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Abstract—A new, efficient and stereoselective synthesis of furo[2’,3":5,6]pyrano[4,3-b]quinoline derivatives 3 and 3’ has been
achieved by intramolecular hetero-Diels—Alder reactions of aldimines generated in situ from aromatic amines and the O-allyl
derivative of the chiral sugar derived aldehyde 2 in acetonitrile in the presence of a catalytic amount of BiCl;. The products are
formed with extremely high trans selectivity in good to excellent yields. © 2002 Elsevier Science Ltd. All rights reserved.

Intramolecular cycloaddition reactions with high regio-
and sterecocontrol are important tools for the efficient
assembly of complex molecular structures.! This strat-
egy has been successfully applied to the synthesis of
tetrahydroquinoline derivatives in solution® as well as
on solid phase.> These compounds are an important
class of natural products and are endowed with a wide
spectrum of interesting biological activities.* The high
potential of these derivatives in a range of biological
applications® makes them inviting targets for synthesis.
Fused O-heterocycles, such as furano-pyrans, being
constituents of bioactive compounds® are also targets
for synthetic organic chemists. Recently we have ini-
tiated a program on the study of [4+2] cycloaddition
reactions for the synthesis of tetrahydroquinoline
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derivatives.” This protocol involves the reaction of ani-
lines with substrates containing an aldehyde moiety and
an olefinic tether. Carbohydrates have been used as
chiral auxiliaries or chiral building blocks® and used in
asymmetric transformations due to their known abso-
lute stereochemistry, ready availability and often their
low cost. Recently bismuth(IIl) derivatives’ have
emerged as efficient catalysts in various organic trans-
formations of interest because of their eco-friendly
characteristics. In continuation of our interest in
intramolecular hetero-Diels—Alder reactions,” we report
herein BiCls-catalyzed highly efficient and stereoselec-
tive synthesis of 2,2,6,6-tetramethyl-3a,5,5a,6,11,
11a,11b,12a-octahydro-3bH][1,3]dioxolo[4",5":4',5 [furo-
[2',3":5,6]pyrano[4,3-b] quinolines using [4+2] cyclo-

Keywords: hetero-Diels—Alder reactions; bismuth(I1I) chloride; stereoselective; furo-pyrano quinolines.

* Corresponding author.
TIICT Communication No. 020211.

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.

PII: S0040-4039(02)00704-9



4030 G. Sabitha et al. / Tetrahedron Letters 43 (2002) 4029-4032

addition reactions of anilines with the O-allyl derivative
of the sugar derived aldehyde 2 from D-glucose
(Scheme 1).

The reaction of aniline 1a with the O-allyl derivative of
the aldehyde 2'° in acetonitrile in the presence of 10
mol% BiCl; furnished a diastereomeric mixture of trans
and cis products 3 and 3''! in a 93:7 ratio in 81% yield.
The reaction was very rapid and complete in 30 min, as
indicated by TLC, and may proceed by in situ genera-
tion of the imine followed by an intramolecular [4+2]
cycloaddition reaction to afford the products. Although
it can be considered that the products result from a
Diels—Alder reaction, a stepwise mechanism might actu-
ally be operating. The ratio of the products was deter-
mined by isolating the two isomers in pure form using
silica gel column chromatography and the stereochemi-
cal structures were obtained from incisive NMR experi-
ments.  Interproton  coupling  constants  and
characteristic NOEs were used to obtain the proposed
structures. These structures were further supported by
minimum energy calculations.'?

In the '"H NMR spectrum of 3d, vicinal coupling of
11.3 Hz for Js, 5 (po.ry indicates a 1,2 diaxial disposi-
tion in a chair conformation. Also, the other coupling
values such as Js, ;,,=11.3 Hz and J,;, ;;,=3.5 Hz
suggest that H,,, is on the opposite side of Hs,, with
the R configuration at C-1la, which is further con-
firmed by the presence of 1,3 diaxial proximities like
Hy1.-Hsp, Hs proryHaps HitaHs ror) In the 2D
NOESY spectrum. These observations show that the
hexose ring adopts a >*Cs, chair conformation, which is
also trans fused to the aza ring. Inter-ring NOEs like
H;—Me-C, H;;,-Me-D and Hs (,,,r~Me-D support
the assigned stereochemistry. NOEs between Me-A and
H,, and H,,, indicated that the isopropylidene group
adopted the envelope conformation. Further, the
energy-minimized structure is in agreement with the
structure derived from the NMR data as shown in Fig.

