be safely used for the preparation of solid dispersions of
celecoxib and improve its dissolution and bioavailability on
oral administration.
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Various acylonucleoside analogs were synthesized and evaluated for antibacterial and antifungal
activity. All the acyclic nucleosides exhibited good antifungal activity compared to the standard
drug clotrimazole. However, none of the compounds possess broad-spectrum antibacterial activ-
ity. The structure-activity relationships of acyclic nucleosides were studied in order to develop
the most potential antifungal agent for preclinical evaluation.

Acyclic substituted pyrimidines (acyclic nucleosides or
acyclonucleosides)' are the sugar modified nucleoside ana-
logs possessing biologica!l and pharmacological activities.
This group of compounds has gained increasing importance
through their biological activities, particularly in the field of
antiviral chemotherapy?. A number of acyclonucleoside ana-
logs are used clinically for the treatment of herpes simplgx
virus type-1 (HSV-1), type-2 (HSV-2), vericella zoster (VZV)
and HlV-infections®4. It has been found that
acyclonucleosides are monophosphorylated by viral thymi-
dine kinase to the monophosphates and subsequently con-
verted into diphosphates and then to the corresponding triph-
osphates by cellular enzymes. The triphosphate forms are
then recognized by viral reverse transcriptase as substrate
and the corresponding nucleoside triphosphates are incor-
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porated into growing DNA chains, which lead to DNA chain
termination®. Besides antiviral activity, acylonucleosides are
also used as antitumor agents®®, In addition, various
acyclonucleosides are potent inhibitor of certain enzymes,
such as uridine phosphorylase, thymidine phosphorylase,
which are involved in the catabolism of clinically useful
nucleosides. Chu and cowerkers? synthesized 5-
benzylacyclouridine and 5-benzyloxybenzylacyclouridine
(Fig. 1, I and I1) and were found to be good inhibitors of
uridine phosphorylase. Goudgaon et al.'® synthesized
phenylselenenyl- and phenylthio-substituted pyrimidines
(Fig. 1, lll and 1V) as potent inhibitors of dihydrouracil dehy-
drogenase and uridine phophorylase. Some of the pyrimi-
dine compounds like 5-fluorouracil is used clinically for the
treatment of various types of cancer. Hitchings et al. showed
substituted pyrimidines possessed marked antimalarial'* and
antileukemic' properties. Hence the synthesis and biologi-
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Fig. 1: Structure of some novel acyclonucleosides.
The substitutions are, for I- R=CH,CH,, for lI-

R=CH.C ,H,0CH C H, for lll- R=SePh and for [V-R=SPh.

P W) 26 5’

|
R R

Fig. 2: Structure of acyclonucleosides. .

The substitutions are, for 1- R,=CH,, R,=H, R;=CH,OH,
for 2- R,=Cl, R,=H, R =CH,OH, for 3- R,=Br, R,=H,
R,=CH,OH, for 4-R,=H, R,=SePh, R,=CH,OH, for 5- R.=Cl,
R,=SePh, R,=CH,OH, for 6- R;=CH,, R=H, R,=CH,0Ac,
for 7-R,=Cl, R,=H, R =CH,OAc, for 8- R,=F,R,=H,R=CH,,
for 9- R,= SePh, R,=H, R,=CH, for 10- R.=H, R,= SePh,
R,=CH, for 11- R =CH,CH,, R,=H, R;=CH,, for 12- R,=CH,,
R,=H, R=CH,, for 13-R,=CH,CH,, R,=SePh, R, =CH,, and
for 14-R=F, R,=SePh, R:‘:CHJ.

OBnNn
= | Ry
BnO™ X3 )

Fig. 3: Structure of benzyl protected substituted pyrim-
idines.

The substitutions are, for 15- R,=SPh, R,=H, for 16.- R,=H,
R,=SePh, tor 17- R=H, R= SPh and for 18- R,=SePh,
R,=H.
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cal evaluation of benzyl protected and C, and C, substituted
pyrimidines is desirable to determine the potential antimi-
crobial activity of acyclic nucleosides. Based on the poten-
tial usefuiness of the acyclic nucleosides and substituted
pyrimidines in chemotherapy, we report here the random
screening for in vitro antimicrobial activity of
acyclonucleosides.

