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ABSTRACT: The application of immobilizing calixarene ontoetlsurface of silica using a sol-gel method, as Hitient
heterogeneous catalyst (CX4${3i(n)) for multicomponent Povarov reaction has beencilesd. Catalytic activity of the
CX4SOHSI(n) for the synthesis of julolidines under greenedt anvironmentally benign conditions in simple afficeent method was
explored. Notably, only 0.5 mol% of the catalyssisficient to catalyze the Povarov solvent-freecties under microwave-assistance.
Besides, this protocol allows the construction afrfoew C-C bonds and two C-N bonds in a single stegh& best of our knowledge,
this consists the first silica support calix[4]aeeas a heterogeneous catalyst for multicomponentihagis of julolidines.

KEYWORDS: calixarenes, heterogeneous catalysis, julolidimésrowave-assisted, multicomponent reactions

1. Introduction

High-efficiency catalysis is an inevitable topicdi$cussion in N ne—o
our society given our heavy reliance on it. Thedewelopment %J LM G r/ B
and advances in technology in order to meet theademof a 1 /~, N o (o 1 5=(
growing population for a sustainable synthetic ctstmi ( JL& (§\ e Nooon d { <JN>\ { ﬂ!%
Although homogeneous acid catalysis has attractezhteyr ‘ | - -

attention, their applications in industrial proessre hindered MRS 2 patie B i probe “solar cells ptic activy
by the high cost, recovery catalyst, corrosion,idibx and

environmental safety. Recently, the combinatiorthef chemical Figure 1. Some examples and application of julokdierivatives.
properties of acid organocatalysts and differeridssupports

such as carbon, polymers, silica and other metalesxhave The traditional strategies for syntheses of julakd usually
received significant attentioh. involve a reaction of an aniline or tetrahydroquiime® with 1-

. ) ) . bromo-3-chIoropropaﬁé(Scheme 1). Traditional method has the
In the last years, research interest in ca]aene chemistry disadvantage of offering few alternatives for intioihg

has increased dramatically due to their application several ¢ pstituents into the julolidine skeleton, in C-8 -9 and
fields of chemistry, such as gels and films withofescent egpecially in the alkyl moiety

properties. molecular recognitiof, self-assembling systems,

mechanically interlocked moleculésnd nanoporous materidls. ~ Multicomponent reactions (MCRs), defined as one-pot
The application of calixflarenes as organocatalysts in organicreactions, constitute an important group of tramsédions that
synthesis has become very poplladn the other hand, the combine many aspects of an ideal synthesis, sudpastional
application of calixfilarenes as a heterogeneous catalyst for th&implicity, atom economy, bond forming efficiencyacile

chemical transformations remains largely unexpléfed automation, reduction in the number of workup, &stion and
purification processes, and hence minimize wasteergéion,

Jul_olidine and their derivatives are one of the maessatile rendering the green and sustainable transformatiosgnthetic
and important c_Iasses df\l-heteroqycll_c_ and have_ attracted chemistry®® The modularity of this approach is extremely
enormous attention from the scientific communityr fthe  gyjitaple ‘for the synthesis of functional materiadmd it is,
potential in many applications such as fgr metalss®, " dye-  therefore, widely used for the fast generation ofemales for
sensitized  solar celfs, antiviral activity, antidepressants, pigh tech application&. The multicomponent Povarov reaction
tranqwhzgrsl,_ fluorescent prob& and nonlinear optical (MCPR) of anin situ generated imine and an electron-rich
materials’ (Figure 1). dienophile under acid catalysis conditions is asatle and



widely used synthetic technique adding aspects stamability
for the construction of tetrahydroquinolifs: and quinoline$®

The MCPR appears as a green alternative for thihesis of
julolidines derivatives and remains largely unexet® (Scheme
1). Herein, a simple, effective and eco-friendly @@gh to the
MCPR of julolidines derivatives using silica supigalp-sulfonic
acid calix[4]arene (CX4SgiSi(n)) as a recoverable and reusable
heterogeneous catalyst under solvent-free condii®presented.
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2. Results and Discussion
2.1.Catalysis synthesis CX4gdsi(n)

Catalysts was synthesized using a sol-gel technigue.
mixture of CX4SGQH, water and a hydrochloric acid solution was
added to tetraethyl orthosilicate. The mixture wiasesl for 5 h
at room temperature. Then, the mixture was allowestand for
3 days, and after breaking the formed hydrogel \witfieflon
stick, the sample was dried in a vacuum for one vwaetoom

temperaturé®
@»cmsow

CX4SO0;HSi(n)

HO3S  SOzH SOzH

HO,S
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Scheme 2. Synthesis of the catalyst CX4$8)(n).

2.2.Acid-based property

The ion exchange capacities of CX48Si(n) were
determined by acid-base titration and potentioroetitration.
The acid capacity of the sample CX48{Si(n) catalyst was
determined by titration with 5 x TOM NaOH,,,*" being found a
value of 0.32 mmol Hg of catalyst. The strength of the acid
sites, obtained by potentiometric titration wittbutylamine, can
be classified according to the following scale: EG® mV (very
strong sites); 0 < E < 100 mV (strong sites); —¥0B < 0 mV
(weak sites) and E < =100 mV (very weak sitdsJhe acid
strength for CX4S@HSi(n) catalyst was 205 mV, indicating the
presence of very strong sites.

2.3.X-Ray diffraction

The XRD pattern peaks were obtained between 5° and 50°.
Even though no X-ray diffraction peaks were deteatedhe
XRD pattern of the supported samples, the presencsowie
ordering cannot be ruled out because they mayssettean 40 A
in size, which is beyond the detection limit of theérD
technique. The broad X-ray diffraction patterns niaglicate
long-range disordered nattffe.

2.4.Elemental analysis determination

The elemental analysis of the included CX48Gshow a
carbon content of 5.92%, corresponding with a % wiaaive
phase of the CX4S@ISi(n) catalyst in the silica matrix of
15.1%.

2.5.FT-IR analysis

Figure 2 shows the FTIR spectra of activated mesysor
silica, CX4SQH and CX4S@HSi(n). The FTIR spectrum of
unmodified mesoporous silica is relatively simpladawell
assigned® The strong absorption band at 1068 tis attributed
to the Si—O-Si bending of silica, while the absodeaat 1629
and 3298 cnt is assigned to the surface hydroxyl groups of

—sio,
—— CX4SO03H
—— CX4S03HSi(n)
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Figure 2. FTIR spectra of (—) SiQ—) CX4SQH and (—) CX4SGHSI(n).

A typical spectrum of CX4SgI (Figure 2) presents four main
bands at 3134, 1449, 1030 and 783 'cwhich are assigned to
the OH bond of the phenol group, the weak absorpteak pf
due to the methylene CH bending, the strong absorgteak of
S-0O bond and the CX4$B® aromatic hydrogen angular
deformations, respectivefy. The spectrum of CX4S@ISi(n)
(Figure 2) presents four main bands at 3303, 12@93 and 783
cm ' assigned to the stretching hydroxyl group streigHrom
both mesoporous silica and the CX480molecule, the weak
absorption peak of methylene bridges, the strosgribion peak
of S—O which broadened the angular deformation bhadeak
of Si-O-Si and CX4Sg aromatic hydrogens, respectivély.

2.6.5C and**Si MAS-NMR

¥C MAS-NMR of pure CX4S@H (Figure 3a) present the
following peaks: 30.1 (-CH2-); 127.9 (Ar); 137.0 (Al50.6
(Ar). These signals are also present in the CX#80n) (Figure
3b), which proves that the CX4g@@structure is maintained after
the inclusion. Remaining ethoxy groups of the tdtrgl
orthosilicate give peaks at 9.8 and 71.2 ppm; tipes&s possess
a small linewidth due to the high mobility of thé@exy groups?

