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Co-ordination Chemistry of Dimethyigold (). Synthesis, Structuralt Studies,
and Fluxional Behaviour of Complexes with Polydentate Ligands
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Dimethylgold (i) nitrate forms complexes [AuMe,L]NO, with polydentate nitrogen-donor ligands
(L) containing N-methylimidazol-2-yl (mim) and pyridin-2-yl (py) groups: (mim),CHOH, (mim),-
COH, (py){(mim),COH, and (py),(mim)COH. The structures of [AuMe,{(py) (mim),COH}]NO, and
[AuMe,{B(pz),}], where [B(pz),] ~ is tetrakis(pyrazol-1-yl}borate, have been determined by single-
crystal X-ray diffraction at 295 K and refined by least-squares methods to R 0.034 and 0.040 for

2 801 and 2 240 independent ‘observed’ reflections, respectively. The complexes have square-
planar geometry for gold, ‘cis-Me,Au(mim),” in the (py) (mim),COH complex and ‘cis-Me,Au(pz),’
in the [B(pz),] ~ complex, with one unco-ordinated pyridine and two unco-ordinated pyrazole
rings, respectively. The complexes [AuMe,L]NO, [L = (mim),COH or (py),(mim)COH] in CD,0D,
and monoprotonated complexes of poly(pyrazol-1-yl)borate ligands, [AuMe,{HB(pz),(Hpz)}]* and
[AuMe,{B(pz),(Hpz)}]™. in (CD,),SO-D,0, exhibit complex variable-temperature 'H n.m.r. spectra
consistent with fluxional behaviour involving five-co-ordinate intermediates. In addition, the spectra
show that [AuMe,{(py).(mim)COH}]NO, in solution exists as two structural isomers, involving ‘cis-
Me,Au(py)(mim)’ and ‘cis-Me,Au(py),’ environments in the ratio ca. 5: 1. Crystal data:
[AuMe,{(py)(mim),COH}INO,, triclinic, space group P1,a = 11.393(3), b = 10.859(2), ¢ =
7.927(2) A, « = 89.16(2), B = 74.11(2), vy = 89.87(2)°, and Z = 2; [AuMe,{B(pz),}], monoclinic,
space group P2,/c, a = 12.645(2), b = 8.343(2). ¢ = 17.310(4) A B=99.14(2)°,and Z = 4.

Organogold(in) complexes generally have square-planar geo-
metry for the gold atom, e.g. the potential tridentate ligands
tris(pyridin-2-yl)methane and tris(pyridin-2-yl)methanol, L =
(py)sCX (X = H or OH), in [AuMe,L]NO; are present as
bidentate ligands to give cis-C,AuN, co-ordination with one
unco-ordinated ring.! The pyrazole donor tripod ligands
(pz)CH and [HB(pz);]~ also form similar complexes,'-? but
for the complex {AuMe,{(pz);CH}]NOj; there is an additional
weak axial Au - » - N interaction of 3.139(7) A.!

It has been proposed that one factor favouring axial co-
ordination by (pz);CH, but not (py);CH, is that the presence of
five-membered pyrazole rings results in a ligand geometry that
more readily allows a weak axial interaction." To explore
further the weak acceptor properties of the cis-C,AuN, kernel
we have synthesized cationic complexes [AuMe,LJNO; where
the ligands L are flexible tripod ligands involving pyridin-2-yl
and N-methylimidazol-2-yl groups, (py),(mim),_,COH (n = 0,
1, or 2), as these ligands have combinations of five- and six-
membered donor rings, and basicities greater than that for
(py);CX and (pz);CH.3>-*> A complex of the bidentate ligand
(mim),CHOH has been included for 'H n.m.r. comparison.
Structural studies of [AuMe,{(py)(mim),COH}]NO; and
[AuMe,{B(pz),}], variable-temperature 'H n.m.r. studies of the
cations [AuMe,L]* [L = (mim);COH or (py),(mim)COH],
and complementary n.m.r. studies of protonated poly(pyrazol-
1-yl)borate cations [AuMe,{HB(pz),(Hpz)}]* and [AuMe,-
{B(pz);(Hpz)}]* are also reported.

