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Alkylation of heterocyclic bases with azidomethyloxirane (1) under basic catalysis with potassium or
cesium carbonate afforded N-(3-azido-2-hydroxypropyl) derivatives Il. Hydrogenation of these com-
pounds over paladium on carbon gave the corresponding 3-amino-2-hydroxypropyl derivatives Il1.
The same compounds |1l were prepared by alkylation of heterocyclic bases with phthalimido-
methyloxirane (VI1) in the presence of cesium carbonate and subsequent reaction of the formed
N-(3-phthalimido-2-hydroxypropyl) derivatives VIII with hydrazine. The phthalimido derivatives VII|
are easily hydrolyzed already in weakly alkaline agueous medium to give 9-[3-(o-carboxybenzoyl-
amino)-2-hydroxypropyl] derivatives IX and X.

Within the framework of investigation on preparation and biological properties of nu-
cleoside analogs we studied the preparation and properties of compounds bearing in the
side-chain amino groups in addition to the hydroxy! functionalities. Some time ago we
prepared the isomeric 9-azidohydroxypropyl derivatives of adenine and converted them
into the corresponding aminohydroxypropy! derivatives by catalytic hydrogenation®?2
(Scheme 1). It appeared that already 9-(3-azido-2-hydroxypropyl)adenine (lla) ex-
hibited marked mutagenic effect on Salmonella typhimurium®.

In the light of thisfinding and of the already known mutagenicity of related 1-azido-
propane-2,3-diol* we decided to study how the heterocyclic base affects the mutagenic
activity of the 3-azido-2-hydroxypropy! derivatives Il. However, the main stimulus for
seeking a general approach to these compounds was the prospect of their further syn-

* This paper was in part published in a preliminary form: Spassova M., Holy A.: Collect. Czech. Chem.
Commun. 55, Special Issue No. 1, 65 (1990).

**0On leave from the Institute of Molecular Biology, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria.
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thetic utilization, e.g. in the synthesis of 3-amino-2-hydroxypropy! derivatives IIl or
3-amino-2-phosphonomethoxypropy! derivatives® 1V, analogs of antivirals of the HPMP
series (ref.%) or NAD analogs’.
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Until now, synthetic methods leading to azido derivatives of acyclic nucleoside
analogs of the type |l consisted either in nucleophilic substitution of the tosyl group on
the alkyl chain® 7 or in akylation of the heterocyclic base with a protected derivative of
1-azido-2-hydroxy-3-propyl tosylate?. The former method requires conversion of hy-
droxyl into a sulfonate group; in spite of this it appears to be more advantageous than
the direct conversion of the hydroxyl into the azide functionality by reaction with tri-
phenylphosphine, lithium azide and carbon tetrabromide®® or tetraiodide'®, as described
for syntheses of acyclic azidothymidine analogs, or by the Mitsunobu reaction of the
hydroxyl with triphenyl phosphine, DEAD and azoimide!'. The use of protected
3-azido-2-hydroxypropyl tosylate* for the alkylation of bases finds its application
mainly in the preparation of optically active forms of 3-amino-2-hydroxypropyl deriva-
tives® I11. In the present study we make use of alkylation of the heterocyclic base with
azidomethyloxirane (1) which is readily accessible from epichlorohydrin®. The reaction
takes place under catalysis with potassium or cesium carbonate in dimethylformamide
as solvent.

As expected, the reaction proceeded smoothly with adenine, its 3-deaza analog,
6-chloropurine, 6-methylthiopurine and 2,6-diaminopurine, affording predominantly
the 9-isomers Ila, llc, Ile, 11j and Ilb, respectively. High regiospecificity in the alkyla-
tion of the base with oxirane | was also found for 4-aminopyrazolo[5,6-d]pyrimidine: in
this case the alkylation takes place predominantly on N’, leading to compound I1k. Also
4-methoxy-2-pyrimidone and 4-methoxy-5-methyl-2-pyrimidone afforded the expected
N'-isomers I1l and IIm; the former was ammonolyzed to give the cytosine derivative | 1p
which was also prepared by direct alkylation of cytosine with compound I.

A less unequivocal reaction course under the conditions described was observed with
2-amino-6-chloropurine which afforded, in addition to the N°-isomer 11, some N”-alky-
lation product. As could be expected, alkylation of 2-mercaptoadenine with oxirane |
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afforded compound V as the primary product of alkylation on the sulfur atom, together
with the N°,S-disubstituted derivative VI.
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Acid hydrolysis of 6-chloro derivatives lle and IIf afforded 9-(3-azido-2-hydroxy-
propyl) derivatives of hypoxanthine and guanine I1h and Ili, respectively. They were
reacted with thioureato give the respective 6-mercaptopurine and 6-thioguanine deriva-
tives lIr and Ils. In the same manner, the corresponding derivatives of 4-methoxy-2-
pyrimidone and 4-methoxy-5-methyl-2-pyrimidone Il and IIm were converted into the
uracil and thymine derivatives IIn and llo.

The azido compounds Il were easily and in good yields converted into 3-amino-2-
hydroxypropyl derivatives 111 by hydrogenation, e.g. over a paladium catalyst in ethanol.
The only exception was the preparation of 2-amino-6-chloropurine derivative I1If in
which the reduction was accompanied by reductive dehalogenation and the resulting
product was 9-(3-amino-2-hydroxypropyl)-2-aminopurine (111g).

