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Abstract: Three compounds which can be used as precursors for thymidine synthesis via metbylation at tire 5 position, 
hlcluding 3’. s_o_bis(leaahy)-5-~~~~x~~ la, 3: 5’-o-bis-(crimetbylsily)-5~~~~xyur 
lb , and 3’. 5’-o-bis-(r-bu~l~~yyldimethylsilyl)-5-bromo- lc, were prepared isolated and characterized by 
spectroscopic methods. Alkylatiat witb methyl iodide using an organo-lithitun reagent at low temperatute produced 72%. 
41% and 74% of thy&line 6 , mspectively. Tetrahydropyranyl and t-butyldimethylsilyl ethers am found to be better 
pmcursors for introduction of a methyl group at the 5 position. 

INTRODUCTION 

Radiolabeled thytnidine has been widely used in j&h~ and inriyp models for assessment of cellular replication. With 

the advent of positron emission tomography, [methyl-tlC]tbymidine has been considered as a potential compound for ipyira 

tumor imaging and liver regeneration studies using positron emission tomography (PET). Thymidine kinase is the enzyme which 

catalyses phosphate transfer Born ATP to thymidine to form thynddii 5’-phosphate I. The activity of thymidine kinase. in rapidly 

growing cells is known to be very high compared to the non-dividing adult tissue. The anabolic product of thymidiie 

phosphorylation, thytnidyllic acid, cannot transverse the celluhu membrane and therefore remains trapped in the tumor cells2. 

Radiolabeled thymidine uptake i&y~ has been correlated with DNA synthesis in 1~11s~. Studies with [methyl-t4C]thymidine4, 

[methyl-’ 1C]thymidine5+6 and [methyl-3H]tbymidine7~* have demonstrated that tumor uptake and tumor/tissue ratios are 

sufftciently high to justify the use of [methyl-llC]thytnidi for PET imaging. 

The earlier biosynthesis of [methyl-tlC]thymidiie using an enzymatic procedure produced only 4 mCi of radiotracer with 

low specific activity5*6, insufticient for human studies. An alternative organic synthetic methodology was reported thereafter9~to 

using 3’. 5’-o-uis-(trimethylsilyl)-5-bromo-~~oxyu~d~e as precursor of thymidine. Tbii method suffered from low radiochemical 

yield, poor reproducibility and longer reaction times. Another synthesis of [methyl-tlC]thymidine was reported in which 3’. S-o- 

bis-(tetrahydropyranyl)-5-bromo-2’-deoxyuridine was used as the precursor lt. In this method 2.4-7.4 mCi of [methyl- 

tlC]thymidine was produced with 17-25% radiochemical yield. The low specific activity was due to the addition of carrier methyl 

iodide during the synthesis. More recently a thud synthesis of [methyl-l lC]thymidine has been reported, which was a moditication 

of an earlier method*l. In this method radiochemical yield and specific activity have been reported to be high. However, an 

unknown radiolabeled by-product was observed in signitkant quantity. 

All the organic syntheses mentioned above are similar, in that they involve treatment of a bis- or tris-hydroxy-protected-5- 

bromo-2’deoxyuridine with n-butyllitbiutn at low temperature followed by reaction with [“Clmethyl iodide. To date, 3’,5’-o-bis- 

(tetrahydropyranyl)-S-bromo-2’-deoxyuridine tl, 3’. 5’-o-bis-(trimethylsilyl)-5-bromo-2’-deoxyuridine12 and 2, 3’. S-o-tris- 
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(trimethylsilyl)-5-bromo-2-deoxyuridine gJ” have been used for [methyl-llC]thymidhte synthesis. Only c&is-(tetrahydropymnyl) 

ether of 5-brcmo-2’deoxyuridine has been isolated and successfully &amcmk& by ‘RNMR and mass spectrwretryll. Treatment 

of this compound with two equivalents of n-butyllithium has been shown to produce a dianicm in&me&ate which can be selectively 

methylated at the 5 positionll. ‘lbe o-bis-(trimethylsilyl) ether was prepated hl_gi& and used without isolatiortt*. Aualysis by 

mass SpeUrometry did not provide adequate informauon uu this compound The o-tris-(trime4hylsilyl) ether derivative was identitkd 

only by IR. The intermediate bydroxy-protected compounds have not been isolated aud characM& in any of the synthetic 

methods. The issues of stability of the o-bis-(uimethylsilyl) ether11 and the reported difficulty in removal of the tetrabydropyranyl 

group’* temabt Unresolved. Detailed investigations, including isolation of the precursors, their reactions with methyl iodide, and 

isolation of the hydroxy-protected intermediates, as well as their hydrolysis to the tinal product, thymidine, were conducted in an 

effort to help resolve these questions. 

