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SUM MARY

1- (2’-Deoxy-/3-n-xylopym’amiosyl) thyniine (p-Il) pm’oduces as great an imiimibitory effect

on uridine-deoxvuridine phospilol’ylase as 1- (2’-deoxy-�-D-glucopyranosyh) tlmymine (p-
1), whereas tue inhibitory action of 1-(2’-deoxy-�-D-xylofw’anosyl)thymuine (V) is only
1/25 that of the above-memmtiomled �-miucleosid!eS. Tue imlhii)itomv activity of 1- (2’-deoxy-a-

D-xylopyranosyl)thymine (a-IT) is equal to that of 1-(2’-deoxy-a-D-giucopyranosyl)thy-

mirme (a-I) , both being less effective than the corresponding f3-anomem’s and mom’e active

than V. a- and fl-1-(2’-Deoxy-D-mibopymanosyl)thymine (a-Ill am! p-Ill) are nonimihibi-

tory umider time same conilitiomms. Hemmce, both the uresemmce of a pym’anose lactol ring and

the xylo configum’ation of time hydmoxyl group C-3’ ate necessary for the inimibitory actiorm

of these compoumi!s. I - (Tetrahydro-2’-pyranyl)thyniine (VI) is not active.

IN TIR)DU CTI()N

The synthetic i)yrinlidine nucleoside, 5-
fluoro-2’-deoxyum’idine (FUDR), causes tu-

inor megression in advanced human cancer

patients (1), amid 5-iodo-2’-deoxyuridine

(IUDR) has a m’adiosensitizing effect in

vitro. The timerapeutic usefulness of 1)0th

these compoundls is diniinished by their
rapid cleavage to time m’espective free bases

in human and animal tissues (1-4). Degm’a-
dation of these comiipounds is effected i)y
two dhffem’ent emizymes, timymnid!imle 1)imOs1)imO-
rylase (EC 2.4.2.4) (5) amid ut’idine-deoxy-

uridine phospimom’ylase (EC 2.4.2.3) (6, 7).
Previously, we repom’tcd that tue un-

natural numcleoside 1- (2’-deoxv-fl-n-gluco-

pyranosyl)thiymine (�-T, Fig. 1) (8, 9) is a

powerful competitive inhibitom’ of uridine-
deoxyuridine phosphom’ylase in vitro (10)

and is also effective in vivo This com-

pound, given to cats togetiler with 5-io!o-

2’-deoxyum’idimle, causes a considerable in-

crease ill time imicomporatiomi of TUDR into

time DNA of imitestine, spleen, and bone

marrow (11, 12). The a-anomer (a-I) is
less active in this respect.

The high affinity of �-T toward this

enzyme is sum’prising, as its carbohydm’ate

moiety differs markedly from that of the
natural nucleosi(!es such as thynmidimie (IV)

in a variety of ways: the sugar comitains

one mote carbon atom, time hydroxyl group
at C-3’ has the opposite configuration, and

the ring has a l)YI’anOse, ratiler than a

furanose, structure. With the exception of
some antibiotics such as aniicetin (13),

biasticidin (14, 15), and gougerotin (16),
simple pym’imidine nucleosides with a py-

ramiose carboimydrate moiety have hitherto

been regarded as biologically inactive.

Tn order to investigate whether the in-

hibitory action of p-I is dependemit on the
presence of one of these three d!iffem’ent

structural cham’acteristics, or on a combina-
tiomi of themn, sevem’al thymiiimie 2’-d!eoxy-

nucleosides, diffem’ent from thymidine (TV)
in one or two of the structural features
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Fia. 1. Thyinimie nucleosuh.s of 2-ileoxy-n-g/mico-

pyranose (a-I, a-I) ; 2-deoxy-n-xylopyrami Ose (a-

ll, /3-I!); 2-deoxy-D-rihopyiamiose (ri-Ill,/3-Ill);

2-deoxy-fl-r-ribofuramiose (11), ?-thoxy-f3-n-xylo-

furanose (V), amioltctrah i/drop yrami (VI)

mentioned, were symithesized! an(! tested fom

enzyme inhibitot’y activity.

