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ABSTRACT

Various nitro benzenes react immediately with 2,3-dihydrofuran or 3,4-dihydro-2H-pyran in one pot to produce
1,2,3,4-tetrahydrofuro/pyrano quinolines in presence of SnCl,.2H,O as reducing agent and catalyst at reflux
temperature in methanol.SnCl,..2H,0 was found to reduce -NO, to -NH, efficiently, also facilitate imino Diels-
Alder reaction of imineformed by the reaction between aryl amines, which wasgenerated during reduction of aryl

nitro compounds and with 2,3-dihydrofuran or 3,4-dihydro-2H-pyran.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Domino reactioninthesynthesisof tetrahydrofuro/
pyrano quinolinesisaclassical method that involves
thereaction of aromatic aminesand cyclicenol ethers,
which areextremely reactive, undergoing[4+2] imino
Diels alder reaction in the presence of lewis acids,
GdCl M, VCI 4, ZrOCI®, BiCl !, cation-exchange
resininwater™, InCl 1. Therefore, various methods
have been engineered to generate these speciesinthe
presence of various Lewisacids necessary for there-
actiondlowingfor thegeneration and insituformation
of iminesformed by the condensation of aromaticamine
and cyclic enol ethersand immediate consumption of
another molecule of cyclic enol etherssuch as 2, 3-
dihydrofuran or 3, 4-dihydro-2H-pyran to undergo

[4+2] imino Dids-Alder reaction”®. But recently Chao-
Jun Li et d 1%, hasreported the application of aryl nitro
compoundsin spiteof aryl aminesfor domino reaction.
Although many efficient nitroreducing reegentsareavail-
ableinliterature, still many remainunexploredinthis
domino reaction. Dueto more susceptibility insdf oxi-
dation of anilines, prompted usto investigate corre-
sponding nitro compoundsdirectly to Domino reaction
in the synthesis of 1, 2, 3, 4-tetrahydrofuro/pyrano
quinolineswith cyclic enol ethersin presence of mole
equivaent of SnCl..2H,0 asreducing agent aswell as
catalyst inthe subsequent [4+2] imino Diels-Alder re-
action. Thisisin continuation of work on searching of
newer methodol ogies and modification of existing ex-
perimental methodsintermsof smpleenvironmentaly
benign, highyield, and easy isol ation protocol sin vari-
ous organic syntheses 181,
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RESULT AND DISCUSSION

Asapart of our continued programmeon the de-
velopment of newer processesfor tetrahydroquinolines
synthesisin our laboratory!*2, here our attention was
drawn into two protocols, in one of which, the aryl
amineswasgenerated in Stu from corresponding nitro
compounds which react immediately with 2,3-
dihydrofuran or 3,4-dihydro-2H-pyranin one pot to
produceal,2,3,4-tetrahydrofuro/pyrano quinolinesin
presence of reducing agent such as SnCl,.2H,0 and
thedirect involvement of aryl aminewith cyclic enol
ethersin presence of catalytic amount of SnCl.,.2H,0.
Inorder to ascertainthecataytic activity of SnCl,.2H,0
inimino Dielsa der reaction between anilinesand 2,3

dihydrofuran or 3,4-dihydro-2H-pyraninaddition to
act asreducing agent thesetwo separate reactionswere
carried out and confirmed the catalytic activity of SnCl,
2H_,Ointhereaction between anilinesand cyclic enol
ethers.

Hence wereport theresults of SnCl,.2H,O cata-
lyzed dominoreaction of arométic nitrocompoundswith
2,3-dihydrofuran or 3,4-dihydro-2H-pyran. Initidly this
reaction was carried out using SnCl,.2H,0 asthere-
ductant (-NO, to-NH,) and also the self facilitator of
imineformed by thereection between aryl amines, which
was generated during reduction of aryl nitro compounds
and with 2,3-dihydrofuran or 3,4-dihydro-2H-pyran.
Theseiminesimmediately undergo imino Diels-Alder
reaction with another molecule of 2,3-dihydrofuran or
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TABLE 1: Reaction of Aniline’sor Aryl aminesanilinecompoundswith 2,3-dihydrofuran and 3,4-dihydro-2H-pyranin
methanol

Entry R Cis/ Trans Product Time/ hr Yield (%)?
0
a H 78:22 4 84
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N
H
(0]
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N
H
O
H3;CO
c OCH3 87:13 25 81
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N
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Cl
d Cl 74:26 4 65
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3,4-dihydro-2H-pyran to give various 1, 2, 3, 4- In order to demonstrate the feasibility of the hy-
tetrahydrofuro/pyrano quinolinesand theresultsare  pothesis, we carried out model study, andin thischap-
summarizedinTABLE 1. ter wereport the results obtained from thiseffort. Our
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TABLE 2: Reaction of Aryl nitro compoundswith 2,3-dihydr ofuran and 3,4-dihydro-2H-pyran in methanaol