The acyclic nucleosides were synthesized according
to the synthetic methods described earlier by our group'®'®
(Figs. 2, 3 and 4). The antimicrobial activity was carried out
against Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli and Staphylococcus aureus, and fungi,
Aspergillus niger and Aspergillus flavus by cup-plate
method*. Aseptic conditions were maintained throughout the
experiment.

Antibacterial screening required nutrient agar media
and it was prepared by dissolving bacteriological peptone
(5 g), dextrose (1 g), NaCl (5 g) in 1 | distilled water. pH was
adjusted to 7-7.4 by using 40% aqueous NaOH solution. To
this solution 20 g of agar was added. Then it was sterilized
for 30 min at 15 Ibs pressure. The organisms used in the
present study were obtained from the laboratory stocks.
Twenty four hours before the day of testing, the above men-
tioned 4 bacteria were subcultured separately into 25 mi of
sterilized nutrient broth, which was prepared in the same
manner as that of nutrient media but without agar. Inocu-
lated subcultured broths were kept at room temperature for
24 h. Test solutions of all the compounds and gentamycin (+
ve control) were prepared in distilled dimethyl formamide
{DMF) at the concentration of 100 ug/ml and 50 pg/ml. After
sterilization of the nutrient agar media, it was allowed to cool
to 45°. Subculture of bacterial strain was inoculated into
nutrient agar media. Inoculated media was poured into the
petriplates and allowed to solidify. With the help of 6 mm
sterile cork borer the cups were punched and scooped out
the set agar. The cups were then filled individually with 0.1
ml of the test solution, gentamycin and solvent control. The
plates were allowed to stay for 24 h at 37°to know the bac-
terial growth inhibition, developed around the hole was mea-
sured for the particular test solution with particular organ-
ism.

Potato dextrose agar (PDA) was used for the antifungal
screening. To 500 m! distilled water, 250 g peeled potatoes
were added in a conical flask and boiled. After boiling, su-
pernatant i.e., extract was saved and 20 g of dextrose was
added to it. In another conical flask 20 g of agar was added
containing 250 ml of distilled water and was boiled to dis-
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Fig. 4: Structure of substituted uracils.

The substitutions are, for 19- R,=H, R,=SePh and for 20-
R,=SePh, R,=H.

solve agar completely. Then contents of both the flask were
mixed and measured. Required amount of distilled water was
added to make 1| and then sterilized at 15 Ibs pressure.
One day prior to the testing, inoculation of the fungi were
made separately into 25 ml of sterile distilled water and kept
at room temperature. Test solutions, clotrimazole (+ ve con-
trol) were prepared at the concentration of 100 pg/ml in dis-

tilled DMF. Before pouring the sterilized media into the
petriplates, streptomycin was added to it in order to prevent
the bacterial contamination. Then media was poured into
the petriplates and allowed to solidify the media. Fungal
subculture was inoculated on the solidified media. With the
help of 6 mm sterile cork borer, the cups were punched and
scooped out the set agar. The cups were filled separately
with test solution, clotrimazole and solvent control. The plates
were allowed to stay for 24 h at room temperature and zone
of inhibition was measured in mm.

In the present study, we have evaluated various substi-
tuted pyrimidines for antimicrobial activities. None of the
tested compounds exhibited bacterial growth inhibition
against Gram — ve bacteria, P. asruginosa, K. pneumoniae
and E. coli. However, all the compounds showed activity
against Gram + ve bacterium, S. aureus (Table 1) at the con-
centrations of 100 pg/m! and 50 pg/ml. Hydrophobic prop-
erty of the molecule increases the antibacterial activity. Com-

TABLE 1: ANTIBACTERIAL ACTIVITY OF ACYCLONUCEOSIDES.

