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Chart 1. Proposed Structure of Ag-5-UMP Complex

In the cases of zinc and cadmium, only a little spectral changes were noticed in the region
of 1700—1600 cm~1, and that these metals seemed to be predominantly bound to the phos-
phate group in 5-UMP.
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The susceptibility of uracil and cytosine to nucleophilic attack at the 5,6-double bond
constitutes an important chemistry of their ring systems. It has recently been shown that
the addition of an external nucleophile is involved in the mechanism of cleavage of uracil

by hydroxylamine,? in deuterium or tritium exchange process of uracil, in the mode of
action of thymidine synthetase,® in the synthesis of triazolopyrimidines from 5-nitrouracil,”
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in the synthesis of 5-mercaptouracil derivatives from 5-bromouracils,® in the selective de-
amination” or transamination® of cytosine, and facile decarboxylation of 5-carboxyuracils.®
A number of chemical transformation of uracil or cytosine nucleosides have also shown to
proceed through the intramolecular addition of a sugar substituent such as hydroxyl'® and
thiol' groups. We now wish to describe that the sugar amino group also adds across the
b,6-double bond of uracil in anhydrous condition to form an epimine and the behavior of
this compound in neutral, acid, and alkaline media.

In the synthetic study'® of 5'-N-aminoacyl-5-amino-5'-deoxyuridine by the coupling
of b'-amino-5'-deoxy-2’,3"-O-isopropylideneuridine (1) with activated N-carbobenzoxyamino
acids in anhydrous dioxane containing catalytic amount of triethylamine, we often observed
in a reaction mixture a weakly positive ninhydrin-spot which showed no ultraviolet (UV)
absorption and had a higher Rf value than that of the starting compound 1,® on silica gel
thin-layer chromatography (TLC). The same spot was also detected when aminonucleoside
1 alone was heated in anhydrous dioxane containing catalytic amount of triethylamine.!®
After refluxing for 11 hrs, the reaction mixture was separated on silica gel chromatography
with benzene-acetone (1:1). From the first fraction, crystals of the reaction product (2)
were obtained in 369, yield, and 409, of the unchanged aminonucleoside 1 was recovered
from the second fraction. To eliminate the possibility of the formation of 2, during the
catalytic hydrogenation of 5'-azido-5'-deoxy-2’,3'-O-isopropylideneuridine, the hydrogenated
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solution was checked on TLC at the end of hydrogenation, giving no spot of 2. However,
after evaporation of the solvent, the residual white foam of 1 showed the presence of small
amount of 2 on TLC. Transformation to 2 is seemed to occur to some extent during the
concentration process. From this reason, it is difficult to isolate pure 1 free from 2.

The compound 2 has the formula, C,,H;,0;N; isomeric to the starting aminonucleoside
1, as confirmed by a molecular ion peak in a high resolution mass spectrum. It had no ab-
sorption in UV region and was weakly positive to a ninhydrin test. The NMR spectrum of
2 in acetone-dg (plus a drop of D,0) with assignment is shown in Fig. 1. An A,X system
of 5,6-protons (H-5,5,d, 6 2.77; H-6, 4.56; J; =8.6 Hz) and an ABX system of 4',56’-protons
(H-¥, q, +.39; H-5',5", 2.89, 3.24; [y +=14.2, Jy +=2.2, 1.4) were confirmed by a double
resonance technique. In acetone-dg without addition of D,O, multiplicity of H-5" and H-6
increased because of the additional coupling with a proton on epimine-N, whereas virtually
no change was observed in the signals of H-5 and H-4' supporting the above assignment.
No appreciable coupling between 1’ and 2’ protons and 3’ and 4’ protons in 2’,3’-O-isopropyl-
ideneribocyclonucleoside were well demonstrated.19%1% Thus the anomeric proton appeared
as a sharp singlet at 6 6.26 and the 2',3'-protons constituted an AB system at 6 4.85 and
4.75 (Jy y=6.0 Hz). The configuration at C-6 is unknown. However, in the reaction
mixture, we always observed a minor spot having a little lower Rf value'® than 2. This
compound was too small to be isolated but is assumed to be a C-6 epimer of 2.

It is evident that the 5'-amino group attacked as an nucleophile the C-6 of an uracil
ring to form a 5,6-dihydro-5',6-epimino compound. This bond formation would be promoted
by the presence of an isopropylidene group. The striking differences were observed in the
reactivity between 5’-deoxy-5'-thiouridine and its 2',3’-O-isopropylidene ketal.%® It is
believed that the isopropylidene ring forces the furanose ring into a conformation that favors
the proximity of the 5'-substituent group
to the uracil double bond.1%¢.¢:11¢)  This 20
is also the case for this compound, 7.e., no
formation of the corresponding epimino lsM—.\\
compound was observed with 5-amino-5'- 164
deoxyuridine in a similar condition. This 14
may also be due to the conformational
factor.

