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moiety. As a result, a series of ³ phenyl ³ enamino ´

carbonitrile with ³

carried out. ³ Unsubstituted ³ enamino ´



groups in the ³ position facilitates the synthesis of the corresponding ³

´

(¹H, ¹³C NMR and IR spectroscopy, X

method for predicting the reactivity of ³ functionalized ³ enamino ´ sultams is ¹H NMR 

spectroscopy: if the NH₂ group appears as a two

proton singlets indicates low reactivity of the ³ enamino ´
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?52=V 4>AO3=5==O C <5B>40E WE=ь>3> >B@8<0==O , EV<VG=89 

?@>ABV@ 70;8H0єBьAO 4>A8Bь >1<565=8<.

5.2. %8=B57 DC=:FV>=0;V7>20=8E 1 (35B>@>)0@8; BV078= >:A84V2

#5@5410G0єBьAO, I> FV;ь>2V 5=0<V=>AC;ьD>:A8<V=8 <>6=0 >B@8<0B8 G5@57 

:0@10=V>=C F8:;V70FVN CSIC AC;ьD0=5W;V45=0<V=> ?@>?0=>=VB@8;V2 

#@8?CA:0єBьAO, >AB0==V <>6CBь 1CB8 A8=B57>20=V H;OE>< 0;:V;N20==O 2V4?>2V4=8E 

V<V=> AC;ьD0=>=V2 1@><>?@>?0=>=VB@8;0<8 (%E5<0 5.1)

%E5<0 5.1. $5B@>A8=B5B8G=89 0=0;V7 4;O >B@8<0==O 5=4>F8:;VG=8E 
5=0<V=>AC;ьD>:A8<V=V2 



�V4?>2V4=> 4> 70?;0=>20=>W AB@0B53VW, >1@0=> 28EV4=V A?>;C:8 4;O 

4>A;V465==O. !8<8 AB0;8 ;53:>4>ABC?=V 2,2 70<VI5=V 3 1@><>?@>?0=>=VB@8;8 

– B0 2V4?>2V4=V V<V=>(<5B8;)(35B5@>/0@8;) »⁶ AC;ьD0=>=8 – ($8A. 5.3)

$8A. 5.3. �8EV4=V A?>;C:8 4;O A8=B57C FV;ь>28E DC=:FV>=0;V7>20=8E 

(35B5@>)0@8; BV078= >:A84V2

�8@VH5=> @>7?>G0B8 A8=B5B8G=C G0AB8=C 4>A;V465==O 7 5:A?5@8<5=BV2 4;O 

287=0G5==O >?B8<0;ь=8E C<>2 0;:V;N20==O AC;ьD>:A8<V=V2. �;O Fь>3> 

28?@>1C20;8 :V;ь:0 @>7G8==8:V2 B0 >A=>2 ?@8 @V7=8E B5<?5@0BC@=8E C<>20E. 

!09:@0I89 @57C;ьB0B >B@8<0=> ?@8 28:>@8AB0==V ?V2B>@0 5:2V20;5=B0 BuOK C 

� (� 70 ?><V@=>3> =03@V20==O. �0 48 3>48= A?>AB5@V30;0Aь ?>2=0 :>=25@AVO 

28EV4=>W A?>;C:8 C 0;:V;ь>20=89 ?@>4C:B (&01;8FO 1, 70?8A 1). �;O @5HB8 

28?04:V2, =02VBь ?@8 4>40B:>2><C =03@V20==V 4> 80 °% @50:FVO <0965 =5 

2V41C20;0Aь (&01;8FO 1, 70?8A8 2

&01;8FO 5.1. #V41V@ C<>2 4;O AB04VW 0;:V;N20==O.

7 '<>28 +0A, 3>48=8 �8EV4, %

BuOK, � (�, 0°C 4> 40°C

NaH, � (�, 0°C 4> 80°C

KOH, � %O, :B 80°C

, � (�, :B 80°C



"B65, 1C;> >B@8<0=> B@8 0;:V;ь>20=V ?@>4C:B8 – 7 E>@>H8< 28E>4>< 

(%E5<0 5.2).

%E5<0 5.2. %8=B57 2,2 4870<VI5=8E ((<5B8;(35B5@>/0@8;)

(>:A>) » AC;ьD0=5W;V45=)0<V=>)?@>?0=>=VB@8;V2 ( –

!0ABC?=8< :@>:><, 1C;> >B@8<0==O 5=4>F8:;VG=8E AC;ьD>:A8<V=V2. �7 FVєN 

<5B>N 28@VH5=> A?@>1C20B8 C<>28 F8:;V70FVW, O: 4;O CA?VH=>3> >B@8<0==O 

AC;ьBV<V2 ($>74V; 2). "4=0: ?VA;O 284V;5==O @50:FV9=>W AC<VHV >B@8<0=> 28EV4=C 
A?>;C:C, I> A?>=C:0;> ?5@52V@8B8 9 V=HV C<>28 (&01;8FO 5.2).

&01;8FO 5.2. #V41V@ C<>2 4;O CSIS @50:FVW.

7 '<>28 +0A, 3>48=8 �>=25@AVO, % �8EV4, %

LiHMDS, &�(, 60°C 4> :B

BuLi, &�(, 78°C 4> :B

t-BuOK, � (�, :B 12 0 0

NaH, � (�, 80°C 12 A;V48 0

t-BuOK, � (�, 60°C 12 100 45

t-BuOK, � �, 60°C 12 30 22

t-BuOK, NMP, 60°C 12 26 17

#>40;ьHC F8:;V70FVN ;V=V9=8E AC;ьD>:A8<V=V2 2 5=4>F8:;VG=V 

74V9A=N20;8 70 4>?><>3>N >1@>1:8 =04;8H:>< BuOK C � (�. "?B8<0;ь=0 

B5<?5@0BC@0 4;O ?>2=>3> ?5@5B2>@5==O 28EV4=>W A?>;C:8 AB0=>28;0 60 °C (&01;8FO 



5.2, 70?8A 5). *5 4>72>;8;> >B@8<0B8 5=0<V=AC;ьD>:A8<V=8 7 ?><V@=8< 

28E>4>< (%E5<0 5.3).

%E5<0 5.3. %8=B57 5 5=0<V=> (35B5@>)0@8; BV078= >:A84V2 (

(42>5B0?=89 <5B>4)

"A:V;ь:8 ?>?5@54=V ?5@5B2>@5==O 2V41C20;8AO C B><C 6 @>7G8==8:C B0 7 BVєN 

6 >A=>2>N, 4>A;V465=> <>6;82VABь 70AB>AC20==O >4=>:>;1>2>3> <5B>4C A8=B57C 

FV;ь>28E A?>;C:. 

#VA;O 7025@H5==O @50:FVW 0;:V;N20==O, I> ?V4B25@46C20;>AO <5B>4>< &,), 

7 CB2>@5==O< 0;:V;ь>20=>3> AC;ьD>:A8<V=C , C @50:FV9=C AC<VH 4>4020;8 I5 1,5 

5:2V20;5=B0 BuOK ?5@54 DV=0;ь=8< =03@V20==O< ?@8 60 °C.

�0@B> 707=0G8B8, I> >4=>:>;1>20 ?@>F54C@0 ?@>45<>=AB@C20;0 45I> 28IV 

28E>48 ?>@V2=O=> 7 42>5B0?=8< <5B>4><. �>:@5<0, 5=4>F8:;VG=V AC;ьD>:A8<V=8 

5.1A,e 284V;5=V 7 28E>4>< 37% V 38% 2V4?>2V4=> C E>4V 42>5B0?=>W ?@>F54C@8 (%E5<0 
5.3). !0B><VABь >4=>:>;1>289 <5B>4 70157?5G82 28EV4 42% V 41% 

(&01;8FO 5.3, 70?8A8 3,

#VA;O 287=0G5==O >?B8<0;ь=8E C<>2 @50:FVW 4>A;V465=> 4V0?07>= AC1AB@0BV2, 

28:>@8AB>2CNG8 28EV4=V <0B5@V0;8, 7>1@065=V =0 $8AC=:C 5.3. "4=>:>;1>289 <5B>4 

?@>45<>=AB@C202 A2>N 5D5:B82=VABь C @57C;ьB0BV G>3> 240;>Aь >B@8<0B8 

2V4?>2V4=V 5=0<V=>AC;ьD>:A8<V=8 – – 7 ?><V@=8<8 28E>40<8 (&01;8FO 5.3, 
70?8A8 133 B0 53

Є48=0 ?@>1;5<0, O:C 28O2;5=>, ?>2’O70=0 7 ?0@0<8 AC1AB@0BV2 V 

. �0<VABь >GV:C20=8E 5=0<V=>AC;ьD>:A8<V=V2 284V;5=V 2V4?>2V4=V 



:5B>AC;ьD>:A8<V=8 V , ?@8G><C 7V 7=0G=> =86G8<8 28E>40<8 (&01;8FO 5.3, 

70?8A8 4 V 8).

&01;8FO 5.3. %8=B57 5 DC=:FV>=0;V7>20=8E 1 (35B5@>)0@8; BV078=
>:A84V2 ( – – >4=>:>;1>289 <5B>4)

№
�8EV4=89 
1@><V4 

�8EV4=89 
AC;ьD>:A8<V= 

�V=F5289 
5=4>F8:;VG=89 
AC;ьD>:A8<V= 

�8EV4

�030;ь=89 28EV4 ?VA;O >G8AB:8 70 4>?><>3>N ��$) (28A>:>5D5:B82=>W 
@V48==>W E@><0B>3@0DVW)



%B@C:BC@C A8=B57>20=8E A?>;C: =04V9=> ?V4B25@465=> A5@VєN 

A?5:B@>A:>?VG=8E 0=0;V7V2 ($8A. 5.3, 5.4).