‘lberefore. based upon the pteviously established techniques for selective alkylation and, in order to establish an effcient, 

high yield method of [methyl-* lC]tbymidine synthesis for studies using positron emission tomography, we have studied three 

different precursols of thymidine. We wish to report synthesis of a new compound, 3’. s’-o-bis-(t-butyldimethylsilyl)-S-btomo-2’- 

deoxyuridk lc and a mmpamtive evaluation of its alkylation reactions with methyl iodike with the 3’. S’-o-bis-(tetmhydropyranyl) 

and 3’, 5’-o-bis-(trimethylsilyl) derivatives. The intermediate products and theii studies on hydrolysis are also reported. The 

techniques described ate adaptable for mdiolabermg with either C-14 cc C-11 in the 5 position. 

RESULTS AND DISCUSSION 

In 0fde-r to develop an efficient method of [methyl-llC]thymidine synthesis we have evaluated the maction of thee different 

prerwsors, two of which wa_used earlier. A general method of synthesis is represented by the Scheme 1: 
” 0 
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Scheme 1 

We have improved the quantitative yield of 3’,5’-o-biitetmhydropymnyl)-Mromo-2’-&oxyuridine la in a shorter reaction 

time than previously published. Following the literature procedure l1 the reaction was not complete in 72h. However. by 

&teasing the amount of 3, 4dihydto-2H -pyran from 3 equivalent to 15 equivalent the reaction was complete in 2h with 

quantitative yield. The reaction is quite simple and straightforward. tffNMR spectrum of this compotmd was slightly different due 
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to the use of our high field (300 MHz) NMR spectrometer. 10 our spectrmn four different singlets were Observed fM the C6 

pKBtom of four diastemomem compamd to ale singlet previously repormd. 

Syntheses of 3’. 5’-o-b-s(trimethylsilyl)-5-bromo-2’-deoxy~~ lb were reported earlier using bis-(trimethylsilyl)- 

acetamide-cbhnotrimethykilane mixturet3 or bii(uimethylsilyl)-trifluoroace tamide12. Thii compnuud was dmm&ri& either by 

IR, or by mass spectrometty without isolation. We have synthesized this compound by mactiog 5-bromo-2’deoxyuridine with 

chloronimethylsilane in the pmseoce of triethylamioe in THF at room temperature. ‘Ibe reactioo produced a high crude yield of 

95%. However, after puriRcatioo on basic alumina column the yield was lowered to 45% due to partiai hydrolysis of the compouti 

in the column. The melting point of the compound was 52-56oc, relatively a broad range due to the fact that it was used without 

recrystalizatioo. However, IHNMR spectrum of the compound was very clean and explainable, and high resolution mass 

spectromeuy aiso supporkd the identity of the compound. 

Syuthesis of the thii precursor 3’. S-o-bis-(tert-butyldiiethylsilyl)-5-bromo-2’-deoxyuridioe lc was diftkult. Following 

a litemture metbod14 no desired product was obtained. ‘Ibe compound was synthesixed in excess trietbyhuuine by reaction of 5- 

bromo-2’deoxyuridine and ?-butyldimethylsilyl chloride in THF at 75OC for 4Oh. The isolated yield after chromatographic 

purification on silica gel column was 65%. Melting point of this compound was also broad 54-5g°C due to the fact that it was 

used without recrystakatioo. The lHNMR spectrum of the compound was very clean and explainable. High resolutioo mass 

spectrometry also supported the structure of the compound. 

Earlier allcylatioo reaction of bis-hydroxy-protected-5-bromo-2’~deoxyuridme involved various solvent systems such as 

THF11p12, THPiHMPA9 and two different temperatures, -78oc and -50°C 12J3. 10 those reactioos generally 2 compouods were 

observed by HPLC, thymidioe 6 and 2’deoxyuridioe 5. However, in the reaction of 3’. S-o-bis-(trimethylsilyl)-5-bromo-2’- 

deoxyuridioe an additional uoideotifkd compound was observed, which was assumed to be isothymidine. lhe ratio of thymidiue to 

2’deoxyuridioe was about 25 : 7512 and 40 : 60 13. IO all of our alkylatioo reactioos the ratio of thymidine to 2’dcoxyuridme was 

much higher (Table 1). 

