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Chiral synthesis of TH 3423 and 3424 
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Compound 2   

[0088]    Compound 1 (65 g) was refluxed in SOCl2 (150 mL) with DMF (2.5 mL) for 5 h to 

get a clear solution and then SOCl2 was removed under vacuum. The residue was diluted with 

toluene (30mL) and the solvents were removed again. The residue was used in the following 

step without further purification. 

Compound 3 

[0089]    A mixture of MgCl2 (21.0g, 221 mmol), TEA (100.0 mL, 717 mmol) and dimethyl 

malonate (41.0 mL, 359 mmol) was stirred with mechanical stir at RT for 2 hrs before 

compound 2 in THF (80 ml) was added. The resulting mixture was stirred at RT for 4 hrs 

before conc. HCl (90 mL) was added and stirred for 30 minutes. The mixture was extracted 

with EtOAc (300 mL x 3), concentrated under reduced pressure.  To the residue was added 

6N HCl (300 mL) and the mixture was refluxed overnight. The mixture was extracted with 

EtOAc (300 mL x 3), organic layer was washed with   NaHCO3(aq.) and dried (Na2SO4), 

filtered and concentrated under reduced pressure. The residue was recrystallized from 

AcOEt/Hex=1/3(V/V) to afford compound 3 as a light yellow solid (46 g).  1H NMR (CDCl3, 

400 MHz) δ: 8.16 (d, 1H), 7.86 (t, 2H), 2.68 (s, 3H) 

Compound 5: 

[0090]    Under argon, BH3.THF(1M, 11mL) was added to a solution of compound 4 in 1M 

toluene (3mL, 3 mmol) at 0oC. The solution was stirred for 30 min. then cooled down to -

40oC. A solution of compound 3 (1.83g, 10mmol) in THF(40mL) was added slowly during 4 

hrs at  -40 oC. The system was stirred at -40 oC for 2 hrs (TLC showed SM disappeared).  

MeOH (20ml) was added to about solution at -40 oC and the solution was stirred for 30 min.  

After the solvents were removed at rt and the residue was purification by column 

(Hex/AcOEt = 3/1 (V/V)) to get compound 5 (1.6 g) . 

[0091]    1HNMR (CDCl3, 400 MHz) δ: 8.05 (t, 1H), 7.34 (d, 1H), 7.27 (d, 1H), 4.99 (m,1H), 

1.51 (d, 3H). 

Compound 6 

[0092]    To a solution of POCl3 (1.6 mL, 17.25 mmol) in DCM (10 mL) at -40oC under 

argon was added compound 5 (1.6 g, 8.65mmol), then TEA (2.9 mL, 22.9 mmol) in 10 mL 

DCM.  The mixture was stirred at -40 oC for 6 hrs and then 2-Bromoethylamine 

hydrobromide(14.2g, 69.3 mmol) was added, TEA (9.6 mL) in DCM (10mL) was added 
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dropwise. The reaction mixture was stirred from -40 oC to rt overnight.  K2CO3 (8.3g in 80 

mL water) was added and mixture was stirred for 5 min. The mixture was extracted with 

DCM, dried over Na2SO4. Filtered, concentrated and then flash chromatography of silica gel, 

eluted with Acetone/Hexane = 0-100%) to afford compound 6 as yellow oil (2.68g, yield: 

65%).  

[0093]    1H NMR (CDCl3, 400 MHz) δ: 8.08 (t, 1H), 7.32 (d, 1H), 7.29 (d, 1H), 5.56 (m, 

1H), 3.34-3.56 (m, 2H), 3.32-3.42 (m, 4H), 3.08-3.26 (m, 4H), 1.62 (d, 3H). 31PNMR:14.44. 

Alternatively TH3424 can be synthesized by the following procedure: 

[0094]    Toluene (11ml/g) was added to a four necked glass bottle under nitrogen.  Agitation 

as started, POCl3 was added (1.025eq) to vessel 1 under nitrogen.  The contents of vessel1 

was cooled to -2~2 .  The solution of compound 1was added (1.0eq) and TEA(1.435eq) in 

toluene(11ml/g) dropwise at -2~2 .  The contents of vessel 1 was agitated at -2~2  for at 

1~2hours.  The contents was sampled for HPLC analyses for information. 2-

Bromoethylaminehydrobromide (3eq) was added to vessel 1. TEA (6eq) was added to 

vessel1 dropwise at -2~2 .  The contents of vessel 1 was agitated at 0 ~RT overnight.  The 

contents was sampled for HPLC analyses.  Workup procedure was as follows:  H2O(19ml/g) 

was added to vessel 1 and stir for 5~10 min.  The mixture was extracted with EA (19ml/g) for 

three times.  The organic phase was dried over Na2SO4 and filtered.  The mother liquor was 

concentrated at 40~50 .  The crude product was purified by chromatography of silica gel to 

get the purified product. 

