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Design, Synthesis, and Preliminary Evaluation of New Pyrrolidine
Derivatives as Neuraminidase Inhibitors
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Abstract: A series of pyrrolidine derivatives were designed and synthesized in good yields starting from commercially
available 4-hydroxy-L-proline using a suitable synthetic strategy. And their ability to inhibit neuraminidase was evaluated.
These compounds showed potent inhibitory activity against influenza A (H3N2) neuraminidase. Within this series, four
compounds, 6e, 9¢, 9f and 10e, have the good potency (ICs5y=1.56~2.40uM) which is compared to the NA inhibitor osel-
tamivir (ICs5o=1.06uM), and could be used as lead compound in the future.
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1. INTRODUCTION

Influenza is an acute viral infection of the upper respira-
tory tract that can affect millions of people every year [1].
The antiviral drugs amantadine and rimantadine are selective
for influenza A viruses and their clinical use has been limited
by side effects and the rapid emergence of resistant viral
strains. Vaccine development has been partially successful in
the control of influenza epidemics due to the highly variable
mutation of influenza virus. Effective and safe anti-influenza
therapeutics are lacking which makes anti-influenza a high-
priority and attractive area of drug discovery.

Neuraminidase (NA) is one of the two glycoproteins ex-
pressed on the influenza virus surface. The catalytic activity
of NA is essential for influenza virus replication and infec-
tivity, so it has been considered a suitable target for design-
ing agents against influenza viruses. Despite the homology
identity of NA in different strains is only about 30%, the
catalytic site of neuraminidase in all influenza A and B virus
is completely conserved [2]. Therefore, NA has been re-
garged as an attractive target for antiviral drug development.
Now, two NA inhibitors, zanamivir and oseltamivir, have
been confirmed as effective and safe for the treatment of
influenza. Recently, there have been significant efforts in the
design and synthesis of inhibitors of influenza NA as poten-
tial therapeutics for influenza virus infection.

X-ray crystal structures of complexes of NA with known
five- and six-membered ring inhibitors revealed that potent
inhibition of the enzyme is determined by the relative posi-
tions of the interacting inhibitor substituents (carboxylate,
hydrophobic side chain, acetamido, hydroxyl and amino)
rather than by the absolute position of the central ring [3].
This led us to design potential NA inhibitors in which the
pyrrolidine ring served as a scaffold for substituents that
would interact with the active site of NA.
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Currently, several pyrrolidine compounds have been
found to possess potent NA inhibitory activities [4,5]. For
example, A-315675 [5] (1) is highly active in cell culture
against a variety of strains of influenza A and B viruses. This
urges us to developing new NA inhibitors based on pyr-
rolidine derivatives which contain different substituents
(carboxylate, guanidino, acetamino, alkyl) to interact with
the four binding pockets of the NA active site.
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1. A-315675 2. NAHYP

In our previous work, the 4-hydroxy-L-proline has been
used to prepare a series of pyrrolidine derivatives as matrix
metalloproteinases (MMPs) and aminopeptidase-N (APN)
inhibitors [6,7]. We firstly screened all the pyrrolidine de-
rivatives in our compound library including not only the tar-
get compounds and intermidates we synthesized before, but
also some commercially available compounds. The pharma-
cological result showed that NAHYP, one anti-inflammation
compound (2, oxaceprol), exhibited modest activity against
influenza virus A (H3;N;) neuraminidase (1C50=48.73uM) and
could be used as lead compounds in further.

In order to improve the affinity of lead compounds, we
optimized the structure of NAHYP with following chemical
modification: (i) N-acyl group in pyrrolidine ring was
changed to other Boc protected or free amino acid residues;
(i1) 2-carboxylic acid can be kept or converted to other de-
rivatives such as methyl ester or hydroxymate; (iii) keep
hydroxy in 4-position or converted to free amino group.

