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Clay/Water Mixtures — A Heterogeneous and Ecologically Efficient Catalyst
for the Three-Component Stereoselective Synthesis of Tetrahydroquinolines
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The three-component synthesis of tetrahydroquinolines 5
from aromatic amines 1, aromatic aldehydes 2 and cyclo-
pentadiene (4) can be efficiently performed in water in the
presence of the commercially available bentonite Bieliaca.
The overall process involves the rapid initial production of
the imines 3, which subsequently undergo aza-cycloaddition
processes with cyclopentadiene, affording products in good

yields and with excellent selectivities. The cycloaddition step
is regiospecific and stereospecific, exclusively giving the
endo product. It was possible to reuse the catalyst several
times without lowering its efficiency. The process represents
a clean, safe and environmentally friendly route for the pro-
duction of a class of natural products displaying a wide range
of biological activities.

Introduction

Multicomponent reactions (MCRs), as defined by Ugi,
are “‘reactions involving more than two starting reagents
that form a product which contains the essential parts of
all of the starting materials”.''! These processes have the
great advantage that the desired compounds can be pre-
pared without having to carry out the reactions in sequence
and without having to isolate and purify any intermediates.
The consequent advantages from the environmental and
economic points of view are clearly understandable, since
these procedures allow money to be saved and the produc-
tion of waste at source to be minimised. Indeed, the need
for alternative production technologies that are cleaner,
safer and environmentally more friendly represents one of
the most important targets facing chemistry both in the
plant and in the laboratory.l”!

In previous studies of the preparation of fine chemicals
with the aid of heterogeneous catalysis,*] we described the
use of clays as efficient solid catalysts for performing multis-
tep™ and multicomponent? reactions in aqueous media.
These results encouraged us to reinvestigate the three-com-
ponent tetrahydroquinoline synthesis from aromatic
amines, aromatic aldehydes and electron-rich alkenes[® in
the presence of solid acid catalysts operating in water, thus
avoiding the use of homogeneous protic or Lewis acids,
which require quenching and extraction procedures that are
responsible for the production of various amounts of or-
ganic and inorganic waste. Tetrahydroquinoline derivatives
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constitute an important class of natural products displaying
a wide range of biological activities!’! and many research
groups have consequently focused their attention on the
synthesis of these compounds.

Tetrahydroquinolines have previously been synthesised
by cycloaddition of N-alkylideneanilines and electron-rich
olefins in the presence of different Lewis acids, frequently
utilised in stoichiometric amounts. These have included
montmorillonite K10 combined with FeCl; in Et,O/
IBUOH,[S] BF3'Et20,[9] A1C13/Et3N[]0] and COz(CO)g.[”]
The one-pot approach based on the three-component con-
densation between aromatic amines, aldehydes and elec-
tron-rich olefins has been further developed by use of stoi-
chiometric amounts (with respect to the amine) of HCI!?!
or CF;COOH in acetonitrile.l'¥ In addition, lanthanum,
scandium and ytterbium triflates in acetonitrile or dichloro-
methane have been utilised as efficient catalysts of the pro-
cess.'* Scandium catalysts supported on nafion and on po-
lyacrylonitrile have also been utilised for the preparation of
libraries of tetrahydroquinolines.['”]

We now show that the three-component tetrahydroquin-
oline synthesis described above can be efficiently performed
in the presence of natural clays in water, under safer and
cleaner conditions.

Results and Discussion

We initially examined the use of different commercially
available clays as solid acid catalysts for the model reaction
between aniline (la), para-chlorobenzaldehyde (2w) and
cyclopentadiene (4), aiming at finding the best catalyst and
at evaluating whether or not it played positive roles both in
the production of the imine intermediate 3aw and in the
further aza-Diels—Alder cycloaddition to give the final
product Saw (Scheme 1).
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Scheme 1. The three-component reaction for tetrahydroquinoline
synthesis

Experiments were performed according to the following
procedure:P! a mixture of 1a (5 mmol, 0.5 g, 0.5 mL), 2w
(5 mmol, 0.6 g), 4 (7.5 mmol, 0.5 g, 0.6 mL), catalyst (0.5 g)
and acetonitrile (5 mL) in a small autoclave was vigorously
shaken at 40 °C for 5 h. For comparison, the reaction was
also carried out in the absence of any catalyst (Table 1).

