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Abstract – The nicotinic acid-p-aminophenylalanine-hydroxybenzoic acid triads 

were newly synthesized from p-aminophenylalanine methyl ester via 4 steps, and 

they induced apoptosis in human leukemia U937 cells.  The number of hydroxyl 

group on benzoic acid apparently affected upon the apoptosis-inducing activity.

Apoptosis is characterized by a series of distinct morphological changes including cell shrinkage, 

chromatin condensation, DNA fragmentation, and cellular fragmentation into apoptosis-bodies, and it is 

essential for the maintenance of tissue homeostasis and the elimination of unwanted or damaged cells.1  

The compound which can specifically induces apoptosis in tumor cells is considered to be a potent 

candidate for anticancer drug.  Numerous natural products such as apoptolidin,2 stilbenoids,3 and  

(-)-epigallocatechin-3-gallate (EGCG)4 are known to induce apoptosis in cancer cells.  In contrast only 

limited papers concerning synthetic heterocyclic compounds with the apoptosis-inducing activity have 

been reported.5,6 
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We have already prepared more than a thousand heterocyclic compounds containing mono- and diazines 

especially over two decades.  Among them, 35 representative samples were selected and preliminarily 

tested the growth inhibitory effect on human leukemia U937.  A compound which composed of nicotinic 

acid and p-aminophenylalanine as shown in Figure 1 showed the antiproliferation activity.  On the other 

hand, phenol and polyphenol functional groups have been often seen in natural products that showed 

potent apoptosis activities.  As intensive studies on the application of mono- and diazine-type 

heterocycles as chemotherapeutic agents for various diseases,7 we designed the triad as shown in Figure 1 

and planed to evaluate its apoptosis-inducing activity with special attention to the effects of the absolute 

configuration and the number of the hydroxyl groups on benzoic acid on the activity. 
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Scheme 1 

 

N-Nicotinyl-p-aminophenylalanine methyl esters (2L: 43%; [α]D26 -49.0º (c=0.1 in MeOH), 2D: 67%) 

were synthesized from p-amino-L- or D-phenylalanine methyl ester dihydrochloride (1) and nicotinic 

anhydride.8  A typical procedure for synthesis of the triads is as follows.  To a mixture of 2D (300 mg, 
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1.0 mmol), 2,3-dimethoxybenzoic acid (200 mg, 1.1 mmol), and 1-hydroxybenzotriazole (HOBt) (200 mg, 

1.2 mmol) in dry DMF (7 mL) was added dropwise a solution of  N-(3-dimethylaminopropyl)-N’-ethyl- 

carbodiimide hydrochloride (WSC·HCl) (152 mg, 1.2 mmol) in dry CH2Cl2 (7 mL) at 0 ºC, and then the 

reaction mixture was stirred for 4 days at room temperature.  The crude product was purified by column 

chromatography on silica gel with CHCl3:acetone:EtOH (100:40:8) mixture as an eluant to give 

N-nicotinyl-p-(2,3-dimethoxy- benzoyl)amino-D-phenylalanine methyl ester (3Dd: 84%) as an orange oil.  

A solution of 1M BBr3 in dry CH2Cl2 (1.2 mL) was added dropwise to a solution of 3Dd (245 mg, 0.53 

mmol) in dry CH2Cl2 (10 mL) at -30 ºC, and then the reaction mixture was stirred for 2 days at room 

temperature.  The crude product was purified by column chromatography on silica gel with 

CHCl3:MeOH (6:1) mixture to give the final product (4De: 14%)9. (Scheme 1)  

At first, the growth inhibitory effect of synthesized compounds on human leukemia U937 was examined.  

