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Figure 4.5. 4-Se-UTP and UTP HPLC profiles. 

 

4.3.2 4Se-UTP stability and transcription studies 

 The stability was inspected in several different buffer conditions. The 

result suggested that 4-Se-UTP was not very stable in commercial New England 

Biolabs T7 RNA polymerase buffer (Figure 4.6.A).  The effects of DTT alone 

(Figure 4.6.B), Tris buffer alone (Figure 4.6.C), and DTT plus Tris buffer (Figure 

4.6.D) on 4-Se-UTP stability were also checked separately.   From these results, 

it was suspected that DTT would cause deselenization or oxidation under basic 

conditions.   Therefore the transcription condition was adjusted to neutral and 

slightly acidic conditions.  The 4-Se-UTP was relatively stable in pH 6.5 

transcription buffer (Figure 4.6.G).   4-Se-UTP in homemade 1X transcription 

buffer, Tris (40 mM), spermine (2 mM), DTT (10 mM), MgCl2 (2.5 mM), MnCl2 (2 

mM), pH 7.0, was also considered to be relatively  stable (Figure 4.6.H) 
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Figure 4.6.A. 4-Se-UTP stability in 1X transcription buffer (pH7.8) +10 mM DTT. 

UV spectrum was scanned every 10 min for 1 h at RT. The original 365nm peak 

disappeared and 282 nm oxidized DTT peak kept increasing. 

  

A. 
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Figure 4.6.B. 4-Se-UTP stability in 10 mM DTT (pH 7). UV spectrum was 

scanned every 10 min for 1h at RT. The original 365nm peak got lower over the 

time. The 279 nM DTT peak was stable. 

 

B. 
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Figure 4.6.C. 4-Se-UTP stability sample after the experiment from figure 4.5.B 

was added 40 mM Tris pH7.8. UV spectrum was scanned every 10 min for 1h at 

RT. The 365 nm peak switched to 355 nm and continued get lower over the time 

and 281 nm oxidized DTT peak kept increasing. 

 

 

C. 
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Figure 4.6.D. UV spectrum of 10 mM DTT and 40 mM Tris pH 7.8. UV spectrum 

was scanned every 10 min for 1h at RT.  DTT peak at 282 nm got increased over 

the time. 
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Figure 4.6.E. UV spectrum of 10 mM DTT (pH 7). UV spectrum was scanned 

every 10 min for 1h at RT.  

 

282 nm
 

E



 
 

 

111

 

 

Figure 4.6.F. 10 mM DTT after the experiment from Figure 4.5.E was added 40 

mM Tris pH 7.8 UV spectra were scanned every 10 min for 1h at RT.  The new 

lines in Figure 4.5.F compared with 4.5.E. show the DTT spectrum with Tris 

added.   

 

282 nm
 351 nm

 

F. 
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Figure 4.6.G. 4-Se-UTP stability in 1X New England Biolabs transcription buffer 

(pH 6.5) plus 10 mM DTT. UV spectrum was scanned every 10 min for 1h at RT. 

The original 4-Se-UTP (green) 365 nm peak got slightly lower after mixed with 

the buffer and stable over the scanning time.  

 

G. 
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Figure 4.6.H. 4-Se-UTP stability in 1X homemade transcription buffer (pH 7.0), 

Tris (40 mM), spermine (2 mM). UV spectrum was scanned every 10 min for 1h 

at RT. The original 4-Se-UTP (Blue) 365 nm peak got slightly lower immediately 

after mixed with the buffer and relatively stable over the scanning time. The 365 

nm peak did not change after adding of MgCl2 (2.5 mM) and MnCl2 (2 mM). 

 

4.3.3 4-Se-UTP RNA incorporation  

 There were some problems using common T7 RNA polymerization 

condition to insert 4-Se-UTP into RNA, like stability of 4-Se-UTP in the 

transcription buffer and low yield of 4-Se-U-RNA. Based on previous UV stability 

experiment results, the pH of the transcription buffer was adjusted from 7.9 to 7.0 

 

H. 

