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SYNTHESIS OF 5'-O-AMINOTHYMIDINE AND 5'-DEOXY-5'-
HYDRAZ INOTHYMIDINE, NOVEL NUCLEOSIDE DERIVATIVES

Lawrence C. Davies
Department of Biochemical Pharmacology,
Institute of Cancer Research,
Sutton, Surrey, England.

ABSTRACT. Two novel nucleoside derivatives, 5'-0-
aminothymidine and 5'-deoxy-5'-hydrazinothymidine were
synthesised as potential thymidine kinase inhibitors. The
former was made from N-hydroxyurethane and 5'-0-
tosylthymidine and the latter from benzyl carbazate and 5'-
O-tosylthymidine.

Our cancer chemotherapy programme has led us to be
interested in developing inhibitors of the enzyme thymidine
kinase. One of the best known competitive inhibitors of the
enzyme is 5'-amino-5'-deoxythymidinel (1). We wished to
examine the effect of extending the basic side chain by
interposing an O or N atom and to this end we decided to
make the 5'-O-amino and hydrazino compounds (2 and 3

respectively).

(o]
HN)]’CHJ
OJ\N 1. R = NH,
RCH2O 2. R = ONH
3. R = NHNA,HCI
4. R = ONHCOjEt
5. R = NHNHCO,CH;Ph

OH

No 5'-0O-aminonucleosides have been reported and the
only reference 2 to a 5'-hydrazinonucleoside, 5'-deoxy-5'-

hydrazinoarabinosyladenosine, gives no experimental details
395
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or analytical data. We made 5'-O-aminothymidine by the
condensation of the ethyl ester of potassium
hydroxycarbamate with 5'-O-tosylthymidine followed by base
hydrolysis of the urethane (13% overall yield). The mass
spectral fragmentation pattern and the proton nmr spectrum
confirmed the structure, the position of the 5'-CHj
resonance confirming that the compound was an O0-

alkylhydroxylamine.

Four possible routes to the hydrazino compound were
tried unsuccessfully: (a) Direct alkylation3 of hydrazine
by 5'-O-tosylthymidine; (b) Synthesis of an intermediate
Syndnone4; (c) Reaction of diethylazodicarboxylate® with 3'-
O-tritylthymidine®; (d) Alkylation of benzalazine with 5'-0-
tosylthymidine (cf. synthesis of methylhydrazine7). Use of
hydroxylamine-O-sulphonic acid was not attempted because it
is known that the 3-nitrogen would be readily aminated using

this reagent.8

The hydrazine was eventually synthesised by a poorly
exploited route; alkylation of benzyl carbazate by 5'-0-
tosylthymidine followed by hydrogenolysis (of the carbazate
group) (25% overall yield)., Mass spectrometry, analysis and
proton nmr confirmed the structure of 3. The position of
the 5'-CH, resonance in the nmr showed that the hydrazine
function was attached to this carbon. There is only one
literature reference to the synthesis of a
monoalkylcarbazate by the reaction of an unsubstituted

carbazate at a tetrahedral carbon atom.9

Biological results with these compounds will be
published elsewhere.

EXPERIMENTAL

Nmr spectra were determined in DMSO-dg with TMS as
internal standard using a Perkin-Elmer R12B spectrometer.
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Chemical ionisation mass spectra were determined on a VG
7070H at 50eV with methane as reagent gas. Melting points
were determined on a Kofler Block and are uncorrected.
Thin layer chromatograms were run on fluorescent silica
(Merck 5735) with spot location by uv light and by the
cysteine/sulphuric acid reagent.l0 pPreparative HPLC was
carried out on Merck Kieselgel 60 (Art 15111) using a Jobin
Yvon Chromatospac Prep 10 coupled to a Cecil 212A uv monitor
operating at 254nm. Dimethyl acetamide (DMA) was dried by
storage over activated 4A molecular sieves.

5'-0-Thymidinylurethane (4)

Hydroxycarbamic acid ethyl ester (1.059, 10mmol) was
added to a solution of KOH (0.5g, 9mmol) in AR ethanol
(40ml). 5'-O-Tosylthymidine 11 (1.60g, 4.0mmol) was then
added and the mixture refluxed for 2 hours. After cooling
in ice the heavy white precipitate was filtered off and the
filtrate evaporated to dryness. The residue contained two
main components (tlc) which were separated on preparative
HPLC (CH2C1—EtOH; 94:6), the faster running component beling
the desired urethane and the slower running component 02-
ethylthymidinel2, The urethane crystallised from ethyl

acetate (50ml) giving white crystals (290mg) which were pure
on tlc (CHpClp-EtOH; 9:1) mp 163-4°C. A second crop gave
40mg of pure crystals. Total yield 330mg (25%).

Analysis: C13H]gN307 requires C 47.4, H 5.8, N 12.8; found C
47.2, H 5.5, N 12.3.

