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The interactions of [Au(cis-DACH)CL]CI and [Au(cis-DACH),]Cl; [where cis-DACH is cis-1,2-
diaminocyclohexane] with enriched KCN were carried out in CD;0D and D,O, respectively. The
reaction pathways of these complexes were studied by 'H, '*C, >N NMR, UV spectrophotometry,
and electrochemistry. The kinetic data for the reactlon of cyanide with [Au(uv DACH),]Cl; are
k=18M's™!, AH =11 kIM™', AS” =-185 JK'M™!, and E,= 13 kI M~ with square wave
voltammetric (SWV) peak +1.35 V whereas the kinetic data for the reaction of cyanide ion with
[Au(cis-DACH)CL]Cl are k=148 M7's™', AH*=39kIM™', AS*=-80JK'M™', and
E,=42kIM " along with SWV peak +0.82 V, indicating much higher reactivity of [Au(cis-DACH)
CL]CI toward cyanide than [Au(cis-DACH),]Cl;. The interaction of these complexes with potas-
sium cyanide resulted in an unstable [Au(**CN),]” species which readily underwent reductive elimi-
nation reaction to generate [Au(**CN),]” and cyanogen.

Keywords: [(cis-DACH)AuCI,]Cl complex; K'*CN; Reductive elimination; Rate constant

1. Introduction

Recently, chemical and biochemical studies of Au(Ill) complexes containing N-chelating
ligands have shown biological activity [1-8]. In addition, a number of other Au(Ill)
complexes with N-chelating ligands have been developed with promising anticancer and
cytotoxic activities. Gold(III) complexes have square planar d® configuration, which is
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isoelectronic with Pt in the antitumor agent cis-diaminedichloroplatinum(Il) (cisplatin) and
in cis-1,2-diaminocyclohexane dichloroplatinum(Il) (DACH) complexes. The new gold(III)
complexes may be attractive as anticancer drugs to overcome cisplatin side effects
[2, 9-13].

Al-Maythalony ef al. investigated the interaction of Au(Ill)-alkyldiamine complexes with
L-histidine and imidazole ligands by 'H, '*C NMR, and UV spectrophotometry, and found
that the rate of reaction is dependent on pH [14]. Zhu ef al. reported the synthesis, structure,
and electrochemistry of Au(Ill) ethylenediamine complexes and their interactions with gua-
nosine-5-phosphate [15]. Sanghvi et al. described antitumor properties of five-coordinate
gold(Ill) complexes bearing substituted polypyridyl ligands, and found that [(sec-butyl)
phen)AuCl;] has more significant in vitro antitumor activity than metallotherapeutic cis-
platin [16]. Ahmed et al. studied histological changes in kidneys and livers of rats due to
exposure of [Au(en)C1,]Cl [17]. Al-Jaroudi et al. described synthesis, characterization, and
cytotoxicity of gold(IlI) complexes with 1,2-diaminocyclohexane and showed the influence
of stereochemistry on antitumor activity [18].

Monim-ul-Mehboob et al. prepared a series of Au(Ill)-alkanediamine complexes, with
ethylenediamine, propylenediamine, butylenediamine, and N-alkyl substituted ethylenedia-
mine, those were characterized and tested against gastric, prostate, and ovarian cancer cells
[19].

The interaction of Au(Ill) with cyanide has interest in therapeutic values and pharmaco-
logical activity, due to the formation of [Au(CN),] , which is unstable in physiological con-
dition and produces [Au(CN),] . Cyanide is naturally produced in the body by oxidation of
SCN™ by the enzyme, myeloperoxidase, and released by phagocytic cells [20-22].

The [Au(CN),]  has been extensively used in the treatment of rheumatoid arthritis since
the 1920s, while other Au(I) complexes showed activity against malaria and HIV [23, 24].

Canumalla et al. described redox and ligand exchange reactions of potential gold(I)- and
gold(Ill)—cyanide metabolites under biomimetic conditions [25]. Yangyuoru et al. studied
the reduction of auricyanide using glutathione (GSH) as reductant through two intermedi-
ates I3 and I,9q [26].

Al-Maythalony er al. described 'H, *C NMR, and UV spectroscopy studies of gold(IIT)-
tetracyanide with L-cysteine, GSH, captopril, L-methionine, and pL-seleno-methioninein in
aqueous solution [27].