The catalysts studied were smectite-type laminar silicates.
The structure of an elementary sheet of these materials con-
sists of an octahedral layer of Al[O4OH),] [for acid
montmorillonite KSF (H-Mont),!'®! sodium montmorillon-
ite (Na-Mont)!'”l and acid bentonite Bieliaca (H-Bent)!®]
(Table 1, Entries 1, 2 and 4)] or Mg[O4(OH),] [for hec-
torite!'?! (Table 1, Entry 5)] sandwiched between two tetra-
hedral layers of SiO, tetrahedra. Isomorphous substitution
of aluminium, magnesium or silicon by cations with lower
valencies induces negative charges in the layers, which are
compensated by exchangeable cations (including protons)
in the interlamellar space, producing materials with differ-
ent acid-base properties.?! The total concentration of acid
sites on the catalyst surface was determined by NHj; ad-
sorption?!l and the surface area by the BET method.*?

The most salient feature of the results shown in Table 1
is that production of the imine intermediate 3aw in almost
quantitative yield does not require any catalyst, and hence
clays are only involved in the aza-Diels—Alder process
(Table 1, Entry 6). Moreover, the key factor for the reaction
is the acidity of the clay, while the surface area seems to
play a less important role. Indeed, all clays display activity
in the production of tetrahydroquinoline Saw, but of all the
catalysts examined, the bentonite Bieliaca, which shows the
greatest overall acidity, is the most efficient catalyst
(Table 1, Entry 2). As expected, Na clays such as Na-Mont
were found to be much less active (Table 1, Entry 4).[3

This catalytic system takes advantage of the joint pres-
ence in the clay of pools of polarised water molecules and
of Lewis acid sites inside the interlayer spacing or in the
outside surface of the clay. According to previous reports
from the literature,> however, the activity of clay catalysts
is mainly due to the Bronsted acidity, which stems from the
hydration sphere of the exchangeable cations polarising the
coordinated water molecules. This conclusion was rein-
forced by the fact that the most efficient Bieliaca catalyst
(H-Bent) lost some activity after being heated at 350 °C for
5 h (Table 1, Entry 3), because all clays dehydrate at high
temperatures, their Bronsted acidity consequently decreas-
ing and their Lewis acidity increasing.! The three-com-
ponent model reaction in MeCN on Bieliaca (H-Bent) cata-
lyst was then analysed, comparing the concentrations of re-
agent la and products 3aw and Saw over time (Figure 1).
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Figure 1. Reactivity of aniline (la) in the model reaction

(Scheme 1) on Bieliaca (H-Bent) as a function of time

The results confirmed that the entire process followed the
trend of a typical irreversible sequential reaction. The fast
initial production of the imine intermediate 3aw was con-
comitant with the formation of tetrahydroquinoline Saw,
the yield of which was very low at first, but gradually in-
creased with time and reached 81% after 5 h.

The solvent effect in the aza-cycloaddition step was then
examined, since the results shown above (Table 1, Entry 6)
confirmed that production of imine intermediate 3aw oc-
curred very rapidly and in high yield in the absence of any
catalyst and without any need to remove the water pro-
duced. The model cycloaddition reaction between imine
3aw and cyclopentadiene (4) with the best Bicliaca catalyst
(H-Bent) was performed in different solvents, the choice of
which was dictated by results previously reported in the lit-

Table 1. Three-component tetrahydroquinoline Saw synthesis; effect of catalysis by different clays

Entry Clay Surface acidity Surface area 1a 3aw Saw
[mequiv. H*/g] [m?/g] conversion (%) yield (%) yield (selectivity) (%)
1 KSF (H-Mont) 0.70 = 10 15+ 10 99 22 76 (77)
2 Bieliaca (H-Bent) 0.77 = 10 205 =5 99 17 81 (82)
3 Bieliaca (350)! 0.50 = 10 104 £ 5 98 55 40 (41)
4 Na-Mont 0.10 = 2 32+1 99 40 58 (59)
5 Hectorite 021 %3 63 = 1 98 38 60 (61)
6 - - - 98 97 1(-)

(2] Heated at 350 °C for 5 h before use.
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eraturel'3 or obtained in our laboratory.®) We used four
solvents with different polarities, which promoted complete
miscibility of all reagents and products (and can con-
sequently produce high concentrations of interlayer re-
agents) (Table 2, Entries 1—4). We also utilised water, a
much poorer solvent in this regard but capable of enhan-
cing the reactivity of the system through hydrophobic inter-
actions, which have been reported to increase the rates of
Diels—Alder cycloaddition reactions profoundly (Table 2,
Entry 5).12¢

Table 2. Solvent effects in the aza-cycloaddition over Bieliaca (H-
Bent) catalyst

Entry Solvent EYE Saw yield (%)
2h 5h
1 CCly 0.052 40 53
2 PhMe 0.099 45 60
3 MeCN 0.460 49 70
4 MeOH 0.762 60 93
S H,O 1.000 65 96

[al Normalised E1(30) parameter (Reichardt).[?”]