$8A. 5.3. %?5:B@ ! / $ A?>;C:8 

$8A. 5.4. %?5:B@ / $ A?>;C:8 



�>40B:>2> AB@C:BC@C 5=0<V=>AC;ьD>:A8<V=C 4>2545=> 70 4>?><>3>N $%� 

($8A. 5.5).

$8A. 5.5.  >;5:C;O@=0 AB@C:BC@0 5=4>F8:;VG=>3> AC;ьD>:A8<V=C 73V4=> 

$%�.

 0NG8 ?@8?CI5==O, I> 3V4@>;V7 5=0<V=>2>3> D@03<5=B0 CB2>@5=8E 

:5B>AC;ьD>:A8<V=V2 V 2V41C2AO ?V4 G0A >G8I5==O 70 4>?><>3>N ��$), 

?@>2545=> :8A;>B=89 3V4@>;V7 V=H8E 5=0<V=>AC;ьD>:A8<V=V2 

!0 60;ь, 3V4@>;V7 5=0<V=>AC;ьD>:A8<V=V2 – , =02VBь 70 <’O:8E C<>2, =5 
7C?8=O2AO =0 AB04VW CB2>@5==O 2V4?>2V4=8E :5B>?>EV4=8E , 0 AC?@>2>46C202AO 

@>7:@8BBO< AC;ьD>:A8<V=>2>3> :V;ьFO B0 CB2>@5==O :8A;>B – (%E5<0 5.4).

%E5<0 5.4. �8A;>B=89 3V4@>;V7 5=0<V=>AC;ьD>:A8<V=V2 –
�>40B:>28< ?V4B25@465==O< Fь>3> 1C2 3V4@>;V7 :5B>AC;ьD>:A8<V=C 2 

0=0;>3VG=8E C<>20E, I> B0:>6 ?@82V2 4> CB2>@5==O 2V4?>2V4=>W :0@1>=>2>W :8A;>B8 

(%E5<0 5.5).



%E5<0 5.5. �8A;>B=89 3V4@>;V7 :5B>AC;ьD>:A8<V=C 

'AB0=>2;5=>, I> NH 3@C?0 5=0<V=>2>3> D@03<5=B0 15@5 CG0ABь C 270є<>4VW 7 

� ( � �, CB2>@NNG8 2V4?>2V4=89 AC;ьD>:A8<V= 7 E>@>H8< 28E>4>< (%E5<0 

%E5<0 5.6. �70є<>4VO 5.1f 7 � (-� �.

4>A;V465==O 5=4>F8:;VG=8E AC;ьD>:A8<V=V2
->1 ?@>45<>=AB@C20B8 ?>B5=FV0; 5 DC=:FV>=0;V7>20=8E 1 (35B5@>)0@8;

BV078= >:A84V2 O: ?5@A?5:B82=>3> D0@<0:>;>3VG=>3> H01;>=C, ?@>2545=> 

<>;5:C;O@=5 4>:V=3 4>A;V465==O. %5@54 =091V;ьH8E ?@>1;5< 7V 74>@>2'O< C 2024 

@>FV 284V;ONBь @0: B0 =59@>4535=5@0B82=V 70E2>@N20==O . ' 72’O7:C 

7 F8< 4;O <>45;N20==O >1@0=> 42V :;NG>2V <VH5=V: CDC ?>4V1=0 :V=070 4 

, O:0 15@5 CG0ABь C ?@>3@5AC20==V ?CE;8= B0 <5B0AB07C20==V, B0 

 >=>0<V=>:A84070 B (MAO B) , O:0 0A>FV9>20=0 7 @>728B:>< E2>@>18 

�;ьF359<5@0 B0 #0@:V=A>=0. /: <>45;ь=89 ;V30=4 28:>@8AB0=0 AB@C:BC@0 A?>;C:8 

�0 @57C;ьB0B0<8 4>:V=3C 2AB0=>2;5=>, I> 5=0<V=>AC;ьD>:A8<V= 

45<>=AB@Cє 28A>:C 0DV==VABь 4> >1>E 1V;:V2. #5@5410G5=V 7=0G5==O 5=5@3VW 

72’O7C20==O A:;040NBь 8,67 ::0;/<>;ь B0 7,45 ::0;/<>;ь, 0 :>=AB0=B8 V=3V1C20==O 

0.44 ¼M B0 3.48 ¼M 2V4?>2V4=>.

"B@8<0=V 40=V A2V4G0Bь, I> є ?5@A?5:B82=8< V=3V1VB>@>< O: CLK4 B0: V 

MAO B ($8A. 5.6).



$8A. 5.6. %E5<0B8G=0 3D 2V7C0;V70FVO B0 2D 4V03@0<0 <V6<>;5:C;O@=8E 
270є<>4V9 7 CD ?>4V1=>N :V=07>N 4 (CLK4) B0  >=>0<V=>:A8407>N B 

. �8A=>2:8
$>7@>1;5=> ?@>AB89 B0 5D5:B82=89 <5B>4 A8=B57C 5 DC=:FV>=0;V7>20=8E 

(35B5@>)0@8; BV078= >:A84V2 >A=>20=89 =0 CSIC @50:FVW 7 28:>@8AB0==O< 

4>ABC?=8E @5035=BV2. $50:FVO <>65 74V9A=N20B8AO O: V7 284V;5==O< ;V=V9=>3> 

0;:V;ь>20=>3> AC;ьD>:A8<V=C (42>5B0?=0 ?@>F54C@0), B0: V >4=>:>;1>28< 

<5B>4><. "AB0==V9 ?V4EV4 <0є ?5@52038 C ?@>AB>BV B0 1V;ьH><C 28E>4V FV;ь>28E 

?@>4C:BV2. 

�=4>F8:;VG=V AC;ьD>:A8<V=8 A?@>є:B>20=V O: <C;ьB8B0@35B=V <0;V <>;5:C;8

, O:V AB0=>2;OBь 7=0G=89 V=B5@5A 4;O <548G=>W EV<VW. #>?5@54=є 

4>A;V465==O ?>:070;>, I> 5=0<V=>AC;ьD>:A8<V=8 740B=V >4=>G0A=> V=3V1C20B8 B0:V 

1V;:8, O: CLK4 B0 MAO 3 <VH5=V, O:V ?>2’O70=V 7 0:BC0;ь=8<8 70E2>@N20==O<8 

ACG0A=>3> ACA?V;ьAB20.



$"��І� 6.

��%#�$� �!&��Ь!� +�%&�!�

$>7G8==8:8 >G8IC20;8AO 73V4=> 7V AB0=40@B=8<8 ?@>F54C@0<8 'AV 

28EV4=V <0B5@V0;8 B0 @5035=B8 >B@8<0=V 7 :><5@FV9=8E 465@5;. &5<?5@0BC@8 

?;02;5==O 287=0G0;8 70 4>?><>3>N 02B><0B87>20=>W A8AB5<8 287=0G5==O B>G:8 

?;02;5==O MPA100 OptiMelt. �=0;VB8G=C B>=:>H0@>2C E@><0B>3@0DVN (&,)) 

?@>2>48;8 7 28:>@8AB0==O< ?;0AB8= Polychrom SI F254. %?5:B@8 H V C / $ 

70?8AC20;8 =0 A?5:B@><5B@V Agilent ProPulse 600 (?@8 600  �F 4;O H / $ V 

151  �F 4;O C / $), A?5:B@><5B@V Bruker 170 Avance 500 (?@8 500  �F 4;O H V 

126  �F 4;O C) 01> A?5:B@><5B@V Varian Unity Plus 400 (?@8 400  �F 4;O H V 101 

 �F 4;O )V<VG=V 7AC28 =02545=> C <.G. (<V;ь9>==8E G0AB:0E) 2V4=>A=> TMS O: 

2=CB@VH=ь>3> AB0=40@BC. �+ A?5:B@8 @5єAB@C20;8 =0 A?5:B@><5B@V Perkin Elmer BX 

II C 3@0=C;0E KBr V ?>40=V C A<  0A A?5:B@8 70?8AC20;8 =0 ?@8;04V Agilent 1100 

LCMSD SL (EV<VG=0 V>=V70FVO). �;5<5=B=89 0=0;V7 28:>=C20;8 =0 0=0;V70B>@V 

"G8AB:0 A?>;C: 70 4>?><>3>N ��$) 

7@>1;5=0 =0 ?@8;04V Agilent Infinity 1260. @>7@0EC=:8 28:>=C20;8AO 7 

28:>@8AB0==O< ?@>3@0<=>3> 70157?5G5==O ORCA 5.0.3, 0 4;O 2V7C0;V70FVW 

28:>@8AB>2C20;0AO ?@>3@0<0 Avogadro 1.2.0.

%8=B57 15=78;AC;ьDV=V;E;>@84C (2.10)
$>7G8= 1,2-4815=78;48AC;ьDV4C (2.9) (24,6 3, 100 <<>;ь) B0 AcOH 
(12,6 3, 12 <;, 210 <<>;ь) C CH2Cl2 (250 <;) >E>;>46C20;8 4> 340 °C, 

?VA;O G>3> ?> :@0?;OE 4>4020;8 A2V6>?5@53=0=89 SO2Cl2 (43,2 3, 25.9 <;, 320 <<>;ь), 

?V4B@8<CNG8 707=0G5=C B5<?5@0BC@C. "B@8<0=C AC<VH ?5@5<VHC20;8 ?@8 340 °C 

2?@>4>26 30 E28;8=, ?VA;O G>3> =03@V20;8 4> :V<=0B=>W B5<?5@0BC@8 B0 

?@>4>26C20;8 ?5@5<VHC20;8 I5 30 E28;8=. �0;V @50:FV9=C AC<VH ?>ABC?>2> 

=03@V20;8 4> 35‒40 °C ('2030! �C@E;825 284V;5==O 307C). #VA;O ?@8?8=5==O 

307>284V;5==O AC<VH 28?0@>2C20;8 ?@8 7=865=><C B8A:C, ?V4B@8<CNG8 2=CB@VH=N 

B5<?5@0BC@C =86G5 35 °C, 0 ?>BV< ACH8;8 C 20:CC<V (0,5 << @B. AB.) ?@8 :V<=0B=V9 

B5<?5@0BC@V 2?@>4>26 2 3>48=.