In this paper, we have investigated the interaction of [Au(cis-DACH)CI,]Cl and [Au(cis-
DACH),]Cl; with KCN and present some kinetic data.

2. Experimental

2.1. Chemicals

NaAuCly-2H,0, cis-DACH (CgH14N5,) were purchased from Sigma—Aldrich, USA, abs.
EtOH from Merck, CH;0D and D,O were purchased from Alfa-Aesar, KCN, 99.9%
enriched K'>CN and 99% enriched K'*C'*N from Cambridge Isotope Lab. Inc. Deionized
water with a resistivity of 18.6 MQ cm™' is used to prepare all solutions. The water is
obtained directly from a PURELABs Ultra Laboratory Water Purification System (http://
www.water.siemens.com).
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2.2. Spectroscopic techniques

UV spectral measurements were carried out using a Lambda 200 Perkin Elmer UV-vis
spectrophotometer and Cary 100 spectrophotometer from 200 to 350 nm with 0.1 mM con-
centration of KCN, [Au(cis-DACH)CI,]|CI and [Au(cis-DACH),]Cl; in aqueous solution. In
addition, kinetic measurements of these complexes with cyanide ion were prepared in aque-
ous solution.

"H NMR measurements were carried out on a JEOL-LA 500 MHz NMR spectrophotom-
eter at 297 K. The spectral conditions were 32 k data point, 3.2 s acquisition time, and
5.75 ps pulse width.

13C NMR measurements were made at 125.65 MHz with 'H broadband decoupling at
297 K. The spectral conditions were 32 k point data, 1 s acquisition time, 2.5 s pulse delay,
and 5.12 ps pulse width. '>N NMR measurements were obtained at 50.53 MHz at 297 K.
The spectral conditions were 32 k data point, 0.8 s acquisition time, 10.0 s pulse delay, and
9.0 ps pulse width [28].

2.3. Electrochemical technique

A CHI660 potentiostat (http://www.chinstruments.com/) was used for all square wave vol-
tammetric (SWV) measurements. The electrochemical cell contained a glassy carbon elec-
trode (GCE; 3.0 mm diameter, Model CHI104, CH Instruments, Austin, TX) as a working
electrode, Ag/AgCl (sat. KCI) reference electrode (Model CHI111, CH Instruments, Austin,
TX), and a platinum wire counter electrode were inserted into a 2 mL glass cell through
holes in its Teflon cover. Prior to each SWSV measurement, the GCE was polished with 3.
0 and 0.05 um alumina slurries and washed with doubly distilled water. Each SWV mea-
surement was performed at room temperature in a quiescent 0.2 M KCl aqueous solution,
and with an initial potential of 0.0 V and final potential of +1.6 V.

2.4. Synthesis of [Au(cis-DACH)CL,]CI

[Au(cis-DACH)CL,]CI was synthesized according to the method described in the literature
[18]. UV spectrum is 305 nm. '"H NMR: 3.59, 2.02, 1.76, 1.47, and 1.29 m. °C NMR:
63.32, 26.83, and 21.42 ppm. Anal. Found (calculated) for C¢H;4AuCl3N,: C, 17.22
(17.26); H, (3.35) 3.38; N, 6.67(6.71).

2.5. Synthesis of [Au(cis-DACH),]Cl;

[Au(cis-DACH),|Cl; was synthesized according to the method described in the literature
[29]. UV spectrum is 344 nm. '"H NMR: 3.58 m, 1.94 m, 1.74 m, 1.54 m, 1.38 m, and "°C
NMR: 61.75, 61.65, 26.37, 26.17, and 20.67 ppm. Anal. Found (calculated) for
C1,H,3AuCl3Ny: C, 27.02(27.11); H, 5.28(5.31); N, 10.61(10.54).

2.6. Kinetic measurements

The UV-vis spectra of the complex and cyanide solutions were recorded from 200 to
500 nm, figure 1 (five runs) shows A max 305 and 258 nm for [Au(cis-DACH)CI,]Cl and
[Au(cis-DACH),]Cl3, respectively. The reactions were started by mixing the complex and
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Figure 1. UV-vis spectra for [Au(cis-DACH)CI,]CI (1.0 x 1074 M) (a) before and (b) after addition of cyanide
(5.0 x 10 M) and (c) cyanide before reaction, the substitution reaction carried out at ambient room temperature
of 25 °C.

