A Concise Route to MK-4482 (EIDD-2801) from Cytidine: Part 2
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ABSTRACT: A new route to MK-4482 (1) was developed. The
route replaces uridine with the more available and less expensive
cytidine. Low cost, simple reagents are used for the chemical trans-
formations and the yield is improved from 17% to 44%. A step is
removed from the longest linear sequence, and these advancements
are expected to expand access to MK-4482 should it become a vi-
able drug substance.

MK-4482 (EIDD-2801) is an antiviral with emerging potential
to treat COVID-19.! If the drug candidate shows clinical efficacy,
its structural simplicity and potential to be manufactured from
abundant raw materials are features of great advantage toward pro-
vision of a widely accessible coronavirus treatment.

The initially disclosed synthetic route requires improvement,
however.2 The API is constructed over five chemical transfor-
mations (four isolations). Uridine, an expensive material of limited
availability, is the synthetic starting point, and the route suffers
from low yield which occurs over the course of five chemical trans-
formations (17% maximum, yield of diol deprotection not dis-
closed).

Cytidine possesses the same ribose skeleton as uridine, yet it is
less than half the price. Construction of the APl from cytidine
could lead to significant raw material savings as a result. We re-
cently posted a communication which described a two-step route to
MK-4482 from cytidine comprised of a hydroxyamination and es-
terification.® The sequence of transformations can occur in either
order, and esterification was achieved biocatalytically and also
through classical chemical methods.

This strategy suffers from two drawbacks with respect to acyla-
tion. 1) The enzymatic route employs an expensive acyl donor (iso-
butyryl acetone oxime ester) which is added in excess to drive con-
version. The cost of solid supported enzyme is also non-trivial. 2)
The chemical acylation projects to be much less expensive; how-
ever, regioselectivity is not as high as the enzymatic route. Di, and
tri-esterified by-products are observed in >10%, and because the
route is so concise, purge of impurities could pose challenges. Con-
tinued development of alternative strategies are thus desired.

Synthesis of MK-4482 proceeding through the cytidine ace-
tonide could be desirable for several reasons. First, it eliminates
potential of undesired O-acylation, thus simplifying the impurity
profile. This also enables the less expensive chemical esterification
strategy. Lastly, the increased organic content might render inter-
mediates more amenable to post reaction processing.
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Figure 1: A new route to MK-4482 from cytidine.

Intermediates possessing the free diol are hydrophilic, and obtain-
ing high recovery from aqueous layers can be challenging.

A route to MK-4482 proceeding through the acetonide was de-
veloped over the course of four chemical transformations (Fig. 1).
Reaction of cytidine with acetone formed acetonide 3 in high yield
(98%).* The product was isolated directly from reaction mixture in
high purity as the sulfate salt. Acetonide ester 4 was obtained in
good yield (78%) with a slight modification of the reported proce-
dure.® Ability to successfully conduct direct transamination with
hydroxylamine was key to unlock the route’s potential, and criti-
cally, hydroxyamination proceeded without cleaving the isobutyryl
ester. N-hydroxy ester 5 was isolated in excellent yield (96%)
while avoiding over addition on the cytosine ring. Removal of the
acetonide protecting group led to MK-4482 in moderate yield (79%
AY, 60% 1Y). Alternatively, hydroxyamination and acetonide
cleavage could be performed in the same pot by simply extending
the time of reaction; however, ~20% of N-hydroxycytidine was
formed as a byproduct.

These preliminary results demonstrate a route to MK-4482 mak-
ing use of inexpensive cytidine. It negates the need for biocatalytic
transformation and expensive oxime ester acyl donors, by improv-
ing feasibility of the chemical esterification. The overall yield is
improved from 17% to 44%, and a step is removed from the longest
linear sequence. Future efforts will be directed toward optimiza-
tion of the synthetic steps to render a process amenable route.
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