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Scheme 1. Reagents and conditions; (i) NaH, DMF, rt; (ii) (a) cat. 
p-TsOH, toluene, reflux, (b) K2CO3/CuCl, THF, reflux; (iii) 
hydrazine hydrate, KOH/ethylene glycol, reflux; (iv) KOH, DMSO, 
6a-e, rt; (v) KOH, DMSO, 6a-e, rt.

Alzheimer’s disease (AD) is characterized by the deficits in 
the cholinergic system1,2 and presence of neurofibrillary 
tangles and amyloid plaques.3,4 Since the deficiency in 
cholinergic neurotransmission is believed to be one of the 
major causes of the decline in cognitive and mental functions 
associated with AD, cholinergic system became a target for 
the design of anti-Alzheimer drugs. Acetylcholinesterase 
(AChE) inhibitors by “cholinergic hypothesis” have been a 
useful and practical treatment for the treatment of AD.5,6 
Moreover, the interest for AChE inhibitors has been greatly 
renewed due to the recent evidences that AChE might 
function to accelerate β-amyloid peptide (Aβ) formation and 
could play a role during amyloid deposition in AD brain.7,8 

The dimers of tacrine (1) which was the first AChE inhibitor 
approved by FDA have been synthesized and studied to 
improve potency and selectivity of AChE inhibition as the 
dual binding site strategy. In this series of compounds, the 
heptamethylene-linked tacrine dimer (2), the so-called bis(7)- 
tacrine, turned out to be more potent and selective for AChE 
inhibition than the parent compound, 1. This activity can be 
explained by the effective and simultaneous binding of the 
tacrine units to catalytic and peripheral sites of AChE.9-12

Therefore, the search for novel and potent tacrine-related 
homo- and heterodimer ligands as dual binding site AChE 
inhibitors has become an area of very active research.13-16 
Several classes of these inhibitors have been developed by 
connecting through a suitable linker the two interacting units, 
which are generally derived from known AChE inhibitors or 
their analogs. Compound 4, for example, donepezil-tacrine 
hybrid which was combined different fragments of donepezil 
(3) with 1, was recently synthesized and investigated for the 
inhibition of AChE and AChE-induced Aβ aggregation.17-18 

We have reported the synthesis of new 4-amino-5,6,7,8-tetrahy-

drothieno[2,3-b]quinoline and 4-amino-5,6,7,8-tetrahydro-
thieno[2,3-b]quinolin-5-ol derivatives (5) as potential AChE 
inhibitors.19

In view of the outstanding pharmacological profile of 
compound 4 and taking into account the tricyclic system of its 
tacrine units and a tether length of methylene groups for an 
optimal AChE inhibitory activity, we have designed new 
alkylene-linked donepezil-aminothienoquinoline hybrid related 
derivatives based on 3 and 5. As a continuation of our previous 
works on thienopyridine and thienopyrimidine,19-21 we now 
report the synthesis of a series of 2-[n-(5-oxo-5,6,7,8-tetrahy-
drothieno[2,3-b]quinolin-4-ylamino)alkyl]isoindole-1,3-dio-
ne (n = 6,7,8,9,10) (9a-e) and 2-[n-(5,6,7,8-tetrahydrothieno- 
[2,3-b]quinolin-4-ylamino)alkyl]isoindole-1,3-dione (n = 6, 
7, 8, 9, 10) (10a-e). 

The alkylation of phthalimide with different dibromo-
alkanes (n = 6,7,8,9,10) afforded intermediates 6a-e in good 
yields.17 The key intermediate 7 was also prepared by two- 
step reactions, starting from 2-aminothiophene-3-carbonitrile 
and cyclohexane-1,3-dione according to the procedure we 
have previously reported.19 The carbonyl of 7 was trans-
formed into methylene group by modified Wolff-Kishner 
reduction (hydrazine hydrate and KOH under hot ethylene 
glycol) to give 8 in 55% yield.22 

