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PREPARATION OF CHIRAL 4-SUBSTITUTED
v-LACTAMS AND THE CORRESPONDING
v-AMINOBUTYRIC ACIDS. (REVIEW)*

A. Lebedev

Data on the synthesis of chiral y-lactams substituted at position 4 and the corresponding [-substituted
y-aminobutyric acids for the period from 1991 to 2006 are reviewed.
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Cyclic amides (lactams) are an often encountered structural element of medical products. The present
review examines the preparation of y-lactams (pyrrolidones) substituted at position 4. This group includes
piracetam (oxiracetam, phenotropil, cebaracetam), rolipram, and others. The y-amino acids corresponding to the
above-mentioned lactams (analogs of the natural neuromediator y-aminobutyric acid) also often exhibit
biological characteristics, e.g., the P-aryl-substituted derivatives phenibut and baclofen. The 4-substituted
lactams examined in this article and also the corresponding p-substituted y-aminobutyric acids contain a chiral
center*”. It is known that in most cases only the R-isomers of these compounds are biologically active, whereas
the S-isomers are practically inactive. The production of optically pure isomers of these compounds therefore
becomes an urgent issue. In this review methods of resolving racemic lactams into the optical isomers, various
examples of asymmetric synthesis, and also enzymatic methods are examined.

1. RESOLUTION OF RACEMIC LACTAMS INTO OPTICAL ISOMERS

One of the classical methods for the resolution of racemates into optical isomers is crystallization of the
racemic mixture with a chiral substance capable of forming a well crystallized compound with the substrate
being separated. While reacting with racemic 3-(p-chlorophenyl)glutamic acid (1), S-(-)-a-phenylethylamine
forms with the R-isomer a poorly soluble salt, which is precipitated while the S-isomer remains in solution. The
R-isomer of the acid isolated in this way is then converted into R-4-amino-3-(p-chlorophenyl)butyric acid
(baclofen) (2) [1].

* Dedicated to Prof. Ivars Kalvinsh to mark his 60" birthday
*2 For the stereoselective synthesis of y-aminobutyric acids, see also the review: M. Ordofiez and C. Cativela,
Tetrahedron; Asymmetry, 18, 3 (2007) (Editor's note).
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There are data in the literature on the resolution of racemic lactams into the optically active isomers by
crystallization with dehydrocholic acid (DCA).

Dehydrocholic acid

If DCA is added to a solution of racemic lactam (3) in a mixture of ethyl acetate and ether a complex of
DCA and the lactam is precipitated, and the lactam in the complex is enriched in one of the optical isomers [2]:

Ph Ph Ph_
R S
N 0 N © N o
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R,S-3 complex of R-3 with DCA S-3
(in the precipitate) (in solution)

The solution is accordingly enriched in the other optical isomer. The enriched lactam is obtained by
treating the complex with sodium carbonate; depending on the structure of the lactam, the optical enrichment in
one crystallization cycle can amount to 64% ee. The optical purity is increased if the crystallization of the
enriched lactam with DCA is repeated. Disadvantages of the method include the need to use a large excess of the
lactam in relation to the DCA (~5:1) and also the low degree of enrichment in each crystallization cycle. As a
result lactams with high optical purity can only be obtained with multiple recrystallization and with a low overall
yield.
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A more effective method for the resolution of the isomers is condensation with some chiral substance
followed by separation of the obtained mixture of isomers and removal of the chiral auxiliary group. For
example, the chiral lactam can be obtained by the condensation of racemic 4-phenyl-2-pyrrolidinone-
2-carboxylic acid (4) with R-(—)-phenylglycinol. The obtained mixture of diastereomers is separated by
chromatography, after which the pure diastereomers 5 are submitted to hydrolysis and decarboxylation, and the
optical isomers of 4-phenylpyrrolidinone 3 are obtained [3].
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2. ASYMMETRIC SYNTHESIS

Methods for the synthesis of lactams with a specific optical configuration are more often encountered in
the literature. Chiral catalysts are widely used in the contemporary synthesis of optically active substances; the
method involving the introduction of a chiral auxiliary group into the substrate molecule is also employed.

2.1. The Use of Chiral Catalysts
Chiral lactams can be obtained by various multistage processes using chiral catalysts at specific stages.
The modified cinchonine (6) or cinchonidine (7) catalysts are used in the addition of nitromethane to

chalcone 8. Successive oxidation of the obtained product with m-chloroperbenzoic acid (m-CPBA) and reduction
with NiCl,—~NaBH, lead to chiral 4-(4-chlorophenyl)-2-pyrrolidinone 10 [4]:
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The R-isomer is produced with the cinchonine catalyst (6), while the S-isomer is formed with the
cinchonidine catalyst (7).
Catalysts 11 and 12 are used in the asymmetric Michael addition of malonic esters to nitroolefins.

