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Synthesis of potent pyrrolidine influenza neuraminidase inhibitors
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Abstract—The synthesis of several pyrrolidine inhibitor analogs is described that possess nanomolar in vitro potencies against the
neuraminidase enzymes expressed by the B/Memphis/3/89 and A/N1/PR/8/34 influenza strains.
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Mortality due to the influenza virus continues to be a
serious problem throughout the world.!"® Periodically
a worldwide epidemic, or pandemic, occurs which can
have disastrous consequences. One of the worst exam-
ples was the pandemic of 1918 which was estimated to
have caused 40—50 million worldwide deaths.” Recently
many world countries have begun stockpiling the influ-
enza drug Tamiflu (2) to protect their populations
against a possible bird flu pandemic.® Bird flu is caused
by an avian influenza virus which caused at least 50 hu-
man fatalities in Asia during the winter of 2004-2005.° It
is feared that if this influenza H5N1 virus strain becomes
efficiently transmissible from human-to-human, another
global pandemic could ensue. Thus there is a continuing
need for development of new anti-influenza therapies.

The viral enzyme neuraminidase (NA) has been an ac-
tive research area for anti-influenza therapy.'® The
structures of two currently marketed NA inhibitor drugs
are shown in Figure 1. We have previously reported a
series of tri-substituted pyrrolidine NA inhibitors that
have potent activities (4, K; =30nM).!! One attempt
to create even more potent analogs based upon this scaf-
fold is described herein. We believed that the isobutyl
group in pyrrolidine 4 was not fully optimized and be-
gan an effort to modify this hydrophobic group (Fig. 2).
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Figure 1. Anti-influenza neuraminidase inhibitors.
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Figure 2. Pyrrolidine analogs.

Aldehyde 9 proved to be an important and versatile
intermediate for the synthesis of novel analogs. The
racemic synthesis of 9 is shown in Scheme 1. An acid
catalyzed [3+2]-dipolar cycloaddition as previously
described yielded a 2.4,5-tri-substituted pyrrolidine 5
as the predominant diastereomer.'’>!> Sodium borohy-
dride reduction and acetylation of the resulting primary
alcohol produced the desired acetate. Dihydroxylation
of the exocyclic olefin provided a 1:1 mixture of diols
followed by an exchange of the N-benzyl to N-Boc
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Scheme 1. Reagents and conditions: (a) NaBH4, MeOH; (b) Ac,0, pyridine (72%, 2 steps); (c) OsO4, NMO, 72%; (d) ammonium formate, Pd/C,
EtOH; (e) Boc,O, MeOH, H,0 (78%, 2 steps); (f) TIPSCI, imidazole, DMF, 79%; (g) Swern oxidation, 77%; (h) ammonium acetate, NaCNBH3,
MeOH; (i) Ac,0, EtsN, DMAP, CH,Cl, (41%, 2 steps); (j) K,COs, MeOH, H,0, 86%; (k) Swern oxidation, 82%; (I) PhsP*EtBr~, +-BuOK, THF,
85%; (m) TBAF, THF, 89%; (n) Dess—Martin oxidation, 96%; (o) RlMgX, THF, 50-73%.

protection groups to provide diols 6. A number of at-
tempts were made to find reagents or conditions to con-
trol the diastereoselectivity of the dihydroxylation
reaction, and all failed to impart any significant
improvement in diastereoselectivity. Silylation of the
terminal C-5 side-chain hydroxyl with triisopropylsilyl
chloride (TIPSCI) followed by Swern oxidation pro-
duced ketone 7. Reductive amination with ammonium
acetate and sodium cyanoborohydride in refluxing
methanol again yielded a 1:1 mixture of diastereomeric
amines that was acetylated and readily separated by
chromatography. All attempts to control the diastere-
oselectivity of the reductive amination in favor of the de-
sired R-isomer were unsuccessful.

