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Abstract  

A number of gold(I) complexes containing the proton pump inhibitor (PPI) lansoprazole 

and its reduced precursor 2-((3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-

yl)methylthio)-1H-benzo[d]imidazole have been synthesized and their biological effects 

have been evaluated in human cancer and non-tumorigenic cells in vitro. The 

lansoprazole-based compounds appear to act through a V-H
+
-ATPase-mediated 

mechanism.  
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Introduction 

 

Gold compounds have a long and important tradition in medicine, the so-called 

Chrysotherapy that derives its name from Chryses, a golden-haired heroine of the Greek 

Mythology. Such a tradition dates back to the Chinese (2500 B.C.) and especially 

flourished in Europe during the late Middle Age and the Renaissance. In early times of 

modern pharmacology, gold compounds were widely used for the treatment of several 

diseases, especially as anti-infective and anti-tubercular agents. Nowadays, gold-based 

drugs are only used as a treatment for severe rheumatoid arthritis, because of their 

systemic toxicity and poor stability. Moreover, in recent years, gold compounds hold 

great promise as potential anticancer drugs.
1, 2

 In fact, a conspicuous number of 

coordination and organometallic gold complexes, with highly different chemical 

structures, were reported to manifest outstanding antiproliferative properties in cancer 

cells in vitro, and sometimes in vivo.
3-5

 

  With the aim of developing new gold-based cytotoxic agents, our groups have been 

particularly focusing on the study of gold(I) and gold(III) complexes with nitrogen donor 

ligands and on the investigation of their mechanisms of biological action.
6-8

 

  It is worth mentioning that resistance to cytotoxic agents is a major problem in 

treating cancer. The mechanisms underlying this phenomenon appear to profit of functions 

involved in the control of cell homeostasis. A mechanism of resistance may be the alteration 

of the tumour microenvironment via changes in the pH gradient between the extracellular 

environment and the cell cytoplasm.
9
 In fact, the extracellular pH of solid tumours is 

significantly more acidic than that of normal tissues,
10

 thus impairing the uptake of weakly 

basic chemotherapeutic drugs and reducing their anticancer effect. Therefore, a strategy to 

revert drug resistance is the use of agents that disrupt the pH gradient in tumours by 

inhibiting the function of pumps generating the pH gradient itself, such as vacuolar H
+
-

ATPases (V-H
+
-ATPases).

11, 12
 

  A class of V-H
+
-ATPase inhibitors, called proton pump inhibitors (PPIs), have 

emerged as the drug class of choice for treating patients with peptic diseases.
13, 14

 These 

drugs inhibit gastric acid secretion by targeting the gastric acid pump, but they also directly 

inhibit V-H
+
-ATPases. PPIs are in general protonable weak bases selectively accumulating 

in acidic spaces. Currently, there are five PPIs available for treating gastric and duodenal 

ulcer disease, namely omeprazole, pantoprazole, esomeprazole, rabeprazole and 

lansoprazole. They are all substituted benzimidazoles that behave as prodrugs that need to be 

activated in vivo.
13

  

 Lansoprazole (HL
2
, Figure 1) has a structure that combines a benzimidazole 

ring and a pyridine ring connected through a sulfinyl linkage. The compound’s 

activation occurs by addition of two protons to the nitrogens on either side of the 

sulfinyl group. The second protonation on the benzimidazole ring causes rearrangement 
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of the sulfinyl into a sulfenic acid or a sulfenamide. The latter can react with the cysteine 

molecules of the H
+
-ATPase to form one or two disulfide bonds. 

15
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Ligands HL
1
 and lansoprazole (HL

2
) and their mononuclear gold(I) complexes. 

 

PPI may revert chemoresistance and increase chemosensitivity of different human tumour 

cells. Recent findings from Fais et al. have shown that PPI pretreatment sensitized tumour 

cell lines to the effect of Cisplatin, 5-fluorouracil and Vinblastine.
16

 PPI pretreatment was 

associated with the inhibition of V-H
+
-ATPase activity and an increase of both extracellular 

pH and the pH of lysosomal organelles, consistent with a cytoplasmic retention of the 

cytotoxic drugs and targeting to the nucleus in the case of Doxorubicin.
16

 In vivo experiments 

showed that oral pretreatment with omeprazole induced a sensitivity of the human solid 

tumors to anticancer drugs.
16

 Moreover, PPI pre-treatment of melanoma cells increased 

cellular uptake of Cisplatin, as compared to untreated cells, in an acidic-dependant manner.
17
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  Interestingly, other studies described the advantages of combining lansoprazole 

with metal ions, such as Ni(II), Co(II), Mn(II), Cu(II) and Hg(II), as well as inner transition 

metals (Th(IV), Ce(IV), Nd(III) and Gd(III)), for therapeutic purposes as antibacterial or 

antifungal agents.
18, 19

 Recently, the pump inhibitor pantoprazole has also been linked to a 

Gd-based compound to enhance the accumulation of the resulting MRI contrast agent in the 

stomach and colon.
20

 

  Within this frame, we decided to explore the possibility to couple gold ions to 

lansoprazole-type ligands in order to achieve ‘’bifunctional’’ metal compounds able to 

selectively target cancer cells. Thus, we report here on the synthesis and chemical 

characterization of a series of mono- and dinuclear gold(I) compounds bearing lansoprazole-

type ligands. The antiproliferative properties of the compounds have been evaluated in 

cancer cell lines, including the human ovarian cancer A2780 cells and their Cisplatin 

resistant variant A2780cisR, as well as in non-cancer human embryonic kidney HEK-293T 

cells to assess compounds’ selectivity. Moreover, preliminary results on the possible 

contribution of a V-H
+
-ATPase-mediated mechanism in the compounds’ biological mode of 

action were obtained. 