"B@8<0=89 AC;ьDV=V;E;>@84 2.10 (33 3, 95% 28EV4 A8@>W @5G>28=8) 

28:>@8AB>2C20;8 =0 AB04VW AC;ьDV=V;N20==O 157 4>40B:>2>3> >G8I5==O, 0 70;8H>: 

715@V30;8 ?@8 4 °C. �=0;VB8G=V B0 A?5:B@0;ь=V 40=V 2V4?>2V40;8 ;VB5@0BC@=8< 

7=0G5==O< [74].

�030;ь=0 <5B>48:0 A8=B57C AC;ьDV=0<V4V2 2.6a–5

) (9,6 3, 55 <<>;ь, 1,1 5:2.) 4>4020;8 ?> :@0?;OE ?@8 

?5@5<VHC20==V 4> >E>;>465=>3> (3 °C) @>7G8=C ³ 0<V=>=VB@8;C –
(50 <<>;ь, 1 5:2.) V ��#�� (14,2 3, 19,2 <<>;ь, 110 <<>;ь, 2,2 5:2.) C 1572>4=><C 

(100 <;). #VA;O 4>4020==O @5035=BC @50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 3

°C 2?@>4>26 30 E28;8=, ?VA;O G>3> 70;8H0;8 ?@8 :V<=0B=V9 B5<?5@0BC@V =0 =VG 

4;O 4>AO3=5==O @V2=>2038. "B@8<0=C @50:FV9=C AC<VH DV;ьB@C20;8, DV;ьB@0B 

C?0@N20;8 ?@8 7=865=><C B8A:C B0 ?>2B>@=> @>7G8=O;8 2 EtOAc (100 <;). 

"@30=VG=89 H0@ ?>A;V4>2=> ?@><820;8 =0A8G5=8< NaHCO (1 × 10 <;) V A>;ь>28< 

@>7G8=>< (1 × 10 <;), ACH8;8 =04 Na V 28?0@>2C20;8 ?@8 7=865=><C B8A:C, 

>B@8<CNG8 2V4?>2V4=89 ?@>4C:B . "B@8<0=V C B0:89 A?>AV1 AC;ьDV=0<V48 

1C;8 4>AB0B=ь> G8AB8<8 4;O 28:>@8AB0==O C =0ABC?=V9 AB04VW F8:;V70FVW 157 

4>40B:>2>3> >G8I5==O. �0 =5>1EV4=>ABV AC;ьDV=0<V48 – <>6=0 >G8I0B8 D;5H
E@><0B>3@0DVєN =0 A8;V:035;V (3@04Vє=B=5 5;NN20==O: 2V4 35:A0=‒ &��

 &��

*V0=>?@>?0= V;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6a)
"B@8<0=> 7V A?>;C:8 (4.9 3). �8EV4 8.27 3 (35 <<>;ь, 70%); 

6>2B5 <0A;>.

H / $ (400  �F, CDCl ): · = 7.3537.23 (<, 3H), 7.18 (4, = 7.6 �F, 

2H), 3.94 (44, = 13.0, 9.6 �F, 2H), 2.81 (A, 3H), 1.40 (A, 3H), 1.32 (A, 3H) <.G.

C / $ (126 �F, CDCl ): · = 130.1, 130.0, 128.9, 128.3, 120.5, 60.2, 55.8, 27.1, 

26.5, 25.5 <.G.

$) % = 237 [  + !]



*V0=>F8:;>?@>?V;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6b)

"B@8<0=> 7V A?>;C:8 (4.81 3). �8EV4 5.74 3 (25 <<>;ь, 49%); 

6>2B5 <0A;>. 

H / $ (500  �F, CDCl ): · = 7.3837.28 (<, 3H), 7.2237.14 (<, 2H), 

3.97 (44, = 13.0, 11.6 �F, 2H), 2.88 (A, 3H), 1.3331.23 (<, 2H), 0.9830.86 (<, 1H), 

30.56 (<, 1H) <.G.

C / $ (126  �F, CDCl ): · = 130.0, 129.9, 129.0, 128.5, 119.2, 59.9, 32.3, 

29.0, 18.1, 17.1 <.G. 

$) % = 235 [  + !]

*V0=>F8:;>1CB8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6c)
"B@8<0=> 7V A?>;C:8 (5.51 3). �8EV4 6.83 3 (27.5 <<>;ь, 55%); 

6>2B5 <0A;>.

H / $ (500  �F, � %" ): · = 7.4237.28 (<, 5H), 4.15 (A, 2H), 

2.62 (A, 3H), 2.3832.32 (<, 2H), 2.05 (:2, = 10.9 �F, 1H), 1.85 (4B, 

8.6 �F, 1H), 1.77 (4:2, = 10.9, 8.6 �F, 1H), 1.6031.50 (<, 1H) <.G. 

C / $ (126  �F, CDCl ): · = 129.2, 129.0, 128.6, 128.3, 119.5, 58.2, 34.4, 

31.8, 25.6, 14.9 <.G.

I+ (KBr): 2224 (½ C≡N), 1085 (½ SO), 1063 (½ SO) c<3

$) % = 249 [  + !]

*V0=>F8:;>?5=B8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6d)
"B@8<0=> 7V A?>;C:8 (6.21 3). �8EV4 6.95 3 (26.5 <<>;ь, 

53%); 6>2B5 <0A;>. 

H / $ (500  �F, CDCl ): · = 7.3937.28 (<, 3H), 7.2537.17 (<, 

2H), 4.01 (A, 2H), 2.87 (A, 3H), 2.19 (4, = 13.1 �F, 1H), 2.0731.95 (<, 1H), 1.883

(<, 1H), 1.6231.55 (<, 2H), 1.5031.40 (<, 3H), 1.3631.28 (<, 1H), 1.1030.96 (<, 1H) <.G.

C / $ (126  �F, CDCl ): · = 130.3, 130.2, 129.0, 128.4, 119.5, 61.4, 60.2, 

35.3, 35.1, 25.4, 24.6, 22.6, 22.5 <.G.

$) % = 263 [  + !]



*V0=>F8:;>35:A8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6e)

"B@8<0=> 7V A?>;C:8 (6.91 3). �8EV4 8.57 3 (31 <<>;ь, 62%); 

6>2B5 <0A;>.

H / $ (500  �F, CDCl ): · = 7.3937.28 (<, 3H), 7.2537.17 (<, 

2H), 4.01 (A, 2H), 2.87 (A, 3H), 2.19 (4, = 13.1 �F, 1H), 2.0731.95 (<, 1H), 1.883

(<, 1H), 1.6231.55 (<, 2H), 1.5031.40 (<, 3H), 1.3631.28 (<, 1H), 1.1030.96 (<, 1H) <.G.

C / $ (126  �F, CDCl ): · = 130.3, 130.2, 129.0, 128.4, 119.5, 61.4, 60.2, 

35.3, 35.1, 25.4, 24.6, 22.6, 22.5 <.G.

$) % = 277 [  + !]

�030;ь=0 <5B>48:0 A8=B57C ³ 5=0<V=> ´ AC;ьBV<V2 2.5a‒e.

$>7G8= LiHMDS (15 3, 90 <<>;ь, 4,5 5:2.) C &�( (85 <;) 4>4020;8 ?> :@0?;OE 

?@8 ?5@5<VHC20==V 4> >E>;>465=>3> (360 °C) @>7G8=C AC;ьDV=0<V4C –
(20 <<>;ь) C &�( (40 <;) 2 0B<>AD5@V Ar. #VA;O 4>4020==O @5035=BC @50:FV9=C 

AC<VH ?5@5<VHC20;8 ?@8 3 °C 2?@>4>26 30 E28;8=, 0 ?>BV< =03@V20;8 4> 0 °C 

2?@>4>26 90 E28;8=. #VA;O Fь>3> @50:FV9=C AC<VH 30A8;8, 2;820NG8 WW C E>;>4=89 

°C) =0A8G5=89 2>4=89 @>7G8= NH Cl (100 <;) 7 ?>40;ьH>N 5:AB@0:FVєN  &��

× 50 <;). "1’є4=0=89 >@30=VG=89 H0@ ACH8;8 =04 Na V 28?0@>2C20;8 ?@8 

7=865=><C B8A:C, >B@8<CNG8 FV;ь>289 ?@>4C:B – . "B@8<0=V C B0:89 A?>AV1
³ 5=0<V=> ´ AC;ьBV<8 1C;8 4>AB0B=ь> G8AB8<8, 0 70 =5>1EV4=>ABV 4>40B:>2> 

>G8I0;8AO D;5H E@><0B>3@0DVєN =0 A8;V:035;V (3@04Vє=B=5 5;NN20==O: 2V4 

35:A0=‒ &�� (1:1) 4>  &��

�<V=> B@8<5B8; D5=V; 483V4@>V7>BV07>; >:A84 (2.5a)
"B@8<0=> 7V A?>;C:8 (4.73 3). �8EV4 3.78 3 (16 <<>;ь, 80%); 1V;89 

>A04; &B>?; 92‒94 °C.

H / $ (400  �F, CDCl ): · = 7.47 (4, = 7.5 �F, 2H), 7.36 (B, 

7.5 �F, 2H), 7.22 (B, = 7.5 �F, 1H), 4.36 (A, 2H), 2.85 (A, 3H), 1.54 (A, 

3H), 1.31 (A, 3H) <.G.