THPether la ‘ihymidioe 6, Deoxyuridioe 5 72 ~28 

TMS ether lb Thymidine 6, Deoxyuridioe 5, 5-TMS- 41 : 34 : 25 

Deoxyuridme 8 

TRDMS ether lc ‘lhymidioe 6, Deoxyuridii 5 74 : 26 

Table 1 

The ratio of these compounds were obtained by ‘HNMR integration of the C6 protons. IO the reaction of 3’. 5’-o-bis- 

(tetrahydropyranyl)-5-bromo-2’-deoxyuridioe la this ratio was 72 : 28. and in 3’. S-o-bis-(I-butyldimethylsilyl)-5-bromo-2’- 

deoxyuridine lc it was 74 : 26, which are similar. However, the isolated yield of the intermediate bis-hydroxy-protected thymidhte 

4 was ‘higher in the latter reaction (52%). compared to the former one (40%). The allcylatioo reaction of 3’. 5’+bis- 

(trimethylsilyl)-5-bromo-2’-deoxyuridioe lb gave 3 compounds, bis-hydroxy-protected thymidioe 4b, bis-hydtoxy-protecteded-2’- 

deoxyuridine 3b and a third compound characterized by tHNMR and mass spcctrometry as 3, 5-o-bis-(trimethylsilyl)-5- 

(trimemylsilyl)-2’-deoxyuridioe 7 (scheme 2). The ratio of these three compouods in the mixture was about 41 : 34 : 25. IO a 

separate experiment when the crude precursor 3’. S-o-bis-(trimethylsilyl)-5-bromo-2’deoxyuridine was used , the ratio of these 

compounds were slightly different. The isolated yield of the desired thymidii imermcdiate 4b in this particular re~tion was 12%. 
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whereas Ibe uridine intermediate 3b was 20% and the 5-trlmetbylsllyl urldiue intermed& 7 was 5%. ‘Be aude products could sot 

be purlfied on basic alumina column, since all the protecting groups were hydrolyzed iu the column. However, they could be 

purl&d on sllii gel c&mn (pretreated with 1% trlethylamioe lu hexaue) in lower yields. During the reaction of 3’. S-o-bls- 

(trimethylsilyl)-S-~~~~~xyuridioe lb, formation of the 3’. S-o-bis-(eimethylsilyl)-5-(trimetbylsilyl)-~~xy~~ 7 

reveals that the precursor is unstable under the reection condltloo. The labile Si-Oxygeo bond presumably is cleaved by the attack 

of stmuger nucleopbllc orgaao-lithium reagent especially by the dlauloa intermediate 2b. This type of reaction was not observed 

laodXXp#XWors. 

The intermediate compound 3’, 5’-o-bis(trimetbylsllyl)-5-(trimetiylsilyl)-2’-deoxyurirlme 7 was hydrolyzed to S- 

(trimethylsilyl)-2’deoxyuridii 8 and analyzed by TLC using 10% methanol in dichloromethaue as elueot, and thymidine as a 

reference compound. The Rf value of this compound was 0.41 and that of thymidine was 0.22 in the above solvent system. ‘Ibis 

compound could uot be identified by HPLC through 30 minutes where as the retention time of thymidlne was 12 minutes. 

lberefore, it is most llkely that the previous workers did not see this ~~~I~xIIKI by HPLC even though it may bave beeu present ln 

the reactior~ mlxtme. IO order to verify the formation of ibis compouud, it was prepared by treatment of the dianion 2b witi 

trlmethylchlomsilane instead of methyl iodide (Scheme 2). The ~HNMR spectrum of the product was identical as the isolated 

compound from the methylatlon reaction. 

2b 
OR 

7 

Scheme 2 

OH 
8 

The earlier reported unidentified compound (so-called isothymldine)** was observed by HPLC as less than 5%. The 

retentloa time of this compound was very close to that of 2’deoxyurldine. A small amount of pure compound was isolated and 

analyzed by mass spectrometry. lk mass spectrum of the compound demonstrated a molecular ion of 391, consistent with M+H 

with tbe base peak of 279. The loss of 112 mass unit fmm 391 to 279 indicates the loss of an uracil unit by rearrangement. This 

suggests that at least the uracll unit was not methylated, since it has 18 mass unit higher molecular weigbt than Ihymidioe. 