Alternatively TH3424 can be synthesized by the following procedure: 

[0095]    Toluene (11ml/g) was added to a four necked glass bottle under nitrogen. Agitation 

was started and compound 1(1.0eq) and TEA (1.435eq) were added to vessel 1 under 

nitrogen.  The contents of vessel 1 were cooled to -2~2 .  POCl3 (1.025eq) was added to 

vessel 1 under nitrogen dropwise at -2~2 .  The contents of vessel 1 were agitated at -2~2 

 for at 1~2hours.  The contents were sampled for HPLC analyses for information.  2-

Bromoethylamine hydrobromide (3eq) was added to vessel 1. TEA (6eq) was added to vessel 

1 dropwise at -2~2 .  The contents of vessel 1were agitated at 0 ~RT overnight.  The 

contents were sampled for HPLC analyses.  The workup procedure was the same as above. 
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Alternatively TH3424 can be synthesized by the following procedure: 

[0096]    DCM (2.2ml/g) and POCl3 (1.91eq) were added to a four necked glass bottle under 

nitrogen.  The agitation was started and the contents of vessel 1 were cooled to -35~-40  

under nitrogen.  Compound 1(1.0eq)/DCM(4.5g/ml)  solution was added to vessel 1 under 

nitrogen dropwise at -35~-40 .  TEA (4.0eq)/DCM(4.5g/ml)  solution was added to vessel 1 

under nitrogen dropwise at -35~-40 .  The contents of vessel were agitated 1 at -35~-40  

for at 4~6 hours.  The contents were sampled for HPLC analyses for information. 2-

Bromoethylamine hydrobromide (8eq) was added to vessel 1 at -30~-40 .  TEA(12eq) was 

added to vessel1 dropwise at  -30~-40 .  The contents of vessel 1 were agitated at -30~-40  

for 1-2h.  The contents were sampled for HPLC analyses.  Workup procedure:  H2O (15ml/g) 

was added to vessel 1 and stirred for 5~10 min.  The aqueous phase was extracted with DCM 

(12.5ml/g) for one time.  The organic phase was dried over Na2SO4 and filtered.  The filtrate 

was concentrated at 20~30 .   The crude product was purified by chromatography to get the 

purified product.  

Compound 7 

[0097]    A mixture of compound 6 (2.68 g), Ag2O (3.92 g), in THF (30mL) was stirred at 

55oC overnight. After removal of solvent under vacuum, the residue was separated by flash 

chromatography on silica gel to yield light liquid 1.0 g of compound 7. 

[0098]    1H NMR (CDCl3, 400 MHz) δ: 8.05 (t, 1H), 7.34 (d, 1H), 7.29 (d, 1H), 5.66 (m,1H), 

2.02-2.24 (m, 8H), 1.61 (d, 3H). 31PNMR:31.55. 

TH 3424 (TH 2870 enantiomer 2) 

[0099]    A mixture of compound 7 (1.0g), compound 8 (785 mg), K2CO3 (880mg) in DMF 

(8 mL) was stirred at rt overnight. The mixture was diluted with water, extracted with DCM, 

dried over Na2SO4. Filtered, concentrated and then flash chromatography to afford compound 

9 as yellow oil (1.1g).  

[0100]    1H NMR (CDCl3, 400 MHz) δ: 7.97 (d, 1H), 7.41 (t,1H), 718-7.27 (m, 4H), 7.02-

7.12 (m, 3H),  5.59 (m,1H), 3.08 (s, 3H), 2.97 (s, 3H),  2.01-2.21 (m, 8H), 1.66 (d, 3H). 31P 

NMR: 31.27. 

Compound 11 

[0101]    Same procedure with compound 5. Compound 8 was used instead of compound 3. 

Yield: 50% 
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[0102]    1H NMR (CDCl3, 400 MHz) δ: 8.05 (t, 1H), 7.34 (dd, 1H), 7.27 (d, 1H), 4.99 

(m,1H), 1.51 (d, 3H). 

Compound 12 

[0103]    Same procedure with compound 6 (yield: 35%). 

[0104]    1H NMR (CDCl3, 400 MHz) δ: 8.08 (t, 1H), 7.32 (d, 1H), 7.29 (d, 1H), 5.56 (m, 

1H), 3.34-3.56 (m, 2H), 3.32-3.42 (m, 4H), 3.08-3.26 (m, 4H), 1.62 (d, 3H). 31PNMR:14.47. 

Compound 13 

[0105]    Same procedure with compound 7 (yield: 36%).  1H NMR (CDCl3, 400 MHz) δ: 

8.06 (t, 1H), 7.34 (d, 1H), 7.30 (d, 1H), 5.67 (m,1H), 2.02-2.25 (m, 8H), 1.62 (d, 3H). 
31PNMR:31.56. 

TH3423 (TH 2870 enatiomer 1) 

[0106]    Same procedure with compound 9 (yield: 68%).  1H NMR (CDCl3, 400 MHz) δ: 

7.97 (d, 1H), 7.41 (t,1H), 718-7.27 (m, 4H), 7.02-7.12 (m, 3H),  5.59 (m,1H), 3.08 (s, 3H), 

2.97 (s, 3H),  2.01-2.21 (m, 8H), 1.66 (d, 3H). 31P NMR: 31.25. 

Example 4. In vitro human tumor cell line cytotoxicity assay 

[0107]    In vitro proliferation data on the H460 non cell lung cancer human tumor cell line is 

reported above in the compound table.  IC50 values are reported in micromolar and result 

from exposure of compound at various concentrations for 2 hrs followed by a wash step and 

addition of fresh media followed by growth and cell viability staining and comparison to a 

media only treated control.  

[0108]    Specifically, exponentially growing cells were seeded at a density of 4 x 103 cells 

per well in a 96 well plate and incubated at 37oC in 5% CO2, 95% air and 100% relative 

humidity for 24 hours prior to addition of test compounds. Compounds were solubilized in 

100% DMSO at 200 times the desired final test concentration.  At the time of drug addition, 

compounds were further diluted to 4 times the desired final concentration with complete 

medium. Aliquots of 50 μl of compound at specified concentrations were added to microtiter 

wells already containing 150 μl of medium, resulting in the final drug concentration reported. 