4-Se-UTP 
alone 
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to improve the stability of 4-Se-UTP.  Mn2+ could give T7 RNA polymerase more 

flexibility on substrate choice, therefore, Mg2+ concentration was decreased to 

2.5 mM and the best Mn2+ concentration was determined by screening 

experiment (Figure4.7).  The Mn2+ enhanced both UTP and 4-Se-UTP RNA 

transcription.  The maximum yield for RNA transcribed by either UTP or 4-Se-

UTP was generated in 1.5-2.0 mM Mn2+ range. The kinetic curves for 4-Se-UTP 

incorporation into RNA compared with UTP were done with the best Mn2+ 

concentration (2 mM) (Figure 4.8).  The incorporation rate of UTP over 4-Se-UTP 

by T7 RNA polymerase was 3/1.8 (Figure 4.8.C).   UTP was about one fold better 

than 4-Se-UTP as transcription substrate. The incorporation of 4-Se-UTP into 

RNA still could not be confirmed by MALDI-TOF, only the oxidized full length 

product was observed (Figure 4.9. A and B). It was unclear at which step the 

oxidization happened. The possible reasons are discussed in 4.4 Discussion part. 
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Figure 4.7 . Mn2+ concentration screening for the best transcription condition for 

4-Se-UTP. Lane 1-11: UTP with Mn2+ gradient from 0 mM to 5 mM, increasing by 

0.5 mM per tube. Lane 12-22: 1x 4-Se-UTP with Mn2+ gradient from 0 mM to 5 

mM, increasing by 0.5 mM per tube. A: gel image. B: quantified data shown in 

curves 
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Figure 4.8. Kinetic curves for incorporation of UTP and 4-Se-UTP into RNA using 

2 mM Mn2+ transcription condition.  A: gel image. B: quantified relative intensity 

with curve. C: slope of the kinetic curve. 
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Figure 4.9.A. MALDI-TOF of native 44.1 RNA (G10A7C6U1) (calcd. [M] 8067, 

Observed [M] 8070) 

 

Figure 4.9.B. MALDI-TOF of 4-Se-U 44.1 RNA (G10A7C6Use1) (calcd. [M] 8130, 

Observed [M] 8070) 
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4.4 Discussion 

 Colored DNA/RNA could have many applications, such as 

biotechnology research tools and diagnostic tools.  Incorporation of 4-Se-

thymidine or 4-Se-uridine into nucleic acid through solid phase synthesis has 

proved to be successful.   The incorporation of 4-Se-UTP into RNA through 

enzymatic reaction is still a problem; because the environments of organic 

synthesis and enzymatic reaction buffer system are totally different.   

 It was suspected that the stability of 4-Se-UTP was related to the 

presence of cation ions and DTT (research results from other lab member, which 

are not included in this dissertation. These studies showed that selenium 

modification in 4 position of the base was not very stable in the presence of some 

divalent ions. Divalent ions can chelate with selenium and result in dimerization 

and oxidization of the 4-Se-nucleoside.) The dimerized substrate most likely 

would not be accepted by T7 RNA polymerase.  However, DTT and the divalent 

ions (either Mg2+ or Mn2+) have to be used in the transcription buffer to keep RNA 

polymerase activity.  The instability of 4-Se-UTP may answer the question why 

no mass spectrum result for 4-Se-RNA has been observed.  Unlike the highly 

sensitive radioactive labeling, to prepare mass spectrum sample, a relatively 

higher quantity of 4-Se-RNA sample needs be prepared and then purified. If the 

substrate was dimerized, the yield of RNA transcription will be very low and make 

it very difficult to purify.    