Compd. No. Dose (ug/ml)| zone of inhibition (mm) Dose (ug/ml) Zone of inhibition (mm)
S. aureus S. aureus

1 100 20 50 16

2 " 12 ” 9

3 " 16 " 10

4 i 12 " 8

5 " ’ 20 " 12

6 - 21 " 17

7 " 18 " 13

8 " 15 " 10

9 ” 17 " 13

10 " 16 " 11

11 " 20 " 14

12 " 20 " 13

13 " , T 22 " 15

14 " 20 " 16
Gentamycin " 27 7 20

All the synthesized acyclonucleosides were evaluated for antibacterial activity against S. aureus at the concentrations of 100

Hg/ml and 50 pg/mi
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pounds with CH, or -CH,OAc instead of -CH,OH at R, posi-
tion showed good antibacterial activity than later. Com-
pounds 1 and 2 showed less activity than compounds 6 and
7, respectively, and also compound 10 exhibited good activ-
ity than 4. Acyclopyrimidines with substitution at both C, and
C, positions exhibited greater activity than acyclopyrimidines
with C, substitution alone, for e.g., 5 and 14 showed better
activities than 2 and 8, respectively. Presence of -SePh,
-CH,CH,, or -CH, groups except halogen at C, position of
the acycloprimidine increases the antibacterial activity of the
compound, i.e., compound 8 showed less activity than 9, 11
and 12. Similarly, compounds 2 and 3 showed less activity
than 1 and compound 6 exhibited more activity than 7. From
Table 2 itis clear that C, and C substituted pyrimidines pos-
sessed more or less similar antibacterial activity against all
four bacteria. Benzyl protected pyrimidine with C.- SePh
substitution showed good activity than C, SPh substituted
pyrimidine. It has been observed that C-SPh substituted
pyrimidines showed more activity than pyrimidine with C,-
SPh, for e.g., compound 17 exhibited more activity than 15.
Compounds without benzyloxy group at C, and C, positions
(19 and 20) did not show any activity against P aeruginosa.
Various substituted pyrimidines were evaluated for antifun-
gal activity against A. niger and A. flavus (Table 3). In the
case of A. niger, compounds 3 and 7 showed greater anti-
fungal activity than the clotrimazole. Compounds 1, 2, 4, 11
and 13 exhibited comparable activity to the standard drug
clotrimazole, and remaining compounds (5, 6, 8, 9, 10, 12
and 14) possessed moderate activity. However, compounds
1,2,3,4,7,9,12 and 22 displayed good activity against A.

flavus and other compounds (5, 6, 8, 10, 11 and 14) have
less activity compared to clotrimazole. Among R,-CH, sub-
stituted acyclonucleosides, the substitution at C,and C; of
the pyrimidine ring increases the antifungal activity. Com-
pound 13 has greater antifungal activity than 10. Similarly,
compound 14 exhibited better activity than 8. The presence
of -SePh, -CH,CH,, and-CH, (9, 11 and 12) instead of halo-
gen at C, (8) of acyclopyrimidine increases the antifungal
activity. This indicates that the presence of less hydrophilic
group is necessary for the enhancement of antifungal prop-
erty. However, in compounds bearing R,-CH,OH and
CH,OAc, the presence of electron with-drawing group at C,
position increased the antifungal activity e.g., compound 1
showed less activity than 2 (except activity against A. niger)
and 3. Similarly, compound 7 has more activity than 6.
Acyclonucleosides with R,-CH,OH were more active than
acylonuleosides with R,-CH,OAc and CH, for e.g., com-
pounds 1 and 4 showed more activity than compounds 6
and 10 respectively. Except compound 7, which has more
activity than 2 in case of A. niger. Table 3 also revealed that
among C, and C_ substituted pyrimidines, compound 15 pos-
sessed good activity against A. niger.

