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SUMMARY 

The syntheses of [2-'4C] 2,5'-anhydro-3'-azido-3'-deoxythymidine 
and [2- 14C] 2,5'-anhydro-3'-atido-2'.3'-dideoxy-5-iodo~tridine in a 
one pot operation under mild conditions are described. 

Key words: AZT, [2-14C] 2,5'-anhydro-3'-azido-3'-deoxythymidine, [2-14C] 23'-anhydro-3'- 

azido-2',3'-dideoxy-5-iodouridine, HPLC. mild reaction condition. 

INTRODUCTION 

Acquired immunodeficiency syndrome (AIDS) is the result of an infection by the human 

immunodeficiency virus (HIV).*.3 Although at the present time there is no cure for AIDS, 

3'-azido-3'-deoxythyidhe ( A m )  has been extensively used in the treatment of patients with 

AIDS in order to prolong their lives4.5 Recently, we have reported6 the syntheses and antiviral 

activities of several 2,5'-anhydro analogues of 3'-azido-3'-deoxythymidine ( A m ,  3'-azido-2',3'- 

dideoxyuridine (AZDU). 3'-azido-2',3'-dideoxy-5-halouridines, and 3'-deoxythymidine against 

human immunodeficicncy virus (HIV-1) and Rauscher-Munne leukemia virus (R-MuLV). 23'- 

Anhydro-3'-azido-3'-deoxythymidine (anhydro-AZT) was the most active compound among these 

anhydro derivatives. As anhydro-AZT is quite stable in a neutral environment? it was necessary 

to determine whether its biological activity was due to the compound itself or to a conversion to 

AZT. which could be produced from the enzymatic hydrolysis of a n h y d r o - m  in cells by some 

unknown mechanism. Further evidence to suggest that the anhydro nucleosides have their unique 

biological activity was provided by Simpson et aL7 who investigated the effect of these compounds 

on mitochondrial DNA synthesis. At 25 pM. AZT inhibited the uptake of [3H] dATP into 

mitochondrial DNA by 51%. whereas anhydro-AZT inhibited DNA synthesis by only 5%. 
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Conversely, at a concentration of 25 pM, 2,5'-anhydro-3'-azido-2',3'-dideoxy-5-iodouridine 

(anhydro-5-I-AZDU) inhibited mitochondrial DNA synthesis more strongly than did the parent 

compound, 3'-azido-2',3'-dideoxy-5-iodouridine, with a ratio of 100% versus 12%. Anhydro-5- 

I-AZDU would not be expected to show greater biological activity if such activity was solely 

dependent upon conversion of an inactive prodrug to a active (parent) species. 

In order to study the molecular basis of the antiviral activity as well as the inhibitory activity 

to mitochondrial DNA synthesis concerning these anhydro nucleoside derivatives, we have 

synthesized [2- 14C] 2,5'-anhydro-3'-azido-3'-deoxythymidine ([2-14C] anhydro- AZT, 1) and 

[2-14C] 2,5'-anhydro-3'-azido-2',3'-dideoxy-5-iodouridine (!2-14C] anhydo-5-I-AZDU, 3. 
The details of the syntheses are described in this report 

CHEMISTRY 

[2-14C] 2,5'-Anhydro-3'-azido-3'-deoxythymidine ([2-I4C] anhydro-AZT, 3 and [2-I4C] 

2,5'-anhydro-3'-azido-2',3'-dideoxy-5-iodouridine (I 2- 14C] anhydro-5-I-AZDU, D were 

synthesized by the methodology developed in our laboratory6 with some modifications. The 

syntheses were performed in a one pot operation and are outlined in Scheme I. Tosylation of 

[2-14C] 3'-azido-3'-deoxythymidine u) with p-toluenesulfonyl chloride in anhydrous pyridine at 

room temperature yielded the tosylate 2, which was then reacted with 1.8diazabicyclo[5.4,0]- 

undec-7-ene (DBU) in anhydrous acetonitrile to give [2-14C] anhydro-AZT u). Because 

compound 3 is not stable in the prcsence of DBU under reflux, it was desirable to adopt a milder 

reaction condition. This reaction could be canied out smoothly at mom temperature (-25 OC) for 

2 days. Iodination8.9 of [2-14C] 3'-azido-2',3'dideoxyuridine (4) with silver trifluoroacetate and 

iodine in dry dioxane produced the S-iodo analogue 2, which was consecutively treated with 

p-toluenesulfonyl chloride in anhydrous pyridine and 1,8-diazabicyclo[5,4,O]undec-7-ene (DBU) 

in anhydrous acetonitrile to furnish the final product 2. The [2-14C] label was preferable over the 

[5-1251] label in compound 2 since I4C has a much longer half-life (tin) than I25I; the starting 

material, [2-14C]-3'-azido-2',3'dideoxyuridine, is commercially available; and 12512 is much more 

hazardous to use in the synthesis. 

