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Reactions of 4-thio-2'-deoxyuridine (d(s4U)) and 4-thiouridine-5'-monophosphate (s4UMP) with trans-[AuY2Cl2]+/- (Y = CN- or NH3) have been investigated by use of conventional and high-pressure stopped-flow spectrophotometry in aqueous solution with 2.9 ≤ pH ≤ 7.0.  The aim was to elucidate the relative importance of electrostatic and steric factors on the reactions between metal complexes and nucleosides or nucleotides by use of metal centres with different ionic charges, all reacting rapidly and specifically with the thione moieties of d(s4U) and s4UMP.  For a given combination of metal complex and sulfur donor the observed second-order rate constants decrease with increasing pH.  In the pH-range 2.9 to 5.5 this decrease is mainly due to displacement of the pH-dependent equilibrium trans-[AuY2Cl2]+/- + H2O p trans-[AuY2Cl(OH)]+/- + Cl- + H+ and formation of an increasing fraction of the less reactive gold(III) hydroxo complex.  The activation parameters H≠, S≠ and V≠ at pH 4.0 for substitution of chloride for thione at trans-[AuY2Cl2]+/- indicate an associative interchange process.  When the thione-containing nucleotide reacts with the cation, steric and electrostatic interactions between the metal complex and the phosphate group oppose each other and the rate of the reaction of trans-[Au(NH3)2Cl2]+ with s4UMP is approximately the same as with d(s4U).  Thus, the electrostatic outer-sphere interaction with a single phosphate group adjacent to the kinetically preferred binding site is not sufficient to induce a reactivity that significantly exceeds that of direct interaction between the thione and the rapidly reacting gold(III) centre.  In contrast, reaction of trans-[Au(CN)2Cl2]- with s4UMP is significantly slower than with d(s4U), most likely due to the combined effect of electrostatic repulsion and steric blocking.  

Table S1.  Determination of the stoichiometric ratio for the reaction between trans-[Au(NH3)2Cl2]+ and s4UMP in 0.10 mol dm-3 NaCl.
Table S2. Observed pseudo-first-order and second-order rate constants for the reaction of trans-[Au(CN)2Cl2]- or trans-[Au(NH3)2Cl2]+ with d(s4U)) or s4UMP as a function of temperature, pH and chloride concentration.

Table S3. Observed pseudo-first-order and second-order rate constants for the reaction trans-[Au(CN)2Cl2]- or trans-[Au(NH3)2Cl2]+ with d(s4U)) or s4UMP at 25.0 °C as a function of pressure.

Figure S1.  a) Time-resolved spectra at 0.625 s interval for the reaction of s4UMP with trans-[Au(CN)2Cl2]- at 25.0 °C and pH 7.0; CAu = 5.0  10-5 mol dm-3,  [s4UMP] = 5.0  10-6 mol dm-3, pH 7.0 buffered with NaH2PO4, [Cl-] = 5.0  10-3 mol dm-3,  = 0.11 mol dm-3.  

Figure S2.  Apparent second-order rate constants for the reaction of s4UMP with trans-[Au(CN)2Cl2]- as a function of chloride concentration at 25.0 °C and pH 5.0 and resulting curve after fit of equation 4 to the experimental data; CAu = (0.51 - 2.0)  10-4 mol dm-3, [d(s4U)] = [s4UMP] = 5.0 10-6 mol dm-3, = 332 nm, = 0.11 mol dm-3.  

Figure S3. Eyring plots for the reaction of a) trans-[Au(CN)2Cl2]- or b) trans-[Au(NH3)2Cl2]+ with (q) d(s4U) and (l) s4UMP at pH 4.0; buffered with KHC8H4O4-buffer, CAu = (0.51 - 3.0)  10-4 mol dm-3, [d(s4U)] = [s4UMP] = 5.0 10-6 mol dm-3, [Cl-] = 5.0 10-3 mol dm-3, = 335 nm, = 0.11 mol dm-3.  Pressure effects on the observed pseudo-first-order rate constants for the reaction of c) trans-[Au(CN)2Cl2]- or d) trans-[Au(NH3)2Cl2]+ with (q) d(s4U) and (l) s4UMP at pH 4.0; buffered with KHC8H4O4, CAu = (2.8 - 3.7)  10-4 mol dm-3, [d(s4U)] = [s4UMP] = (2.7 - 3.5)  10-5 mol dm-3, [Cl-] = 5.0  10-3 mol dm-3, = 335 nm,  = 0.11 mol dm-3. 

Table S1.  Determination of the stoichiometric ratio for the reaction between trans-[Au(NH3)2Cl2]+ and s4UMP in 0.10 mol dm-3 NaCl.