2. CHEMISTRY

The synthesis of pyrrolidine derivatives possessing NA
inhibitory activities was shown in Scheme 1. The starting
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materials, Boc-protected amino acids (3) and the 4-hydroxy-
L-proline methyl ester hydrochloride (4), were prepared ac-
cording to literature [6]. The Boc-amino acids (3) were acti-
vated with DCC and HOBt and then coupling with com-
pound 4 to yield 5a-10a. The methyl ester 5a-10a was then
hydrolyzed with NaOH/H,O or treated with NH,OK to gen-
erate carboxylic acids Sb-10b or hydroximic acids 5¢-10c.

4-amino-pyrrolidine derivatives were prepared from in-
termediate Sa-10a. Firstly, the hydroxyl group of Sa-10a was
converted to mesyl group by methanesulfonate, and then
reacted with sodium azide to generate configuration inversed
azide. Amino derivatives 5d-10d can be synthesized by hy-
drogenation using Pd-CaCO;. The methyl ester 5d-10d can
be transformed to corresponding carboxylic acids Se-10e and
hydroximic acids 5f-10f as the methods mentioned before.

The Boc protecting group can easily removed with 3M
HCI in ethyl acetate to give hydrochloride salts of pyr-
rolidine derivatives 5g-10g. Finally, the amino group was
acetylated with acetic anhydride to yield 5h-10h.
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3. RESULTS

The influenza NA inhibitory activities of the compounds
were evaluated in an enzymatic assay reported by Guanhua
Du[8]. The results of the four most potent compounds are
contained in Table 1. The most effective new compound 10e
was further evaluated for its ability to inhibit viral replication
in Madine Darby canine kidney (MDCK) cells. The NA
from H3N2 strain of type A influenza was obtained by the
method described by Laver [9]. Values for the ICsy were
measured via a spectrofluorometric technique that uses 2’-(4-
methylumbelliferyl)-a-D-acetylneuraminic acid (MUNANA)
as substrate. Cleavage of this substrate by NA produces a
fluorescent product, which can emit an emission wavelength
of 460nm with an excitation wavelength of 355nm. The in-
tensity of fluorescence can reflect the activity of NA sensi-
tively. The cytotoxicity and antiviral activity of Compound
10e in MDCK cell cultures are shown in Table 2.

From the tables, we found that Compound 10e with NH,
group and methionine as hydrophobic side chain showed the
best inhibitory activity (ICso=1.56uM). Two compounds
containing isoleucine (9¢ and 9f) exhibited good activities
(2.10~2.15uM).

4. DISCUSSION AND CONCLUSION

From the Table 2, we can see that one of the compounds
(10e) exhibited some specific activity against influenza A
(H3N2) (ICs5p=3.67uM) which was comparable with the
marketed NA inhibitor oseltamivir, and it has a significant
selectivity for influenza A over influenza B NA. Although
the structures of the catalytic sites in influenza A and B NA
appear to be identical, compound (10e) is highly selective for
influenza A NA. This observation is consistent with earlier
reports for NA inhibitors that induce a conformational
change in Glu278 upon ligand bind, since this conforma-
tional change in influenza B NA is energetically unfavorable
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Scheme 1. Reagents and Conditions: (a) (Boc),0, NaOH/H,0O, THF; (b) MeOH, HCI; (¢) DCC, HOBt, THF, 0° C; (d) NMM, THF; (e)
MsCl, EN, DCM; (f) NaN;, DMF, 65°C; (g) 5% Pd-CaCOs, H,, MeOH; (h) R=OOH, MeOH, NaOH/H,0; (i) R=ONHOH, NH,0K,

MeOH; (j) HCVEtOAc, EtOAc.
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Table 1. The Structure and In Vitro Inhibitory Activities of Compounds Against NA
i
Ry C-R,
Ry
Compound R, R, R; m.p.(C) CLogP ICso( 1 g/ml)
6e Boc-Phe OH NH, 175-176 -0.1341 2.40
9¢ Boc-Ile NHOH OH 94-95 0.9124 2.15
of Boc-Ile NHOH NH, 116-117 0.9894 2.10
10e Boc-Met OH NH, 153-154 -1.4041 1.56
Table 2. Cytotoxicity and Activity of Compound 10e in MDCK Cell Cultures
Compound Minimum cytotoxic concentra- 1Cso (UM)
tion" (ug/ml)
Influenza A (H3N2) Influenza B
Visual CPE score MTS Visual CPE score MTS
10e 100 8.67 3.67 >100 >100
oseltamivir >50 1.23 1.01 50 50
BCX-1812 10 3.70 6.00 3.70 6.05
amantadine >50 3.70 5.21 >50 >50

"Required to cause a microscopically detectable alteration of normal cell morphology.