t [Bis(N-methylimidazol-2-yl)(pyridin-2-yl)methanol]dimethylgold(i)
nitrate and dimethyl[tetrakis(pyrazol-1-yl)borato]gold(ii).
Supplementary data available (No. SUP 56179, 8 pp.): thermal
parameters, H-atom co-ordinates, least-squares planes. See Instructions
for Authors, J. Chem. Soc., Dalron Trans., 1985. Issue 1, pp. xvii—xix.
Structure factors are available from the editorial office.
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Results

Preparation and Characterization of Complexes—The com-
plexes [AuMe,LJNO; crystallized on slow evaporation of
aqueous solutions containing equimolar quantities of dimethyl
gold(m) nitrate and ligand. They required purification by
recrystallization from methanol, except for the (py),(mim)COH
complex which was recrystallized from chloroform—ethyl ace-
tate. The complexes form conducting solutions in water and
exhibit 'H n.m.r., spectra indicating the presence of organometal
and ligand groups (Table 1).

Solid State Structures of [AuMe,{(py)(mim),COH}]NO,
and [AuMe,{B(pz),}].—Aspects of the molecular geometry of
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Table 1. Characterization data for the complexes

Analysis (%)

r N

A b 'H N.m.r. at 15 °C*

z

\

Complex C H N Q' em? mol™? Me,Au™ N-Me Other protons®
[AuMe,{(mim),CHOH}]NO, 27.3 38 14.7 91 1.23,6, s 3.90, 6, s 6.21,1, 5, CHOH; 7.26,2, s
(27.5) (3.8) (14.5) and 7.41, 2, 5, H(4) and H(5)
{AuMe,{(mim),COH}INO, 320 39 17.8 88 093,6,s 409,6,s; 6.38,1,d[J(H*H®) ca. 4 Hz],
(32.2) (3.8) (17.6) 3.14,3, s and 7.11, 3, br, and 7.33, 2,
br, H(4) and H(5)
[AuMe,{(py)(mim),COH}IJNO, 345 38 151 94 1.15, 6, 5 3.93,6,5¢ 7.20—7.45, S, m, H(4) and
(44) (38) (151 H(5) (mim) and H(4) (py);
7.60—8.10, 2, m, H(3) and
H(5) (py); 8.51, 1, d, H(6)
[J(H’H®) ca. 5 Hz]®
[AuMe,{(py),(mim)COH}JNO, 365 35 128 94 0.85, 6, 5 323,3,br 708, 1,sand 726, 1, s,
(368) (3.5  (12.6) H(4) and H(5) (mim); 7.4—

8.2, 6, m, H(3,4,5) (py); 8.48,
2, br, H(6)

“ Calculated values are given in parentheses. ® For ca. 10-3 mol dm™2 solutions in water. ¢ Shifts are in p.p.m. from SiMe, for spectra of complexes in
CD,OD; given as chemical shift, relative intensity, multiplicity. ¢ Assignment for H(4) and H(5) of N-methylimidazole rings not attempted. ¢ At 45 °C

owing to low solubility at 15 °C.

Figure 1. Structure of the cation [AuMe,{(py)(mim),COH}]* projected
onto the co-ordination plane and showing atom labelling

the complexes are given in Tables 2—6, and views of the
complexes are shown in Figures 1 and 2.

The pyrazole, pyridine, and N-methylimidazole rings are
planar [maximum deviation from mean plane is 0.053 A for
N(3) in ring b of the (py)(mim),COH complex], and the nitrate
ion is planar and regular (within 2o in bond lengths and angles).
The nitrate ion is not co-ordinated to gold in [AuMe,{(py)-
(mim),COH}INO,, but is hydrogen bonded to the hydroxy-
group of the ligand with O-.-O(1) 2.700(7) A. )

Both complexes have square-planar geometry for the gold
atom, cis-C,AuN, (Table 6), based on co-ordination of two N-
methylimidazole groups in [AuMe,{(py)}(mim),COH}INO,
and two pyrazole groups in [AuMe,{B(pz),}], with the
pyridine ring clearly unco-ordinated in the former [Au--+N(cl)
3.317(6) A with the gold atom —0.73(2) A from the mean plane
of the ring] and two pyrazole rings unco-ordinated in the latter
(Figure 2). The complexes have Au-.--C and Au---N bond
lengths within 1o, and AuC, angles within 2o, but with the

Figure 2. Structure of the complex [AuMe,{B(pz),}] projected onto the-
co-ordination plane and showing atom labelling

AuN, angle somewhat smaller in the (py)(mim),COH complex
[85.2(2)°] than in the borate complex [89.6(3)°]. The complexes
[AuMe,{HB(pz);}] (ref. 2) and [AuMe,{B(pz),}] have
identical geometries (within 2o in bond lengths and angles), and
the complexes [HgMeLINO, (ref. 6) and [AuMe,L]NO,
[L = (py)(mim),COH] have identical geometries for the
organic ligand (within 2o in bond lengths and angles) although
the conformation and co-ordination mode of the ligands is
different.

