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Introduction 

The necessity for novel anticancer agents is obvious 

because of insufficient drugs. The anticancer agents 

must be effective for cancer therapy, increasing the 

lifetime and improving quality of life in cancer 

patients.
1
  

Regulation of cellular growth is done by switching 

between the inactive and the active state of membrane-

bound GTP binding proteins (G-proteins). Mutation of 

the GTP-binding protein Ras that has a key role in cell 

signaling pathways, can lead to uncontrolled 

proliferation.  

Approximately, 30% of all human cancers are because 

of mutation of human ras proteins, reaching as high as 

90% for pancreas cancer, 50% for colorectal cancer and 

and 40% for lung. A CAAX tetrapeptide motif exists at 

their C-terminal of these G-proteins (C: Cys, A: an 

aliphatic amino acid, X: Ser, Met, Gln, Ala typically 

Met).
1-6

 Ras proteins is undergone a series of 

modification for their biological functions. Their 

activation are started by the alkylation (i.e., 

farnesylation) of cysteine in CAAX motif. 

Farnesyltransferase (FTase) as a zinc-containing 

metalloenzyme identify the CAAX tetrapeptide 

sequence and add the 15 carbon isoprenoid, called a 

farnesyl group, from farnesyldiphosphate (FPP) to the 

thiol of cysteine. The farnesylation is an important step 

for the biological activity of Ras proteins and is a 

valuable target for chemotherapy.
1,2,7,8

 Peptidomimetic 

FTase inhibitors are a class of inhibitors which have a 

thiol moiety. Their thiol moiety could be bound to zinc 

ion of the FTase enzyme. Replacement of thiol group 

by another zinc binding moiety such as an imidazole or 

other heterocyclic rings made non-thiol, non-peptidic, 

imidazole or non-imidazole containing inhibitors.
9
 

More than a decade later, researchers reported many 

groups of imidazole-containing FTase inhibitors which 

were tested in clinical trials, including L778123 and 

tipifarnib (Figure 1). 

 

 
Figure 1. Chemical structures of farnesyltransferase inhibitors: 

(a) Tipifarnib, (b) L778123. 

 

Doxorubicin is a potent chemotherapy drug which 

inhibits topoisomerase II. Doxorubicin-containing 

regimens are used in wide range of cancers include 

lung, colorectal, breast, esophageal, bladder, ovarian, 

and head and neck cancers, along with lymphomas and 

multiple myeloma.
10,11
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Purpose: Farnesyltransferase (FTase) is a zinc-dependent enzyme that adds a farnesyl 

group to the Ras proteins. L778, 123 is a potent peptidomimetic imidazole-containing 

FTase inhibitor. Methods: L778123 was synthesized according to known methods and 

evaluated alone and in combination with doxorubicin against A549 (adenocarcinomic 

human alveolar basal epithelial cells) and HT29 (human colonic adenocarcinoma) cell 

lines by MTT assay. Results: L778123 showed weak cytotoxic activity with IC50 of 100 

and 125 for A549 and HT-29 cell lines, respectively. The combination of doxorubicin 

and L778123 can decrease IC50 of doxorubicin in both cell lines significantly. 

Conclusion: It can be concluded that L778, 123 can be a good agent for combination 

therapy. 
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In this study, we report synthesis and comparison of 

cytotoxic activity of L778123 and doxorubicin alone 

and in combination with each other against A549 

(adenocarcinomic human alveolar basal epithelial cells) 

and HT29 (human colonic adenocarcinoma) cell lines. 

 

Materials and Methods  

Chemistry 

All reagents and solvents were prepared from Merck 

and Sigma Aldrich. L-778123 was synthesized was 

prepared according to known methods described 

previously.
10

 Melting points were measured with an 

Electrothermal-9100 melting point apparatus and are 

uncorrected. The IR spectra were recorded on a 

Shimadzu 4300 spectrophotometer (potassium bromide 

dicks). 
1
HNMR and 

13
CNMR spectra were recorded on 

a Varian unity 500 spectrometer and chemical shifts (δ) 

are reported in parts per million (ppm) using 

tetramethylsilane (TMS) as an internal standard. The 

mass spectra were run on an Agilent 6410 LC-MS at 70 

eV. Merck silica gel 60. F254 plates were used for 

analytical TLC. 

