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Fig.1 The proton transfer pathways in isolated

5-fluorouracil
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HATEH BHEEE A”G (kJ-mol™) AR T EARE ik

FUETES 65

Table 1 The Gibbs free energy changes, AG (kJ-mol™) and the
Gibbs activation free energy changes, A”G (kJ-mol™),
of the tautomerizing processes of 5-fluorouracil and the
corresponding imaginary frequencies, v;, at the transition

states

Tautomerism AG(FU) AG(U)® A*G(FU)A*GU)Y v, fem™
A FU—FU2" 5437 5133 179.60 17341 1911.6i
FU—FU3 " 7145  8L10 19485 200.05 1908.5i
FU—FU4° 4074 4841 17745 178.02 1907.2i
FU2*—FU24* -126 587 14755 161.85 1892.2i
FU4*—FU24* 1253 912 15794 16565 1896.3i
B FU-W2FU2°-W2 4321 4049 6541 6385 1433.6i
FU-W3FU3*-W3 5343 6340 7157 7737 1374.6i
FU-W4—-FU4*-W4  37.29 4382 59.53 6305 14527
FU2"-WA—SFU24"-WA 591 1408 4424 4726 15734i
FU4T-W22FU24"-W2 1550 1006 47.68 4621 14535
C FU-WIFU2*-WI 5633 5836 17627 179.45 1896.3i
FU-W4—FU3*-W4 7625 8711 193.63 200.38 1898.3i
FU-W3FU4*-W3  49.62 5441 177.03 17818 19013
FU2"-W3—FU24"-W3 661 922 15144 153.83 1887.9i
FU4L™-WI=FU24"-WL 5040 1955 16022 15518 1889.3

(Dtaken from Ref.[14]
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Fig.2 Preferential sites of water molecules in the
vicinity of 5-FU
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®2 S-RRMEREETFAESKELEE K] -mol™)
Table 2 Binding energies (kJ-mol™) of 5-fluorouracil

tautomers to water molecule

*3 KERRE 5-AREIE_ LR TFRE(Q/el)
Table 3  Atomic charge (Q/lel) of 5- fluorouracil with and

without water

Compound —-AE, Compound —AE, Compound -AE, 0O, Oy H, Hy,
FU-W1 1546  FU3*-W3 50.42 FU4*-W2 37.07 FU —-0.304 -0.339 0.364 0.347
FU-W2 30.87  FU3*-W4 26.77 FU24*-W2  38.70 FU-W2 -0.341 -0.328 0.451 0.358
FU-W3 29.58  FU4*-W3 19.18  FU2*-W3 19.71 FU-W3 -0.298 -0.381 0.452 0.347
FU-W4 35.87  FU4*-W4 40.74  FU24*-W3 9.76 FU-W4 —-0.304 -0.389 0.364 0.433

FU2*-W1 8.84 FU4*-W1 1526  FU2*-W4 41.26 FU2*-W4. -0.180 -0.378 0.312 0.418

FU2*-W2 44.87  FU24*-W1 7.70 FU24*-W4  35.39 FU4"-W2 —-0.362 -0.191 0.443 0.318
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Fig.3 The optimized structures with water molecule assisting proton transfer
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Fig.4 The optimized structures with water molecule preventing proton transfer
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Explore the Effect Induced by Water in the Proton Transfer Process of 5-fluorouracil *

HU, Xing-Bang LI, Hao-Ran LIANG, Wan-Chun HAN, Shi-Jun
(Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract In order to investigate the tautomerism of 5-fluorouracil(5-FU) induced by proton transfer, we describe
a study of structural tautomer interconversion using density functional theory (DFT) calculations at B3LYP/6-311++
G(d, p) level of the theory. Thirty-eight geometries including fifteen transition states with and without water molecule
were studied. The calculated results indicate that there are two absolutely opposite regions in the vicinity of 5-FU.
In one of the regions, water molecules can assist the tautomerism from 5-FU to its enol form (5-FU *), whereas in
another region, water molecules can protect 5-FU from tautomerizing to 5-FU *. Furthermore, compared with the
tautomerizing processes of uracil, the probability of 5-FU to tautomerize to its enol form is much higher. Based on
such facts, the reason why 5-FU is an effective anticancer medicament but with some of toxicity is explained to
some extent.
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