After drug addition, the plates were incubated for an additional 2 hours at 37oC, 5% CO2, 

95% air, and 100% relative humidity, then the drug was washed off and fresh medium was 

added and the plates were incubated for addition 70hrs at 37oC, 5% CO2, 95% air and 100% 



27 
 

relative humidity. At the end of this incubation, the viable cells were quantified using the 

AlamarBlue assay.  The drug concentration resulting in growth inhibition of 50% (IC50) was 

calculated using Prism software (Irvine, CA), and the results were listed in the table. 

[0109]    Its anti-proliferation efficacy on H460 lung cancer cells is also tabulated below. 

Compound 

number 
Structure 

IC 50 in 

proliferation assay in 

H460 cells (μM) 

TH 2870 

(racemate) 

 

0.005 

TH3423 

 

0.005 

TH3424 

 

0.004 

 

[0110]    The H460 data above demonstrates a substantial anti-tumor effect with inhibition at 

down to low nanomolar levels for various compounds for only a 2 hr. exposure.   
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Example 5.  Activation of TH 2870 by the aldoketo reductase, AKR1C3 

[0111]    Recombinant human AKR1C3 was diluted to 25 μg/mL in phosphate buffered 

saline (PBS), pH 7.4 (37 oC), containing 2 mM NADPH.  TH2870 or progesterone (positive 

control) in 30% methanol/70% water was added to the reaction mixture at a final 

concentration of 5 μM and incubated at 37 oC for 120 minutes.  At various times up to 120 

min, 50 μL of the reaction mixture was taken and 200 μL acetonitrile containing propranolol 

as internal standard was added, vortex-mixed and centrifuged for 10 min. The resulting 

supernatant (5 μL) was injected into a LC/MS/MS for quantitation of % remaining TH 2870 

and progesterone.  The compounds were tested in duplicates. 

[0112]    The data in FIG. 2 demonstrates the rapid disappearance of TH 2870 in the presence 

of AKR1C3 while the known substrate Progesterone is reduced slowly.  Buffer controls 

containing NADPH but no enzyme showed no reaction in with either compound (data not 

shown).   

Example 6. In vitro human tumor cell line cytotoxicity assay 

[0113]    TH 2870, TH 3423 and TH 3424 was also tested in different cancer cell lines using 

the materials and procedures as follows.  10*cell lysate buffer cell signaling technology, 

Cat. No.9803 Protease Inhibitor Cocktail for Mammalian Tissues (Sigma, Cat. No.P8340); 

Phosphatase Inhibitor Cocktails for Serine/Threonine Phosphatases and L-Isozymes of 

Alkaline Phosphatases (Sigma, Cat. No.P0044); Phosphatase Inhibitor Cocktails for Tyrosine 

Protein Phosphatases, Acid and Alkaline Phosphatases (Sigma, Cat. No.P5726); BCA 

kit Thermo Cat. No.23225 Primary antibody, mouse monoclonal AKR1C3 antibody 

(clone NP6.G6.A6; Sigma-Aldrich); Primary antibody, α-tubulin (clone B-5-1-2; Sigma-

Aldrich); Secondary antibody, Goat-anti-Mouse IgG HRP conjugated (A4416; Sigma-

Aldrich) were used. Cells were passaged two generations in good condition and digested.  

The appropriate number of cells were inoculated in 6-cm cell culture dishes, and incubated at 

37 , 5% CO2 overnight.  When the cells were grown to 80% density, the dish was removed 

from incubator.  The medium was aspirated, washed twice with ice-cold PBS, and residual 

PBS was removed.  An appropriate volume of ice-cold 1*cell lysate was added and incubated 

on ice for 10 minutes.  Cell lysate was transferred to microfuge tubes chilled in ice, 4 , 

12,000 rpm and centrifuged for 15 minutes.  Supernatant was transferred into another 

microcentrifuge tube.  Cell lysates were diluted by a 10*cell lysates, and add Protease 

Inhibitor Cocktail for Mammalian Tissues (Sigma, # P8340), Phosphatase Inhibitor Cocktails 
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for Serine / Threonine Phosphatases and L-Isozymes of Alkaline Phosphatases, Phosphatase 

Inhibitor Cocktails for Tyrosine Protein Phosphatases, Acid and Alkaline Phosphatases.  The 

BCA protein quantification kit for protein quantification was used with 1*cell lysate to dilute 

the cell lysate to the same concentration.  Corresponding samples were added on 5* SDS-

loading buffer, heated to 85  10 minutes, and centrifuged briefly.  The samples were 

saved at -20  or used directly for protein electrophoresis.  The samples were saved at -20  

or used directly for protein electrophoresis.  Those samples were electrophoresed according 

to standard practice, transferred to a membrane, the primary antibodies and then secondary 

antibody were applied according to the manufacturer's instructions.  Odyssey infrared laser 

imaging system was used to scan signals. 