C / $ (101  �F, CDCl ): · = 155.2, 131.8, 129.2, 128.0, 127.0, 111.8, 69.9, 

28.0, 27.0, 24.1 <.G.



$) % = 237 [  + !]

�<V=> <5B8; D5=V; BV0 070A?V@>[2.4]35?B 5= >:A84 (2.5b)
"B@8<0=> 7V A?>;C:8 (4.69 3). �8EV4 2.44 3 (10.4 <<>;ь, 52%); 

1V;89 >A04; &B>?; 115‒117 °C.

H / $ (500  �F, CDCl ): · = 7.50 (4, = 7.5 �F, 2H), 7.39 (B, 

7.5 �F, 2H), 7.26 (B, = 7.5 �F, 1H), 3.92 (A, 2H), 2.67 (A, 3H), 1.393

(<, 2H), 1.16 (44, = 11.6, 5.4 �F, 1H), 0.99 (44, = 11.6, 5.4 �F, 1H) <.G.

C / $ (126  �F, CDCl ): · = 150.6, 131.9, 129.3, 128.1, 127.3, 113.8, 51.1, 

30.0, 11.0, 6.5 <.G.

$) % = 235 [  + !]

�<V=> <5B8; D5=V; BV0 070A?V@>[3.4]>:B 5= >:A84 (2.5c)
"B@8<0=> 7V A?>;C:8 (4.97 3). �8EV4 3.23 3 (13 <<>;ь, 65%); 

1V;89 >A04; &B>?; 173‒174 °C. 

H / $ (500  �F, � %" ): · = 7.40 (4, = 7.7 �F, 2H), 7.36 (B, 

7.7 �F, 2H), 7.18 (B, = 7.7 �F, 1H), 6.22 (A, 2H), 2.91 (A, 3H), 2.5732.53 (<, 1H), 2.463

2.35 (<, 3H), 2.0631.96 (<, 1H), 1.9531.85 (<, 1H) <.G.

C / $ (126  �F, CDCl ): · = 153.6, 131.4, 129.3, 128.3, 127.4, 113.3, 73.0, 

31.4, 29.5, 28.8, 14.5 <.G.

I+ (KBr): 3422 (½aA ), 3210 (½A ), 1644 (½ C=C), 1594 (· NH ), 1007 (½ 

SO) c<3

$) % = 249 [  + !]

�<V=> <5B8; D5=V; BV0 070A?V@>[4.4]=>= 5= >:A84 (2.5d)
"B@8<0=> 7V A?>;C:8 (5.24 3). �8EV4 3.83 3 (14.6 <<>;ь, 73%); 

1V;89 >A04; &B>?; 151‒153 °C.

H / $ (400  �F, CDCl ): · = 7.48 (4, = 7.8 �F, 2H), 7.37 (B,

7.8 �F, 2H), 7.24 (B, = 7.8 �F, 1H), 4.12 (A, 2H), 2.87 (A, 3H), 2.29 (4B, 

= 13.9, 6.2 �F, 1H), 2.10 (4B, = 13.9, 8.3 �F, 1H), 2.0431.99 (<, 2H), 1.93 (4B, 

12.1, 6.2 �F, 1H), 1.8331.76 (<, 2H), 1.60 (4?, = 12.1, 8.3 �F, 1H) <.G.



C / $ (101  �F, CDCl ): · = 155.8, 131.6, 129.2, 128.1, 127.2, 112.8, 79.2, 

37.6, 35.2, 28.7, 27.6, 27.3 <.G.

$) % = 263 [  + !]

�<V=> <5B8; D5=V; BV0 070A?V@>[4.5]45: 5= >:A84 (2.5e)
"B@8<0=> 7V A?>;C:8 (5.23 3). �8EV4 4.64 3 (16.8 <<>;ь, 84%); 

1V;89 >A04; BB>?; 168‒169 °C.

H / $ (500  �F, CDCl ): · = 7.50 (4, = 7.7 �F, 2H), 7.39 (B, 

7.7 �F, 2H), 7.26 (B, = 7.7 �F, 1H), 4.30 (A, 2H), 2.94 (A, 3H), 2.10 (44, = 7.9, 4.9 �F, 

31.82 (<, 3H), 1.7731.69 (<, 3H), 1.65 (4B, = 14.5, 3.9 �F, 1H), 1.4931.38 (<, 

1H) <.G.

C / $ (126  �F, CDCl ): · = 156.8, 131.7, 129.3, 128.5, 127.3, 113.1, 70.6, 

36.6, 31.9, 30.2, 24.2, 23.4, 22.7 <.G.

$) % = 277 [  + !]

�030;ь=0 <5B>48:0 >B@8<0==O ³ 5=0<V=> ´ AC;ьB0<V2 3.10 B0 3.20
(42>5B0?=89 <5B>4).

$>7G8= AC;ьD>=V;E;>@84C (5 <<>;ь) C CH (5 <;) 4>4020;8 ?> :@0?;OE 

?@8 ?5@5<VHC20==V 4> >E>;>465=>3> =0 ;ь>4O=V9 10=V @>7G8=C 0<V=>=VB@8;C 

(5 <<>;ь) B0 Et N (1,01 3, 1,39 <;, 10 <<>;ь) C CH 15 <;). $50:FV9=C AC<VH 

=03@V20;8 4> 10°C V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 =>GV, ?VA;O G>3> 

28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C B0 @>7102;O;8 2>4>N (5 <;). 'B2>@5=89 

=5>G8I5=89 ?@>4C:B DV;ьB@C20;8, ?@><820;8 2>4>N (2 <;) V ACH8;8 =0 

?>2VB@V. &25@489 70;8H>: @>7G8=O;8 C � (� (5 <;) V 4>4020;8 ?> :@0?;OE ?@8 

?5@5<VHC20==V 4> @>7G8=C BuOK (842 <3, 7,5 <<>;ь) C � (� (8 <;). $50:FV9=C 

AC<VH ?5@5<VHC20;8 ?@8 10 °C 2?@>4>26 30 E28;8=, ?VA;O G>3> =03@V20;8 4> 50 °C 

(2=CB@VH=O B5<?5@0BC@0) V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 2 3>48=.

#VA;O 707=0G5=>3> ?5@V>4C G0AC AC<VH 28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, 

@>7B8@0;8 7 2>4>N (5 <;), DV;ьB@C20;8 B0 ?>2B>@=> ?@><820;8 2>4>N (2 <;), 



>B@8<CNG8 =5>G8I5=89 ³ 5=0<V=>  AC;ьB0< , O:89 ?5@5:@8AB0;V7C20;8 7

�<V=> B@8<5B8; 483V4@>V7>BV07>; 4V>:A84
"B@8<0=> 7V A?>;C:8 (491 <3) B0 (573 <3). �8EV4 634 <3 

(3.6 <<>;ь, 72%); 1V;89 >A04, &B>?;. 3 °C.

H / $ (500 M�F, � %" ): · = 6.41 (A, 2H, NH ), 5.11 (A, 1H, 

CH), 2.47 (A, 3H, NCH ), 1.25 (A, 6H, 2×CH ) <.G.

/ $ (126 M�F, � %" ): · = 

), 22.6 (2×CH ) <.G.

�+ (KBr): 3402 (½0A ), 3226 (½A ), 1654 (½ C=C), 1601 (· NH ), 1250 (½0A
), 1099 (½A ) A<3

$) %

$>7@0E>20=> 4;O C 7=0945=>:

(V78G=V 2;0AB82>ABV B0 A?5:B@0;ь=V 40=V 28O28;8AO V45=B8G=8<8 B0<, O:V 

>?8A0=V @0=VH5

�<V=> <5B8; BV0 070A?V@>[3.4]>:B 5= 4V>:A84
"B@8<0=> 7V A?>;C:8 (551 <3) B0 (573 <3). �8EV4 518 <3 

(2.75 <<>;ь, 55%); 1V;89 ?>@>H>:, &B>?;. 3 °C.

H / $ (500 M�F, � %" ): · = 6.47 (A, 2H, NH ), 5.14 (A, 1H, 

CH), 2.68 (A, 3H, NCH 32.43 (<, 2H, CH ′ 2,4 F8:;>1CB8;), 

2.31 (B4, = 10.3, 5.8 �F, 2H, CH ′ 2,4 F8:;>1CB8;), 2.0031.88 (<, 1H, CH ′

F8:;>1CB8;), 1.84 (4B, = 12.8, 5.8 �F, 1H, CH ′ 3 F8:;>1CB8;) <.G.

C / $ (126 M�F, � %" ): · = 

), 23.6 (2×CH , C′ 2,4 F8:;>1CB8;), 13.2 (CH , C′ 3 F8:;>1CB8;) <.G.