Tkefom, the reported unldentifled radioactive peak is oat likely to be lsotbymldlne. Fur&r characterlxadon of the compound was 

notpmsuedduetothelnsignlticautamountpmducedin tbereaction. 

In g& alkylation W prooeeded rapidly when performed in THP at -78oc. In these reactions 2.5 equivalent of o- 

butyllthium were used instead of 2 equivalent, since frepueotly when 2 equivalents were used incomplete reaction was observed, 

probably secondary to partial hydrolysis ln storage or during transfer. Hydrolysis of protecting groups went smoothly under acidic 

cooditio0.s. trlm&ylsilyl derivative hydrolyzed at roan temperature withlo a minute. Tetrahydmpymnyl and tert-butyldllthylsilyl 

duivatlves required beatiug to 65w for complete hydrolysis within 5 minutes. 

Although it has been qorted that synthesis of [methyl-llC]tbymidlne using 3’. 5’-o-bis-(trlmetbylsilyl)-5-bmmo-2’- 

deoxyuridine lb pmduced high raditiemical yield and specific activity t*, this precursor produces an additional by-product, 5- 

(trimethylsilyl)-2deoxyurkime 8 in a significant amount (15-25%) compared to other precursors, we have studied. Productior~ of 

more by-pmducts not only reduce the chemical yield but also make isolation of the pure deslred product more difficult. Therefore. 
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based on our studies it appears that either tetrabydropymnyl or tert-butyldimethylsilyl protected precutsots would be better choice for 

[metbyl-14C] or [methyl-llC]thymidine synthesis. Although the pmtecting groups can be readily removed ftom both derivatives, 

the 3’. S-o-bis-(letrahy~~rcrpuranyl)-5-bromo-2’ has the advantage over the tert-butyldimethysily1 ptecmsm, since it can 

be synthesixed in quantitative yieM compared to 65% yield of the latter case. 

The synthesis of radiolabeled thymidii requires a precursor which is stable enough for routine storage and handling, and 

provides readily removable protecting groups. Our studies revealed that tetrahydropyranyl or nut-butyldiiethylsilyl protected 

precursors have tbe advantage over the trimethylsilyl derivative. Preparation of thymidine from tetrahydropyranyl or tert- 

butyldimethylsilyl derivatives produces cleaner product in high yield. Considering the synthesis of tbe precursors, the 

tetrabydropyranyl derivative has tbe advantage over tbe ten-butyldimethylsilyl one, as it can be synthesized mote easily and 

quantitatively compared to the latter which gave 65% yield. Therefore, we conclude that 3’,5’-o-bii(tetrah~yranyl~S-bmmo-2’- 

deoxyuridine is the best choice of the evaluated precursors in the preparation of [methyl-14C] or [methyl-llC]thymidine. 

Chemicals and Instrumentation: 

EXPERIMENTAL 

Triethylamine, nimethykhlorosilane, I-butyklimethylsilyl chloride, p-toluenesulfonyl chloride and 2 3dihydmwrane were 

purcha& from Aldrich Chemical company and were used without further pmitkation. Flash chromamgmphy were performed using 

silica gel 60 (EMScience) and basic Alumina (Aldrich), and HPLC grade solvents. 

Thin layer chromatography (TLC) were performed on pm-coated Xisselgel60 F254 (Merck) glass plates. Melting points 

were determined on a capillary melting point apparatus and are unamectcd. 1HNMR studies were performed co a Bruker AMX300 

spectrometer in the Biophysics facility at The Johns Hopkins University using tetramethylsilane as internal reference, U&S 

otherwise specified. Mass spectra were obtained on a Finnigan 4000 mass spectrometer at lhe University of Minnesota using 

ammonia chemical ionization technique, and m/z are reported only on the major peaks with relative intensity in the parenthesis. 

High performance liquid chromatography (HPLC) were performed on a Perkin-Elmer HPLC dual pump system using a LC-75 

spectrophotometric detector at 254 nm. 024 recorder, Hewlet Packard integrator and an analytical reverse phase Cl8 column 

(Alltech). A solvent system of 90% water and 10% methanol was used as mobile phase in an isocmtic system. 