[0114]    The results are shown below in Figs. 3 and 4 and listed in the following tables: 

Table:  TH 2870, TH 3423 and TH 3424 sensitivity in liver, prostate, esophageal cancer and 

leukemia cell lines 

Liver cancer 

cell line 
Compound ID 

Min 

Inhibition% 

Max 

Inhibition% 
RelIC50(μM) 

AbsIC50 

(μM) 

HepG2 TH3424 3.4  100.2  0.0073  0.0086  

HepG2 TH3423 -7.2  99.5  0.0131  0.0187  

HepG2 TH2870 3.3  98.9  0.0055  0.0064  

C3A TH3424 -2.1  98.7  0.0041  0.0093  

C3A TH3423 5.4  98.5  0.0096  0.0117  

C3A TH2870 8.1  98.1  0.0071  0.0062  

HCCC9810 TH3424 2.1  95.4  0.0134  0.0139  

HCCC9810 TH3423 0.0  93.7  0.0168  0.0187  

HCCC9810 TH2870 -2.6  95.4  0.0292  0.0294  

PLCPRF5 TH3424 1.4  85.2  0.1279  0.1107  

PLCPRF5 TH3423 -4.9  77.7  0.1556  0.2066  

PLCPRF5 TH2870 -1.7  53.3  0.4745  0.5750  

SNU-387 TH3424 -14.8  99.3  0.0587  0.0701  

SNU-387 TH3423 1.3  99.8  0.0463  0.0397  

SNU-387 TH2870 1.7  102.8  0.0422  0.0340  

LIXC012 TH3424 4.1  82.8  0.0112  0.0175  

LIXC012 TH3423 -1.1  84.8  0.0081  0.0169  
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LIXC-012 TH2870 6.6  87.1  0.0274  0.0187  

Vcap_TH3424 Vcap_TH3424 -13.2  101.4  0.0132  0.0148  

Vcap TH3423 1.1  101.0  0.0266  0.0216  

Vcap TH2870 -3.4  100.2  0.0227  0.0152  

TE-11 TH3424   0.0027  

TE-14  TH3424   0.0047   

OE 21  TH3424   0.0052   

T.T  TH3424   0.006   

TE-6 TH3424   0.021   

TE-9  TH3424   0.011   

ECa-109 TH3424   0.017   

KYSE  TH3424   0.011   

TE-4  TH3424   0.0099  

TE-8  TH3424   0.019  

TE-15  TH3424   0.0029  

COLO680N  TH3424   0.066  

EC-GI-10  TH3424   0.013   

KYSE 70  TH3424   0.033   

TE-5  TH3424   0.033   

OE 33  TH3424   0.084   

KYSE 510  TH3424   0.18   

KYSE 270  TH3424   0.27   

KYSE 180 TH3424   0.45  

CCRF-CEM  TH3424   0.0037   

MOLT-4  TH3424   0.010   
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PF-382  TH3424   0.015  

SUP-T1  TH3424   0.003   

TALL-1  TH3424   0.03  

Jurkat  TH3424   0.04  

Jurkat, Clone 

E6-1  

TH3424    0.024   

NOMO-1  TH3424   0.011   

P116  TH3424   0.084   

P30/OHK  TH3424   >1  

GR-ST TH3424   0.099  

KG-1 TH3424   0.0153  

TF-1  TH3424   0.028  

HEL  TH3424   0.224  

Reh 3 TH3424   0.003  

HL-60 TH3424   0.003  

HL-60 Clone TH3424   0.0526   

K-562 TH3424   >1.0  

ATN-1 TH3424   0.0298  

Mono-Mac-

6_ 

TH3424   >1.0  

THP-1_ TH3424   >1.0  

 

Example 7.  In vivo human tumor xenograft models and antitumor activity 

[0115]    Three human xenograft anti-tumor models utilizing non-small cell lung H460, non-

small cell lung A549, and melanoma A375 models were used to demonstrate the efficacy of 

the compounds provided herein. 
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[0116]    Specific pathogen-free homozygous female nude mice (nu/nu, Charles River 

Laboratories) were used. Mice were given food and water ad libitum and housed in 

microisolator cages. Four to six week old animals were identified by microchips (Locus 

Technology, Manchester, MD, USA) at the time of the experiments. All animal studies were 

approved by the Institutional Animal Care and Use Committee at Threshold Pharmaceuticals, 

Inc.  

[0117]    All cell lines were from the American Type Culture Collection (ATCC, Rockville, 

MD, USA). Cells were cultured in the suggested medium with 10% fetal bovine serum and 

maintained in a 5% CO2 humidified environment at 37°C.  

[0118]    Cells were mixed with Matrigel (30% in H460) and 0.2 ml per mouse were 

subcutaneously implanted to the flank area of the animals. When tumor size reached 100-150 

mm3, mice were randomized into experimental or vehicle groups with 10 mice/group and 

treatment was started (Day 1). The tested compounds were formulated in 5% DMSO in D5W. 

All compounds were given by IP, QDx5/wk (5 days on, 2 days off) as one cycle, for a total of 

2 cycles. Tumor growth and body weight were measured twice a week. Tumor volume was 

calculated as (length x width2)/2. Drug efficacy was assessed as Tumor Growth Inhibition 

(TGI) and Tumor Growth Delay (TGD). TGI was defined as (1-ΔT/ΔC) x 100, where ΔT/ΔC 

presented the ratio of the change in mean (or median, if variation within the group was 

relatively large) tumor volume of the treated group and of the control group. TGD was 

calculated as the extra days for the treated tumor to reach 500mm3 as compared to the control 

group. Animals were culled when individual tumor size reached over 2000mm3 or mean 

tumor volume exceeded 1000mm3 in the group. Data are expressed as the mean ± SEM. One-

way analysis of variance with Dunnett post comparison test (GraphPad Prism 4) or two-tailed 

student’s t-test were used for analysis. A P level < 0.05 was considered statistically 

significant. 