U937 was grown in RPMI-1640 medium containing 5% penicillin-streptomycin (P/S) and 10% fetal 

bovine serum (FBS) under an atmosphere of 95% air and 5% CO2 at 37 ºC.  The number of viable cells 

was determined by staining with trypan blue.10 

A solution of synthesized compound in DMSO (10 mM, 40 μL) was added to the cell’s suspension (0.8 x 

105 cells/mL, 5 mL), and the mixture was incubated for 48 h at 37 ºC under an atmosphere of 95% air and 

5% CO2.  Figure 2 showed the viabilities (%) of U937 cells treated by the synthesized triads together 

with those for DMSO and EGCG as a reference.  

 

 
 

Figure 2.   The viability (%) of U937 treated by nicotinic acid    Figure 3.  DNA fragmentation induced in U937 cells  
derivatives. Significance *P<0.001 vs. control, **P<0.005 vs.      by synthetic triads.  M: DNA marker, C: control,  
control of difference between indicated data using a dunnett's      1: DMSO, 2: EGCG, 3: 4Lc, 4: 4Le, 5: 4Ld, 6: 4Da, 
test.  Each value is expressed as the mean ± SD for 5            7: 4Db, 8: 4Dc, 9: 4Dd, and 10: 4De.  DNA fragmentation 
experiments.                                             was analyzed by agarose gel electrophoresis and 
                                              visualized with ethidium bromide staining under UV light. 
 
 
 
These experiments revealed the following points: (1) the difference in the absolute configuration of 

p-aminophenylalanine residue hardly affected the viability,  (2) 2,3-dihydroxybenzoyl derivatives 4Le 
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and 4De showed higher inhibitory effect upon proliferation than natural EGCG, (3) monohydroxybenzoyl 

derivatives had lower activities than EGCG, and their activities were in the order of ortho, meta > para, 

and (4) the viability(%) of the dihydroxybenzoyl derivatives 4De and 4Le was significantly lower than that 

of monohydroxybenzoyl ones 4Dd and 4Ld, indicating that the number of the hydroxyl group on the 

benzene ring plays an impotant role in the inhibition of the proliferation of U937 cells.  

Next, whether cell death was caused by apoptosis was examined.  Nucleosomal DNA ladders which 

result from the internucleosomal degradation can be observed in agarose gel electrophoresis as a typical 

feature of apoptosis.  To examine the induction of apoptosis in U937 cells by the nicotinic 

acid-p-aminophenylalanine-hydroxybenzoic acid triads and EGCG, the cells were treated with 80 μM of 

them for 48 h.  A nucleosomal DNA ladder formation was observed (Figure 3), suggesting that the 

apoptosis was induced by treatment with the synthesized triads.   

Finally, the effect of the synthesized triads was found to be dose-dependent in the concentration range 

from 8 to 80 μM.  Values of IC50 which is the 50% U937 growth inhibitory concentration for each 

compound, were estimated, and the results are summarized in Table 1, together with IC50 value for EGCG 

as a reference.  The IC50 value (30 μM) for EGCG is comparable to the values for other cancer cells.4a, 4c  

It also can be seen that 4Le and 4De strongly inhibited proliferation of U937 cells, the activities being 

higher than that for natural EGCG.  Futher, the IC50 values for 4Le and 4De on U937 cells were lower 

than those for synthetic α,β-unsaturated amides.5a  Again, the significant difference in the absolute 

configuration in terms of IC50 value could not be observed.  

Further investigation of the apoptosis-inducing activity toward other kinds of cancer and non-cancerous 

cells treated by the nicotinic acid-p-aminophenylalanine-hydroxybenzoic acid triads are currently under 

way.  On the basis of the present results, the synthetic triad is expected to become a new candidate for 

the anticancer drug. 

 
Table 1  Estimated IC50 values for growth of U937 cel1s 
 

Compound IC50 value  
(μM) 

EGCG 30.36 ± 1.97 
4Le 20.69 ± 2.45* 
4De 15.15 ± 1.69** 

Cells were treated with compounds for 48 h.   Each value is expressed  
as the mean ± SD for 5 experiments.  *P<0.05 vs. EGCG.  **P<0.01 vs. EGCG.  
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