 Although it was exciting to discover the hydrogen bond in the crystal 

structure of 4-Se-thymidine synthesized by solid phase synthesizer,[80]  it  is quite 
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challenging to  put 4-Se-UTP into RNA through enzymatic incorporation.  Further 

investigation is needed for using 4-SeUTP for X-ray Crystallography purposes. 

The stability of selenium on nucleic acids is an important factor on choosing the 

right selenium derivatization for nucleic acid X-ray crystallography.  Due to 

stability issue, other sites of UTP, like 2 position on the base, probably are better 

choices for base selenium modification of uridine for X-ray crystallography.  
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5.    FACILE SYNTHESIS AND ANTI-TUMOR CELL ACTIVITY OF SE- 

       CONTAINING NUCLEOSIDES 

 
(This work has been published on Nucleosides, Nucleotides and Nucleic Acids, 2009, 28 (1): 56-

66, Jia Sheng Razin K.Momin, and Zhen Huang are listed as co-authors.) 

 

5.1 Introduction 

Due to the recent discovery that selenium is an essential trace element,[60, 

121-122] tremendous attention has been paid to the selenium research, including 

chemical, biochemical, and biological investigations.[56, 122-124] Though selenium is 

the most noticeable for its antioxidant properties,[123] the biological activities of 

selenium are not just limited to its antioxidant abilities. The extensive research 

results have indicated an inverse relationship between the selenium level in body 

and the abnormalities of HIV and HPV infection, cardiomyopathy, rheumatoid 

arthritis, and asthma,[125-129] although most of the mechanisms are unclear. In 

addition, the clinic trial, conducted by Clark and coworkers using the selenium-

enriched yeast, revealed approximately 50% reduction of the occurrence and re-

occurrence of many types of cancers.[49, 122, 130] Though selenium can be 

accessed from a variety of food sources,[131] such as broccoli, Brazil nut, and 

garlic,[132] Se-containing compounds have also been used as the supplements for 

people with infectious diseases, such as tuberculosis or AIDS,[133-135] as these 

diseases usually coincide with nutritional deficiencies. 
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1: R1= H, R2= MeSe-, R3= OH, R4= OH
2: R1= CH3, R2= H, R3= MeSe-, R4= OH
3: R1= CH3, R2= H, R3= OH, R4= MeSe-  

Figure 5.1. Se-modified nucleosides. 
 

Selenium level in the body is basically dependent on its absorption,[136-137] 

though the amount of selenium in diet also plays a role. The form and oxidative 

state of selenium in diet can also significantly affect its absorption and activity.[138-

139] Various selenium compounds, in both inorganic and organic forms, have 

been reported to have biological activities.[60, 140] For instance, selenite and 

selenomethionine are the most commonly used Se-containing compounds in the 

experimental and clinic studies.[122] Development of Se-containing organic 

compounds that can be used as micronutrient supplements is an important 

approach to improve the disease prevention and treatment. Considering the 

toxicity and absorption, it is better to synthesize organic seleno-compounds in the 

forms of the naturally occurring products and the derivatives. Furthermore, Ip and 

coworkers have demonstrated that methylselenol is an active metabolite of the 

Se-containing compounds, such as methylselenocysteine and seleno-

methionine.[60, 141-143] Methylselenol, offering the high anticancer activity, can be 

generated via in vivo reduction of the methylseleno-containing compounds.[57, 142] 

Therefore, the organic compounds containing methylseleno (MeSe) functionality 

are potential agents for anticancer application and chemoprevention.[142] 
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It has been well-demonstrated that selenomethionine, containing MeSe 

functionality, is better absorbed and retained in body than inorganic selenite.[139] 