#Sji MAS-NMR of CX4SQHSi(n) catalyst are shown in
Figure 3d. Three overlapping signals are preseitZdt.2 (53.7);



-101.7 (38.4); -91.8 (7.9) which can be assighe®40 Q3 and
Q2, respectively”® The same group of signals can be seen
pure silica (Figure 3c) showing that the supporucitrre is
maintained after the CX4SB inclusion. The average
distribution of Q4, Q3, and Q2 are according to litera®® The
amount of geminal silanols (Q2) has a small incresisen the
CX4SO4H is present.
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Figure 3. Solid-state NMR spectra:*3} NMR of CX4SQH; b) **C NMR of
CX4SQHSI(n); ¢) °Si NMR of support; d¥°Si NMR of CX4SQHSI(n).

2.7.Textural properties

The porosity of a) silica, b) CX4SB and c) CX4SGHSi(n)
was measured using nitrogen physisorption and tiserpton-
desorption isotherms are compared in Figure 4. Bheett-
Joyner-Halenda (BJH) pore size distributige. (insert on Figure
4) shows that the silica has a higher range of dameter (ca.
0.4 to 1.6 nm) with maximum at ca. 0.5 nm (Figur¢, 4hile
CX4SOH has range of pore diameters (ca. 0.9 to 1.35 witf),
a well-defined maximum at 1.1. nm (Figure 4b). Cosgdy, the
CX4SGHSI(n) presented an intermediate range of pore diamet
(ca. 0.4 to 1.25 nm), with a maximum of 0.8 nm. Timodal
BJH pore size distribution was observed for CX438i(n),
whereas the unimodal mesoporous distribution otasithefore
immobilization is an evidence of this material ofs i
microporosity. This behavior was previously notidadKatz et
al, which immobilized calixarenes derivatives ontoface of
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Figure 4. a) BJH method of pore size distributiondilica, b) CX4S@H and
c) CX4SQHSiI(n).

On the other hand, the adsorption-desorption isother

irobtained from silica and CX43B (Figure 4a and b) were

substantially different form that obtained fromicglsupported
CX4SGOHSI(n) (Figure 4c). Typically, the BET isotherms
obtained from silica were of type |, typical of noporous solids.
The isotherms of calix[4]arene were type lll, typicd solids
with low porosity {.e., nonporous or microporous materiafs).
Conversely, the silica-supported calix[4]arene enésd
isotherms typical of mesoporous solids (Type*Vndeed, the
hysteresis observed in the isotherms of Fig 5c veseigted by
differences in the processes of adsorption/desmrptiThis
behavior may be assigned to the capillary condemsat
phenomena, triggered by inclusion of calix[4]aréaesolid with
lower porosity) into silica ife. a microporous solid). The
supporting of calix[4]arene on the silica surfacengrated a
mesoporous solid, where the adsorption on mesopaolids
proceeds via multilayer adsorption followed by dapyl
condensation, resulting in a Type V isotherm.

Table 1 shows the surface area and porous volumiheof
support, CX4S@H and CX4SG@HSi(n) catalyst, respectively.
The inclusion of CX4SgH in the silica matrix generates a
material with an area 10 times larger than the KTX4SOH
(Table 1).

Table 1. Surface and porosity parameters of Sili€X4SQH and
CX4SQHSi(n).

Entry

Surface area (fn

Catalyst Pore volume (rhg?)

g9
1 Silica 52.729 0.199
2 CX4SQH 2.842 0.013
3 CX4SQHSI(M) 33.958 0.131

2.8. Thermogravimetric analysis (TGA)

The thermal stability of the organosilicas was exsdi by
et(?ermogravimetric analysis (TGA). TG curves of (a)cail (b)

X4SOH and (c) CX4SGHSi(n) were determined (Figure 5).
TG curves showed that silica and CX48Gi(n) exhibited a
lower mass loss than CX4g®(ca. 16 % for (a) and (c), and 65
% for (b), respectively. The stage of mass losdextebelow 100
°C due to loss of the adsorbed water. Differentlynthi& curve
of silica that presented only a well-defined staamass loss
(Figure 5a), CX4SeH (Figure 5b) and CX4S@iSi(n) (Figure
5¢) had two steps where the decrease of mass was atiekch
The second decrease of mass observed in the laft@Gwaurves
should be of (b) and (c) should be attributed ®adbcomposition
of CX4SQH.* This change in the TG curve of CX4$3i(n)
relative to that of pure silica demonstrates thiicas was
successfully modified with CX4S@. Furthermore, the profile
of curves shown in Figure 5 agree with literatureadafThe
endothermic peak on DSC curve of CX48Qmay be assigned
to the decomposition of sulfonic groups of CX480which was

a) ,

R

100
90
80
70
60
50

weight loss / %
1P/HP

weight loss / %

40
30

-1
373 473 573 673 773 873 973
Temperature / K

-05
573 673 T 873 973
Temperature /

c)

373 473

100
%
92
88
84

weight loss / %

80
76

72

373 473 573 673 773
Temperature / K

873 973



less pronounced in the DSC curve of CX488i(n).

Figure 5. High-resolution thermogravimetric anady$§TG) of a) silica, b)
CX4SQH and c) CX4SEHSi(n).

2.9. Application of CX4SgMHSi(n) in the synthesis of julolidines

The excellent results for synthesis of julolidinesploying
CX4SQH,”® mentioned above, inspired us to

12 e 50 0.5 15 24

13 - 50 0.5 20 24

14 - 50 - 10 25
- 50 support 10 9

*Reaction conditions4-bromoanilinela (0.5 mmol), formaldehyd® (1.5
mmol), 2,3-dihydrofurar (1.5 mmol).’Total yield 1[()-T+C] for the crude

use mixture of (£)-1T and 1C was determined by GC/M&lgsis.

CX4SQOHSi(n) as a heterogeneous catalyst to obtain julolidines  The catalytic activity of CX4SgiSi(n) was compared to that

The heterogeneous CX4gd5i(n) catalyst, previously prepared,
was employed in all reactions. In order to deterntime best
reaction condition, 4-bromoaniline (1a), formaldeéay(2) and
2,3-dihydrofuran (3) were used as substrates andeaetions
were carried out in the presence of CX486i(n) as catalyst
(0.5 mol%) under microwave irradiation. A series olvents as
well as solvent-free conditions (Table 2, entry @ye tested to
determine the best condition for obtaining julaties in very
good vyields. The use of waf&rmethanol or ethanol as protic
solvents yielded the julolidine 1[(z)-T+C] in 14%9% and 53%,
respectively (Table 2, entries 1-3). The 1[(z)-T+®hs also
obtained in good yield when aprotic solvents, suchaetonitrile
or solvent-free were used (Table 2, entries 4 and(Bjce
determined that a solvent-free reaction was the dmsdition to
obtain 1[(x)-T+C], we further investigated what thénimum
amount of catalyst CX4SEISi(n) required to achieve the
maximum reaction yield. The 1[(z)-T+C] yield decsed to 57%
and 56% when the amount of CX4${3i(n) was increased from
0.5 mol% to 1.0 mol% and 2.0 mol% (Table 2, entBeg). By
using the microwave irradiation and different pows0,(100,
200 and 300 W), the 1[(x)-T+C] yield decreased 2809 87%,
85% and 70% when the power was increased from 50 O/\\,0
200 W and 300 W (Table 2, entries 5 and 8-10). Vie&d of

of two commercials heterogeneous Bronsted acids, ehlysi
and HPW,;;0, Notably, the use of CX4SESi(n) was
considerably more efficient than the other catalyssted for this
reaction (Table 3, entries 1-3).