Table 1. Rate constant k, for substitution reaction of [Au(cis-DACH)CL]Cl and [Au(cis-DACH),]Cl; with
cyanide ion, in the presence of 20 mM NaCl in aqueous solution at 298 K.

AH? AS” E,
/. max [CNTTM)  kopsa 5D M 's™H kM 's™h &MY K'MYH @M

[Au(DACH)CL]CI = 0.1 mM
305n0m  0.00200 0.1993 148+£1.00  0.0011+0.0001 39430 —80+40  42+4.0

0.00300 0.3458

0.00400 0.5989

0.00500 0.7246

0.00600 0.9971

0.00800 1.3654

0.0100 1.7456

0.0200 2.8345

[Au(DACH),]CL; = 0.1 mM
258 nm  0.00200 0.0696 18+ 1.0 0.0094£1x0.0001 11£2.0 —1854£4.0 13£2.0

0.00300 0.0797

0.00400 0.09478

0.00500 0.10739

0.00600 0.11663

0.00800 0.14978

0.0100 0.2552

0.0200 0.38307

cyanide solutions in equal volumes directly in a vial kept inside the instrument. The kinetic
measurements were made under pseudo-first-order conditions, where concentration of the
complex is 0.1 mM and for cyanide ranged from 2 to 10, 20 mM. The reactions were fol-
lowed over 10 min and were carried out at 25 °C. The pseudo-first-order rate constant kypsq
is calculated as an average of eight independent kinetic runs (table 1). Observed experimen-
tal data are reported in table 1 [30]. The plots of pseudo-first-order rate constant of the reac-
tion of these complexes with cyanide ion are shown in figures 2(A) and 2(B).
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Figure 2(A). Plot of pseudo-first-order rate constant for the reaction between [Au(cis-DACH)CL,]C1 with cyanide
in aqueous solution at 25 °C.

Kopsa/ s ' vs [CN /M
y =18.41x+0.0235

035 R2=0.960
[®)

0.001 0.005 0.009 0.013 0.017 0.021

[CN /M

Figure 2(B). Plot of pseudo-first-order rate constant for the reaction between [Au(cis-DACH),]Cl; with cyanide
in aqueous solution at 25 °C.

3. Results and discussion

3.1. Interaction of [Au(cis-DACH)CI,]CI with KBCN

Interaction of [Au(cis-DACH)CI,]Cl with enriched KCN was carried out in CH;0D by
mixing the reactants at different ratios and monitored by 1H, 13C, SN NMR, UV-vis spec-
troscopy, and electrochemistry. 'H, '*C, and '>N NMR chemical shifts for the species in
this interaction are given in tables 2—4(A) respectively.

When *C NMR is used to monitor the reaction [figure 3(a)], the chemical shift of
(5 mM) 20% enriched K'*CN is at 160.48 ppm. The peak at 103 ppm [figure 3(b)] indi-
cates the white precipitate [Au('>*CN)4]". It is formed by interaction of [Au(cis-DACH)CL,]
Cl with K'*CN at 1:0.25 equivalent, which is consistent with the peak that is monitored in
previous studies [25, 27, 31]. [Au(">CN)4]” is not stable and goes through reductive
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Table 2. 'H NMR chemical shifts of the reaction of [Au(cis-DACH)(CL]CI with K'*CN ligand in CH;0D
solution.

"H (6 in ppm)
Complex H1, H2 HI1, H2 eq H3, H6 ex H4, HS eq H4, H5 ex
(1:0) 3.59m 2.02m 1.76 m 1.47 m 129 m
1:1 3.56 m 2.00 m 1.75m 1.48 m -
(1:2) 339m 1.87 m 1.62m 1.40 m 0.86 m
(1:4) 3.6l m 1.76 m 1.51m 1.32m 0.86 m

Table 3. '*C NMR chemical shifts of '*CN™ for different species
during the reaction of [Au(cis-DACH)CL]Cl with cyanide in
CH;0D solution.