Example 8. In Vivo Efficacy Results: 

 [0119]    This study employed an A375 melanoma human tumor xenograft model and the 

compounds provided herein were compared to thiotepa and the approved anti melanoma 

drug, Abraxane.  The antitumor effects and the safety of administration are graphically 

illustrated below.  Mpk refers to mg/kg. 
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Group Days to 500 

mm3 

Days to 1000 

mm3 

TGD500, 

Days  (vs. 

vehicle) 

TGD1000, 

Days (vs. 

vehicle) 

TGI 

Group 1:Vehicle,qdx5x2,ip 15 25 

Group 2:Thio-TEPA, 

2.5mpk,qdx5x2,ip 

18 27 3 2 16.6% 

Group 4: 

Abraxane,30mpk,2x/wkx2,iv 

24 35 9 10 47.4% 

Group 8: 

TH2870,20mpk,qdx5x2,ip 

>13 98.0% 

[0120]    Taken together these studies demonstrate significant anti-tumor efficacy in 3 

different tumor cell lines relative to standard chemotherapeutics. 

Example 9. TH3424 in Mouse Model of Human Liver Cancer 

 [0121]    Female athymic nude mice (6 weeks of age) were used in this study. The animals 

were purchased from Beijing HFK Bioscience, Co., Ltd and maintained in a High Efficiency 

Particulate Air Filter HEPA) filtered environment with cages, food, and bedding sterilized 

by irradiation or autoclaving. A total of 32 nude mice were used for the study.   HepG2-GFP 

human hepatocellular carcinoma cells (AntiCancer, Inc., San Diego, CA) were incubated 

with RPMI-1640 (Gibco-BRL, Life Technologies, Inc.), which contained 10% FBS. Cells 

were grown in a CO2 Water Jacketed Incubator (Forma Scientific) maintaining 37°C and a 

5% CO2/95% air atmosphere. Cell viability was determined by trypan blue exclusion 

analysis.  Five female athymic nude mice were injected subcutaneously with a single dose of 

5 x 106 HepG2-GFP cells. Tumors were harvested when their size reached 1cm3 and the 

tumor tissues were then cut into small fragments of 1mm3.  Forty female nude mice were 

implanted orthotopically with a single piece of tumor fragment, which was derived from a 

subcutaneous tumor model of HepG2-GFP human hepatocellular carcinoma. The tumor 

tissue was orthotopically implanted in the right lobe of the liver in each mouse by SOI 

(Surgical Orthotopic Implantation). Briefly, an upper abdominal incision of 1cm was made 

under anesthesia. Right lobe of the liver was exposed and a part of the liver surface was 

injured mechanically by scissors. Then a piece of tumor fragment was fixed within the liver 

tissue, the liver was returned to the peritoneal cavity and the abdominal wall finally closed. 

Mice were kept in laminar-flow cabinets under specific pathogen-free-conditions. 
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 [0122]    Treatment was started three days after tumor implantation when the implanted 

tumors reached an average size of around 1 mm2. The 32 tumor-bearing mice were randomly 

divided into four experimental groups of 8 mice each. Each cage was clearly marked for its 

group with four mice per cage. Each mouse had an earmark for identification. The table 

below shows the study design. 

Table. Groups and treatment protocol 

 

Groups 

(Agent)   

 

Dose 

 

Volume 

 

 Dosing 

schedule 

 

Route 

 

Animal (n) 

Saline (C) 0.9% 200 l Qdx35 I.P. 8 

Sorafenib (S) 30mg/kg 100 l Qdx35 Gavages 8 

TH3424 2.5mg/kg 200 l QWx6 I.P. 8 

TH3424 5mg/kg 200 l QWx3 I.P. 8 

Note The treatment was initiated on day 3 post tumor implantation. 

 [0123]    During the period of the study, all of the experimental mice were checked daily for 

mortality or signs of morbidity. The animals were observed till day 38 after tumor 

implantation.  The body weights of the mice were measured twice weekly during the study 

period.  Images of tumor growth and progression were acquired twice a week during the 

period of the study with the FluorVivo imaging system, Model 300/Mag (INDEC, CA, USA).  

All experimental animals were euthanized by injection of over-dose pentobarbital sodium on 

day 38 after tumor implantation.  Livers were exposed for imaging, after which the tumors 

were removed and weighted with an electronic balance (Sartorius BS 124 S, Germany). 

Tumor tissues were kept in formalin for further analysis.  Comparisons of body weights and 

tumor burdens in different groups were analyzed using the Student’s t-test with an  = 0.05 

(two-sided).   After intravenously injection of the test agents, the mice had no lying, no 

autonomous activity reduction. The experimental animals were generally in good condition.  

The body weight changes in each group are shown in Figure 5 and the Table below. 
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Table.  Comparison of mean mice body weight at the end of the study 

 

Groups 

 

Day 0, Body 

Weight (g) 

(mean ± sd) 

Day 35, Body 

Weight (g)  

(mean ± sd) 

Body Weight 

Growth Rate 

(%) 

P value 

SALINE (C) 15.2±0.9 20.4±0.9 34  

SORAFENIB (S) 15.1±1.1 18.2±0.8 21 P=0.0032 vs C 

TH3424(2.5 

mg/kg) 

15.4±0.6 21.7±0.7 41 P=0.7252 vs C 

TH3424(5mg/kg) 

14.8±1.2 19.9±1.3 34 P=0.1740 vs C 

P=0.1869 vs 

(TH3424 

2.5mg/kg) 

 

[0124]    As shown in figure 5 and the table above, on day 35 of the study, the average body 

weight of the mice in each group were increased by 21% to 41%. There was no statistically 

significant difference among TH2870-2 groups and negative control group. This suggested 

that there was no obvious acute toxicity to the experimental mice by intra-peritoneal 

administration of low or high dose of TH2870-2. In the sorafenib treated group, however, the 

average body weight was statistically significant lower than that in the negative control 

group. It suggested that there was a certain degree of toxicity to the experimental mice by 

administration of sorafenib at the tested dosage. 