The solvent polarity was expressed in normalised E1(30)
Reichardt parameters (EY), used because there are good lin-
ear correlations between these values and some other em-
pirical solvent polarity parameters.?” In all cases, the sole
detectable compounds were the unchanged imine 3aw and
the tetrahydroquinoline Saw. The results reported in Table 2
confirmed that the observed yields of tetrahydroquinoline
Saw and the polarity parameters of selected pure solvents
showed some correlation. In other words, the aza-
Diels—Alder cycloaddition is favoured by polar solvents.
We suggest that the solvent polarity can exert a positive
effect on the efficiency of the process by stabilising the
strongly polar, or even ionic, transition state. Moreover, po-
lar solvents can also facilitate access to the interlayer active
sites of the catalyst through the swelling process. In fact,
negatively charged layered silicates such as the bentonite
Bieliaca, containing exchangeable balancing cations, un-
dergo topotactic solid-state reversible reaction upon inter-
action with polar solvents, which induces the swelling of the
lamellar structure. This process occurs because of solvation
of both the surface siloxane groups and the positive counter
ions in the interlayer area. The specific effect of water and
protic polar solvents in favouring this process is well docu-
mented. 28

As far as the high yield achieved when the reaction is
carried out in water is concerned (Table 2, Entry 5), hydro-
phobic packing, if present, of azadiene and cyclopentadiene
is not the sole effect responsible for the activation, since a
fairly similar high reactivity was observed in methanol, in
which both reagents are soluble (Table 2, Entry 4). We
might instead suggest an activation of the azadiene by pro-
ton transfer from the acid catalyst active sites, which be-
come more and more accessible with the increasing swell-
ing effect.

Eur. J. Org. Chem. 2001, 2513—2518

Since the catalyst Bieliaca is a natural bentonite treated
with hydrochloric acid, we suspected that the activation of
reagents in water and methanol might be due to the protic
acidity developed from the clay. Thus, we examined two
comparative three-component model reactions between
compounds 1a (5 mmol), 2w (5 mmol) and 4 (7.5 mmol) at
40 °C for 5 h, using the acidic water (5 mL) obtained after
filtration of a stirred suspension of Bieliaca clay (0.5 g)
(pH = 5.46) and the same washed clay in neutral water (5
mL). The production of the imine 3aw in 98% yield in the
first case and of tetrahydroquinoline Saw in 94% yield, ac-
companied by traces (2%) of 3aw, in the second confirmed
the essential role played by the solid acid catalyst in the
process. It is noteworthy that montmorillonite KSF, which
afforded more acidic water (pH = 1.55) under the treatment
described above, proved to be less efficient than Bieliaca
(which afforded acidic water with pH = 5.46) in promoting
the three-component process, further confirming that the
catalytic activity strongly depends on the “supported pro-
tic acidity”.

Although little is known about the detailed mechanism
of such aza-cycloaddition processes, available results point
to a mechanism involving a strongly polar, or even ionic,
transition state. The reaction may proceed either through
concerted polar [4n* + 2n] cycloaddition with subsequent
tautomerisation (through a) or by an intermolecular 1,2 C=
N* addition-intramolecular cationic cyclisation sequence
(through b).[?’1 The active species are produced by H-bond
activation or by protonation (Scheme 2, intermediate 6) of
the nitrogen atom of 3 by the strongly acidic clay, which
makes the azadiene even more electron-deficient and thus
active in the present reaction.

Scheme 2. The tetrahydroquinoline synthesis reaction mechanism
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The problem of catalyst recycling in the same three-com-
ponent model reaction was then addressed. The catalyst
was recovered by filtration, washed with water and acetone,
heated at 100 °C for 8 h and immediately reused for a fur-
ther five times without significant loss of efficiency [yield
(selectivity) determined for each cycle: 1st: 95 (97); 2nd: 97
(98); 3rd: 95 (96); 4th: 96 (97); Sth: 95 (96); 6th: 96 (97)].
These results make this methodology particularly attractive
from both the economical and the environmental points
of view.