Table 3. Effect of different heterogeneous catalysh the formation of
julolidines’.

Br Br
)’L Catalyst
Br H H (0.5 mol %)
+ (o] solvent free o) «0 O 0
L 150 °C, +
\©\NH2 D 50 W, 150 °C, 10 min N ) N
(#)-1T 1c
Entry Catalyst Yielll (%)
1 CX4SQHSiI(n) 92
2 Amberlysf IRA-400 23
3 HsPW;,0, 31

*Reaction conditions4-bromoanilinela (0.5 mmol), formaldehyd® (1.5
mmol), 2,3-dihydrofurar (1.5 mmol).’Total yield 1[()-T+C] for the crude
mixture of (£)-1T and 1C was determined by GC/M&lgsis.

Given the optimized reaction conditions for the hgsis of
1[(#)-T+C] (solvent-free, CX4S@Si(n), 0.5 mol%, PW 50 W
and 10 min), the generality of the MCPR was evatligker this

1[(#)-T+C] decreased to 59% when the reaction times wapurpose, aromatic anilines containing electron-tinga and

decreased to 5 min (Table 2, entry 11), and thé&dyialso
decrease for longer reaction times (Table 2, entt2 and 13).
The 1 [(x)-T+C] yield in the catalyst-free reactior in the

electron-withdrawing groups ghara-position aromatic ring were
evaluated (Scheme 3). The best yields were obtdmrethe p-
halogen-substituted anilines (F (97%), Cl (94%),(®2%) and |

presence of the support (TEOS) reactions was 25 and 9 (83%)). These yields were very similar than thostaioled by

respectively (Table 2, entries 14 and 15). Ovethk use of
solvent-free, a reaction time of 10 min, and 0.5] ®® of
CX4SOHSI(n) catalyst provided 1[(x)-T+C] in excellent yield
(92%).

Table 2. Effect of the solvents, catalyst loadipgwer and reaction time on

the formation of julolidine®s
0

@»cmsow

Br.

\@\ cx4so3HS|(n)
NH, 3

1a )T

Entry Solvent (F:/c\)/)wer ?rﬁé?%t loading ;rr'TTne) ;i(e):tlzl’
(%)
1 H.O 100 0.5 10 14
2 MeOH 100 0.5 10 79
3 EtOH 100 0.5 10 53
4 MeCN 100 0.5 10 84
5 - 100 0.5 10 87
6 - 100 1.0 10 57
7 - 100 2.0 10 56
8 - 200 0.5 10 85
9 - 300 0.5 10 70
10 - 50 0.5 10 92
11 - 50 0.5 5 59

other methods fop-fluor, p-bromine and higher for anilines Cl, I,
H and CH for p-substitude$® The substituents on the aniline
ring had no noticeable effect on the diastereoismmexcess

(Scheme 3). In general, low stereoselectivity iseobesd in the

reaction®® 2 23 2% 3Tha cigtrans isomerism of the
synthesized compounds was determined'hyNMR based on
the values of the coupling constanfi¢ and Jtrang and the
chemical shift values (compared to the previoushported
results)**® Despite the low selective ratio between diastereqmers

the reactivity was impressive and both diastereornerdd be

characterized.
Ceecses OQQJN/ %3 of%o
f—)%
(%)~ 3T (51 %) 3T (46 %)

(&)-2T (48 %)
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Scheme 3. Scope of the Reaction for Different Aedi. Reagents and
conditions: aniline (0.5 mmol), formaldehyde (1.5 mmol), and3-2
dihydrofuran (1.5 mmol) in the MW 50 W, 10 min, weht-free. The yield of
each julolidine is presented in parentheses. stigield.

8C (39 %) 9C (43 %)

Ph

E}

@)~ 117(29 %)



Suitably-shaped crystals of the ¢3ns diastereomer could
be isolated and allowed for its structure elucidaby the single-
crystal X-ray diffraction technique. As can be vieviedrigure 6,
its relative configuration was unambiguously detemdi from
this experiment. All methine carbons haSstereochemistry in
the chosen asymmetric unit, which is shown in thisupe, even
though the enantiomeric counterpart wikstereochemistry for
these four carbons is also present in the cryatité due to the
crystallization in a centrosymmetric space grouporfotlinic
C2/c).

Figure 6. View of the chosen asymmetric unit of ¢hptrans diastereomer
with non-hydrogen atoms represented by their cpoeding 30% probability
ellipsoids.

2.10.Catalyst Recycling

According to the principles of green chemistry tBatk to
sustainable synthetic chemistry, the recovery ake of the
catalyst is quite important. The catalyst recyckxgeriment was
conducted using the model reaction of 4-bromoamiliia),
formaldehyde (2), 2,3-dihydrofuran (3), and CX4BGSi(n)
catalyst in solvent-free under microwave irradiaticonditions
optimized. These results are summarized in FigureAffer
completion of the reaction, dichloromethane was dddead the
catalyst recovered for upon filtration. After recoyethe catalyst
was obtained as a solid residue in approximately 8ffde yield
(Figure 7). The catalyst a significant decreaseyiglds with
consecutive catalytic cycles was observed, which ¢en
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80% i
70% |
60% ‘ == %
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attributed to deactivation of the catalyst.

Figure 7. Recovery and reuse of CX486i(n) as the catalyst in the
synthesis of 1[(+)-T+C]. Yield determined by GC/MS.

2.11.Reaction Mechanism

Based on the recently published work by Abranches et al.?®

and on the interception and the interception of oxonium and
dioxonium ion by methanol, the catalytic cycle for the
formation of the julolidine is presented in Scheme 4. The first
step consists of the reaction between 4-bromoaniline and the

activated formaldehyde to provide the iminium ion via a
Mannich reaction (Scheme 4). The addition of 2,3-dihydrofuran
to the iminium ion forms the corresponding oxonium ion
(Scheme 4). Then, the formation of a second iminium ion
occurs, which subsequently leads to the formation of the
dioxonium ion (Scheme 4). That is followed by an
intramolecular electrophilic aromatic substitution to furnish
the tetrahydroquinoline oxonium ion, which undergoes a
second electrophilic aromatic substitution reaction to form the
final julolidine and regenerate the CX4SO3HSi(n) catalyst.

i%i}
. Hi

Br Si0p)—CX4SO3H

H F,
(69)-ouso / X .
Eletrophilic aromatic

subsmunon(:‘AN /> @O
I
o o H A H J@/ Br
©
HoN
e Br

Eletrophilic aromatic
substitution Hz0

H
H. @
B Qe e
o =
Imminium ion
Mannich reaction
Dioxonium ion Br
Br
0 0
B
()
H \N/\r> H\N/\[>
\? =g
Imminium ion e
Mannich reaction \WH
o Br Oxonium ion
H.0 )

Scheme 4. Proposed Catalytic Cycle for the Syndtafsiulolidines.
3. Conclusions

In the present article, we have successfully funetized the
surface of mesoporous silicaia sol-gel by p-sulfonic acid
calix[4]larene heterogeneous catalyst CX438i(n) and
characterized by BET, FT-IR, TGAC and ®Si NMR. The
catalyst then applied in the multicomponent reactd Povarov
under solvent-free conditions with high catalytidivdty in the
synthesis of julolidines. Two main diastereomaeris, and (+)-
trans were obtained and fully characterized. Moreovée t
method allows the formation of four new C-C and twd\NC-
bonds in a one-step stepwise transformation. Reuijityaand
reuse of the CX4S@ISi(n) catalyst was established for up to
five successive runs without no dramatic loss in tbaction
profile. The relative configurations of the proddeft)-transwas
determined by X-ray crystallographic experimentsisTconsists
the first silica support calix[4]arene as a heterwpus catalyst
for multicomponent synthesis of julolidines.

