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ABSTRACT

An effective and convenient procedure for the Méttzaldition using Fe (acag)l mol %) as an effective catalyst,
catalyses the Michael addition reaction of nitroth@ne toa-cyano cinnamate ester followed by Pinner reactmn
produce corresponding diethyl 2-(1-(4-chlorophesdnitroethyl)malonate with good yields under mildindition
with high yield. Accordingly, we applied this gdyetic strategy for synthesis @f)-Baclofean.
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Michael addition of nitromethane to ancyano cinnamate ester is a key step for the sgighod ()-baclofen.
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INTRODUCTION

The transition metal(TM) catalysis plays an impottaole in modern organic chemistry [1]. The mosttloe

reaction catalyzed by Lewis acid are stoichiometnierefore, recently have great attention towahdsttansition
metal catalyzed reaction in synthetic chemistry ttutheir numerous advantages low cost, nontoxim@resting
catalytic activity, reaction proceed cleanly witlgth efficiency and easy to handle, at ambient feaatondition

without formation of salt. Although precious metaltalysts have their own impact on the field, alively non-
precious metals like Cu, Co, Ce, Ni and Fe are gimgras important catalysts. To access C-C bondsgeln
transition metal complexes or salts have previobslgn used as catalysts. Iron is well known asafribe most
abundant and cheapest metal. However, the usemfhlt as important Lewis acid in organic transfation such
as the homo coupling [2], Grignard reaction [3ky#dtion [4], alkenylation of organo manganese gyl coupling
reaction [6], N-Arylatation [7], C-N bond cleavaf@ and Michael addition [9ktc

Michael addition reaction is one of the most usefidthods for the formation of C-C bonds. Many aswtrio
variants exist for the Michael addition to nitroafies has been developed as a powerful tool in mrggnthesis [9],
because Michael adducts of nitroalkanes are végdatilding blocks in agricultural and pharmaceattindustry. In
particular, o,p-unsaturated ketone and ester are versatile agsefiio the synthesis of-amino acids, amino
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carbonyls and amino alcohol. Although, there haenbmany reports of enantioselective Michael amfustiusing
chiral catalysts, including metal-based catalysta|timetallic catalysts as well as organic catayashd optically
active thiourea as efficient catalysts.

Traditionally, esterifications of nitriles and est&ve considerable attention due to their biolalgactivity and their
presence in a variety of significant natural pradu€onsequently, a number of synthetic stratebsse been
reported for the esterification of nitriles [10hetre are a continuous demand, novel and selectitzyst for the
transformation of nitrile to ester. One-pot estesifion of nitriles with alcohols may provide atrattive alternative
method for ester formation. Moreover, in the moderganic synthesis, the transformation of nitrile® esters is
potentially useful [11]. Murahashi et al. first oeped an efficient Ru complex catalyst for direstegification of
nitriles under neutral conditions [12].

In mammalians [13]y-Amino butyric acid (GABA) plays an important rads an inhibitory neurotransmitter in the
central nervous system (CNS) and the deficienc@ABA is associated with diseases that exhibit newscular
dysfunctions such as epilepsy, Huntington’s anckiRson’s diseasestc Baclofen is a lipophilic analogue of
GABA, and widely used as antispastic agent. Althobgclofen is commercialized in its racemic fortrhas been
reported that its biological activity resides exilely in the R)-enantiomer. We next applied enantioselective
Michael reaction for the synthesis &){(-)-Baclofen. They-butyrolactam (pyrrolidin-2-one oy-lactam) skeleton
exists throughout nature and is present in mangdbice natural productlt.also serves as a key intermediate in the
synthesis of biologically and pharmaceutically usefolecules such af)-baclofen andR)-rolipram [14].

