
CROATICA CHEMICA ACTA CCACAA 52 (1) 51-59 (1979) 

CCA-1143 
YU ISSN 0011-1643 

547.963.3 
Original Scientific Paper 

The Homologation of 1-(2,3-Dihydroxypropyl)- into 
1-(2,4-Dihydroxyhutyl)-thymine 

V . Skaric and Z. Raza 

Laboratory of Stereochemistry and Natural Products, »Ruder Boskovic« Institute, 
41001 Zagreb, Croatia, Yugoslavia 

Received September 21, 1978 

The homologation of 1-(2,3-dihydroxypropyl)thymine involved 
the conversion of its 3'-0-tosyl derivative II into the corresponding 
3'-iodo compound IV, which by nucleophilic displacement with 
sodium cy,anide in DMSO formed 1-(2-hydroxy-3-cyanopropyl) 
thymine (VIII). 1-(2,3-Dihydroxypropyl)uracil was analogously con­
verted into the corresponding 3'-iodo- III and 3'-cyano- VII pro­
pyluracil. The ethanolysis of the 3'-cyano compound VIII to 1-(2-
-hydroxy-3-ethoxycarbonylpropyl)thymine (X), followed by the 
reduction with LiAlH4, gave 1-(2,4-dihydroxybutyl)thymine (XIII). 

3'-0-Acetylthymidylyl(5'~2')-1-(4-0-triphenylmethyl-2,4-dihy­
droxybutyl)thymine was described as possible N,N-dicyclohexyl­
pseudourea adduct XIX. 

Several naturally occuring aliphatic nucleoside analogs have been inve­
stigated at various levels of biochemical criteria. Thus, the investigation of 
eritadenine1, isolated as a major component from Lentinus edodes2, was asso­
ciated with arteriosclerosis and coronary heart diseases3• Willardine, a plant 
non-protein L-amino acid isolated from the seeds of Acaccia-willardiana, -lem­
moni, and -millefolia4 by unambiguous synthesis5•6 was established as ~-(ura­
cil-1) L-alanine. 

9-Ethyl-6-substituted purines were described as potencial anticancer 
agents7• In addition 1-(1,4-dihydroxypent-2-yl)uracil8, 1-(3,4-dihydroxybutyl)­
thymine9, 1(1,3-dihydroxyprop-2-y l)uracil 10, 1-(2,3-dihydroxypropy l)uracil 11, 1-
-(2,3-dihydroxypropy l)thymine12-14, and monohydroxyalkyl analogs15 were shown 
to be generally applicable to the synthesis of the corresponding nucleotides, 
triphosphates16, and dinucleoside-like phosphates17•18 • 

In continuation of our studies on the chemistry of dihydroxyalkyl nucleo­
side analogs14 we envisaged the homologation of 1-(2,3-dihydroxypropyl)thymine 
into the hitherto unknown 1-(2,4-dihydroxybutyl)thymine. This conversion into 
a sterically less hindered 2,4-dihydroxy compound was also concerned with 
the possible formation of the dinucleoside-like phosphate and oligonucleotide 
analogs possessing 2'-+ 4' internucleotide linkages. 

We have recently reported14 a new synthesis of 1-(2,3-dihydroxypropyl)­
-uracil and -thymine and inter alia conversions into the corresponding 1-(3-0-
-p-tolylsulphonyl-2,3-dihydroxypropyl) derivatives (I) and (II). The present 
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paper deals with the homologation of 1-(2,3-dihydroxypropyl)thymine into its 
next higher homolog using the 3' -0-tosylpropylthymine II as starting material. 
- To prepare 1-(2-hydroxy-3-iodopropyl)uracil (III) and the corresponding 
thymine derivative IV, the 3' -0-tosylpropyluracil I and 3' -0-tosylpropylthymine 
II was treated with sodium iodide (cf. ref 19), respectively. Analogously 1-(2-
-0-acetyl-3-0-p-tolylsulphonyl)thyminet4 (V) gave 1-(2-0-acetyl-3-iodo-2-hy­
droxypropyl)thymine (VI). The resonances of 2' -proton in the NMR spectrum 
of the 2'-0-acetyl derivative VI w ere shifted downfield (at 't 4.77-5.12) disclos­
ing two quartets at 't 5.93 and 6.31 (J = 14.0 Hz) that can be attributed to the 
geminal 1' -protons, and two quartets centred at 't 6.46 and 6.71 (J = 11.0 Hz) 
corresponding to the 3' -protons. 

The nucleophilic displacement of the iodo-compounds III and IV in reaction 
with sodium cyanide proceeded to the corresponding 1-(2-hydroxy-3-cyanopro­
pyl)uracil (VII) and 1-(2'-hydroxy-3-cyanopropyl)thymine (VIII) with very high 
yields due to the ionizing effect of dimethylsulphoxide used as solvent20 •21 . 