MATERIALS AND METHOI)S

Time amiomems of 1- (2’-deoxy-D-glucopy-

ranosyl)thymine (a-I, p-I) (9) amld 1- (2’-
deoxy-D-ribopyranosyl)thymmline (a-Ill, �-

III) (17) 1 weme PI’ei)am’ed as described
previously.

a- and p-1-(2’-deoxy-n-xylopym’anosyl)-

thlymlmitle (a-IT, p-TI) , two hitherto un-

known compounds, w’em’e obtaimied! by con-

‘Also G. Etzohd, R. Hintsche and P. Langen,

Chenm. Bor, in press.
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densation of monotimymninyinmem’cum’y with

2 - deoxy -3,4- di -0- acetyl- D - xylopyranosyl

cilloride and! sepam’ated by cellulose column

chromatography ( 18) . The l)yranOse struc-

ture of a-Il and p-Il was establisimed by
their consumption of one mole of sodlium

l)eriodate. The configuration at C-i’ was
determimied by comparison of the optical

rotations of the enantiomorphic nucleoside
Th dialdehydes of a-Il ([a]D20 - 68#{176})and �-

II ([a]n20 + 71#{176})with tilOse of a-Ill

({a]D�#{176} - 64#{176})and p-Ill ([a]D�#{176} + 69#{176}),
which were obtained after periodate oxida-

tion of tue anomem’ic nucleosides. rn con-
figurations of a-Ill and p-Ill, furthet’more,

have been deduced from their infrared
spectra (17) and have more recently been

proved by the stereospecific formation of

an 2,3’-anhydronueleoside fm’om 3’,4’-di-

inesyl- and 3’,4’-carbonato-p-III (19). Tn

agreement with conclusions drawn from
inspection of tue molecular models, at-

tempts to cyclize the corresponding deriva-
tives of a-Ill failed. The alkaline cleavage

of time anhydronucleoside gives p-TI.

1 - (2’-Deoxy - �-D-xylofum’anosyl) thymirie

(V) was oi)t-ained !)y alkaline cleavage

of 2,3’-anhydm’othymidimme (20, 21). 1 -

(Tetrahydro-2’-pvramivl) thymimine (VI) (22)
was kindly supplied! by Professor C. C.

Chemig, Midwest. Reseam’ch Institute, Kansas

City. The anomnem’ic configuration of timis
compoun(! is unknown.

The purity of all conlpounds was checked

by thin-layer chm’omnatography on siiica gel
HF254 (Mem’ck) witim several solvent sys-

teins using ultraviolet light and cone. T-I�SO
for localization of time spots.

A ii ridimle-deoxvum’idimie phios� )imorv lase

prepam’ation was obtained by the tmeatmiiemmt.

of I1fl acetone pow(!em from Eiu’iich ascites

eam’cimioma cells with 1 5 volumes of 0.05 M

Tm’is buffer pH 7.4, for 1 hr at 00 amid! sub-
sequemit cent-rifugat ion at 1 00,00() q for 1 iii.

The effects of the vamious thvnmme num(i(-

osides on time emizvmnatie arsettolvsis of I

mM d!eoxyum’idimle was investigated by a

previously dcscm’ibe(l technique (10) . Time

extm’act from the ascites tumor cells was

used! without futtimet’ pumm’ificttioii, simice
under the comi(litions of time assay dcoxy-

um’idine can only undergo degradation.



100

.c:,

� 50

/3- I(#{176})
/3-1 (A)

“-I

7

22 ETZOLI), P1tEUSSEL, AND L.%NGEN

Mo!. Pharmarol. 4, 20-24 (1968)

Phosphorylation to time miuteleotide, the othiem’

biochemical reactioti opem� to deoxyuridine,

requires large amnoimmits of ATP or even an
ATP regeneratimig system, mulct �)robably

could not pm’oceed! in at’s(miate buffer. Tile

extent of deoxyutriditie cleavage was fol-
lowed I)y time (lipimetiylanmimme m’eaetiomi 23)

Under time conditions of time assay, hi)era-

tiorm of 1 �.tmoie of deoxvm’ibose comrespomided
to an extinction of 0.835 at 601 m,t.

RESULTS ANI) I)ISCUSSION

To deternmimie the significamice of tilt

number of cam’bomls imi time cam’hohvdmatc

moiety, time immimibitot’y effect of time anolnem’s

of 1- (2’-deOxy-D-xvlopvm’anosyl) t-hyniimie

(a-TI and /3-TI) on uridline-deoxyuridine
phosphorylase was compam’ed with tllat of

time I - (2’-deoxy-n-giucopym’anosyl ) tilymimle
anomers (a-I an(! p-I). a-IT and p-TI (lifer

from a-I and p-I only in having no tem’mi-

nai CHIOH group (Fig. 1). It is apparent
from Fig. 2 that time pemitapym’anosides, a-II
anti /3-IT, jossess all activity simmmilar (a-

anomer) or equal (/3-anomer) to that of the
corresponding imexosides a-I uImd! p-I. There-

fore, the affimlity toward the emizymiie is not

affected i)y chammges in time mmmimhcr of car-
i)ons in tile sugar resithme.

