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Abstract: W e p resen t a c o n v e n i e n t syn thes i s of novel 8 - s u l f o n y l - 4 - ( m o r p h o l i n - 4 - i u m - 4 - y I m e t h y l ) - l , 3 -
d i o x o - 2 , 3 - d i h y d r o - l / / - p y r r o l o [ 3 , 4 - c ] q u i n o l i n e s us ing a mod i f i c a t i on o f the c lass ica l P f i t z i nge r r eac t ion . 
A c c o r d i n g to ou r m e t h o d , t h e 5 - su l fony la ted isatins were reac ted with a m i x t u r e o f ethyl 4 - c h l o r o - 3 - o x o -
b u t a n o a t e a n d m o r p h o l i n e . T h e resu l t ing qu ino l ine -3 ,4 -d i ca rboxy l i c a c i d s w e r e then s u c c e s s i v e l y 
conve r t ed into the c o r r e s p o n d i n g f u r o [ 3 , 4 - c ] q u i n o l i n e - l , 3 - d i o n e s and p y r r o l o [ 3 , 4 - c ] q u i n o l i n e - l , 3 - d i o n e s . 
T h e latters a p p e a r e d to be e f f ec t ive n o n p e p t i d e inhibi tors o f c a s p a s e - 3 e n z y m e . 

Introduction 

In a ser ies o f our recent works , w e s tud ied the b e h a v i o r o f 5 - s u l f a m o y l i s a t i n s u n d e r the c o n d i t i o n s o f 
P f i t z inger reac t ion (1,2) . Thus , w e repor ted a novel e f f e c t i v e syn the t ic rou te to 6 - s u l f a m o y I q u m o l i n e - 3 , 4 -
d i ca rboxy l i c ac id s (3). In a fo l l ow-up s tudy o f this syn the t i c m e t h o d , w e h a v e f o u n d tha t the p r e s e n c e o f 
su l f amoy l g r o u p in posi t ion 5 o f isatin moie ty increases the suscept ib i l i ty o f the isatin c a r b o n y l g r o u p to 
nuc l eoph i l i c a t t ack and , thus , fac i l i ta tes the fo rma t ion o f va r ious r eac t i ve i n t e rmed ia t e s (4) . T h e 
s u b s e q u e n t r eac t ions o f these i n t e rmed ia t e s are k inet ica l ly cont ro l led and are o f t e n f a v o r a b l e o v e r the 
c lass ical P f i t z inge r pa thway . Thus , 6 - s u l f a m o y l q u i n o l i n e - 4 - c a r b o x y l i c acid 4 w a s isolated as the m a j o r 
p r o d u c t o f reac t ion be tween ^ - s u b s t i t u t e d 5 - su l f amoyl i sa t in s 1 wi th d ie thyl m a l o n a t e ins tead o f the 
an t ic ipa ted 2 - o x o - l , 2 - d i h y d r o q u i n o l i n e - 4 - c a r b o x y l i c acid 3 ( S c h e m e 1). 

T r a n s f o r m a t i o n s of 5 - su l f amoy l i s a t i n s (3 ,4) . 
Scheme-1 

In the m e n t i o n e d work (3) , w e s u c c e d e d to obta in d ica rboxy l i c a c i d s 2 u s i n g the r eac t i on o f 5-
s u l f a m o y l isat ins 1 wi th ethyl ace toace t a t e u n d e r s t rong alkali cond i t ions . A c i d s 2 w e r e then c o n v e r t e d 
into the c o r r e s p o n d i n g l , 3 -d ioxo -2 ,3 -d ihyd ro - l / 7 -py r ro lo [3 ,4 -c ]qu ino I ines 5. T h e lat ters r e p r e s e n t a nove l 
p h a r m a c o p h o r e he te rocyc l i c sca f fo ld wi th in teres t ing biological act ivi ty (5 ,6) . 
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Results and Discussions 