While the IR spectra of the compounds VII and VIII produced the bands at 
2273 and 2257 cm-1, which can be attributed to the corresponding cyano groups, 
the NMR spectra gave rise to the resonances at -r 4.25 (d, J = 5.0 Hz) and at 
4.13-4.48 (m), corresponding to 2' -OH. The homologation sequence then invol­
ved the ethanolysis of the thus obtained cyano compound VIII in ethanolic 
hydrochloric acid by the Pinner method22 to give 1-(2-hydroxy-3-ethoxycarbo­
nylpropyl)thymine (IX) , readily acetylated to 1-(2-0-acetyl-3-ethoxycarbonyl­
-2-hydroxypropyl)thymine (X). 
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At this stage it seemed highly desirable to have an unambiguous method 
for the preparation of 1-(2,4-dihydroxybutyl)thymine. An attempt to deami­
nate23 1-(2-hydroxy-4-aminobutyl)thymine (XI) , which was prepared from 
31 -cyanopropylthymine VIII by Raney nickel hydrogenolysis in saturated me-
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thanolic ammonia24 and characterized as 1-(2-0,4-N-dibenzoyl-2-hydroxy-4-
-aminobutyl)thymine (XII), afforded 2',4'-dihydroxybutylthymine (XIII) in 
low yields. Our search for a more convenient 2',4'-diol synthesis showed that 
the lithium aluminium hydride reduction25 of 3' -carbethoxypropylthymine IX 
yielded compound XIII as the major product. It clearly exhibited a doublet 
at r 5.19 (J = 6.0 Hz) in the NMR spectrum, assigned to 2' -0H and a triplet 
at r 5.65 (J = 5.0 Hz) attributed to 4' -0H. · 

Both 1-(4-0-triphenylmethyl-2,4-dihydroxybutyl)thymine (XIV) and 1-(2-
-0-acetyl-4-0-triphenylmethyl-2,4-dihydroxybutyl)thymine (XV) were readily 
prepared. The NMR spectrum of the latter exhibited, similarly to 2'-0-acetyl- · 
propylthymine VI, a pronounced downfield shift for 2' -proton at r 4.49-4.87, 
and therefore two distinct quartets at r 5.91 (J = 14.0 Hz) and 6.34 which can 
be attributed to the geminal 1' -protons. This compound also showed 4' -protons 
as a triplet centred at r 6.80 {J = 6.0 Hz) . Attempted detritylation of the 
compound XV in 80~/o acetic acid or in hydrochloric acid/dioxane gave, to our 
surprise, two products detected by silica gel TLC [in CH2Cl~-MeOH (10 : 1)] at 
RF ca. 0.28 and ca. 0.37, presumably as isomeric 1-(2- and 4-0-acetyl-2,4-dihidro­
xybutyl)-thymine (XVII). Unfortunately, no data for direct comparison of thus 
obtained isomers are available at present, due to a spontaneous transformation . 
of the isomer with higher chromatographic mobility into a crystalline compound 
showing lower mobility (RF ca. 0.28) . The monoacetyl structures Qf both isomers 
were proven by the acetylation of their mixture, which exclusively afforded 
1-(2,4-di-O-acetyl-2,4-dihydroxybutyl)thymine (XVI) , RF ca. 0.69, identical w ith 
an authentic sample, independently prepared from 2',4'-dihydroxybutylthymine 
XIII. 

The isomerisation of the compound tentatively assigned as 2' -0-acetyl­
butylthymine XVII (RF ca. 0.37) could be understood by assuming a 6-membered 
cyclic intermediate and an intramolecular acyl migration, particularly studied 
in the field of natural nucleosides26 •27 and 5-membered cyclic intermediates of 
monoacylated 1,2-diol systems28 . 

Our earlier reported condensation pattern for the preparation of thymi­
dylyl(5'-+ 2')-1-(2,3-dihydroxypropyl)thymine and 0 - [3' -0-acetylthymidylyl­
-(5' -+ 2')-1-(3-0-tripheny lmethy 1-2,3-dihydroxypropy l)thymine ]-N ,N-dicyclohe­
xy lpseudourea 14 (XVIII), as the soluble intermediate, was analogously applied 
to the synthesis of 0- [3' -0-acetylthymidylyl(5' -+ 2')-1-(4-0-triphenylm ethyl-2,4-
-dihydroxybuty l)thymine ]-N,N-dicyclohexy lpseudourea (XIX), extremely sui­
table for conventional characterizations. Thus the desired internucleotide linkage 
formation was successfully performed by action of the pyridinium salt of 3' -0-
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-acetylthymidine-5' -phosphate29 on 4' -0-trityl-2',4' -dihydroxybutylthymine XIV 
in the presence of dicyclohexylcarbodi-imide30• 

EXPERIMENTAL 

The same technique and apparatus were used as previously describeds1. 