The synthesis of alkylene-linked donepezil-aminothieno-
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quinoline hybrid related derivatives 9a-e and 10a-e was 
carried out through direct alkylation of 6a-e with 7 and 8. The 
2 equiv of powdered KOH was added to the solution of 
compound 7 or 8 (1 equiv) in DMSO and stirred vigorously at 
room temperature for 4 h. The each of compounds 6a-e (n = 
6,7,8,9,10) in DMSO was then added dropwise to the reaction 
solution. The resulting solution was stirred at room tempera-
ture for 12 h to give the desired hybrid derivatives 9a-e or 
10a-e in moderate yields (25-40%). The side product that was 
alkylated at alpha carbon of carbonyl group in 6 was not 
obtained. Marked improvements in yield and reaction time 
could not be made when other solvents, bases or phase 
transfer catalysts were used. The alkylation of 7 with 6a in the 
presence of KOH was also attempted by using the solvent-free 
microwave assisted methods,23 but it was found to yield 
instead an inseparable mixture of compounds. The structure 
of compounds 9a-e and 10a-e was characterized by their 
spectral data and elemental analysis.

In conclusion, we reported the facile synthesis of new 
alkylene-linked donepezil-aminothienoquinoline hybrid related 
derivatives 9a-e and 10a-e as potential AChE inhibitors. The 
AChE inhibition study of these compounds is underway and 
will be reported elsewhere. 

Experimental Section

General procedure for the preparation of 2-[n-(5-oxo- 
5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4-ylamino)alkyl]iso- 
indole-1,3-dione (n = 6,7,8,9,10) (9a-e) and 2-[n-(5,6,7,8- 
tetrahydrothieno[2,3-b]quinolin-4-ylamino)alkyl]isoindole-
1,3-dione (n = 6, 7, 8, 9, 10) (10a-e). The powered KOH (20 
mmole) was added to a solution of 7 or 8 (10 mmole) in 
DMSO (20 mL) under nitrogen. The mixture was vigorously 
stirred for 4h at room temperature, and then each bromo-
phthalimide derivatives 6a-e (10 mmole, n = 6,7,8,9,10) was 
added dropwise to the reaction solution. After stirring at room 
temperature for 12h, it poured into water and extracted with 
chloroform. The solvent was evaporated to dryness and the 
residue was then purified by silica gel column chromato-
graphy eluting with a 50:50 v/v ethyl acetate/chloroform 
mixture.

2-[6-(5-Oxo-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4- 
ylamino)hexyl]isoindole-1,3-dione (9a): Yield 30%; brown 
oil; 1H NMR (CDCl3): δ 10.91 (s, 1H, NH), 7.84 (dd, 2H, 
phenyl), 7.71 (dd, 2H, phenyl), 7.54 (d, J = 5.9 Hz, 1H, 
thiophene H-2), 7.12 (d, J = 5.9 Hz, 1H, thiophene H-3), 
3.72-3.67 (m, 4H, 2 × N-CH2), 3.06 (t, 2H, H-8), 2.70 (t, 2H, 
H-6), 2.06 (m, 2H, H-7), 1.77-1.67 (m, 4H), 1.34-1.25 (m, 
4H). MS: (m/z) 447 (M+), 245, 231, 218, 203, 160. Anal. 
Calcd. for C25H25N3O3S: C, 67.09; H, 5.63; N, 9.39. Found: C, 
67.24; H, 5.56; N, 9.20.

2-[7-(5-Oxo-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4- 
ylamino)heptyl]isoindole-1,3-dione (9b): Yield 26%; brown 
oil; 1H NMR (CDCl3): δ 10.97 (s, 1H, NH), 7.84 (dd, 2H, 
phenyl), 7.70 (dd, 2H, phenyl), 7.53 (d, J = 5.9 Hz, 1H, thio-
phene H-2), 7.12 (d, J = 5.9 Hz, 1H, thiophene H-3), 3.72-3.70 
(m, 4H, 2 × N-CH2), 3.06 (t, 2H, H-8), 2.69 (t, 2H, H-6), 2.05 
(m, 2H, H-7), 1.77-1.67 (m, 4H), 1.37-1.25 (m, 6H). MS: 

(m/z) 461 (M+), 245, 231, 160. Anal. Calcd. for C26H27N3O3S: 
C, 67.66; H, 5.90; N, 9.10. Found: C, 67.79; H, 6.12; N, 9.27.

