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�?9F>4 – EFDG>FGDA4S < HGA>J<BA4?PA4S 98<A<J4 :<6B7B BD74A<;@4. 



 

 

&<CO >?9FB>: CDB>4D<BF<K9E><9 < QG>4D<BF<K9E><9. "EAB6AO9 BD74A9??O 
>?9F><: D<5BEB@O, S8DB, >B@C?9>E �B?P8:<, @<FBIBA8D<<, J<FBE>9?9F. 
%FDB9A<9 5<B?B7<K9E><I @9@5D4A.  9@5D4AAO9 ?<C<8O. �J<?7?<J9D<8O, 
A97?<J9D<AB6O9 ?<C<8O, CDBEFO9 ?<C<8O. �6B=AB= ?<C<8AO= E?B=. 
�<8>B@B;4<KA4S @B89?P EFDG>FGDO @9@5D4AO. #9D9ABE 69M9EF6 K9D9; 
@9@5D4AO: 8<HHG;<S, B5?97K9AA4S 8<HHG;<S, 4>F<6AO= FD4AECBDF.  

$4;89? 2. %6O;P H<;<>B-I<@<K9E><I E6B=EF6 5<B?B7<K9E>< 4>F<6AOI 
69M9EF6 E <I H4D@4>B?B7<K9E>B= 4>F<6ABEFPN. 

$4EF6BD<@BEFP < ?<CBH<?PABEFP. #B69DIABEFAB-4>F<6AO9, @9@5D4A-

4>F<6AO9 H4D@4>B?B7<K9E><9 479AFO < <BA-CDB6B8SM<9 4AF<5<BF<><. 
)<@<K9E>B9 E6S;O64A<9 < 5<B?B7<K9E>4S 4>F<6ABEFP. %6S;P @9:8G 
H4D@4>B?B7<K9E>B= 4>F<6ABEFPR, Q?9>FDBAAO@< E6B=EF64@< < >BAEF4AF4@< 
<BA<;4J<<. %F9D9BI<@<K9E><9 4EC9>FO 89=EF6<S ?9>4DEF6. "CF<K9E>4S 
<;B@9D<S. �9B@9FD<K9E>4S <;B@9D<S. �<B?B7<K9E>4S 4>F<6ABEFP >BAHBD@9DB6 

$4;89? 3. �;4<@B89=EF6<9 ?9>4DEF6B-D9J9CFBD 
%9@9=EF64 D9J9CFBDB6 < <I I<@<K9E>4S CD<DB84. �<A9F<>4 

6;4<@B89=EF6<S ?<74A8 – D9J9CFBD. "EAB6AO9 F9BD<< D9J9CJ<< 

$4;89? 4. %<EF9@O C9D984K D9J9CFBDAB7B E<7A4?4 < 6FBD<KAO9 
CBED98A<>< 

�89A<?4FJ<>?4;A4S E<EF9@4 C9D984K< E<7A4?4. J� ( >4> 6FBD<KAO= 
CBED98A<>. #DB8G>FO @9F45B?<;@4 HBEHB?<C<8B6 >4> 6FBD<KAO9 CBED98A<><. 
�BAO %42+ >4> 6FBD<KAO9 CBED98A<>< 

$4;89? 5. (9D@9AFO (CD<AJ<CO 89=EF6<O < D97G?OJ<O 4>F<6ABEF<) 
�?4EEO H9D@9AFB6: B>E<8BD98G>F4;O, FD4AEH9D4;O,7<8DB?4;O, 

?<4;O,<;B@9D4;O, ?<74;O (E<AF9F4;O). �BH9D@9AFO. #D<AJ<CO 89=EF6<S 
H9D@9AFB6. �<A9F<>4 H9D@9AF4F<6AOI D94>J<=. $97G?SJ<S H9D@9AF4F<6AB= 
4>F<6ABEF<. �4F97BD<< <A7<5<FBDB6 H9D@9AFB6: A9B5D4F<@O9 <A7<5<FBDO 
H9D@9AFB6, B5D4F<@O9 <A7<5<FBDO H9D@9AFB6, D97G?SJ<S 4>F<6ABEF< 
@G?PF<H9D@9AFAOI E<EF9@ 