Proton N.M.R. Spectra for the Complexes [AuMe,L]NO,;.—
Proton n.m.r. spectra in CD,OD exhibit relative intensities for
Me,Au" and ligand protons consistent with the formulation
[AuMe,LINO,, and for the model bidentate ligand (mim),-
CHOH the NMe and H(4,5) resonances are shifted downfield
by 0.23 and 0.41, 0.46 p.p.m., respectively, on co-ordination
(Table 1).

The complex [AuMe,{(py)(mim),COH}]NO, appears to
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Table 2. Non-hydrogen atom co-ordinates for [AuMe,{(py)(mim),-
COH}INO,

Feature Atom X y z
Metal Au  021866(3) 0.538 33(3) 0.564 28(4)
Methyls C(A) 0.1824(10) 0.6339(9) 0.790 0(12)
C(B) 0.0931(10) 0.6503(9) 0.5026(12)
(py)(mim),COH
ring a N(1) 0.2461(6) 04323(6) 0.3377(7)
C(2) 02740(7) 03132(7) 0.326 6(9)
N@3) 02578(6) 0.268 5(6) 0.1756(8)
C(31) 0278 7(9) 0.1444(8) 0.1010(11)
C(4) 02204(8) 03644(8) 0.0878(10)
C(5) 0213509) 04635(8) 0.1878(10)
ring b N(1) 0.3554(6) 04266(5) 0.621 1(7)
C(2) 03807(7) 0.3109(7) 0.568 3(9)
N(3) 04683(6) 0.2668(6) 0.6357(8)
C(@31) 0.5247(10) 0.1431(8) 0.621 3(12)
C(4) 050108 0.3592(8) 0.7307(9)
C(5) 04315@8) 045657) 0.721 3(10)
ring ¢ N(1) 0.1286(6) 0.2544(6) 0.697 8(8)
C(2) 01994(7) 0.1763(6) 0.589 7(9)
C(3) 0.1750(9) 0.0537(8) 0.5840(13)
C(4) 0.0679(10) 0.010 1(9) 0.699 6(16)
C(5) —~0.0084(9) 0.0886(8) 0.8116(12)
C(6) 0.0254(8) 0.208 6(8) 0.805 6(10)
C 03134(7) 0.2357(7) 0.4628(9)
(0] 0.3892(5) 0.1389(5) 0.378 6(6)
Nitrate N 0.3558(7) 08193(7) 0.9556(9)
O(1) 04440(6) 0.7498(6) 0.888 5(8)
O(2) 02871(6) 0.7944(7) 1.099 6(8)
O@3) 03366(8) 09107(7) 0.8711(10)

Table 3. Non-hydrogen atom co-ordinates for [AuMe,{B(pz),}]

Feature Atom x y z
Metal Au  0.34535(3) 0.381 71(5) 0.340 56(2)
Methyls C(A) 0.2929(10) 0.194 5(19) 0.268 6(9)
C(B) 0.4289(10) 0.4529(18) 0.2555(7)
Boron B 0.238(7) 0.589 6(9) 0.477 7(6)
Ring a N(1) 0404 3(5) 0.5748(7) 04122(4)
N(2) 0.3517(5) 0.6434(6) 0.466 5(4)
C(3) 04091(6) 0.7682(9) 0.499 4(5)
C@) 0.5002(7) 0.780 1(10) 0.467 2(6)
C(5) 04954(7) 0.658 5(10) 0.414 2(6)
Ring b N(1) 0.258 4(5) 0.3036(8) 0.427 4(5)
N(@2) 0.2335(5) 0.4052(6) 0.4852(4)
C(3) 0.1915(7) 03194(11) 0.537 8(6)
C@4) 0.188809) 0.1620(11) 0.5154(9)
C(5) 0.2310(7) 0.1554(10) 0.448 6(8)
Ring ¢ N(1) 0.1593(5) 0.7927(8) 0.380 6(4)
N(@2) 0.1561(5) 0.6409(6) 0.407 9(4)
C(3) 0.0670(6) 0.5660(10) 0.374 8(5)
C@4) 00092(7) 06709(12) 0.3253(6)
C(5) 0.0708(8) 0.8076(11) 0.3306(5)
Ring d N(1) 02774(7) 0.6350(10) 0.622 3(5)
N(2) 0.21186) 06612(7) 0.55204)
C(3) 0.1253(7) 0.7498(9) 0.561 2(5)