The structure of azido derivatives Il and amino derivatives Il was proved by the
usual techniques, including UV and *H NMR spectroscopy. In the determination of
structures of the bases in the derivatives |1, I11, V and VI the limited information from
the *H NMR spectra (sharp signals of heteroaromatic protons and broad signals of NH
or OH protons, see Table |) was extended by that from the 13C NMR data, particularly
as concerns quaternary carbon atoms (Table 11). The structural assignment of carbon
atom signals was based on the experimental distinction of tertiary and quaternary atoms
and their comparison with the spectra of the free bases. In contrast to the very broad
carbon signals (halfwidths 10 — 100 Hz) in the spectra of free purine bases (particularly
of C-4 and C-5), the corresponding signals in our azido and amino derivatives Il and |11
were narrow (1 — 2 Hz), reflecting evidently the absence of the N-7 — N-9 tautomer-
ism in the substituted compounds. The only exception was compound V which, how-
ever, is the product of Salkylation in position 2 (vide infra) and in which the
mentioned tautomerism can exist. The presence of 3-azido- or 3-amino-2-hydroxy-
propyl groups was clearly demonstrated by signals in the region of aliphatic carbon
atoms in 13C NMR spectra (Table I1). Whereas the signals of C-2' and C-3' reflect first
of all character of substituents in these positions and differ only little within the series
of azido or amino derivatives, signals due to C-1' are markedly influenced by the

Collect. Czech. Chem. Commun. (Vol. 59) (1994)



1157

N-(3-Amino-2-hydroxypropyl) Azaheterocycles

(HO) (r's) pess (8562 (6€'62T) (89 '7e1) (96 +en)
HN) %6 892 {(2-H) S 60'8 pp zz'e pp og'e woT'y pp GE'¥ pp v2'v - S /T8 A
(0'9:821) (6€'82T) (52:€e1) (6€:€en)
HOS) € 29'2 (HO) (2'S) P ¥9'S pp z°€ pp 6£°€ w eIy Pp 0Z'v pp zev S /€8 ST.L8 N
DHO) (€9) py9s (6'G:9¢2T) (L€'92T) (z8:9€1) (6€:9€T)
((9)HO) s 95 AN) (30 €19 pp 0Z°€ pp 1€€ w T0'Y pp 88°€ pp 86°€ ST9°L - i
(8's:8¢r) (9¢€'82D) (06 :9€1) (0°€:9€T)
(HO) (z's) pg 918)(8q 289 pp sz'€ pp /g€ w0y PP 66°€ pp 60 S 0'8 - i
(T9:ger) (0v ‘82D (9°2:9€1) (T'v:9€T)
(HO) (e9) Pa €9'S pp 0g'€ pp zv'e weTy pp SZ'¥ pp L€ $29'8 S /.8 all
(HO)sasss (#9:8er) (S€:'82T) (828v1T) (L'v:87T) (g'9)
HN) 60 s€'9 {(T-H) (5°5) P 8€'9 pp €z°€ pp g€ 60V ITY 2y S 008 p18L ePll
(Ho)sqors (t9izern) (Leiren) (e2'8€1) (6€:8€T) (6'9)
HN) G 0£'9 ‘(¢-H) (6°S) P G8'9 pp vZ'e pp /€€ w 00'% PP IT Y PP v2'v $20'8 p8yL o[
(HO)azss (09:0¢€T) (92:0€T) (08 ‘8€T) (5€:8€T)
‘@HPa8'S pue SO ¥L°9 pp 0z’ pp 1€'€ w 0t pp 16°€ pp 20'¥ s€9'/ - ai
(e9:rer) (s¢eiLzn) (272'8€1) (2 :8€T)
(HO) (1°9) p S®Im)}®a TZ'L pp vZ'e pp ge'e w 80t w oty w 0z'v S¥1'8 S 608 <ell
suojoud JaY10 qg-H eE-H ZH qT-H el-H 8-H ZH

punodwo)
(syueisuod HBuidnod) syiys [ealwayd

IAPUR A ‘1] §punodwod Jo erep YN uoloid
| 318V

Collect. Czech. Chem. Commun. (Vol. 59) (1994)



Sgassova, Dvarea, Holy, Budesinsky, Masojidkova.

= =

= =

1158

(s8:621) (5€'62D) (92 '6€T) (L€'6€T)

(HO) a €8s :CiANs” T8'9 pp 89°'¢C pp 88°'¢C w zo'v pp /6°€ PP 90'% S 692 - qil
(r'9:0€1) ('sioer) (z20v1) (TvovD

{(HO + HN) g oBm):€q 0Z°2 pp 9’2 Pp 052 w /e pp SO'¥ pp IZ¥ SET'8 S 08 el
(HO) T9)pvos (6G:L2T) (8€:L2D) (r'8i9e1r) (2€'9€m)

HN) €6 82°9 ‘(HN) sq S2°TT pp €z'€ pp vE'€ w oY pp 16°€ pp 00t s 18, - si|

(T9:'0¢1) (8¢'0€T) (T8:6¢1) (6€'6°€T) (re)

(HO) sq 02°G ‘(HN) sq 02°€T pp 9z'e pp LE€ w S0y pp ZT¥ pp I2¥ S6T'8 pers 3]
(HO) (z's) pa zsENFsa 0oL (z9:8¢2T) (6€:82T) (6'2'ze1) (8€'TeED)

H) (2°2) p vy L ((GH) (22) p29s pp 9T'€ pp z°€ w 06’ pp 2v'e pp 08 - - di
(HN) sa GT'TT {(HO) (%) PA ¥5'S  (#'9'82T) (6°€ ‘8°2T) (e8:2¢e1) (Ov:L€D)

10) 1) P v T (9-H) TT) bee2 pp 0z°€ pp TE°€ w 06’ pp 8v°€ pp s - - oll
(HO) sq 95°G :(HN) sq 0T'TT (€9:82T) (0+'82T) (e8:1€e1) (L€'L€D)

-H) (6°2) P 05 (S-H) (6°2) P TS'S pp TZ'E pp ze'€ w 68'c Pp 05°€ PP 6L°€ - - ull
{(HO) (2’s) pesEI®) sve'e (£9:82T) (L'€:62T) (g8 ve1) (L€ 'weD