$4;89? 6. !G>?9<AB6O9 ><E?BFO >4> @<L9A< 8?O 5<B?B7<K9E>< 
4>F<6AOI 69M9EF6 

%FDB9A<9 AG>?9<AB6OI ><E?BF. %FDG>FGD4 �!� < $!�. �<BE<AF9; 
AG>?9<AB6OI ><E?BF (B5M<9 CD<AJ<CO). �9>4DEF69AAO9 ED98EF64, 6?<SRM<9 A4 
E<AF9; AG>?9<AB6OI ><E?BF < 59?>B6. �AF<54>F9D<4?PAO9 ED98EF64. 
#DBF<6BBCGIB?96O9 ED98EF64. #DBF<6B6<DGEAO9 ED98EF64 

$4;89? 7. (4D@4>B><A9F<>4 (BEAB6AO9 CBAOF<O < @B89?<) 
"EAB6AO9 CBASF<S H4D@4>B><A9F<><. (<;<>B-I<@<K9E><9 E6B=EF64 

?9>4DEF69AAOI 69M9EF6 < <I H4D@4>B><A9F<>4. (4D@4>B><A9F<K9E><9 @B89?<. 
�5EBD5J<S. �B?<K9EF69AAO9 I4D4>F9D<EF<>< CDBJ9EE4 45EBD5J<<. 
$4ECD989?9A<9 ?9>4DEF69AAOI 69M9EF6. �O6989A<9 ?9>4DEF69AAOI 69M9EF6. 
�B?<K9EF69AAO9 I4D4>F9D<EF<>< CDBJ9EE4 6O6989A<S ?9>4DEF69AAOI 69M9EF6. 
(4D@4>B><A9F<>4 A9>BFBDOI 7DGCC ?9>4DEF69AAOI ED98EF6 

$4;89? 8.  9F45B?<;@ 5<B?B7<K9E>< 4>F<6AOI 69M9EF6 
 9F45B?<K9E><9 CGF< < @9EF4 @9F45B?<K9E><I CD96D4M9A<= 



 

 

>E9AB5<BF<>B6. $94>J<< I H4;O @9F45B?<;@4, >4F4?<;<DG9@O9 CYP450. $94>J<< 
I H4;O @9F45B?<;@4, >4F4?<;<DG9@O9 FAD-EB89D:4M<@< H9D@9AF4@<. 
�BEEF4AB6<F9?PAO9 CDBJ9EEO. �<8DB?<;. $94>J<< II H4;O @9F45B?<;@4 
>E9AB5<BF<>B6. %6S;P EFDG>FGDO < EF9C9A< @9F45B?<;@4 ?9>4DEF69AAOI 
69M9EF6. (4>FBDO, 6?<SRM<9 A4 @9F45B?<;@ ?9>4DEF69AAOI 69M9EF6.  9FB8O 
<;GK9A<S @9F45B?<;@4. $B?P E6989A<= B @9F45B?<;@9 6 >BAEFDG<DB64A<< 
?9>4DEF69AAOI ED98EF6. 

$4;89? 9. �O5BD EFD4F97<< <EE?98B64A<= CD< EB;84A<< AB6OI 
?9>4DEF69AAOI ED98EF6 < >D<F9D<< BJ9A><  >4K9EF64 EFDG>FGDO ?<89D4 

-6B?RJ<BAAO= < Q@C<D<K9E><= CB8IB8O 6 CB<E>9 ?<89D4. %>D<A<A7: 
6O5BD ?<89D4 (BEAB6AO9 >D<F9D<< BF5BD4: 6OD4:9AABEFP QHH9>F4 < 
E9?9>F<6ABEFP). �EE?98B64A<S in vivo. "CD989?9A<9 CDB?BA74J<< 89=EF6<S < 
8B;B;46<E<@BEF< 