 

Synthesis of 4-{[5-(hydroxymethyl)-2-mercapto-1H-

imidazol-1-yl]methyl-Benzonitrile (1) 

A mixture of 4-(Aminomethyl)benzonitrile 

hydrochloride (4.21 g, 25 mmol), dihydroxyacetone 

dimmer (DHA) (2.47 g, 27.5 mmol), potassium 

thiocyanate (KSCN) (3.64 g, 37.5 mmol), acetic acid 

(3g, 50 mmol) in acetonitrile (24 mL) and water (1.0 

mL) were stirred at 55 °C overnight. The mixture was 

cooled to room temperature and filtered. The 

precipitate was washed with acetonitrile (25 mL), water 

(50 mL) and ethylacetate (EtOAc) (25 mL) 

respectively. The solid was dried at 40 
o
C overnight to 

yield 1. 

Yield: 73%; m.p = 159-161 
o
C; IR νmax (KBr)/cm

-1
: 

3120(OH), 2570 (SH), 2230(nitrile), 1620(C=N). 
1
HNMR (250 MHz, d6-DMSO): δ 12.25 (s, 1H), 7.80 

(d, J = 8.5, 2H), 7.37 (d, J = 8.5, 2H), 6.91 (s, 1H), 

5.38 (s, 2H), 5.24 (s, 1H), 4.16 (s, 2H). 

 

Synthesis of 4-{[5-(hydroxymethyl)-1H-imidazol-1-

yl]methyl} benzonitrile (2) 

A solution of sodium nitrite (1.1 g, 16.00 mmol) in 

water (1.2 mL) was added to a mixture of thioimidazole 

1 (1 g, 4.00 mmol) in acetic acid (20 mL) over 30 min 

at room temperature. Ice (10 g) and then ammonia was 

added to bring the pH=11 at temperature between 20-

30
o
C. The resulting mixture was stirred for 30 min and 

filtered. The solid was washed with 2:1 water-methanol 

(30 mL) respectively. The solid was dried to provide 

dethionated imidazole 2. 

Yield: 85%; mp = 164-166 °C; IR νmax (KBr)/cm
-1

: 

3130(OH), 2230 ( nitrile), 1680(C=N); 
1
HNMR (500 

MHz, DMSO-d6): δ 7.83 (d, J = 8, 2H), 7.72 (s, 1H), 

7.3 (d, J = 8, 2H), 6.86 (s, 1H), 5.35 (s, 2H), 5.12 (s, 

1H), 4.29 (s, 2H). 

 

Synthesis of 4-{[5-(chloromethyl)-1H-imidazol-1-yl] 

methyl}benzonitrile Hydrochloride (3) 

Oxalyl chloride (1 mL, 11.5 mmol) was added over 30 

min to a mixture of DMF (1.78 mL) and acetonitrile 

(25.6 mL) at temperature below 10 °C to give a white 

mixture. The mixture was added to a suspension of 2 

(2.13 g, 10 mmol) in acetonitrile (17 mL) over 30 min 

while maintaining the temperature below 6 °C. The 

mixture was warmed to 25 °C, aged for 3 h and then 

cooled to 0 °C and aged for 60 min. The solid was 

filtrated, washed with ice-cold acetonitrile (15 mL) and 

dried to yield 3. 

Yield: 90%; mp = 204-207 °C; IR νmax (KBr)/cm
-1

: 

3100(NH
+
), 2230 ( nitrile), 1610(C=N); 

1
HNMR (500 

MHz, DMSO-d6): δ 9.50 (d, J=1 Hz. 1H), 7.92 (s, 1H), 

7.89 (d, J = 8 Hz, 2H), 7.56 (d, J = 8 Hz, 2H), 5.72 (s, 

2H), 4.94 (s, 2H), 4.40 (br s, 1H). 