10) (6'0) p 28T :(9-H) (6'0) b 292 pp TZ'E pp gg'€ w/6'e PP ¥S°€ pp T16°€ - - wi|
HO®) s 08 (z9:62T) (8°€'62T) (z6:8¢€1) (5€'8€T)

H) (22 pegl(sH) (22)p9ss pp1Z'€ pp eg'€ w 96°¢ pp 95°'€ pp S6'€ - - In

suojoud 18y10 qe-H eg-H Z¢H qI-H el-H 8-H ¢H
punodwo)
(syueisuo9 Buidnod) syys [eaiwayd
panunuo))
| Fav]

Collect. Czech. Chem. Commun. (Vol. 59) (1994)



1159

‘swvIsAs ulds —CHD-HD-H®MI Jo s19|dijnw 1aplo puz ajgqezAeue
Hong.EEEE_:E_m Ag paulwialap alam uansgns [Aje syl ul suojoud pajdnod AjBuons Jo sjueisuod Bulidnod pue syIys [ealwayd ,

(HO x2) (0°9)

P 19°G pue (0°S) p 69°S !(FIN) sq €€72 q q q q q S¥6°L - IA
(HN) sq 6s2T  (9'9:9'2T) (L'€:i22T) (99 '9eT) (6'G'9°€T)
HN) €6T°2 {(HO) sq 59°S pp 0g'€ pp vE'€ W T6'e pp €T'E pp 8T'E S /6L - A
(9'8:0'¢T) (5'€0€T) (99:5¢1) (0Ov'SED)
@H) @2)posLisH) (@ poLs pPp G9'¢ pp 58°¢ w/6'c pp §5°€ pp ¥8°¢€ - - di
(52:0€1) (5€'0€D)
HO)®T) 1921 i(9-H) (0T)d 2v2 pPp TS°¢ pp 89°¢ wop'e H2p9LE - - olll
8 (68:0€T) (c'€:0€T) (6L:6vD) (F'v'6'vT)
M HN)(5 Lt°9 PP 292 pp 982 w0 PP G6°€ pp 20'¥ $29°'. - 1]
m (HN 3 9 06°L pue q 2z'g
° ‘(HO) 9 00°9 :(9-H) s ¥6'8 wng.e Pg 00°€ He)wery SPAA - B
S (0'9'821) (858721 (6'9'0vT) (E¥'0VTD) (2°)]
M Ehsaze 9 ((T-H) (v°9) P ¥E9 pp ' pp 9v'2 wgLe PP L0'Y pp 2z'v S¥6°L p18L plIl
W (8'8:L21) (ee:'22T) WL evT) e 'zvD (T'9)
S (e-H) (T9)poT2L PP TLC PP 90°€ w 80'¥ PP v2'v pp ev'y s2Z'8 p89.L all
x
o
] suojoid 1310 ge-H eE-H ZH qI-H er-H 8-H ZH
M punodwo)
m (swueisuod Buldnod) suiys [eaiwayd
.m
3 panunuo))
z | Tav ]

Collect. Czech. Chem. Commun. (Vol. 59) (1994)



Spassova, Duaraa, Holy, Budesinsky, Masojidkova:

Collect. Czech. Chem. Commun. (Vol. 59) (1994)

1160

- 2SS €169 18V 08'0v1 15651 SG'9TT 61051 S0'€91 IA
- vG'sS 16'69 88'vE S9'8€T 28'aT S9'9T1 ov'IST SE'€9T A
- zesy vE0L S€'2S - 9g'LYT 0826 9T'991 vi'9ST di
HO)ZT'2T vO'vy 50'89 ST'TS - 18'2rT 28'20T L5791 €11 ol
- 96'vv 20°0L ev'oy 0v'8ET €0'25T Ly'9TT 6v'1ST S9'€ST i
- LTey 0969 v9'9v 6501 €0'6v1 Te'92T 19'95T 19'SST Bl
(1-0) 20201 62'SY 19'0L v9'9y 98" TVT S6'9VT £8'eeT 99'2¥T 8v'vvT PIll
(€-0) 8026 882y 8v'L9 Lz'sy Tr'erT 8v'eST zL9zT 26'8€T zz ot ol
- £z'sy 85°0L zz oy vy'8ET L2'9ST TT'ETT 80'2ST T€'09T aii
- Se'Sy 6€°0L LL9Y 6L TYT TT'95T TL'8T1 6861 vi'esT elll
- L6°ES zT'89 €59y TETYT 18'VL1 £e'8et 02’81 £0'€ST sl
- 8'es 12’89 60'LY 9L'evT 88'G.T 90'GET Ly'vyT 26'vYT a
- ZTvs 5089 0425 - L2191 106 S2'991 0£'95T dil
HO)&T2T 18'€S 18'29 9T'TS - zLerT S6'20T 65791 1211 oll
- 08'€S 8929 621G - 06'9v1 6v°00T 00'79T 82'1ST ull
HO)Z9'TT 60'7S 0529 68'2S - v LvT 20'20T 02'0L1 9/'GST wil
- T0'vS €e'19 v0'€S - Sv'0ST 11'€6 LE'TLT v1'SST Il
(1-0) 62721 ¥O'VS 28'89 96'61 - S2'8ST zz'00T 99'€ST 20'9ST Al
HO) 61T 98'€S v1'89 00'Ly ze'srT 9/'65T v8'0ET T9'8YT 05'TST fi
- S0'vS 8289 L9y 6T'SET $6'9ST 65°9TT Ev'1ST 65'€ST [
- L6°ES €629 z8'9y SO'vvT Ev'6rT 19'€CT 6v'vST 16'65T ]
- vL'€S €089 6v'Ly 1281 00'6v1 86'0€T 6€'2ST L'TST all
(1-0) 6T20T  2T'¥S Sv'89 08’9y 62'TVT T0°L¥T v6'zet 9G'L¥T 09'v¥T PIl
(€-0) 2026 S8'€S 98'89 TT'8Y TG'erT Tv'esT 12921 26'8€T 200t ell
- TTvS 1£'89 619 6€'8ET 82'95T vZ'ETT 10'2ST £€°09T ai
- L6'ES 8289 vL9v €9'TYT 0T'9ST 8.'8T1 Z8'6vT 62T ell