Tumor progression in each group.  

[0125]    The progressions of orthotopic HepG2-GFP hepatocellular carcinoma in different 

groups were monitored by real time imaging. Images were acquired twice a week. Typical 

tumor images at the end of the study in each group and tumor growth curves derived from the 

signals of tumor fluorescence, which were analyzed using the Power Station software 

(INDEC Biosystems, CA, USA), are shown in figure 6 and figure 7, respectively 

Table.  Average tumor size in each group (mm2) 
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Groups 

 

 

Tumor area (mm2) 

(mean ± sd) 

P value 

Saline(C) 13.5 ± 2.7  

Sorafenib (S) 8.2 ± 5.3 P=0.0577 vs C  

TH3424 (2.5mg/kg) 
1.2 ± 1.1(Day 35) 

2.0 ± 2.2(Day 49) 

P=0.0000 vs C; P=0.0079 vs 

S 

P=0.1163 vs TH3424(2.5 

mg/kg)(day 49) 

TH3424 (5mg/kg) 0.0 ± 0.0 

P=0.0000 vs C; P=0.0031 vs 

S 

P=0.0183 vs TH3424(2.5 

mg/kg) 

 

[0126]    As shown in figure 6, figure 7 and the table above, the average tumor size in the 

positive control group was about 39% less than that in the negative control group, but there 

was no statistically significant difference between the 2 control groups (P = 0.0577). 

[0127]    In TH3424 (2.5 mg/kg) and TH3424(5 mg/kg) groups, the average fluorescence 

imaging readout areas were significantly significant less than that in the negative control 

group, showing strong inhibitory effects and an obvious dose-effect relationship. Among 

them, the fluorescence imaging readout area was 0 in TH3424 (5mg/kg) group. In this group, 

dosing was discontinued after 3 cycles of treatment; the tumor fluorescence imaging readout 

was still 0 until the end of experiment. In TH3424 (2.5 mg/kg) group, however, drug 

administration was stopped for 1 week after 3 cycles of treatment and then restarted another 3 

cycles of treatment. The average fluorescence imaging readout area on day 35 was 1.2 ± 1.1, 

which was around 8% of that in the negative control group and, it was 2.0 ± 2.2 (~ 8%) of 

that in the negative control group on day 49 after treatment.  Figure 8 shows all tumors at the 

end of the study and figure 9 shows the average value of tumor weight in each of the 

experimental groups. 
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Table   Average tumor weight in each group 

Groups 
Tumor weight (g) (mean ± 

sd) 
P value 

Saline(C) 0.1543 ± 0.0546  

Sorafenib (S) 0.0637± 0.0389 P=0.0159 vs C 

TH3424 (2.5mg/kg) 0.0081± 0.0088  (Day 49) 
P=0.0002 vs C; P=0.0020 vs 

S 

TH3424 (5mg/kg) 0.0000 ± 0.0000 

P=0.0001 vs C; P=0.0024 vs 

S; 

P=0.0341 vs TH3424(2.5 

mg/kg) 

 

[0128]    As shown in figure 8, figure 9 and the table above, the average tumor weight of the 

positive control group was less than that of the negative control group (P =0.0159), which 

showed that the positive control drug (sorafenib) had inhibitory effect on orthotopic  HepG2-

GFP human hepatocellular carcinoma mouse model at the tested dosage. 

[0129]    The average tumor weight in group of TH3424(2.5mg/kg) and TH3424(5mg/kg) 

was 0.0081g and 0g, respectively. All was statistically significant less than that in the 

negative control group. Among them, the average weight was 0g in the high dose group, and 

it was only 0.0081±0.0088g in the low dose group, which was 0% and 5.2% of that in the 

negative control group, respectively. This suggested that TH3424 had a very strong inhibitory 

effect on orthotopic HepG2-GFP human hepatocellular carcinoma mouse model at tested 

dosages and it also showed a clear dose-effect relationship. 

 [0130]    Tumor IR was calculated based on the final average tumor weights according to the 

formula:  

IR % = 1-treatment(t)/control(c) × 100 

IR for each treatment group  

IR (%) = (1–PC / NC) ×100 = (1-0.0637 /0.1543) × 100 ≈ 58.7% 

IR (%) = (1–TH2870-2 LT / NC) ×100 = (1-0.0081 /0.1543) × 100 ≈ 94.8% 
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IR (%) = (1–TH2870-2 HT / NC) ×100 = (1-0.0000 /0.1543) × 100 ≈ 100% 

Note: 

NC represents the negative control group 

PC positive control group 

[0131]    The tumor inhibition rate was 58.7% in the sorafenib treated group (P=0.0159 vs 

control), showing strong inhibitory effect on orthotopic HepG2-GFP human hepatocellular 

carcinoma mouse model at the tested dosage. However, in this group, the average body 

weight of the experimental mice was statistically significant lower than that in the negative 

control group. It suggested that there was a certain degree of toxicity to the experimental 

mice by administration of sorafenib at the tested dosage. The tumor inhibition rate of 

TH3424(2.5 mg/kg) and TH3424(5mg/kg) was 94.8% and 100%, respectively, showing a 

very strong tumor inhibitory effect and a clear dose-effect relationship on orthotopic HepG2-