In compound 3'd, a vicinal coupling value of about 11.6
Hz for Hs,—Hs (,,,.r, indicates a 1,2-diaxial disposition
in a chair conformation. In Fig. 2, NOE between
H;,—Hs (oro-r) indicates that they are on the same side
in the hexose ring and the small coupling between
Ji1b11a (2.8 Hz) suggests that H,,, is trans to H,,,, with
the S configuration at C-1la. Other couplings like
Jsy 11a=4.1 Hz, Js, 5 (rory=4.1 Hz once again suggest
a 5*C,, chair conformation for the hexose ring, which is
cis fused to the aza ring. The energy-minimized struc-
ture, as shown in Fig. 2, is also in agreement with
the stereo-assigned structure derived from NMR data.

Under similar conditions, several aromatic amines 1b—i
were treated with the O-allyl derivative 2 to illustrate
the novelty of the present strategy and the results are
presented in Table 1. In all cases the reactions are
highly stereoselective, leading to the formation of trans
isomers as the major products and cis isomers as minor
products. When a bulky group such as f-butyl is
present ortho to the amine (entry 3), only one
diastereoisomer was isolated. Although Lewis acids
such as ZnCl,, FeCl;, ZrCl,, AICl; and BF;-OEt, have
been found to promote the intramolecular hetero-
Diels—Alder reaction, more than stoichiometric
amounts of acids were required with some decomposi-
tion. The reaction times were also too long with only
moderate yields. On the other hand, BiCls-catalyzed
reactions overcame the aforementioned drawbacks and
are therefore more effective.

In conclusion, we have described a novel, highly
efficient and stereoselective method for the synthesis
of octahydro - 3bH][1,3]dioxolo[4",5":4',5lfuro[2’,3":5,6]-
pyrano[4,3-b]quinoline derivatives of possible biological
interest. This protocol relies on an intramolecular [4+2]
cycloaddition reaction of an imine derived in situ from
a sugar derived chiral template and aromatic amines.
The synthesis of ‘aza’ and ‘thia’ analogs of these deriva-
tives is under progress and the results will be published
in due course.

Figure 2. Characteristic NOEs, minimum energy structure and chemical structure for 3'd.
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Table 1. BiCls-catalyzed synthesis of octahydro-furo-pyranoquinolines®®

Entry Substrate (amine) R! R? 3and 3
Total yield® (%) Ratio? trans:cis

1 la H H 81 93:7
2 1b CH,4 H 76 94:6
3 1c t-Bu H 71 100:0
4 1d Br CH, 74 95:5
5 le H Cl 76 96:4
6 1f H F 74 95:5
7 1g H OCHj; 72 95:5
8 1h OH H 77 95:5
9 1i 1-Naphthylamine® 72 96:4

# All reactions were conducted at room temperature in acetonitrile using 10 mol% BiCl; and completed in 30 min.
®The products were characterized by MS, IR, 'H, '3C NMR and NOESY spectroscopy.

¢ Yield refers to the mixture of diastereomers of products isolated after column chromatography.