SUogIE 1BLIo £-0 20 1D 80 90 o) -0 A4S punodwod

IAPUE A ‘1] * Bpunodwod jo (wdd ‘@ erep YAN gy
|| 3av]



N-(3-Amino-2-hydroxypropyl) Azaheterocycles 1161

character of the base: for purine derivatives they appear in the region & 46.2 — 48.3, for
pyrimidine derivatives they range from o 51.1 to 53.1. The considerable upfield shifts
of C-1' signals in the spectra of V and VI (& 34.9) indicate bonding to the sulfur atom.
The position of the alkyl substituent — N-9 in the purine and N-1 in the pyrimidine
derivatives — was determined by comparison with 3C NMR data of the corresponding
free bases obtained under identical conditions. For most of the studied compounds |1,
111 and VI we observed a marked alkylation shift of the C-8 signal (about 2 ppm down-
field) for purine derivatives (and their deaza analogs) and of the C-6 signal (about 4.5
ppm downfield) for pyrimidine derivatives as compared with the free bases, in accord
with the N-9 alkylation of purines'? and N-1 alkylation of of pyrimidines'®. Opposite
akylation effects — downfield shifts of the C-5 and C-6 signals (about 7.5 and 5.5 ppm)
and upfield shifts of C-4 and C-8 signals (about =7 and —1.5 ppm) — were found for
hypoxanthine and 6-mercaptopurine derivatives. Similar effects connected with N-9
alkylation may be also expected with guanine and 6-thioguanine derivatives for which,
however, reference data for the free bases are lacking (they were not found in the
literature and also our attempted measurements failed). The reason is apparently the
very low solubility and extremely broad signals due to lactam-lactim or thione-thiol
tautomerism!!. The five-spin system of hydrogen atoms in the 3-azido- or 3-amino-2-
hydroxypropyl substituent leads to more or less complex *H NMR spectra (2nd order
effects). In some cases the chemical shifts and coupling constants had to be determined
by simulation of the spectra and in the case of compounds Illg and VI a complete
analysis was not possible. The different vicinal coupling constants for both methylene
groups in the whole series of the compounds studied (Table |) indicate a limited flexi-
bility of the three-carbon alkyl which is more expressive around the C-1'-C-2' bond
(average J(H-1',H-2") = 3.7 and 8.0 Hz and J(H-2',H-3') = 3.3 and 6.6 Hz). Under the
usual simplifying assumption of staggered rotamers, the J values show a markedly dif-
ferent population of the two possible rotamers with an anti-relation of hydrogen atoms.
Since the stereospecific assignment of protons of the methylene groups is not possible,
we cannot determine the predominant anti-rotamer from the J-values. Nevertheless, we
may assume that, for steric reasons, the most populated rotamer will be that with anti-
arrangement of the bulkiest substituents, i.e. the base moiety and the C(3')H,NR group
attached to the C-1'-C-2' bond and the groups C(1')H,—B and NR on the C-2'-C-3'
bond.

As an alternative synthetic approach to amino derivatives |1l we also studied the
possible utilization of the easily accessible N-(3-phthalimido-2-hydroxypropyl) deriva-
tives VIII which could be converted into amino derivatives lll, e.g. by hydrazinolysis.
They were synthesized in quantitative yields during several hours by reaction of the
corresponding bases with the commercially accessible N-(2,3-epoxypropyl)phthalimide
(VI1) in the presence of catalytic amount of cesium carbonate in dimethylformamide; in
the case of purine derivatives (adenine, 2,6-diaminopurine and 2-amino-6-chloropurine)
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principal amounts of the pure N°-isomers (Vll1a, VII1b, VI11f) were obtained by boiling
the crude reaction mixture with methanol and filtration while hot (Scheme 2). Analo-
goudly, akylation of cytosine with oxirane VII afforded predominantly the N*-isomer
VII1p without any noticeable O?-alkylation.

A Cs,00 BSA i
S2vUs
BH + N _— N
)
) o)y
0 0
VII VIII

lNHzNHZ . Hy0

III
SCHEME 2

Phthalimido compounds VIII were smoothly converted to amino derivatives |1l by
reaction with 98% hydrazine hydrate in boiling ethanol. (The recommended use of
N-methylhydrazine'* was not successful.) In this manner we prepared derivatives of
adenine llla and 2,6-diaminopurine I11b which were identical with samples synthesized
from the azides |1. Since the reaction of phthalimido derivatives with hydrazine is suf-
ficiently rapid, even in the case of the cytosine derivative VIlIp there was no undesired
transformation of the cytosine ring'® and the synthesized compound I11p was identical
(HPLC) with that obtained by the former synthetic way.

In this context, synthesis of the guanine derivative Illi represented a difficult metho-
dological problem. For known reasons, direct alkylation of guanine with oxirane VII
was of no advantage; on the other hand, use of the azide alternative for 2-amino-6-
chloropurine with subsequent acid hydrolysis of the C—Cl bond and reduction also did
not represent the best solution.

Therefore, our synthetic goal was also to utilize the 2-amino-6-chloropurine phthali-
mido derivative VIIIf for synthesis of the guanine analog I11i. Attempted hydrolysis of
the C-Cl bond by heating compound VIIIf with 0.4 M triethylammonium hydrogen
carbonate in dimethylformamide resulted, however, in opening the phthalimide group-
ing under formation of phthalamic acid derivative 1X whereas the base remained un-
changed. The same result was obtained with the adenine derivative Vllla. Structure of
the compounds 1X and X was unequivocally proved by 3C NMR spectroscopy (see
Table V).