\/

PO R

11

Catalyst 11 contains a chiral 1,2-diaminocyclohexane fragment, which in the course of the reaction forms
a complex with the substrate molecules and also acts as base [5-7]. Catalyst 12 forms a complex with the
magnesium ion and the malonate molecule, leading to asymmetric addition of the latter to the nitroolefin
molecule. The magnesium ions needed for this reaction are introduced in the form of magnesium triflate;
N-methylmorpholine (NMM) is used as base [8, 9]. The condensation of diethyl malonate (13) with
wo-nitrostyrene (14) in the presence of these catalysts leads to the Michael addition product 15 with high
enantiomeric selectivity [5, 8].
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The chiral lactam 16 was obtained by reducing the product 15 with hydrogen in the presence of Raney
nickel.

Chiral 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (17) (BINAP) is widely used in asymmetric
synthesis, including the synthesis of chiral lactams.

! l “'pph,
] ] PPh,

S-(-)-BINAP
17

The addition of 3-cyclopentyloxy-4-methoxyphenylboric acid (18) to ethyl 4-(N-Boc-amino)crotonate
(19) in the presence of a rhodium catalyst and S-BINAP gave the chiral compound 20, which then gave the chiral
lactam 21 known in medicine as rolipram [10]:

Various chiral lactams were obtained by catalytic hydrogenation of ethyl 4-azido-3-(4-
chlorophenyl)crotonate (22) under various conditions in the presence of ruthenium and S-BINAP [11]:
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A complex of rhodium with S-3-phenyl-2-phthalimidopropionic acid catalyzes the transformation of

compound 24 to the chiral lactam 25 [12]:
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2.2. Introduction of Chiral Auxiliary Groups

One of the methods used for the synthesis of optically active substances is the introduction of a chiral
group into the substrate molecule. If the chiral center of the auxiliary group in the molecule of the obtained
product is not far from the atom or bond that subsequently interact with the other reagent, one of the
diastereomers is formed preferentially as a result of this reaction.

There are published data on the use of phenylglycinol as a chiral auxiliary group.
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The oxazoline 26, which is the product from the condensation of phenylglycinol and cinnamic acid,
reacts with diethylaluminum cyanide and forms compound 27 with ~50% diastereoselectivity. Further

transformations give the chiral lactam 3; the optical purity of the product corresponds to the optical purity of the
diastereomer 27, i.e., ~50% [13]:
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Compound 28, which contains the S-phenylglycinol fragment, reacts with PhCuCNLi to form the phenyl-
substituted lactam 29 with diastereoselectivity RS:SS = 98:2. Removal of the phenylglycinol fragment leads to
the lactam 3 [14]:
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A derivative of 4-chlorophenylacetic acid with the R-valinol fragment (32) is alkylated enantioselectively
by tert-butyl bromoacetate (ratio of stereomers >95:5). By a chain of further transformations it is possible to

obtain the chiral lactam 10 [15].
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In a similar way a derivative of p-chlorocinnamic acid and S-valinol (37) react stereoselectively with
acetone cyanohydrin in the presence of Sm(O-Pr-i);. Reduction of the obtained cyanide 38 with NiCl,-NaBH,

gives the lactam R-10 with 99% ee optical purity [16].
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The unique chiral complex of ethyl 2-trimethylsilyl-4-chlorocinnamate with tricarbonylchromium (39)
adds nitromethane asymmetrically. Subsequent desilylation, oxidation, and reduction of the obtained Michael
adduct 40 lead to the formation of the lactam R-10 (96% ee) [17].
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3. ENZYMATIC METHODS

In biological systems enzymes act as selective catalysts; here they are selective not only with respect to
the substrate but also, in the presence of a chiral center, to its optical configuration. As a rule enzymes are
capable of catalyzing the reaction of only one of the optical isomers, or the enzyme converts each of the isomers
into different products. If the molecule of the substrate is symmetrical while the product contains a chiral center,
one of the optical isomers is formed preferentially in the enzymatic reaction.