In conclusion, the results of antimicrobial screening
reveal that acyclonucleosides exhibited good antifungal ac-
tivity and moderate activity against S. aureus. For the good
antibacterial property these compounds should have C and
C, substitutions and they should be substituted with —SePh,
-CH,CH, and -CH, groups. For good antifungal activity,
acyclonucleosides bearing R,-CH,OH should have electron
with-drawing group at C, position and acyclonucleosides with

TABLE 2: ANTIBACTERIAL ACTIVITY OF SUBSTITUTED PYRIMIDINES.

Compd No. Dose (vg/ml) Zone of inhibition (mm)
P. aeruginosa K. pneumonia E. coli S. aureus

15 100 15 13 0 13
16 " 15 11 17 18
17 " 15 17 12 18
18 ” 18 12 12 15
19 " 0 19 .16 15
20 " 0 16 c12 17
Gentamycin i 25 25 25 25

All the synthesized substituted pyrimidines were evaluated for antibacterial activity against P aeruginosa, K. pneumonia, E.

coli and S. aureus at the concentration of 100 yg/ml.
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TABLE 3: ANTIFUNGAL ACTIVITY OF SUBSTITUTED R,-CH, should be substituted with electron donating or hy-

PYRIMIDINES. drophobic groups.
Compound | Dose Diameter of zone of REFERENCES
No. (ng/mi) inhibition (mm) 1. Chu, CK., and Cutler, S.J., J. Heterocycl. Chem., 1986, 23,
A. niger A. flavus 289. :
- 2. Colla, L., Clercq, E. D., Busson, R. and Vanderhaeghe, H., J.
1 100 26 20 Med. Chem., 1983, 26, 602.
2 " 25 35 3. Clercq, E. D., Nucleos. Nucleot. Nucl. Acids, 2000, 19, 1531.
4. Ogilvie, K.K., Hamilton, R.G., Gillen, M.F,, Radatus, B.K., Smith,
3 " 30 23 K.O. and Galloway, K.S., Can. J. Chem., 1984, 62, 16.
4 » 26 20 5. Martin, J.C., Jeffrey, G.A., McGee, D.P.C,, Tippie, M.A., Smee,
D.F, Matthews, T. R. and Verheyden, J.PH., J. Med. Chem.,
5 " 20 15 1985, 28, 358.
6 " 20 15 6. Rosowsky, A., Kim, S.H. and Wick, M., J. Med. Chem.,1981,
24, 1177.
7 " 30 20 7. Heidlberger, C., Morren, D., Griesbach, L., Montag, B.J.,
8 n 15 14 Duschinsky, R., Pelven, E. and Schnitzer, R., Proc. Amer. Assoc.
Cancer Res., 1957, 2, 212.
9 " 15 20 8. Mclver, FA., Curreri, A.R., Meyer, 0.0., Schilling, R.F. and
10 " 2o : 12 Waisman, H., Proc. Amer. Assoc. Cancer Res., 1957, 2, 230.
9.  Niedzwicki, J.G., Chu, S.H., Kouni, M.H., Rowe, E.C. and Cha,
11 " .27 17 S., Biochem. Pharmacol., 1982, 31, 1857.
12 ” 20 20 10. Goudgaon, N.M., Naguib, F.N.M., Kouni, M.H. and Schinazi, R.F,
‘ J. Med. Chem., 1993, 36, 4250.
13 " 25 22 11. Falco, E. A, Goodwin, L. G., Hitchings, G. H., Rollo, I. M. and
14 " 20 15 Russel, P.B., Brit. J. Pharmacol., 1951, 6, 185,
12. Burchenal, J. H., Goetchins, S. K., Stock, C.C. and Hitchings, G.
15 ” 35 22 H., Cancer Res., 1951, 12, 255,
" 13. Goudgaon, N. M., McMillan, M. and Schinazi, R.F., Antivir.
16 18 22 ‘ Chem. and Chemother., 1992, 3, 263.
17 ” 25 23 14. The Indian Pharmacopoeia, Vol.2, 3rd Edn., Controller of publi-
. cations, New Delhi, 1885, 90.
Clotrimazole " 25 40

All the synthesized substituted pyrimidines were evaluated
for antifungal activity against A. niger and A. flavus at the
concentration of 100 pg/ml.
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