1-(2-Hydroxy-3-iodopropyl)uracil (III) 

To a solution of 1-(3-0-p-tolylsulphonyl-2,3-dihydroxypropyl)uracil (I) (341 mg, 
1 mmol) in butan-2-one (45 ml) sodium iodide (700 mg, 4.7 mmol) was added and heated 
in a nitrogen atmosphere for 2.5 h. A precipitate was then filtered off, the filtrate 
evaporated to dryness, and chromatographed on a silica gel (16 g) column, preformed 
by sodium thiosulphate (0.5 g). Methylene chloride-methanol (25 : 1) eluted the 
product (270 mg, 910/o), m. p . 178-179 °c (from methanol), RF ca. 0.56 [CH2Ch-MeOH 
(9: 1)). 

Anal. C7H9N20 3J (296.08) calc'd.: C 28.40; H 3.06; N 9.46 ; J 42.870/o 
' found: C 28.26; H 3.21; N 9.67; J 42.810/o 

UV spectrum: Amax 263 nm (log :; 4.19), Amin 228 nm (log :; 3.19). IR spectrum: Vmax 
3534, 3040, 2849, 1736, and 1695 cm··1• NMR spectrum: r (in d 6-DMSO) -1.12 br (1 H,s, 
3 NH), 2.53 (1 H,d,6-H, Ja,5 8.0 Hz), and 4.49 (1 H,d, with secondary splitting, 5-H, 
Js,s 8.0 Hz). 

1-(2-Hydroxy-3-iodopropyl)thymine (IV) 

Following the above described procedure 1-(3-0-p-tolylsulphonyl-2,3-dihydroxy­
propyl)thymine (II) (354 mg, 1 mmol) afforded the titled compound (276 mg, 890/o), 
m.p. 175-176°C (from acetone-n-hexane), RF ca. 0.47 [CH2Ch-MeOH (9: l )]. 

Anal. CaH11N203J (310.11) calc'd. : C 30.98; H 3.57; N 9.03; J 40.930/o 
found: C 30.70; H 3.80; N 8.87; J 40.390/o 

UV spectruµi: Amax 271 nm (log :; 3.95), Amin 236 nm (log :; 3.24). IR spectrum: vmax 3497, 
3012, 2817, and 1672 br cm-1. NMR spectrum: r (in de-acetone) 2.53 (1 H ,d ,6-H, J s,hle 
1.2 Hz), and 8.16 (3 H,d,5-Me, JMe,6 1.2 Hz). 

1-(2-0-Acetyl-3-iodo-2-hydroxypropyl)thymine (VI) 

A solution of 1-(2-0-acetyl-3-0-p-tolylsulphonyl-2,3-dihydroxypropyl)thymine (V) 
(120 mg, 0.3 mmol) in butan-2-one (10 ml) was treated with sodium iodide (112.5 mg, 
0.75 mmol) and worked up as for compound (III). It yielded 83 mg (780/o), m. p. 
171-173°C (from methanol-ether), RF ca. 0.78 [CH2Ch-MEOH (19: 1)]. 

Anal. C10H 13N204J (352.12) calc'd.: C 34.11; H 3.72; N 7.960/o 
found: C 34.20; H 3.91; N 8.130/o 

UV spectrum: Amax 268 nm (log E 3.96), J.min 234 nm (log £ 3.30). IR spectrum : l 'max 

3175, 3030, 2957, 1739, 1695, and 1667 br cm-1• NMR spectrum: r (in ds-DMSO) -1.18 br 
(1 H,s,3-NH), 2.59 (1 H,d,6-H, Ja,Me 1.2 Hz), 4.77-5.12 (1 H,m,2' -H) , 5.93 (1 H,q,1'-Ha, 
J1•a,b 14.0 Hz, J1•a,2• 4.0 Hz), 6.31 (1 H, q, 1'-Hb, Ji•a,b 14.0 Hz, Ji•b,2• 8.0 H z), 6.46 (1 
H ,q ,3'-Ha, Js•a,b 11.0 Hz, Ja•a,2• 4.5 Hz), 6.71 (1 H ,q, 3'-Hb,, Js•b,a 11.0 H z, J s•b,2• 7.0 H z), 
8.03 (3 H ,s,MeCO), and 8.25 (3 H ,d ,5-Me, J Me,s 1.2 H z). 

l-(2-Hydroxy-3-cyanopropyl)uracil (VII) 

To a solution of anhydrous sodium cyanide (59 mg, 1.2 mmol) in dimethyl­
sulphoxide (10 ml), heated at 50 °c in a nitrogen atmosphere, 3'-iodopropyluracil III 
(296 mg, 1 mmol) was added and heated at 70 °C for an additional 1.5 h . The solvent 
was removed at 80 °C/5 · lo-2 mm H g, the residue dissolved in methanol (10 ml) , a nd 
chromatographed on a silica gel (15 g) column, preformed by sodium thiosulphate 
(0.5 g). Methylene chloride-methanol (20 : 1) eluted the product (144 mg, 740/o), m. p. 
149-150 °c (from methanol), RF ca. 0.38 [CH2Ch-MeOH (9: 1)]. 

