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ABSTRACT

Seven 5-chloro-4-8-p-glycopyranosylaminopyrimidine derivatives have been characterized
by elemental analysis, IR and 'H-NMR spectroscopies. Four types of process were char-
acterized from the thermal study of the compounds: desolvations; solid—solid transitions;
melting; and the onset of pyrolitic decomposition, which consists of deacetylation. In some of
the compounds, deacetylation occurs together with the loss of ~-OCH, substituents on the
C-2.

INTRODUCTION

Many pyrimidine derivatives and some of their nucleosides show biologi-
cal activity [1,2]; in particular, several 5-halogenopyrimidine derivatives and
some of their nucleosides are active in important biological processes [1,13]
besides being important intermediates in 5-substituted pyrimidine-derivative
syntheses [4].

On the other hand, the synthesis of metal complexes with nucleoside
analogues as ligands is of great importance for two reasons. Firstly, the
structural study of these complexes provides valuable stereochemical data on
the metal ions (many of which exhibit biological activity) [5]; and secondly,
the possible anti-tumour activity of the complex is often enhanced in
relation to that of the free ligand [6-9].

The data presented in this paper are concerned with the group of
nucleoside analogues shown below and should be useful in the subsequent
testing of such compounds as possible ligands against transition metal ions.
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Formula 1.
EXPERIMENTAL

The seven compounds were synthesized by a previously reported method
and recrystallized from methanol. Their in vivo anti-cancer activities, as
L1210 inhibitors, have been measured in the National Cancer Institute of

Bethesda (MD, U.S.A.) [10].

The compounds were analyzed in the Instituto Nacional de Quimica

Orgéanica (CSIC, Madrid) and the data are listed in Table 1.

TABLE 1

Analytic and yield data

Compound C(%) H(%) N(%) Formula Yield (%)
A 44.95(45.11) 491 (4.78) 841(831) C,gH,N,0,,Cl 68

B 45.55(45.59) 5.02(4.95) 9.42(9.38) C,;H,N,0,Cl 54

C 4641 (46.21) 4.99(5.04) 8.07(8.08) C, H,N,0,,C1 74

D 4277 (42.68) 4.63 (4.48) 936 (9.34) C,(H,oN,04Cl 85

E 4367 (43.72) 459 (4.64) 7.84(8.05) C,oH,,N,0,,SCI 70

F 44.17 (44.02) 4.87(4.78) 896 (9.06) C,;H,,N,0,8C1 77

G 44.66 (44.82) 494 (4.89) 7.80(7.84) CyH,N;0,,SCl 80

The analytical data in parentheses are theoretical values.
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"H-NMR spectra were obtained from a Hitachi Perkin—Elmer R-600 FT
spectrometer using DMSO-d as solvent and TMS as internal standard. IR
spectra were obtained using samples of the compounds in KBr pellets using
a Beckman 4250 spectrophotometer.

DSC plots were obtained with a Mettler DSC-20 differential scanning
calorimeter at a heating rate of 5°C min~", with samples of 1.02-1.18 mg.
TG curves were obtained from a Mettler TG 50 thermobalance, in a static
pure air atmosphere, at a heating rate of 10°C min~", using samples of
9.74-13.00 mg.

RESULTS AND DISCUSSION
Spectral study

The IR spectra of the compounds under study are fairly similar to those
of 5-unchlorinated homologues which were previously reported [10]. The
assignments of the most significant bands of these spectra are collected in
Table 2.

The band assigned to »(OH) stretching in compound F is because of 2.5%
methanol absorbed into the sample. The wavenumbers of the bands assigned
to ¥(C=0) cerates ¥(C=0)xo» ¥(C=N), »{C=C), »(C-N) and »(C-O) are
very similar to the corresponding unchlorinated homologues, although the
wavenumber of »(C=0),, stretching appears systematically shifted to higher
values than in the 5-unchlorinated compounds. This fact could be explained
by an increase in the electronic density in the pyrimidine ring induced by the
Cl atom on the C-5 position.

On the other hand, the band assigned to »(C=0) ... Stretching appears
as a doublet in several of the compounds, which could be related to the
hydrogen bridge interaction between the C=0,_,,,,. group and the C(4)-NH
of the pyrimidine ring,.

Another significant fact is the disappearance, in the 5-unchlorinated
compounds, of the band centered between 3010 and 3030 cm™! values,
which corresponds to »(C(5)-H) stretching.

The accurate assignment of characteristic bands of the C(5)-Cl bond was
prevented because of the high absorption of the compounds in the ranges
between 400 and 500 cm ™! and 200 and 300 cm ™!, in which characteristic
C-Cl stretching and bending, respectively, should appear [11-4].