However, we are first time demonstrating that tke af Fe(acag)catalyst for Michael addition reaction followed
by Pinner reaction [15] of nitromethane @/Cyano cinnamic ester. We first intended to Michaadlition reaction
of Nitromethane to am,p-unsaturated Cinnamate ester with a more favorablestitute as a test reaction for
optimization. We used the Fe(acacatalyst for Michael addition reaction of nitro tii@ne ono-cyano Cinnamate
ester component in ethanol as solv&aheme L

EXPERIMENTAL SECTION

All reactions were carried out in dry solvents, essl otherwise stated. Reactions were monitorechipylayer
chromatography (TLC) on silica gel plates (Kiesekfe 54, Merck). Visualization of the spots on TLC platesas
achieved either by UV light or by staining the pkin 2, 4-dinitrophenylhydrazine/ anisaldehyde aharring on
hot plate. All products were characterized'ByNMR and™*C NMR, IR, Mass and Elemental analysid. NMR
and **C NMR were recorded on Varian Mercury 300 MHz spmueter. Chemical shifts are expressed in ppm
values andH NMR spectra are referenced to 0.00 ppm for,8l¢TMS) and*C NMR spectra are referenced to
77.00 ppm for CDGl Peak multiplicities are designated by the follogviabbreviations: s, singlet; brs, broad
singlet; d, doublet; t, triplet; g, quartet; m, tiplet; J, coupling constant in Hz. IR spectra wel#ained on a
Shimadzu FTIR-8400 with samples loaded as thinsfilbn KBr plate, neat or with GBI, as indicated. Mass
spectra were recorded at an ionization potentiadl@&V; Elemental analyses were recorded on Flagh. E112
Thermo instrument. Melting points recorded are urezmied. Column chromatography on silica gel (8300-mesh)
was performed with reagent grade ethyl acetatehardne as an eluent.

Typical experimental procedur@: mixture of a-Cyano cinnamic ester (198g, 0.82 mmol), Fe( acac)1 mol %)

in EtOH (2 mL) were stirred at room temperaturgrdNmethane (4.00 mmol) was added and reactionumgxvas
further reflux and stirred for 6.0h. After comptati of reaction remove the volatile impurities undeduced
pressure gave a crystalline crude product andedilutith water. The reaction mixture was extractétth &EtOAc (2

X 20mL) and organic layer was washed with brine dridd with NaSQ, Evaporation of solvent furnished the
crude product that was purified by column chromedphy over silica gel using EtOAc in petroleum etteegive
pure product. Known compounds and were identifigdspectroscopic data (IRH, **C NMR, GCMS) and are in
good agreement with those of the reported. The tgmmopic and analytical data of new products whose
spectroscopic data are not readily available aseiged here in order of their below.

diethyl 2-(1-(4-chlorophenyl)-2-nitroethyl)malonatg3b)

Yield 89%. Colorlesss solid m.p. 56-58 °C IR (KB()57, 2985, 1737, 1558, 1397, 1265, 1170, 1024 g0 H-
NMR (300 MHz, CDC}) 6. 7.30 (d, 2HJ = 8.2 Hz), 7.19 (d, 2HJ] = 8.2 Hz), 4.84 (dd, 1H] = 4.9, 13.2 Hz),
4.75(dd, 1HJ=9.6, 12.9 Hz ) 4.18-4.10 (m, 3H), 4.19 (q, A 7.1 Hz), 3.77 (d, 1H] = 9.6 Hz ), 1.25 (t, 3H] =
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7.15 Hz), 1.06 (t, 3HJ = 7.15 Hz).*C NMR (75 MHz, CDCJ) & 166.81, 166.21, 134.36, 133.77, 129.07, 128.66,
61.84, 61.58, 54.24, 41.89, 1349, 13.30 MS (m/&6.36 (M +Na).