4. Experimental
4.1.General Information

Analytical grade commercial solvents and reagenttuded
p-sulfonic acid calix[4]arene (CX4SH) were purchased from
Sigma Aldrich, Fluka, and Merck, and used as recki@lumn
chromatography was carried out using 0.063-0.2 nfica el
(DavisilR LC60A 40-63 Micron) with the indicated sohte
Thin layer chromatography (TLC) was carried out gin2 mm
Kieselgel ks, (Merck) silica plates, and compounds were
visualized using UV irradiation at 365 nm.

Infrared spectra were recorded as neat using a FVaifan
660 Fourier transform infrared spectrometer. Valuas
expressed in wavenumbers (¢jnand recorded in a range of
4000-400 crit.



NMR spectra were recorded at 25 °C in CP@h a Varian  4.4.Single-crystal X-ray diffraction technique
Mercury 300 spectrometer operating at 300 MHz 'férand 75 . . . .
MHz for 2°C, and on a Bruker Avance Ill HD 500 spectrometer R00M temperature X-ray diffraction intensity data reve
operating at 500 MHz folH and 125 MHz for°C. Solid-state Measured employing Makbeam from anuS microsource with
NMR spectra were performed a Bruker Avance Il HD g3ppMultilayer optics (Bruker-AXS Kappa Duo diffractometeith

spectrometer operating at 75 MHz 1€ and 60 MHz fof°Si. an APEX Il CCD detector). The diffraction images weegLared
upon rotation of thep and ® axes. After integration, reduction

All chemical shifts are reported in parts per milligppm) and  and scaling of raw X-ray intensity data, the struetwas solved
were measured relative to the solvent in which e was  with SIR2004" using direct methods of phase retrieval. The Br,
analyzed (CDGld = 7.26 for'H NMR andd = 77.0 for'™*C  ¢C. O, and N atoms were found directly from the solFedrier
NMR). Coupling constantsl( are reported in hertz (Hz). map. In sequence, the initial model was refinedhieyftll-matrix
least squares method with SHELXL-2814n F2. Non-hydrogen
and hydrogen atoms were refined with anisotropic iaottopic
Uiso(H) = 1.2U,J atomic displacement parameters, respectively.

ydrogens coordinates were stereochemically caledlat
following a riding model [C—H bond lengths of eith@93 A
(aromatic), 0.97 A (methylene), or 0.98 A (methinghe

Mass spectrum and diastereoselectivity were detecsnioy
gas chromatography coupled to a mass spectromsirg @
SHIMADZU GCMS-QP2010C Ultra mass spectrometer and th
method with the following specifications: column RFXS, 30
m, DI 0.25 mm; carrier gas helium; injector tempera of 290

or. o H -1
< oveon temperature Of-40 C (2 min), ramped at@@nin~ up program ORTEP-3 was used to prepare the molecular drawing.
to 300 °C (held for 15 min). ) > - . )

The final crystallographic information file (CIF)abk been
4.2.CX4SQ@H included in silica sol-gel framework synthesis deposited with the Cambridge Structural Data Baseudeposit

) ) code 1898736.

The CX4S@HSi(n) catalyst was prepared following a
procedure reported in the literature with some minor4.5.General procedure for the synthesis of julolidinksl 2[()-
modification?® A mixture of CX4SGH (0.600 g), water (4.5 mL) T+C])
and 1 mol [* hydrochloric acid (0.5 mL) was added to tetraethyl
orthosilicate (12.50 mL). The mixture was stirred %ch at room
temperature. Then, the mixture was allowed to stand fdays,
and after breaking the formed hydrogel with a Tefiick, the
sample was dried under vacuum for one week at roo
temperature. The powdered sample was washed withledistil
water (3 x 10 mL) and dried under vacuum.

A mixture of aniline (0.5 mmol), formaldehyde (1.5ml),
2,3-dihydrofuran (1.5 mmol) and CX4gds5i(n) (15 mg, 0.5
mol %) was added to a vial sealed and placed inM DEcover

icrowave oven. The reaction mixture it was subjected
microwave irradiation for 10 min under stirring, tteanperature
of 150 °C and power of 50 W, solvent-free. Subsetiyen
dichloromethane was added to the reaction mixture twen
4.3. Catalytic characterization filtered for recovery and reuse of the solid (cggl The filtrate

L ) . ) . was evaporated under reduced pressure and purifisdida gel
4.3.1.Acidity determination in aqueous media column chromatography. Twenty-four julolidines wetstained.

The acid capacity was determined by titration with B0° M 14 3c NMR, GC/MS and Infrared characterized all the
NaOH,q In a typical experiment, 30 mg of solid CX4s5{3i(n) julolidines 1-12[(+)-T+C].
was added to 10 mL of deionized water. The resuiirgpension

4.5.1.(3bR,6aR,9aR,12aR)-2-bromo-

was allowed to equilibrate and the titrated by dropvaddition
of a 5 x 10° M NaOH solution using phenolphthalein (0.2 %) as3P,2,6.,62,9a,10,11,12a-octahydro-7H,9H-furo[3,2-

the pH indicatof? c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline ((£)-1T).
o o . Column chromatography on silica gel
4.3.2.Acidity determination in non-aqueous media (hexane/dichloromethane/ethyl acetate = 6:2:1 affgrded 75.3
The catalyst acidity of CX4S@ISi(n) catalyst (50 mg) was mg of the title product in 45% yield as a yellowidoMp: 111.1
determined by potentiometric titration of a suspemgonsisting - 112.3 °CH NMR (300 MHz; CDC}): § 1.83-1.95 (m, 2H):
of the solid catalyst in acetonitrile using a siintcontaining n-  2.10-2.22 (m, 2H), 2.53-2.64 (m, 2H), 2.81 (dd, J.6; 11.4 Hz,
butylamine in acetonitrile (0.025 N) in a Metrohm478asic  2H), 2.98 (dd, J = 4.2, 11.4 Hz, 2H), 3.79 (id, J ¥B2 Hz,
Titrino apparatus with a double junction electréte. 2H); 3.88 (td, J = 5.4, 8.4 Hz, 2H), 4.68 (d, J =18 2H), 7.36
(s, 2H)."*C NMR (75 MHz; CDC)): 6 29.3 (CH), 36.1 (CH),
The specific surface area of the solids was detenfnom (Sé)l iilz_% ((33)8 ﬁg l%z]e;?)oz(g:g 251;2)02 (chglg)llfgggég ),816:;3,.0

the N, adsorption—desorption isotherms at liquid nitrogen AT + +
temperature. They were obtained using MicromerithSAP gég'(fO%I)MSSSTL{é)(abU”da”Cy %): 335 (49,)MB37 (46, M+2),

2020 equipment. The samples were previously degass&60
°C for 12 h. The specific surface area (SBET) wdsrdgned by 4.5.2.(3bR,6aR,9aS,12aS)-2-bromo-
the BET method. The samples were degassed priantigses.  3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-

) ) . c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (1C).
4.3.4.Thermogr§1V|m.etr|c an.aIyS|s ) Column chromatography on silica gel
The thermogravimetric analysis was performed on &iPe (hayane/dichloromethane/ethyl acetate = 6:2:1 affgrded 78.7
Elmer Simultaneous Thermal Analyzer (STA) 6000. TESSeS g of the title product in 47% yield as a yellowidoMp: 89.4 —
of the samples used were between 5-10 mg, with angeatie of  gg g oc !4 NMR (300 MHz, CDCJ): 5 1.68-1.80 (m, 2H); 2.20-