Anal. C8H 9N30 3 (195.18) calc'd. : C 49.23; H 4.65; N 21.530/o 
found: C 49.18; H 4.81; N 21.790/o 
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UV spectrum: Amax 262 nm (log Ii 4.05), Amin 228 nm (log Ii 3.27). IR spectrum: Vmax 3571, 
3289, 3115, 2273, 1695 br, and 1642 sh cm-1• NMR spectrum: r (in d6-DMSO) -1.15 br 
(1 H ,s,3-NH), 2.50 (1 H ,d,6-H, J 6,5 8.0 Hz), 4.25 (1 H ,d,2'-0H, JoH,2' 5.0 Hz) , 4.48 (1 H,d, 
5-H, J 5 ,6 8.0 Hz), 5.81-6.56 (3 H ,m ,l ' -H2 and 2'-H), and 7.23-7.41 (2 H , multiplet, 
3' -H2). 

1-(2-Hydroxy-3-cyanopropyl)thymine (VIII) 

A solution of anhydrous sodium cyanide (1.1 g, 22 mmol) in dimethylsulphox ide 
(60 ml) was used for the reaction with 1-(2-hydroxy-3-iodopropyl)thymine (IV) (6.1 g, 
19.5 mmol) and worked up as for compound VII. The product was isolated in 68.4°/o 
yield (2.81 g), m. p. 209-212 °c (from methanol) , RF ca. 0.29 [CH2Ch-MeOH (19: l)] . 

Anal. C9H11N30 3 (209.20) calc'd. : C 51.67; H 5.30; N 20.090/o 
found : C 51.56; H 5.21; N 20.030/o 

UV spectrum: Amax 269 nm (log Ii 3.96), Amin 236 nm (log s 3.19). IR spectrum: Vmax 3484, 
3030, 2841 , 2257, 1669 br, and 1639 sh cm-1• NMR spectrum: T (in d6-DMSO) -1.13 br 
(1 H,s,3-NH) 2.60 (1 H,d,6-H, J6 ,Me 1.2 Hz), 4.13-4.48 (1 H,m,2'-0H), 5.81-6.66 (3 H,m, 
l ' -H2 and 2'-H), 7.24-7.41 (2 H,m,3'-H2), and 8.25 (3 H,d,5-Me, JMe,6 1.2 Hz) . 

1-(2-Hydrox y-3-ethoxycarbonylpropyl)thymine (IX) 

To anhydrous ethanolic 6 mol dm-3 HCl (400 ml) 3' -cyanopropylthymine VIII· 
(2.5 g, 12 mmol) was added and set aside at 4 °c for 16 h, then treated with anhydrous 
hydrochloric acid by bubbling for 5 h , and then left aside at room temperature for 
an additional 3 h. The solvent w as removed under reduced pressure, the residue 
redissolved in 900/o ethanol (100 ml), evaporated to dryness and then triturated with 
methylene chloride (150 ml). A precipitate was filtered off and the filtrate con­
centrated into a small volume (3 ml) to which methylene chloride-n-hexane (1 : 1, 
12 ml) was added. The product was separated in a 89.50/o yield (2. 75 g), m. p. 117-
-119 °c (from methylene chloride-n-hexane), RF ca. 0.46 [CH2Ch-MeOH (19 : 1)] . 

Anal. C11H16N20 5 (256.26) calc'd.: C 51.56; H 6.29 ; N 10.930/o 
found: C 51.28 ; H 6.19; N 11.160/o 

UV spectrum: Amax 271 nm (log s 3.90), Amin 236 nm (log Ii 3.19). IR spectrum: vmax 
3448, 3279, 3175, 3040, 2857, 1724, 1701, 1681, 1664, and 1647 sh cm-1• NMR spectrum : 
r 0.42 br (1 H ,s,3-NH), 2.83 (1 H,d,6-H, h ,Me 1.2 Hz), 5.84 (2 H,q,CH2, J Et 7.0 Hz), 7.30-
-7.62 (2 H,m,3'-H2), 8.14 (3 H ,d,5-Me, J Me,6 1.2 Hz), and 8.74 (3 H,t,Me, JEt 7.0 Hz) . 

1-(2-0-Acetyl-3-ethoxycarbonyl-2-hydroxypropyl)thymine (X) 

To a solution of 2'-hydroxy-3'-carbethoxypropylthymine IX (52 mg, 0.2 mmol) in 
anhydrous pyridine (0.5 ml) acetic anhydride (0.2 ml, 2.12 mmol) was added and 
stirred at room temperature for 48 h . The solvent was removed under reduced pres­
sure, and then the residue was dissolved in chloroform (10 ml). This solution was 
partitioned with water and the product (55 mg, 920/o), m . p. 180-181 oc (from methanol), 
RF ca. 0.69 [CH2Ch-MeOH (19 : 1)] separated from the organic layer. 