[10]. Evaluation of compound (10e) against a selection of
NA from other influenza A and B strains suggest that this
selectivity for influenza A is general. Structural and compu-
tational studies to rationalise the potent activity and specific-
ity of the compound will be proceeded further. This is by
itself noteworthy for qualification of this compound as a
potential “anti-flu”drug.

We selected target 10e to make the FlexX Docking utiliz-
ing SYBYL 7.0 of TRIPOS Company (Fig. 1). The binding
of compound 10e in the active site of NA was shown in Fig.
(1), and we found that the —CO,H or -CONHOH group of
the target compounds interacts with the positively charged
site of the NA active site, the exocyclic OH or NH, group
binds to the negatively charged site, and the Boc group inter-
acts with the hydrophobic site via one of the methyl groups.
The hydrophobic side chain occupied the hydrophobic
pocket of the active site.

In summary, our studies have discovered a new series of
pyrrolidine derivatives that have potent NA inhibitory activ-
ity. We find that the compounds with ester group have re-
duced inhibitory potency in comparison to the corresponding
compounds with carboxy group or hydroximic acid group. It
seemed likely that compounds containing a positively
charged amino group rather than a hydroxyl group might be
more effective against NA. We reported a more convenient
and economical method of the synthesis of pyrrolidine NA

inhibitors. Compared to the other research, 4-hydroxy-L-
proline we used appeared to be an ideal starting material
because of its low cost and commercial abundance. Estab-
lishing a consistent binding mode was critical to predictive
structure-based drug design and discovering potent com-
pounds in the nanomolar range that would potentially be
useful for antiviral therapy. The compounds we have got all
showed potent NA inhibitory activity, and this finding could
be used to design further influenza NA inhibitors.

Fig. (1). The complex of neuraminidase with compound 10e.



Design, Synthesis, and Preliminary Evaluation

ACKNOWLEDGEMENTS

We would like to thank Prof. Ailin Liu for testing the NA
inhibitory activity of the compounds we have synthesized
and Dr. Qiang Wang for computer graphics illustrations.

This work was supported by the National Nature Science
Foundation of China (Grant No. 36072541).

REFERENCES

[1] Pennisi, E. Science, 1995, 270, 1916.
2] Ghate, A.A.; Air, G.M. Eur. J. Biochem., 1998, 25, 320.

Received: 23 July, 2007 Revised: 23 August, 2007 Accepted: 23 August, 2007

[3]
[4]
[3]

[6]
[7]

[8]
9]

[10]

Medicinal Chemistry, 2008, Vol. 4 No. 3 209

Chand, P.; Lotian, P.L.; Dehghani, A. J. Med. Chem., 2001, 44,
4379.

Young, D.; Fowler, C.; Bush, K. Phil. Trans. R Soc. Lond. B, 2001,
356, 1905.

Hanessian, S.; Bayrekdarian, M.; Luo, X.H. J. Am. Chem. Soc.,
2002, 7124,4716.

Li, Y.L.; Xu, W.F. Bioorg. Med. Chem., 2004, 12, 5171.

Zhang, L.; Zhang, J.; Fang, H.; Wang, Q.; Xu, W.F. Bioorg. Med.
Chem., 2006, 14, 8286.

Liu, A.L.; Cao, H.P.; Du, G.H. Sci. China Ser. C, 2005, 48, 1.
Laver, W.G.; Colman, P.M.; Webster, R.G. Virology, 1984, 137,
314.

Sollis, S.L.; Sollis, P.W.; Howes, P.D.; Cherry, P.C.; Bethell, R.C.
Bioorg. Med. Chem. Lett., 1996, 6, 1805.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