10 °C min' under nitrogen flow. The temperatures of the, 3o (m, 2H), 2.44-2.53 (m, 2H), 2.56 (dd, J = 9B,Hz, 2H),
thermograms were recorded at each variation of©@.harange 5 gy (dd, J = 3.8, 9.6 Hz, 2H), 3.80 (td, J = 6.0,19z, 2H), 3.95
of 30 °C to 700 °C. This technique allows to vetifye loss of (td, J = 6.3 e 8.4 Hz, 2H), 4.47 (d, J = 4.5 Hz, 2H17s, 2H).
mass at different temperatures and verify the @egfénydration 13- MR (75 MHz, CDC)): § 30.0 (CH), 35.3 (CH), 51.0
of the catalysts. (CH,), 65.2 (CH), 75.3 (CH), 109.8 (CH), 123.7 (C), 133.6 (C),
4.3.5.Elemental analysis determination 143.2 (C). IR (neat): 2918, 2855, 2825, 1591, 1050, 618.

Elemental analyses were obtained by using a CHN Rerkif>C/MS m/z (abundancy %): 335 (54,’M337 (54, M+2), 292

Elmer 2400 instrument. (100), 55 (47).

4.3.3.Textural Properties



4.5.3.(3bR,6aR,9aR,12aR)-2-chloro-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-2T).
Column chromatography on silica gel (dichlorometiathyl
acetate = 2:0.1 v/v) afforded 69.8 mg of the fitteduct in 48%
yield as a brown solid. Mp: 104.3 — 104.8 %&. NMR (300

— 110.4 °C'H NMR (300 MHz, CDCJ): 5 1.82-1.93 (m, 2H),
2.10-2.21 (m, 2H), 2.51-2.62 (m, 2H), 2.81 (dd, J& 11.4 Hz,
2H), 2.98 (dd, J = 4.5, 11.4 Hz, 2H), 3.78 (td, J.5, B.4 Hz,
2H), 3.87 (td, J = 5.4, 8.4 Hz, 2H), 5.16 (d, J =1828 2H), 7.52
(s, 2H)."®*C NMR (75 MHz; CDCJ): & 29.3 (CH), 36.0 (CH),
51.0 (CH), 65.8 (CH), 74.8 (CH), 79.6 (CH), 124.8 (C), 138.9

MHz, CDCL): § 1.83-1.95 (m, 2H), 2.10-2.22 (m, 2H), 2.54-2.64 (C), 143.3 (C). IR (neat): 2912, 2864, 1584, 148863, 1294,

(m, 2H), 2.81 (dd, J = 7.5, 11.4, 2H), 2.98 (dd, 4. 11.4 Hz,
2H), 3.79 (td, J = 7.5, 8.4 Hz, 2H), 3.88 (td, J 4, B.4 Hz, 2H),
4.68 (d, J = 6.6 Hz, 2H), 7.22 (s, 2HYC NMR (75 MHz,
CDCly): 8 29.4 (CH), 36.2 (CH), 51.2 (CH, 65.8 (CH), 75.0
(CH), 122.9 (CH), 124.0 (C), 130.2 (C), 142.3 (C). (irReat):
2933, 2891, 2858, 2823, 1487, 1452, 1052, 860, GXTIMS
m/z (abundancy %): 291 (62,"M 246 (100), 55 (42).

4.5.4.(3bR,6aR,9aS,12aS)-2-chloro-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline 2C).
Column chromatography on silica gel (dichlorometiathyl
acetate = 2:0.1 v/v) afforded 66.9 mg of the titteduct in 46%
yield as a brown solid. Mp: 83.6 — 84.5 6. NMR (300 MHz,

1034, 732. GC/MS m/z (abundancy %): 383 (100), 38 (98),
55 (24).

4.5.8.(3bR,6aR,%9aS,12aS)-2-iodo-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline @C).
Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 6:2:1 affigrded 78.5
mg of the title product in 41% yield as a brown doMp: 87.1 —
87.8 °C.*H NMR (300 MHz, CDC)): & 1.67-1.76 (m, 2H), 2.20-
2.32 (m, 2H), 2.40-2.53 (m, 2H), 2.56 (dd, J = 1A.2,0 Hz,
2H), 2.93 (dd, J = 4.2, 10.2 Hz, 2H), 3.79 (id, J.8, ®.2 Hz,
2H), 3.97 (td, J = 6.0, 8.8 Hz, 2H), 4.45 (d, J =M% 2H), 7.60
(s, 2H)."*C NMR (75 MHz, CDCJ): § 30.0 (CH), 35.3 (CH),

CDCLy): & 1.67-1.77 (m, 2H), 2.20-2.32 (m, 2H), 2.47-2.57 (m,50.9 (CH), 65.1 (CH), 75.2 (CH), 79.1 (CH), 124.1 (C), 139.4

2H), 2.57-2.61 (m, 2H), 2.93 (dd, J = 3.6, 9.6 Hz, 80 (td, J
= 6.0, 8.9 Hz, 2H), 3.94 (td, J = 6.0, 8.4 Hz, 2H)p4d, J = 4.8,
2H), 7.27 (s, 2H)*C NMR (75 MHz, CDC)): § 30.0 (CH),
35.4 (CH), 51.1 (Ch), 65.2 (CH), 75.3 (CH), 122.6 (CH), 123.3
(C), 130.7 (C), 142.8 (C). IR (neat): 2926, 286828, 2803,
1490, 1452, 1049, 856, 644. GC/MS m/z (abundancy 28):
(65, M), 246 (100), 55 (40).

4.5.5.(3bR,6aR,9aR,12aR)-2-fluoro-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-3T).
Column chromatography on silica gel (dichlorometiathyl
acetate = 2:0.1 v/v) afforded 70.1 mg of the titteduct in 51%
yield as a brown solid. Mp: 115.8 — 116.4 %6. NMR (300

(C), 143.8 (C). IR (neat): 2928, 2871, 1587, 14B948, 1292,
1051, 731. GC/MS m/z (abundancy %): 383 (100), 1838 (83),
55 (19).

4.5.9.(3bR,6aR,%9aR,12aR)-3b,5,6,6a,9a,10,11,12a-

octahydro-7H,9H-furo[3,2-

c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-5T).
Column chromatography on silica gel

(hexane/dichloromethane/ethyl acetate = 3:2:1 afigrded 52.6

mg of the title product in 41% yield as a yellowidoMp: 139.3

-~ 139.9 °C.'H NMR (300 MHz, CDC)): & 1.80-2.01(m, 2H),

2.09-2.26 (m, 2H), 2.52-3.34 (m, 2H), 2.75-2.91 (iH),22.94-

3.09 (m, 2H), 3.65-4.06 (m, 4H), 4.77 (d, J = 6.4 P3), 6,80 (t,

J = 7.4 Hz, 1H), 7.28 (d, J = 7.4 Hz, 2HC NMR (75 MHz,

MHz, CDCL): § 1.86-1.97 (m, 2H), 2.10-2.21 (m, 2H), 2.55-2.66 CDCL): & 29.5 (CH), 36.2 (CH), 51.4 (CH), 65.7 (CH), 75.5

(m, 2H), 2.78 (dd, J = 7.5, 11.4 Hz, 2H), 2.95 (d¢;, 4.2, 11.4
Hz, 2H), 3.79 (id, J = 7.2, 8.4 Hz, 2H), 3.87 (td, 3.4, 8.4 Hz,
2H), 4.70 (d, J = 6.6 Hz, 2H), 6.99 (d, J = 8.7 Hz, 2f0.NMR
(75 MHz, CDC}): & 29.4 (CH), 36.4 (CH), 51.6 (Ch), 65.9
(CH,), 75.2 (d, d.= 1.5 Hz, CH), 116.8 (dc} = 21.8 Hz, CH),
124.0 (d, d¢ = 6.4 Hz, C), 140.5 (dc} = 1.5 Hz, C), 155.7 (d,
Jor = 236.3 Hz, C). IR (neat): 2937, 2868, 2827, 140284,
855, 701. GC/MS m/z (abundancy %): 275 (61),\230 (100),
55 (34).