CAu 

/ mol dm-3
[s4UMP] 

/ mol dm-3
Absorbance at 217 nm
Au : s4UMP

1
2.0  10-5 
—
0.511


2

1.54  10-6
0.468


3

3.08  10-6
0.431


4

4.62  10-6
0.402
1 : (1.1 ± 0.1) a

a Equilibrium concentration of [s4UMP]eq = 2.1  10-5 mol dm-3 from the intercept.

Table S2. Observed pseudo-first-order and second-order rate constants for the reaction of trans-[Au(CN)2Cl2]- or trans-[Au(NH3)2Cl2]+ with d(s4U)) or s4UMP as a function of temperature and pH.

t / 

° C
pH
103  CCl /

mol dm-3
104  CAu /

mol dm-3
kobsd /

s-1
10-5  k1 /

dm3 mol-1 s-1

trans-[Au(CN)2Cl2]- + d(s4U)








14.9
4.0a
5
0.74
88±5





1.3
158±2





1.8
223±8





2.3
296±9





2.8
346±15
13±1

25.0
4.0a
5
0.50
83±3





0.70
111±5





0.80
127±4





0.91
149±4





1.0
161±3
16±1.5

33.2
4.0a
5
0.74
144±5





1.3
258±11





1.8
362±7





2.8
580±24
21±2

42.2
4.0a
5
0.74
172±6





1.3
306±25





1.8
465±31





2.3
549±22





2.8
700±25
25±3


5.5a
5
0.60
38±1





0.80
50±1





1.0
61±4





1.3
75±2





1.5
95±4





4.5
318±11
7.3±0.3


7.0b
5
0.60
0.079±0.001





0.80
0.130±0.003





1.00
0.164±0.005





1.3
0.222±0.003





1.5
0.262±0.004





3.0
0.594±0.005
(2.1±0.1)10-2

trans-[Au(CN)2Cl2]- + s4UMP








25.0
2.9a
5
0.58
54±3





0.70
67±3





0.81
77±6





0.93
84±3





1.0
96±5





1.2
105±3





1.7
159±6
9.1±0.9

25.0
2.9a
30
0.50
51±2





0.60
56±5





0.70
66±3





0.80
75±4





0.90
84±5





1.00
96±3





2.00
201±5





3.00
305±13
10.3±0.3

25.0
2.9a
50
0.63
60±5





0.76
71±4





0.88
87±5





1.0
101±5





1.1
112±5





1.3
127±6





1.9
192±6
10.4±0.9

19.9
4.0a
5
0.51
43±4





0.62
55±2





0.73
66±3





0.84
73±3





0.99
84±3





1.32
106±4
7.6±1

25.0
4.0a
5
0.08
8.0±0.9





0.10
11±2





0.15
14±1





0.20
19±2





0.30
26±2





0.49
49±9





0.70
62±2





0.80
72±4





0.90
79±3





1.0
91±5





1.5
150±25





2.0
180±3
9.2±0.6

33.3
4.0a
5
0.73
79±4





0.84
97±6





0.99
110±5





1.3
155±3
13±1.5

42.1
4.0a
5
0.80
105±6





1.4
195±5





1.8
259±8





2.4
382±5





2.8
450±12
18±2

48.2
4.0a
5
0.51
81±2





0.62
104±7





0.73
127±4





0.84
146±2





0.99
149±5





1.3
256±6
22±2

25.0
4.6b
50
0.55
57±3





0.66
67±4





0.77
79±3





0.88
94±2





1.1
110±6





1.2
125±7





1.5
151±12
10±1

25.0
5.0a
5
0.60
16.5±0.3





0.80
22.5±0.2





1.0
28.0±0.3





1.5
41.4±0.3





2.0
55.6±0.5
2.7±0.1



10
1.0
47.5±0.8
4.7±0.1c



15
1.0
59±1
5.9±0.1c



20
1.0
66.6±0.9
6.7±0.1c



25
1.0
75.1±0.5
7.5±0.1c



30
0.50
40.6±0.3





0.60
48.7±0.4





0.79
63.4±0.6





1.0
78.6±0.7





2.0
156±2
7.7±0.1



35
1.0
81.1±0.6
8.1±0.1c



45
1.0
84±1
8.4±0.1c



55
0.51
44.6±0.3





0.60
53.5±0.3





0.80
69.7±0.7





1.0
86.5±0.8





2.0
169±2
8.3±0.1

25.0
6.0b
5
0.70
2.18±0.04





0.80
3.0±0.1





0.90
3.6±0.1





1.0
4.3±0.2





2.0
12.3±0.5





3.0
20.1±0.7
0.78±0.01

25.0
7.0b
5
0.70
0.059±0.002





0.80
0.069±0.003





0.90
0.073±0.002





1.0
0.076±0.002





1.3
0.095±0.002





1.5
0.111±0.002





2.0
0.148±0.002
(6.7±0.6)10-3

trans-[Au(NH3)2Cl2]+ + d(s4U)