The enzyme pancreatine hydrolyzes the S-isomer of the ester stereoselectively, whereas the R-isomer
remains unchanged. By simple procedures it is possible to separate the acid 44 from the unreacted ester [18]:
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Pancreatine also hydrolyzes methyl R-3-(p-chlorophenyl)-4-nitrobutyrate (45), leaving the S-isomer
untouched. Reduction of the obtained nitro ester 46 leads to chiral baclofen R-2 [19].
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Lipase from the microorganism Candida Cylindracea esterifies baclofen 2 stereoselectively. In reaction with
lower aliphatic alcohols (such as ethanol) in the presence of this enzyme the S-isomer is esterified preferentially
(ee 66%), while the R-isomer mostly reacts with higher aliphatic alcohols (such as octanol) (ee 77%) [20].
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The obtained esters readily undergo cyclization to the corresponding chiral lactams 10:
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The bacteria Streptomyces halstedii olivaceus selectively metabolize the S-isomer of baclofen 2, leaving
the R-isomer untouched (ee > 90%) [21]. The enzyme chymotrypsin selectively hydrolyzes one of the ester
groups in dimethyl 3-(4-chlorophenyl)glutarate (49); the obtained R-monoester 50 (ee > 98%) is converted by
chemical methods into the R- or S-isomer of the amino acid 2 [22].

Cl Cl
Chymotrypsin,
(0] (0] phosphate buffer pH 7.7, 0 0
Me- _Me Triton-X Me
(0] (0] HO (0]
49 R-50

1. CICOOEt, NEt,, acetone

2. NaN;j, H,0, acetone NH,, MeOH,
40°C
_ ] Cl
Cl
o 0}
o
OCN _Me HO NH,
(¢
| S-1
R-51 -
Bis(trifluoroacetoxy)-
iodobenzene
HCI, H,0 H,0, DMF
Cl Cl
o o
H,N NH,
OH HO
R-2 §-2

REFERENCES

1. M. R. Caira, R. Clauss, L. R. Nassimbeni, J. L. Scott, and A. F. Wildervank, J. Chem. Soc., Perkin
Trans. 2, 763 (1997).

0. Bortolini, M. Forgagnolo, G. Fantin, and A. Medici, Chem. Letters, 32, 206 (2003).

R. E. Zelle, Synthesis, 1023 (1991).

E. J. Corey and F. Zhang, Org. Letters, 2, 4257 (2000).

T. Okino, Y. Hoashi, and Y. Takemoto, J. Am. Chem. Soc, 125, 12672 (2003).

whkwb

683



10.
11.
12.
13.
14.
15.
16.
17.

18.

19.
20.

21.

22.

684

J. F. Larrow, E. N. Jacobsen, Y. Gao, Y. Hong, X. Nie, and Ch. M. Zepp, J. Org. Chem., 59, 1939
(1994).

M. Kaik and J. Gawronski, Tetrahedron: Asymmetry, 14, 1559 (2003).

D. M. Barnes, J. Ji, M. G. Fickes, M. A. Fitzerald, S. A. King, H. E. Morton, F. A. Plagge, M.
Preskill, S. H. Wagaw, S. J. Wittenberger, and J. Zhang, J. Am. Chem. Soc, 124, 13097 (2002).

J. Ji, D. M. Barnes, J. Zhang, S. A. King, S. J. Wittenberger, and H. E. Morton, J. Am. Chem. Soc, 121,
10215 (1999).

J.-M. Becht, O. Meyer, and G. Helmchen, Synthesis, 2805 (2003).

V. V. Thankur, M. D. Nikalje, and A. Sudalai, Tetrahedron: Asymmetry, 14, 581 (2003).

M. Anada and Sh. Hashimoto, Tetrahedron Lett., 39, 79 (1998).

N. Langlois, N. Dahuron, and H. Wang, Tetrahedron, 52, 15117 (1996).

A. L. Meyers and L. Snyder, J. Org. Chem., 58, 36 (1993).

A. Schoenfelder, A. Mann, and S. L. Coz, Synlett, 63 (1993).

A. Armstrong, N. J. Convine, and M. E. Popkin, Synlett, 1589 (2006).

C. Baldoli, S. Mariorana, E. Licandro, D. Perdicchia, and B. Vandoni, Tetrahedron: Asymmetry, 11,
2007 (2000).

K. Petzoldt, R. Schmiechen, K. Hamp, and M. Gottwald, US Pat. 5,539,111 (1996); Chem. Abstr., 114,
143134 (1991).

F. Felluga, V. Gombac, G. Pitacco, and E. Valentin, Tetrahedron: Asymmetry, 16, 1341 (2005).

R. V. Muralidhar, R. R. Chirumamilla, V. N. Ramachandran, R. Marchant, and P. Nigam, Med. Fac.
Landbouww. Univ. Gent, 66/3a, 227 (2001).

W. Levadoux, D. Groleau, M. Trani, and R. Lortie, US Pat. 5,843,765 (1998); Chem. Abstr., 130, 24139
(1998).

R. Chenevert and M. Desjardins, Can. J. Chem., 72, 2312 (1994).



	Chemistry of Heterocyclic Compounds, Vol. 43, No. 6, 2007


<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