Hydrolysis of the O-acetyl group of the R-isomer fol-
lowed by Swern oxidation of the resulting alcohol pro-
duced the aldehyde. Wittig olefination of the aldehyde

12-17 : RIsomers

18-20 : R Isomers

“r
(o]

10 : Risomer
11 : Sisomer

gave exclusively the Z-propenyl substituted pyrrolidine
8. Fluoride deprotection of the TIPS group afforded
the corresponding primary alcohol which was oxidized
with Dess—Martin periodinane to provide aldehyde 9
without epimerization of the adjacent acetylamino-
substituted center. Addition of the aldehyde 9 to a vari-
ety of Grignard reagents produced both diastereomeric
alcohols 10 and 11, with the R-diastereomer (10) pre-
dominating. For example, the reaction of ethyl magne-
sium bromide with aldehyde 9 generated a 5.5:1 ratio
of 13a-b, where R; = ethyl. The diastereoselectivity of
this reaction appears to be governed by the Cram chela-
tion model. Finally, many of the alcohol and ether NA
inhibitors were generated as shown in Scheme 2. Triflu-
oroacetic acid deprotection of the diastereomers 10 and
11 provided the corresponding secondary alcohol inhib-
itors 12a-17a and 12b-17b, respectively, as TFA salts.
Alkylation of the various secondary alcohols 10 and

OtBu a

10-17 : Slsomers

21-26 : Slsomers

Scheme 2. Reagents and conditions: (a) trifluoroacetic acid, CH,Cl,, 98-100%; (b) Mel, Etl, or allyl bromide, DMF, KOH, 18-crown-6, 16-80%.
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11 with methyl iodide, ethyl iodide, or allyl bromide in
the presence of potassium hydroxide and 18-crown-6
followed by standard TFA deprotection, generated the
desired ether inhibitors 18-26. The cyclic secondary
ether inhibitors were generated by an olefin metathesis,
followed by a TFA deprotection protocol of the requi-
site alkene precursors as shown in Scheme 3.

Preparation of tertiary alcohol inhibitor 32 was accom-
plished by the oxidation of alcohol 30 to the correspond-
ing ketone followed by reaction with six equivalents of
Grignard reagent then TFA deprotection. The methyl
ether analog of inhibitor 32 was also constructed by
reaction of the tertiary alcohol in 31 with sodium bis-
(trimethylsilyl)amide and methyl iodide followed by
TFA deprotection to provide inhibitor A-315675 as
shown in Scheme 4.

We targeted potent in vitro antiviral potency against the
medically relevant strains of influenza virus (types A and
B) with the hope of achieving uniform activity. The two
NA viral strains we routinely tested our inhibitors
against were B/Memphis/3/89 and A/N1/PR/8/34. The
NA A strain was selected because of its similarity to
the highly pathogenic avian H5N1 virus mentioned ear-
lier. The secondary alcohol analogs with the S-configu-
ration (12b-17b) universally were more potent than the
corresponding R-configuration analogs (12a-17a) (Ta-
ble 1).!13 Additionally, all of the inhibitors were more po-
tent against the B virus strain. The most potent analogs
in Table 1 contained a 3-carbon chain with the S-isomer
configuration (15b and 16b). In an effort to gain more
potency, the secondary alcohols were transformed into
ethers. We reasoned that the more hydrophobic alkyl
ethers might provide more binding energy, somewhat
analogous to the isopentyl ether in oseltamivir carboxyl-
ate (1). Table 2 displays our results. Again as in the sec-
ondary alcohol cases, the corresponding S-isomers were
more potent than the R-isomers. Against the NA B
strain, a loss in potency ensued when progressively lar-
ger ether alkyl groups were employed, as evidenced from
the methyl, ethyl, and allyl data (18-20, 21-23, and 24—

28:n=0
29:n=1

Scheme 3. Reagents and conditions: (a) Grubbs I catalyst, 53-90%; (b)
trifluoroacetic acid, CH,Cl,, 98-100%.
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Scheme 4. Reagents and conditions: (a) Dess—Martin oxidation, 93%;
(b) 6 equiv MeMgBr, THF, 70%; (c) trifluoroacetic acid, CH,Cl,, 98-
100%; (d) NaHMDS, Mel, THF, —78 to 0 °C, 67%.