The scope of this procedure was finally extended to the
synthesis of various tetrahydroquinolines 5. The results re-
ported in Table 3 confirm that the methodology is compat-
ible with different functional groups being present on the
aromatic rings both of aldehyde and of amine. In general,
tetrahydroquinolines 5 were obtained in high yields and
with good selectivities, independently of the electronic effect
of substituents.

Table 3. Synthesis of variously substituted tetrahydroquinolines

Entry R R’ 5 Yield [Sel.] (%0)
1 H 4-Cl Saw 96 [98]
2 H 4-NO, 5ax 95 [97]
3 H 4-OH 5ay 93 [96]
4 H H 5az 86 [97]
5 4-Cl H 5bz 98 [99]
6 4-COOEt H 5cz 96 [98]
7 4-NO, H 5dz 96 [99]
8 4-Me H Sez 97 [98]
9 3-Me H 5fz 97 [98]
10 3,4-(OMe), H 5gz 85 [97]

The reaction is regiospecific and stereospecific, exclus-
ively producing the endo product 5; this was also the pre-
dominantly obtained isomer under homogeneous catalysis
conditions with different Lewis acids.[10:142.140.30] The struc-
tures of the compounds Saw and 5bz were determined by
'H NMR NOESYTP experiments (Scheme 3), attesting
that the additions are regiospecific (only 3H isomers are
formed) and stereospecific (the aryl group is oriented cis
with respect to the cyclopentene ring).

Scheme 3. Numbering of 3a,4,5,9b-tetrahydro-3 H-cyclopenta[c]-
quinoline protons

In particular, the cross-peak correlations in the 2D spec-
tra of compound 5bz showed strong though-space interac-
tions between the proton H-3a (6 = 3.00) and both protons
H-9b (6 = 4.07) and H-4 (6 = 4.61). The cis stereochem-
istry is thus unequivocally established. Regarding the
double-bond position, the cross-peak correlation between
the signals due to H-9b and H-1 (5 = 5.82), as well as that
between the signals due to H-3a and the methylene proton
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H-3 (8 = 1.82) confirm the structure of the depicted re-
gioisomer. The 2D spectra of compound 5aw show the same
cross-peak correlations, confirming the endo structure.

Attempts to use aliphatic aldehydes instead of aromatic
ones resulted in decreases in both yield and selectivity, due
mainly to the formation of autocondensation products from
the enolizable aldehydes. In contrast, the use of paraformal-
dehyde (9) resulted in the formation of the tetrahydroquin-
oline 10121 (75% yield, 92% selectivity) or of the pentacyclic
product 1119 (91% yield, 95% selectivity) when using 1:1:1.5
or 1:3:3 aniline/paraformaldehyde/cyclopentadiene molar
ratios, respectively (Scheme 4).

)
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a:1a/9/4 = 1/1/1.5; b:1a/9/4 = 1/3/3

Scheme 4. The reaction pathways in the paraformaldehyde/aniline/
cyclopentadiene reaction

Conclusion

In conclusion, we have shown that the three-component
tetrahydroquinoline synthesis from aromatic amines, aro-
matic aldehydes and cyclopentadiene can be efficiently per-
formed in aqueous solvent and in the presence of acid clays,
with the natural and commercially available bentonite Bieli-
aca being the most efficient catalyst. Although water is the
best medium from the economic and environmental points
of view, the reaction can be efficiently performed in differ-
ent polar and protic solvents (such as CH;CN and MeOH).
The overall process involves the rapid initial production of
the imine, which subsequently undergoes an aza-cycloaddi-
tion process with cyclopentadiene. The cycloaddition step
is regiospecific and stereospecific, affording the endo prod-
uct (all-cis product) exclusively. The catalyst could be reused
five times without reducing its efficiency.

Experimental Section

General Remarks: Melting points are uncorrected. — 'H NMR
spectra were recorded at 300 and 400 MHz. 'H assignments were
confirmed with the aid of the 2D experiments. — Mass spectra were
obtained in EI mode at 70 eV. — Microanalyses were carried out
by the Dipartimento di Chimica Generale ed Inorganica, Chimica
Analitica, Chimica Fisica dell’Universita di Parma, Italy. — All
reagents were of commercial quality, from freshly opened con-
tainers. The clays were purchased from Fluka (KSF Montmorillon-
ite), Hlinka (Bieliaca) and Source Clay Repository (Na-Montmor-
illonite and Hectorite). All clays were heated at 100 °C before use.