Anal. C13H 18N20 6 (298.29) calc'd . : C 52.34; H 6.08 ; N 9.390/o 
found: C 52.22 ; H 6.34 ; N 9.570/o 

UV spectrum: Amax 269 nm (log Ii 3.96), Amin 236 (log Ii 3.28). IR spectrum: Ymax 3215. 
3077, 2825, 1739, 1695, and 1653 cm-1• NMR spectrum: r (in d6-DMSO) - 1.16 (1 H ,s, 
3:-NH), 2.62 (1 H,d,6-H, J6,Me 1.2 Hz), 4.47-4.82 (1 H,m,2' -H), 5.83 (2 H ,q ,CH2, J Et 7.0 
Hz), 7.22-7.47 (2 H,m,3' -H2), 8.08 (3 H ,s,MeCO), 8.25 (3 H ,d,5-Me, J Me,6 1.2 Hz), and 
8.84 (3 H,t,Me, J Et 7.0 Hz). 

1-(2-Hydroxy-4-aminobutyl)thymine (XI) 

To a solution of 3' -cyanopropylthymine VIII (84 mg, 0.4 mmol) in saturated 
methanolic ammonia (30 ml) a suspension of Raney nickel, W-2 (0.3 ml) in methanol 



56 V. SKARIC AND Z. RAZA 

(3 ml) was added. This suspension was hydrogenated at 1 atm by stirring for 5 h. 
The catalyst was filtered off, and the filtrate afforded the crude product (87 mg), 
slightly soluble in organic solvents and water. 

1-(2-0,4-N-Dibenzoyl-2-hydroxy-4-aminobutyl)thymine (XII) 

To the crude 4'-aminobutylthymine XI (87 mg) anhydrous pyridine (10 ml) and 
benzoic anhydride (360 mg, 1.6 mmol) were added, and the mixture stirred at room 
temperature for 16 h. The solvent was removed under reduced presure, and from 
the residue the product (25 mg) crystallized from methanol. From the mother liquor, 
evaporated to dryness and chromatographed on a silica gel (2 g) column, an additional 
amount of the product (12 mg) was isolated by elution with methylene chloride­
-methanol (25 : 1), m. p. 238-239 °c (from methanol), RF ca. 0.27 [CH2Ch-MeOH 
"(19 : 1)]. 

Anal. C23H2aN30 5 • CH30H (453.48) calc'd.: C 63.56; H 6.00; N 9.27°/o 
found: C 63.77; H 6.07; N 9.430/o 

UV spectrum: 2max 226 and 267 nm (log E 4.35 and 3.99), ),min 210 and 251 nm (log s 
4.24 and 3.92). IR spectrum: Ymax 3425, 3226, 3106, 2874, 1724 sh, 1701, 1645, 1613, 1587, 
1546, 762, and 714 cm-1• 

1-(2 ,4-Dihydroxybutyl)thymine (XIII) 

(a) To a suspension of lithium aluminium hydride (228 mg, 6 mmol) in anhydrous 
(freshly distilled over LiAlH4) tetrahydrofurane (30 ml) 2' -hydroxy-3' -carbethoxy­
propylthymine IX (512 mg, 2 mmol) dissolved in tetrahydrofurane (30 ml) was added 
dropwise. The suspension was stirred then at room temperature for 16 h, and the 
excess of LiAlH4 destroyed by adding ethyl acetate (1 ml) and water (1 ml). A 
precipitate was separated and suspended in tetrahydrofurane (80 ml) and 2 mol dm-3 

HCl (4.5 ml), to be separated by suction and washed with hot tetrahydrofurane. The 
combined filtrate and washings were evaporated to dryness. The residue was partition­
ed between water and chloroform. The water layer evaporated to a crude product 
(250 mg). Preparativ~ TLC plate [in CH2Cl2-MeOH (9 : 1) , eluant MeOH] gave the 
analytical sample, RF ca. 0.1 [CH2Ch-MeOH (9 : l)] , m. p. 159-161 °c (from methanol­
-ether). 

Anal. C9H 14N20 4 (214.21) calc'd.: C 50.46; H 6.59; N 13.080/o 
found: C 50.21 ; H 6. 70; N 13.350/o 

UV spectrum: 2max 268 nm (log E 3.83), J,min 232 nm (log E 2.90). IR spectrum: Ymax 
3546, 3226, 3077, 2857, and 1681 cm-1• NMR spectrum: ' (in d 6-DMSO) 2.69 (1 H,d,6-H, 
J 6,Me 1.2 Hz), 5.19 (1 H,d,2'-0H, JoH,2· 6.0 Hz), 5.65 (1 H,t,4'-0H, JoH,4• 5.0 Hz), 6.23-
-6.62 (5 H,m,l'-H2, 2'-H, and 4'-H2) and 8.27 (3 H,d,5-Me, JMe,6 1.2 Hz). 