To stu(ly the effect of m’imig iommt m’actioii
fm’om pyranose to fut’anose on time inhibition

of the enzyme, p-TI and 1-(2’-deoxy-/3-D-

xylofimranosyl) -timynmine (V) were comii-

pared. Both have time samne configuratiomi at-
the asynmmetric C-atoms and differ only in

time lactol ring size (Fig. 1) As can be seen
from Fig. 2, comlvem’sion of time pym’ammose to

the furanose strimctum’e leads to a marked

loss of inhibitory activity. Time commcentm’a-

tion required for 50% inhibition of deoxy-
uridine cleavage is 25 times gm’eatem’ with

V than with p-TI.

Finally, in 01(1cm’ to elimeidate time itmi-

portance of time eommfigum’atioti of time lmy-
droxyl groump at- C-3’ of time sugam’ comim-

ponent, we immvestigated time imihihitory
action of time a- anti fl-anomers of 1-
(2’-deoxy-D-rihopym’ammosyl) thymmiine (a-Ill

and p-Ill) timat differ fm’om time active

isoniers �i-Tl ami(i a-IT only in havimmg tile

opj)Osite confmgum’ation of time OH group at-

tached to tue (‘-3’ (Fig. 1). As already

fi-�

1Q� M Jnhibitor
Imo�. 2. Imi(luemiee of ?iliiOU.s omimiatura! 1/i qmnmmie

mint/coon/vs omi 1/ic cmizymmiic aroemin!ysis of cleoxy-

urim/imoc cit maiioiis imi/i ibitor cnmicen troxtions

Reaction mixture: 120 m�iI arsenate; 200 m�i

Tmis-HC1 pH 7.4: 1 m�r deoxvuri(hne; 0.1 ml

emmzvmne solution. Final volume 0.5 ml. Time re-

action was started by (lie ad(lition of the enzyme.

Incubation: 1 hr at 37#{176}.The deoxvuridine cleav-

age in time umninhibited sample was 0.245 pmoie.

tnemitiomied (17), it is surprising that botim

anomers, a-Ill amid p-Ill, were foummd to

l�Osse�s omily a vem’y weak imlimibitory ac-
tivity. (Fig. 2). Time concemltm’ation requiredl
for 20% milibition is 100-fold higher with

these anomem’s timan with tue anomers of

I 01’ II.
As found by Zimnmnem’man (24), the

pym’amiose thymine miucleosides of 2-deoxy-D-
allose (25) amld digitoxose (8), which have

a strutctimm’e similar to III, do not inhibit

time pimospimom’ylase. Howevem’, their anomeric

configum’ation was not- detertnined. The
sugam’ of tilese miucleosides contains one

mom’e cai’bon atom. �vhem’eas the corifigum’a-

tiomi of tue hydroxyl groups attached to the
ring is the same as in III. Imi timat case also,
no significant diffem’ence in the inhibitory

action betweemi the pentose amid imexose

imommmologs is foumid.
Nomle of time umminatimral thvmine nude-

osides imivestigated iiere sem’ve as a substrate

for uridine-deoxyuridine pimospliorylase, al-

timoumgh, fom’ examnple, p-�ii is distinguished
frommm time natumral sumbstm’ate thvmidine (IV)

only by a lactol ring of c!iffem’ent size, and

V diffem’s fm’oni IV only by havimig an op-

posite configuratioml of tile OH group at

(‘-3,.
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It is obvious from the structure-activity

correlations described above that thymnine-
2’-deoxynucleosides w’ith time D-cotifigum’a-

tion of the OH group at C-4’ d!evelop a
maximum imihibitom’y action otily if the OH

groump at C-3’ liossesses time xylo-comifigumra-

tion, and the structure of the iactoi m’ing is
pyranoid. It is perhaps surprising timat time

conversion of time D-xylose configum’ation to

the D-ribose configuration, which makes the
inhibitor structurally mom’e similar to the

natural substrate, does not result imi ami in-

crease, but rather in a neai’ly complete loss
of inhibitory activity. Omie possil)le imitet’-

pretation of our results could be that- time
pyranose ring is a basic m’equiretiient for an

inhibitory effect on this enzyme. In III,
however, due to tue ribo-configum’ation of

tue 3’-OH group, the pyranose ring might
be sterically hindered front exerting its ac-

tivity. Anotimer explanation could be tilat

tue xylo-configuration of the 3’-OH group

is decisive for tue blockade of the enzyme.
possibly due to time formation of a hyt!rogen

bond to the emizyme. Tile approach to time

enzymic binding site, how’ever, might be for

stem’eochemical reasons only possible with

a pyranose structure, which is more reat!ily
deformable tiian time furanose structure. In

order to distinguish between these two pos-

sibilities we plan to investigate the com’-
responding pyranose thymine deoxynumcle-

osides in which the 3’-OH group has been

eliminated.