The failure of an easy conversion of chloro derivative VIIIf into the guanine deriva-
tive led us to try the phthalimide method with another guanine precursor, 2-amino-6-
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benzyloxypurine (XI). Although this known base'® was used in studies of regiospeci-
ficity of alkylation with other reagents'’, no particular attention has been paid to its
preparation. As the method of choice we have found the reaction of 2-amino-6-chloro-
purine with sodium benzylate in an aprotic solvent, toluene. As a side-product, the

Rﬂ

NZ >SN
\
Rz)%NI | N> 2

N 0H
IX, R'=CL R? = NH,
X, R' = NHy; RZ = H

reaction afforded 2-benzylamino-6-benzyloxypurine (XIl); this compound was, how-
ever, practically the sole product when the reaction was conducted in dimethylforma-
mide. The alkylation of 2-amino-6-benzyloxypurine (XI) with oxirane VIl proceeded
similarly asin the case of compounds Vllla, VIlIb and VIIIf giving the product VIIIqgin
arelatively high yield during 4 h. Compound VIIIq may serve as a suitable precursor
for the preparation of other compounds of the guanine series.

OBn OBn
N//tN NZ N H\/
I ﬁ\>
zN)gN N BnHN)QN N N~
k

XI XII X111

Both the described methods leading to 3-amino-2-hydroxypropyl derivatives of nu-
cleic bases are sufficiently general and for the given purpose they appear to be more
suitable than the originally used syntheses based on transformation of azides obtained
from the corresponding tosyl or mesyl derivatives. The phthalimide alternative in com-
bination with hydrazinolysis is thus comparable and has its substantiation, particularly
in cases where the amino group in the side-chain has to be protected in further synthetic
steps, e.g. introduction of the phosphonomethylether functionality®. The high sensitiv-
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ity of N-(phthalimido-2-hydroxypropyl) derivatives VIII to hydrolysis should, of
course, be kept in mind.

The structure of compounds V111 — XI1 was determined by *H and *C NMR spectros-
copy (Tables Il and IV). The proton and carbon signals, assigned similarly as in the
above-discussed compounds Il and 111, enabled us to prove the structure of the base.
The N-phthalimido-2-hydroxypropy! substituent was confirmed by signals of the three-
membered aliphatic fragment, a multiplet of four aromatic protons and particularly four
signals of eight sp?-carbon atoms of the symmetrical phthalimide moiety (Table 1V).
Whereas compounds Vllla, Vb, VIIIf, VIIIp and VIIIg exhibited alkylation effects
characteristic for N-9 substitution on the purine, or N-1 substitution on the pyrimidine
nuclei (see the discussion above), for the minor product XIll we observed markedly
different alkylation effects (for C-4 and C-8 downfield shifts of about 9 ppm and for
C-5 and C-6 upfield shifts of about —8.5 and -7 ppm) indicating N-7 alkylation®®. The
number of signals in 13C NMR spectra of compounds IX and X proves a loss of sym-
metry of the phthalimide part resulting from opening the phthalimide to the phthalamic
acid. The vicinal coupling constants of the three-carbon alkyl in compounds VIII — X
indicate similar conformational properties as in the compounds Il and Il discussed
above.

Biological Activity

The azidohydroxypropyl and aminohydroxypropyl derivatives Il and |11 were tested for
activity against a standard choice of DNA and RNA viruses and retroviruses in the
Laboratory of Professor E. De Clercq (Rega Institute, Catholic University, Leuven,
Belgium). Neither of them showed any marked antiviral effect. The mutagenic effect of
azido derivatives |1 was already reported elsewhere3.

EXPERIMENTAL

Methods. The melting points were determined on a Kofler block and are uncorrected. Solvents
were evaporated on a rotatory evaporator at 40 °C/2 kPa. Analytical samples were dried at 25 °C and
6.5 Pafor 8 h. NMR spectra were measured on Varian UNITY-200 (*H at 200 MHz and 13C at 50.3
MHz) or UNITY-500 (*H at 500 MHz and 13C at 125.7 MHZ) instruments in CD;SOCD;. Chemical
shifts of protons were referenced to TMS as internal standard, chemical shifts of carbon atoms
against the solvent signal using the relationship &(CD;SOCD;3) = 39.7 ppm. In addition to the com-
mon proton-decoupled 3C NMR spectra were measured the J-modulated spectra (“attached proton
test pulse sequence”, ref.1®) or proton-coupled spectra, enabling distinction of carbon signals of the
type C, CH, CH, and CH3. UV spectra were measured on a Pye Unicam 8800 UV/VIS spectrometer;
the wavelengths of the extrema are given in nm. Thin-layer chromatography (TLC) was performed
on Silufol UV 5,4, column chromatography on Silpearl (both Kavalier, Votice, The Czech Republic).
Solvent systems for TLC: S1 chloroform—methanol (3 : 1), S2 chloroform—methanol (4 : 1), S3
chloroform—methanol (9 : 1), $4 chloroform—methanol (95 : 5), S5 2-propanol—concentrated aqueous
ammonia-water (7 : 1 : 2). High performance liquid chromatography was performed on columns
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(250 x 4 mm or 250 x 17 mm) packed with Separon SGX C18 (5 um, Laboratorni Pristroje, Prague,
The Czech Republic); isocratic elution (1 ml/min) with 0.05 m triethylammonium hydrogen carbo-
nate, pH 7.5 (S6) containing 5% (v/v) (S7) or 7% (S8) of acetonitrile, detection at 254 nm. Prep-
arative chromatography on C18 silica gel was performed on a column of octadecyl silica gel (30 pm,
260 ml) in water and water—methanol mixtures. Paper electrophoresis was carried out on a Whatman
3 MM paper at 40V/cm for 1 h in 0.05 m triethylammonium hydrogen carbonate, pH 7.5 (S9).