Complex 13C (6 in ppm) Refs.
KCN 160 [28]
[Au(DACH)(CN)CI]CI1 101 This work
[Au(DACH)(CN),]CI 96 This work
[Au(CN)4]™ 103 [25-27]
[Au(CN),CL]™ 119 [25]

HCN 137 This work
NCCN 110 [27]
[Au(CN),(OH)CI]CI1 121 [25]
[Au(CN),(OH),]Cl1 120 [25]
[Au(CN),]~ 152-157 [25-28]

elimination to form cyanogen (NCCN), which appeared at 110.52 ppm, while Au(Ill) was
reduced to [Au('*CN),]”, which shifted downfield to 152—157 ppm, due to back donation
of gold to cyanide [32]. [Au(CN),]  has higher stability due to its covalent bond than the
corresponding [Cu(CN),]” and [Ag(CN),]  described by Wang et al. [33]. Figure 3(c)
shows the '*C spectrum, where peaks at 101.31 ppm and 95.50 ppm indicate the rapid
exchange of consecutive chlorides by '*CN™ to produce [Au(cis-DACH)('>*CN)CI]” and
[Au(cis-DACH)('*CN),] ", respectively. The downfield shift at 1: 1.5 equivalent to 119.13,
120.52, and 121.34 ppm indicates formation of [Au(CN),Cl,], [Au(CN);CI] , and [Au
(*CN),(OH)CI]™, respectively. The peak at 137 ppm indicates the HCN generated by
99.9% hydrolysis of K'*CN [27].

Table 4. (A)~(B) 'N NMR chemical shifts of
13CI5N™ for different species during reactions of [Au
(cis-DACH)CL,]CI1 (A) and [Au(cis-DACH),]Cl; (B)
with K'*C'°N in CH;0D and D,0, respectively.

5N (6 in ppm)

Complex A (ppm) B (ppm)
K"C'*N 265.03 271.82
[Au(**CN),]- 262.63 265.06

[Au(**CN),]- 281.52 275.01
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Figure 3. 'C NMR spectra of (a) free K'>CN, (b) after reaction with [Au(cis-DACH)CIL,]CI at I : 0.25 ratio, (c) at
1:0.5 ratio, (d) at 1: 1.5 ratio, and (e) at 1 : 2 ratio, in CH;0D.

6 e 29 4 3+
5/ N’f)/ \1./ \5.
| oA |
4 2~ 7 X 2 4
NS WN N RN
3 Hy  H 3
[Au(cis-DACH),]|Cl;

The '*C spectrum, figure 3(d) sheds a light on reduction of [Au('>CN),]” to [Au
(*CN),]” through intermediate complexes [Au(**CN),Cl,]", [Au('*CN);CI]", and [Au

N’dim KON \\NQ2 CN[* KON \N{ W
AL Yy = FoN =Fcn
!

-KCI -KC
-HCN
KCNN kel
NC ﬂ NH
} KCN CN
NC-CN + NC—Au—CN[=—= Al = =——= N
Ne” Sen HON “/NH, | ~CN
-KClI 2 CN
fast step

NC—CN —> 2CN

Scheme 1. Suggested mechanism for reaction of [Au(cis-DACH)CI,]Cl with K'*CN in the range 1:0.25-1:4
equivalents.
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(3CN),(OH)CI]™ by displacement of cyanide by chloride through cis effect kinetics, unlike
the behavior of Pt(Il) described by Skibsted [34, 35].

The above mechanism is the solvolytic pathway through reversible exchange of chloride
and H,0.

The CN ion being the strong m-acceptor, and rapid exchange ligand removes DACH at
1:2 equivalents as shown via peaks at 53.03, 31.03, and 22.95 ppm [figure 3(e)] [26].
Table 2 shows "H NMR chemical shifts of [Au(cis-DACH)CI,]CI interacting with CN™ at
different equivalents. Figure Sla (see online supplemental material at http://dx.doi.org/10.
1080/00958972.2014.971020) shows a peak at 265 ppm assigned to (5 mM) free 99.9%
enriched K'C'°N and at 1:2 equivalent. This peak shifted downfield at 281 ppm assigned
to [Au('*C'*N),]” (figure S1b). At 1:4 equivalent (figure Slc), there are peaks at 262 and
281 ppm assigned to [Au('*C"N),]™ and [Au('*C"*N),]", respectively [36].

