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Dehydration of 5,6-dihydro-5,6-dihydroxy-6-methyl- and 5,6-dihydro-5,6-dihydroxy-1,3,6-trimethyl-
uracil in 0.4 M aqueous sulfuric acid gives 5-hydroxy-6-methyl- and 5-hydroxy-1,3,6-trimethyluracil
in quantitative yields. Two possible mechanisms have been examined using the mPW1k/6-
311+G(2df,2pd)//mPW1k/6-31+G(d,p) method for the transformation of methylated and non-methylated
5,6-dihydro-5,6-dihydroxy-6-methyluracils into the corresponding 5-hydroxy-6-methyluracils. The first
is a hydride C5-C6 shift occurring in concert with the loss of a water molecule and formation of the cor-
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Synthesis reaction to yield 5-hydroxy-6-methyluracils. The calculations demonstrated that the second pathway
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was energetically most favorable.
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5-Hydroxy-6-methyluracil is a drug with a broad spectrum of
action." We have previously shown that it is a highly effective
inhibitor of free radical oxidation.>* Its analog, 5-hydroxy-1,3,6-
trimethyluracil is soluble in organic solvents and can be regarded

by oxidation of the double bond (Scheme 2) using potassium per-
manganate,'''? Ce(IV),!* dimethyldioxirane,'” or a catalytic sys-
tem of methyltrioxorhenium.!®6

as a promising inhibitor in non-aqueous media. 0 0 0

The first report of the synthesis of 5-hydroxy-6-methyluracil \ ) | 0—8-0°
was in 1902;° a yield of 15-25% was obtained via oxidation of 6- HN * 5208 HN | 5
methyluracil with potassium permanganate in acetic acid. In | - 80,7 )\
1958, a successful seven-step synthesis with an overall yield of o~ H 0 ”
9% was described.® Subsequently, two stepwise syntheses'’?® 1) Me,S04 |
based on the oxidation of 6-methyluracil by peroxydisulfate in l 2)H,0 H® leoy H®
alkaline media followed by acid-catalyzed hydrolysis of the formed '
sulfate salt were reported (Scheme 1). 5-Hydroxy-1,3,6-trimethyl- HO HO
uracil was synthesized by methylation of the formed sulfate salt of —
6-methyluracil (Scheme 1).! The direct oxidation of 1,3,6-trimeth- o N— o= NH
yluracil by peroxydisulfate leads to 5,6-dihydro-6-hydroxy-1,3, N—( total yield HN%\ total yield
6-trimethylpyrimidin-2,4,5-trione.® Interestingly, the formation / 10-15% O 24-35%

of 5-hydroxy-1,3-dimethyluracil by refluxing 5,6-dihydro-5,
6-dihydroxy-1,3-trimethyluracil with pyridine in CH,Cl, was re-
ported by Saladino et al.,'® but the formation of 5-hydroxy deriva-
tives of wuracil from N(1)-non-substituted analogs was not
observed.!-12

Scheme 1. Synthesis of 5-hydroxy-6-methyluracil
trimethyluracil.

and 5-hydroxy-1,3,6-

The formation of a double bond® from alcohols by dehydration ?
using acid catalysis is classical methodology.!> We applied this | O] RN OH
reaction for the synthesis of 5-hydroxy derivatives of uracil using RN ‘ e /k OH
5,6-dihydro-5,6-diols as potential precursors. These diols are O%N CH o0~ N cH
available compounds and can be obtained, easily in good yield, R 3
! R:H, CHj !
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Scheme 4. Two possible mechanisms of dehydration.

It was found that heating 5,6-dihydro-5,6-dihydroxy-6-methyl-
uracil'” or 5,6-dihydro-5,6-dihydroxy-1,3,6-trimethyluracil'” at
80 °C in an aqueous solution of sulfuric acid (0.4 M) led to the for-
mation of 5-hydroxy derivatives in high yields of 95% and 98%,
respectively (Scheme 3).1®

Previous studies employed milder dehydration conditions.
Apparently, 5-hydroxy-derivatives of uracil from N(1) and N(3)
non-substituted diols are not formed under those conditions.'?

Earlier, the dehydration of diols was described in several pa-
pers'®2> and two possible mechanisms were discussed. The first
was a C5-C6 hydride shift occurring in concert with the loss of a
water molecule (Scheme 4, reaction 1). The second was an acid-
catalyzed dehydration proceeding via an E2 reaction (Scheme 4,
reaction 2).