Though selenomethionine is commonly used as a food additive and Se-carrier, 

its cytotoxicity is relatively high.[144] In addition to the Se-amino acids, it was 

shown that several selenonucleobases and 8- seleno-cGMPs had anticancer 

activities,[145-146] and that many natural tRNAs contain selenium-modified 

nucleosides.[61, 147] Recently, our research group has pioneered and developed 

selenium-derivatized nucleic acids (SeNA) for function and x-ray crystal structure 

studies.[20, 69-70, 79-80] Therefore, by taking advantage of our experiences in 

selenium chemistry, we have designed and synthesized novel nucleosides 

derivatized with MeSe functionality at various positions (Figure 5.1) in order to 

evaluate the MeSe effect and to develop better Se-carriers for anticancer 

application and chemoprevention. We describe here the simple synthesis of the 

new 3’-MeSe-thymidine nucleoside and the other uridine and thymidine 

derivatives modified with MeSe at the 2’and 5’ positions, and report their activity 

against prostate tumor cell lines. 

 

5.2 Material and method 

5.2.1 Synthesis of MeSe-nucleosides 

  Most solvents and reagents were purchased and used without purification 

unless mentioned otherwise. Pyridine was dried over KOH (s) and distilled under 

argon. When necessary, solid reagents were dried under high vacuum. Reactions 

with compounds sensitive to air or moisture were performed under argon. 
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Solvent mixtures are indicated as volume/volume ratios. Thin layer 

chromatography (TLC) was run on Merck 60 F254 plates (0.25 mm thick; Rf 

values in the text are for the title products), and visualized under UV-light or by a 

Ce-Mo staining solution (phosphomolybdate, 25 g; Ce(SO4)2.4H2O, 10 g; H2SO4, 

60 mL, conc.; H2O, 940 mL) with heating. Preparative TLC was performed using 

Merck 60 F254 pre-coated plates (2 mm thick). Flash chromatography was 

performed using Fluka silica gel 60 (mesh size 0.040–0.063 mm) using a silica 

gel:crude compound weight ratio of ca. 30:1. 1H and 13C-NMR spectra were 

recorded usingBruker-300 or 400 (300 or 400 MHz). All chemical shifts (δ) are in 

ppm relative to tetramethylsilane and all coupling constants (J) are in Hz. 
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Figure 5.2. Synthesis of 2’-MeSe-uridine (1). Reagents and conditions: (i) 

diphenyl carbonate and NaHCO3 in DMF, heated at 120 oC for 2 hr; (ii) dimethyl 

diselenide and NaBH4 in EtOH:MeOH (8:1), heated at 50oC for 3-4 hr. 

 

2’-methylseleno-2’-deoxyuridine (1). Uridine (4.17 g, 17.1 mmol) and diphenyl 
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carbonate (4.0 g, 18.7 mmol) were placed in a round-bottom flask, and N,N-

dimethylformamide (5.0 mL) was added. The slurry was heated in an oil bath at 

100◦C. Dry sodium bicarbonate (33 mg) was then added, and a watch glass was 

used to cover the flask. The reaction mixture was heated at 120–130 ◦C for 1 

hour while being monitored on TLC (methanol/methylene chloride, 2:8). After 

completion, the reaction was cooled to room temperature. The precipitated 

product was filtered and washed by cold methanol three times (each time 1.5 

mL). The white powdered product (5) was dried on high vacuum overnight. (3.31 

g, 86%). Compound [5, 2,2’-O-anhydro-1-(β-D-arabinofuranosyl)-uracil]: 1HNMR 

(d6-DMSO) δ (ppm): 3.11–3.23 (m, 2H, H-5’), 3.97–4.11 (m, 1H,H-4’), 4.25–4.41 

(m, 1H, H-3’), 4.91 (m, HO), 5.18 (d, J = 5.8 Hz, 1H, H-2’), 5.81 (m, HO), 5.96 (d, 

J = 7.5 Hz, 1H, H-5), 6.22 (d, J = 5.8 Hz,1H, H-1’), 7.78 (d, J = 7.5 Hz, 1H, H-6). 