 

Results and discussion 

 

Synthesis and characterization 

  Initially, lansoprazole (2-((3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-

yl)methylsulfinyl)-1H-benzo[d]imidazole) (HL
2
) was prepared by oxidation of 2-((3-methyl-

4-(2,2,2-trifluoroethoxy)pyridin-2-yl)methylthio)-1H-benzo[d]imidazole (HL
1
, Figure 1) 

according to a recently reported method.
21

  

  Afterward, a variety of gold(I) complexes, both mono- (Figure 1) and dinuclear 

(Figure 2), have been prepared by reaction of the two ligands with the appropriate gold(I) 

precursor. The compounds have been characterized by 
1
H and 

31
P NMR, as well as IR 

spectroscopy and elemental analysis (see experimental part for details).  

  Three of the mononuclear complexes, namely [Au(HL
1
)Cl] (1a) and 

[Au(HL
n
)(PPh3)](BF4) (n = 1, 2a-BF4; n = 2, 2b-BF4), contain the ligand – HL

1
 or HL

2
 – in 

its neutral form. The neutral complex 1a was prepared by reaction of HL
1
 with [Au(tht)Cl] 

(tht = tetrahydrothiophene). The two cationic complexes 2a-BF4 and 2b-BF4, both featuring 

triphenylphosphane as ancillary ligand, were obtained by reaction of the appropriate ligand 

with the solvento complex [Au(PPh3)(solv)](BF4), this was prepared in situ by reaction of 

[Au(PPh3)Cl] with AgBF4 in dichloromethane. 

  Of the three possible coordination sites, i.e. the sulfur atom, the pyridine and the 

imidazole nitrogen atom, the IR and 
1
H NMR data suggest that the latter is likely coordinated 

to the Au-Cl fragment in 1a. Indeed, its far IR spectrum shows the Au-Cl stretching vibration 

at 341 cm
-1

, consistent with a Au-Cl trans to a nitrogen atom, and the 
1
H NMR spectrum in 

CD2Cl2 shows two multiplets at δ = 7.71 and 7.63 ppm, each integrating for 1 proton, 
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attributed to H
6’

 and H
3’

 (Figure 4 in Experimental Section), respectively, which in the free 

ligand give rise to only one multiplet at 7.55 ppm, thus suggesting involvement of the iminic 

nitrogen of the imidazole ring in the coordination to AuCl.  

  In the case of 2a-BF4 and 2b-BF4, coordination of the AuPPh3 fragment to a 

nitrogen atom is inferred by their 
31

P{
1
H}

20
 NMR spectrum, where a singlet resonance at, 

respectively, δ = 31.6 and 31.2 ppm is consistent for linear gold(I) PPh3 derivatives having a 

phosphorus trans to a nitrogen atom. The 
1
H NMR spectra of the two cationic complexes are 

characterized by broad signals, which suggest a fluxionality process involving positional 

exchange of the (PPh3)Au
+
 group between the two iminic nitrogen coordination sites. The 

site-exchange mode is represented in Scheme 1. A similar behaviour was previously 

observed for analogous gold(I) complexes of 2-(2’-pyridyl)benzimidazole.
8
 All signals are 

shifted upfield, as usually observed for PPh3 complexes. 

 

   

 

 

 

Scheme 1: Proposed site-exchange mode of the (PPh3)Au
+
 group between the two iminic 

nitrogen coordination sites in 2a-BF4 and 2b-BF4. 

 

The neutral complexes 4a, 5a and 5b and the anionic complex Na-3a, contain the ligand in 

its deprotonated form. The saccharinate complex Na-3a was obtained from reaction of HL
1
 

with Na[Au(sac)2]
22

 (sacH = saccharine) in acetonitrile solution. The triphenylphosphane 

complex 4a was synthesized by reaction of the solvento complex [Au(PPh3)(solv)](BF4) with 

HL
1
 and KOH in acetone/MeCN/H2O, while the PTA (PTA = 1,3,5-triaza-7-

phosphaadamantane) complexes 5a and 5b have been obtained by reaction of [Au(PTA)Cl] 

with HL
1
 and HL

2
, respectively, and KOH in H2O/MeCN solution. 

  The IR spectrum of Na-3a shows the C=O and the SO2 stretching vibrations of the 

saccharinate ligand at 1689, 1290 and 1171 cm
-1

, respectively. The proton spectrum in 

CD2Cl2 shows well resolved signals for both the L
1
 and the saccharinate ligand in 1:1 molar 

ratio; most of the L
1
 signals are slightly downfield shifted compared to the free ligand and 

the H
3’

 and H
6’

 protons give rise to two multiplets, one partially overlapped with the H
4”

 and 

H
5”

 resonances of the saccharinate ligand at 7.76 ppm, the other at 7.67 ppm, thus suggesting 

coordination of the Au(sac) moiety to the deprotonated nitrogen atom of the imidazole ring. 