�+ (KBr): 3433 (½0A ), 3354 (½A ), 1654 (½ C=C), 1599 (· NH ), 1237 (½0A
), 1093 (½A ) c<3

$) % 3 3



$>7@0E>20=> 4;O C 7=0945=>:

�<V=> 48<5B8; BV0 070A?V@>[3.4]>:B 5= 4V>:A84 (3.2b) 
(42>5B0?=89 <5B>4)

$>7G8= AC;ьD>=V;E;>@84C (643 <3, 5 <<>;ь) C CH

(5 <;) 4>4020;8 ?> :@0?;OE ?@8 ?5@5<VHC20==V 4> >E>;>465=>3> 

=0 ;ь>4O=V9 10=V @>7G8=C 0<V=>=VB@8;C (551 <3, 5 <<>;ь) B0 

N (1,01 3, 1,39 <;, 10 <<>;ь) C (15 <;). $50:FV9=C AC<VH 

283@V20;8 4> 10°C V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 =>GV, ?VA;O G>3> 

28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, @>7102;O;8 2>4>N (5 <;) V 5:AB@03C20;8 

EtOAc (2×5 <;). "@30=VG=89 H0@ ACH8;8 =04 Na V 28?0@>2C20;8 ?@8 

7=865=><C B8A:C. "B@8<0=89 =5>G8I5=89 ?@>4C:B @>7G8=O;8 C � (� (5 <;) 

V 4>4020;8 ?> :@0?;OE ?@8 ?5@5<VHC20==V 4> @>7G8=C BuOK (842 <3, 7,5 <<>;ь) C 

� (� (8 <;). $50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 10 °C 2?@>4>26 30 E28;8=, ?VA;O 

G>3> =03@V20;8 4> 5 °C (2=CB@VH=O B5<?5@0BC@0) V ?5@5<VHC20;8 ?@8 FV9 

B5<?5@0BC@V 2?@>4>26 2 3>48=. #VA;O 707=0G5=>3> ?5@V>4C G0AC AC<VH 

28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, @>7B8@0;8 7 2>4>N (5 <;), DV;ьB@C20;8 

B0 ?>2B>@=> ?@><820;8 2>4>N (2 <;), >B@8<CNG8 =5>G8I5=89 ³ 5=0<V=>  AC;ьB0< 

, O:89 ?5@5:@8AB0;V7C20;8 7 

�8EV4 455 <3 (2,25 <<>;ь, 45%); 1V;89 ?>@>H>:, &B>?;. 3208 °C.

H / $ (500 M�F, � %" ): · = 6.00 (A, 2H, NH ), 2.71 (A, 3H, NCH 3

2.39 (<, 2H, CH ′ 2,4 F8:;>1CB8;), 2.31 (4B, = 13.5, 7.7 �F, 2H, CH ′

F8:;>1CB8;), 1.94 (3, = 9.5, 8.3 �F, 1H, CH ′ 3 F8:;>1CB8;), 1.8731.77 (<, 1H, CH ′

3 F8:;>1CB8;), 1.70 (A, 3H, CH ) <.G.

C / $ (126 M�F, � %" ): · = 

), 23.8 (2×CH , C′ 2,4 F8:;>1CB8;), 13.3 (CH , C′ 3 F8:;>1CB8;), 5.1 (CH ) <.G.

�+ (KBr): 3437 (½aA ), 3354 (½A ), 3240 (½ C3H), 1667 (½ C=C), 1636 (· 

), 1237 (½aA ), 1104 (½A ) c<3

$) %



$>7@0E>20=> 4;O C 7=0945=>:

�030;ь=0 <5B>48:0 >B@8<0==O ³ D5=V; ³ 5=0<V=> ´ AC;ьB0<V2 3.1c B0 
3.2c (42>5B0?=89 <5B>4)

#>?5@54=ь> >E>;>465=89 (0 °C) @>7G8= AC;ьD>=V;E;>@84C 3.4A (953 <3,
5 <<>;ь) C CH (15 <;) 4>4020;8 ?> :@0?;OE 4> >E>;>465=>3> ;ь>4>< @>7G8=C 

0<V=>=VB@8;C (5 <<>;ь) C CH (15 <;). $50:FV9=C AC<VH 70;8H0;8 ?@8 0 °C 

2?@>4>26 2 3>48=, ?VA;O G>3> ?> :@0?;OE 4>4020;8 @>7G8= Et N (1,01 3, 1,39 <;,

10 <<>;ь) C CH (5 <;). #>BV< @50:FV9=C AC<VH =03@V20;8 4> °C, 

?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 =>GV, ?VA;O G>3> 28?0@>2C20;8 =0ACE> 

?@8 7=865=><C B8A:C B0 @>7102;O;8 2>4>N (5 <;). "B@8<0=89 =5>G8I5=89 ?@>4C:B 

DV;ьB@C20;8, ?>A;V4>2=> ?@><820;8 2>4>N (2 <;) B0 35:A0=>< (3×3 <;) V 

ACH8;8 =0 ?>2VB@V. "A04 @>7G8=O;8 C � (� (5 <;) V ?> :@0?;OE 4>4020;8 ?@8 

?5@5<VHC20==V 4> @>7G8=C BuOK (842 <3, 7,5 <<>;ь) C � (� (8 <;). $50:FV9=C 

AC<VH ?5@5<VHC20;8 ?@8 10 °C 2?@>4>26 30 E28;8=, ?VA;O G>3> =03@V20;8 4> 50 °C 

(2=CB@VH=O B5<?5@0BC@0) V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 2 3>48=.

#VA;O 707=0G5=>3> ?5@V>4C G0AC AC<VH 28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, 

@>7B8@0;8 7 2>4>N (5 <;), DV;ьB@C20;8 B0 ?>2B>@=> ?@><820;8 2>4>N (2 <;), 

>B@8<CNG8 =5>G8I5=89 ³ D5=V; ³ 5=0<V=>  AC;ьB0< , O:89

?5@5:@8AB0;V7C20;8 7 

�<V=> B@8<5B8; D5=V; 483V4@>V7>BV07>; 4V>:A84 (3.1c)
"B@8<0=> 7V A?>;C:8 (491 <3). �8EV4 114 <3 (0.45 <<>;ь

:>@8G=52V :@8AB0;8, &B>?;. 3 °C.

H / $ (500 M�F, � %" ): · = 7.49 (4, = 7.4 �F, 2H, CH′

Ph), 7.42 (B, = 7.4 �F, 2H, CH′ 3,5 Ph), 7.28 (B, = 7.4 �F, 1H, CH′

4 Ph), 6.49 (A, 2H, NH ), 2.59 (A, 3H, NCH ), 1.37 (A, 6H, 2×CH ) <.G.



C / $ (126 M�F, � %" ): · = 154.6 (% 4), 129.2 (C′′ 1 Ph), 128.8 (2×CH, 

C′′ Ph), 127.5 (2×CH, C′′ 3,5 Ph), 126.6 (CH, C′′

), 22.7 (2×CH ) <.G.

I+ (KBr): 3437 (½aA ), 3354 (½A ), 1654 (½ C=C), 1619 (· NH ), 1599 (½ ⎓C), 1255 (½aA ), 1138 (½A ) c<3

$) %

$>7@0E>20=> 4;O C 7=0945=>:

�<V=> <5B8; D5=V; BV0 070A?V@>[3.4]>:B 5= 4V>:A84 (3.2c)
"B@8<0=> 7V A?>;C:8 (551 <3). �8EV4 436 <3 (1.65 <<>;ь

33%); 1V;89 >A04, &B>?;. 3157 °C.

H / $ (500 M�F, � %" ): · = 7.48 (4, = 8.1 �F, 2H, CH′′

Ph), 7.43 (B, = 8.1 �F, 2H, CH′′ 3,5 Ph), 7.28 (B, = 8.1 �F, 1H, 

CH′′ 4 Ph), 6.51 (A, 2H, NH ), 2.82 (A, 3H, NCH 32.49 (<, 4H, 

2×CH ′ 2,4 F8:;>1CB8;), 2.02 (:2, = 9.4 �F, 1H, CH ′ 3 F8:;>1CB8;), 1.92 (:2, 

9.4 �F, 1H, CH ′ 3 F8:;>1CB8;) <.G.

C / $ (126 M�F, � %" ): · = 152.9 (% 128.9 (C′′ 1 Ph), 128.8 (2×CH, 

C′′ 2,6 Ph), 127.6 (2×CH, C′′ 3,5 Ph), 126.8 (CH, C′′

), 23.8 (2×CH , C′ 2,4 F8:;>1CB8;), 13.5 (CH , C′ 3 F8:;>1CB8;) <.G.

I+ (KBr): 3446 (½aA ), 3354 (½A ), 1647 (½ C=C), 1619 (· NH ), 1602 (½ ⎓C), 1257 (½aA ), 1147 (½A ) c<3

$) %

$>7@0E>20=> 4;O C 7=0945=>:

%8=B57 ³ 5=0<V=> ´ AC;ьB0<C 3.1d B0 0;:5=C 3.7d (>4=>:>;1>289 <5B>4)

$>7G8= AC;ьD>=V;E;>@84C (908 <3, 5 <<>;ь) C CH (5 <;) 4>4020;8 ?> 

:@0?;OE 4> >E>;>465=>3> =0 ;ь>4O=V9 10=V @>7G8=C 0<V=>=VB@8;C (491 <3,

5 <<>;ь) V Et N (1,01 3, 1,39 <;, 10 <<>;ь) 2 CH (15 <;). $50:FV9=C AC<VH 

=03@V20;8 4> 10 °C V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26 =>GV, ?VA;O G>3> 



:8?'OB8;8 7V 72>@>B=8< E>;>48;ь=8:>< 2?@>4>26 4 3>48=. #>BV< AC<VH 

28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, 70;8H>: @>7B8@0;8 7 2>4>N (5 <;),

DV;ьB@C20;8 B0 ?@><820;8 2>4>N (2×2 <;), >B@8<CNG8 A?>;C:C (V;ьB@0B 

70;8H0;8 ?@8 10 °C =0 =VG, ?VA;O G>3> CB2>@5=V :@8AB0;8 DV;ьB@C20;8, >B@8<CNG8 

FV;ь>289 ³ 5=0<V=>  AC;ьB0< 

�<V=> (V7>:A07>; V;) B@8<5B8; 483V4@>V7>BV07>;
4V>:A84 (

�8EV4 134 <3 (0.55 <<>;ь, 11%); 6>2BC20BV :@8AB0;8, &B>?;. 3

°C.