4-(4-chlorophenyl) pyrrolidin-2-one(4)

Yield 70%. Colorlesss solid m.p.188-189°C; IR (KBg33, 3230, 3017, 2360, 1715, 1685, 1493%chH-NMR
(300 MHz, CDC}) é. 7.33 (d, 2HJ=8.8), 7.19 (d, 2H) = 8.8 ), 3.80 (apt, t, 1H}, = 8.8 Hz), 3.74-3.63 (m, 1H) ,
3.37-3.42 (dd, 1H) = 7.1, 8.8 Hz) 2.81-2.72 (dd, 1H~= 8.8, 17.0 Hz), 2.52-2.71 (dd, 1B~ 8.2, 17.0 Hz). ppm
3C NMR (75 MHz, CDC}) 5 175.46, 138.28, 136.95, 133.32, 129.32, 128.28.8112 43.75, 39.91, 38.18.

4-amino-3-(4-chlorophenyl)butanoic acid hydrochlorde(5)

Yield 73%. Colorlesss solid m.p. 109-111 *&:NMR (300 MHz, RO) 3. 7.33 (d, 2HJ = 8.8 ), 7.19 (d, 2H) =
8.8), 3.80 (apt, t, 1H] = 8.8 Hz), 3.74-3.63 (m, 1H), 3.37-3.42 (dd, 1H,7.1, 8.8 Hz) 2.81-2.72 (dd, 1H~= 8.8,
17.0 Hz), 2.52-2.71 (dd, 1H, = 8.2, 17.0 Hz). ppn°NMR (75 MHz, D0O) & 178.50, 140.61, 132.87, 128.97,
128.06, 49.49, 39.65, 37.85.

RESULTS AND DISCUSSION

As part of our ongoing research program hereinygé to report on a new catalyst for Michael addfitiHowever,
we are first time demonstrating that the use ob€a¢} as a catalyst for Michael addition of nitromethameo-

Cyano cinnamic esteét furnished thedb with good yield at ambient reaction condition ii®H.(Scheme 1)). This
reaction mixture contains 3a as the respective asi#3b is simply detected by thin-layer chromatographi QY.

Furthermore, increase the course of reaction timas3a sole product; this is a key intermediatesjmthesis (+)-
Baclofen.

The present catalytic strategy for the synthesi&pBaclofen is as outlined in th&¢hemel). Accordingly, started
from Knoevenagel condensation [16] 4-chlorobenzsigdie with ethyl cyanoacetate to ge€yano cinnamic ester.
Reaction of 5 equiv of nitromethane withCyano cinnamic ester in presence of the catatygiantity 1 mol% of
Fe(acag in ethanol with stirring for 6.0h produced thestalline Michael adduct is diethyl 2-(1-(4-chlor@ptyl)-
2-nitroethyl)malonateb) with 89% yield.The reduction oBb containingnitro group can be reduced with sodium
borohydride, in presence of nickel chloride in EtO¥ to 25 °C 1.0h. It resulted in the formationirdErmediate
amine which subsequently cyclise to generate pgir@ moiety andfollowed, by hydrolysis ester group with
ag.NaOH, finally pyrrolidine moiety hydrolyzed wiBN HCI affording pure () Baclofeb its hydrochloric Salt.
(+) Baclofen act as a neurotransmitter inhibitougdmolecule Using this synthetic strategy, (+) Baclofen was
obtained in four steps with an overall yield 40.93%

/@/CHO Piperidine /@/\(cooa Fe(acac) 5 COOEt
Cl Toluene, Reflux cl EtOH, Reflux COOEt

1 1.0 h, 90 % 6.0 h, 89%
NiCl,, NaBH4, | NaOH, aq.EtOH
FtoH, - 2.0h
30min 0 °C -rt,
70%
N
NH, HCI 5N HCI o
-
COOH Reflux, 4.0 h
73%
Cl
Cl 4

(x)-Baclofen 5
Scheme: 1
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CONCLUSION

In summary, we have developed an environmentalgndly Michael addition of nitro methane anrCyano
cinnamic ester in the presence of transition meaghlyst at ambient reaction condition without fation of salt.
The method have been applied successfully for ggiglof (+)-baclofewia novel Pinner reaction. () Baclofen was
obtained in four steps with an overall yield 40.93% advantage of this synthetic strategy inclusiegple catalyst,
mild reaction, shorter reaction times and easy wagrlprocedure.
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