C(4) 0.1343(9)
C(5)y 0.232509)

0.781 3(12) 0.639 6(6)
0.707 5(13) 0.675 3(6)

have both imidazole groups as part of the ¢is-C,AuN, group in
methanol, as in the solid state (Figure 1). Thus, the NMe and
H(4,5) resonances for the N-methylimidazole rings are shifted
downfield by 0.51 and ca. 0.3—0.5 p.p.m., respectively, from the
free-ligand values, while the pyridine resonances are virtually
unaffected.

For the (mim);COH complex, two imidazole environments in
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Figure 3. Examples of variable-temperature 'H n.m.r. features for the
cations [AuMe,L]NO; in CD;0D. (a) NMe resonances for [AuMe,-
{(mim),COH}]* at 15—55°C, and for (mim),COH at 15°C, (b)
Me,Au™ resonances for [AuMe,{(py),(mim)COH}]NO; at —40 to
20°C

the ratio 2:1 are indicated at ambient temperature, with the
predominant environment giving an NMe resonance (3 4.09)
shifted 0.73 p.p.m. downfield from that of the free ligand (8 3.36),
and the other environment giving an NMe resonance (8 3.14)
slightly upfield from that for the free ligand. Similarly, the ring
protons H(4,5) exhibit resonances at 6 7.33, 7.11, and 6.38 in the
ratio 2:3: 1, compared with free-ligand values of 8 7.04 and 6.73,
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Table 4. Geometry for (py)(mim),COH and nitrate groups of [AuMe,{(py)(mim),COH}INO,