2-[8-(5-Oxo-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4- 
ylamino)octyl]isoindole-1,3-dione (9c): Yield 29%; brown 
oil; 1H NMR (CDCl3): δ 10.92 (s, 1H, NH), 7.83 (dd, 2H, 
phenyl), 7.70 (dd, 2H, phenyl), 7.54 (d, J = 5.9 Hz, 1H, 
thiophene H-2), 7.12 (d, J = 5.9 Hz, 1H, thiophene H-3), 
3.73-3.70 (m, 4H, 2 × N-CH2), 3.06 (t, 2H, H-8), 2.70 (t, 2H, 
H-6), 2.06 (m, 2H, H-7), 1.77-1.67 (m, 4H), 1.37-1.24 (m, 
8H). MS: (m/z) 475 (M+), 245, 231, 160. Anal. Calcd. for 
C27H29N3O3S: C, 68.19; H, 6.15; N, 8.84. Found: C, 68.32; H, 
6.01; N, 9.01.

2-[9-(5-Oxo-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4- 
ylamino)nonyl]isoindole-1,3-dione (9d): Yield 31%; brown 
oil; 1H NMR (CDCl3): δ 10.90 (s, 1H, NH), 7.84 (dd, 2H, 
phenyl), 7.71 (dd, 2H, phenyl), 7.54 (d, J = 5.9 Hz, 1H, 
thiophene H-2), 7.12 (d, J = 5.9 Hz, 1H, thiophene H-3), 
3.72-3.68 (m, 4H, 2 × N-CH2), 3.06 (t, 2H, H-8), 2.69 (t, 2H, 
H-6), 2.06 (m, 2H, H-7), 1.77-1.66 (m, 4H), 1.34-1.24 (m, 
10H). MS: (m/z) 489 (M+), 245, 231, 218, 160. Anal. Calcd. 
for C28H31N3O3S: C, 68.69; H, 6.38; N, 8.58. Found: C, 68.78; 
H, 6.54; N, 8.40.

2-[10-(5-Oxo-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-4- 
ylamino)decyl]isoindole-1,3-dione (9e): Yield 25%; brown 
oil; 1H NMR (CDCl3): δ 10.84 (s, 1H, NH), 7.83 (dd, 2H, 
phenyl), 7.71 (dd, 2H, phenyl), 7.54 (d, J = 5.9 Hz, 1H, 
thiophene H-2), 7.12 (d, J = 5.9 Hz, 1H, thiophene H-3), 
3.72-3.69 (m, 4H, 2 × N-CH2), 3.06 (t, 2H, H-8), 2.70 (t, 2H, 
H-6), 2.06 (m, 2H, H-7), 1.77-1.65 (m, 4H), 1.34-1.20 (m, 
12H). MS: (m/z) 503 (M+), 245, 231, 160. Anal. Calcd. for 
C29H33N3O3S: C, 69.16; H, 6.60; N, 8.34. Found: C, 68.98; H, 
6.75; N, 8.46.

2-[6-(5,6,7,8-Tetrahydrothieno[2,3-b]quinolin-4-ylamino)- 
hexyl]isoindole-1,3-dione (10a): Yield 35%; yellow oil; 1H 
NMR (CDCl3): δ 7.84 (dd, 2H, phenyl), 7.72 (dd, 2H, phenyl), 
7.42 (d, J = 5.9 Hz, 1H, thiophene H-2), 7.10 (d, J = 5.9 Hz, 
1H, thiophene H-3), 3.70-3.62 (m, 4H, 2 × N-CH2), 2.96 (t, 
2H, H-8), 2.50 (t, 2H, H-5), 1.91-1.88 (m, 4H, H-6 and H-7), 
1.72-1.70 (m, 4H), 1.36-1.25 (m, 4H). MS: (m/z) 433 (M+), 
204, 188, 176, 160. Anal. Calcd. for C25H27N3O2S: C, 69.26; 
H, 6.28; N, 9.69. Found: C, 69.40; H, 6.36; N, 9.88.