The obtained electrochemical results are in agreement with 'H, 13C, and >N NMR, and UV
spectroscopy, and confirmed the suggested mechanism (scheme 1). Figure 4 and its inset show
the SWVs obtained at the GCE in a quiescent aqueous solution of 0.2 M KCI. A well-defined
SWYV peak [figure 4(b)] was obtained at +0.82 V (vs. Ag/AgCl) for 1.0 mM [Au(cis-DACH)
CLL,]CL. This peak showed a systematic decrease in peak area with subsequent additions of
CN' at different equivalents (1:0.5, 1:1, and 1:1.5) [figure 4(c)—(e)]. At 1:2 equivalents,
peak disappearance was observed with appearance of a new shoulder at +1.4 V [figure 4(f)],
which became more defined at 1:3 and 1:4 equivalents. Additions of CN™ to 0.2 M KCl
solution in the absence of [Au(cis-DACH)CI,]Cl showed no peaks (data not shown).

3.2. Interaction of [Au(cis-DACH),|Cl; with K'>CN

Interaction of [Au(cis-DACH),]Cl; with 20% enriched K'*CN was carried out in D,O by
mixing the reactants at different mole ratios and monitored by 1H, 13C, 5N NMR, UV-vis
spectroscopy, and electrochemistry. The 'H, '°C, and '>N  NMR chemical shifts for this
interaction are given in tables 4(B) and 5. When 'C NMR is used to monitor the
interaction [figure 5(a)] a peak for (5 mM) 20% enriched K'*CN is assigned at 157.44 ppm

6.0

E

5.0

Complex Peak (%)

EEEEE

4.0

10 18 1 115

3.0- Complex:CN'

2.0-

Current / 1e-5A

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Potential / V

Figure 4. SWVs in 0.2 M KCI aqueous solution at a GCE in absence (a) and presence (b) of 1.0 mM [Au(cis-
DACH)CL,]CI, and subsequent additions of 0.5 mM (c)—(f) and 1.0 mM (g), (h) of KCN aqueous solution. Work-
ing conditions of the pulse width (increment), 4 mV; pulse height (amplitude), 25 mV; frequency, 15 Hz. Inset is
the corresponding histogram at different complex: CN™ equivalents.
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[figure 5(b)] and two new peaks upfield at 104.54 ppm and 119.87 ppm corresponding to
[Au(*CN),]™ and [Au(CN),CL]", respectively [25, 27]. When the reaction is carried out at
1:1 equivalent, the peak at 119.87 ppm shifts downfield (120.47 ppm) and a new peak is
observed at 154.37 ppm, assigned to [Au('*CN),]”, the result of reductive elimination of
[Au('*CN),]™ [figure 5(c)] [31].

Figure 5(d) shows a peak at 110.10 ppm of NCCN due to an oxidation of CN™ and reduc-
tion of Au(Ill) to Au(l) [27]. There is significant downfield shift of the 119.87 ppm reso-
nance to 122.50 ppm corresponding to two very fast consecutive cyanide ligand exchanges
by H,O due to solvolytic pathway (scheme 2).

At higher concentration of '>*CN™ (1 : 4 equivalent) the upfield shift of DACH’s carbons
was observed, which corresponds to removal of bis-DACH ligands. The peak at 121 ppm is
an indication of H,O being exchanged by chloride to form [Au(CN),(OH)CI] [25].

[Au(**CN),]- [Au(**CN)(OH)CICI . DAC
154- 157 ppm 121 ppm . [Au(PCN)J L/ \
104 ppm / / \
\4 | NCCN ™
d 1 110 ppm
[AU(BCN)f(O“)E] DACH
120 ppm \‘
[
DACH
b
KI3CN
/ 157 ppm
a
' ’ I;O ’ ' ' ) 160 . ’ ’ ) ;0 . . i ' 6

Chemical shift, ppm

Figure 5. 3¢ NMR spectra of (a) free K'3CN, (b) after reaction with [Au(cis-DACH),]Cl; at 1:0.25 ratio, (c) at
1:1 ratio, (d) at 1 : 2 ratio in D.