The 
31

P{
1
H} NMR spectra of 4a, 5a and 5b show singlet resonances at, respectively, δ = 
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32.2, -58.8 and -58.6 ppm consistent for linear gold(I) PPh3 (4a) and PTA (5a and 5b) 

derivatives having a phosphorus trans to a nitrogen atom.
8
 

  The dinuclear complexes 7a-BF4 and 7b-BF4 (Figure 2) were synthesized by 

reaction of the respective deprotonated ligand with 2 eq. of the solvento complex 

[(PPh3)Au(solv)](BF4) in dichloromethane. Their 
1
H NMR spectra are characterized by well 

resolved signals with the correct L:PPh3 integral ratio. In both cases, two signals are found in 

their 
31

P{
1
H} NMR spectrum at 31.2 and 33.1 (7a-BF4) and 31.0 and 33.2 (7b-BF4), 

attributable to the Au(PPh3) coordinated respectively to the iminic and amidic nitrogen atom 

of the imidazole ring. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Dinuclear complexes based on lansoprazole-type ligands. 

 

In vitro study 

  The new compounds were screened for their antiproliferative properties on human 

ovarian cancer cell lines sensitive (A2780) and Cisplatin resistant (A2780cisR) as well as in 

human embryonic kidney HEK-293T cells using the classical MTT assay (see Experimental 

for details) in comparison to the “free” ligands and Cisplatin used as reference. A dose-

dependent inhibition of cell growth was observed in all cell lines with IC50 values ranging 

from ca. 0.7 to > 70M after 72 hours incubation as depicted in Table 1. 
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Table 1: Cell viability (IC50 values) of gold(I) compounds and ligands HL
1
 and lansoprazole 

(HL
2
) in human ovarian carcinoma cell lines sensitive (A2780) or resistant to Cisplatin 

(A2780cisR) and in HEK-293T cells after 72 h incubation. 

 

 IC50 (M)
 [a]

  

Compound A2780 A2780cisR HEK-293T 

HL
1
 26.3 ± 8.5 66.8 ± 10.4 > 70 

lansoprazole (HL
2
) 45.6 ± 2.6 59.0 ± 15.2 > 70 

PPh3 20.2 ± 4.0 16.0 ± 4.9 18.6 ± 2.6 

PTA > 100 > 100 > 100 

1a 10.9 ± 0.5 28.2 ± 2.4 19.9 ± 0.5 

2a-BF4 3.5 ± 0.3 4.2 ± 0.8 6.8 ± 1.0 

2b-BF4 1.1 ± 0.3 0.7 ± 0.1 5.3 ± 0.4 

Na-3a 8.3 ± 2.1 13.4 ± 3.8 12.4 ± 0.5 

4a 3.0 ± 0.5 2.8 ± 0.7 3.9 ± 0.5 

5a 9.0 ± 0.8 10.3 ± 2.7 10.5 ± 1.2 

5b 16.2 ± 1.1 13.2 ± 4.6 12.1 ± 0.5 

7a-BF4 1.0 ± 0.1 1.2 ± 0.3 2.7 ± 0.8 

7b-BF4 1.5 ± 0.3 0.9 ± 0.4 5.0 ± 0.9 

Cisplatin 2.4 ± 0.6 35.0 ± 7.0 12.0 ± 1.9 

  
a
The reported values are the mean ± SD of at least three determinations. 

 

Several conclusions can be drawn from the obtained results: all compounds elicit good 

antiproliferative properties, while the ligands are moderately toxic in the selected cell lines 

(the least toxic being PTA ligand with IC50 higher than 100 μM). Secondly, each gold 

complex shows similar cell growth inhibition in both A2780 and A2780cisR cells. Notably, 

most of the new compounds (made exception for 1a) are more active than Cisplatin towards 

the resistant cell line A2780cisR, indicating that different mechanisms of action take place 

compared to classical DNA alkylating agents as platinum drugs. This is not surprising since 

gold-based compounds have been shown to mainly target proteins/enzymes in cancer cells.
23

 

  The most effective derivatives of the series, even more potent than Cisplatin, are the 

mononuclear compound 2b-BF4 derivative of lansoprazole, and the dinuclear complexes 7a-

BF4 and 7b-BF4 (IC50 in the 1 μM range), all of them containing PPh3 ligands and being 

positively charged in solution. The gold(I) derivatives bearing either the 1,3,5-triaza-7-

phosphaadamantane (5a and 5b) or the saccharine (Na-3a) ligands are ca. 10-fold less 
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effective. In general, the activities of the lansoprazole gold(I) complexes are very similar to 

those containing the reduced HL
1
 ligand, but with the same secondary ligand. However, 

compound 2a-BF4 is less potent in cancer cells than the lansoprazole derivative 2b-BF4. 

Moreover, compounds 2b-BF4 and 7b-BF4 show certain selectivity towards the cancer cells, 

being ca. 4-5-fold less effective in the non-cancer HEK-293T cell line. 

  In order to assess if the various gold complexes may exert their biological effects 

through a V-H
+
-ATPase-mediated mechanism, we evaluated the levels of intracellular ATP 

in A2780 cells treated with the compounds for 3 h as described in the Experimental section. 