Materials and reagents. Adenine, dimethylformamide, sodium azide, cesium carbonate, epichloro-
hydrin and bromotrimethylsilane were Janssen (Belgium) products, 2-amino-6-chloropurine was ob-
tained from Mack (Germany), cytosine and phthalimidomethyloxirane from Fluka (Switzerland),
6-chloropurine from Sigma, 2, 6-diaminopurine from Kasyo (Japan), 6-methylthiopurine from Loba-
Chemie (Austria) and 4-aminopyrazolo[5,6-d]pyrimidine from Lachema (The Czech Republic).
4-Methoxy-2-pyrimidone was prepared according to a described procedure?®. Dimethylformamide,
dichloromethane and acetonitrile were dried by distillation from phosphorus pentoxide and kept over
molecular sieves.

Azidomethyloxirane (1)

A solution of sodium azide (19.5 g, 0.3 mol) in water (70 ml) was added dropwise during 90 min to
a stirred solution of epichlorohydrine (25 g, 0.27 mol) in water (50 ml). After stirring for further
20 min, the bottom layer was separated and the upper one extracted with dichloromethane (3 x 40 ml).
The combined extracts and the bottom layer were dried over sodium sulfate, the solvent was evap-
orated under diminished pressure and the residue was distilled in vacuo (the receiver cooled to —60 °C);
b.p. 22 — 24 °C/13 Pa. This product was used in the akylation reactions without further purification.

Preparation of N-(3-Azido-2-hydroxypropyl) Derivatives |I. General Procedure

A mixture of the heterocyclic base (10 mmol), potassium carbonate (0.1 g), azidomethyloxirane (I,
1.44 g, 15 mmol) and dimethylformamide (25 ml) was heated under stirring at 80 — 140 °C for 5—-8h
(calcium chloride protecting tube), filtered while hot and the precipitate was washed with dimethyl-
formamide. The filtrate was concentrated in vacuo, the residue codistilled with toluene and extracted
with boiling chloroform. The extract was filtered, the filtrate concentrated in vacuo and the residue
chromatographed on a column of silica gel in chloroform with increasing concentration of methanol.
The product-contai ning fractions were combined, the solvent was evaporated in vacuo and the residue
was crystallized. Table V gives the reaction conditions and some characteristics of the prepared com-
pounds I1.

9-(3-Azido-2-hydroxypropyl)hypoxanthine (I11h) and 9-(3-Azido-2-hydroxypropyl)guanine (11i)

A solution of compound lle (0.47 g, 2 mmol) in 80% acetic acid (50 ml) was heated at 85 °C for 6 h.
After evaporation in vacuo, the residue was codistilled with water (4 x 20 ml) and column chroma-
tographed on C18 silica gel; elution with a water—-methanol gradient. The product fraction was evap-
orated and the product crystallized from ethanol. Yield 70% of compound I1h (for analysis see Table V).

Similarly, compound IIf (0.42 g, 1.5 mmol) vas converted into derivative Ili; yield 0.36 g (87%).
For analysis see Table V.

9-(3-Azido-2-hydroxypropyl)uracil (1In) and 9-(3-Azido-2-hydroxypropyl)thymine (I10)

A solution of compound 11 (0.255 g, 1 mmol) in 80% acetic acid (50 ml) was heated at 80 °C for 3 h.
After evaporation of the solvent in vacuo, the residue was codistilled with water (2 x 20 ml) and
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crystallized from tetrahydrofuran—light petroleum to give compound Iin in the yield of 70%. For ana-
lysis see Table V.
Similarly, compound IIm was converted into derivative 1o in 80% yield. For analysis see Table V.

9-(3-Azido-2-hydroxypropyl)cytosine (I1p)

A solution of compound 111 (1.0 g, 4.4 mmol) in 30% methanolic anmonia (35 ml) was heated in a
pressure vessel at 110 °C for 4 h. The mixture was concentrated to dryness in vacuo and the residue
was chromatographed on a column of C18 silica gel; elution with a gradient of water—methanol. The
product-containing fraction gave, after evaporation in vacuo and crystallization from methanol—ether,
compound Ilp (0.74 g, 80%). For analysis see Table V.

9-(3-Azido-2-hydroxypropyl)-6-mercaptopurine (11r) and 9-(3-Azido-2-hydroxypropyl)-6-thio-
guanine (I1s)

A solution of compound Ile (0.47 g, 2 mmol) and thiourea (0.30 g, 4 mmol) in ethanol (25 ml) was
refluxed for 5 h. After evaporation of the solvent in vacuo, the residue was chromatographed on a
preparative loose layer of silicagel (50 x 18 x 0.4 cm) in chloroform—methanol (9 : 1). The product
band was eluted with methanol and the residue crystallized from ethanol to give 0.36 g (72%) of
compound Ilr. For m.p. and analysis see Table V.

Similarly, reaction of compound I1f (0.84 g, 3 mmol) with thiourea (0.45 g, 6 mmol) in ethanol
(50 ml) afforded compound Ils; yield 0.63 g (79%). For m.p. and analysis see Table V.

2-(3-Azido-2-hydroxypropyl)thioadenine (V) and 2,9-Bis(3-azido-2-hydroxypropyl)thioadenine (VI)

Azidomethyloxirane (I; 1.98 g, 22.5 mmol) was added at 100 °C in portions to a stirred suspension
of 2-mercaptoadenine (2.51 g, 15 mmol) and potassium carbonate (0.15 g) in dimethylformamide
(60 ml). The mixture was refluxed for 10 h (calcium chloride protecting tube) and filtered while hot.
The filtrate was concentrated in vacuo and the residue extracted with chloroform (200 ml). The chlo-
roform extract was filtered through Celite and the solvent was evaporated in vacuo. The residue was
chromatographed on silica gel in chloroform (elution with chloroform—methanol 9 : 1) to give a mix-
ture of both products which were further separated on a column of octadecyl silica gel (200 ml) by
elution with a gradient of water—methanol (0 — 100%). Crystallization from tetrahydrofuran—methanol
(1 : 5) afforded 1.43 g (36%) of compound V, m.p. 218 °C, R- 0.51 (S3). For CgH;gNgOS (266.2)
calculated: 36.09% C, 3.79% H, 42.09% N; found: 36.05% C, 3.69% H, 41.42% N. Further elution
afforded 1.73 g (32%) of compound VI, m.p. 145 °C (tetrahydrofuran—-methanol 1 : 5). For
C;1H15N110,S, (365.3) calculated: 36.16% C, 4.13% H, 42.18% N; found: 36.04% C, 4.01% H,
42.04% N.