Reported herein are our continuing studies on the synthesis and characterization of novel derivatives of 
l,3-dioxo-2,3-dihydro-l//-pyrroIo[3,4-c]quinoline heterocyclic system. According to our approach 
depicted in Scheme 2, sodium isatin-5-sulfonate 9 was initially hydrolized with aqueous NaOH to give 
oxoacetate 10. The latter was then treated with a mixture of methyl 4-chloro-3-oxo-butanoate 6 and 
morpholine 7 (1:4, mol/mol), which actually contained in situ formed ethyl 4-morpholin-4-yl-3-
oxobutanoate 8. The 3-(morpholin-4-ylacetyl)but-2-enedioate 11 formed in this reaction underwent rapid 
conversion into the corresponding 3,4-dicarboxylic acid 12 upon acidification of the reaction mixture. It is 
worthy of note that a very complex, inseparable mixture of products was formed when we treated 
oxoacetate 10 with methyl 4-chloro-3-oxo-butanoate, without addition of morpholine. 

Synthesis of 3,4-dicarboxy-2-(morpholin-4-ium-4-ylmethyl)quinoline-6-sulfonate 12. 
Scheme-2 

3,4-Dicarboxylic acid 12 was converted into furan-2,5-dione 13 upon the reaction with acetic 
anhydride in dry pyridine (Scheme 3). According to LCMS data, reaction of anhydride 13 with primary 
amines 14a-c initially led to a mixture of two isomers 15a-c and 16a-c in 1:1 ratio. This mixture was 
converted into imides 17a-c upon the treatment with acetic anhydride (yield 57-68%). In the case of 2-
aminoethanol 14a and 4-amino-3,5-dimethyl-l//-pyrazole 14b, the assembly of the pyrrolo[3,4-
c]quinoline-l,3-dione heterocyclic system is accompanied by acetylation leading to the corresponding 
acetylated products. Interestingly, imides 5 (Scheme 1) could be obtained in a similar manner, but without 
addition of A c 2 0 (3). These experimental data suggest that the intermediates 15a-c and 16a-c are 
probably stabilized by intramolecular electrostatic interaction between the carboxylic (carboxamide) 
group and the positively charged morpholinuim nitrogen, and addition of the dehydrating agent is 
required for their conversion into the desired imides 17a-c. 

The assignment of these structures was made on the basis of LCMS, 'H NMR, l3C NMR and 
high-resolution mass-spectroscopy data. Satisfactory analytical data consistent with the shown molecular 
structures were obtained for all compounds. 
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Synthesis of 8-sulfonyl-4-(moφholin-4-iun^-4-ylmetllyl)-l,3-dioxo-2,3-dihydlΌ-l//-pyπΌ]o[3,4-ί:]quinoIines. 
Schein e-3 

Recently, we have discovered that 4-alkyl-substituted l,3-dioxo-2,3-dihydiO-l//-pyrrolo[3,4-
cjquinolines display potent inhibitory activity against caspase-3 and represent a new chemotype of 
nonpeptide small molecule inhibitors of this enzyme (5,6). In a similar way, compounds 17a-c have been 
tested on their ability to inhibit caspase-3 catalyzed proteolytic breakdown of its fluorogenic substrate. In 
this in vitro assay, the obtained compounds displayed high inhibitory activity with IC50 in the range of 
0.5-1.26 μΜ (IC50 = 0.50 μΜ for 17a, IC50 = 1.00 μΜ for 17b and IC50 = 1.26 μΜ for 17c). These 
preliminary biological data suggest that further structure-activity relationship studies around the 
synthesized scaffold can provide compounds with valuable physiological activities. 

Conclusions 

We have developed an efficient synthetic approach to novel 4,8-disubstituted derivatives of 1,3-dihydro-
pyrrolo[3,4-c]quinoline-l,3-diones. As key step, the method features Pfitzinger reaction of 5-sulfonylated 
isatins with a mixture of ethyl 4-chloro-3-oxo-butanoate and morpholine. Subsequent reactions amenable 
to high-throughput combinatorial protocol provide a convenient synthetic way to the target compounds, 
which represent a valuable pharmacophore chemotype. Thus, the synthesized compounds are effective 
inhibitors of caspase-3 enzyme, which plays a key role in apoptosis and, therefore, represents attractive 
target for therapeutic intervention in several diseases (7). 