$4;89? 10. �EFBKA<>< CB<E>4 AB6OI ?9>4DEF69AAOI ED98EF6 
 #D<DB8AB9 EODP9 >4> <EFBKA<> AB6OI ?9>4DEF69AAOI ED98EF6. 
"H<J<4?PAO9 ?9>4DEF69AAO9 ED98EF64 >4> <EFBKA<> EB;84A<S AB6OI 
CD9C4D4FB6. (<;<B?B7<K9E><9 CBED98A<>< >4> <EFBKA<> AB6OI ?9>4DEF69AAOI 
ED98EF6 

$4;89? 11. %B6D9@9AAO9 @9FB8O GEB69DL9AEF6B64A<O EFDG>FGDO 
?<89D4  

-@C<D<K9E><=, A9D4J<BA4?PAO= CB<E>. $4J<BA4?PAO=, A4CD46?9AAO= 
CB<E>. �<B<;BEF9D<K9E><9 C9D9@9M9A<S. �BAHBD@4J<BAAO9 B7D4A<K9A<S 

$4;89? 12. �B@5<A4FBDAO= E<AF9; < 97B DB?P 6 CB<E>9 EFDG>FGD-

?<89DB6  

%FD4F97<S >BAEFDG<DB64A<S < E<AF9;4 I<@<K9E><I 5<5?<BF9>. 
�B@5<A4FBDAO= E<AF9; 6 D4EF6BD4I. "8ABEF48<=AO9 @9FB8O E<AF9;4. 
�6GIEF48<=AO9 < FD9IEF48<=AO9 @9FB8O E<AF9;4. "8ABD94>FBDAO9 @9FB8O 
E<AF9;4 (one-pot synthesis). &4A89@AO9 D94>J<<. #4D4??9?PAO= E<AF9; 
<A8<6<8G4?PAOI EB98<A9A<=. �?4EE<K9E><9 :<8>BH4;AO9 D94>J<<. %CBEB5O 
BK<EF>< D94>J<BAAOI D4EF6BDB6 BF CD<@9E9=. %<AF9; E <ECB?P;B64A<9@ 
D4EF6BD<@B7B CB?<@9D4. �B@5<A4FBDAO= E<AF9; A4 F69D8B@ ABE<F9?9. 
�<A>9DO: ><E?BFAB-D4EM9C?S9@O9 ?<A>9DO, BEAB6AB-D4EM9C?S9@O9 ?<A>9DO, 
EG?PHBAB6O9 ?<A>9DO, HBFBD4EM9C?S9@O9 ?<A>9DO, E<?<>BAB6O9 ?<A>9DO, 
?<A>9DO, D4EM9C?S9@O9 E CB@BMPR EB98<A9A<= C9D9IB8AOI @9F4??B6, 
I<D4?PAO9 ?<A>9DO. %<AF9; 79F9DBJ<>?B6 A4 CB?<@9DAB@ ABE<F9?9.  9FB8O 
GEF4AB6?9A<S EFDG>FGDO <A8<6<8G4?PAOI >B@CBA9AFB6 5<5?<BF9>. �A89>EAO9 
5<5?<BF9><. �F9D4J<BAA4S CDBJ98GD4 D4ECB;A464A<S 69M9EF6. #B;<J<BAAB9 
E>4A<DB64A<9. #9DEC9>F<6O 84?PA9=L97B D4;6<F<S >B@5<A4FBDAB7B E<AF9;4 

$4;89? 13. �<B?B7<K9E><9 <ECOF4A<O AB6OI EB98<A9A<= 

�EE?98B64A<S in vitro. &BF4?PAO= E>D<A<A7. %>D<A<A7 >B@5<A4FBDAOI 
5<5?<BF9>. �EE?98B64A<S A4 ?45BD4FBDAOI :<6BFAOI 

$4;89? 14. 1F4CO EB;84A<O ?9>4DEF69AAOI ED98EF6  

)<@<K9E><9 D4;D45BF><. $4;D45BF>4 ?9>4DEF69AAB= HBD@O. "EAB6AO9 
>B@CBA9AFO ?9>4DEF69AAOI HBD@, <I 4A4?<; < BC<E4A<9. (4D@4>B?B7<K9E><9 