For most of the reactions, the crude products produced in each step were semi-purified by 

passing through a short silica gel (2-3 g) column, eluted with appropriate solvents. This simple 

procedure was essential to n m v e  some impurities, which would otherwise interfere with the next 

preparation or affect the stability of the products. 
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A methanolic solution of [2-I4C] 3'-azido-3'deoxythymidine u, 0.5 mCi. in 3 mL of 

methanol, purchased from Moravek Biochemicals Inc.) was transferred to a 10 mL round-bottom 

flask. The solution was evaporated in vacuo at room temperature to dryness and the residue was 

coevaporated with dry dioxane (3 x 1 mL) in vacuo at room temperature. To the residue 15 mg 

(0.056 mmol) of nonradioactive 3'-azido-3'-deoxythymidine (AZT) and 0.2 mL of dry pyridine 

were added. The solution was stirred at 0 OC (ice-water bath), and p-toluenesulfonyl chloride 

(1 5 mg, 0.079 mmol) was added slowly to the solution in small fractions. The resulting mixture 

was stirred at 0-5 OC for 30 min and then at room temperature for 2 days. The reaction mixture 

was cooled to 0 OC (ice-water bath) and water (0. I mL) was added with stirring for 1 h. The 

solvents were evaporated under reduced pressure at <30 OC and the residue was coevaporated with 

anhydrous acetonitrile (3 x 0.5 mL) in vacuo to dryness to yield [2-*4C] 3'-azido-5'-Q-(p- 

tolylsulfonyl)-3'-dexythymidine (2). which was used immediately for the next step without 

further purification. 

To a cooled solution (ice-water bath) of the crude compound 2 in anhydrous acetonilrile 

was added 51 mg (0.34 rnmol) of 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) in small fractions. 

The reaction mixture was stirred at room temperature for 2 days and then passed through a short 

silica gel (2 g) column, eluted with CH3CN/CH30H (10: 1, v/v). The fractions containing the 

target compound (monitored by TLC, CHjCN/CH30H, 3: 1, v/v, Rf 0.47) were combined and 

evaporated under reduced pressure to afford the crude product. 

The progress of the reactions described above was monitored by TLC (EM precoated silica 

gel sheets containing a fluoroscent indicator) using the unlabeled authentic samples previously 

synthesized in our laboratory as references. The respective Rr values in CHzC12/CH30H (16: I ,  

v/v) are as follows: (1) compound 1, Rf 0.40, (2) compound 2, Rf 0.69, (3) compound 1, 
Rf 0.36. 

HPLC purification of the crude product was carried out on a Partisil 10/25 M9 column 

(Whatman) at a flow rate of 3 mL/min using isocratic elution in 5% methanoV95% acetonilrile 

(v/v). Under these conditions, AZT eluted with a retention time of 5 min and anhydro-AZT eluted 

with a retention time of 19 min. The product-containing fractions were pooled and evaporated in 

vacuo. Based on the UV specmm, a yield of 8.9 p o l e  (2.2 mg, -10%) [2-14C1 anhydro-AZT 
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was obtained. Unreacted [2-14C] AZT was likewise recovered from the HPLC run and stored for 

further use. The radiochemical purity of the product was determined by rechromatography on an 

8 mm x 10 cm VBondapak C- 18 analytical cartridge column (Waters) employing isocratic elution 

of 5% acetonitrile in 0.1 M ammonium acetate (pH 5.5) at 3 mL/min. Under these conditions, 

[2-14C] anhydro-AZT and [2-14C] AZT had retention times of 9 and 16.5 min, respectively. The 

product was found to be 98.8% radiochemically pure with less than 0.1% [2-14C] AZT present as 

a contaminant. The product was stored at -20 "C in a methanolic solution where breakdown to the 

extent of 2% (generation of AZT) was noted upon 15 months of storage. 

[a 2.5'-Anhvdro-3'-azido-2'.3'-dideoxv-5-iodouridine (7). 

A solution of [2-I4C] 3'-azido-2',3'-dideoxyuridine (3, 1 mCi, in 2 mL of 50% aqueous 

ethanol, purchased from Sigma) was transferred to a 10 mL round-bottom flask containing 

nonradioactive 3'-azido-2',3'-dideoxyuridine (AZDU. 4. 50 mg, 0.2 mmol). The solution was 

evaporated in vacuo to dryness and the residue was coevaporated with anhydrous dioxane 

(4 x 2 mL) at room temperature in vacuo. To this residue silver uifluoroacetate (55 mg. 