(py)(mim),COH rings

Distance (A) for ring
A

Apical carbon atom

s

mim mim py Atoms Distance (A)
Atoms (a) (b) ©
Cc-C(2) 1.52(1) 1.53(1) 1.54(1) Cc-0 1.413(8)
N(1)-C() 1.33(1) 1.34(1) 1.32(1) .
N,C(3)-C(2) 1.36(1) 1.34(1) 1.36(1) Angle (°)
N(1)-C(5.6) 1.38(1) 1.37(1) 1.34(1) 0O-C-C(a2) 109.4(5)
C(4)»-C(5) 1.34(1) 1.33(1) 1.37(1) O-C-C(b2) 109.4(6)
N,C(3)-C(4) 1.38(1) 1.38(1) 1.39(1) 0-C-C(c2) 107.2(5)
NG)»-C(31) 1.47(1) 1.48(1) — C(a2)-C-C(b2) 112.6(6)
C(5)-C(6) 1.36(1) C(a2)-C-C(c2) 109.0(6)
C(b2)-C-C(c2) 109.0(5)
Angle (°) for ring Nitrate
p A \ Atoms Distance (A)
C-C(2-N(1) 126.3(7) 126.0(7) 114.3(6) N-O(1) 1.256(10)
C-C(2}-N,C(3) 124.3(7) 124.7(6) 121.4(6) N-O(2) 1.22109)
N(1)-C2)-N,C(3) 109.4(7) 109.1(7) 124.3(7) N-O(3) 1.242(11)
C(2»-N(1)-C(5.6) 106.6(6) 107.4(7) 116.8(7) O...0()* 2.700(7)
N(1)-C(5)-C(4) 109.7(8) 108.5(7) — .
N,C(3)-C(4)-C(5) 106.6(6) 107.4(8) 120.4(9) Angle()
C(2-N,C(3)-C(4) 107.7(6) 107.6(6) 117.0(8) O(1)-N-0(2) 120.2(8)
C(2-NG)»-C(31) 130.6(7) 130.0(7) — O(1)-N-O(3) 119.2(7)
C(4-N(3)-C(31) 121.7(7) 122.4(8) — O(2)-N-0(3) 120.5(8)
C(4)-C(5)-C(6) — — 117.4(8)
N(1)-C(6)-C(5) — — 124.2(8)
C(2)-N(1)-Au 125.4(5) 125.4(6) —
C(5.6)-N(1)-Au 126.6(5) 127.1(5) -
* Transformation of the asymmetric unit (x, y, z): 1 — x, 1l — 3,1 — =
Table 5. Geometry for the [B(pz),]~ group in [AuMe,{B(pz),}]
Distance (A) for ring Distance (A) for ring
Atoms a b c d Atoms a b c d
B-N(2) 1.54(1) 1.55(1) 1.52(1) 1.50(1) N(1)-C(5) 1.34(1) 1.35(1) 1.31(1) 1.30(1)
N(1)»>N(Q2) 1.36(1) 1.39(1) 1.35(1) 1.38(1) C(4-C(5) 1.36(1) 1.35(2) 1.38(1) 1.43(2)
N(2)-C(3) L34(1) 1331 134(1)  1.35(1) C(3)-C(4) 136(1)  137(1)  135(1)  13%()
Angle (°) for ring Angle (°) for ring
Atoms a b c d Atoms a b c d
N(n2)-B-N(n + 1,2) 110.5(6) 108.4(6) 110.4(7) 109.2(6) N(1)-C(5-C(4) 110.6(9) 110.5(9) 112.4(8) 109.9(9)
N(2-B-N(n + 2.2)  1104(7)  107.8(7) — — C(3-C@)-C(5)  105.7(8) 106.6(10) 104.5(8)  106.0(9)
B-N(2)-N(1) 122.0(6) 122.1(7) 119.0(6) 120.5(7) C(4)»C(3)»NQ2) 108.6(8) 108.5(10) 107.6(8) 106.3(8)
B-N(2-C(3) 128.5(7) 128.1(8) 129.2(6) 127.9(7) Au-N(1)-N(?2) 124.4(5) 122.1(5) — —
N(1)-N(2)»-C(3) 109.2(6) 109.0(6) 110.9(6) 111.6(7) Au-N(1)-C(5) 129.7(6) 131.7(7) — —
NQ2)»-N(1)-C(5) 105.9(7) 105.4(8) 104.5(7) 106.2(8)

consistent with two ring environments in the ratio 2:1. The
spectra thus indicate the presence of two strongly co-ordinated
rings as part of the cis-C,AuN, group, as for [AuMe,{(py)-
(mim),COH}]NOQO,, together with one other ring environment.
At higher temperatures coalescence of NMe resonances occurs
[Figure 3(a)], and the three resonances of H(3,4) coalesce to give
two resonances, consistent with rapid equilibria between the
strongly bound imidazole groups and the remaining ring. The
remaining ring may be either weakly co-ordinated as in
[AuMe,{(pz);CH}INO,,! unco-ordinated but above the cis-
C,AuN, plane, as for the pyridine ring in [AuMe,{(py)-
(mim),COH}INO; (Figure 1) or [AuMe,{(py);CH}INO,,"
well removed from the gold atom as for ring d in [AuMe,-

{B(pz),}] (Figure 2), or in rapid equilibrium between some
or all of these environments.

Proton n.m.r. spectra for [AuMe,{(py),(mim)COH}]NO,
exhibit complex variable-temperature behaviour. Two NMe
environments are indicated at —40 °C with intensity ratio ca.
5:1for resonances at 6 4.14 and 3.09, compared with 3.36 for the
free ligand. These changes in chemical shift on complex
formation are almost identical to those observed on complex
formation by (mim);COH. The downfield resonance is assumed
to arise from N-methylimidazole co-ordinated within the cis-
C,AuN, plane, with the lower-intensity resonance corres-
ponding to a different N-methylimidazole environment, and
thus the spectra indicate the presence of co-ordination
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Table 6. Co-ordination geometry for the gold atom in the complexes*®

Distance
A

(Py)(mim),COH  [B(pz),]"

Atoms complex complex Atoms
Au-C(A) 2.024(9) 2.04(2) C(A)-Au-C(B)
Au-C(B) 2.030(11) 2.03(1) C(A)-Au-N(al)
Au-N(al) 2.098(6) 2.096(6) C(A)-Au-N(bl)
Au-N(b1) 2.113(7) 2.101(8) C(B)-Au-N(al)

C(B)-Au-N(b1)
N(al)-Au-N(bl)