Signal values of '"H-NMR spectra of the compounds have been reported
previously [15]. The said spectra are very similar to those of the correspond-
ing 5-unchlorinated homologues except for the absence of the singlet corre-
sponding to the C(5)-H group in the compounds under study. Besides, it is
interesting to point out two features about the spectra, namely: (a) the
C(4)-NH signal appears as a doublet (8 values between 7.10 and 7.30 ppm)
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TABLE 2

IR spectra data (v, cm™ ')

Compound »(OH) »(N-H) #(C-H) »(C=0), crarc ¥»(C=0)yo »(C=N) »(C-N)
+¥(C=C) +v(C-0)

A 3400w 2950w 1745 1670 s 1620 s 1035 wd, s
2880 w 1590 s 1210-1260 s,b
B 3360w 2960w 1740s 1685 s 1620 s 1030 m
2880w 1750s 1560 s 1065 s
1080 m
1225 wd,s
1260 s
1275 m
C 3400w 2940w 1750s 1690 s 1620 s 1035s
1730 s 1570 s 1070 m
1080 m
1210-1260 s,b
D 3400w 2940 w 1750 *s 1670s,b  1600s 1040 s
2850 w 1550 m 1260 m
1070 m
1210-1260 s,b
E 3400 w 2930w 1745 1665 s 1595 s 1035 b,s
1545 m 1225 b,s
1250 s
F 3490w 3410 m 2940w 1735 °%s 1675 s 1600 s 1025 s
2860 w 1525s 1045 s
1070 s
1230 b,s
1255s
G 3410w 2950w 1755 1685 m 1610 s 1040 s

1535 m 1070 m
1210-1260 s,b

w, weak; m, medium; s, strong; wd, wide; b, broad.
2 Doublet band.

due to the coupling with the C(1")-H of the pyranosic ring (Jyu ca’y-n = 8.2
Hz). This doublet disappears when D,0 was added to the DMSO-d,
solution of the compound studied. The § values of the C(4)-NH doublet
suggest there are no inter- or intramolecular hydrogen bridge interactions in
which this group takes part; when such interaction occurs, the § values are
considerably higher, e.g. this signal appears at about 11.00 ppm in the
5-acetyl-4-B-D-glycopyranosylaminopyrimidine derivative homologues [16]
and at 12.25-12.70 ppm in the 5-nitroso derivative homologues [17]; in all of
them, the C(4)-NH group interacts with the adjacent C(5) substituents
(acetyl or NO groups) by hydrogen bridging and (b) the C(1")-H signal
appears as a triplet between 5.50 and 5.90 ppm; this signal becomes a
doublet when D,O is added, which is in accordance with the above-cited
coupling between C(4)-NH and C(1")-H groups.
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Fig. 1. TG curves.

.000

-.010
PTG m6/S

-020

-.030

.000

-.010

DTG mGa/S

-]
-8

-.030

.000

-.050
D16 me/S

-.100

-060

-.080

me/s

DTe

WEIGHT GAIN—)
8000 m6

T
-.020 -.010 .000

YT T T
-.030

LAk B e

50 100 150 200

WEIGHT GAIN —)
10.000 m8

T CIUCT Labs | 1 1 1
250 300 350 400 450 500 550 600 &850
TEMPERATURE °C

Y
000

1
-.030

I
-.100

LSRN
50 00 150 200

WEIGHT GAIN —)
5.000 m@

1 ) 1 I 1 1 1 )
250 300 350 400450 500 350 600 650

TEMPERATURE °C

1
.000

1
-.100

Ll b b
50 100 180 200

v s L} L} A )
250 300 350 400 450 500 550 600 650

TEMPERATURE °C

0TEe ma/8

DTG mG/S

DTe mé/s

117



118

HEAT FLOW
EXOTHERMAL —)
10,00 mw
"
; >
HEAT FLOW
EXOTHERNAL —)
10.00m W
w

MOALM LALLS Maaas Al LAASs Luas taads biite uish Lanas )
LARAMLAARMLIARA A SRR LR M AR AR SR SO KO 150 200 250 300 330 400 450 300 580
S0 100 150 200 230 300 350 400 450 500 550