Synthesis of Tetrahydroquinolines 5. — General Procedure: A mix-
ture of the selected aldehyde (5 mmol), the selected aniline
(5 mmol), freshly prepared cyclopentadienel*! (7.5 mmol, 0.5 g, 0.6
mL) and Bieliaca (0.5 g) in water (5 mL) was vigorously shaken at
40 °C for 5 h in a small autoclave; after filtration and washing with
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with hot acetone, the solvents were removed under reduced pres-
sure and the crude product was chromatographed on silica gel, us-
ing a mixture of hexane/ethyl acetate (90:10) as eluent (alternat-
ively, the product was sometimes crystallised from cold methanol).
Products Saw, 5az, Sbz, 5dz,10 and 11 gave melting points and spec-
troscopic data consistent with those reported.

(3aa,4p,9bp)-4-(4-Nitrophenyl)-3a,4,5,9b-tetrahydro-3 H-cyclopenta-
[c]quinoline (5ax): Yield 2.78 g (95%), yellow solid, m.p. 200—201
°C. — 'H NMR (CDCl3) § = 1.6—1.9 (m, 1 H,), 2.5-2.7 (m, 1
H,), 3.02 (qd, 1 H, J = 8.9 and 3.3 Hz), 3.7 (br. s, 1 H,), 4.15 (d,
J =86Hz 1 H), 476 (d, J = 3.1 Hz, 1 H), 5.6—-5.8 (m, 1 H,),
5.8—6.0 (m, 1 H,), 6.67 (dd, 1 H, J = 7.8 and 1.2 Hz), 6.80 (td, 1
H, J = 7.8 and 1.2 Hz), 7.02 (td, 1 H, J = 7.8 and 1.2 Hz), 7.08
(dd, 1 H, J = 7.8 and 1.2 Hz), 7.63 (d, J = 8.7 Hz, 2 H), 8.24 (d,
J =8.7Hz, 2 H). — IR (KBr): ¥ = 3364 cm ™ '. — MS; m/z: [M ]
292 (100), 156 (28). — C;sH16N,O,: caled. C 74.0, H 5.5, N 9.6;
found C 74.2, H 5.8, N 9.4.

(3aa,4p,9bp)-4-(4-Hydroxyphenyl)-3a,4,5,9b-tetrahydro-3 H-cyclo-
pentajc|quinoline (5ay): Yield 2.45g (93%), yellow solid, m.p.
69.5—-70.5 °C. — 'H NMR (CDCl3): 6 = 1.86 (1 H, br dd, J =
16.1 and 8.8 Hz), 2.5-2.8 (m, 1 H,), 2.9-3.1 (qd, | H, J = 8.8 and
3.2Hz),4.11 (d, J = 88Hz, | H), 42 (br.s, 1 H,), 459 (d, J =
3.2Hz, 1 H), 5.6—5.7 (m, 1 H,), 5.8=5.9 (m, 1 H,), 6.63 (d, J =
7.7Hz, 1 H), 6.77 (t, J = 7.7 Hz, 1 H), 6.83 (d, J = 8.4 Hz, 2 H),
7.00 (t, J = 7.7Hz, 1 H), 7.08 (d, / = 7.7Hz, 1 H), 7.31 (d, J =
8.4 Hz, 2 H). — IR (KBr): v = 3359 cm~!. — MS; m/z: [M"] 263
(100), 262 (70), 168 (33). — C;3sH7NO: caled. C 82.1, H 6.5, N 5.3;
found C 82.3, H 6.6, N 5.1.

Ethyl (3a0,4p,9bf)-4-Phenyl-3a,4,5,9b-tetrahydro-3H-cyclopenta|c]-
quinoline-8-carboxylate (5¢z): Yield 3.07 g (96%), brown solid, m.p.
154—155 °C. — '"H NMR (CDCls): 8 = 1.37 (t, J/ = 7.1 Hz, 3 H),
1.7-1.9 (m, 1 H,), 2.5-2.7 (m, 1 H,), 3.02 (qd, 1 H, J = 9.2 and
3.3Hz), 413 (d, J = 9.2Hz, 1 H), 42 (br. s, 1 H,), 433 (q, J =
7.1 Hz,2 H), 4.70 (d, / = 3.3 Hz, 1 H), 5.6—5.7 (m, 1 H,), 5.8—6.0
(m, 1 H,), 6.60 (d, J = 8.4 Hz, 1 H), 7.3—-7.5 (m, 5 H,), 7.69 (dd,
1 H,J=284and 1.8 Hz), 7.77 (d, J/ = 1.8 Hz, 1 H). — IR (KBr):
V = 3336 cm L. — MS; m/z: [M*] 319 (100), 228 (40). —
C,H,NO,: caled. C 79.0, H 6.6, N 4.4; found C 79.2, H 6.7,
N 4.2.