- cl - )
Au(CN), == AUCNC _o AU(CNLCly
CN

+

AU(CN)2C,|2_ Au(CN)y(H,0)Cl —= Au(CN)Z(OH)CI_
_ocr -
Au(CN),(OH)CI ? Au(CN),

Scheme 2. A suggested mechanism of conversion [Au(**CN),]™ to [Au(**CN),]".
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Table 5 shows '"H NMR chemical shifts for [Au(cis-DACH),]Cl; reaction with K'*CN
from 1: 1 to 1 :4 equivalents that confirmed the '*C NMR interpretation.

Figure S2a shows the '’N NMR spectra for the reaction with (50 mM) 99.9% enriched
K'C'N at 271 ppm. Figure S2b shows two peaks at 275.01 ppm and 265.06 ppm assigned
for [Au('*C'°N),]” and [Au("*C'°N),]™, respectively.

Figure S3 shows a SWV peak for [Au(cis-DACH),]|Cl; at +1.35 V (versus Ag/AgCl).
The peak area of the obtained peak was decreased systematically with equivalent additions
of CN". However, due to the relatively high potential (+1.35 V), the decrease was not easy
to follow, yet the trend is there.

3.3. Kinetic data

The substitution reactions of these square-planar gold(Ill) complexes [Au(cis-DACH)CI,]Cl
and [Au(cis-DACH),]|Cl; with cyanide were investigated spectrophotometrically by the
change of absorbance at selected wavelengths as function of time under pseudo-first-order
conditions. The substitution reaction proceeds through an associative mechanism. All
reactions were studied in aqueous solution. Addition of 20 mM NaCl prevents hydrolysis of
the complex. The suggested reaction mechanism of cyanide with [Au(cis-DACH)CL]CI is
shown in scheme 1. The rate constants are determined from plots of linear dependence of
kowsa versus total cyanide concentration [figure 2(A)] according to equation (1). The slope
of the line represents kg, while the intercept indicates k, [Cl ]. All kinetic data are summa-
rized in table 1.

Kopsda = kr [CN_] + ky [Cl_] (1)

The enthalpy, entropy, and activation energies for the reaction of [Au(cis-DACH)CI,]CI
with cyanide are calculated using the Eyring and Arrhenius equations. From the rate con-
stant values, [Au(cis-DACH)CI,]CI reacts much faster than [Au(cis-DACH),]Cl;. The dif-
ference in reactivity can be attributed to the presence of two (cis-DACH) ligands, leading to
decrease in electrophilicity of the gold center, due to electron density delocalization through
the z-back bonding effect [37].

The reactivity of the cyanide ligand is much greater than the following nucleophiles:
L-histidine (L-His), guanine-5'-monophosphate (5-GMP), inosine (Ino), and inosine-5'-
monophosphate (5’-IMP) toward [Au(cis-DACH)CI,]Cl [30, 38].

Table 5. 'H NMR chemical shifts of DACH protons for the reaction of [Au(cis-DACH),]Cl; with (K'*CN) in
D,O solution.

"H (¢ in ppm)
Complex HI1, H2 H3, H6 eq. H3, H6 ex. H4, HS eq. H4, HS ex.
(1:0) 3.58 m 1.94 m 1.74 m 1.56 m 1.38 m
a:1) 3.32,3.20 m 1.86 m 1.65 m 1.53 m 1.33m
(1:2) 3.21,3.06 m 1.80 m 1.62 m 149 m 1.26 m

(1:4) 3.75,2.85m - 1.65 m 142 m 1.23 m
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Table 6. Rate constants for substitution of [Au(cis-DACH)CL,]C1 and [Au(cis-DACH),]Cl; with cyanide in the
presence of 20 mM NaCl in aqueous solution at 298 K.

kM'sh) K, M'sTH AHF (MY AP OKT'MTY  AE, (kIMT) Refs.
[Au(cis-DCH)Cl,]*
Cyanide  148+3.00  0.0011 £0.0001 39+3.0 ~80+4.0 42+£4.0 This work
L-His 75+2 4.00+0.1 12+3 -160+10 - [30]
5"-GMP 66+2 9.3+0.20 10£3 -180+10 - [30, 38]
5"-IMP 6.0+0.3 0.20+0.010 - - - [30]
Ino 9.940.9 0.060 = 0.020 - - - [30]
[Au(cis-DACH), >
Cyanide 18+1.0 0.0094 = 0.0001 11+£2.0 —185+4.0 13£2.0 This work
L-His - - - - - -
5"-GMP - - - - - -
5"-IMP - - - - - -
Ino - - - - - -