 

Synthesis of N
1
-(3-chlorophenyl)-N

2
-(2-hydroxyethyl) 

glycinamide (4) 

To a mixture of 3-chloroaniline (10 g, 78.25 mmol) in 

isopropyl acetate (90 mL) and potassium bicarbonate 

(15.62 g, 105.5 mmol) in water (75 mL) was added 

chloroacetyl chloride (12 g, 105.5 mmol) dropwise 

over 1 h maintained under 10 °C. The aqueous layer 

was removed the organic phase containing 

chloroacetamide was treated with ethanolamine (7.5 

mL, 122.78 mmol). The mixture was warmed to 55 °C 

and aged for 1 h. Water (30 mL) and isopropyl acetate 

(7.5 mL) were added and the mixture was stirred 

vigorously at 55 °C for 30 minutes. The organic layer 

was separated and cooled to 0 °C over 1 h. The 

precipitate was filtrated, washed with cooled isopropyl 

acetate (2 × 15 mL) and dried to obtain 4. 

Yield: 75%; mp = 103-105 °C; IR νmax (KBr)/cm
-1

 : 

3260 (NH), 3200 (OH), 1690 (C=O); 
1
HNMR (400 

MHz, DMSO-d6): δ 10.10 (br s, 1H), 7.86 (brt, 1H), 

7.53 (d, J = 7.4, 1H), 7.33 (t, J = 8.0, 1H), 7.10 (d, J = 

7.4, 1H), 4.66 (br s, 1H), 3.48 (t, J = 4.5, 2H), 3.31 (s, 

2H), 2.62 (t, J =5.5, 2H); 
13

CNMR (75 MHz, DMSO-

d6): δ 170.9, 140.1, 133.0, 130.3, 122.9, 118.6, 117.5, 

60.3, 52.7, 51.5. 

 

Synthesis of 1-(3-chlorophenyl) piperazine-2-one 

hydrochloride (5) 

Diisopropylazodicarboxylate (DIAD) (5.1 g, 27 mmol) 

was added over 1.5 h to a mixture of tributylphosphine 

(5.5 g, 27 mmol) and EtOAc (15 mL) under the 

nitrogen atmosphere maintained under 0 °C. The 

mixture was aged at 0 °C for 30 min. The resulting 

solution was added over 1.5 h to a solution of amide 

alcohol 4 (4.52 g, 20 mmol) in EtOAc (30 mL) 

maintained under 0 °C and the mixture was warmed to 

room temperature over 1 h. Ethanolic HCl (4 M, 5.2 

mL, 19.75 mmol) was added to the solution at 40 °C 

over 2 h. The resulting slurry was cooled to 0 °C and 

aged at 0 °C for 1 h. The hydrochloride salt was 

filtered, washed with chilled EtOAc (3 × 10 mL) and 

dried to afford 5. 
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Yield: 71%; mp = 232-235 °C; IR νmax (KBr)/cm
-1

: 

3200-2400 (NH
+
), 1660 ( Amide C=O); 

1
HNMR (400 

MHz, DMSO-d6): δ 10.24 (br s, 2H), 7.50-7.31 (m, 

4H), 3.92 (t, J = 4.8, 2H), 3.85 (s, 2H), 3.52 (t, J = 4.8, 

2H); 
13

CNMR (75 MHz, DMSO-d6): δ 162.1, 142.6, 

132.9, 130.7, 127.0, 126.0, 124.5, 46.1, 44.9, 39.9.  