Angles Deviation®
A A
(py)(mim),COH  [B(pz),]~ (py)(mim),COH  [B(pz),]~
complex complex Atoms complex ¢ complex?
85.0(4) 86.4(6) Au 0.009 —0.010
176.3(3) 177.8(6) C(A) —0.084 0.005
95.5(5) 92.5(5) C(B) 0.080 —-0.005
94.4(3) 91.6(4) N(al) -0.029 0.005
177.5(3) 178.8(6) N(b1) 0.028 —0.005
85.2(2) 89.6(3)

= Distances and deviations in A; angles in °. ® Deviation from the AuC,N, planes, where the right-hand orthogonal A frame (X, ¥, Z) has X parallel to
a, Z in the ac plane. < 0.5974X + 0.6447Y — 0.2879Z = 3.959, x* = 87.9.¢0.7241X —0.5515Y + 04141Z = 3.148, x* = 0.8.

geometries ‘cis-Me,Au(py)(mim)’ and ‘cis-Me,Au(py),’ in ca.
5:1 ratio. Consistent with this interpretation, the Me,Au™
group gives three resonances at 4 0.96, 0.83, and 0.71 in the ratio
ca.2:5:5at —40 °C [Figure 3(b)], for methyl groups trans to py
in ‘cis-Me,Au(py),,’ trans to py in ‘cis-Me,Au(py)(mim),” and
trans to mim in ‘cis-Me,Au(py)(mim),” respectively. At higher
temperatures the Me,Au™ resonances coalesce to a single
resonance at & 0.85 (20°C) (expected value ca. 0.80 for
coalescence of resonances in ratio ca. 2:5:5 at —40 °C), the
NMe resonances broaden and then give rise to a single
resonance at & 4.03 (expected value ca. 3.96), and simplify to
allow partial assignment (Table 1). Thus, the variable-
temperature spectra indicate the presence of rapid equilibria
between the two structural isomers.

Proton N.M.R. Spectra for Protonated Poly(pyrazol-1-yDbor-
ate Complexes—The complexes [AuMe,{HB(pz),}] and
[AuMe,{B(pz),}] exhibit complex variable-temperature 'H
n.m.r. spectra in CD,Cl,,? with the former showing resonances
for co-ordinated and free pyrazole rings at —90 °C, and the
latter showing co-ordinated pyrazole together with two
inequivalent unco-ordinated pyrazole environments at —90 °C
(as in Figure 2). )

The complexes are insoluble in water but dissolve on addition
of dilute HCl. For the complexes in dioxane-water (1:1),
potentiometric studies involving treatment of titration data
with the programs MINIQUAD 75 (ref. 7) and MINIQUAD 81
(ref. 8) allowed determination of protonation constants as in
equations (1) and (2).

[AuMe,{HB(pz),(Hpz)}]" —= [AuMe,{HB(pz),}] +
H*; pK = 3.69(2) (1)

[AuMe,{B(pz)3(Hpz)}]* == [AuMe,{B(pz),}] +
H*pK = 1.91(2) (2)

Proton n.m.r. spectra of the cations were obtained using
(CD,),S0O-D,0 (1:1)solutions to which CF,CO,D was added,
for comparison with spectra of the cations [AuMe,L]"
discussed above. Spectra are shown in Figure 4, together with
those of protonated K[HB(pz),] and K[B(pz),] obtained under
the same conditions to assist with interpretation. The assign-
ment of H(4) resonances is given; assignments for H(3) and H(5)
are not attempted, as usual for poly(pyrazol-1-yl)borate
complexes.’

Spectra of the protonated complexes (Figure 4) differ from
those of the neutral complexes,> with resonances shifted
downfield by 0.3—0.7 p.p.m. on protonation and change of
solvent. For [AuMe,{HB(pz),(Hpz)}]*, the presence of both
co-ordinated and protonated pyrazole environments is clearly

(a) )
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H(3,5) H(3,5) H(4)
8c/°C fc/°C
\
80

55

—
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3) ) m (
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35

25
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=

(Q12) (2@  (4)