0.25 mmol) and dioxane (2.5 mL) were added. The reaction mixture was stirred at 5 O C  (ice-water 

bath) and a solution of iodine (65 mg, 0.26 mmol) in dioxane (2 mL) was added in small portions 

to this suspension at 5-10 T. The resulting mixture was stirred at room temperature for 3 h, after 

which saturated aqueous sodium bicarbonate solution (2 mL) was added. The mixture was filtered 

through a celite pad, washing with dioxane (2 mL). The combined filtrate and washings were 

evaporated in vacuo to dryness. The remaining residue was dissolved in 2 mL of ethyl acetate and 

passed through a short silica gel (3 g) column eluted with CH2C12/AcOEt ( l : l ,  v/v). The fractions 

(-15 mL, Rr 0.62) were combined and evaporated in vacuo to yield [2-14C] 3'-azido-2',3'- 

dideoxy-5-iodouridine Q), which was used immediately for the next step without further 

purification. 

Crude compound 5 was coevaporated with anhydrous pyridine (2 x 1 mL) in vacuo and the 

residue was dissolved again in 0.4 mL of anhydrous pyridine. To the cooled solution (0 OC, ice- 

water bath) with stimng was added p-toluenesulfonic chloride (80 mg, 0.42 mmol). The reaction 

mixture was stirred at room temperature for 2 days and then cooled to 0 OC and water 

(0.1 mL) was added with stimng for 1 h. The solvents were evaporated at room temperature in 

vacuo. The residue was coevaporated with CHzCI2 (3 x 1 mL) in vacuo and dissolved in CH2Cl2 

(2 mL). The solution was passed through a short silica gel (2 g) column eluted with CH2Cld 
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AcOEt (1 :  I ,  v/v). The fractions containing the desired compound (monitored by TLC, Rf 0.82) 

were combined and evaporated in vacuo to yield [2-14C] 3'-azido-5'-Q-(p-tolylsulfonyl)-2',3'- 

dideoxy-5-iodouridine a), which was again used for the next preparation without further 

purification. 

1,8-Diazabicyclo[5,4,0]undec-7-ene (DBU, 80 mg, 0.53 mmol) was added to a cooled 

solution (ice-water bath) of compound fj in 0.4 mL of anhydrous acetonitrile. The reaction mixture 

was stirred at room temperature for 2 days and then filtered through a celite pad, washing with 

4 mL of anhydrous acetonitrile. The filtrate and washings were combined and evaporated in vacuo 

to dryness. The residue was dissolved in 2 mL of actonitrile and passed through a short silica gel 

(2 g) column, eluted first with CH2C12/AcOEt (1:1, v/v, 10 mL) to remove the unreactive starting 

material and then with CH2C12/AcOEt (1:3, v/v). The fractions containing the final product 

(monitored by TLC, CH2C12/CH30H, 15:l. v/v. Rf0.32) were combined and evaporated in vacuo 

to give [2-14C] 2,5'-anhydro-3'-azido-2'.3'-dideoxy-5-iodouridine u). 

The progress of the reactions was monitored by TLC as previously described. The 

respective Rf values in CH2C12/AcOEt ( 1  : I ,  v/v) are as follows: (1 )  compound 4. Rf 0.16, (2) 

compound 3, Rf 0.60, (3) compound 6, Rf 0.74, (4) compound 1. Rf 0.14. 

HPLC purification of the crude product was canied out on a Partisil 1005 M9 column 

(Whatman) at a flow rate of 1 d m i n  using isocratic elution in 0.5% methanob%.5% acetonitrile 

(v/v). Under these conditions, the retention times were as follows: [2- 14C] 3'-azido-5'-Q-(p- 

tolylsulfonyl)-2'.3'-dideoxy-5-iodouridine (6). 13 min; [ 2-14C] 3'-azido-2'.3'-dideoxy-5- 

iodouridine a), 14.4 min; [2-14CJ 3'-azido-2'.3'-dideoxyuridine a), 22 min; and [2-14C] 2,5'- 

anhydro-3'-azido-2',3'-dideoxy-5-iodouridine (I), 29 min. The product-containing fractions were 

pooled and evaporated in vacuo. Based on the UV spectrum, a yield of 8.9 pmole (2.2 mg, 

overall yield -3.1%) [2-14C] anhydro-5-I-AZDU u> was obtained. The radiochemical purity of 

the product was determined by HPLC chromatography on an 8 mm x 10 cm pBondapak C-18 

analytical cartridge column (Waters) employing isocratic elution of 5% acetonimle in 0.1 M 

ammonium acetate @H 5.5) at 3 a m i n  for 20 min, followed by a 10 min gradient to 50% 

acetonitrile and then maintained at 50% acetonitrile. Under these conditions, the retention times 

were: [2-14C] AZDU u, 8 min; [2-I4C] anhydro-5-I-AZDU (I), 12 min; [2-14C] 5-I-AZDU (I), 

24.5 min; and [2-14C] S-Q-Ts-5-I-AZDU c6). 30 min. The product was found to be 98.02% 

radiochemically pure with contaminants of 1.44% of AZDU, 0.43% of 5-IAZDU, and 0.11 % of 

5'-Q-Ts-5-I-AZDU. The product was stored at -20 OC as an acetonitrile solution. 
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