Interestingly, and in accordance with previously reported data for omeoprazole and 

esomeprazole,
16

 cells treated with lansoprazole present higher levels of intracellular ATP 

than untreated cells (4.5 ± 0.3 vs 2.9 ± 0.3 pmol/g protein, respectively), suggesting 

inhibition of the V-H
+
-ATPase activity (Figure 3). 

   

 

 
 

Figure 3: Intracellular ATP levels in A2780 cells untreated (Ctl) and treated with fixed 

concentration of compounds (2 M, and 5 M for 5b) for 3 hours at 37°C. The difference in 

cellular ATP levels for HL
2
 and 7b-BF4 treated cells compared to controls was statistically 

significant (p < 0.05, unpaired Student’s t test). 
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  In addition, all the compounds based on lansoprazole also showed similar increase 

in ATP levels (following the order 2b-BF4 >> 7b-BF4 > 5b ≈ lansoprazole, see Fig. 3), 

although it must be noted that for compound 5b we had to reach 5 M concentration to 

obtain a significant shift compared to controls. Conversely, ligand HL
1 
and its derivatives did 

not show such an effect at any of the tested concentrations, supporting the idea that other 

molecular mechanisms may be at the basis of their antiproliferative properties. Specifically, 

gold(I) complexes with phosphane ligands have been often described as potent inhibitors of 

intracellular seleno-enzymes such as thioredoxin reductase.
24

 A possible reason for this 

markedly different behaviour between the two classes of compounds is that the lack of the 

sulfinyl group in HL
1
 does not allow activation of the ligand and its conversion into the 

sulfenamide responsible for V-H
+
-ATPase inhibition. 

Conclusions 

In summary, we have synthesized and characterized nine new gold(I) complexes bearing 

lansoprazole-type moieties. The series includes mononuclear complexes containing the 

neutral ligand (1a, 2a-BF4, and 2b-BF4), mononuclear compounds bearing the ligand in its 

deprotonated form (Na-3a, 4a, 5a and 5b), as well as the cationic dinuclear complexes (7a-

BF4 and 7b-BF4). The compounds have shown to possess enhanced antiproliferative 

properties in human ovarian cancer cells sensitive and resistant to Cisplatin compared to the 

“free” lansoprazole-type ligands. 

  Preliminary data on the lansoprazole-based complexes suggest that inhibition of V-

H
+
-ATPase activity may represent an important aspect of its mechanism of action compared 

to the case of gold(I) complexes containing the lansoprazole reduced precursor. Certainly, 

several differences in the compounds’ structure may account for the observed diverse 

biological effects, including differences in transport mechanisms.  

  Although further studies are necessary to validate the mechanisms of action of these 

new complexes, we believe that our results hold promise to design novel cytotoxic metal 

compounds that can be activated via the microenvironmental acidification by cancer tissues 

and whose biological targets may differ from those of classical Pt(II) chemotherapic agents. 

 



CHAPTER 6: Gold(I) compounds with lansoprazole-type ligands 

 

 

190 

 

Experimental section 

General procedures 

 

All starting materials were used as received from commercial sources; 2-((3-methyl-4-(2,2,2-

trifluoroethoxy)pyridin-2-yl)methylthio)-1H-benzo[d]imidazole (HL
1
) and 2-((3-methyl-4-

(2,2,2-trifluoroethoxy)pyridin-2-yl)methylsulfinyl)-1H-benzo[d]imidazole (HL
2
) were 

synthesized according to a literature method.
25

 The precursors [AuCl(PPh3)],
26 

[AuCl(PTA)],
27

 [AuCl(tht)]
28

 and Na[Au(sac)2]
22

 were prepared according to literature 

procedures. Elemental analyses were performed with a Perkin-Elmer elemental analyzer 

240B. Infrared spectra were recorded with a FT-IR Jasco 480P using nujol mulls. 
1
H and 

31
P{

1
H} NMR spectra were recorded with a Bruker Avance III 400 and with a Varian VXR 

300 spectrometers at 298 K.
 
Chemical shifts are given in ppm relative to internal TMS or to 

the solvent residual peak(s) for 
1
H and external 85% H3PO4 for 

31
P{

1
H}; J values are given 

in Hz. 

  

 
 

Figure 4: General 
1
H labelling used for the attribution of the NMR signals. 

 

Spectroscopic data of HL
1
.  

 
1
H NMR (CDCl3): δ 12.6 (s, 1H, NH), 8.41 (d, JH-H = 6.0 Hz, 1H, H

6
), 7.54 (m, JH-H = 9.3, 

6.0, 3.3 Hz, 2H, H
3’

, H
6’

), 7.19 (m, JH-H = 9.3, 6.0, 3.3 Hz, 2H, H
4’

, H
5’

), 6.72 (d, JH-H = 6.0 

Hz, 1H, H
5
), 4.43 (q, JH-F = 8.0 Hz, 2H, CH2CF3), 4.42 (s, 2H, CH2S), 2.32 (s, 3H, CH3); 

(CD2Cl2): δ 12.8 (s, 1H, NH), 8.46 (d, JH-H = 5.7 Hz, 1H, H
6
), 7.55 (m, JH-H = 9.3, 6.0, 3.3 

Hz, 2H, H
3’

, H
6’

), 7.20 (m, JH-H = 9.3, 6.0, 3.3 Hz, 2H, H
4’

, H
5’

), 6.79 (d, JH-H = 5.7 Hz, 1H, 

H
5
), 4.49 (q, JH-F = 7.8 Hz, 2H, CH2CF3), 4.46 (s, 2H, CH2S), 2.34 (s, 3H, CH3). Selected IR 

bands (ν/cm
-1

, nujol mull): 3556 (NH), 1660 (C-C, C-N ring stretch.), 1577, 1444, 1410, 

1290, 1256 (asym. C-O-C), 1167, 1109, 976, 746. 
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Spectroscopic data of HL
2
.  