(b) To a solution of 2' -hydroxy-4'-aminobutylthymine XI (120 mg, 0.56 mmol) in 
10°/o acetic acid (2.5 ml) sodium nitrite (60 mg, 0.87 mmol) in water (1 ml) was added 
dropwise. The mixture was stirred at room temperature for 30 min and then at 
70 °c for 30 min to be evaporated to dryness under reduced pressure. The residue was 
dissolved in methanol and purified on a preparative TLC [3 time developed in 
CH2Ch-MeOH (19 : 1), eluant methanol]. The rechromatography afforded the pure 
product (34 mg, 280/o), m. p . 158-161 °c, identical (mixed m. p., IR, and NMR spectra) 
to that obtained under (a). 

1-(4-0-Triphenylmethyl-2,4-dihydroxybutyl)thymine (XIV) 

To a solution of 2',4' -dihydroxybutylthymine XIII (250 mg, 1.17 mmol) in an­
hydrous pyridine (8 ml) chlorotriphenylmethane32 (550 mg, 2 mmol) was added and set 
aside at room temperature for 16 h. The mixture was evaporated to dryness and the 
residue partitioned between water and chloroform. The organic layer was con­
centrated to a small volume and chromatographed on a silica gel (12 g) column. 
Chloroform eluted the product (119 mg, 36.70/o) , RF ca. 0.73 [CH2Cb-MeOH (19 : 1)] . 

Anal. CgsH~sNg04 (456.52) calc'd.: C 73.66; H 6.18; N 6.140/o 
found: C 73.68; H 6.36 ; N 6.080/o 
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UV spectrum : Amax 268 nm (log s 3.88) /,min 241 nm (log s 3.34. IR spectrum: Vm ax 
3484 br, 3226, 3077, 2950, 1689 br, and 1603 cm-1• NMR spectrum: r: 1.17 br (1 H ,s,3-NH) , 
2.46-2.73 (15 H,m,aromatic), 2.86 (1 H ,d,6-H, J Me,6 1.2 H z), 5.80-5.98 (1 H ,m,2' -H), and 
8.12 (3 H ,d,5-Me, JMe,6 1.2 Hz). 

1-(2-0-Acetyl-4-0-triphenylmethyl-2,4-dihydroxybutyl)thymine (XV) 

A solution of 4' -0-tritylbutylthymine XIV (133 mg, 0.29 mmol) in anhydrous 
pyridine (5 ml) a cetic anhydride (0.5 ml, 5.3 mmol) w as added, set aside a t room 
temperature for 16 h , and then evaporated to dryness. The residue was pa rtitioned 
between water and chloroform. From the organic layer the titled compound was 
purified on a preparative TLC plate [two developments in CH2Ch-Et20 (3 : 1), eluant 
acetone] (110 mg, 76°/o), m. p. 204-206 °C (from methylene chloride-ether), RF ca. 
0.88 [CH2Cl2-MeOH (19 : l)] . 

Anal. C30H 30N20 5 (498.56) calc'd.: C 72.27; H 6.07; N 5.62°/o 
~ound: C 72.44 ; H 6. 29; N 5.490/o 

UV spectrum: Amax 266 nm (log s 3.86) , },min 241 nm (log s 3.47). IR spectrum: Vmax 
3185, 3058, 2941 , 2899, 1739, 1701, 1672, and 1595 cm-1

• NMR spectrum: r: 1.52 br (1 H,s, 
3-NH), 2.45-2.76 (15 H ,m , aromatic), 3.08 (1 H ,d ,5-Me, J~fe, 6 1.2 H z), 4.49-4.87 (1 H ,m, 
2'-H), 5.91 (1 H ,q ,1'-Ha, J1•a,b 14.0 H z, J1•a,2• 4.5 H z), 6.34 (1 H ,q,1' -Hb, J .l'b,a 14.0 Hz, 
Ji •b,2• 7.5 Hz), 6.80 (2 H,t,4' -H2, J 4• ,a• 6.0 Hz), and 8.13 br (6 H ,s ,MeCO and 5-Me). 

1-(2,4-Di-O-acetyl-2,4-dihydroxybutyl)thymine (XVI) 

A solution of crude 2' ,4'-dihydroxybutylthymine XIII (64.3 mg, 0.3 mmol) in 
anhydrous pyridine (5 ml) was treated with acetic anhydride (0.5 ml, 5.3 mmol) and 
worked up as for compound XV. Preparative TLC [two developments in CH2Ch-MeOH 
(19 : 1), eluant acetone] and rechromatography [five developments in CH2Ch-MeOH 
(24 : 1)] gave the title compound (25 mg, 28°/o), m . p . 122-124 GC (from acetone-ether), 
RF ca. 0.69 [CH2Ch-MeOH (19: 1)] . 