P

A S I W

1 1 I 1
8 7
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Figure 4. Variable-temperature 'H n.m.r. spectra of (@) [AuMe,-
{HB(pz),(Hpz)}]* and () [AuMe, {B(pz)s(Hpz)}]* in(CD;),SO-D,0-
CF,CO,D. Relative intensities are given in parentheses, and spectra of
protonated K[HB(pz),] and K[B(pz),] under the same conditions are
given for 5 °C only
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illustrated at 5 °C, as there are four resonances with relative
intensities 3:2:1:3, ie. 2 H+ 1 H:2 H:1 H:2 H+ 1 H for
pyrazole environments in the ratio 2:1 (co-ordinated: proton-
ated). Similarly, for [AuMe,{B(pz);(Hpz)}]1*, six proton
environments are indicated at 5°C, corresponding to two
(equivalent) co-ordinated rings and two unco-ordinated rings.
Environments for the unco-ordinated rings (protonated,
deprotonated, and ring positions similar to those of ¢ and d
in Figure 2) are expected to be exchanging rapidly via proton-
ation—deprotonation equilibria and conformational changes of

L ——|
the Au—-N-N-B-N-N six-membered ring.

Discussion

For the five complexes studied by X-ray diffraction, only the
(pz);CH complex involves a weak axial interaction, in addition
to the regular square-planar co-ordination cis-C,AuN, present
in all of the complexes.

The Lewis acidity of the cis-C,AuN, kernel is clearly very
low, and it has been proposed that the ligand geometry of
bidentate (pz),CH allows rotation of the axial pyrazole group,
about the N-C(H) bond in (2) to give a long Au-.-N
interaction consistent with the low acidity of the gold atom.!
Bidentate (py);CH has Au--.. C 3.064(12) A, as in (1), much
shorter than the corresponding distance Au - -+ N, 3.703(5) A,
for the (pz);CH complex (2), and thus rotation of the axial
pyridine ring about C-C(H) results in an axial Au--«N
distance similar to that for the pyridine groups that are strongly
bound within the square plane, and thus inappropriate for the
low acidity of gold.

The poly(pyrazol-1-yl)borate complexes and [AuMe,{(py)-
(mim),COH}]NO; are expected to have similar Au:.+N
(borates) and Au - - - C (py)(mim),COH distances to Au:++ N
for the (pz),;CH complex, since they have five-membered rings
co-ordinated in the square plane. Thus, [AuMe,{B(pz),}] has
Au-..N 3.556(6) and [AuMe,{(py)(mim),COH}INO, has
Au-.-C 3937(7) A, resulting in potential Au---N (axial)
distances similar to that for the (pz);CH complex. In contrast to
the (pz);CH complex these complexes do not involve a weak
axial interaction, perhaps as a result of the higher basicity of
borate and imidazole-based ligands further lowering the Lewis
acidity of the gold centre on co-ordination of the ligands as
bidentates, e.g. [B(pz),]~ has pX, 7.10, (mim);COH has pK,
5.25,* but (pz),CH has pK,; <ca. 1.2 in dioxane-water (1:1).%

A similar effect of increasing basicity has been observed
for MeHg" with the tripod ligands (py),(mim);_,COH (n =
0—3) in complexes [HgMeL]NOQ;, where the MeHg" moiety
forms one strong Hg-N bond with additional weaker inter-
action(s),>*® e.g. (py);COH is present as a tridentate with
Hg-N 2.28(1), 2.45(1), and 2.53(1) A, but the more basic
(mim);COH is present as a bidentate involving one Hg-N bond
of 2.125(7) A and a weak Hg - - - OH interaction of 2.680(6) A
(ref. 4).

The Me,Au™ cation binds to the more basic N-methyl-
imidazole groups of the tripod ligand (py)(mim),COH in both
the solid state and solution, and for (py),(mim)COH the isomer
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involving N-methylimidazole binding predominates in solution.
Similarly, MeHg" binds more strongly to the N-methylimidazole
groups in its complexes with these ligands.>+-

Although weak axial interaction is clearly demonstrated only
for [AuMe,{(pz);CH}INO,, the complexes [AuMe,-
{HB(pz);}] and [AuMe,{B(p2),}]? [AuMe,L]NO;
[L = (mim);COH or (py),(mim)COH], [AuMe,{HB(pz),-
(Hpz)}1*, and [AuMe,{B(pz),(Hpz)}]* in solution exhibit
variable-temperature 'H n.m.r. spectra indicating rapid
exchange between co-ordinated and unco-ordinated donor
groups, consistent with the facile formation of intermediates
with geometry perhaps closely related to that of [AuMe,-
{(pz);CH}INO,. For the complex [AuMe,{HB(pz),(Hpz)}]*,
exchange in this manner requires deprotonation of the unco-
ordinated ring. An intramolecular mechanism, involving five-
co-ordinate intermediates, is similar to that envisaged for
intermolecular exchange of pyridine by AuMe,CI(CsH;N) in
pyridine,'® and is typical for unidentate ligand-substitution
reactions for square-planar complexes.

