), Cu-O(1) 2.099(3);
O(1)-Cu-O(1*) 95.06(9), O(1)-Cu-N(1) 85.90(11), N(1)-Cu-N(1*)
83.10(13).

™ C(3)
W 0(22)
%a/@

).
BP(2)
¢ %5’50(21)
\ .,
- 1 =~
C(4) B% j3C(23)
! éowz) CER Y

Fig. 2 Structure of |Ga-1) in the crystal. Selected bond lengths (A) and
bond angles (°): Ga-N(1) 2.146(5), Ga-N(4) 2.121(7), Ga-N(7)
2.139(5), Ga-O(11) 1.917(4), Ga-O(21) 1.908(4), Ga-O(31)
1.911(4) A, N(1)-Ga-N(7) 82.0(2), O(11)-Ga-N(1) 86.1(2), O(11)-
Ga-0(21) 96.2(2)".

position of the N(1)-C(4)-P bonds in Fig. 1) is left handed for
the RRR enantiomer, and right handed for the SSS.
Complexation of 1 with gallium nitrate in aqueous solution
(pH ~ 2) led to crystallisation of a colourless complex
[Ga-1]-5H,0 and crystallographic analysisi (Fig. 2) revealed

t Crystal data for [Ga-1).5H,0. C57H43GaN;0,,P;, M = 748.3,
triclinic, space group P1, a = 11.883(3), b = 12.468(4), c = 11.842(5)
A, o =99.39(3), B = 98.47(3), y = 79.97(2)°, U = 1692(1) A3, Z = 2,
D. = 1.469 g cm—3, F(000) = 780, w(Mo-Ka) = 10.1 cm~1; Intensity
data were measured at 20 °C using an Enraf-Nonius CAD4 diffrac-
tometer. Lorentz, polarisation and absorption corrections were
applied to the data; 7362 unique reflections were measured of which
the 3149 with 7/ > 2.50(f) were used in the structural study. The
structure was solved by the heavy atom method and refined by
full-matrix least-squares calculations with the hydrogen atoms
allowed for as riding atoms. At convergence R = 0.051, Ry, = 0.059.
Atomic coordinates, bond lengths and angles, and thermal para-
meters for both structures have been deposited at the Cambridge
Crystallographic Data Centre. See Notice to Authors, Issue No. 1.
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that the ligand adopts an almost identical conformation as in
[Cu-1]-. Again a single chiral diastereoisomer was formed
although the neutral complex possessed only approximate
Cs-symmetry. The complex is approximately octahedral with a
twist angle of 7.9(4)° for the N3 moiety relative to the O3 which
compares to 8.8(4)° for [Cu-1]~. This was reflected in the 7'Ga
NMR solution spectrum of [Ga-1] in which a rather broader
singlet was observed [8g.(pH — 0.7) = +132 ppm, w» = 560
Hz] compared to those found in [Ga-2] [dg.(pH —0.7) =
+136.3, wy;, = 212 Hz] or [Ga-NOTAJ8 [8g.(pH —0.7) =
+171 ppm, wy, = 210 Hz] both of which are C3-symmetric in
solution and kinetically stable with respect to dissociation in 6
mol dm—3 HNO;. The neutral complex [Ga-1] dissolves
readily in lower alcohols and is sparingly soluble in dichloro-
methane and chloroform; the more hydrophilic complex
[Ga-2]is insoluble in these organic solvents and very soluble in
water. 3P Solution NMR analysis of the racemic mixture of
[Ga-1] in [C¢Dg]benzene in the presence of the enantiopure
chiral solvating agent (5)-2,2,2-trifluoro-1-(9-anthryl)ethanol
revealed two equally intense singlets (Adp = 0.19 ppm, 293 K)
for the diastereoisomeric complexes. Resolution of the two
complex enantiomers was also possible using a chiral HPLC
column [Daicel, Chiralpak OT(+), Atg = 3 min, 5°C MeOH]
suggesting that such methods will afford preparative resolu-
tions of the complex, as well as permitting precise enan-
tiomeric purity determination.
We thank SERC and NSERC for support.
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