 

 

<ECOF4A<S. "EFD4S < IDBA<K9E>4S FB>E<KABEFP.  9F45B?<;@ < 
HBD@4>B><A9F<>4. �?<A<K9E><9 <ECOF4A<S 

$4;89? 15. �B?<K9EF69AAO9 EBBFABL9A<O EFDG>FGD4 – 4>F<6ABEFP 
�D4F><= <EFBD<K9E><= B5;BD, BEAB6AO9 @9FB8B?B7<K9E><9 CBASF<S. 

�9E>D<CFBDO @B?9>G?SDAB= EFDG>FGDO. &D9I@9DAO= @9FB8 QSAR (3D-QSAR) – 
GK<FO64RM<= ;46<E<@BEFP 5<B4>F<6ABEF< BF EF9D<K9E><I E6B=EF6 @B?9>G? < 
<I Q?9>FDBEF4F<K9E><I CB?9= 

$4;89? 16. �9E>D<CFBDO @B?9>G?ODAB= EFDG>FGDO  

"5M4S >?4EE<H<>4J<S 89E>D<CFBDB6. -?9>FDBAAO9 89E>D<CFBDO. 
&BCB?B7<K9E><9 89E>D<CFBDO. (<;<>B-I<@<K9E><9 89E>D<CFBDO. )<@<K9E><9 
89E>D<CFBDO. (4D@4>BHBDO. �A8<>4FBDAO9 89E>D<CFBDO 

$4;89? 17. %F4F<EF<K9E><9 @9FB8O >?4EE<H<>4J<< @B?9>G? CB <I 
5<B?B7<K9E>B= 4>F<6ABEF< 

�B7<>B->B@5<A4FBDAO= CB8IB8. �?4EF9DAO= 4A4?<;. �<E>D<@<A4AFAO= 
4A4?<;. 

 

4.3. �9>J<< 

 

№ C/C !4;64A<9 F9@O 

"5N9@ K4EB6 

"KA4O 
HBD@4 

�4BKA4O 
HBD@4 

5 E9@9EFD 

1. 
�?9F>4 – EFDG>FGDA4S < HGA>J<BA4?PA4S 
98<A<J4 :<6B7B BD74A<;@4 2  

2. 

%6S;P H<;<>B-I<@<K9E><I E6B=EF6 
5<B?B7<K9E>< 4>F<6AOI 69M9EF6 E <I 
H4D@4>B?B7<K9E>B= 4>F<6ABEFPR 

2  

3. �;4<@B89=EF6<9 ?9>4DEF6B-D9J9CFBD 2  

4. 
%<EF9@O C9D984K D9J9CFBDAB7B E<7A4?4 < 
6FBD<KAO9 CBED98A<>< 

2 
 

5. 
(9D@9AFO (CD<AJ<CO 89=EF6<S < D97G?SJ<S 
4>F<6ABEF<) 2  

6. 
!G>?9<AB6O9 ><E?BFO >4> @<L9A< 8?S 
5<B?B7<K9E>< 4>F<6AOI 69M9EF6 2  

7. (4D@4>B><A9F<>4 (BEAB6AO9 CBASF<S < @B89?<) 2  

8.  9F45B?<;@ 5<B?B7<K9E>< 4>F<6AOI 69M9EF6 4  

9. 