 
1
H NMR (CDCl3): δ 11.4 (br, 1H, NH), 8.35 (d, JH-H = 5.6 Hz, 1H, H

6
), 7.81 (m, 1H, H

6’
), 

7.50 (m, 1H, H
3’

), 7.34 (m, JH-H = 9.6, 6.4, 3.2 Hz, 2H, H
4’

, H
5’

), 6.68 (d, JH-H = 5.6 Hz, 1H, 

H
5
), 4.77 (AB quartet, JAB = 13.6 Hz, 2H, CH2SO), 4.38 (q, JH-F = 8.0 Hz, 2H, CH2CF3), 2.23 

(s, 3H, CH3); (DMSO-d6): δ 8.29 (d, JH-H = 5.6 Hz, 1H, H
6
), 7.62 (m, AA’ part of an 

AA’BB’, JH-H = 9.3, 6.1, 3.2 Hz, 2H, H
3’

, H
6’

), 7.25 (m, BB’ part, JH-H = 9.3, 6.1, 3.2 Hz, 2H, 

H
4’

, H
5’

), 7.09 (d, JH-H = 5.6 Hz, 1H, H
5
), 4.90 (q, JH-F = 8.6 Hz, 2H, CH2CF3), 4.77 (AB 

quartet, JAB = 13.7 Hz, 2H, CH2SO), 2.18 (s, 3H, CH3). Selected IR bands (ν/cm
-1

, nujol 

mull): 3416 (NH), 1585 (C-C, C-N ring str.), 1267 (asym. C-O-C), 1164, 1113, 1039 (S=O), 

973, 746. 

 

Synthesis  

 

Mononuclear complexes 

 

[Au(HL
1
)Cl] (1a)  

 

A solution of HL
1
 (1 eq., 177.0 mg, 0.5 mmol) in CH2Cl2 (20 mL) was added to a solution of 

[AuCl(tht)] (1eq., 160.3 mg, 0.5 mmol) in the same solvent (20 mL). The resulting mixture 

was stirred for 24 h at room temperature in the dark. Afterward the solution was filtered 

through Celite and concentrated to a small volume. Addition of diethyl ether afforded a 

white solid that was filtered off and vacuum-dried (220 mg, 75 % yield). Mp 170 °C. 
1
H 

NMR (CD2Cl2): δ 8.49 (d, JH-H = 5.6 Hz, 1H, H
6
), 7.71 (m, JH-H = 9.6, 6.6, 3.3 Hz, 1H, H

6’
), 

7.63 (m, JH-H = 9.3, 6.0, 3.3 Hz, 1H, H
3’

), 7.38 (m, JH-H = 9.3, 6.6, 3.6 Hz, 2H, H
4’

, H
5’

), 6.86 

(d, JH-H = 6.0 Hz, 1H, H
5
), 4.54 (s, 2H, CH2-S), 4.53 (q, JH-F = 8.0 Hz, 2H, CH2CF3), 2.37 (s, 

3H, CH3). Selected IR bands (ν/cm
-1

, nujol mull): 1587, 1508, 1265, 1176, 1113, 744, 341 

(Au-Cl). Anal. Calcd. for C16H14AuClF3N3OS (585.78): C, 32.81; H, 2.41; N, 7.17. Found: 

C, 32.80; H, 2.31; N, 7.25. 

 

[Au(HL
1
)(PPh3)](BF4) (2a-BF4) 

  

To a solution of [AuCl(PPh3)] (1 eq., 274.4 mg, 0.5 mmol) in dichloromethane (20 mL) was 

added a solution of AgBF4 (1.1 eq., 107.0 mg, 0.55 mmol) in the same solvent (10 mL); the 

resulting suspension was stirred in the dark until AgCl precipitation was completed; then the 

filtered solution was added to a solution of HL
1
 (1 eq., 177.0 mg, 0.5 mmol) in the same 

solvent (10 mL) and the reaction mixture was stirred for 3 h at room temperature in the dark. 

Afterward the solution was filtered through Celite and concentrated to a small volume, 

addition of diethyl ether afforded a white solid that was filterd off and vacuum-dried to give 

the analytical sample (180 mg, 40 % yield). Mp 155 °C. 
1
H NMR (CDCl3): δ 12.6 (br, 1H, 
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NH), 8.09 (d, br, JH-H = 5.2 Hz, 1H, H
6
), 7.71 (m, br, 2H, H

3’
, H

6’
), 7.64-7.52 (m, 15H, PPh3), 

7.28 (m, br, 2H, H
4’

, H
5’

), 6.65 (d, JH-H = 6.0 Hz, 1H, H
5
), 4.64 (s, 2H, CH2-S), 4.32 (q, JH-F = 

8.0 Hz, 2H, CH2CF3), 2.00 (s, 3H, CH3). 
31

P NMR (CDCl3): δ 31.6 ppm (s, PPh3). Selected 

IR bands (ν/cm
-1

, nujol mull): 1581, 1438, 1291, 1262, 1166, 1103 (PPh3), 1057 (BF4
-
), 970, 

745, 693. Anal. Calcd for C34H29AuBF7N3OPS (899.42): C, 45.40; H, 3.25; N, 4.67. Found: 

C, 45.18; H, 3.14; N, 4.69. 