H / $ (500 M�F, � %" ): · = 8.95 (A, 1H, CH′ 5 V7>:A07>;V;), 

CH.A, CH.A, 6.59 (A, 1H, CH′

V7>:A07>;V;), 2.61 (A, 3H, NCH ), 1.40 (A, 6H, 2×CH ) <.G.

C / $ (126 M�F, � %" ): · = 159.4 (C′ 5, V7>:A07>;V;), 159.1 (C

(C′ 3, V7>:A07>;V;), 100.9 (C′ 4, V7>:A07>;V;), 89.6 (C 3), 22.7 (2×CH B0 

) <.G.

I+ (KBr): 3415 (½aA ), 3332 (½A ), 1652 (½ C=C), 1603 (· NH ), 1557 (½ ⎓C), 1255 (½aA ), 1121 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:

�V(V7>:A07>; V;)5B0= (3.7d)
�8EV4 158 <3 (0.98 <<>;ь, 39%); 1V;89 ?>@>H>:, &B>?;. 3

°C (@>7:;.).

H / $ (500 M�F, � %" ): · = 8.93 (A, 2H, 2×CH

V7>:A07>;V;), 7.54 (A, 2H, 3 3), 7.19 (A, 2H, 2×CH 4, V7>:A07>;V;) <.G.

C / $ (126 M�F, � %" ): · = 5, V7>:A07>;V;), 160.0 (C

V7>:A07>;V;), 123.7 (CH), 102.4 (C 4, V7>:A07>;V;) <.G.

$) %



$>7@0E>20=> 4;O C 7=0945=>: C 58.88

#@81;87=> 1:1,3 AC<VH FV0=>F8:;>1CB8;) (V7>:A07>; V;)
<5B8;<5B0=AC;ьD>=0<V4 (3.6d) B0 ( 4V(V7>:A07>; V;)5B0= (3.7d)

$>7G8= AC;ьD>=V;E;>@84C (908 <3, 5 <<>;ь) C CH (5 <;) 4>4020;8 ?> 

:@0?;OE 4> >E>;>465=>3> =0 ;ь>4O=V9 10=V @>7G8=C 0<V=>=VB@8;C (551 <3,

5 <<>;ь) V Et N (1,01 3, 1,39 <;, 10 <<>;ь) C CH (15 <;). $50:FV9=C AC<VH 

=03@V20;8 4> 10 °C V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V ?@>BO3>< =>GV, ?VA;O G>3> 

:8?'OB8;8 7V 72>@>B=8< E>;>48;ь=8:>< ?@>BO3>< 4 3>48=. #>BV< AC<VH 

28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, 70;8H>: @>7B8@0;8 7 2>4>N (5 <;), 

DV;ьB@C20;8 B0 ?@><820;8 2>4>N (2×2 <;), >B@8<CNG8 2:070=C 2 703>;>2:C AC<VH.

�8EV4 349 <3.

*V0=>F8:;>1CB8;) (V7>:A07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (3.6d)

H / $ (500 M�F, � %" ): · = 9.00 (A, 1H, CH′

V7>:A07>;V;), 6.70 (A, 1H, CH′ 4 V7>:A07>;V;), 4.83 (A, 2H, 

), 2.73 (A, 3H, NCH ), 2.45 (B, J = 9.4 �F, 2H, CH ′

F8:;>1CB8;), 2.37 (:2, = 10.6 �F, 2H, CH ′ 2,4 F8:;>1CB8;), 1.94 (3, = 10.6 �F, 1H, 

′ 3 F8:;>1CB8;), 1.79 (:2, = 9.4 �F, 1H, CH ′ 3 F8:;>1CB8;) <.G.

C / $ (126 M�F, � %" ): · = 5, V7>:A07>;V;), 153.1 (C

V7>:A07>;V;), 120.8 (C≡N), 106.2 (C 4, V7>:A07>;V;), 54.8 (C), 48.5 (CH

(2×CH , C′ 2,4 F8:;>1CB8;), 31.8 (NCH , C′ 3 F8:;>1CB8;) <.G.

$) %

�030;ь=0 <5B>48:0 >B@8<0==O ³ DC=:FV>=0;V7>20=8E ³ 5=0<V=>
´ AC;ьB0<V2 3.1e,f B0 3.2e,f (>4=>:>;1>289 <5B>4)

$>7G8= AC;ьD>=V;E;>@84C (5 <<>;ь) C CH (5 <;) 4>4020;8 ?> 

:@0?;OE 4> >E>;>465=>3> =0 ;ь>4O=V9 10=V @>7G8=C 0<V=>=VB@8;C (5 <<>;ь) 

B0 Et N (1,01 3, 1,39 <;, 10 <<>;ь) C CH (15 <;) ?@8 ?>ABV9=><C ?5@5<VHC20==V. 

$50:FV9=C AC<VH =03@V20;8 4> 10 °C V ?5@5<VHC20;8 ?@8 FV9 B5<?5@0BC@V 2?@>4>26



=>GV, ?VA;O G>3> :8?’OB8;8 2?@>4>26 4 3>48=. #>BV< AC<VH 28?0@>2C20;8 =0ACE> 

?@8 7=865=><C B8A:C B0 @>7102;O;8 2>4>N (5 <;). "B@8<0=89 >A04 DV;ьB@C20;8 B0 

?@><820;8 2>4>N (2×2 <;), >B@8<CNG8 FV;ь>2V ³ 5=0<V=> ´ AC;ьB0<8 B0 

. �0 =5>1EV4=>ABV ?@>4C:B <>6=0 ?5@5:@8AB0;V7C20B8 7 ) B0 

 5B8; 4 0<V=> B@8<5B8; 483V4@>V7>BV07>; :0@1>:A8;0B 4V>:A84 

"B@8<0=> 7V A?>;C:8 (491 <3) B0 (863 <3). �8EV4 996 <3 

(4.25 <<>;ь, 85%); 1V;89 ?>@>H>:, &B>?;. 250‒251 °C.

H / $ (500 M�F, � %" ): · = 8.33 (A, 1H, NH ), 7.91 (A, 1H, 

3.72 (A, 3H, OCH ), 2.53 (A, 3H, NCH ), 1.35 (A, 6H, 2×CH

<.G.

C / $ (126 M�F, � %" ): · = 168.6 (% 4), 162.4 (%=O), 92.3 (C

), 22.4 (2×CH B0 NCH ) <.G.

I+ (KBr): 3402 (½aA ), 3235 (½A ), 1684 (½ C=C), 1641 (· NH 1557 (½ 

C=O), 1303 (½aA ), 1112 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:

(V78G=V 2;0AB82>ABV B0 A?5:B@0;ь=V 40=V 28O28;8AO V45=B8G=8<8 B8<, O:V 

>?8A0=V @0=VH5 

�<V=> B@8<5B8; 483V4@>V7>BV07>; :0@1>=VB@8; 4V>:A84 (3.1f)
"B@8<0=> 7V A?>;C:8 (491 <3) B0 (698 <3). �8EV4 694 <3 

(3.45 <<>;ь, 69%); 1V;89 >A04, &B>?;. 3269 °C.

H / $ (400 M�F, � %" ): · = 8.62 (A, 1H, NH ), 8.34 (A, 1H, 

), 2.56 (A, 3H, NCH ), 1.35 (A, 6H, 2×CH ) <.G.

C / $ (126 M�F, � %" ): · = 4), 111.7 (C≡N), 74.0 (C

), 22.4 (2×CH ) <.G.



I+ (KBr): 3358 (½aA ), 3204 (½A ), 2224 (½ C≡N), 1671 (½ C=C), 1599 (· 

), 1263 (½aA ), 1143 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:

 5B8; 8 0<V=> <5B8; BV0 070A?V@>[3.4]>:B 5= :0@1>:A8;0B
4V>:A84 (3.2e)

"B@8<0=> 7V A?>;C:8 (551 <3) B0 (863 <3). �8EV4 579 <3 

(2.35 <<>;ь, 47%); 1V;89 >A04, &B>?;. 3 °C.

H / $ (400 M�F, � %" ): · = 8.55 (A, 1H, NH ), 8.00 (A, 1H, 

), 3.71 (A, 3H, OCH ), 2.74 (A, 3H, NCH 32.51 (<, 2H, CH ′

2,4 F8:;>1CB8;), 2.4532.36 (<, 2H, CH ′ 2,4 F8:;>1CB8;), 2.073

(<, 1H, CH ′ 3 F8:;>1CB8;), 1.9631.84 (<, 1H, CH ′ 3 F8:;>1CB8;) <.G.

C / $ (101 M�F, � %" ): · = 167.2 (% 4), 162.3 (%=O), 92.4 (C

), 23.3 (2×CH , C′ 2,4 F8:;>1CB8;), 13.3 (CH , C′

F8:;>1CB8;) <.G.

I+ (KBr): 3398 (½aA ), 3235 (½A ), 1680 (½ C=C), 1641 (· NH ), 1555 (½ 

C=O), 1314 (½aA ), 1161 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:

�<V=> <5B8; BV0 070A?V@>[3.4]o:B 5= :0@1>=VB@8; 4V>:A84 (3.2f)
"B@8<0=> 7V A?>;C:8 (551 <3) B0 (698 <3). �8EV4 693 <3 

(3.25 <<>;ь, 65%); 1V;89 >A04, &B>?;. 3 °C (@>7:;.).

H / $ (400 M�F, � %" ): · = 8.73 (A, 1H, NH ), 8.48 (A, 1H, 

), 2.77 (A, 3H, NCH 32.52 (<, 2H, CH ′ 2,4 F8:;>1CB8;), 

2.38 (4:2, = 14.3, 7.0 �F, 2H, CH ′ 2,4 F8:;>1CB8;), 2.0631.95 (<, 

′ 3 F8:;>1CB8;), 1.9531.83 (<, 1H, CH ′ 3 F8:;>1CB8;) <.G.