4.5.6.(3bR,6aR,9aS,12aS)-2-fluoro-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2’,3":4,5]pyrido[3,2,1-ijjquinoline (3C).
Column chromatography on silica gel (dichlorometiathyl
acetate = 2:0.1 v/v) afforded 63.2 mg of the fitteduct in 46%
yield as a brown solid. Mp: 93.6 — 94.2 6. NMR (300 MHz,

(CH), 118.2 (C), 122.2 (CH), 130.6 (CH), 143.8 (C). (HRat):
2927, 2856, 2821, 1487, 1446, 1292, 1047, 749. GCMS
(abundancy %): 257 (43, 212 (100), 55 (53).

4.5.10.(3bR,6aR,9aS,12aS)-3b,5,6,6a,9a,10,11,12a-
octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (BC)

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 3:2:1 afigrded 46.2
mg of the title product in 36% yield as a yellowidoMp: 116.5
— 117.4 °CMH NMR (300 MHz, CDCJ): 5 1.62-1.85 (m, 2H),
2.15-2.40 (m, 2H), 2.42-2.74 (m, 2H), 2.88-3.03 (2B{y,2-4.08
(m, 4H), 4.55 (d, J = 4.4 Hz, 2H), 6.82 (t, J = 7.6 H4), 7.33
(d, J = 7.6 Hz, 2H)**C NMR (75 MHz, CDCJ): 5 30.1 (CH),
35.3 (CH), 51.2 (CH), 65.0 (CH), 75.8 (CH), 118.0 (C), 121.5
(CH), 131.2 (CH), 144.0 (C). IR (neat): 2928, 28522@, 1489,

CDCly): 6 1.69-1.77 (m, 2H), 2.21-2.32 (m, 2H), 2.47-2.58 (m,1447, 1291, 1051, 753. GC/MS m/z (abundancy %): @&7

2H), 2.52 (dd, J = 7.5, 11.4 Hz, 2H), 2.95 (dd, J2; 41.4 Hz,
2H), 3.80 (td, J = 6.0, 8.9 Hz, 2H), 3.95 (td, J = 6.8 Hz, 2H),
4.49 (d, J = 3.9 Hz, 2H), 4.04 (d, J = 8.7 Hz, 2. NMR (75
MHz, CDCE): 8 30.1 (CH), 35.6 (CH), 51.6 (C}), 65.3 (CH),
75.6 (d, 4r = 1.3 Hz, CH), 117.3 (d,c}=21.8 Hz, CH), 123.3
(d, &r = 6.6 Hz, C), 140.7 (dc} = 1.7 Hz, C) 155.4 (d,o} =
236.5, C). IR (neat): 2933, 2869, 2825, 1492, 148, 714.
GC/MS m/z (abundancy %): 275 (63,1230 (100), 55 (34).

4.5.7.(3bR,6aR,9aR,12aR)-2-iodo-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijlquinoline (¥)-4T)
Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 6:2:1 affgrded 80.4
mg of the title product in 42% yield as a brown doMp: 109.7

8

M"*), 212 (100), 55 (74).

4.5.11.butyl-(3bR,6aR,9aR,12aR)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline-2-
carboxylate ()-6T).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 2:2:1 affigrded 58.9
mg of the title product in 33% yield as a brown til.NMR (300
MHz, CDCk): 8 0.94 (t, J =7.5 Hz, 3H), 1.36-1.49 (m, 2H), 1.64-
1.74 (m, 2H), 1.80-1.91 (m, 2H), 2.13-2.24 (m, 2HR022.61
(m, 2H), 2.93 (dd, J = 8.1, 11.7 Hz, 2H), 3.08 (dd, 4.8, 11.7
Hz, 2H), 3.82 (td, J = 6.9, 8.4 Hz, 2H), 3.89 (td, 5.4, 8.4 Hz,
2H), 4.23 (t, J = 6.6 Hz, 2H), 4.72 (d, J = 6.0 Hz, ZHY4 (s,
2H). ®C NMR (75 MHz; CDCJ): § 13.7 (CH), 19.2 (CH), 29.4



(CH,), 30.8 (CH), 35.5 (CH), 50.7 (CH), 64.1 (CHO), 65.5
(CH,), 75.2 (CH), 119.2 (C), 120.8 (C), 132.6 (CH), 14609,
166.6 (C = O). IR (neat): 2957, 2933, 2872, 1701,016.296,
1195, 769, 733. GC/MS m/z (abundancy %): 357 (63, B12
(93), 55 (100).

4.5.12.butyl-(3bR,6aR,9aS,12aS)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline-2-
carboxylate 6C).

Column chromatography on silica
(hexane/dichloromethane/ethyl acetate = 2:2:1 afigrded 44.6
mg of the title product in 25% yield as a brown &i.NMR (300

36.6 (CH), 52.0 (CH), 55.7 (Cb), 66.0 (CH), 75.6 (CH), 116.1
(C), 123.8 (C), 138.3 (CH), 152.3 (C). IR (neat)229 2863,
2824, 1495, 1888, 1051, 863, 700. GC/MS m/z (aburylas):

271 (66, M+), 226 (100), 55 (16).

4.5.16.(3bR,6aR,9aS,12aS)-2-methyl-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline @BC).
Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 3:2:1 afigrded 52.8

gel mg of the title product in 39% yield as a yellowidoMp: 91.6 —

92.1 °C*H NMR (300 MHz, CDCJ):  1.67-1.76 (m, 2H), 2.17-
2.33 (m, 2H), 2.24 (s, 3H), 2.46-2.58 (m, 2H), 2.58, @= 12.1,

MHz, CDCk): 6 0.94 (t, J = 7.5 Hz, 3H), 1.43 (sext, J = 7.5 Hz,6.0 Hz, 2H), 2.91 (dd, J = 12.1, 17.8 Hz, 2H), 3.81 Jt& 6.0,

2H), 1.65-1.77 (m, 4H), 2.21-2.34 (m, 2H), 2.42-2.52 @QH),
2.72 (t, J = 11.5 Hz, 2H), 2.98 (dd, J = 5.4, 11.1 BH), 3.83
(td, J = 6.3, 9.0 Hz, 2H), 3.96 (td, J = 6.3, 8.4 Bid), 4.24 (t, J
= 6.6 Hz, 2H), 4.52 (d, J = 4.8 Hz, 2H), 7.98 (s, ZF. NMR
(75 MHz; CDCH): 5 13.8 (CH), 19.2 (CH), 29.9 (CH), 30.9
(CH,), 34.8 (CH), 50.4 (Ch, 64.2 (CHO), 65.9 (CH), 75.6
(CH), 118.9 (C), 120.2 (C), 133.1 (CH), 147.5 (C)pB5(C =
0). IR (neat): 2956, 2933, 2872, 1701, 1612, 129941 768,
733. GC/MS m/z (abundancy %): 357 (67, M+), 312 (&
(100).