TEMPERATURE °C TEMPERATURE °C

HEAT FLOW
EXOTHERNAL —)
10.00 mW
™
(@]
HEAT FLOW
EXOTHERMAL —)
20.00 mW
o

|SRALY A | ARAR MRS AL LAAR) LEALE AR Linas LAnss

50 100 130 200 280 300 350 4900 430 500 530 50 100 IS0 200 2%0 300 350 400 450 %500 350

TENPERATURE °C TEMPERATURE °C

HEAT FLOW
EXOTHERMAL —
10.00 mW
—
R\
HEAT FLOW
EXOTHERMAL —)
20.00 mW N
m

|RARAY AL RALLE RARLY LAAS LLAA LARLY AAAL) LAAM LERIY LALM
50 100 IS0 200 250 300 350 400 450 500 550 50 100 150 200 250 300 350 4Q0 480 500 550

TEMPERATURE °C TEMPERATURE °C

HEAT FLOW
EXOTHERMAL —)
20.00 mW
v
@

50 100 150 200 230 300 350 400 430 BOO 580
TEMPERATURE °C

Fig. 2. DSC curves.



119

SISI0IAd a3 JO 1TeIS Sy YimM sdelIoA0 OMILISYIOPUS 3T,
*OTULISYIOPUS 3Y) Jo Yead oY) 03 puodsanioo sainjesadway ,

6'Sh— 0X3°G0g ore 44 0661 D
LLg— 0% °06T ore LTOv TS1T TL 14 91 d
g8 — OX3 ‘6T 13:14 °6°SS 1°08¢ d
66T— 0% °68C 0Lt q SO9Y TeLt 61— 0ox2 ‘9p1 9'8 1 [44¢ a
8L8— OX3‘pIg S0z 98°9¢ 081 D
£68— 0X3‘p8T 01¢ SS¥C L'€81 q
879~ 0Xd %661 061 q WTE S'E€TT TE—  Opuwd ‘pLl v
(; _Tow 1) (;_1ow 1) (_Tour 1Y) (;-1ow 1Y)
HY (o)1 0.1 HY (o)l HY Qo)1 HV (B)sso1mm (O,) 1L
uone[f1aoea(q sisffoiAd jo wels ¢ SUNPIW uonisues) pros—pros uoneajosaq punodwo)

'1ep DSd pue HL
t HTdVL



120
Thermal study

The TG and DSC curves of the seven compounds are very similar (Figs. 1
and 2, respectively); the thermal data obtained from them are listed in Table
3.

The DSC curves of compounds D and F show a first endothermic effect
(at temperature values of 146 and 162° C, respectively) accompanied by a
slight weight loss which is due to desolvation of the samples. Compounds A
and D show endothermic effects at temperatures of 174 and 146 ° C, respec-
tively, at these temperatures no weight loss occurs. Samples of A and D were
heated up to the end temperatures of the said effects and their DSC plots
were obtained again after several hours, but the above-cited effects were not
observed; therefore, they can be assigned to probable solid—solid transitions.
Nevertheless, IR spectra of the heated samples were identical to those of the
unheated.

Melting

All the compounds show melting processes before the pyrolitic decom-
position whose corresponding endothermic effects (energies and tempera-
tures) are summarized in Table 3. The melting temperatures are slightly
higher than those of the corresponding homologue with —COCH, sub-
stituted on the C(5) of the pyrimidine ring [16] and much higher than those
with no substituents on the C(5) [10}]; this would mean that chlorine atoms
on the C(5) play an important role in intermolecular hydrogen bridging
interactions.

On the other hand, in the series of compounds under study with the same
substituent on the C(2) of the pyrimidine ring (OCH, or SCH,), the highest
melting point corresponds to the compounds having no substituent on N(1)
of the pyrimidine ring; this suggests the probable role of this atom in
intramolecular hydrogen bridges.

AH,,,, values are in the same range as those found for other analogous
compounds [10,16]. Nevertheless, in the case of compound A the melting
process coincides with the onset of its pyrolitic decomposition, as can be
seen in the corresponding TG curve; thus, in this case, the endothermic
effect corresponding to the fusion probably hides some other thermal effect
whose energy could be partially included in the corresponding value given in
Table 3.

Pyrolitic decompositions

TG and DSC curves of the compounds under study are very similar to
those of their homologues which have no substituent on (C(5), suggesting
that the pyrolitic decompositions start with loss of the acetyl groups {10].
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TABLE 4
Weight loss of the deacetylation processes (%)

Compound Found Calculated
A 52.90 (52.81) 46.69
B 46.21 (45.90) 39.55
C 52.12 (51.39) 4542
D 38.15 39.37
E 47.58 45.25
F 36.80 38.18
G 45.46 44.07

Values in parentheses are those calculated including OCH 4 groups.