Preparation of N-(3-Amino-2-hydroxypropyl) Derivatives |11 by Hydrogenation of Azido
Compounds II. General Procedure

Compound Il (5 mmol) was hydrogenated in 50% aqueous ethanol (120 ml) over 10% palladium on
carbon (0.67 g) at room temperature overnight. After filtration through Celite and washing the solid
with 50% agueous ethanol (25 ml), the filtrate was made alkaline with ammonia, concentrated in
vacuo and the residue was crystallized from ethanol—ether. Compound I11g was isolated by chroma-
tography on C18 silica gel in 50% agueous methanol. The yields and properties of the thus-obtained
compounds Il are given in Table VI.
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General Procedure for Preparation of Phthalimido Derivatives VII|

N-(2,3-Epoxypropyl)phthalimide (VII; 4.8 g, 24 mmol) was added to a mixture of the corresponding
base (20 mmoal), cesium carbonate (0.4 g, 1.2 mmol) and dimethylformamide (100 ml). The mixture
was heated at 120 °C for 6 h under stirring and protection from moisture (calcium chloride tube)
until the starting base disappeared (TLC, S2). After evaporation of the dimethylformamide and
codistillation with toluene (3 x 50 ml), the residue was boiled with methanol (200 ml) and undis-
solved compound was collected by filtration of the hot mixture. This procedure afforded predominant
amount of the pure N°- (or N-) isomers whereas the mother liquors contained a mixture of both
isomers. Further crops of products were obtained by chromatography of the mother liquors on silica
gel.

9-(3-Phthalimido-2-hydroxypropyl)adenine (V1l1a); yield 3.97 g (60%), m.p. 250 °C, R: 0.59 (S2).
For CigH14NgO3 (338.3) calculated: 56.80% C, 4.17% H, 24.83% N; found: 56.85% C, 4.37% H,
24.51% N.

9-(3-Phthalimido-2-hydroxypropyl)-2,6-diaminopurine(V111b); yield 5.49 g (78%), m.p. 237 —239 °C,
Re 0.41 (S2). For C;gH45N;05 (353.3) calculated: 54.39% C, 4.28% H, 27.74% N; found: 54.44% C,
4.36% H, 27.68% N.

TaBLE VI
N-(3-Amino-2-hydroxypropyl) derivatives Il|

R Calculated/Found
Compound M.p., °C R Formula
Yield, % M.w.

% C % H % N
Ila 176 — 178 0.53 CgH12N6O . 2H20 39.33 6.60 34.44
42 244.3 39.40 6.12 34.06
I1b 205 — 206 0.50 CgH13N7O . H20 39.82 543 40.61
63 241.3 39.49 5.99 40.50
Ilc 192 CoH13Ns0 . H20 47.98 6.72 31.10
48 225.2 48.12 6.45 30.96
Id 162 — 163 CoH13Ns0 . H20 47.98 6.72 31.10
76 225.2 47.77 6.82 3134
Iig 249 — 251 0.47 CsH12N6O . H20 2.47 6.24 37.15
55 226.2 42.81 5.89 37.47
Il 223 - 225 0.26 CsH12N6O2 . H20 39.66 5.82 34.47
66 242.2 39.40 5.62 34.06
Illo 131-133 0.49 CgHi13N30Os . H20 44.23 6.96 19.34
54 217.2 44.25 6.81 19.25
Ip 203 — 205 0.27 C7H12N4O2 . H20 41.57 6.98 27.71
55 202.2 41.75 6.42 27.86

2 Solvent system Si.
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9-(3-Phthaimido-2-hydroxypropyl)-2-amino-6-chloropurine (VI1If) and 7-(3-Phthalimido-2-hydroxy-
propyl)-2-amino-6-chloropurine (XI11)

The residue obtained by concentration of the reaction mixture was boiled with a 1 : 1 mixture of
methanol and chloroform and the crystalline material was collected by filtration of the hot mixture;
yield 1.6 g of pure N%-isomer VIIIf. The mother liquor was chromatographed on silica gel (50 g)
in chloroform. The product VIIIf was eluted with chloroform—methanol (9 : 1). Tota yield of the
N°-isomer was 4.46 g (60%), m.p. 248 — 250 °C, R- 0.68 (S2). For C,gH3CINgO; (372.7) calculated:
51.56% C, 3.52% H, 22.54% N, 9.51% CI; found: 51.64% C, 3.69% H, 22.24% N, 9.05% CI.

Further elution afforded 0.60 g (8%) of the N'-isomer XIII, m.p. >250 °C, R 0.58 (S2). For
C16H13CINgO; (372.7) calculated: 51.56% C, 3.52% H, 22.54% N, 9.51% CI; found: 51.98% C,
3.57% H, 22.36% N, 10.28% Cl.

1-(3-Phthalimido-2-hydroxypropyl)cytosine (VII1p)

Chromatography of the mother liquor on silica gel (125 g) in chloroform afforded 1.14 g of product
VIlp (elution with chloroform—methanol 4 : 1). Tota yield 4.44 g (71%), m.p. >250 °C, R: 0.25
(S2). For Cy5H14N 4O, (314.3) calculated: 57.33% C, 4.49% H, 17.82% N; found: 57.52% C, 4.46% H,
17.97% N.