GFP human hepatocellular carcinoma mouse model.  There was no obvious toxicity to the 

experimental mice at the tested dosages of TH3424 

Example 10. TH3424 in T-Cell Leukemia Animal Models 

[0132]    Leukemic cells were prepared by thawing out ~150x106 of AL7473 cells from LN2 

(about 2-3 vials) and placing them into a 37ºC water bath rapidly.  All of the cells were 

transferred into a 50ml falcon tube with 40ml pre-warmed complete medium.  The cells were 

centrifuged at 1200rpm for 5min.  The cells were re-suspended with 40ml RPMI1640. The 

cells were then counted.  The cells were centrifuged at 1200rpm for 5 min. and re-suspended 

with ice cold PBS to 2 million cell per 100ul PBS.  100ul of saline containing 2X106 cells 

prepared above were used to inject into each mouse by IV.  The FACS analysis was done for 

blood weekly during the experimental period by transferring samples into FACS tubes, 

adding human CD45 FITC and isotypes into corresponding tubes for all the samples and 

incubating the cells on ice for 30 min. in the dark.  2ml of red blood cell lysing buffer was 

added to each tube and incubated on ice for another 30 min. in the dark. All the samples were 

vortexed several times during this process and the samples were centrifuged for 5 min. at 

1500 rpm at 4°C.  The supernatants were discarded and 2ml of ice cold wash buffer was 

added into each tube.  The samples were centrifuged for 5 min at 1500 rpm at 4°C and these 

steps were repeated.  The cells were re-suspended into 150 l of wash buffer/PBS for FACS 

acquisition. Samples were analyzed on a BD Calibur by using Cell Quest or Flowjo and the 

results were analyzed by using Prism 5.0. 
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[0133]    Blood samples for FACS were collected at day 26, 33, 42 post cell inoculation pre-

group. After the group samples, FACS was done weekly until the study was finished (Day 50, 

57, 64 post cells inoculation).  10 l plasma samples were collected for each mouse and 3 

blood smears were done from each group (Group1:#7,#43,#52; Group2:#11,#15,#23; 

Group3:#5,#9,#48; Group4:#25,#28,#36) at day 57 post cell inoculation.  The samples list is 

summarized below. 

Table: Sample collection at termination point for all animals.  

 

[0134]    The results of the body weights changes in the mice are shown in Figure 10. 

Peripheral blood was collected weekly for human CD45 antibody FACS detected during 

treatment since the treatment start on Day 43 post cell inoculation. The mice were 

respectively dosed at Day 43, 50, 57 and 64 (only dosing group1 and group2) post cells 

inoculation. The tumor burden growth curve after grouping is shown in Figure 11. The 

percentages of human CD45+ leukemia cells in peripheral blood of each group increased as 

disease progressed, and the percentage curves dropped at 7 days after the first dosing except 

group2 (P>0.05). After the second dosing, the treatment group (group2-4) were significantly 

lower than vehicle group (group1) (P<0.001).  All mice (total of 4 groups, 10mice in each 

group) were sacrificed at 6 days after the fourth dosing. Blood, spleen and bone marrow of all 

mice were collected for human CD45 FACS detected. Spleen and bone of 3 mice in each 

group were collected for FFPE. The detail data and samples list at termination point 

summarized in Appendix 10.3.  The tumor burden in peripheral blood, spleen and bone 

marrow of mice at study termination point is shown in Figure 12. Respectively compared to 

blood, spleen and bone marrow of group1 , except bone marrow in group2 showed slightly 

Sample Source Usage Comments 

Blood  FACS (human CD45) All mice 

Bone marrow  
FACS (human CD45)  All mice  

fixed in formalin, embedded in paraffin  3 mice each group 

Spleen  
FACS (human CD45)  All mice 

fixed in formalin, embedded in paraffin  3 mice each group 
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significant differences(P<0.05), all treatment group (groups 2-4) showed significant 

differences (P<0.01).  

Example 10.  Pharmacokinetics and acute toxicity study in no naïve monkeys 

[0135]    TH 3423 and TH 3424 were tested in no naïve monkeys (1 male and one female for 

each compound at 2 mg/kg) with 30-min intravenous infusion, TK sampling: on Day 1 and 

Day 15: 0.25, 0.5, 0.75, 1 and 2 hr post infusion initiation.  Serum chemistry and hematology: 

pre-dose (Day 1), day 5, day 8 (pre-dose), day 15 (pre-dose), day 22 and day 28. Clinical 

observation: Daily during the study, total 35 days.  Food consumption: Daily during the study, 

total 35 days.  Bodyweight measurement: Twice weekly for five weeks. 