 

[Au(HL
2
)(PPh3)](BF4) (2b-BF4) 

 

Same procedure as for 2a-BF4 (298 mg, 65% yield). Mp 130 °C. 
1
H NMR (CDCl3): δ 8.33 

(br, 1H, H
6
), 7.74 (br, 2H, H

3’
, H

6’
), 7.53 (br, 15H, PPh3), 7.36 (m, JH-H = 9.1, 6.0, 3.0 Hz, 

2H, H
4’

, H
5
), 6.67 (d, JH-H 5.6 Hz, 1H, H

5
), 4.76 (AB, JAB = 13.6 Hz, 2H, CH2SO), 4.36 (br, 

2H, OCH2CF3), 2.18 (br, 3H, CH3). 
31

P NMR (CDCl3): δ 31.2 ppm (s, PPh3). Selected IR 

bands (ν/cm
-1

, nujol mull): 3419, 1632, 1579, 1437, 1261, 1165, 1102 (PPh3), 1060 (BF4
-
), 

748, 712, 693. Anal. Calcd for C34H29AuBF7N3O2PS (915.42): C, 44.61; H, 3.19; N, 4.59. 

Found: C, 44.38; H, 3.19; N, 4.67. 

 

Na[Au(L
1
)(sac)] (Na-3a)  

 

A solution of HL
1
 (1 eq., 177.0 mg, 0.5 mmol) in MeCN (20 mL) was added to a solution of 

Na[Au(sac)2] (1 eq., 292.0 mg, 0.5 mmol) in the same solvent (20 mL). The resulting 

solution was stirred for 24 h at room temperature in the dark. Afterward the solvent was 

removed under vacuum, the residue taken up with CHCl3 and the filtered solution 

concentrated to a small volume. Addition of diethyl ether afforded a white solid that was 

filtered off and vacuum-dried to give the analytical sample (165 mg, 45% yield). Mp 220 °C. 
1
H NMR (CD2Cl2): δ 8.51 (d, JH-H = 5.2 Hz, 1H, H

6
), 7.94 (d, JH-H = 6.4 Hz, 1H, H

3”
 sac), 

7.87 (d, JH-H = 6.8 Hz, 1H, H
6”

 sac), 7.76 (m, 3H, H
3’

 + H
4”

, H
5”

 sac), 7.67 (m. br 1H, H
6’

), 

7.40 (m, CD part, JH-H = 9.0, 6.0, 2.7 Hz, 2H, H
4’

, H
5’

), 6.88 (d, JH-H = 5.6 Hz, 1H, H
5
), 4.57 

(s, 2H, CH2-S), 4.53 (q, JH-F = 7.8 Hz, 2H, CH2CF3), 2.36 (s, 3H, CH3). Selected IR bands 

(ν/cm
-1

, nujol mull): 1689 (C=O), 1581, 1290 (asym SO2), 1261, 1171 (sym SO2), 1111, 972, 

746. Anal. Calcd for C23H17AuF3N4NaO4S2 (754.49): C, 36.61; H, 2.27; N, 7.43. Found: C, 

36.45, H, 2.37, N, 7.37. 

 

[Au(L
1
)(PPh3)] (4a)  

 

To a solution of [AuCl(PPh3)] (69.3 mg, 0.14 mmol) in acetone (20 mL) was added a 

solution of AgBF4 (27.3 mg, 0.14 mmol) in the same solvent (10 mL); the resulting mixture 

was stirred in the dark until AgCl precipitation was completed. Then, the filtered solution 

was added to a solution of HL
1
 (50.0 mg, 0.14 mmol) and KOH (7.9 mg, 0.14 mmol) in 

MeCN (5 mL) and H2O (20 mL) and stirred for 24 h at room temperature in the dark. 
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Afterwards, the solvent was removed under vacuum and the residue taken up with 

dichloromethane; the filtered solution was concentrated to a small volume and diethyl ether 

added. The precipitate obtained was filtered, washed with diethyl ether, and vacuum-dried to 

give the analytical sample as a white solid. Yield 40 %. Mp 155 °C. 
1
H NMR (CDCl3): δ 

8.21 (d, JH-H = 5.6 Hz, 1H, H
6
), 7.62-7.48 (m, 17H, H

3’
+H

6’
 + H-PPh3), 7.08 (m, 2H, H

4’
, 

H
5’

), 6.59 (d, JH-H = 5.6 Hz, 1H, H
5
), 4.84 (s, 2H, CH2-S), 4.34 (q, JH-F = 8.0 Hz, 2H, 

CH2CF3), 2.29 (s, 3H, CH3). 
31

P NMR (CDCl3): δ 32.2 ppm (s, PPh3). Selected IR bands 

(ν/cm
-1

, nujol mull): 1656, 1294, 1263, 1153, 1113 (PPh3), 972, 750. Anal. Calcd for 

C34H28AuF3N3OPS (811.61): C, 50.32; H, 3.48; N 5.18. Found: C, 50.25; H, 3.31; N, 5.06. 