4.5.13.(3bR,6aR,9aR,12aR)-2-(tert-butyl)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-7T).
Column chromatography on silica

(hexane/dichloromethane/ethyl acetate = 2:1:0.3 weforded
65.7 mg of the title product in 42% yield as a widtdid. Mp:
120.7 — 121.4 °C*H NMR (300 MHz, CDCJ): & 1.29 (s, 9H),
1.88-1.99 (m, 2H), 2.11-2.22 (m, 2H), 2.57-2.69 (H),22.81
(dd, J = 7.5, 11.2 Hz, 2H), 2.97 (dd, J = 4.2, 11.2 2#), 3.80
(td, J=7.2,8.4 Hz, 2H), 3.91 (td, J = 5.1, 8.4 B44), 4.76 (d, J
= 6.6 Hz, 2H), 7.31 (s, 2H}’C NMR (75 MHz, CDC)): 5 29.6
(CH3), 31.4 (CH), 33.9 (C), 36.43 (CH), 51.8 (G} 65.8 (CH),
75.8 (CH), 122.0 (C), 127.7 (CH), 141.6 (C), 145.18.(IR

(neat): 2951, 2868, 2798, 1368, 874, 769. GC/MS m/zO

(abundancy %): 313 (32, M+), 298 (100).

4.5.14.(3bR,6aR,9aS,12aS)-2-(tert-butyl)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H
furo[3,2-c]furo[2',3":4,5]pyrido[3,2,1-ij]quinoline
(7C).

Column chromatography on silica
(hexane/dichloromethane/ethyl acetate = 2:1:0.3 wefforded
62.6 mg of the title product in 40% yield as a widtdid. Mp:
93.6 — 94.2 °C*H NMR (300 MHz, CDC}): 6 1.29 (s, 9H), 1.88-
1.99 (m, 2H), 2.11-2.22 (m, 2H), 2.57-2.69 (m, 2H312(dd, J =
7.5, 11.2 Hz, 2H), 2.97 (dd, J = 4.2, 11.2 Hz, 2H)p318, J =
7.2, 8.4 Hz, 2H), 3.91 (td, J = 5.1, 8.4 Hz, 2H), 4d6J = 6.6
Hz, 2H), 7.31 (s, 2H)"°C NMR (75 MHz, CDCJ): 5 29.6 (CH3),
31.4 (CH), 33.9 (C), 36.43(CH), 51.8 (GH 65.8 (CH), 75.8
(CH), 122.0 (C), 127.7 (CH), 141.6 (C), 145.18 (@. (heat):
2946, 2856, 2819, 1367, 874, 710. GC/MS m/z (abundé):
313 (31, M+), 298 (100).

4.5.15.(3bR,6aR,9aR,12aR)-2-methyl-

3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline ((£)-8T).

Column chromatography on silica

(hexane/dichloromethane/ethyl acetate = 3:2:1 affigrded 56.9
mg of the title product in 42% yield as a yellowidoMp: 112.9
- 113.6 °C'H NMR (300 MHz, CDCJ): 5 1.87-1.98 (m, 2H),
2.10-2.19 (m, 2H), 2.23 (s, 3H), 2.56-2.66 (m, 2H},72(dd, J =
7.8, 11.1 Hz, 2H), 2.94 (dd, J = 4.2, 11.1 Hz, 2H)931d, J =
7.5, 8.4 Hz, 2H), 3.89 (td, J = 5.4, 8.4 Hz, 2H), 4d4J = 6.6
Hz, 2H), 7.09 (s, 2H)"*C NMR (75 MHz, CDCJ): 5 29.5 (CH3),

8.1 Hz, 2H), 3.96 (td, J = 6.0, 8.9 Hz, 2H), 4.51 (& 3.3 Hz,
2H), 7.15 (s, 2H)C NMR (75 MHz, CDC)): § 20.2 (CH),

30.2 (CH), 35.5 (CH), 51.5 (Ch), 65.1 (CH), 75.8 (CH), 121.6
(C), 127.3 (C), 131.6 (CH), 141.9 (C). IR (neat)299 2860,
2825, 1495, 1287, 1055, 825, 732. GC/MS m/z (abunydat):

271 (73, M+), 226 (100), 55 (15).

4.5.17.(3bR,6aR,9aR,12aR)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline-2-
carbonitrile ((£)-9T).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 2:2:0.5 wefforded
57.8 mg of the title product in 41% vyield as a gelloil. *H

gel NMR (300 MHz, CDCJ): § 1.79-1.90 (m, 2H), 2.12-2.25 (m,

2H), 2.49-2.60 (m, 2H), 2.95 (dd, J = 8.1, 12.0 Hz,, 342 (dd,
J=4.8,12.0 Hz, 2H), 3.82 (td, J = 6.9, 8.4 Hz, B89 (td, J =
5.4, 8.4 Hz, 2H), 4.65 (d, J = 6.0 Hz, 2H), 7.49 (s,.2{Q) NMR

(75 MHz; CDCL): & 29.2 (CH), 35.2 (CH), 50.3 (Ch), 65.6
(CH,), 74.5 (CH), 99.3 (C), 119.9 (CN), 121.9 (C), 13¢CH),

146.2 (C). IR (neat): 2933, 2872, 2839, 2209, 16@1,0, 1292,
1054, 734. GC/MS m/z (abundancy %): 282 (39),M37 (100),
55 (30).

5.18.(3bR,6aR,9aS,12aS)-3b,5,6,6a,9a,10,11,12a-
ctahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline-2-
carbonitrile (9C).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 2:2:0.5 weforded
60.6 mg of the title product in 43% vyield as a gelloil. *H

gel NMR (300 MHz, CDCJ)): 6 1.69-1.78 (m, 2H), 2.21-2.34 (m,

2H), 2.41-2.52 (m, 2H), 2.72 (dd, J = 12.0, 11.4 Hd),B.02
(dd, J=5.1, 11.4 Hz, 2H), 3.82 (td, J = 5.7, 8.7 2#), 3.95 (td,

J = 6.2, 8.7 Hz, 2H), 4.45 (d, J = 6.0 Hz, 2H), 7.528). °C
NMR (75 MHz; CDC}): 5 29.7 (CH), 34.6 (CH), 50.2 (CH,
65.0 (CH), 74.9 (CH), 99.2 (C), 119.8 (CN), 121.4 (C), 135.0
(CH), 147.1 (C). IR (neat): 2940, 2868, 2847, 221612, 1508,
1295, 1054, 733. GC/MS m/z (abundancy %): 282 (43, RB7
(100), 55 (30).

4.5.19.(3bR,6aR,9aR,12aR)-2-(trifluoromethyl)-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-
10T).

Column chromatography on silica gel (dichlorometfathyl
acetate = 3:0.05 v/v) afforded 68.2 mg of the fitteduct in 42%

gel yield as a white solid. Mp: 126.8 — 127.6 8.NMR (300 MHz,

CDCly): & 1.83-1.99 (m, 2H), 2.24-2.25 (m, 2H), 2.53-2.64 (m,
2H), 2.91 (dd, J = 8.1, 11.7 Hz, 2H), 3.08 (dd, J& 41.7 Hz,
2H), 3.82 (td, J = 6.9, 8.4 Hz, 2H), 3.89 (td, J = B4 Hz, 2H),
4.72 (d, J = 6.0 Hz, 2H), 7.50 (s, 2HYC NMR (75 MHz,
CDCLy): & 29.3 (CH), 35.7 (CH), 50.7 (Ch), 65.7 (CH), 75.0
(CH), 119.4 (q, d¢ = 32.6 Hz, CH), 122.8 (C), 124.6 (¢&)=
278.9 Hz, CB), 127.7 (q, d.= 3.8 Hz, C), 145.7 (C). IR (neat):



2047, 2864, 1622, 1510, 1322, 1103, 733. GC/MS m/ZCH), 122.7 (C), 123.1 (CH), 129.5(CH), 140.8 (C), 24C),

(abundancy %): 325 (41, 280 (100), 55 (37).