Table 1. Biochemical potency of secondary alcohol analogs 12a-17b

/ /
AcHN " OH AND  AcHN OH
7y f
R'" "OH R'” YOH
R Isomer S Isomer
Compound R'= Isomer NA B NA A
K* (M) K" (nM)
12a Methyl R 85 303
12b Methyl S 6.5 59
13a Ethyl R 29 108
13b Ethyl S 2.8 11.5
14a Vinyl R 21 —
14b Vinyl N 2.0 25
15a n-Propyl R 28 53
15b n-Propyl S 1.3 5.3
16a 2-Propenyl R 49 212
16b 2-Propenyl S 1.6 10
17a n-Butyl R 86 94
17b n-Butyl N 12 14

#The K; values for all compounds are given in nanomolar units and
refer to their activities as racemates. The K; values in all tables are
also means of at least two independent determinations, standard
deviation +10%. Detailed protocols can be found in Supplementary
material.

26). Against the NA A strain however, the most potent
ether analogs contained the allyl functionality (20, 23,
and 26). The two most potent ethers against NA B (21
and 24) were roughly 2- to 3-fold more potent than
the corresponding alcohols (14b and 16b). However
against the NA A strain, these two methyl ether analogs
(21 and 24) were approximately equal to 2-fold less po-
tent verses the corresponding alcohols (14b and 16b).
Thus the potency selectivity of methyl ether 24 against
the NA B strain verses the NA A strain was approxi-



A. C. Krueger et al. | Bioorg. Med. Chem. Lett. 18 (2008) 1692—1695 1695

Table 2. Biochemical potency of ether analogs 18-26

/- /-
" AND
AcHN,, ~ -, OH AcHN,, -, ~OH
N i
” o} (0]
R'" “OR? R'” YOR?
R Isomer S Isomer
Compound R'= R? Isomer NAB NAA
K; (nM) K; (nM)
18 2-Propenyl Methyl R 38 145
19 2-Propenyl Ethyl R 46 60
20 2-Propenyl 2-Propenyl R 110 23
21 Vinyl Methyl S 0.6 19.8
22 Vinyl Ethyl S 4.8 21
23 Vinyl 2-Propenyl S 9.3 11.3
24 2-Propenyl Methyl S 0.67 17.3
25 2-Propenyl Ethyl S 10.6 18.4
26 2-Propenyl 2-Propenyl S 17.5 12.7

Table 3. Biochemical potency comparisons of pyrrolidine and mar-
keted drug inhibitors

Compound NA B K; (nM) NA A K; (nM)
27 10.3 56
28 24.2 180
29 0.3 55
32 1.2 1.3
A-315675 0.14 0.21
1 (oseltamivir carboxylate) 1.1 0.1
3 (Zanamivir) 0.1 0.06
4 30 210
15b 1.3 5.3
24 0.67 17.3

mately 25-1 (0.67 vs 17.3 nM). In an effort to improve
the absolute potency against the NA A strain while
maintaining a sub-nanomolar potency against the NA
B strain, a few cyclic ether inhibitors were constructed.
The R-dihydropyran (29) was the most potent of the
three analogs at 0.3 nM against the NA B strain (Table
3). Unfortunately its potency against the NA A strain
decreased to 55 nM though. Upon conversion of the sec-
ondary alcohol inhibitor 15b into the tertiary alcohol
inhibitor 32 a modest enhancement in potency (4-fold)
against the NA A strain was realized. However when
the tertiary alcohol group in analog 32 was converted
to a methyl ether functionality to provide A-315675,'4
a roughly 10-fold potency improvement was realized.
This resulted in A-315675 having sub-nanomolar po-
tency against both NA strains (Table 3). The potency
of some of the pyrrolidine analogs as compared to osel-
tamivir carboxylate (1), the active component of the
marketed prodrug Tamiflu (2), and Zanamivir (3) in
our assay are also shown in Table 3.

In conclusion, we were successful in designing and syn-
thesizing several potent sub-nanomolar pyrrolidine

inhibitors against the NA B strain. One of these inhibi-
tors displayed sub-nanomolar potency against both the
NA A and B strains, thus being similar in potency to
the two currently marketed anti-influenza drugs.

Supplementary data

Detailed biological protocols for biochemical K;
determinations are available in Supplementary
data.Supplementary data associated with this article
can be found, in the online version, at doi:10.1016/
J.bmcl.2008.01.048.
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