2-[7-(5,6,7,8-Tetrahydrothieno[2,3-b]quinolin-4-ylamino)- 
heptyl]isoindole-1,3-dione (10b): Yield 32%; yellow oil; 1H 
NMR (CDCl3): δ 7.84 (dd, 2H, phenyl), 7.72 (dd, 2H, phenyl), 
7.42 (d, J = 5.9 Hz, 1H, thiophene H-2), 7.11 (d, J = 5.9 Hz, 
1H, thiophene H-3), 3.70-3.61 (m, 4H, 2 × N-CH2), 2.96 (t, 
2H, H-8), 2.49 (t, 2H, H-5), 1.90-1.88 (m, 4H, H-6 and H-7), 
1.72-1.70 (m, 4H), 1.36-1.23 (m, 6H). MS: (m/z) 447 (M+), 
204, 188, 174, 160, 148. Anal. Calcd. for C26H29N3O2S: C, 
69.77; H, 6.53; N, 9.39. Found: C, 69.80; H, 6.39; N, 9.50.

2-[8-(5,6,7,8-Tetrahydrothieno[2,3-b]quinolin-4-ylamino)- 
octyl]isoindole-1,3-dione (10c): Yield 40%; yellow oil; 1H 
NMR (CDCl3): δ 7.84 (dd, 2H, phenyl), 7.73 (dd, 2H, phenyl), 
7.42 (d, J = 5.9 Hz, 1H, thiophene H-2), 7.11 (d, J = 5.9 Hz, 
1H, thiophene H-3), 3.70-3.61 (m, 4H, 2 × N-CH2), 2.97 (t, 
2H, H-8), 2.50 (t, 2H, H-5), 1.91-1.88 (m, 4H, H-6 and H-7), 
1.72-1.70 (m, 4H), 1.38-1.22 (m, 8H). MS: (m/z) 461 (M+), 
204, 188, 174, 160, 82. Anal. Calcd. for C27H31N3O2S: C, 
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70.25; H, 6.77; N, 9.10. Found: C, 70.38; H, 6.66; N, 9.27.
2-[9-(5,6,7,8-Tetrahydrothieno[2,3-b]quinolin-4-ylamino)- 

nonyl]isoindole-1,3-dione (10d): Yield 36%; yellow oil; 1H 
NMR (CDCl3): δ 7.84 (dd, 2H, phenyl), 7.73 (dd, 2H, phenyl), 
7.42 (d, J = 5.9 Hz, 1H, thiophene H-2), 7.12 (d, J = 5.9 Hz, 
1H, thiophene H-3), 3.70-3.62 (m, 4H, 2 × N-CH2), 2.96 (t, 
2H, H-8), 2.50 (t, 2H, H-5), 1.92-1.88 (m, 4H, H-6 and H-7), 
1.72-1.68 (m, 4H), 1.36-1.23 (m, 10H). MS: (m/z) 475 (M+), 
204, 188, 176, 160. Anal. Calcd. for C28H33N3O2S: C, 70.71; 
H, 6.99; N, 8.83. Found: C, 70.80; H, 6.81; N, 9.01.

2-[10-(5,6,7,8-Tetrahydrothieno[2,3-b]quinolin-4-ylamino)- 
decyl]isoindole-1,3-dione (10e): Yield 38%; yellow oil; 1H 
NMR (CDCl3): δ 7.84 (dd, 2H, phenyl), 7.72 (dd, 2H, phenyl), 
7.42 (d, J = 5.9 Hz, 1H, thiophene H-2), 7.11 (d, J = 5.9 Hz, 
1H, thiophene H-3), 3.70-3.61 (m, 4H, 2 × N-CH2), 2.96 (t, 
2H, H-8), 2.49 (t, 2H, H-5), 1.91-1.88 (m, 4H, H-6 and H-7), 
1.72-1.70 (m, 4H), 1.36-1.25 (m, 12H). MS: (m/z) 489 (M+), 
204, 188, 176, 149, 67. Anal. Calcd. for C29H35N3O2S: C, 
71.13; H, 7.20; N, 8.58. Found: C, 70.02; H, 7.01; N, 8.77.
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