10.1
4.0a
5
0.51
0.486±0.04





0.61
0.598±0.006





0.71
0.70±0.01





0.81
0.805±0.005





1.0
0.962±0.008





1.2
1.10±0.02
(0.089±0.008)

15.1
4.0a
5
0.51
0.546±0.009





0.61
0.652±0.006





0.71
0.774±0.006





0.81
0.89±0.06





1.0
1.100±0.009





1.2
1.30±0.02
0.110±0.006

25.0
4.0a
5
0.70
1.11±0.03





0.80
1.23±0.01





0.90
1.36±0.02





1.0
1.56±0.02





2.0
3.12±0.06
0.156±0.009

37.4
4.0a
5
0.51
0.87±0.02





0.61
1.11±0.02





0.71
1.23±0.01





0.81
1.49±0.02





1.0
1.93±0.02





1.2
2.42±0.04
0.22±0.02

25.0
5.0a
5
0.60
0.520±0.003





0.80
0.692±0.008





1.0
0.847±0.008





1.3
1.15±0.01





1.5
1.33±0.02





3.0
3.17±0.08
0.11±0.01

trans-[Au(NH3)2Cl2]+ + s4UMP








10.1
4.0a
5
0.60
0.663±0.009





0.80
0.87±0.02





1.0
1.04±0.02





1.6
1.68±0.04





2.0
2.08±0.06





3.0
3.04±0.08
0.100±0.003

15.0
4.0a
5
0.80
0.88±0.02





1.0
1.17±0.01





1.6
1.91±0.05





2.0
2.35±0.07
0.12±0.01

25.0
4.0a
5
0.50
0.82±0.02





0.60
0.952±0.008





0.70
1.09±0.02





0.80
1.27±0.02





0.90
1.46±0.02
0.16±0.02

35.4
4.0a
5
0.51
1.17±0.08





0.61
1.56±0.08





0.71
1.79±0.09





0.92
2.2±0.1





1.0
2.41±0.08
0.24±0.04

25.0
4.5a
5
0.60
0.65±0.01





0.80
0.86±0.01





1.0
1.12±0.02





1.5
1.90±0.04
0.14±0.01

25.0
5.0a
5
0.70
0.55±0.01





0.80
0.59±0.02





0.90
0.675±0.005





1.0
0.76±0.01





2.0
1.60±0.05





3.0
2.7±0.1
0.093±0.009

25.0
5.5a
5
0.60
0.518±0.008





0.70
0.58±0.01





0.80
0.63±0.01





0.90
0.69±0.01





1.0
0.75±0.02





1.5
1.11±0.04
0.066±0.006

a Buffered with KHC8H4O4. b Buffered with NaH2PO4. c Calculated according to kobsd/CAu(III). [d(s4U)] = [s4UMP] = 5.0  10 mol dm-3. = 335 nm.  = 0.11 mol dm-3.

Table S3. Observed pseudo-first-order and second-order rate constants for the reaction trans-[Au(CN)2Cl2]- or trans-[Au(NH3)2Cl2]+ with d(s4U)) or s4UMP at 25.0 °C as a function of pressure.

10-5  P /

Pa
kobsd /

s-1
V≠ / 

cm3 mol-1

trans-[Au(CN)2Cl2]- + d(s4U)





1
380±30


250
490±30


300
480±30


500
510±30


700
490±40


750
550±60


1000
570±00
-8.3±2.0

trans-[Au(CN)2Cl2]- + s4UMP





1
310±20


250
380±10


300
370±10


500
400±30


600
390±10


750
400±20


900
450±20


1000
430±30


1200
410±10


1250
490±40
-6.3±1.2

trans-[Au(NH3)2Cl2]+ + d(s4U)





1
5.8±0.2


250
6.7±0.2


500
7.7±0.2


550
7.3±0.5


750
8.6±0.1


1000
9.7±0.3


1100
10.1±0.3


1250
11.2±0.8
-13.0±1.0

trans-[Au(NH3)2Cl2]+ + s4UMP





1
5.4±0.2


250
6.1±0.5


300
5.9±0.4


500
6.6±0.5


750
6.8±0.3


1000
7.5±0.5


1250
8.2±0.6


1500
8.3±0.4
-7.3±0.7

The observed rate constants are mean values of at leaste 3 independent pressure variations. pH = 4.0 buffered with KHC8H4O4. [Cl-] = 5.0  10-3 mol dm-3. CAu = (2.8 - 3.7)  10-4 mol dm-3. [d(s4U)] = [s4UMP] = (2.7 - 3.5)  10-5 mol dm-3.  = 335 nm.  = 0.11 mol dm-3.
S