Entry Nitro compounds Cis/ Trans Product Yield (%)?
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first concern was whether the aryl nitro compound  enceof SnCl.,.2H,O asreducing agent aswell ascata-
cydisestothetetrahydroquinolinering systeminpres-  lystinone pot with 2,3-dihydrofuran or 3,4-dihydro-
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C4H and C,H are cis
configuration

Hiax
(o] N
NH OH
| Hoax
Hjax

C4H and C,H are axial to each
other hence large coupling constant

SructureA

C,H and C4H are trans
configuration

C,oHis in equatorial position
where C4H present at axial position

SructureB

2H-pyran. So, we eval uated the domino reaction by
coupling of nitrobenzene (1) with, 2,3-dihydrofuran (2a)
using appropriate moleequivaent of SnCl..2H,O asa
catalyst (Scheme1). Gratifyingly, thisreactionindeed
proceeded to give compound (3) and (4), inrelatively
goodyidld.

Nitrobenzene (1) (2 mmol) wasreacted with cata-
lytic amount of SnCl,.2H,0 (6 mmol) at reflux room
temperature in methanol and subsequently with 2,3-
dihydrofuran (2). When thereaction mixturewastirred
inmethanol at room temperaturefor 1 day in presence
of SnCl.,.2H,O (10 mol %), reaction did not occur to
generatethe corresponding tetrahydroquinolinederiva
tives. Thusthedomino reaction between nitro benzene
(1) and 2,3-dihydrofuran (2a), waseasily performed
with moleequivaent of SnCl..2H,0 asreducing agent
for nitro group into corresponding aminesin methanol
at reflux temperature, which spontaneoudy produced
thecyclized product (3a) and (4a) upon reaction with
2,3-dihydrofuran (2a). This product was believed to
be generated by theintramolecular [4+2] imino Diels-
Alder reaction between aminesand 2, 3-dihydrofuran
(2a). In order to confirm the structure (3a) and (4a)
conclusively, we prepared the same compoundsthrough
an independent route under the same reaction condi-
tiondirectly from aryl aminesand 2,3-dihydrofuran 2a
asshownin scheme 2. The SnCl, (10 mole %) cata-
lyzed thereaction of anilinewith 2,3-dihydrofuran 2ain

@Wu'c CHEMISTRY —

methanol assolvent afforded the seroisomericaly same
1,2,3,4-tetrahydrofuro/pyrano quinolinesand there-
sultsaresummarizedin TABLE 1.

Similarly, awide rangeof aryl nitro compounds
were screened in order to ascertain the scope of the
present reaction protocol and the resultsare summa-
rizedinTABLE 2. Itisevident fromtheresultsthat aryl
nitro compounds contai ning € ectron donating substitu-
entsreadily cyclized and givesgood yieldsof the prod-
ucts. However, lower yieldswere observed with e ec-
tronwithdrawing substituents (entries, d, e, TABLE 1).

The compounds 3 and 4 obtained from two inde-
pendent routes were well characterized by *H NMR
and LCM Sstudies. *H NMR and *C NMR were con-
sstent with thestructure assigned to all the newly syn-
thesized compoundswhich arein comparisonwiththe
reported spectral evidencesintheliterature®Y.

The structure of two isomerswas established on
thebasi sof spectroscopic evidenceand andytical data.
From the 'H NMR spectra, the ratio of two isomers
was determined conveniently by comparing theinte-
grationsof protoninthe crudeH NMR of compound
(3). It wasfound that the cisisomer isslightly more
favoured product inmost of the caseswhentheanilines
werereacted with 2,3-dihydrofuran/pyran.

Theenhanced cisdiastereosd ectivity (toform (3a)
and (4a)) was observed in each case of theinvestiga-
tionsimilar toasit wasreported in literature?!.
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Enlarged "H NMR Spectrum of Crude (3u+4a)
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Instructure “A” the C,H and C,H carbonsarecis
and hence they are trans 1-3 diaxia to each other.
Thereforethey show large coupling constant between
H,andH, at C, and C, carbon atoms. The C,H exhib-
ited coupling constant J= 7.2 Hz and C,H exhibited
coupling constant J=8.0 Hz which arein cons stent with
transdiaxial relationshipsbetween C,H and C,H pro-
tons. Hencethey are cisto each other in structure-A.
Similarly structure-B wasa so established.

Further al other derivativeswere authenticated by
comparing with the reported spectroscopic data?!.
Similarly severd amineswereexaminedandinal cases,
the three-component one pot reaction proceeded
smoothly to give the corresponding 1, 2, 3, 4-
tetrahydrofuro/pyrano quinolines (3a-h) and (4a-h) re-
spectively. All these compounds could be separated by
column chromatography in most cases. The structure
of compoundswascharacterized by IR, *H NMR, C
NMR, LC-MSand elemental anaysis.