Epimine 2 has essentially no UV ab-
sorption in acid and neutral condition.
However, the time course of the absorption
is interesting. As illustrated in Fig. 2,
the gradual increase of the UV absorption
in an acid medium indicates the elimi-
nation of 5',6-epimine as the result of the

. .. 4 6 8
protonation on epimine-N and the subs- Time (day)
equent generation of an uracil ring. Thus Fig. 2. Time Course of UV Absorption (258 my)
the absorbancy reached the highest afjcer of 2 in 0.1x HCI (—O—), in Ph?;phate Duﬁ’;
7—13 days at room temperature, which (/10, pH 7), (—x—), and in 0.IN NaOH
was comparable to that of uridine (e, —o—)

10100 at 262 my in 0.1n8 HCI'). The ge-
neration of 1 in an acid medium was also detected on cellulose TLC (BuOH-AcOH-H,0, 4:1:2).
On treatment with 509, acetic acid overnight at room temperature, a spot corresponding to 1
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appeared, whereas no more spot corresponding to 2 was observed. After heating at 60° for 1 hr,
one more spot appeared corresponding to 5’-amino-5'-deoxyuridine,'® thus indicating the elimi-
nation of the epimine preceeded to the hydrolysis of the isopropylidene group. The conversion
of 2 to 1 on silicic acid was also observed. When a silica gel thin-layer spotted with 2, was
left to stand overnight before development, considerable amount of 1 was formed as judged
by the appearance of UV-absorbing ninhydrin-positive spot having the identical Rf value
to 1. In a neutral medium (m/10 phosphate buffer, pH 7), the increase in absorbancy was
much slower. After 2 weeks at room temperature, the absorption reached 789, of that of
uridine (g, 10100 at 262 mp, pH 717) and still increasing very slowly. It is to be assumed
that 1 is predominant in the slow 122 equilibrium in aqueous buffer solution.

The change in UV absorption in 0.1x NaOH was striking. The rapid increase in UV
absorbancy at 258 mu reached the maximum in 3 hrs at room temperature. This absorption
(e, 18200 at 258 mp) is clearly not that of uridine (e, 7100 at 262 myu, pH 13'7). It was
fairly stable in alkaline condition, although some slight decrease was observed on standing at
room temperature (Fig. 2). On acidification, this absorption was irreversibly lost. All
attempts to characterize this absorption were unsuccessful, however, it may be attracting
to consider that N-1 of a dihydrouracil ring instead of epimine-N was eliminated in the alka-
line condition resulting in the opening of a dihydrouracil ring in contrast to uracil ring gener-
ation in acid solution. Simultaneous well-documented facile cleavage at the 3,4 positions!®
may lead to the formation of the «,f-unsaturated carboxylate with an imine on the f-position,
which may directly or indirectly be responsible for the UV absorption. The behavior of
this epimino compound is in sharp contrast to the corresponding episulfide,'¥ which remains
unchanged in acid but generates 2’,3’-O-isopropylidene-5'-thiouridine in alkaline condition.

Experimental

5’-Deoxy-5’,6-epimino-5,6-dihydro-2’,3’-0-isopropylideneuridine (2) A solution of 850 mg of 5’-azido-
5’-deoxy-2/,3’-O-isopropylideneuridine!® in 30 ml of EtOH was hydrogenated over 30 mg of palladium
black under 3.5 kg/cm? pressure at room temperature for 3 hr. The catalyst was filtered off and the filt-
rate was concentrated in vacuo to dryness, yielding white foam of 1, which was dried over P,0O5 in vacuo at
60°. The whole residue was dissolved in 20 ml of anhydrous dioxane and 10 drops of Et;N were added.
The resulting solution was refluxed for 11 hrs and the solution was concentrated to dryness. The residue
was subjected to silica gel chromatography with benzene-acetone (1:1). From the first ninhydrin-posi-
tive fraction, 303 mg of crystalline 2 was obtained, which was recrystallized from EtOH, mp 228—230°
(decomp.), [«]5—93.2° (¢=0.980, H,0). Anal. Calcd. for C,,H,,0;N,: C, 50.88; H, 6.05; N, 14.83. Found:
C, 51.18; H, 5.92; N, 15.04. Mass Spectrum m/e: 283.118 (M*). Calcd. for C,,H,;0;N,: 283.118. From
the second ninhydrin-positive and UV-absorbing fraction, 342 mg of yellowish foam of unreacted 1 was
recovered on evaporation of the solvent.
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