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Asymmetric synthesis of novel tetrahydroquinoline derivatives
with a sugar building block and their bioactivities
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Abstract—Some novel spiro-tetrahydroquinolines were stereoselectively synthesized by using keto-sugar derived from sucrose as a
building block in one pot under mild conditions. The in vitro immunobiological activity and cytotoxicity of these novel tetrahydro-
quinolines were investigated. The results implied that these spiro-compounds have obvious bioactivity and may be structurally
modified to improve bioactivity further.
� 2005 Elsevier Ltd. All rights reserved.
Tetrahydroquinoline (THQ) moiety is an essential struc-
tural unit of various natural products and pharmaceuti-
cal agents having a wide spectrum of biological
activities,1,2 hence many approaches have been devel-
oped for the construction of THQ skeleton.3–6 Among
these approaches, the inverse electron demand hetero-
Diels–Alder reaction is regarded as one of the most
powerful approaches to asymmetric six-membered hete-
rocyclic compounds due to its high regioselectivity and
diastereoselectivity.7,8 Much previous work was accord-
ingly focused on [4+2] cycloaddition reactions of elec-
tron-deficient Schiff bases with electron-rich
dienophiles.9,10 The study on the structure–activity rela-
tionships of THQs showed that the main attention
should be paid to the following aspects: the stereochemi-
stry of the THQ, the substitution on the THQ and the
ring fused to the 3,4-position of the THQ.11 Many ef-
forts directed the electron-donating group toward the
4-position of THQ ring but the introduction of a substi-
tuent at the 3-position proved to be difficult.12 Also, lim-
ited work has been devoted to asymmetric THQ
derivatives.13–15

On the other hand, carbohydrates are attracting increas-
ingly wide attention as their inherent biological activities
and physicochemical properties are being better under-
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stood,16 and have long been used as chiral auxiliaries
or chiral building blocks and used in asymmetric trans-
formations due to their known absolute stereochemistry,
ready availability and often their low cost.17,18 There-
fore, the study related to carbohydrates will be the most
attractive work in the future. Incorporation of carbohy-
drates into new biobased materials is likely to entail
structural modifications to change their properties. On
the basis of our experience and knowledge of stereo-
chemistry of carbohydrates,19,20 we attempted to search
and employ a chiral sugar in stereoselective assembly of
THQ derivatives to alter the stereochemistry and realize
the combination of carbohydrates with bioactive prod-
ucts. We herein report a new and convenient method
for asymmetric synthesis of THQ derivatives by using
1,4:3,6-dianhydro-DD-fructose derived from sucrose as a
chiral building block and their bioactivities.

In our previous paper, we reported the preparation of
1 0,4 0:3 0,6 0-dianhydro-4-chloro-4-deoxy-galacto-sucrose
by using sucralose as the starting material21 and the fur-
ther hydrolysis to afford 4-chloro-4-deoxy-a-DD-galac-
tose.22 In the fractionation of the hydrolysis product
with chromatography, we can also get 1,4:3,6-dianhy-
dro-DD-fructose (1) as a thick liquid, which is a chiral
building block having three chiral centers and a highly
reactive prochiral carbonyl group. Thus we attempted
to incorporate the building block into asymmetric
organic molecule bearing expected biological activity.

We planned to react Schiff base derived from amine and
1 with dienophile to prepare THQ derivatives and then
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Table 1. Reactions of various anilines with keto-sugar 1

2: R = p-CH3
3: R = p-OCH3
4: R = H 
5: R = p-OH    
6: R = m-CH3    
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Entry Anilines Solvents Reaction

time (h)

Products Yields

(%)

1 p-Toluidine CH2Cl2 24 2 72

2 p-Aminoanisole CH2Cl2 24 3 82

3 Aniline CH2Cl2 24 4 65

4 p-Aminophenol CH2Cl2 48 5 16

5 m-Toluidine CH2Cl2 48 6 36

6 p-Nitroaniline CH2Cl2 48 7 0

7 p-Chloroaniline CH2Cl2 48 8 0

8 p-Toluidine MeCN 24 2 81

9 p-Aminoanisole MeCN 24 3 83

10 Aniline MeCN 24 4 71

11 p-Aminophenol MeCN 48 5 55

12 m-Toluidine MeCN 48 6 49

13 p-Nitroaniline MeCN 48 7 0

14 p-Chloroaniline MeCN 48 8 0
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evaluate the bioactivity of the product obtained. Our
first attempt was to treat 1 with equal equivalents of
p-toluidine in dichloromethane (CH2Cl2) in the presence
of catalytic toluene-p-sulfonic acid (p-TsOH) at ambient
temperature. Unexpectedly, before the dienophile was
added, a white precipitate was observed. Filtration of
the mixture gave a white product. The HRMS, 1H
NMR, 13C NMR, DEPT-135, and 2D NMR spectra23

showed the new product to be THQ 2 (as shown in
Scheme 1). The stereochemistry of 2 was finally estab-
lished through single-crystal X-ray structure determina-
tion (Fig. 1)24 after recrystallization from absolute
ethanol. From the structure of 2 we noted that a aryl-
amino group was introduced at 4-position and a furano
ring was fused to 3,4-position of the THQ in the reac-
tion. The product is structurally similar to 4-phenyl-
amino-tetrahydroquinoline derivatives that have some
potent bioactivities.25 There are three chiral centers in
the newly formed THQ ring (2S,3S,4R). To our knowl-
edge, this is first example for utilization of keto-sugars in
asymmetric synthesis of THQs despite their known
chirality.