PREPARATION OF PRECURSORS 

Preparation of 3: 5’-o-bis_(tetm~ropymnyl)-5-bro~-2’-deoxyuridine la: 

This compound was prepared following a literature method I1 with moditication. Briefly, 5-bromo-2’deoxyuridhre (1.02 g. 3.25 

mmol) was dissolved in dry THF (25 mL). pToluenesulfonic acid (60 mg, catalytic amount) was added to the reaction flask 

followed by addition of 3,4dihydro-2H -pyran (4.45 mL. 48 mmol). The reaction mixture was stirred at room temperature for 2h, 

wben TLC showed no remaini ng starting material. Tbe reaction was quenched by adding 2 drops of triethylamine. Solvent was 

evaporated, and the crude product was purified by Bash chromatography using silii gel colmnn and 20% acetone in hexane as 

eluent. White solid, 1.57g of pure compound was obtained as a mixture of four diastereomets, yield 99.70%(quantitative). M.P. 

58-75oC, Lit. 5675OC (11). ‘HNMR (CUC13): 8.48 (b s, 1 H, NH), 8.26, 8.23, 8.21, 8.20 (4s. lH, CsH), 6.40-6.21 (m, lH, 

I’H), 4.69 (bs, lH, 3’H). 3.62-3.60 (m, 7H, 0-CH-0). 3.60-3.45 (m, LH, CH2-O), 2.70-2.44 (m, lH, 2’H). 2.30-2.20 (m, lH, 

2’H), 1.98 -1.60 (m, 12H, CH2). MS: 494 (M+NH4, 2). 492 (M+NH4, 2). 477 (m+H, ll), 475 (M+H, 10). 410 (lo), 408 

(11). 332 (8). 330 (8), 118 (lOa), 102 (41). 85 (29). 

Preparation of 3’. 5’-o-bis-(trimethylsilyl)-S-bromo-2’-dco*yrrridiinr lb: 

5-Bnnno-2’deoxyuridine (0.50 g, 1.63 mmol) was dissolved in dry THF (18 mL). Triethylamine (5 mL, 35.8 mmol) was 

added followed bv addition of trimethvkhlorosilane (0.5 mL. 6.38 mmol). The reaction mixture was stirred at room temnerauue. 
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with continuous stirring for an additional 2.5 hours after the flask became wane. TLC showed no residual starting material at this 

time. The reaCtion mixture was diluted with 50% ethyl &%tate in hexane (40 mL), washed with water (2x35 mL) and brine (1x15 

mL). The aqueous phase was back extracted with 50% ethyl Bcetate in hexane (1x30 mL). The combined organic phase. was dried 

WazSO4), sod evaporated to give 890 mg of aude product. The crude pmduct was chromatographed on a basic ahuniaa cohmm 

using 20% Acetone in hexane as eluent. Pure compound, 300 mg was obtained as white solid, yield 45%. M.P. 52-560C. 

‘HNMR (CDC13): 8.26 (s, lH, C&H), 6.28 (t IH, l’H, J = 6 Hz), 4.37-4.33 (m, lH, 3’H). 3.98-3.% (m, lH, 4’H), 3.86 (dd, 

lH, 5’H. J = 4 Hz. 2 HZ), 3.69 (dd, lH, SH, J = 4 Hz, 2 Hz), 2.35-2.27 (m, lH, Z’H). 2.10-2.01 (m. 1H. 2’H), 0.19 (s, 9H, 

TMS). 0.15 (s, 9H. TMS). MS: 470 @l+I’JH.+, 43). 468 (M+NH4,44), 453 @I+H, 100). 451 (M+H, 98), 398 (2). 3% (2), 

373 (37), 278 (29). 90 (35). 

Preparation of 3’. ~-o-bis_(t-bu~l~hylsilylsilyl)-S_bronto-2’-deoxyuridine lc: 

5-B~mo-~-deoxym+dine (0.50 g, 1.63 mmol) was dissolved in dry THF (18 mL). Trietbylamine (5 mL, 35.8 mmol) was added 

followed by addition of t-butyldimethylsilyl chloride (0.98 g. 6.51 mmol). The reaction mixture was heated at 75oC for 4Oh. when 

TLC showed no remaining starting material. The reaction mixture WBS diluted with 50% ethyl acetate in hexane (30 ml,), washed 

with water (2x25 mL) and brine (1x15 mL). The aqueous phase was back extracted with 50% ethyl acetate in hexane (1x30 mL). 