1H-NMR spectrum is consistent with the literature.[38,39] A suspension of sodium 

borohydride (148 mg) in ethanol (1 mL) was added drop wisely to 

dimethyldiselenide (0.33 g, 1.75 mmol) dissolved in ethanol (3 mL) under argon. 

After the yellow solution turned colorless and there was no more bubble 

formation in the reaction, the suspension of 2, 2’-anhydrouridine (5, 200 mg, 0.88 

mmol) in ethanol (4 mL) was added slowly, followed by addition of methanol (2 

mL). The reaction was heated at 50 ◦C for 3–4 hours before it was completed 

(monitored by TLC, 10% MeOH in CH2Cl2). After evaporating all solvents, the 

crude product was purified by silica-gel column chromatography (7% MeOH in 

CH2Cl2). Pure product (258.5 mg, 91%) was obtained. Compound 1: 1H-NMR 

(MeOD, 400 MHz): δ 1.99 (s, 3H, 2’-Se-CH3), 3.18–3.55 (m, 1H, 2’-H), 3.74–3.83 
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(m, 2H, 5’-H), 4.03–4.06 (m, 1H, 3’-H), 4.35–4.37 (m, 1H, 4’-H), 5.76 (d, 1H, J = 

8.1 Hz, 5-H), 6.28 (d, 1H, J = 8.4 Hz, 1’-H), 7.99 (d, 1H, J = 8.1 Hz, 6-H); 13C-

NMR (100 MHz, CDCl3+DMSO-d6) δ: 8.21 (SeCH3), 53.10 (C-2’), 67.28 (C-5’), 

77.46 (C-3’), 91.48 (C-4’), 94.38 (C-1’), 107.39 (C-5), 145.51 (C-6), 155.66 (C-2), 

168.51 (C-4); ESI-MS: molecular formular C10H14N2O5Se, observed (M+Na+): 

344.9950 (calc. 344.9966). 
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Figure 5.3. Synthesis of 3’-MeSe-thymidine (2). Reagents and conditions: (i) 

MsCl/TEA/THF, at room temperature for 30 min; (ii) dilute NaOH (aq) in EtOH, 

reflux for 2.5 hr; (iii) dimetheyl diselenide and NaBH4 in dioxane, heated at 93 oC 

for 2 hr; (iv) 80% HOAc (aq) treatment. 

 

3’-methylseleno-3’-deoxythymidine (2). This compound was synthesized from 

5’-DMT thymidine in four steps. The first step (I) was mesylation of the 3’ position 

of 5’-DMT thymidine. Without purification of the mesylate intermediate, the 

second step (II) allowed the intramolecular cyclization, thereby forming 

compound 7. This cyclic compound was purified by flash chromatography. The 
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third step (III) involved the introduction of the methylseleno group at the 3’ 

position. After the detritylation with trichloroacetic acid (IV), the target compound 

2 was purified by chromatography. Step (I): After placing 6 (1.44 g, 2.69 mmol) in 

a round-bottom flask and drying it under high vacuum for 30 minutes, dry THF 

(26.4 mL) and triethylamine (1.1 mL, 7.95 mmol, 3 equiv.) were injected into the 

flask under argon. Methanesulfonyl chloride (247 µL, 3.18 mmol, 1.2 equiv.) was 

slowly injected into the flask in an ice bath and under dry argon. After stirring the 

reaction for 10 minutes at 0 ◦C, the reaction flask was placed and stirred at room 

temperature for 30 minutes. After monitoring the reaction by TLC to confirm its 

completion, methanol (1 mL) was added to quench the reaction. After 

evaporation of all solvents under reduced pressure, the crude product was 

redissolved in ethyl acetate and the salts were filtered out. The solvent was 

evaporated again under reduced pressure to afford the crude product. 