The reactivity order of these ligands toward [Au(cis-DACH)CI1,]CI is CN™ >>> 1-His >
5'-GMP > Ino > 5'-IMP (table 6). Its substitution reaction and absorption around 305 nm are
shown in figure S4, with a SWV peak at +0.82 V as shown in figure 4, whereas [Au(cis-
DACH),]Cl; is around 344 nm with SWV peak at +1.35 V as shown in figure S3.

Figure S5 shows UV spectra of an oxidation reduction reaction of [Au(cis-DACH)CI,]CI
with CN ion at (complex : ligand) 1 : 2 equivalent. The bands at 204 nm and 211 nm corre-
spond to [Au(CN),]” by back donation from d orbital(d®) in Au(IIl) to empty z*-acceptor
in cyanide ligand, which strengthens Au—CN and weakens Au-NR. Figure S6 shows an
oxidation reduction reaction of [Au(cis-DACH)CL,|Cl with CN™ ion at 1 : 4 equivalent. The
bands observed at 204, 211, and 240 nm which are assigned to [Au(CN),] that remains
unchanged after 24 h indicate complete oxidation reduction reaction [39, 40]. Figures 6(A)
and (B) show pseudo-first-order rate constant as function of nucleophilic concentration and
temperature for reaction of [Au(cis-DACH)CI,|Cl and [Au(cis-DACH),]Cl; with cyanide.

Kopsa! § 1 vs [CN7] /M in different
temperatures for [Au(cis-DACH)CI,]Cl1
4 310K

298 K

0.001 0.005 0.009 0.013 0.017 0.021
[CNT]/M

Figure 6(A). Plot of pseudo-first-order rate constants as a function of nucleophilic concentration and temperature
for the reaction between [Au(cis-DACH)CI,]Cl and cyanide in the presence of 20 mM NaCl in aqueous solution.
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Kopsa/S! vs [CN™ /M in different temperatures for
[Au(cis-DACH),]Cl;

0.6

05

0.4

03

kabsd/ § !

0.2

0.1

0.001 0.005 0.009 0.013 0.017 0.021
[CN /M

Figure 6(B). Plot of pseudo-first-order rate constants as a function of nucleophilic concentration and temperature
for the reaction between [Au(cis-DACH),]Cl; and cyanide in the presence of 20 mM NacCl in aqueous solution.

4. Conclusion

This work describes NMR spectroscopy, electrochemistry, and kinetic studies of the reaction
mechanism of [Au(cis-DACH)CI,]CI and [Au(cis-DACH),]Cl; with cyanide in aqueous and
methanolic solutions. [Au(cis-DACH)CI,]CI shows faster reaction toward cyanide than [Au
(cis-DACH),]Cl5. At 1:0.25 equivalent of [Au(cis-DACH),]Cl; with K'>CN, there are two
complexes formed corresponding to [Au('>*CN),]” and [Au('>CN),Cl,]”. While at the same
equivalent of KCN with [Au(cis-DACH)CI,]CI, only one complex formed corresponding to
[Au('*CN)4]". At 0.75 equivalent of K'*CN added to solution of [Au(cis-DACH),]Cls, the
formed [Au('*CN),]” reduces to [Au('*CN),]”. Whereas the same equivalent of K'*CN
added to [(cis-DACH)AuCI,]CI, the reaction proceeds through two consecutive cyanide
exchanges to produce [Au(cis-DACH)(>*CN)CI]™ and [Au(cis-DACH)(**CN),]™ along with
[Au('*CN),]™. Kinetically, [Au(cis-DACH)CI,]CI reacts much faster than [Au(cis-DACH),]
Cl; with KCN. These results may contribute to a better understanding of biochemical
mechanism of [Au(cis-DACH)CL,]Cl1 and [Au(cis-DACH),]Cls.
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