A tentative mechanism to rationalize the product
formationisshownin scheme3. Thereduction of nitro
benzenewith SnCl,.2H,O will generate anilineinter-
mediate, which undergo condensation with 2,3-
dihydrofuran (3) to produce correspondingimineun-
der thesamereaction condition. Finaly, anazaDiels-
Alder reaction of theiminewith another molecul e of
2,3-dihydrofuran 3 produced tetrahydroquinoline de-
rivatives(3a) and (4a).

In conclusion, first timewe devel oped the highly
efficient domino reaction of aromatic nitro compounds
with cyclic enol ether in presence of SnCl,.2H,0.
SnCl,.2H,0 asthe self facilitator of imineformation
formed by the reaction between aryl amines, whichis
generated during reduction of aryl nitro compoundsand
subsequently react with 2,3-dihydrofuran or 3,4-
dihydro-2H-pyranto provide1, 2, 3, 4-tetrahydrofuro/
pyrano quinolinederivatives. Thescope, mechanismand
synthetic applicationsof thisreactionwith variousother
catalystsarecurrently under investigationin our labo-
ratory.

EXPERIMENTAL

Synthesisof 1, 2, 3, 4-tetrahydr ofur o/pyranoquino-
lines: A general procedure

Typically, SnCl..2H.0O (7.17 g, 28.45 mmol) was
added to astirred solution of nitrobenzene(1.0g, 8.13
mmol) in methanol (50 ml). Theresulting mixturewas
refluxed onwater bath for 1 hr. The 2,3-dihydrofuran
(1.13 g, 16.26 mmol) was added to the reaction mix-
tured owly with continues stirring. Progress of there-
action was monitored by TLC. Following evaporation
of theMeOH, themixture was extracted with ethyl ac-
etate. Theorganiclayer wasdried with anhydrousmag-
nesum sulfate, filtered and concentrated invacuum. After
evaporation of the solvent, the residue was subj ected
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to column chromatography to obtain ana ytically pure
compounds.

Synthesisof 1, 2, 3, 4-tetrahydr ofur o/pyranoquino-
linesfrom anilines: A general procedure

A mixtureof aromatic amine (2 mmoal), cyclicenol
ether or 2-hydroxycyclic ether (4-6 mmol), and
SnCl,.2H.0 (0.2-0.4 mmol) in 20 ml of methanol was
stirred at room temperature and the progressreaction
wasmonitored by TLC. When thereaction was com-
pleted, the reaction mixture was extracted with ethyl
acetate. The combined organic phaseswasdried with
anhydrous sodium sulfate, filtered and concentrated in
vacuum. Thecrude material was separated by column
chromatography (pet ether: ethyl acetate, 9:1) togive
the analytically pure isomeric mixture of
tetrahydroquinolinederivatives.

2,3,3a,4,5,9b-Hexahydro-4-(3-hydroxypropyl)-
furano[ 3,2-c]quinoline (3a, 4a).

Cis-isomer

'H NMR (CDCl,) § =7.26-7.34 (m, 1H), 7.02-7.10
(m,1H), 6.73-6.77 (M, 1H), 6.51-6.53 (M, 1H), 5.12
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(C,HcistoCH d, J= 8.0 Hz, 1H), 4.11-4.13(CH
cisto C,H dd, J=7.2 Hz, 1H), 3.69-3.81(m, 4H),
3.43-3.46 (m, 1H), 2.62 (d, J = 2.8 Hz, 1H) 2.01-
2.06 (m, 2H), 1.85-1.90 (m, 1H), 1.59-1.70 (m, 5H)
ppm. “*C NMR (CDCl,): 145.24, 130.25, 128.55,
122.84,118.94, 114.86, 76.02, 66.81, 62.52, 52.68,
42.69, 30.93, 29.21, 24.22 ppm.

Trans-isomer

'HNMR (CDCl,) 6 = 7.34(d, J= 6.4 Hz, 1H), 7.09
(m, 1H), 6.76 (m, 1H), 6.64 (d, J=8.0 Hz, 1H), 4.56
(CHtranstoC,Hd,J= 5.6 Hz, 1H), 4.11(d, J=7.2
Hz, 1H), 3.95 (C H transto C,H dd, J=4.0 Hz, 1H),
3.70 (m, 2H), 2.82 (m, 1H), 2.64 (s, 1H), 2.06 (m,
1H), 1.55-1.90 (m, 5H) ppm. *C NMR (CDCl,):
145.16, 131.20, 129.10, 120.48, 118.42, 115.08,
76.10, 65.76, 62.64, 52.16, 41.39, 30.09, 29.37,
28.79 ppm. MS: my z=234.2 (M+1).
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