‘Ihe combined organic phase was dried (Na$O& and evaporated to give 1.00 g of crude product. After chromatography on silica 

gel column using 20% acetone in hexane as eluent, pure compound (570 mg) was obtained in 65% yield. M.P.: 54-59OC. 

‘HNMR (cm13): 8.07 (s, lH, CgH), 6.27 (I lH, l’H, J = 6 Hz), 4.37-4.33 (m, lH, 3’H), 3.98-3.% (m, lH, 4’H), 3.89 (dd, 

lH, 5’Y J = 4 Hz, 2 Hz), 3.76 (dd, lH, 5’H, J = 4 Hz. 2 Hz), 2.70-2.35 (m, lH, 2’H), 2.10-1.90 (m, lH, 2’H), 0.94 (s, 9H. t- 

butyl), 0.89 (s, 9H, t-butyl), 0.15 (s, 3H, Si-CHS), 0.14 (s, 3H, Si-CH3). 0.08 (s, 3H. Si-CH$, 0.07 (s, 3H. Si-CH3). 

MS: 537 (M+H, 100). 535 (98). 457 (60). 419 (5), 399 (7). 

ALKYLATION REACTIONS 

Preparation of 3: 5’~bis-(tenahydropyranyl,rhymidine 4a: 

3’. 5’-o-Bis-(tetrshydropyranyl)-5-bromo-2’_ (100 mg, 0.21 mmol) was dissolved in dry THF (1 mL) under 

argon and CoOled to -78OC. n-Butyllithium (1.6M solution in hexane, 0.330 mL, 0.25 mmol) was injected to the cold solution by 

a microsyringe, and the reaction mixture was stirred for 30 seconds. Methyl iodide (0.020 mL, 0.31 mmol) was injected to the 

above reaction mixture, stirred for one minute, then the cold bath was removed. After 2 minutes TLC showed no remaining starting 

material The reaction was quenched with 2 drops of saturated ammonium chloride solution and warmed to room temperature. 

Ethyl acetate (10 ml-) was added to the reaction flask and transferred to a sepamtory funnel, washed with water (1x10 mL), and brine 

(1x8 mL). The aqueous phase was back extracted with ethyl acetate (1x10 mL), and the combined organic phase was dried 

CNazS0.4 and evapomted to give 81 mg of crude product. ‘HNMR of the crude product showed a mixture of 2 compounds in the 

ratio 72 : 28, as obtained by integration of the Cg protons. The cmde product was chromatographed on silica gel column using 20% 

acetone in heXane as eluent to produce 35 mg of pure compound as a mixture of 4 ditereomers, in 40% yield. M.P. : 62-78w. 

tHNMR (CDc13): 8.75 (bs, lH, NH), 7.68-7.52 (4s. lH, CaH), 6.48-6.32 (m, lH, l’H), 4.80470 (m, lH), 4.55-3.60 (m, 

7H), 3.58 - 3.40 (m, 2H), 2.46-2.36 (m, lH, 2’H), 2.21-2.00 (m, lH, 2’H), 1.78, 1.77 (2s. 3H, CH3), 1.82-1.44 (m, 12H, 

CH2). MS: 411 (M+H, 13), 327 (76), 118 (100). 102 (62). 101 (49), 85 (87). 

Preparation of 3: S-o-his-(tetrahydropyranyl)-2’deoxyuridine 3e: 

This compound was isolated as a by-product in the above alkylation reaction. ‘HNMR (CDCl3): 8.75 (bs, lH, NH), 

7.90-8.10 (4d. lH, C6H, J = 7 Hz), 6.38-6.28 (m. lH, l’H), 5.70 (t, lH, CgH, J = 7 Hz), 4.71-4.60 (m, lH), 3.60-3.30 (m, 

7H), 3.59-3.48 (m, 2H), 2.60-2.40 (m, lH, 2’H), 2.25-2.00 (m, lH, 2’H), 1.80-1.40 (m, 12H). MS: 414 (M+m, 20). 397 

(M+H. 66). 330 (96). 313 (94). 118 (100). 101 (77). 85 (67). 
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Preparation of 3’. S’~-o-bis(rrimerhylsilyl)-thymidine 4b: 

The general method of preparation has been described above. The crude product after workup gave 81 mg of materials 

which was a mixture of 3 compounds as observed by IHNMR. Tbk crude mixture was qarated on a silica gel column (pretreated 

with 1% triethylamine) using 20% acetone in hexane to produce 10 mg of pure desired compumtd, yield 12%. ~HNMR (CDCl3): 