4 Product ratio is based on isolation by column chromatography.
¢ 1-Naphthylamine was used in place of the substituted aniline.
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General procedure: BiCl; (10 mol%) was added to a
mixture of amine 1 (1 mmol) and the O-allyl derivative of
sugar aldehyde 2 (1.1 mmol) in 5 mL of acetonitrile. The
reaction mixture was stirred at room temperature in
acetonitrile for 30 min. On completion as indicated by
TLC, the reaction mixture was filtered through Celite and
the filtrate was taken into ethyl acetate. The organic layer
was washed with brine and dried over Na,SO,. The
solvent was evaporated in vacuo and the crude product
was chromatographed on silica gel (EtOAc/hexane, 2:98)
to afford 3 and 3’ in 71-81% yield. Selected analytical
data for compound 3d (trans): Mp 238-242°C; 'H NMR
(500 MHz, CDCly): ¢ 1.09 (s, 3H, Me-D), 1.34 (s, 3H,
Me-A), 1.36 (s, 3H, Me-C), 1.56 (s, 3H, Me-B), 2.02 (td,
IH, Ji1a 5a=11.3, Jsu5 orory =113, J54 5 (pro.sy=3.6 Hz,
H-5a), 2.21 (s, 3H, Ar-CH;), 3.29 (t, 1H, Js, 5 (pror)=
11.3 Hz, J5 (pro.5) 5 pro-ry=11.3 Hz, H-5"), 3.54 (dd, 1H,
Jioo11a=3.5 Hz, J,,,.s,=11.3 Hz, H-11a), 4.02 (d, 1H,
J3p 11, =1.7 Hz, H-3b), 4.05 (dd, 1H, Js, 5 (pr0.5y=3.6 Hz,
Js (pro-s)-5 (pro-ry = 11.3 Hz, H-5), 4.38 (brs, 1H, NH), 4.43
(dd, 1H, J5, 4,,=1.7 Hz, J,; 1;.=3.5 Hz, H-11b), 4.50
(d, 1H, Jy, 5,=3.7 Hz, H-3a), 595 (d, 1H, Jy5, 5,=3.7
Hz, H-12a), 6.88 (s, 1H, ArH), 7.06 (s, 1H, ArH); *C
NMR (75 MHz, CDCl,): § 20.3, 25.9, 26.5, 26.9, 27.0,
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33.7, 39.1, 50.0, 66.1, 75.0, 79.6, 83.3, 105.2, 109.6, 111.5,
125.8, 127.2, 130.5, 132.1, 137.2; IR (KBr) 3405, 2950,
1496, 1088 cm™!; MS (m/e): 425 (M+1).

Selected analytical data for compound 3'd (cis): Mp
208-210°C; 'H NMR (500 MHz, CDClL;): 6 1.22 (s, 3H,
Me-C), 1.33 (s, 3H, Me-D), 1.34 (s, 3H, Me-A), 1.56 (s,
3H, Me-B), 1.99 (dt, 1H, J;;, s, =4.1 HZ, Js, s (pro-sy =41
Hz, Js, 5 wo-ry=11.6 Hz, H-5a), 2.20 (s, 3H, Ar-CH3),
38 (t, 1H, Jsis grory=11.6 Hz, Js (rosys pror)
=11.6 Hz, H-5), 3.70 (dd, 1H, Js, 5 @osy=41 Hz,
J5 (pro-s)5 (pro-r) = 11.6 Hz, H-5), 4.05 (dd, 1H, J, 1, s, =
4.1 Hz, J,y, 11,=2.8 Hz, H-11a), 4.07 (dd, 1H, J,,4 ;1=
2.8 Hz, J3,11,=2.1 Hz, H-11b), 4.11 (d, 1H, J5,;,=2.1
Hz, H-3b), 4.20 (brs, 1H, NH), 4.47 (d, 1H, J5, ,,=3.6
Hz, H-3a), 5.94 (d, 1H, J;,, 5,=3.6 Hz, H-12a), 6.80 (s,

12.

IH, ArH), 7.05 (s, 1H, ArH); '*C NMR (75 MHz,
CDCl,): ¢ 20.3, 25.6, 26.1, 26.75, 29.67, 33.5, 33.6, 38.9,
45.5, 62.9, 75.6, 78.2, 83.5, 108.3, 111.7, 125.5, 127.25,
129.7, 130.5, 136.1. IR (KBr) 3417, 2927, 1499, 1089
cm™!'; MS (m/e): 425 (M+1).

Minimum energy calculations were carried out on a
Silicon graphics O, workstation, using SYBYL 6.8.
Tripos force field with default parameters used through-
out the simulations. The structures were energy mini-
mized using Steepest Descent, followed by Conjugate
Gradient methods for a maximum of 1000 iterations or
RMS deviation of 0.05 kcal mol~!, whichever was earlier.
The derived energy minimized structures were finally
normalised geometrically with AMI1 algorithm using
MOPAC.
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