Step (II): The crude product from step (I) was redissolved in ethanol (250 

mL), and NaOH (13.75 mL, 0.2 M aqueous solution, 2.75 mmol, 1.04 eq.) was 

added subsequently. The reaction was completed after 2.5-hour reflux (monitored 

by TLC, 5% MeOH in CH2Cl2). The 90% solvent was evaporated under reduced 

pressure, and water (100 mL) was subsequently added. The crude product was 

then extracted with EtOAc (3 × 25 mL). The organic phases were combined and 

dried over anhydrous MgSO4 for 20 minutes. After the filtration and solvent 

evaporation under reduced pressure, the crude product was purified by flash 

chromatography (0 to 5% methanol in CH2Cl2, gradient). The pure product was 

dried on high vacuum to afford compound 7 as a fine white powder (1.25 g, 2.42 
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mmol, 90% yield over two steps). 

Step (III and IV): 7 (50 mg, 0.096 mmol) and NaBH4 (18 mg) were dried 

separately on high vacuum. Dry dioxane (2.0 mL) was injected into each round 

bottom flask. A brown liquid of dimethyl diselenide (13 µL, 13.4 mg, 0.071 mmol, 

1.5 equiv.) was carefully injected into the flask containing NaBH4. Afterward, a 

few drops of ethanol were injected into the same flask dropwise until bubble 

appeared. The reaction was kept running at room temperature for 15 minutes 

until the solution became colorless, followed by injecting the dioxane solution of 

compound 7 into this reaction. The mixture was refluxed under argon for 2 hours 

before its completion (monitoring by TLC). The solvent was evaporated under 

reduced pressure and the residue was dissolved in CH2Cl2 (25mL), followed by 

washing with brine (3 × 10 mL). The combined organic layers were dried with 

anhydrous MgSO4, filtered and evaporated to dryness. Without further 

purifications, the crude product was redissolved in CH2Cl2 (5 mL) and treated 

with trichloroacetic acid (0.19 g, 1.14 mmol). The mixture was stirred (0.5–1 hour) 

and followed by adding several drops of CH3CH2SH to quench the DMTr cation. 

The reaction was monitored by TLC, and triethylamine was added to neutralize 

the acid. After evaporation of CH2Cl2, the crude product was purified by silica gel 

column chromatography using 10% methanol inmethylene chloride as eluent. 

The pure product (27.8 mg) was obtained with 89% yield over two steps. 

Compound 2: 1H-NMR (CDCl3,400 MHz): δ 1.90 (s, 5 -CH3), 2.07 (s, 3H, SeCH3), 

2.46–2.56 (m, 2H, 2’-H), 3.44–3.55 (m, 1H, 3’-H), 3.86–4.10 (m, 2H, 5’-H), 3.96–

4.00 (m, 1H, 4’-H), 6.10 (m, 1H, 1’-H), 7.59 (s, 1H, 6-H); 13C-NMR (CDCl3, 100 



 
 

 

128

 

MHz), δ 3.52 (3’-SeCH3), 12.69 (5-CH3), 32.48 (C-3’), 40.14 (C-2’), 61.18 (C-5’), 

85.66 (C-1’) 86.71 (C-4’), 110.82 (C-5), 136.65 (C-6), 150.48 (C-2), 164.04 (C-4); 

ESI-MS: molecular formular C11H16N2O4Se, observed (M + Na+): 343.0167 (calc. 

343.0173). 
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Figure 5.4 Synthesis of 5’-MeSe-thymidine (3). Reagents and conditions: (i) p-

toluenesulfonyl chloride, DMAP, anhydrous pyridine, 22 hr; (ii) dimethyl 

diselenide, NaBH4. 