8.46 (bs, 1H. NH), 7.60 (s, lH, CgH), 6.33 (t, lH, l’H, J = 6 Hz). 4.36-4.33 (m. lH, 3’H). 3.94-3.92 (m, lH, 4’H), 3.82 (dd. 

lH, 5’H. J = 11 HZ, 2.5 HZ), 3.71 (dd, IH, YH, J = 11 Hz, 2.5 Hz), 2.25-2.22 (m, 1H. 2’H). 2X19-2.01 (m, 1H. 2’H), 1.92 (s, 

3H. CH3). 0.18 (s. 9H, TMS), 0.14 (s, 9H, TMS). MS: 383 (M+H, 33). 261 (32). 199 (14). 171 (40). 103 (100). 

Preparation of 3: 5’-0-his-(Wime~hylsilylJ-2’-deoxyuridine 3b: 

This compound was isolated from the above reaction as a by-product. tHNMR (CDC13): 8.56 (bs., lH, NH), 7.96 (d, 

1H. C6H, J = 6 Hz), 6.29 (t. lH, l’H, J = 6 Hz), 5.67 (d, lH, CgH. J = 6 Hz), 4.37-4.34 (m. 1H. 3’H). 3.97-3.91 (m, 1H. 4’H). 

3.85 - 3.82 (d4 lH, 5’H, J = 11 Hz, 2.5 Hz), 3.72-3.68 (dd, 1H. 5’H, J = 11 Hz, 2.5 Hz), 2.36-2.32 (m. lH, 2’H). 2.12-2.04 (m, 

lH, 2’H). 0.15 (s, 9H, TMS), 0.13 (s, 9H, TMS). MS: 373 (M+H, lOO), 261 (40). 185 (44). 103 (60). 

Preparation of 3’, S’-O-bis(~rime~hylsilyl)-5-(~ri~~hylsilyl)-2’-deo~ridine ‘I: 

This compound was also isolated from the above reaction, and it was prepared by the reaction of 3’, 5’-o-bis- 

(trimethylsilyl)-5-bromo-2’-deoxyuridine with trimethylchlorosilane through the organolithium intermediate 2b. 1 HNMR 

(CDC13): 7.95 (bs, lH, NH), 7.44 (s, lH, CgH), 6.27 (t, 1H. l’H, J = 6 Hz), 4.36-4.33 (m, lH, 3’H,), 3.94-3.92 (m. lH, 

4’H). 3.72 (d, 2H, SH, J = 4 Hz), 2.36-2.25 (m lH, 2’H). 2.06-1.95 (m, lH, 2’H). 0.24 (s, 9H, TMS), 0.14 (s, 9H. TMS), 

0.138 (s, 9H. TMS). MS: 445 (M+H, 19). 339 (8). 261 (40). 171 (17). 169 (40). 103 (l(X), 73 (32). 

Preparation of 3’. 5’-o-bis-(r-butyldimeyldimerhyl)-thymidine 4: 

The method of preparation of this compound was same as described above. The crude product produced 81 mg of 

compounds, after chromatography on silica gel column using 20% acetone in hexane 46 mg of pure desire compound was obtained, 

yield 52%. M. P. 97-99OC. lHNMR (CDC13): 8.61 (bs, lH, NH), 7.47 (s, lH, CgH), 6.33 (t, lH, l’H, J = 6 Hz), 4.43-4.35 

(m, 1H, 3’H). 3.96-3.92 (m, lH, 4’H). 3.86 (dd, lH, SH, J = 11 HZ, 2.5 HZ), 3.75 (dd, lH, SH, J = 11 HZ, 2.5Hz), 2.22-2.19 

(m, lH, 2’H). 2.06 - 1.94 (m, lH, 2’H). 1.90 (s, 3H, CH3). 0.93 (s, 9H, I-butyl), 0.89 (s, 9H, t-butyl), 0.11 (s, 6H, Si-CHj), 

0.07 (s, 6H, Si-CH3). MS: 471 @l+H, lOO), 413 (5). 391 (7). 362 (6). 

