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Abstract—An efficient synthetic route to a key intermediate for the preparation of the rhinovirus protease inhibitor AG7088 has
been developed employing a key asymmetric dianionic cyanomethylation of N-Boc-L-(+)-glutamic acid dimethyl ester. This
methodology enables the preparation of this compound in kilogram quantities with an overall yield of 30%. © 2001 Elsevier
Science Ltd. All rights reserved.

As part of our ongoing efforts to develop rhinovirus
protease inhibitors for treatment of the common cold,
large quantities of the drug candidate AG7088 were
required. This necessitated the development of a new,
efficient and cost-effective synthetic approach to the
drug substance. One general synthetic strategy is based
on a convergent union of subunits 1 and 2 (Scheme 1).
The medicinal chemistry synthesis of 2 employed 13
steps and was prohibitively lengthy for scale-up.1

Therefore, our efforts have been focused on developing
a new and efficient synthetic route to 2 which is more

practical and viable for scale-up. In this communica-
tion, we report the realization of this goal.

A retrosynthetic analysis indicated that lactam ester 3
could be converted to 2 via a sequence of reduction,
oxidation and Wittig olefination reactions. A synthesis
of the tert-butyl ester analogue of 3 from lactam ester
4 has been reported in the literature,2 although the key
step (cyanomethylation of lactam ester 4) yielded the
desired product as a 2:1 mixture of diastereomers (Eq.
(1)). Obviously, a more stereoselective approach to 3 is

Scheme 1.
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highly desirable. Recently, Hanessian has studied the
1,3-asymmetric induction in dianionic alkylation of the
commercially available N-Boc-L-(+)-glutamic acid
dimethyl ester 5 and reported high stereoselectivities.3

For example, alkylation of the dianion of 5 with allyl
bromide afforded the desired anti isomer 6 in 92% yield
and >98% de (Eq. (2)). We reasoned that this type of
alkylation could be employed in an approach to lactam
ester 3.

Our synthesis commenced with dianionic alkylation of
5 using 2.16 equiv. of LiHMDS and 1.07 equiv. of
bromoacetonitrile (Scheme 2). As expected, this alkyla-
tion reaction was highly stereoselective and afforded 7

(1)

almost exclusively with the desired stereochemistry in
high yield.4 This was an additional example of the novel
stereochemistry which was first developed by Hanes-
sian.3 According to the original report, the chemistry
was limited to allylic halides.3 Our results demonstrated
that this type of dianionic asymmetric alkylation could
be extended to other activated halides.

In the following step, 7 was subjected to hydrogenation
in the presence of PtO2 and chloroform.5 The reaction
went smoothly to furnish the corresponding amine HCl
salt 8. It is interesting to note that the widely used Boc
group is not affected by the hydrogenation in the
presence of chloroform, although it has been reported
that the reaction could tolerate some acid-labile func-
tional groups.5 The salt 8 was then treated with

(2)

Scheme 2.
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Na2CO3 at 60°C for 4–5 h to produce the lactam ester
3 in an overall yield of 40% from 5. In an alternative
procedure, 7 was converted to 3 in a yield of 80% by
employing the combination of NaBH4 and CoCl2.6

The next step was to reduce the ester group selectively
to the corresponding alcohol 9 in the presence of the
lactam. We examined both NaBH4 and LiBH4 for this
transformation and both reagents proved equally effec-
tive.7 In the case of NaBH4, the reaction afforded 9 in
an 89% yield versus an 81% yield for LiBH4. Since
NaBH4 is easier to handle during scale-up, we chose
NaBH4 over LiBH4 as the reducing agent.

Completion of the synthesis required lactam alcohol 9
to be oxidized to the corresponding aldehyde followed
by Wittig olefination. Initial studies indicated that the
�-amino aldehyde intermediate resulting from the oxi-
dation of 9 was highly water soluble and prone to
epimerization. With this in mind, and also to make the
process efficient and simple, we combined these two
reactions (oxidation/olefination) in a single reaction
vessel.8 Thus, 9 was oxidized with pyridine·SO3 in
DMSO and then treated with the Wittig reagent (gener-
ated from triethylphosphine and ethyl bromoacetate) to
afford crude 2 which was further purified through a
trituration procedure. According to chiral HPLC analy-
sis, compound 2 from this new route had a purity of
97% and a de of 98%. More importantly, this product is
exclusively the E isomer as indicated by HPLC and
proton NMR spectral analyses. The yield of 2 from 9
was 85%.

In summary, a new synthetic route to the key interme-
diate 2 via asymmetric dianionic cyanomethylation has
been developed and could be scaled up to the multi-
kilogram level. This route is highly efficient (4 steps and
30% overall yield), highly stereoselective (98% de and
100% E isomer), utilizes inexpensive starting materials
and requires no chromatographic purification.
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