The onset of pyrolitic decomposition is characterized, in all cases, by an
abrupt weight loss in the TG plots, accompanied by a well-defined ex-
othermic effect in the corresponding DSC diagram. IR spectra from samples
obtained by heating up to the final temperature of the said effect clearly
show (in spite of the low resolution due to the partial carbonization of the
samples) the loss of the band assigned to »(C=0) ... corresponding to the
acetyl groups; the weight loss values found from the TG curves (%) at the

said temperatures are in good asreement with the calculated ones (Tah]r—- 4\

said temperatures are in good agreement with the calculated ones (Table
for acetyl groups in the case of compounds having SCH, substltuents on the
C(2) (compounds D, E, F and G), but are slightly higher than those
corresponding to compounds with OCH, substituents on the C(2); thus, in
the latter cases, it may be that some other group is also being lost together
with the acetyl groups; however, no such evidence could be obtained from
the IR spectra. Water solutions of previously deacetylated mineralized
samples (with solid Na) of compounds A, B and C, precipitate AgCl which
suggests that Cl groups probably remain unaffected. So, the group lost
together with the acetyl could be OCH, (see Table 4); this is in accordance
with the previously observed lability of the C(s)-OCH, bond in some
analogous pyrimidine derivatives [18]. Moreover, this could explain the
lower temperature values for the onset of the pyrolitic decomposition of
compounds A, B and C (see Table 3) than for the remaining ones.

The AH values for deacetylation processes (see Table 3) are in a clearly
higher range for compounds A, B and C, than for D, E, F and G; this fact
also supports the above hypothesis that the deacetylation process coincides
with the loss of the OCH; groups in the former compounds.

After deacetylation, the thermal decomposition of the compounds goes on
uninterrupted until the total combustion of the samples, which occurs at
about 650°C.



122

ACKNOWLEDGEMENTS

The anti-cancerogenic activity data are the results of the screening per-
formed under the auspices of the Developmental Therapeutics Program,
Division of Cancer Treatment, NCI Bethesda, MD.

The authors thank the Consejeria de Educacion, Junta de Andalucia, for
the award of a fellowship of the Plan de Formacion del Personal Investiga-
dor to two of them (M.L. Quijano and M. Melguizo).

REFERENCES

1 P.F. Torrence, Anti-cancer and Interferon Agents: Synthesis and Properties, vol. 24,
Dekker, New York, 1984.

2 J.L. Rideout, D.W. Henry and L.M. Beacham (Eds.), Nucleosides, Nucleotides and Their

Biological Applications, Academic Press, New York, 1983.

T.K. Bradshaw and B. Hutchinson, Chem. Soc. Rev., 6 (1977) 43.

B. Clarson and B. Samuelsson, Acta Chem. Scand., Ser. B, 39 (1985) 501.

J. Reedijk, Pure Appl. Chem., 59 (1987) 181.

S. Kirschner, Y K. Wei, D. Francis and J.G. Bergman, J. Med. Chem., 9 (1969) 3695.

S.M. Skinner, J.M. Swatzell and R.W. Lewis, Res. Commun. Chem. Pathol. Pharmacol.,

19 (1978) 165.

M. Das and S.E. Livingstone, Br. J. Cancer, 38 (1978) 325.

9 E. Dubler and E. Gyr, Inorg. Chem. 27 (1988) 1466.

10 R. Lépez, A. Sanchez, M. Nogueras, J. Negrillo, A. Bernalte and C. Valenzuela, Thermo-
chim. Acta, 96 (1985) 59.

11 Y.A. Sarma, Spectrochim. Acta, Part A, 30 (1974) 1801.

12 S. Kizuli, Y. Ishibashi, H. Shimada and R. Shimada, Memoirs of the Faculty of Sciences,
Kyushu Univ., Ser. C, 13 (1981) 7.

13 S. Nakama, Y. Nibu, Y. Matsufuji, H. Shimada and R. Shimada, Memoirs of the Faculty
of Science, Kyushu Univ., Ser. C, 14 (1984) 247.

14 S. Nakama, H. Shimada and R. Shimade, Bull. Chem. Soc. Jpn., 57 (1984) 2584.

15 J. Negrillo, A. Sanchez, M. Nogueras and M. Melgarejo, An. Quim., 84C (1988) 165.

16 R. Lopez, A. Sanchez, M. Nogueras, J. Negrillo and A. Bernalte, Thermochim. Acta, 105,
(1986) 161.

17 R. Lopez, M. Gutierrez, M. Nogueras, A. Sanchez and C. Valenzuela, Monatsh. Chem.,
117 (1986) 905.

18 A. Sanchez, M. Nogueras, R. Lopez, M.D. Gutierrez and E. Colacio, Thermochim. Acta,
86 (1985) 199.

~Nl oW AW

o0