Experimental

Preparation and Characterization of Complexes—The neutral
ligands were synthesized as reported,'!-'2 and the poly(pyrazol-
1-yl)borate salts were used as received (Columbia Organic
Chemicals Company, Inc.); dimethylgold(in) iodide was pre-
pared from AuCl;(CsH4N),'* which was obtained from
laboratory residues of gold as described.! The Me,Au™"
complexes were obtained in moderate yield (34—77%) by a
similar procedure to that described for other complexes
[AuMe,LINO; involving reaction of equimolar quantities of
dimethylgold(i) nitrate and ligand in water,' followed by slow
evaporation at ambient temperature, collection of the product
by filtration, and recrystallization from methanol-water (1:1)
[L = (mim),CHOH, (mim);COH, (py)(mim),COH] orchloro-
form—ethyl acetate (1:1) [L = (py),(mim)COH]. The com-
plexes [AuMe,{HB(pz);}] and [AuMe,{B(pz),}] were
prepared as reported,? and protonation constants for these
complexes, and for K[B(pz),] in dioxane-water (1:1), were
measured as described elsewhere.!*!® Proton n.m.r. spectra
were recorded with a JEOL JNM-4H-100 spectrometer.
Conductivities were measured with a Philips PW 9504/00
conductivity meter in water, and microanalyses were by the
Australian Microanalytical Service.

Crystallography —Crystals of [AuMe,{(py)(mim),COH}]-
NO, were obtained from methanol-water (1:1), and crystals of
[AuMe,{B(pz),}] were obtained by dissolution of the complex
in dilute HCl and slow neutralization of this by vapour
transport of pyridine, as described earlier.2

For each complex a unique data set was measured at 295K to
20,,.... 50° using Syntex PT [(py)(mim),COH complex] and P2,
{[B(pz)4]~ complex} four-circle diffractometers in conventional
20— scan mode with Mo-K, radiation (A 0.71069 A), yielding
N independent reflections; N, of these with 7 > 3o(/) were
considered ‘observed’ and used in the structure solution and
refinement after the application of analytical absorption
corrections and with statistical weights. Full-matrix least-
squares [(py)(mim),COH complex] and 9 x 9 block-diagonal
least-squares {[B(pz),]~ complex} refinements were employed,
with anisotropic thermal parameters refined for the non-
hydrogen atoms, and hydrogen atoms included at calculated
positions (x, y, z, U) and constrained. Neutral atom scattering
factors were used, those for the non-hydrogen atoms being
corrected for anomalous dispersion (f7, f”).!” Computation
used the XTAL 83 [(py)(mim),COH complex] and X-RAY
768 {[B(pz),]” complex} program systems implemented by
Dr. S. R. Hall on a Perkin-Elmer 3240 computer.
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Crystal data—[AuMe,{(py)}(mim),COH}]NO,, C,(H,,-
AuNgO,, M = 5584, triclinic, space group P1 (C', no. 2),
a = 11.393(3), b = 10.859(2), ¢ = 7.927(2) A, « = 89.16(2),
B = 74.11(2),y =89.87(2)°,U = 943.1(4)A3,D(Z = 2) = 1.97
g cm™3, F(000) = 540. Specimen size 0.28 x 0.04 x 0.21 mm,
p=76cm ;N = 3218 N, = 2801, R = 0.034, R’ = 0.038.

[AuMe,{B(pz),}], C,,H,sAuBNg, M = 506.1, monoclinic,
space group P2,/c (C3,, no. 14), a = 12.645(2), b = 8.343(2),
c=17.310(4) A, B =199.142)°, U = 1802.8(7) A3 D, =
1.87(1), D, (Z = 4) = 1.87 gcm™3, F{000) = 968. Specimen size
0.36 x 0.28 x 0.08 mm, p = 93 cm™'; N = 3186, N, = 2 240,
R = 0.040, R" = 0.044.
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