 

Synthesis of 4[(5-{[4-(3-chlorophenyl)-3-oxopiperazin-

1-yl] methyl}-1Himidazol-1 yl) methyl] benzonitrile (6) 

A solution of 5 (4.11 g, 16.5 mmol) in acetonitrile (27 

mL), i-Pr2NEt (9.30 mL, 52.9 mmol) and 3 (5.00 g, 

17.2 mmol) was stirred at 0 °C for 48 h. Water (10 mL) 

and N,N-diisopropylethylamine (i-Pr2Net) (0.63 mL) 

were added. The solution was aged at 0 °C for 30 min 

and heated to 35 °C. Water (41 mL) was added over 5 

min, and the solution was aged for 5- 10 min at 35 °C. 

Additional water (38 mL) was added over 30 min and 

the mixture was aged for 30 min at 35 °C. The mixture 

was cooled at 0 °C for 1 h. The crystals were filtrated 

and washed with ice-cold 1:5 acetonitrile/H2O (25 mL) 

and 1:9 acetonitrile/H2O at 5 °C (2 × 30 mL). The solid 

was dried to yield 6. 

Yield: 80%; mp = 90-92 °C; IR νmax (KBr)/cm
-1

: 

2240(C=N), 1640 ( Amide C=O),; 
1
HNMR (400 MHz, 

DMSO-d6): δ 10.24 (br s, 2H), 7.87-6.94 (m, 8H), 5.40 

(s, 2H), 3.45 (s, 2H), 3.33 (s, 2H), 3.32 (d, J=5.5,2H), 

3.03 (s, 2H), 2.6 (t, J = 5.1, 2H); 
13

CNMR (75 MHz, 

DMSO-d6): δ 165.6, 143.9, 143.2, 139.4, 132.8, 132.3, 

130.2, 129.1, 127.4, 126.8, 126.1, 125.6, 124.0, 118.5, 

109.9, 56.6, 49.1, 48.7, 48.0, 47.3. MS (ESI): 407.19 

[M+H]. 

 

Growth inhibition assay 

Cytotoxicity of L778, 123, doxorubicin and 

combination of them was examined with MTT assay at 

1-200µM concentrations against two human cancer cell 

lines including A549 (adenocarcinomic human alveolar 

basal epithelial cells) and HT29 (human colonic 

adenocarcinoma) cells. Cell suspensions were seeded in 

96-well plates with concentrations of 8000-10000 A549 

cells and 15000-20000 HT29 cells per well and 

incubated for 24 h to allow cell attachment. The cells 

were treated for 72 h with four various concentrations 

of L778, 123, doxorubicin and combination of them. 

Culture medium were replaced with 150 μl fresh media 

plus 50 μl MTT (3-(4, 5-dimethylthiazol- 2-yl)-2, 5-

diphenyl tetrazolium bromide) reagent (2mg/mL in 

PBS). An additional 4 h of incubation at 37 
o
C were 

done, and then the medium was discarded. 200 μl 

dimethyl sulfoxide plus 25μl sorenson buffer (0.1M 

NaCl, 0.1M glycine, pH: 10.5) was added to each well, 

and the solution was shacked for 15 min in 37 
o
C to 

dissolve the purple tetrazolium crystals. The 

absorbance of each well was measured by plate reader 

(SUNRISE TECAN, Austria) at a wavelength of 570 

nm. The amount of produced purple formazan is 

proportional to the number of viable cells. Experiments 

were performed two times in triplicate for 

determination of sensitivity to each compound. The 

IC50 was calculated by linear regression analysis, 

expressed in mean±SD.
12

 

 

Results and Discussion  

The synthesis of L778, 123 (Figure 2) was started from 

3-chloroaniline and 4-(Aminomethyl) benzonitrile 

hydrochloride. In one pot, 3-chloroaniline and 

chloroacetyl chloride in isopropyl acetate at 0 
o
C were 

mixed and then ethanolamine was added dropwise at 

55°C to give amide alcohol 4 in quantitative yield. 