[0136]    The TK parameters are listed in the following tables: 

Plasma concentration of TH3423 after 30-min IV infusion to male and female 

Cynomolgus monkeys at 2 mg/kg 

Dosage Time points concentration (ng/mL) Mean 

 (ng/mL)   (hr) male_#1 female_#2 

IV-TH3423  

2 mg/kg 

0.25 1100 1320 1210 

0.5 1420 1370 1395 

0.75 359 313 336 

1 85.0 55.0 70.0 

2 1.03 BQL 1.03 

TK 

parameters 
Unit  #1- #2 Mean 

CL L/hr/kg 2.59 2.61 2.60 

Vss L/kg 0.584 0.469 0.5266 

AUClast hr*ng/mL 773 758 766 

AUCINF hr*ng/mL 774 766 770 

Terminal t1/2 hr 0.150 0.108 0.129 

MRTINF hr 0.226 0.180 0.2028 

 

Plasma concentration of TH3424 after 30-min IV infusion to male and female 

Cynomolgus monkeys at 2 mg/kg 

Dosage 
Time 

points 
concentration (ng/mL) 

Mean 

 (ng/mL) 
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  (hr) male_#3 female_#4 

IV-TH3424  

2 mg/kg 

0.25 2480 1850 2165 

0.5 2720 2090 2405 

0.75 1030 557 794 

1 260 110 185 

2 7.43 3.84 5.64 

TK 

parameters 
Unit  #3 #4 Mean 

CL L/hr/kg 1.16 1.67 1.42 

Vss L/kg 0.289 0.360 0.3246 

AUClast hr*ng/mL 1724 1195 1459 

AUCINF hr*ng/mL 1726 1196 1461 

Terminal t1/2 hr 0.181 0.182 0.182 

MRTINF hr 0.250 0.215 0.2324 
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[0140]    It should be understood that although the present invention has been specifically 

disclosed by certain aspects, embodiments, and optional features, modification, improvement 

and variation of such aspects, embodiments, and optional features can be resorted to by those 

skilled in the art, and that such modifications, improvements and variations are considered to 

be within the scope of this disclosure.   

[0141]    The inventions have been described broadly and generically herein.  Each of the 

narrower species and subgeneric groupings falling within the generic disclosure also form 

part of the invention. In addition, where features or aspects of the invention are described in 

terms of Markush groups, those skilled in the art will recognize that the invention is also 

thereby described in terms of any individual member or subgroup of members of the Markush 

group.   

 



48 
 

 CLAIMS 

1. The compound (R)-1-(3-(3-N,N-dimethylaminocarbonyl)phenoxyl-4-nitrophenyl)-1-

ethyl-N,N’-bis(ethylene)phosphoramidate: 

 
I 

or an isotopic variant, solvate or hydrate thereof.   

2. The compound (S)-1-(3-(3-N,N-dimethylaminocarbonyl)phenoxyl-4-nitrophenyl)-1-

ethyl-N,N’-bis(ethylene)phosphoramidate: 

 
II 

or a isotopic variant thereof, or a pharmaceutically acceptable solvate or hydrate thereof.   

3. The compound of claim 1 or 2, wherein the compound has an enantiomeric excess of 

no less than 80%.  

4. The compound of claim 3, wherein the compound has an enantiomeric excess of no 

less than 90%.   

5. The compound of claim 4, wherein the compound has an enantiomeric excess of no 

less than 95%.   

6. The compound of claim 1 or 2, wherein the compound is substantially pure. 

7. The compound of claim 6, wherein the compound has a purity of at least 50%. 

8. The compound of claim 7, wherein the compound has a purity of at least 90%.   
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9. A pharmaceutical composition comprising the compound of claim 1 or 2, and a 

pharmaceutically acceptable excipient.   

10. The compound of claim 1 or 2 for use in treating, or ameliorating one or more 

symptoms of a proliferative disease in a subject, comprising administering the compound of 

claim 1 or 2 to the subject. 

11. The compound of claim 1 or 2 for use according to claim 10, wherein the disease is 

cancer including liver cancer, hepatocellular carcinoma (HCC), non-small cell lung cancer, 

melanoma, prostate cancer, breast cancer, leukemia, esophageal cancer, renal cancer, gastric 

cancer, colon cancer, brain cancer, bladder cancer, cervical cancer, ovarian cancer, head and 

neck cancer, endometrial cancer, pancreatic cancer, a sarcoma cancer, and rectal cancer.   

12. The compound of claim 1 or 2 for use in a method of inhibiting the growth of a cell, 

comprising contacting the cell with the compound of claim 1 or 2.   

13. The compound of claim 1 or 2 for use in a method of claim 12, wherein the cell is a 

cancerous cell.   

14. A process of making the compound of formula I: 

O
O

O2N

P
N

O

N
N

O

I 

comprising contacting a compound of formula II:  

 
II 

with POCl3 and H2NCH2CH2L2 or a salt thereof, to provide a compound of formula III,  
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III 

wherein L1 and L2, independently are a leaving group, and converting the compound of 

formula III to a compound of formula I.15. A process for the resolution into one of the 

enantiomers of the racemate of the compound of claim I or for the enrichment of a mixture 

with any enantiomeric excess of said compound of formula (I), comprising the following 

steps: a) subjecting the compound of formula (I): to an optical resolution process wherein a 

racemic enantiomerically enriched mixture of 1-(3-(3-N,N-

dimethylaminocarbonyl)phenoxyl-4-nitrophenyl)-1-ethyl-N,N’-

bis(ethylene)phosphoramidate is separated into its two enantiomers (S)-1-(3-(3-N,N-

dimethylaminocarbonyl)phenoxyl-4-nitrophenyl)-1-ethyl-N,N’-

bis(ethylene)phosphoramidate and (R)-1-(3-(3-N,N-dimethylaminocarbonyl)phenoxyl-4-

nitrophenyl)-1-ethyl-N,N’-bis(ethylene)phosphoramidate by chiral chromatography 

comprising a stationary phase and a mobile phase, wherein the stationary phase comprises a 

silica gel impregnated with a functionalized polysaccharide, and wherein the mobile phase 

comprises an alcohol and another solvent. 

16. The process of claim 15, wherein the alcohol is methanol. 

17. The process of claim 15, wherein the another solvent is CO2. 
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