(3aa,4p,9bp)-8-Methyl-4-phenyl-3a,4,5,9b-tetrahydro-3 H-cyclo-
pentajc|quinoline (5ez): Yield 2.54 g (97%), white solid, m.p.
108—110 °C. — '"H NMR (CDCl5): 6 = 1.96 (1 H, br dd, J = 16.2
and 8.6 Hz), 2.12 (s, 3 H,), 2.4-2.6 (m, 1 H,), 2.84 (qd, 1 H, J =
8.8 and 3.2 Hz), 3.4 (br. s, 1 H,), 3.93 (d, / = 8.8 Hz, 1 H), 4.43
(d, J = 32Hz, 1 H), 54-5.6 (m, 1l H,), 5.6—5.8 (m, 1 H,), 6.37
(d, J =8.0Hz, 1 H), 6.66 (d, J = 8.0 Hz, 1 H), 6.75 (s, 1 H,), 7.13
(1 H, tt, J = 6.9 and 1.4 Hz), 7.22 (2 H, td, J = 6.9 and 1.1 Hz),
7.29 (dd, 2 H, J = 6.9 and 1.4 Hz). — IR (KBr): ¥ = 3356 cm™ .
— MS; m/z: [M*] 261 (100), 184 (42), 170 (60). — C,oH oN: calcd.
C 87.3, H 7.3, N 5.4; found C 87.2, H 7.5, N 5.3.

(3aa,4p,9bp)-7-Methyl-4-phenyl-3a,4,5,9b-tetrahydro-3 H-cyclo-
penta|c]quinoline (5fz): Yield 2.54 g (97%), white solid, m.p.
109—111 °C. — "H NMR (CDCl5): 6 = 1.7—1.9 (m, 1 H,), 2.22 (s,
3 H,),2.5-2.7 (m, 1 H,), 297 (qd, 1 H, J = 8.7 and 3.5 Hz), 3.7
(br. s, 1 H,), 4.06 (d, J = 8.7Hz, 1 H), 4.69 (d, J = 3.5Hz, 1 H),
5.5-57 (m, 1 H,), 58=59 (m, 1 H,), 6.42 (s, 1 H,), 6.58 (d, J =
7.6 Hz, 1 H), 6.94 (d, J = 7.6 Hz, 1 H), 7.2—7.5 (m, 5 H,). — IR
(KBr): v = 3359 cm™ 1. — MS; m/z: [M*] 261 (100), 184 (44), 170
(58). — C19HoN: caled. C 87.3, H 7.3, N 5.4; found C 87.1, H 7.4,
N 5.5.
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(3a0,4p,9bp)-7,8-Dimethoxy-4-phenyl-3a,4,5,9b-tetrahydro-3 H-
cyclopenta|c]quinoline (5gz): Yield 2.61 g (85%), pale brown solid,
m.p. 113—114 °C. — 'H NMR ([Dg]DMSO): 6 = 1.60 (1 H, br dd,
J = 159 and 9.1 Hz), 2.3-2.6 (m, 1 H,), 290 (1 H, br q, J =
9.0 Hz), 3.65 (s, 6 H,), 394 (d, J/ = 8.7Hz, 1 H), 445 (d, J =
2.7Hz, 1 H), 5.5-5.6 (m, 1 H,), 5.8—6.0 (m, 1 H,), 6.44 (s, 1 H,),
6.61 (s, 1 H,), 7.26 (t, J = 7.2 Hz, 1 H), 7.36 (t, J = 7.2 Hz, 2 H),
7.45(d, J = 7.2 Hz, 2 H). — IR (KBr): v = 3345 cm™~!. — MS; m/
z: [M*] 307 (100), 292 (78), 91 (55). — CyH,NO,: caled. C 78.1,
H 6.9, N 4.6; found C 78.3, H 7.0, N 4.5.
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