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Efficiency and regioselectivity in the lithiation of uridine
derivatives with lithium dialkylamides are dramatically affected by
the protecting groups in their sugar moiety, results suggesting that
the metallation proceeds through their syn-conformers.

We have been studying on the utilization of lithiation for synthetic purpose
in nucleoside field.1-4) The regiospecific lithiation at the C-6 position of
uridine was accomplished by treating 2',3'-0O-isopropylidene-5'-0-methoxymethyl-
uridine (1) with LDA (lithium diisopropylamide).l) Though this offers a general
method for the preparation of 6-substituted uridines of various types,s) which have
so far been known to be difficult to synthesize, factors governing the regiospeci-
ficity are unknown.

In this communication, we would like to report results of our recent work
which has been undertaken to elucidate the mechanism of the lithiation of uridine
derivatives with lithium dialkylamides.

In Table 1 are presented the results of lithiation with LDA followed by deu-
teration. We initially assumed that the extent of the lithiation of 1 with LDA
(Run 1) would be affected by changing the 5'-O-protecting group (RS), since uridine
is known to exist in anti-conformation in solution6) and since protection with 2°',
3'-0-isopropylidene group allows the 5'-position to approach the C-6 as reported in
the case of hydroxymethylation of uridine derivatives.7)

However, replacement of the methoxymethyl group in 1 by a bulky silyl group,
TBDMS (tert-butyldimethylsilyl), did not give any difference both in terms of ef-
ficiency and regioselectivity (Run 2). Use of the cyclohexylidene derivative (3)
gave essentially the same result within experimental error (Run 3). On the other
hand, when all the three hydroxyl groups were protected with TBDMS, neither the C-6
nor the C-5 was lithiated (Run 4). The situation was similar when TIPS (1,1,3,3-
tetraisopropyldisiloxan-1,3-diyl) groups) was used for the simultaneous protection
of 3'- and 5'-hydroxyl groups, except the result of Run 5 where the C-6 lithiation

was observed in an appreciable extent.
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Compd. Protecting group
1 R1=R2= 2',3'-0-isopropylidene, R3= methoxymethyl
2 R1=r%= 2',3'-0-isopropylidene, R°= TBDMS
3 R1=R2= 2',3'-0-cyclohexylidene, R™= TBDMS
4 r1=r?=r3= TBDMS
5 R!'= TBDMS, R%=R3= 3',5'-0-TIPS
6 R'= H, R%=R®- 3',5'-0-TIPS
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Table 1. Deuterium incorporation(%)a) Table 2. Deuterium incorporation(%)a)

upon treatment with LDAb) upon treatment with LTMPb)

Run Compd. C-5 C-6 Run Compd. C-5 C-6
1 1 0 87 8 1 9 80
2 2 0 87 9 2 10 64
3 3 0 85 10 3 12 69
4 4 0 0 11 4 26 0
5 5 0 9 12 5 27 38
6¢) 6 0 0 1390 6 8
7 7 0 0 1Y 6 35

15 7 30

a) Deuterium incorporation was analyzed by *H-NMR spectro-
scopy using H-1' as a standard.

b) Reactions were performed in THF at below -70 °C for 1 h
with 3 equiv. of LDA or LTMP and then quenched with CDsOD.
In all cases, recoveries after silica gel column chromato-
graphy were more than 90%.

c) 4 Equiv. of LDA or LTMP was used.

d) 10 Equiv. of LTMP was used.

These observations can be interpreted only when the initially formed N(3)-
lithiated species is assumed to exist in the syn-conformation, which is fixed by
intramolecular chelation as depicted in Chart 1. On the basis of this assumption,
approach of the lithiating agent to the C-6 position may be interfered by a C-2'
substituent which rotates about the C(2')-0 bond. The results of Runs4-7 may be a
reflection of such steric hindrance imposed by the C-2' substituents.g) In the
cases of Runsl-3, free rotation about C(2')-0 bond is impossible. As lithium di-

10)

alkylamides are thought to act through an "acid-base'" mechanism, the available

data in Table 1 indicate that LDA is not basic enough to deprotonate the less

acidic H-5.11)
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Chart 1.

The above considerations led us to examine the efficiency and regioselectivity
of these reactions with a more basic lithium dialkylamide, LTMP (lithium 2,2,6,6-
tetramethylpiperidide).12) That is, in case where the C-6 position is sterically
blocked, the regiospecific C-5 metallation could be achieved by the use of LTMP.

The results of lithiation with LTMP are summarized in Table 2. As expected,
regiospecific lithiation of the C-5 positions was observed for the compounds having
free rotational C-2' substituents (Runs 11, 13, 14, and 15). Only one exception is
Run 12. At present time, we do not have a satisfactory explanation for the decrease
of regioselectivity in Run 12 but it is certainly consistent with the result of
Run 5 (Table 1). The results of Runs8-10 in which C-6 lithiation was predominant
are also in accord with our assumption. Although Pichat and co-workersls) proposed
the presence of 5,6-dilithiated species of uridine in halogen-1lithium exchange re-
action, we could not detect the formation of such species throughout these re-
actions.l4)

Finally, the mechanism proposed herein would be OMe
further corroborated by the following fact. When 4- , j:r
methoxy-1-(2,3,5-tris-0-TBDMS) -B-D-ribofuranosyl N—/0
pyrimidin-2-one (8: R1=R2=R3= TBDMS), which has no R30 0

imino hydrogen in its base moiety, was treated with

LDA, the C-6 lithiated species was generated to the R20 OR!
extent of 71%.

While lithiation has been used extensively as
an important tool in organic synthesis, little is known on its mechanistic aspect.
Our work described above demonstrates that lithiation of uridine derivatives pro-
ceeds through their syn-conformers and that, in principle, direct and regiospecific
generation of the C-5 anion is possible by changing the protecting group in sugar

moiety.ls)
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