'H-Nmr: i.20 (3H,t,ethylCH3), 1.85 (3H,d,5-CH3), 2.10
(28,9,2'-CH2), 3.95 (3H,bs,4'-CH + 5'-CH2), 4.10
(2H,q,ethy1CHy), 4.2 (1H,m,3'-CH), 5.35 (1H,d4,3'-0H), 6.20
(14,t,1'-CH), 7.60 (1H,d,6-CH), 10.4 (1H,s,amideNH), 11.25
(18,bs,3-NH) .
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5'-0-Aminothymidine (2)

The urethane (4) (100mg, 0.3mmol) was dissolved in
MeOH-NNaOH (1:3, 3ml) which was then heated at 60°C for six
hours. After cooling the solution was passed through an AG
50W-X4 Dowex column (pyridinium form; 17cm x 1.8cm) which
was eluted first with MeOH-H,0 (1:3; 20ml) and then with
pyridine-water (9:1). The fractions were combined and
evaporated to dryness in vacuo. The residue was dissolved
in boiling methanol (10ml); crystals appeared on cooling.
More crystals were formed when the volume was reduced in
vacuo. All the crystals were collected giving 41mg (52%) of
colourless crystals, mp 192-1959C. On a tlc plate the
product gave a red colour with the picryl chloride spray for
hydroxylaminesl3,

Analysis: CygH]5N305 requires C 46.7, H 5.9, N 16.3; found C
46.8, H 6.0, N 16.3.

'H-Nmr: 1.80 (3H,d,5-CH3), 2.1 (2H,9,2'-CH3), 3.6-4.0
(3H,C,4'—CH + 5'—CH2) 4.2 (lHImI3'-CH)I 5.25 (lHIdl3l-OH)I

5.95-6.35 (3H,c,1'-CH + ONHj), 7.50 (1H,d,6-CH), 11.2
(1H,s,3-NH) .

Mass spectrum m/e 258 (M+1)*, 243 (M-NH+1)*, 132 (Sugar+l)t,
127 (base+l)*.

5'-Benzylcarbazyl-5'-deoxythymidine (5)

Benzyl carbazate (l.64g, l10mmol) and 5'-0-
tosylthymidine (0.80g, 2.0mmol) were dissolved in dry DMA
(20m1l). Some activated 4A molecular sieves were added and
the solution heated with stirring at 110°9C for 2 days. The
cooled solution was filtered and the solvent evaporated in
vacuo at 40°9C. The residue was dissolved in ethanol (10ml)
and the solution slowly formed a crystalline mass. The
product was recrystallised from ethanol (50ml) and gave
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330mg (42%) of white crystals, which were pure on tlc
(CH,C15-EtOH; 9:1), mp 200-210°C.

Analysis: CyjgHpoN40g tequires C 55.1, H 5.7, N 14.3; found C
55.2, H 5.7, N 14.2.

'H-Nmr: 1.82 (3H,s,5-CHy3), 2.1 (2H,t,2'-CH2), 3.0
(2H,t,5'-CHp), 3.65-3.95 (1H,m,4'-CH), 4.1-4.4 (1H,m,3'-CH),
4.6-4.9 (1H,m,5'-CH,NH), 5.07 (2H,s,benzylCH2), 5.1

(14,d4,3'-0H), 6.15 (lH,t,1'-CH), 7.35 (5H,s,CgHs). 7.6
(14,s,6-CH), 8.5-8.65 (lH,bs,CONH), 11.25 (1H,s,3-NH).

5'-Deoxy-5'-Hydrazinothymidine Hydrochloride (3)

Carbazate (5) (130mg, 0.33mmol) was dissolved in AR
MeOH-conc. HC1l (98:2; 5ml). Palladium-charcoal (5%; 25mg)
was added to the turbid solution, the catalyst having been
first slurried with a little ethanol, and hydrogen was then
passed over the mixture for 2 hours. The catalyst was
filtered off and the filtrate evaporated to dryness in
vacuo. The residue was dissolved in boiling ethanol (20ml),
filtered and the solution evaporated to 5-10ml and then
heated until clear. When cool, ethyl acetate was added
until some white so0lid was deposited. The mixture was
stored in the fridge for several days and then centrifuged
yielding a pale yellow amorphous powder (36mg), pure on tlc
(nPrOH-2N aqNH,; 7:3). More ethyl acetate was added to the
supernatant yielding a further 25mg of product as a white
precipitate, pure on tlc (nPrOH/2NagNH3; 7:3); total yield
(hydrochloride salt, monohydrate) 6lmg (59%).

Analysis: CygH)gNy04.H20.HC]l requires C 38.7, H 6.2, N 18.0;
found C 38.7, H 6.5, N 18.1.

'H-Nmr: 1.82 (3H,d4,5-CH3), 2.15 (2H,t,2'-CH3), 3.15
(ZH,d,S'—Cﬂz); 3.7-4.05 (1H,m,4'-CH), 4.1-4.4 (1lH,m,3'-CH),
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6.15 (1H,t,1'-CH), 5.9-7.0 (7H,bs,3'-OH,NHNH,, HC1l, H,0),
7.55 (1H,d,6-CH), 11.25 (1H,s,3-NH).

Mass spectrum m/e 257 (M+1)+, 131 (M+l-base)*, 127 (base
+1) %,
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