�O5BD EFD4F97<< <EE?98B64A<= CD< EB;84A<< 

AB6OI ?9>4DEF69AAOI ED98EF6 < >D<F9D<< 
BJ9A>< >4K9EF64 EFDG>FGDO ?<89D4 

2  

�FB7B: 20  

6 E9@9EFD 

1. 
�EFBKA<>< CB<E>4 AB6OI ?9>4DEF69AAOI 
ED98EF6 2  

2. 
%B6D9@9AAO9 @9FB8O GEB69DL9AEF6B64A<S 
EFDG>FGDO ?<89D4 2 

 

3. 
�B@5<A4FBDAO= E<AF9; < 97B DB?P 6 CB<E>9 
EFDG>FGD-?<89DB6 4  



 

 

4. �<B?B7<K9E><9 <ECOF4A<S AB6OI EB98<A9A<= 2  

5. -F4CO EB;84A<S ?9>4DEF69AAOI ED98EF6 2  

6. 
�B?<K9EF69AAO9 EBBFABL9A<S EFDG>FGD4 – 
4>F<6ABEFP 2  

7. �9E>D<CFBDO @B?9>G?SDAB= EFDG>FGDO 2  

8. 
%F4F<EF<K9E><9 @9FB8O >?4EE<H<>4J<< @B?9>G? 
CB <I 5<B?B7<K9E>B= 4>F<6ABEF< 

4 
 

�FB7B: 20  

�FB7B ;4 >GDE: 40  

 

4.4. #D4>F<K9E><9 ;4AOF<O A9 CD98GE@BFD9AO GK95AO@ C?4AB@. 

 

4.5. �45BD4FBDAO9 D45BFO  

№ 
C/C 

!4;64A<9 F9@O 

"5N9@ K4EB6 

"KA4O 
HBD@4 

�4BKA4O 
HBD@4 

5 E9@9EFD 

1. 

%6S;P H<;<>B-I<@<K9E><I E6B=EF6 5<B?B7<K9E>< 
4>F<6AOI 69M9EF6 E <I H4D@4>B?B7<K9E>B= 
4>F<6ABEFPR 

4 

 

2. �;4<@B89=EF6<9 ?9>4DEF6B-D9J9CFBD 4  

3. 
%<EF9@O C9D984K D9J9CFBDAB7B E<7A4?4 < 

6FBD<KAO9 CBED98A<>< 

4  

4. 
(<;<>B-I<@<K9E><9 @9FB8O <EE?98B64A<S 
?9>4DEF69AAOI CD9C4D4FB6 

4  

5. 
(9D@9AFO (CD<AJ<CO 89=EF6<S < D97G?SJ<S 
4>F<6ABEF<) 

4  

6.  9F45B?<;@ 5<B?B7<K9E>< 4>F<6AOI 69M9EF6 4  

7. 

�O5BD EFD4F97<< <EE?98B64A<= CD< EB;84A<< AB6OI 
?9>4DEF69AAOI ED98EF6 < >D<F9D<< BJ9A>< 

>4K9EF64 EFDG>FGDO ?<89D4 

4  

8. 
�B?<K9EF69AAO9 EBBFABL9A<S EFDG>FGD4 – 
4>F<6ABEFP 

4  

9. �9E>D<CFBDO @B?9>G?SDAB= EFDG>FGDO 4  

10. 
"5M<9 @9FB8O 66989A<S HGA>J<BA4?PAOI 7DGCC < 
@B8<H<>4J<< @B?9>G? 

4  

11. $94>J<< J<>?<;4J<< 4  

12. !9BD74A<K9E><9 H4D@4J96F<K9E><9 CD9C4D4FO 4  

13. 
�J<>?<K9E><9 < >4D5BJ<>?<K9E><9 
H4D@4J96F<K9E><9 CD9C4D4FO 

4  

14. 
%F9DB<8AO9 7BD@BAO < <I E<AF9F<K9E><9 
;4@9A<F9?< 

4  

15. 