Preparation of 3’. 5’-0-bis-(r-bufyldime~hylsilyl)-2’-deoxyuridine k: 

This compound was isolated from the above reaction mixture as a by-product. *HNMR (CDCi3): 8.35 (bs, lH, NH), 

7.91 (d, JH, GjH, J = 7 Hz), 6.26 (t. 1H. l’H, J = 6 Hz), 5.58 (d, 1H. C5H, J = 7 Hz), 4.43-4.35 (m. lH, 3’H), 3.%-3.92 (m, 

1H. 4’H,). 3.86 (dd, lH, SH, J = 11 Hz, 2.5 Hz), 3.75 (dd, 1H. 5’H, J = 11 Hz, 2.5 Hz). 2.22-2.19 (m, lH, 2’H), 2.06-1.94 (m, 

lH, 2’H). 0.93 (s. 9H, t-butyl), 0.89 (s, 9H, t-butyl), 0.11 (s. 6H, Si-CH,). 0.07 (s, 6H, Si-CH3). MS: 457 (M+H, lOD), 

399 (35), 287 (69), 267 (92). 227 (48). 145 (51), 81 (61). 

HYDROLYSIS OF PROTECTING GROUPS 

Preparation of rhymidine 6: 

All the alkylated intermediate products were hydrolyzed under acidic conditions. The trimethylsilyl derivative was 

hydrolyzed at room temperature, however, other compounds were hydrolyzed by heating them at 65oc for 5 minutes. Briefly, 10 

mg of 3’. 5’-o-bis(tetrahydropyranyl)thymidine was dissolved in methanol or THF (1 mL). Tbe solution was acidified by adding 2 

drops of 1N HCl acid and heated for 5 minutes at refiux, when TLC showed no starting material left. The reaction mixture was 

neutralized by adding 2 drops of sodium bicarbonate solution. After evaporating solvent the flask was washed with 50% ethyl 

acetate in hexane, and the washing was discarded. TBe residual solvent was pumped off on high vacuum line and product r@yzed by 
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hMR and HPLC. ‘HNMR (DMSO): 7.51 (s, lH, CaH), 6.17 (t, lH, l’H, J = 6 Hz), 5.21 (lx, lH, OH), 5.04 (t, lH, OH), 

4.2-4.19 (m, lH, 3’H). 3.70-3.68 (m, lH, 4W), 3.5-3.48 (m, 2H, SH), 2.14-1.9X (m. 2H, TH). 1.71 (s. 3H, CH3). 

Preparation of 2’deoxyuridine 5: 

‘his compound was prepared by hydrolysis of the isolated intermediate 3’, S-o-bis(tetrabydropyranyl)-2’deoxyuridine 4b, 

folfowing the above prwedure. *HNMR (DMSO): 7.57 (d, lH, C6H, J = 8 Hz), 6.18 (t, lH, I’H, J I 6 Hz), 5.41 (d, IH, C5H, 

J = 8 Hz), 5.21 (bs, lH, OH). 5.04 (bs, lH, OH), 4.21-4.17 (m, lH, 3’H), 3.72-3.68 (m, lH, 4’H). 3.55-3.44 (m, 2H, 5’H), 

2.1 -1.98 (m. W, TH). 

Preparation Of S-(trimcrhylsilyl)-2’-deoxyuridine 8: 

This compound was prepamd from the intermediate 3’. ~-o-~is(aimethyls~yl~5-(~~y1~y1)-~~~~ 7 by acidic 

hydrolysis. ‘HNMR (CDCb): 8.50-8.20 (bs, lH, NH), 7.46 (s, lH, C& 6.19 (t, IH, l’H, J = 6 Hz), 4.66-4.62 (m, 1H. 

3’H), 4.08-4.06 (m. IH, 4’H). 3.90-3.81 (m, 2H, 5’H). 2.55-2.35 (m, 2H, 2’H), 1.60 (bs, 2H, OH), 0.27 (s, 9H, TMS). MS: 

318 W+MI4,3), 301 @i+H, 100). 287 (lo), 185 (9). 

HPLC ANALYSIS OF THYMIDINE AND 2’.DEOXYURIDINE 

An isocratic HPLC system @‘e&h Elmer) was used for analysis of the tinal products. A mobile phase of 90% water and 

10% methanol was used in a Cta reverse phase analytical column with a flow of 1 mL per minute. Thymidiue was eluted at 12 

minutes (Lit. retention time = 12 minutes) and 2’deoxyuridine was eluted at 6 minu~e$ (Lit. retention time = 6 minutes)* *. 
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