9-(3-Phthaimido-2-hydroxypropyl)-2-amino-6-benzyloxypurine (VI11q)

The reaction mixture after codistillation with toluene was chromatographed on silica gel (600 g) in
chloroform. The product was eluted with chloroform—methanol (9 : 1). Crystallization from ethanol
afforded 3.8 g (43%) of compound VIIIg, R: 0.52 (S3). For CygH,oNgO, (444.4) calculated: 62.16% C,
4.54% H, 18.90% N; found: 61.80% C, 4.59% H, 18.98% N.

9-[3-(0-Carboxybenzoyl)amino-2-hydroxypropyl]-2-amino-6-chloropurine (1X)

A mixture of phthalimido derivative VIIIf (2.0 g, 6 mmol), 0.4 m triethylammonium hydrogen carbo-
nate solution (50 ml) and dimethylformamide (50 ml) was kept at 50 °C for 30 h. After evaporation
and codistillation with toluene (3 x 100 ml), the white crystalline residue was triturated with water,
collected on filter and washed with acetone and ether. Yield 1.68 g (72%) of compound IX, m.p.
195 — 196 °C, Re 0.36 (S2), Ey, 0.4. For Cy6H;5CINGO, (390.7) calculated: 49.17% C, 4.39% H,
21.50% N, 9.07% ClI; found: 48.74% C, 4.01% H, 21.41% N, 8.81% Cl. Mass spectrum (m/z): 391
(M + H).

9-[3-(0-Carboxybenzoyl)amino-2-hydroxypropyl]adenine (X)

A mixture of compound Vllla (1.0 g, 3 mmol), anmonia (10 ml) and water (20 ml) was stirred at
room temperature for 24 h. After evaporation, the reaction mixture was separated by preparative
HPLC (elution with water for 30 min, then with a gradient 0.5% methanol/min to 40% methanol).
Yield 0.5 g (50%) of compound X, m.p. 200 — 202 °C, k 26.5 (0.05 m TEAB 30 min, gradient to 10%
acetonitrile in 0.05 m TEAB/10 min), Ey, 0.4. For Ci6H1gNgO, - H,0 (374.3) calculated: 51.34% C,
4.85% H, 22.44% N; found: 51.29% C, 4.63% H, 22.05% N. Mass spectrum (m/z): 357.2 (M + H).
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Preparation of N-(3-Amino-2-hydroxypropyl) Derivatives |1l by Hydrazinolysis
of N-(Phthalimido-2-hydroxypropyl) Derivatives VIII. General Procedure

A mixture of phthalimido derivative Vllla, VIIIb or VIIIp (1 mmol), ethanol and 98% hydrazine hy-
drate (0.055 ml) was refluxed for 8 h (calcium chloride protecting tube). The reaction mixture was
concentrated and the amino derivative was separated from phthalazine on Dowex 1 (AcO~, 50 ml) by
elution with water. After deionization on Dowex 50 (H* form, 50 ml), evaporation and codistilla-
tion with ethanol (3 x 20 ml), the amino derivatives |1l were crystallized from ethanol. The obtained
compounds |11 were identical with authentic samples (vide supra) according to HPLC (S6 for Illp, S7
for Il1b and S8 for Illa). Yields: compound Illa 93%, compound Il1b 82% and compound Il1p 87%.

2-Amino-6-benzyloxypurine (XI)

Benzyl acohol (50 ml, 460 mmol) was added dropwise at room temperature to a stirred mixture of
sodium hydride (60% dispersion, 2.5 g, 62 mmol) and toluene (250 ml) and stirring was continued
for 1 h. 2-Amino-6-chloropurine (5 g, 30 mmol) was added, the mixture was refluxed for 6 h and
filtered while hot. The crystalline material collected on the filter represented the main portion of
compound Xl and was purified by crystallization from ethanol; yield 2.4 g. The mother liquor after
filtration of the reaction mixture was chromatographed on silica gel (300 g) in chloroform. Elution
with chloroform—methanol (98 : 2) afforded dibenzyl derivative XIl (0.8 g), Rz 0.39 (S3), elution
with chloroform—methanol (96 : 4) gave further amount (1.6 g) of the monobenzyl derivative XI.
Tota yield 4.0 g (56%) of compound XI, m.p. 190 — 192 °C, Rg 0.24 (S3). For C;,H;N5O (241.2)
calculated: 59.75% C, 4.60% H, 29.20% N; found: 59.21% C, 4.63% H, 28.83% N. Mass spectrum
(m'2): 242.1 (M + H). UV spectrum (methanol): Az 284.0 NM (€ 7 420), Amax 241.0 NM (€15 7 420).

2-Benzylamino-6-benzyloxypurine (XI1)

Benzyl alcohol (13.5 g, 125 mmol) was added dropwise under stirring to an ice-cooled mixture of
sodium hydride (60% dispersion, 5.0 g, 125 mmol) and dimethylformamide (250 ml) and the stirring
was continued for 1 h. 2-Amino-6-chloropurine (4.25 g, 25 mmol) was added to the obtained solution
and the mixture was stirred at 60 °C for 8 h (calcium chloride tube). After cooling, the reaction mix-
ture was neutralized with acetic acid, the solvent was evaporated and the residue was codistilled with
toluene. Chromatography on silica gel (500 g) in chloroform—methanol (97 : 3) afforded as the prin-
cipal product the dibenzyl derivative which was then crystallized from ethyl acetate. Yield 3.1 g
(37%), m.p. 165 — 167 °C, Re 0.39 (S3). For C;gH;7N5O (331.3) calculated: 68.87% C, 5.17% H,
21.13% N; found: 68.69% C, 5.16% H, 20.44% N. Mass spectrum (m/z): 332.2 (M + H). UV spec-
trum (methanol): Ay 284.0 NM (€2 7 420), Aax 241.0 M (€0, 7 420).
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