 

5’-methylseleno-5’-deoxythymidine (3). Step (I): Thymidine (60.6 mg, 0.25 

mmol), p-toluenesulfonyl chloride (97.3 mg) and DMAP (2 mg) were dried under 

high vacuum in a 10-mL flask for 1 hour, and then dry pyridine (1.25 mL) was 

added into the flask under argon. The reaction mixture was stirred under argon at 

room temperature overnight. Step (II): To a round-bottom flask containing NaBH4 

(111 mg) under argon, ethanol (1.0 mL) was added, followed by addition of 

dimethyl diselenide (47.0 µL, 93 mg, 0.50 mmol). This reaction was stirred for 30 

minutes in an ice-water bath and under dry argon, and the solution turned from 

yellow to colorless. The tosylate suspension from Step I was injected to the 

methyl selenol solution, followed by stirring at room temperature overnight. The 
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solvents were evaporated under reduced pressure. The crude product was 

purified by silica gel plate using 7% methanol in methylene chloride as the eluent. 

The white foamy product (53.1 mg) was obtained with 80% yield (recovered 

thymidine, 10.4 mg). Compound 3: 1H-NMR (CDCl3, 400 MHz): δ 1.96 (s,H, 5-

CH3), 2.09 (s, 3H, 2’-SeCH3), 2.26–2.33 (m, 2H, 2’-H), 2.79–2.96 (m,2H, 5’-H), 

4.05–4.10 (m, 1H, 3’-H), 4.38–4.45 (m, 1H, 4’-H), 6.26 (t, 1H,J = 6.7 Hz, 1’-H), 

7.29 (s, 1H, 6-H), 8.13–8.18 (br, 1H, NH, exchangeable in D2O); 13C-NMR (CDCl3, 

100 MHz): δ 5.63 (2’-SeCH3), 12.46 (5-CH3),27.69 (C-2’), 40.04 (C-5’), 73.39 (C-

3’), 84.52 (C-4’), 85.21 (C-1’), 111.19 (C-5), 135.64 (C-6), 150.57 (C-2), 164.15 

(C-4); ESI-MS: molecular formular C11H16N2O4Se, observed (M-H)−: 319.0194 

(calc. 319.0197). 

 

5.2.2 Anti-prostate tumor cell assays.  

Approximately 100,000 cells of each tumor cell line were plated onto six-

well plates in duplicate and allowed 24 hours to adhere. Old media was aspirated 

and the fresh media (2 mL, containing various concentrations (1.0, 10, 100, 1000, 

10,000 nM) of compound 1, 2, or 3) was added. A control group with no additives 

was also prepared. These plates were incubated at 37 oC in an environment 

containing 5% CO2. After 96-hour incubation, the cells were trypsinized and 

counted. For each test sample with a Se-nucleoside, the number of live cells was 

normalized to that of the control group and plotted against the concentration of 

the Se-nucleoside. IC50 values of cell growth inhibition were determined by least 

squares curve fitting. 
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5.3 Result and Discussion 

5.3.1. Synthesis of MeSe-nucleosides 

 
Table 5.1: Synthesized MeSe-nucleosides (1-3) 
Compound R1 R2 R3 Yield%

3              -CH3         -H          -OH             -SeCH3         80a

2              -CH3         -H          -SeCH3        -OH            81a

1              -H             -SeCH3   -OH             -OH            78a

R4

 
 aoverall yield.                   
                                                                                                     

In this work, we have developed convenient synthetic routes for synthesis 

of the new 3’-MeSe-thymidine nucleoside and the other uridine and thymidine 

derivatives modified with MeSe at the 2’ and 5’ positions, and their overall 

synthetic yields are high (MeSe-nucleosides, 1–3; Table 5.1).The synthetic route 

for 2’-methylseleno-2’-deoxyuridine (1) is shown in Figure 5.2. After converting 

uridine (4) to 2,2’-anhydrouridine (5) using diphenyl carbonate in hot DMF,[38,39] 

we normally protected the 5’-OH of 5 to increase the anhydrouridine solubility for 

the MeSe incorporation, followed by removal of the 5’-protection. In order to 

avoid the 5’ protection and deprotection steps, we explored several conditions, 

including hot alcohol solvent, to increase the solubility of 2,2’-anhydrouridine 

while controlling the reaction regioselectivity at the 2’-α-position instead of the 2-

position. Without the formation of the 2-MeSe-uridine isomer, methylselenol 

formed by reduction of dimethyl diselenide with NaBH4 was incorporated, in high 

yield, into the anhydrouridine (5) at the 2’ α-position under the elevated 

temperature. Thus, the target compound (1) was conveniently synthesized in two 

steps (78% overall yield). Because of the successful MeSe incorporation to the 2’ 