Experimental 

3,4-Dicarboxy-2-(morplioIin-4-ium-4-ylniethyl)quiiioliiie-6-sulfonate 12. Morpholine (6.96 mL, 80 
mmol) was slowly added to a solution of methyl 4-chloro-3-oxo-butanoate (3.01 g, 20 mmol) in dioxane 
(15 mL) at 10-15 °C, and the mixture was stirred at r. t. for 1.5 h. The resulting mixture was added to a 
solution of sodium isatin-5-sulfonate (2.49 g, 10 mmol) in 5N NaOH (25 mL). The reaction mixture was 
stirred at r. t. overnight, then washed with ether (2x40 mL). The water layer was acidified with 2N HCl 
until pH 2-3 was reached, and the resulting suspension was kept at 0 °C for 3 h. The formed precipitate 
was filtered out, washed with cool 2N HCl and lyophiiized to afford pure acid 12 as light-grey solid. 
Yield 2.81 g (71%). HRMS: m/z [M+H+] calcd for C l6H16N208S: 397.0700. Found: 397.0681; 'H-NMR 
(400 MHz, DMSO-C/Ä): δ 14.3 (br.s, 2H), 10.3 (br.s, 1H), 8.23 (d , J„ ,= 1.8 Hz, 1H), 8.11-8.13 (m, 2H), 
5.02 (s, 2H), 3.97-4.04 (m, 8H); l3C NMR (DMSO-i/«): δ 167.29, 166.14, 149.90, 148.06, 146.25, 144.23, 
130.48, 128.69, 122.04, 121.22, 120.97, 63.34, 59.21, 52.50. 
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4-(MoiphoIin-4-iuni-4-ylmethyl)-l,3-dioxo-l,3-tliliydrofuio[3,4-c]quinoline-8-sulfonate 13. A 
mixture of 12 (1.98 g, 5 mmol), acetic anhydride (15 mL) and pyridine (1 mL) was stirred at 80 °C for 2 
h. The obtained solution was cooled to 0 °C and kept at this temperature for 4 h. The formed precipitate 
was filtered off, washed with Ac 2 0 and ether, and dried in vacuo to give 1.65 g (87%) of 13, which was 
used at the next step without further purification. 

General Procedure for Preparation of Compounds 17a-c. Anhydride 13 was added to a solution of 
amine 14a-c (0.25 mmol) in pyridine (2 mL), and the mixture was stirred at r. t. for 0.5 h. Acetic 
anhydride (1 mL) was added and the resulting mixture was stirred at 80 °C for 2 h and then cooled to r. t. 
Ether (5 mL) was added and the formed precipitate was collected by centrifugation, washed with EtOAc 
and dried to afford imides 17a-c as colorless solids. 

2-[2-(Acetyloxy)elhyl]-4-(morpholin-4-ium-4-ylmethyl)-l,3-dioxo-2,3-dihydiO-l//-pyrrolo[3,4-
c]quinoline-8-sulfonate 17a, yield 57%; Η RMS: m/z [M+H+] calcd for C20H21N3O8S: 464.1122. Found: 
464.1120; 'H-NMR (400 MHz, DMSO-d«): δ 10.6 (br.s, 1H), 9.04 (d, Jm = 1.8 Hz, 1H), 8.36 (d, Ju = 9.1 
Hz, 1H), 8.19 (dd, J0 = 9.1 Hz, Jm = 1.8 Hz, 1H), 4.27 (t, J= 1.55 Hz, 2H), 3.90 ( t , J = 5.5 Hz, 2H), 3.65-
3.59 (m, 4H), 3.41-3.33 (m, 2H), 3.02-2.81 (m, 4H), 2.99 (s, 3H). 2-(l-Acetyl-3,5-dimethyl-l//-pyrazol-
4-yl)-4-(morpholin-4-ium-4-yhriethyl)-l,3-dioxo-2,3-dihydro-l//-pyrrolo[3,4-c]quinoline-8-sulfonate 
17b, yield 68%; Η RMS: m/z [M+H+] calcd for C23H23N507S: 514.1391. Found: 514.1394. 4-(Morpholin-
4-ium-4-yhriethyl)-l,3-dioxo-2-(l,3,5-trimethyl-l//-pyrazol-4-yl)-2,3-dihydro-l//-pyrrolo[3,4-
c]quinoline-8-sulfonate 17c, yield 61%; Η RMS: m/z [M+H+] calcd for C22H23N5O0S: 486.1442. Found: 
486.1440. 
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