Under similar conditions, keto-sugar 1 was treated with
several other anilines in CH2Cl2 and acetonitrile
(MeCN), respectively, to illustrate the novelty of the
present strategy and the results are presented in Table
1. When anilines bearing electron-donating substituents
(entries 1–5) were used, the reaction afforded the ex-
pected corresponding THQ derivatives (2–6). But with
O
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Scheme 1. Synthesis of THQ derivative 2.
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Figure 1. ORTEP of THQ derivative 2 and 6.
p-aminophenol (entry 4) the reaction gave product 5 in
poor yield due to the poor solubility of p-aminophenol
in CH2Cl2. In order to improve the efficiency of entry
4, we used MeCN to replace CH2Cl2 as the solvent in
the reaction. Product 5 was successfully obtained in a
better yield (55%, entry 11). When MeCN was used in
all the other reactions, we found that the yields were
all improved in different degrees (entries 8–10, and 12).
When aniline was m-toluidine (Table 1, entry 5), we
found that not C-2 but C-6 on benzene ring was incor-
porated into the heterocyclic core (product 6) for the
hindrance of methyl group at C-3. The configuration
of 6 was established by single crystal X-ray analysis
(Fig. 1)26 also. However, anilines bearing electron-with-
drawing groups (entries 6, 7, 13, and 14) used in the
6



O

O

OH

O

+

NH2

O

O

HO

O

O

HN

NH
MePh

1

H

H

O

O

OH

N

H

H
MePh

O

O

HO

HN

H

H
PhMe

9

10 + 9
O

O

HO

NH

H

H
MePh

O

O

OH

N

H

H

H

H

OHH

H

10

2

Me

Me Me

Scheme 2. Proposed pathway for the formation of THQ.

Table 2. IC50 (lg mL�1) of THQ derivatives 2–6, and 2 0 against

human cancer cell lines

2 20 3 4 5 6

Helaa —c 150 648 — — 276

Eca-109b 240 135 — — 78 95

aHuman cervical carcinoma cell lines, time 48 h.
b Human esophagus cancer cell lines, time 72 h.
c Symbol �—� represents a IC50 value of >1000.

H.-M. Liu et al. / Bioorg. Med. Chem. Lett. 15 (2005) 1821–1824 1823
reaction, either in CH2Cl2 or in MeCN, gave no product
7 and 8. All the products obtained were spectroscopi-
cally characterized.

The pathway for the formation of THQ derivative is
proposed in Scheme 2. Treatment of keto-sugar 1 with
aniline in the presence of p-TsOH gave first Schiff base
9. Then 9 was competitively isomerized to enamine 10
and a dynamic equilibrium between the two isomers
was founded. Finally, the self-cycloaddition of 9 with
10 led to the formation of Doebner–von Miller interme-
diate type THQ derivative.27 Only exo–exo combination
product was obtained in the cycloaddition process as
shown in Figure 1, which resulted not only from the re-
gio-control of the inverse electron demand Diels–Alder
reaction but also from the stereochemistry of substrates
for the existence of three chiral centers at both azadiene
9 and dienophile 10.

The electron donating group (EDG) on the aromatic
ring increases the HOMO energy of the electron-rich en-
amine dienophile, subsequently decreases the energy gap
between the azadiene LUMO and dienophile HOMO,
although it enhanced the LUMO energy of azadiene to
some extent. Therefore, the anilines bearing EDG are
favorable to the cycloaddition reaction.

The in vitro immunobiological activities of these THQs
were tested using the lymphocyte proliferation assay.28

We found that compound 6 has an obviously stimula-
tory effect on T lymphocyte proliferation. The OD val-
ues of compound 6 were 0.316 ± 0.019 (25 lg/mL) and
0.356 ± 0.015 (50 lg/mL), much higher than that of
the control with concanavalin A (0.259 ± 0.016).

The in vitro cytotoxicity29 of these novel THQ deriva-
tives 2–6 and 2-diacetate (2 0) against human cancer cell
lines were evaluated in two assay systems, that is, Eca-
109 and Hela cell lines. The results were presented in Ta-
ble 2, which implied that the cytotoxicity was sensitive
to a variety of functional groups and position of the sub-
stitution at benzene ring. Conversion of two hydroxyl
groups at the sugar ring into two O-acetyl groups (from
THQ 2 to 2 0) allowed significantly diminished IC50 val-
ues (from >1000 diminished to 150 for Hela and from
240 to 135 for Eca-109), which was indicative that trans-
formation of hydroxyl group at the sugar ring is another
effective way to improve the cytotoxicity.

In summary, we have synthesized asymmetric polycyclic
spiro-tetrahydroquinoline derivatives by using the chiral
building block derived from sucrose. The formation of
THQs was stereocontrolled by the stereochemistry of su-
gar, which is the first example for incorporation of keto-
sugar building block into THQs. The methodology
undoubtedly extends the utilization of carbohydrates in
asymmetric synthesis of biobased heterocyclic com-
pound. The investigation of bioactivity of the THQderiv-
atives showed the obvious in vitro immunocompetence
and cytotoxicity. The results indicated that incorporation
of carbohydrates into new biobased materials could en-
tail structural modifications to endow them with new
properties. The further structural modification of these
compounds to improve the bioactivity is in progress.
Supplementary data

CCDC-243889 (derivative 2) and CCDC-243890 (deriv-
ative 6) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, by emailing
data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK; fax: (+44)1223-336-
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