Anal. C13H18N20 6 (298.29) calc'd.: C 52.34; H 6.08; N 9.390/o 
found : C 52.57 ; H 5.97 ; N 9.550/o 

UV spectrum: Amax 267 nm (log s 3.99), Amin 233 nm (log s 3.30) . IR spectrum: Vmax 3155, 
3021, 2801, 1739, 1715, and 1672 cm-1. NMR spectrum : r: 3.04 (1 H ,d,6-H, J a,Me 1.2 Hz) , 
4.61-5.00 (1 H ,m ,2' -H), 5.86 (2 H ,t,4' -H2, J 4'.3' 6.2 Hz) , 5.90 (1 H,q,l'-Ha, J1•a,b 14.5 H z, 
J1 •a,2• 3.8 Hz), 6.38 (1 H ,q,1' -Hb, J 1•b,a 14.5 H z, J1•b,2• 7.5 Hz) , 7.98 (3 H ,s ,MeCO), and 
8.10 (3 H,d,5-Me, J Mc,6 1.2 Hz). 

The Detritylation of 1-(2-0-Acetyl-4-0-trityl-2,4-dihydroxybutyl)thymine (XV) 

A solutio11 of 2'-0-acetyl-4'-0-tritylbutylthymine XV (110 mg, 0.22 mmol) in 80°/o 
acetic acid (1 ml) was heated under reflux for 15 min. TLC showed the appearance 
of two products at R F ca. 0.28 and ca. 0.37 [CH2Ch-MeOH (19 : l )]. Trituration with 
methylene chloride separated a crystalline product (18 m g, 31.90/o), R F ca. 0.28. Pre­
parative TLC of the mother liquor and attempted elution of an oily · product (RF 
ca. 0.37), followed by a rechromatography, again gave two products (RF ca. 0.28 and 
ca. 0.37) which on acetylation, in acetic anhydride and anhydrous pyridine, trans­
formed quantitatively into a product identified as 2',4' -di-0-acetylbutylthymine XVI, 
RF ca. 0.69. The crystalline and stabile product (Ry ca. 0.28), tentatively assigned as 
1-(4-0-acetyl-2,4-dihydroxybutyl)thymine (XVII), was recrystallized from methanol­
-ether, m. p. 189-191 °c. 

Anal. C11H16N20 5 (256.25) calc'd .: C 51.56 ; H 6.290/o 
found: C 51.61; H 6.100/o 

UV spectrum: Amax 269 nm (log s 4.00) , Ami n 244 nm (log :; 3.36). IR spectrum: V1mcx 
3571, 3226, 3077, 2841, 1724, 1681 br, and 1667 cm-1• 
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0 - [3'-0-Acetylthymidy1.yl(5' ~ 2')-1-(4-0-triphenylmethyl-2,4-dihydroxy­
butyl.)thymine]-N,N,-dicyclohexylpseudourea (XIX) 

To a solution of 3' -0-acetylthymidine-5' -phosphate29 as a pyridinium salt (67 
mg, 0.15 mmol) in anhydrous pyridine (5 ml) 4'-0-trityl-2',4'-dihydroxybutylthymine 
XIV (137 mg, 0.3 mmol) and dicyclohexylcarbodi-imide (610 mg, 3 mmol) were added. 
The mixture was set aside at room temperature for 5 days and then treated with 
water (3 ml) by stirring during a time interval of 2 h. A precipitate was filtered off, 
the filtrate evaporated to dryness and the residue partitioned between water and 
chloroform. The organic layer was concentrated to a small volume and chromato­
graphed on a silica gel (30 g) column. Chloroform-methanol (9 : 1 - 7.5 : 2.5) eluted the 
product which crystallized from chloroform-n-hexane. Yield 35 mg (23.1°/o) m. p. 
191-194 °c [purified on a preparative TLC in CH2Ch-MeOH (8.7 : 1.3), eluant me­
thanol], Rp ca. 0.42 [CH2Cl2-MeOH (8.5 : 1.5)]. 

Anal. C5sHs5Ns012P (1009.10) calc'd.: C 63.08; H 6.490/o 
found: C 62.89; H 6.620/o 

UV spectrum: Amax 269 nm (log c 4.22), Amin 244 nm (log s 3.91). IR spectrum: Vmax 

3448 br, 3236, 3077, 2857, 1686 br, 763, and 704 cm-1. 

REFERENCES 

1. T. K am i ya, Y. S a it o, M. H a sh i mo to, and H. S e k i, Tetrahedron 28 
(1972) 899. 

2. Y. Saito, M. Hashimoto, H. Seki, and T. Kamiya, Tetrahedron Lett. 
(1970) 4863. 

3. T. Kane d a and S. Tok u d a, J. Nutr. 90 (1966) 371. 
4. H. Gm e 1 in, Z. Physiol. Chem. 316 (1959) 164. 
5. J. H. Dewar and G. Sh aw, J. Chem. Soc. (1962) 583. 
6. A. P. Martinez and W. W. Lee, J. Org. Chem. 30 (1965) 317. 
7. J . A. Montgomery and C. Temp 1 e, Jr., J. Amer. Chem. Soc. 83 (1961) 630 
8. R. A. Zhu k , L. A. S h er i n g, Z. Z. Li e pin' sh, and S. A. Hi 11 er, Khim. 

Geterotsikl. Soedin. (1974) 1666. 
9. A. Holy, CoHection Czechoslov. Chem. Commun. 40 (1975) 187. 