C / $ (126 M�F, � %" ): · = 4), 111.7 (C≡N), 74.0 (C

), 24.1 (2×CH , C′ 2,4 F8:;>1CB8;), 13.1 (CH , C′ 3 F8:;>1CB8;) 

<.G.

I+ (KBr): 3367 (½aA ), 3209 (½A ), 2220 (½ C≡N), 1669 (½ C=C), 1599 (· 

), 1279 (½aA ), 1154 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:

�<V=> 48<5B8; (<5B8;AC;ьD>=V;) ?@>?V; 483V4@>V7>BV07>;
4V>:A84 (3.1g)

"B@8<0=> 70 4>?><>3>N ;VB5@0BC@=>3> <5B>4C 

H / $ (400 M�F, � %" ): · = 8.16 (A, 1H, NH ), 7.50 (A, 1H, 

), 3.11 (A, 3H, SO ), 2.97 (B, = 7.2 �F, 2H, NCH ), 1.62 (3),

= 7.2 �F, 2H, NCH ), 1.37 (A, 6H, 2×CH ), 0.90 (B, = 7.2 �F, 

) <.G.

C / $ (126 M�F, � %" ): · = 

), 23.2 (2×CH ) <.G.

$) %

�030;ь=0 <5B>48:0 3V4@>;V7C ³ 5=0<V=> ´ AC;ьB0<V2 3.1a,c B0 3.2a,c C 
?@8ACB=>ABV B@8DB>@>FB>2>W :8A;>B8 (TFA)

ò �=0<V=> ´ AC;ьB0< (0,4 <<>;ь) @>7G8=O;8 C CH (5 <;), 

?VA;O G>3> 4>4020;8 AC<VH B@8DB>@>FB>2>W :8A;>B8 H) (137 <3, 92 <:;,

1,2 <<>;ь) V 2>48 (9 <3, 9 <:;, 0,5 <<>;ь). "B@8<0=C @50:FV9=C AC<VH ?5@5<VHC20;8 

?@8 10 °C 4> ?>2=>3> ?5@5B2>@5==O 28EV4=>3> <0B5@V0;C (:>=B@>;ь 70 &,)). #>BV< 

AC<VH 28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, >A04 @>7B8@0;8 7 2>4>N (1 <;) V 

5:AB@03C20;8 CH (2×5 <;). "@30=VG=89 H0@ ACH8;8 =04 Na V 28?0@>2C20;8 

?@8 7=865=><C B8A:C, >B@8<CNG8 G8AB89 ò :5B> ´ AC;ьB0< 



&@8<5B8;V7>BV07>;V4V= >= 4V>:A84 (3.8a)

"B@8<0=> 7V A?>;C:8 (70 <3); G0A @50:FVW 5 E2. �8EV4 60 <3

(0.34 <<>;ь, 85%). (V78G=V 2;0AB82>ABV B0 A?5:B@0;ь=V 40=V 

28O28;8AO V45=B8G=8<8 B8<, O:V >?8A0=V @0=VH5

 5B8; BV0 070A?V@>[3.4]>:B0= >= 4V>:A84 (3.9a)
"B@8<0=> 7V A?>;C:8 (75 <3); G0A @50:FVW 5 E2. �8EV4 70 <3

(0.37 <<>;ь, 92%). (V78G=V 2;0AB82>ABV B0 A?5:B@0;ь=V 40=V 

28O28;8AO V45=B8G=8<8 B8<, O:V >?8A0=V @0=VH5 

&@8<5B8; D5=V;V7>BV07>;V4V= >= 4V>:A84 (3.8c)
"B@8<0=> 7V A?>;C:8 (101 <3); G0A @50:FVW 36 3>4. �8EV4 96 <3 

(0.38 <<>;ь, 95%). (V78G=V 2;0AB82>ABV B0 A?5:B@0;ь=V 40=V 

28O28;8AO V45=B8G=8<8 B8<, O:V >?8A0=V @0=VH5 

 5B8; D5=V; BV0 070A?V@>[3.4]>:B0= >= 4V>:A84 (3.9c)
"B@8<0=> 7V A?>;C:8 (106 <3); G0A @50:FVW 36 3>4. �8EV4 101 <3 

(0.38 <<>;ь, 95%); 1V;89 ?>@>H>:, &B>?;. 3151 °C.

H / $ (400 M�F, CDCl ): · = 37.38 (<, 3H, CH′′ 3

7.23 (<, 2H, CH′′ 2,6 Ph), 4.83 (A, 1H, CH), 3.00 (A, 3H, NCH 3

2.41 (<, 4H, 2×CH ′ 2,4 F8:;>1CB8;), 2.14 (4?, = 11.6, 9.0 �F, 1H, CH ′

F8:;>1CB8;), 1.9931.84 (<, 1H, CH ′ 3 F8:;>1CB8;) <.G.

C / $ (101 M�F, CDCl ): · = 202.8 (CO), 130.7 (2×CH, C′′ 2,6 Ph), 129.8 (C′′

1 Ph), 129.2 (2×CH, C′′ 3,5 Ph), 126.9 (CH, C′′

C′ 2 F8:;>1CB8;), 28.9 (CH , C′ 4 F8:;>1CB8;), 24.2 (NCH , C′

F8:;>1CB8;) <.G.

I+ (KBr): 2905 (½ CH), 1756 (½ C=O), 1454 (½ C⎓C), 1320 (½aA
1147 (½A ) c<3

$) % 3 3

$>7@0E>20=> 4;O C 7=0945=>:



�030;ь=0 <5B>48:0 <578;N20==O 0<V=>=VB@8;V2 4.2c,d,i–k ( 5B>4 �)

Cl (22,9 3, 15,4 <;, 200 <<>;ь) 4>4020;8 ?> :@0?;OE 4> >E>;>465=>3> 

C) @>7G8=C 0<V=>=VB@8;C – (50 <<>;ь) C ?V@848=V (200 <;). "B@8<0=C 

@50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V 2?@>4>26 =>GV, ?VA;O 

G>3> 28?0@>2C20;8 ?@8 7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7 2>4>N (100 <;) V 

DV;ьB@C20;8, >B@8<CNG8 G8ABV <578;ь>20=V ?@>4C:B8 B0 01> A8@89 

?@>4C:B , O:89 >G8IC20;8 70 4>?><>3>N :>;>=:>2>W E@><0B>3@0DVW =0 

A8;V:035;V, 28:>@8AB>2CNG8 3@04Vє=B=5 5;NN20==O 2V4 0 4> 100% CHCl 3� (�

*V0=>?V@848= V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 (4.5c)
"B@8<0=> 7V A?>;C:8 (5.97 3, 50 <<>;ь). �8EV4 11.7 3

(42.5 <<>;ь, 85%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (500,  �F � %" ): · = 8.91 (44, = 4.7, 2.4 �F, 1H), 

8.65 (4, = 7.8 �F, 1H), 7.8937.82 (<, 1H), 3.73 (A, 6H) <.G.

C / $ (126  �F, � %" ): · = 

44.3 <.G.

$) %

$>7@0E>20=> 4;O C : C 34.90; H 3.30; N 15.26; S 23.29; 7=0945=>:

*V0=> =0DB8@V48= V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4(4.5d)
"B@8<0=> 7V A?>;C:8 (8.51 3, 50 <<>;ь). �8EV4 5.06 3

(15.5 <<>;ь, 31%), ?><0@0=G5289 ?>@>H>:, &B>?;. 

H / $ (400  �F, � %" ): · = 9.53 (4, = 2.4 �F, 1H), 9.37 

(4B, = 4.6, 2.4 �F, 1H), 8.69 (4B, = 7.8, 2.4 �F, 1H), 7.95 (4B,

= 7.8, 2.4 �F, 1H), 3.85 (A, 6H) <.G.

C / $ (101  �F, � %" ): · = 

122.4, 115.7, 108.6, 44.3 <.G.

$) %

$>7@0E>20=> 4;O C : C 40.48; H 3.09; N 17.17; S 19.65; 7=0945=>:



*V0=> <5B8; ?V@07>; V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 

"B@8<0=> 7V A?>;C:8 (6.11 3, 50 <<>;ь). �8EV4 12.0 3 (43 <<>;ь, 

86%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = 8.27 (A, 1H), 3.90 (A, 3H), 3.72 (A, 

6H) <.G.

C / $ (126  �F, � %" ): · = 142.4, 135.2, 112.6, 93.7, 44.1, 37.5 <.G.

$) %

$>7@0E>20=> 4;O C : C 30.21; H 3.62; N 20.13; S,23.04; 7=0945=>:

*V0=> <5B8; ?V@07>; V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 

"B@8<0=> 7V A?>;C:8 (6.11 3, 50 <<>;ь). �8EV4 11.1 3

(40 <<>;ь, 80%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = 8.63 (A, 1H), 3.95 (A, 3H), 3.60 

(A, 6H) <.G.

C / $ (126  �F, � %" ): · = 143.5, 139.4, 112.4, 92.1, 43.9, 40.7 <.G.

$) %

$>7@0E>20=> 4;O C : C 30.21; H 3.62; N 20.13; S 23.04; 7=0945=>:

*V0=> D5=V;V7>:A07>; V;)<5B0=AC;ьD>=0<V4 (4.4k)
"B@8<0=> 7V A?>;C:8 (9.62 3, 50 <<>;ь). �8EV4 10.4 3

(39.5 <<>;ь, 79%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = CH.A 37.71 (<, 

37.46 (<, 3H), 3.00 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

115.3, 68.0, 42.5 <.G.