 
 

 

131

 

position of 2, 2’-anhydrouridine without the 5’-protection, we planned to use the 

similar strategy to introduce MeSe functionality to the 3’-position of the 2, 2’-

anhydrothymidine (7).  

We started the synthesis of 3’-methylseleno-3’-deoxythymidine (2) from 

the partially protected thymidine, 5’-DMTrthymidine (6; Figure 5.3). After 

activating the 3’-hydroxyl group of 6 through a quantitative mesylation reaction, 

the mesylate intermediate (without purification) was converted to the 2, 3’-

anhydrothymidine derivative (7) under reflux in ethanol solvent. This 

intramolecular cyclization was almost quantitative when a low concentration of 

the mesylate intermediate (10 mM) was used in the presence of dilute NaOH 

(10.4 mM). Via the intramolecular SN2 substitution, the α-3’-mesyl group was 

displaced by the 2-oxide formed under the basic condition to give 2, 3’-

anhydrothymidine (7). Under higher concentrations of the mesylate or NaOH, 

many by-products were formed probably due to the 3’, 2’- or 3’, 4’-mesylate 

elimination. After purification of the generated 2, 3’-anhydrothymidine (7), 

thymidine was functionized with MeSe functionality using a procedure analogous 

to the synthesis of 2’-MeSe-U (1). Due to the higher stability of 2,3’-

anhydrothymidine, which has much less ring strain comparing with 2,2’-

anhydrouridine, higher reaction temperature was required to allow successful 

incorporation of the methylseleno functionality. Without the formation of the 2-

MeSe-thymidine isomer, MeSe functionality was almost quantitatively introduced 

to the 3’-α-position of 7. Without further purification of this Se-containing 
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intermediate, its 5’-dimethoxytrityl group was quantitatively removed by 80% 

acetic acid, offering the target compound (2) with 81% overall yield (four steps). 

5’-Methylseleno-5’-deoxythymidine (3) was synthesized, in the 

pyridineethanol mixed solution, through a two-step reaction shown in Figure 5.4. 

Since it is possible to differentiate the primary and secondary hydroxyl groups, 

we used p-toluenesulfonyl chloride to selectively activate the 5’ position in 

pyridine. The 5’ p-toluenesulfonyl group, a good leaving group, was displaced by 

methylselenol via a SN2 substitution, thereby generating target compound 3 

(80% yield in two steps). 

 
 

5.3.2. Anti-Prostate Tumor Cell Evaluation 

Table 5.2 Inhibition results of tumor cell growth by compound 1-3 

 

Compounds 1–3, with relatively good solubility in aqueous solution, were 

screened for their anticancer activity against prostate cancer cell lines (DU145, 

CWR22, PC3, and LNCaP). We found that these MeSe-nucleosides have 

anticancer effects and can generally inhibit cancer cell growth. Their IC50 values 
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for the cell growth inhibition and the average cell death caused by these 

nucleosides at 10 μM concentration are shown in Table 5.2. Their IC50 values 

against these prostate cancer cells varied from 15 to 200 nM. Our experimental 

results indicated that 5’-Se-thymidine (3) is generally more active than the other 

2’ and 3’ Se-nucleosides against these prostate cancer cell lines. It is probably 

easier to metabolize the Se-nucleoside containing the primary MeSe than the 

secondary MeSe, thereby generating more methylselenol from 3. It was 

observed that the inhibition of the tumor cell growth was proportional to the 

concentrations of these MSe-nucleosides. 
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