10. S. A. Hi 11 er, D. E. Z a r in, and R. A. Z h u k , Nucleic Acids Res. 3 (1976) 
721. 

11. N. Ueda, T. Kawabata, and K. Takemoto, J . Heterocyclic Chem. 8 
(1971) 827. 

12. T. Seit o, M. Kinoshita, and M. Imoto, Bull. Chem. Soc. (Japan) 46 
(1973) 1572. 

13. A. Ho 1 y and G. S. Iv an ova, Nucleic Acids Res. I (1974) 19. 
14. V. Skar i c, D. Erben, Z. Raz a, and Dj. Skar i c, submitted for publication. 
15. S. N. Mi k ha j 1 o v, L . I. Ko 1 ob us h kin a, A. M. Kritz y n, N. Sh. 

P a d ju k ova, and V. L . F 1 ore n tie v , Izv. Akad. Nauk SSSR, Ser. Khim 
(1974) 2582. 

16. A. M. Kritz y n, S. N. Mi k ha j 1 o v, L . I. Ko 1 ob us h kin a, N. Sh. 
Pad j u k ova, and V. L. F 1 ore n tie v, Izv. Akad. Nauk SSSR, Ser. Khim. 
(1975) 1846. 

17. S. N. Mikhajlov, A. M. Kritzyn, L. I. Kolobushkina, and V. L. 
F 1 o re n ti e v, Khim. Geterotsikl. Soedin. (1975) 421. 

18. S. N. Mi k ha j 1 o v, L. I. Ko 1 ob us h kin a, A. M. Kritz y n, and V. L. 
F 1 ore n tie v, Tetrahedron 32 (1976) 2409. 

19. P. A. Levene and R. S. Tips on, J. Biol. Chem. 106 (1934) 113. 
20. F. C. Whitmore and G. H. F 1 em in g, J. Amer. Chem. Soc. 55 (1933) 4161 
21. L. Friedman and H. Schechter, J. Org. Chem. 25 (1960) 877. 
22. Houben - Wey l, Methoden der Organischen Chemie, G. Thieme Verlag, Stut[­

gart 1952, Band VIII, p. 536. 
23. J. D. Ro b er ts and M. C. C as er i o, Basic Principles of Organic Chemistry, 

W. A. Benjamin, Inc., New York, Amsterdam, 1964, p. 667. 
24. T. Naito, A. 0 k an o, M. In a o k a, and S. Is o d a; Japan. 68 06,939 (Cl, 

16C 86), 14 Mar 1968; cf. C. A. 69 (1968) 96055v. 



PREPARATION OF 1-(2,4-DIHYDUOXYBUTYL)THYMINE 59 

25. W. G. Brown, Reduction by LiALH4, Organic Reactions VI, J. Willey and Sons, 
Inc., New York 1951, p. 469. 

26. (a) C. B. Re es e and D. R. Tr e n th a m, Tetrahedron Lett. 29 (1965) 2459; 
(b) I bid. 29 (1965) 2467. 

27. B. E. Griffin, M. Jarman, C. B. Reese, J. E. Su 1st on, and D. R. 
Trentham, Biochemistry 11 (1966) 3638. 

28. A. P. Doers ch u k, J. Amer. Chem. Soc. 74 (1952) 4202. 
29. P. T . G i 1 ham and H. G. Khorana, J. Amer. Chem. Soc. 80 (1958) 6212. 
30. G . Weimann and H. G . Kho ra n a, J. Amer. Chem. Soc. 84 (1962) 4329. 
31. V. Skar i c, B . Gasper t, M. Hohn j e c, and G. L ac an, J. Chem. Soc. 

Perkin Trans. I (1974) 267. · 
32. P. A. Levene and R. S. Tips on, J. BioL. Chem. 104 (1934) 385. 

SAZETAK 

Homologizacija 1-(2,3-dihidroksipropil)- u 1- (2,4-dihidroksibutil)-timin 

V. Skaric i z. Raza 

Homologizacija 1-(2,3- dihidroksipropil)timina polazi od 3' -0- tosil-derivata II koji, 
nakon prevodenja u odgovarajuci 3'- jodo- spoj IV nukleofilnom zamjenom s natrije­
vim cijanidom u DMSO kao otapalu, daje 1-(2-hidroksi-3-cijanopropil)timin (VIII). 
Analogno tome je 1-(2,3-dihidroksipropil)uracil preveden u 3' -jodo-III i 3' -cij ano-VII 
propiluracil. Etanoliza 3'- cijano spoja VIII do 1-(2-hidroksi- 3- etoksikarbonilpropil) · 
timina (X) i nj egova naknadna redukcij a sa LiAlH4 daje 1-(2,4-dihidroksibutil)timin 
(XIII). 

3'-0-Acetiltimidilil(5'-+2')-l -(4- 0 - trifenilmetil- 2,4- dihidroksibutil)timin opisan j e 
kao moguci adukt s N,N-dicikloheksilpseudoureom XIX. 
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