 

[Au(L
1
)(PTA)] (5a)  

 

An aqueous solution of KOH (1 eq., 28.1 mg, 0.5 mmol) (20 mL) was added to a solution of 

HL
1
 (1 eq., 177.0 mg, 0.5 mmol) in MeCN (3 mL); the resulting solution was added to an 

aqueous suspension of [AuCl(PTA)] (1 eq., 195.0 mg, 0.5 mmol) (20 mL) and the resulting 

mixture stirred for 24 h at room temperature in the dark. Afterward the white solid was 

collected by filtration under vacuum and washed with H2O, EtOH, Et2O. Recrystallization 

from acetone/Et2O gave the analytical sample (194 mg, 55% yield). Mp 130 °C. 
1
H NMR 

(CDCl3): δ 8.36 (d, JH-H = 6.0 Hz, 1H, H
6
), 7.57 (m, br, 2H, H

3’
, H

6’
), 7.07 (m, br, 2H, H

4’
, 

H
5’

), 6.64 (d, JH-H = 5.2 Hz, 1H, H
5
), 4.85 (s, 2H, CH2S), 4.50 (q, AB, JAB = 13.6 Hz, 6H, 

NCH2N), 4.39 (q, JH-F = 8.0 Hz, 2H, CH2CF3 ), 4.22 (s, 6H, NCH2P), 2.35 (s, 3H, CH3). 
31

P 

NMR (CDCl3): δ -58.8 ppm (TPA). Selected IR bands (ν/cm
-1

, nujol mull): 1579, 1392, 

1284, 1167, 1109, 1012, 972, 742. Anal. Calcd for C22H25AuF3N6OPS (706.47): C, 37.40; H, 

3.57; N, 11.90. Found: C, 37.21; H, 3.48; N, 11.75. 

 

[Au(L
2
)(PTA)] (5b) 

  

Same procedure as for 5a. Recrystallization from acetone/Et2O gave the analytical sample 

(246 mg, 68% yield). Mp 120 °C. 
1
H NMR (CDCl3): δ 8.36 (d, JH-H = 5.6 Hz, 1H, H

6
), 7.74 

(br, 2H, H
3’

,H
6’

), 7.23 (m, JH-H = 9.2, 6.0, 3.2 Hz, 2H, H
4’

, H
5’

), 6.68 (d, JH-H = 5.6 Hz, 1H, 

H
5
), 4.70 (q, AB, JAB = 13.5 Hz, 2H, CH2SO), 4.57 (q, AB, JAB = 13.5 Hz, 6H, NCH2N), 

4.41 (q, JH-F = 8.0 Hz, 2H, OCH2CF3), 4.36 (s, 6H, N-CH2-P), 2.28 (s, 3H, CH3). 
1
H NMR 

(acetone-d6): δ 8.34 (d, JH-H = 5.4 Hz, 1H, H
6
), 7.62 (m, AA’ part of an AA’BB’, JH-H = 9.0, 

6.0, 3.3 Hz, 2H, H
3’

, H
6’

), 7.12 (m, BB’ part, JH-H = 9.0, 5.7, 2.7 Hz, 2H, H
4’

, H
5’

), 7.07 (d, JH-

H = 5.4 Hz, 1H, H
5
), 4.83 (q, JH-F = 8.4 Hz, 2H, OCH2CF3), 4.71 (AB, JAB = 12.9 Hz, 6H, N-

CH2-N), 4.57 (s, 2H, CH2SO), 4.52 (s, 6H, N-CH2-P), 2.27 (s, 3H, CH3). 
31

P NMR (CDCl3): 

δ -58.6 ppm (s, TPA). Selected IR bands (ν/cm
-1

, nujol mull): 1680, 1583, 1405, 1284, 1265, 

1163, 1106, 1038, 1016, 973, 748. Anal. Calcd for C22H25AuF3N6O2PS (722.47): C, 36.57; 

H, 3.49; N, 11.63. Found C, 36.39; H, 3.43; N, 11.48. 
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Dinuclear Complexes 

 

[Au2(L
1
)(PPh3)2](BF4) (7a-BF4) 

  

A solution of HL
1
 (1 eq., 98.9 mg, 0.28 mmol) and NaH (1 eq., 6.72 mg, 0.28 mmol) in THF 

(20 mL) was stirred for 10 minutes. Then the solvent was removed under vacuum and a 

dichloromethane solution of [Au(PPh3)](BF4) (2 eq., 0.56 mmol in 20 mL) added to the 

residue. The resulting mixture was stirred for 5 h at room temperature, in the darkness. 

Afterward the suspension was filtered through Celite and concentrated to a small volume. 