4.5.20.(3bR,6aR,9aS,12aS)-2-(trifluoromethyl)-
3b,5,6,6a,9a,10,11,12a-octahydro-
7H,9H-furo[3,2-c]furo[2',3":4,5]pyrido[3,2,1-
ijlquinoline (10C).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate 3:0.05 waffprded
65.0 mg of the title product in 40% yield as a wistdid. Mp:
104.5 — 105.6 °C'H NMR (300 MHz, CDCJ): & 1.70-1.79 (m,
2H), 2.23-2.35 (m, 2H), 2.44-2.54 (m, 2H), 2.68 (d& 10.8,
11.7 Hz, 2H), 2.99 (dd, J = 5.1, 10.8 Hz, 2H), 3.83 Jte 6.3,
8.7 Hz, 2H), 3.97 (td, J = 6.3, 8.7 Hz, 2H), 4.51 (& 4.8 Hz,
2H), 7.55 (s, 2H).®C NMR (75 MHz, CDC)): § 29.9 (CH),
34.9 (CH), 50.6 (Ch), 65.0 (CH), 75.4 (CH), 119.1 (q,c} =
32.7 Hz, CH), 122.7 (C), 124.6 (gs.dJ= 269.2 Hz, CF), 128.2
(g, = 3.8 Hz, C), 146.4 (C). IR (neat): 2968, 2856, 1620
1514, 1322, 1059, 737. GC/MS m/z (abundancy %): @25
M™), 280 (100), 55 (40).

4.5.21.(3bR,6aR,9aR,12aR)-2-phenyl-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (£)-

11T).

Column chromatography on silica gel (dichlorometiathyl
acetate = 3:0.1 v/v) afforded 48.2 mg of the titteduct in 29%
yield as a yellow solid. Mp: 113.2 — 113.8 °& NMR (300
MHz, CDCLk): 6 1.87-1.98 (m, 2H), 2.12-2.23 (m, 2H), 2.56-2.66
(m, 2H), 2.86 (dd, J = 7.6, 11.4 Hz, 2H), 3.01 (d¢, 4.5, 11.4
Hz, 2H), 3.81 (td, J = 7.5, 8.4 Hz, 2H); 3.92 (td, 5.4, 8.4 Hz,
2H), 4.80 (d, J =6.0 Hz, 2H), 7.22 (t, J = 7.5 Hz, TH}35 (t, J =
7.5 Hz, 2H), 7.54 (s, 2H), 7.57 (d, J = 7.5 Hz, ZF3. NMR (75
MHz, CDCk): 8 29.5 (CH), 36.2 (CH), 51.3 (Ch), 65.8 (CH),
75.6 (CH), 122.5 (C), 126.1 (CH), 126.4 (CH), 128.5JC129.2
(CH), 130.9 (C), 140.7 (C), 143.1 (C). IR (neat)3Q9 2869,
2829, 1614, 1487, 1453, 1048, 731, 697. GC/MS nibar(dancy
%): 333 (100, M), 288 (89), 55 (13).

4.5.22.(3bR,6aR,9aS,12aS)-2-phenyl-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijlquinoline (11C).

Column chromatography on silica gel (dichlorometiathyl
acetate = 3:0.1 v/v) afforded 54.9 mg of the fitteduct in 33%
yield as a yellow solid. Mp: 94.7 — 95.6 %1 NMR (300 MHz,
CDCly): 8 1.70-1.79 (m, 2H), 2.24-2.36 (m, 2H), 2.49-2.61 (m,
2H), 2.64 (dd, J = 10.5, 12.0 Hz, 2H), 2.97 (dd,45; 10.5 Hz,
2H), 3.85 (td, J = 6.3, 8.7 Hz, 2H), 3.99 (td, J 5 8.3 Hz, 2H),
4.60 (d, J=4.5Hz, 2H), 7.25 (t, J = 7.5 Hz, 1H)7A3J = 7.5
Hz, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.61 (s, 2HL NMR (75
MHz, CDCk): § 30.1 (CH), 35.4 (CH), 51.1 (CH), 65.1 (CH),
75.9 (CH), 121.8 (C), 126.1 (CH), 126.3 (CH), 128.5)C129.7
(CH), 130.7 (C), 140.6 (C), 143.5 (C). IR (neat)2@9 2862,
2822, 1616, 1485, 1451, 1056, 772, 703. GC/MS nibar(dancy
%): 333 (100, M), 288 (95), 55 (13).

4.5.23.(3bR,6aR,9aR,12aR)-2-phenoxy-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H
furo[3,2-c]furo[2',3":4,5]pyrido[3,2,1-ij]quinoline
((x)-127).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 4:2:1 afigrded 59.3
mg of the title product in 34% yield as a brown til.NMR (300
MHz, CDCk): 6 1.88-1.99 (m, 2H), 2.11-2.22 (m, 2H), 2.57-2.68
(m, 2H), 2.82 (dd, J = 7.6 e 11.3 Hz, 2H), 2.98 (dd,414, 11.3
Hz, 2H), 3.77 (td, J = 7.2, 8.4 Hz, 2H), 3.89 (td, 3.4, 8.4 Hz,
2H), 4.69 (d, J = 6.6 Hz, 2H), 7.00 (s, 2H), 6.95-7(03 1H),
7.23-7.29 (m, 4H)*C NMR (75 MHz; CDC)): § 30.2 (CH),
35.6 (CH), 51.6 (Ch), 65.3 (CH), 75.8 (CH), 117.8 (CH), 122.2
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158.5 (C). IR (neat): 2939, 2868, 2819, 1790, 13986, 1217,
1036, 872. GC/MS m/z (abundancy %): 349 (100), 1404 (76),
55 (15).

4.5.24.(3bR,6aR,9aS,12aS)-2-phenoxy-
3b,5,6,6a,9a,10,11,12a-octahydro-7H,9H-furo[3,2-
c]furo[2',3":4,5]pyrido[3,2,1-ijJquinoline (12C).

Column chromatography on silica gel
(hexane/dichloromethane/ethyl acetate = 4:2:1 afigrded 55.8
mg of the title product in 32% yield as a brown ti.NMR (300
MHz, CDCLk): 6 1.68-1.77 (m, 2H), 2.21-2.33 (m, 2H), 2.46-2.53
(m, 4H), 2.87 (dd, J = 3.0, 9.0 Hz, 2H), 3.71 (td, 8.F 9.0 Hz,
2H), 3.89 (td, J = 6.1, 8.4 Hz, 2H), 4.40 (d, J =138 2H), 6.91
(s, 2H), 6.99 (m, 1H), 7.17-7.20 (m, 4HJC NMR (75 MHz;
CDCly): 8 29.7 (CH), 30.2 (CH), 51.6 (Ch), 65.3 (CH), 75.8
(CH), 117.8 (CH), 122.2 (CH), 122.7 (C), 123.1 (CH295b
(CH), 140.8 (C), 148.2 (C), 158.5 (C). IR (neat):329 2868,
2820, 2790, 1591, 1485, 1216, 1049, 875. GC/MS m/z
(abundancy %): 349 (100,y) 304 (74), 55 (13).
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