�9F9DBJ<>?<K9E><9 ?9>4DEF69AAO9 CD9C4D4FO: 
CDB<;6B8AO9 HGD4A4, 59A;BHGD4A4, C<D4A4 < 
59A;BC<D4A4 

4  

 �FB7B: 60  

6 E9@9EFD  

1. 
#DB<;6B8AO9 F<4;B?4 < F<4;B?<8<A4. �AF<5<BF<><-

C9A<J<??<AO 
4 

 



 

 

2. �AF<5<BF<><-J9H4?BECBD<AO 4  

3. #DB<;6B8AO9 H9ABF<4;<A4 2  

4. 
#DB<;6B8AO9 59A;BF<4;<A4, QF<?9A<@<A4 < 
C<DDB?<8<A4 2 

 

5. #DB<;6B8AO9 <A8B?4 < <;B<A8B?4 2  

6. 
#DB<;6B8AO9 <@<84;B?4, 59A;<@<84;B?4 < 
E<8ABA<@<A4 4 

 

7. #DB<;6B8AO9 C<D4;B?<8<A4 < C<D4;B?BA4 2  

8. #DB<;6B8AO9 C<D<8<A4 2  

9. #DB<;6B8AO9 FDBC4A4 < I<AG>?<8<A4 2  

10. #DB<;6B8AO9 I<AB?<A4 < <;BI<AB?<A4 4  

11. #DB<;6B8AO9 C<D<@<8<A4 < I<A4;B?<A4 2  

12. #DB<;6B8AO9 CGD<A4, C<C9D4;<A4 < CF9D<8<A4 2  

13. 
�<59A;B4;9C<AO < 59A;B8<4;9C<AO >4> 
?9>4DEF69AAO9 ED98EF64 4 

 

14. 

#DB5?9@O EB;84A<S EB6D9@9AAOI ?9>4DEF69AAOI 
ED98EF6 < ?9>4DEF69AAO9 CD9C4D4FO <; CD<DB8AB7B 
EODPS 

4 

 

15. 
%F4F<EF<K9E><9 @9FB8O >?4EE<H<>4J<< @B?9>G? CB 
<I 5<B?B7<K9E>B= 4>F<6ABEF< 

4 
 

 �FB7B: 44  

�FB7B ;4 >GDE: 104  

 

4.6. %4@BEFBOF9?PA4O D45BF4 EFG89AFB6 

 

№ 
C/C 

!4;64A<9 D4;89?4 
�<8 

E4@BEFBOF9?PAB= 
D45BFO 

"5N9@ K4EB6 

"KA4O 
HBD@4 

�4BKA4O 
HBD@4 

5 E9@9EFD 

1. 

"EAB6AO9 CBASF<S < BCD989?9A<S 
D9J9CFBDAB= F9BD<< < >BAJ9CJ<< 
I<@<BF9D4C<< (?9>4DEF69AAB9 
ED98EF6B, F9D4C96F<K9E>4S 
@<L9AP, F<CO F9D4C96F<K9E><I 
@<L9A9=) 

�;GK9A<9 
?<F9D4FGDO CB 
F9@9, A4C<E4A<9 
>BAEC9>F4 

4 

 

2. 

'DB6A< BD74A<;4J<< 59?>B6OI 
@B?9>G?, BEB59AABEF< BD74A<;4J<< 
< HGA>J<BA<DB64A<S 
7?B5G?SDAOI, H<5D<??SDAOI < 
@9@5D4AAOI 59?>B6. "EAB6AO9 
HGA>J<< 59?>B6 6 BD74A<;@9 

�;GK9A<9 
?<F9D4FGDO CB 
F9@9, A4C<E4A<9 
>BAEC9>F4 

4 

 

3. 

 9I4A<;@ H9D@9AFAB7B >4F4?<;4. 
�BH9D@9AFO < CDBEF9F<K9E><9 
7DGCCO, 6<F4@<AO 

�;GK9A<9 
?<F9D4FGDO CB 
F9@9, A4C<E4A<9 
>BAEC9>F4 

4 

 

4. 

�9>4DEF69AAO9 CD9C4D4FO – 
A9B5D4F<@O9 <A7<5<FBDO 
H9D@9AFB6 (A4 CD<@9D9 
4AF<5<BF<>B6 C9A<J<??<AB6B7B 
DS84 < !#�%) 

�;GK9A<9 
?<F9D4FGDO CB 
F9@9, A4C<E4A<9 
>BAEC9>F4 

6 

 



 

 

5. 
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