1- (Tetrahydro-2’-pyranyl) thymine (VI),
which may be regarded as a pyranoid

thymine nucleoside of a 2,3 ,4-trideoxypen-

tose, is practically without imihibitory ac-

tivity (Fig. 2). Timis suggests that the in-

hibitory effect is due to the presence of the

OH group attached to the C-4’ in a suitable
configuration. We intend to determine the

influence of this hydroxyl group on the
inhibitory activity of these compounds by

a systematic study of the structure-activity

corm’elations with suitable compoumids.

All the unnatural nucleosides so far in-
vestigated inilibit only the uridimie-deoxy-

uridine phosphorylase and do not influence

tue thymidine phosphorylase. Simice it is

this latter enzyme that splits FUDR and
IUDR in iiutnan tissues, its inhibition

would! be of pam’ticumlar i)m’actidal importance.

Further studies on time immt.errelationslmips

betw’een the cat’boimvdm’ate structure and in-
hibitory activity mnay i)e helpful itl fitmding

uminatural thvmine numcieosides that would
also inhibit timymidine phospimom’ylase.

ACKNOWLEDGMENTS

We are grateful to Professor Charles Ilctdcl-

h)erger, McArdle Laboratory for Cancer Research,

University of Wisconsin, for his valuable advice

in the preparation of this manuscript.

The skihlful technical assistance of Miss R.

Wohlfeil is acknowledged.

REFERENCES

1. C. Heidehberger, in Progress in Nucleic Acid

Research and Molecular Biology” (J. N.

Davidson and W. E. Coimn, eds), Vol. 4,

1’. 1. Aeadeimmic Press, New York, 1965.

2. W. H. Prusoff, Riochiimmi. Biophiys. Acta :39, 327

(1960).

3. H. G. Hampton and M. L. Eidinoff, (.Janc(r

Res. 21, 345 (1961).

4. J. P. Kriss, L. Tung and S. Bond, Cancer l?e.s.

22, 1257 (1962).

5. M. Friedkin and 1). Rol)erts, J. Rio!. (‘/uimi.

207, 245 (1954).

6 H. Pontis, G. Degerstedt and P. Rei(hardt,

Biochim. Biophys. Acta 51, 138 (1961).

7. T. A. Krenitsky, M. Barclay and J. A. Jaqmmiz,

J. Rio!. Chem. 239, 805 (1964).

8. W. \V. Zorbachm and G. J. Dimrr, J. Org. Ch-mn.

27, 1474 (1962).

9. G. Etzold amid P. Langen, (Them. Rer. 98, 1988

(1965).

10. P. Langen and G. Etzohl, Rioc/iem. Z. 339,

190 (1963).

11. P Langen amid 0. Etzold, Mo!. Pharmacoi. 2,

89 (1966).
12. P. Langen and 0. Etzohd, Acta Rio!. M(d.

Ger. 17, K 1 (1966).
13. C L. Stevens, K. Nagarajan and T. 11. Has-

kehl, J. Org. C/tern. 27, 2991 (1962).

14. N. Otake, S. Takeucimi, T. Endo and H. \one-

hara, Agr. Rio!. C/tern. (Tokyo) 30, 126

(1966).
15. J. J. Fox and K. A. Watanabe, Tetrahedron

Letters 1966, 897.

16. H. Iwasaki, Yakugaku Zasshi 82, 1358 (1962):
C/tern. Abstr. 59, 757 (1963).

17. G. Etzold and P. Langen, Naturui.ssemi.schaftemi

53, 178 (1966).
18. E. Wittenhurg, G Etzolcl and P. Langimi.

C/tern. Ber., in press.



24 ETZOLI), PREUSSEL, AND LANGEN

19. G. Etzohd, R. Hintsehe and P. Langen, Intern. 22. C. W. Noehl and C. C. Cheng, J. Iletcrocyc!ic

Congr. Pure App!. C/tern., 21st, Prague 1967, Chern. 3, 5 (1966).
Abstr. N-29. 23. Z. Dische, Mikroc/temnie 8, 4 (1930).

20. J. J. Fox and N. C. Miller, J. Org. Chem. 28, 24. M. Zimmerman, Biochern. Biophys. Res. Corn-

936 (1963). rnun. 16, 600 (1964).

21. J. P. Horwitz, J. Chuma, J. A. Urbanski and M. 25. W. W. Zorbach and S. Saeki, J. Org. C/tern.

Noei, J. Org. Chern. 28, 942 (1963). 29, 2018 (1964).

Mol. Pharmacol. 4, 20-24 (1968)