Ring closure of the piperazinone was performed with 

triphenylphosphine and DIAD in ethyl acetate via 

Mitsunobu reaction at -10 °C to afford 1-(3-

Chlorophenyl) piperazine-2-one hydrochloride 5 in 

75% overall yield.
5,13,14

 

 

 
Figure 2. a) DHA, KSCN, CH3CN/H2O, 55 

o
C, 18h; b) NaNO2, AcOH, H2O, rt, 20 min; c) Oxalyl chloride, DMF/CH3CN, 0 

o
C to rt, 3h; d) 

Chloroacetyl chloride, iPrAc, 0 
o
C to rt, 1h; e) Ethanolamine, iPrAc, 55

o
C, 2h; f) DIAD, Tributylphosphine, EtOAc, -10 

o
C to rt, 1h; g) i-

Pr2NEt, CH3CN/H2O, 0 
o
C, 39h. 
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In another pot ring closure of imidazole was performed 

by dihydroxyacetone, potassium thiocyanate and acetic 

acid in acetonotrile/H2O to yield thioimidazole 1. There 

have been many reports on the dethionation of 

thioimidazole compounds to their dethionated 

derivatives using hydrogen peroxide, sodium nitrite and 

etc.,
5,10,13

 but the sodium nitrite as a dethionation 

reagent has better yield than other reagents.
10

 So, the 

dethionation of thioimidazole was perfomed in water 

by sodium nitrite at 20-30 °C to afford the dethionated 

imidazole 2 in 85% yield. The chlorination of the 

dethionated imidazole 2 was achieved using oxalyl 

chloride in DMF and acetonitrile to obtain intermediate 

3. Finally, the intermediates 3, 5 were reacted in 

presence of iPrNEt2 in acetonitrile for 48h at 0 
o
C to 

yield L778, 123 as free base with 80% yield. Synthesis 

of L778123 was done in 7 steps with overall yield of 

24%.
10

 

The results of cytotoxic activity were summarized as 

IC50 (µM) of L778, 123 and doxorubicin alone and in 

combination with each other by MTT assay in Table 1. 

The IC50 values of L778, 123 against A549 and HT29 

cell lines showed that this compound had significant 

cytotoxic activity at concentrations lower than 100 µM. 

The IC50 values of doxorubicin alone and in 

combination with L778123 against both cell lines was 

3.12, 2.75 µM and 1.72, 1.52 µM respectively. These 

results showed that however L778, 123 as a 

farnesyltransferase inhibitor can have a good cytotoxic 

activity but it is very weak in comparison with 

doxorubicin as a classic anti-cancer agent (Figure 3). 

On the other hand, combination of doxorubicin with 

L778123 can decrease IC50 of doxorubicin 

significantly. It means that combination of doxorubicin 

and L778123 may generate synergistic effects in both 

cell lines (Figure 4). 

 

Table 1. Cytotoxic activity (IC50, µM) of L778123 and 

Doxorubicin (DOX) against HT-29 and A549 cell lines. 

 A549 HT29 

L778123 100.72±2.16 125.78±2.45 

Doxorubicin 3.13±0.11 2.75±0. 15 

Combined DOX and L778123 1.72±0.13 1.52±0.16 

 

 

Conclusion 

In conclusion, L778, 123 was synthesized, 

characterized by IR, 
1
HNMR, 

13
CNMR, LC-Mass and 

identified as cytotoxic agents. Although this compound 

showed good potency with IC50 equal to 100 µM and 

125 µM for A549 and HT29 cell lines respectively, it is 

very weak in comparison with potent anticancer 

doxorubicin. L778, 123 can be a good agent for 

combination therapy with doxorubicin because of 

synergetic effects.  

 

 
Figure 3. Cell viability of L778123, Doxorubicin and a 

combination of L778123 and Doxorubicin after 72 h treatment 

in: a) A549 and, b) HT-29 cell lines. 

 

 

 
Figure 4. Cell viability of the combination of L778123 and 

Doxorubicin after 72 h treatment in A549 and HT-29. 
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