It is known that theoretical calculation at the mPW1k/6-
31+G(d,p) level produces satisfactory results for ionic reac-
tions.25-28 Therefore, all calculations described in this work were
performed using the mPW1k method by means of caussian 09.2°
To avoid the hazards of basis set superposition error, final energies
were obtained at the mPW1k/6-311+G(2df,2pd) level. The solvent

Table 1

effects of water were calculated using the polarized continuum
model of Miertu$ and Tomasi.>® The solvent corrections for all
structures were carried out as single point calculations at the
mPW1k/6-311+G(2df,2pd) level based on the vacuum calculated
structures.

The transition states (TS) for the dehydration processes
(Scheme 4, reactions 1 and 2) were estimated and the thermody-
namic parameters were calculated (Table 1). In the case of 5,6-
dihydro-5,6-dihydroxy-uracil derivatives reaction 1 proceeds via
a late TS, and reaction 2 goes via an early TS (Table 1, Fig. 1), com-
pared to ethylene glycol.?>

The calculated activation enthalpy of reaction 1 for substituted
diols was larger than for reaction 2 by about 8 kcal/mol (Table 1,
Fig. 2). The entropy of activation was more positive by approxi-
mately 2-7 cal/(mol-K) in the case of proton migration, which
slightly reduces the difference between the pathways.

Gibbs free energy of activation in the gas phase reaction indi-
cates a preference reaction 2. The effect of the solvent was to
spread the difference of AG™ for the two mechanisms reinforcing
the choice of the E2 process (reaction 2) over the C5-C6 hydride
shift (reaction 1). It is clear from the calculations that reaction 2
(Scheme 4) is the significantly more favored pathway. According
to values of AG™ (Table 1) the relative rate constant for the dehy-
dration of 1d and non-methylated 1a is ~2800 to 1. Therefore, N-
non-substituted derivatives require more stringent conditions or
more time than their N-substituted counterparts.

In summary, a new synthesis of 5-hydroxy-6-methyluracil was
developed through the acid-catalyzed dehydration of 5,6-dihydro-
5,6-dihydroxy-6-methyluracil. Standard DFT calculations at the
mPW1k/6-311+G(2df,2pd)//mPW1k/6-31+G(d,p) level have been
applied to the question of whether the dehydration of 5,6-dihy-
dro-5,6-diols of uracil derivatives occurred through a C5-C6 hy-
dride shift with the loss of water to a protonated 5,6-dihydro-5-
oxo-6-methyluracil derivative, or via an E2 reaction. The latter pro-
cess was shown to proceed at a substantially lower activation en-
thalpy and Gibbs free energy than the route through concerted
migration of a hydride.
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Enthalpies, entropies, and free energies in the gas phase and water of the reactions and transition states for the dehydrations calculated at the mPW1k/6-311+G(2df,2pd)//
mPW1k/6-31+G(d,p) level of theory [AH and AG in kcal/mol; AS in cal/(mol-K)] and selected TS geometrical parameters (distances in A)

Compound *  Reaction pathway *  AHZ,s"  ASls  AGhg®  AHg(H,0)°  AHags®  ASys  AGaes b AGys(H;0)® H.--C5 H.--C6 H.--OH,
1a 1 17.5 6.9 154 19.8 5.0 2.6 4.2 8.6 1.385 1.352 1.740
1b 1 16.4 9.4 13.6 17.5 4.3 29 3.4 7.8 1.381 1.351 1.768
1c 1 15.8 49 13.7 18.1 3.9 4.9 2.5 6.1 1.394 1.338 1.770
1d 1 15.0 7.3 12.8 16.6 3.5 2.2 2.8 6.3 1.388 1.339 1.794
1a 2 10.0 -34 11.0 12.2 —-27.8 8.0 -30.2 -23.7 1416 1.214
1b 2 6.9 —-4.0 8.1 10.0 -20.8 8.7 —234 -17.9 1.420 1.210
1c 2 7.6 -2.6 8.3 9.5 —-24.7 8.1 -27.1 -20.6 1.428 1.205
1d 2 7.0 0.2 7.0 7.5 -233 6.4 -25.2 -19.7 1.429 1.203

¢ See Scheme 4.

b Zero-point vibrational energies were obtained at the mPW1k/6-31+G(d,p) level of theory and were scaled by a factor of 0.9515.%7
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Figure 1. Optimized structures: protonated 5,6-dihydro-5,6-dihydroxy-6-methyluracil (A) and the transition states for a concerted hydride shift (B) and E2 process (C) at the

mPW1k/6-31+G(d,p) level.
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Figure 2. Reaction and activation enthalpies for the dehydration of 5,6-dihydro-
5,6-dihydroxy-6-methyluracil.
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