Addition of diethyl ether afforded a white solid of 7a-BF4 (281 mg, 74% yield). Mp 190 °C. 
1
H NMR (CDCl3): δ 8.03 (d, JH-H = 5.2 Hz, 1H, H

6
), 7.75 (m, 2H, AA’ part of an AA’BB’, 

JH-H = 8.8, 5.6, 3.2 Hz, H
3’

, H
6’

), 7.63-7.55 (m, 30H, PPh3), 7.34 (m, BB’ part, JH-H = 8.8, 5.6, 

2.8 Hz, 2H, H
4’

, H
5’

), 6.67 (d, JH-H = 5.6 Hz, 1H, H
5
), 4.59 (s, 2H, CH2S), 4.30 (q, JH-F = 8.0 

Hz, 2H, CH2CF3), 1.92 (s, 3H, CH3). 
31

P NMR (CD2Cl2): δ 31.2 and 33.1 ppm. Selected IR 

bands (ν/cm
-1

, nujol mull): 1679, 1581, 1261, 1165, 1105 (PPh3), 1059 (BF4
-
), 970, 837, 746, 

692. Anal. Calcd for C52H43Au2BF7N3OP2S (1357.66): C, 46.00; H, 3.19; N, 3.10. Found: C, 

46.02; H, 3.23; N, 2.97. 

 

[Au2(L
2
)(PPh3)2](BF4) (7b-BF4)  

 

Same procedure as for 7a-BF4 (219 mg, 57% yield). Mp 135 °C. 
1
H NMR (CDCl3): δ 7.95 

(d, br, JH-H = 4.8 Hz, 1H, H
6
), 7.81 (m, AA’ part of an AA’BB’, JH-H = 8.8, 5.6, 2.8 Hz, 2H, 

H
3’

, H
6’

), 7.59 (m, br, 30H, PPh3), 7.39 (m, br, BB’ part, JH-H = 9.2, 5.2, 3.2 Hz, 2H, H
4’

, H
5’

), 

6.78 (d, JH-H = 5.6 Hz, 1H, H
5
), 4.78 (q, AB, JH-H = 13.2 Hz, 2H, CH2SO), 4.27 (qd, JH-F = 

8.0, 3.2 Hz, 2H, CH2CF3), 1.93 (s, 3H, CH3). 
31

P NMR (CDCl3): δ 31.0 and 33.2 ppm. 

Selected IR bands (ν/cm
-1

, nujol mull): 1682, 1579, 1261, 1167, 1103 (PPh3), 1057 (BF4
-
), 

970, 810, 748, 694. Anal. Calcd for C52H43Au2BF7N3O2P2S (1373.66): C, 45.47; H, 3.16; N, 

3.06. Found: C, 45.33; H, 2.92; N, 2.88. 

 

Cell viability assay 

 

The human ovarian cancer A2780 and A2780cisR cells, (obtained from the European Centre 

of Cell Cultures ECACC, Salisbury, UK) were cultured in RPMI medium containing 

GlutaMax-I supplemented with 10% FBS and 1% penicillin/streptomycin (all from 

Invitrogen), at 37°C in a humidified atmosphere of 95% of air and 5% CO2 (Heraeus, 

Germany). Non-tumoral human embryonic kidney cells HEK-293T were cultivated in 

DMEM medium with GlutaMax-I, 10% FBS and 1% penicillin/streptomycin, incubated in 

the same conditions as other cell lines. For evaluation of growth inhibition, cells were seeded 

in 96-well plates (Costar, Integra Biosciences, Cambridge, MA) at a concentration of 10000 

cells/well and grown for 24 h in complete medium. Solutions of the compounds were 



CHAPTER 6: Gold(I) compounds with lansoprazole-type ligands 

 

 

195 

 

prepared by diluting a freshly prepared stock solution (10
-2

 M in DMSO) of the 

corresponding compound in aqueous media (RPMI or DMEM depending on the cell lines). 

The percentage of DMSO in the culture medium never exceeded 0.2%: at this concentration 

DMSO has no effect on the cell viability. Cisplatin (Sigma-Aldrich) stock solutions were 

prepared at 1 mM conc. in MilliQ water. Afterwards, the intermediate dilutions of the 

compounds were added to the wells (200 μL) to obtain a final concentration ranging from 0 

to 200 μM, and the cells were incubated for 72 h. Following 72 h drug exposure, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to the cells at a 

final concentration of 0.50 mg.ml
-1

 incubated for 3-4 h, then the culture medium was 

removed and the violet formazan dissolved in DMSO. The optical density of each well (96-

well plates) was quantified in quadruplicate at 540 nm using a multi-well plate reader and the 

percentage of surviving cells was calculated from the ratio of absorbance between treated 

and untreated cells. The IC50 value was calculated as the concentration reducing the 

proliferation of the cells by 50% and is presented as a mean (± SE) of at least three 

independent experiments. 

 

Measurement of intracellular ATP content 

 

Cellular ATP levels as an indirect parameter of the activity of V-H
+
-ATPase were 

determined using a bioluminescence-based assay (Roche diagnostic, Mannheim, Germany). 

Thus, 1x10
4
 cells per well were allowed to attach in white-bottom 96-well plates overnight. 

Then cells were treated with compounds at different concentrations (2 M and 5 M) for 3 h 

at 37°C. The medium was then removed, and the cells were lysed as previously reported.
29

 

ATP content was quantified using the above mentioned detection kit and measuring the 

luminescence signal in a black 96-well plate Lucy1 luminometer (Anthos, Durham, NC, 

USA) using a standard ATP calibration curve. The ATP content was related to protein 

content determined by the Lowry protein assay (Bio Rad, Veenendaal, The Netherlands). 

Results are expressed as a mean (± SE) of at least three independent experiments. 
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