$) % 3 3



$>7@0E>20=> 4;O C S: C 50.18; H 3.45; N 15.96; S 12.18; 7=0945=>:

FV0=> <5B8;V7>BV07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6l) ( 5B>4 �)
$>7G8= MeSO Cl (22,9 3, 15,4 <;, 200 <<>;ь) C CH (250 <;) 

4>4020;8 ?> :@0?;OE 4> >E>;>465=>3> (0 C) @>7G8=C 

0<V=>=VB@8;C (7,66 3, 50 <<>;ь) B0 Et N (25,3 3, 34,7 <;,

250 <<>;ь) C CH (700 <;), ?V4B@8<CNG8 B5<?5@0BC@C =86G5 5 C. "B@8<0=C 

@50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V 2?@>4>26 B86=O. �0;V 

@50:FV9=C AC<VH 28?0@>2C20;8 =0ACE> ?@8 7=865=><C B8A:C, >A04 @>7B8@0;8 7 

2>4>N (300 <;), ?V4:8A;N20;8 2  HCl 4> pH 3 B0 5:AB@03C20;8 EtOAc (4×200 <;). 

"1’є4=0=89 >@30=VG=89 H0@ ACH8;8 =04 Na B0 28?0@>2C20;8 ?@8 7=865=><C 

B8A:C, >B@8<CNG8 A8@89 ?@>4C:B, O:89 >G8IC20;8 70 4>?><>3>N :>;>=:>2>W 

E@><0B>3@0DVW =0 A8;V:035;V, 28:>@8AB>2CNG8 3@04Vє=B=5 5;NN20==O 2V4 0 4> 100% 

3

�8EV4 4.05 3 (17.5 3, 35%), 6>2B89 ?>@>H>:, &B>?;. 3 

H / $ (500,  �F, � %" ): · = 3.67 (A, 3H), 3.38 (A, 3H), 2.43 (A, 3H) <.G.

C / $ (151  �F, � %" ): · = 

18.9 <.G.

$) %

$>7@0E>20=> 4;O C : C 36.35; H 3.92; N 18.17; S 27.72; 7=0945=>:

�030;ь=0 <5B>48:0 >B@8<0==O <5B8;<5B0=AC;ьD>=0<V4V2 4.6A,d,i,j
�> @>7G8=C <5B0=AC;ьD>=0<V4C 01> 

(<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4C 4.5A, (20 <<>;ь) C � (� (175 <;) 

4>4020;8 K (13,8 3, 100 <<>;ь). �0 5 E2 4>4020;8 MeI (8,52 3, 3,74 <;, 60 <<>;ь), 

?VA;O G>3> @50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V 01> 40 

2?@>4>26 =>GV G8 :V;ь:>E 4=V2. /:I> @50:FVO =5 7025@HC20;0AO (:>=B@>;ь 

74V9A=N20;8 70 4>?><>3>N &,) 01> ! / $), I>4=O 4>4020;8 4>40B:>2C ?>@FVN 

MeI (2,84 3, 1,24 <;, 20 <<>;ь). #>BV< @50:FV9=C AC<VH ?>A;V4>2=> @>7102;O;8 



EtOAc (250 <;) V 2>4>N (250 <;). �>4=89 H0@ 2V4>:@5<;N20;8 B0 4>40B:>2> 

5:AB@03C20;8 EtOAc (3×100 <;). "1’є4=0=89 >@30=VG=89 H0@ ?@><820;8 A>;ь>28< 

@>7G8=>< (5×250 <;), ACH8;8 =04 Na B0 28?0@>2C20;8 ?@8 7=865=><C B8A:C, 

>B@8<CNG8 G8AB89 FV;ь>289 ?@>4C:B.

*V0=>?V@848= V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6c)
"B@8<0=> 7V A?>;C:8 (5.5 3, 20 <<>;ь). $50:FVN ?@>2>48;8 ?@8 

C. �8EV4 3.46 3 (16.4 <<>;ь, 82%), :>@8G=52V :@8AB0;8, &B>?;. 3



H / $ (500  �F, � %" ): · = 8.76 (44, = 4.9, 1.9 �F, 1H), 8.43 (44, 

7.9, 1.9 �F, 1H), 7.61 (44, = 7.9, 4.9 �F, 1H), 3.27 (A, 3H), 3.20 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

37.4, 37.3 <.G.

$) %

$>7@0E>20=> 4;O C S: C 45.49; H 4.29; N 19.89; S 15.18; 7=0945=>:

*V0=> =0DB8@V48= V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6d)
"B@8<0=> 7V A?>;C:8 (6.52 3, 20 <<>;ь). $50:FVN 

?@>2>48;8 ?@8 40C. �8EV4 2.88 3 (11 <<>;ь, 55%), 

?><0@0=G5289 ?>@>H>:, &B>?;.  

H / $ (500  �F, � %" : · = 38.80 (<, 1H), 8.7938.66 (<, 1H), 3

8.47 (<, 1H), 7.43 (A, 1H), 4.20 (A, 3H), 3.13 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

116.0, 115.7, 107.3, 41.3, 39.9 <.G.

$) %

$>7@0E>20=> 4;O C S: C 50.37; H 3.84; N 21.36; S 12.22; 7=0945=>:



*V0=> <5B8; ?V@07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6i)

"B@8<0=> 7V A?>;C:8 (5.56 3, 20 <<>;ь). $50:FVN ?@>2>48;8 

?@8 40C. �8EV4 3.12 3 (14.6 <<>;ь, 73%), 1565289 ?>@>H>:, &B>?;. 

3 

H / $ (500,  �F � %" ): · = 8.11 (A, 1H), 3.79 (A, 3H),

3.31 (A, 3H), 3.30 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

37.0 <.G.

$) %

$>7@0E>20=> 4;O C S: C 39.24; H 4.71; N 26.15; S 14.96; 7=0945=>:

*V0=> <5B8; ?V@07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6j)
"B@8<0=> 7V A?>;C:8 (5.56 3, 20 <<>;ь). $50:FVN ?@>2>48;8 

?@8 40C. �8EV4 3.22 3 (15 <<>;ь, 75%), 6>2B89 ?>@>H>:, &B>?;. 

3 

H / $ (500  �F, � %" ): · = 8.50 (A, 1H), 3.87 (A, 3H), 3.21 (A, 3H),

3.12 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

36.6 <.G.

$) %

$>7@0E>20=> 4;O C 4.71; N 26.15; S 14.96; 7=0945=>:

*V0=> D5=V;V7>:A07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6k)
"B@8<0=> 7V A?>;C:8 (5.26 3, 20 <<>;ь). $50:FVN ?@>2>48;8 

?@8 40C. �8EV4 3.94 3 (14.2 <<>;ь, 71%), 15710@2=V :@8AB0;8, 

&B>?;. 3 

H / $ (500  �F, � %" ): · = 37.80 (<, 2H), 7.6837.60 (<, 

3.53 (A, 3H), 3.51 (A, 3H) <.G.



C / $ (126  �F, � %" ): · = 

112.1, 80.0, 40.4, 36.8 <.G.

$) % 3 3

$>7@0E>20=> 4;O C S: C 51.98; H 4.00; N 15.15; S 11.56; 7=0945=>:

�030;ь=0 <5B>48:0 4;O >B@8<0==O ³ 5=0<V=> · AC;ьB0<V2 4.1c, ( 5B>4 �)

LiHMDS (1   @>7G8= C PhMe, 10 <;, 4 <<>;ь) 4>4020;8 ?> :@0?;OE 4> 

>E>;>465=>3> (3 C) @>7G8=C <5B8;<5B0=AC;ьD>=0<V4C (5 <<>;ь) C 

&�( (50 <;) 2 0B<>AD5@V Ar, ?V4B@8<CNG8 707=0G5=C B5<?5@0BC@C. $50:FV9=C AC<VH 

?5@5<VHC20;8 ?@8 3  2?@>4>26 2 3>48=, ?VA;O G>3> 4>2>48;8 4> :V<=0B=>W 

B5<?5@0BC@8. #>BV< 4> @50:FV9=>W AC<VHV 4>4020;8 =0A8G5=89 2>4=89 @>7G8= 

Cl (25 <;) B0 @>7102;O;8 EtOAc (100 <;). "@30=VG=89 H0@ 2V4>:@5<;N20;8, 

ACH8;8 =04 Na B0 28?0@>2C20;8 ?@8 7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7 

 &�� (15 <;) V DV;ьB@C20;8, >B@8<CNG8 2:070=C 2 703>;>2:C A?>;C:C 

�<V=> <5B8; ?V@84>[2,3 ][1,2]BV078= 4V>:A84 (4.1c)
"B@8<0=> 7V A?>;C:8 (1.06 3, 5 <<>;ь). �8EV4 900 <3

(4.25 <<>;ь, 85%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (400  �F, � %" ): · = 8.52 (44, = 4.8, 1.7 �F, 1H), 8.22 

(44, = 7.9, 1.7 �F, 1H), 7.27 (44, = 7.9, 4.8 �F, 1H), 6.66 (A, 2H), 

5.88 (A, 1H), 3.34 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

90.9, 26.2 <.G.

$) %

$>7@0E>20=> 4;O C 7=0945=>:



�<V=> 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= 4V>:A84 (4.1i)

"B@8<0=> 7V A?>;C:8 (1.07 3, 5 <<>;ь). �8EV4 836 <3

(3.9 <<>;ь, 78%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (400  �F, � %" ): · = 7.87 (A, 1H), 6.72 (A, 2H), 5.08 

(A, 1H), 3.80 (A, 3H), 2.95 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

35.4 <.G.

$) %

$>7@0E>20=> 4;O C S: C 39.24; H 4.71; N 26.15; S 14.96; 7=0945=>: C 

�<V=> 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= 4V>:A84 (4.1j)
"B@8<0=> 7V A?>;C:8 (2.14 3, 10 <<>;ь). �8EV4 1.93 3

(9 <<>;ь, 90%), 6>2B89 ?>@>H>:, &B>?;. 3 

H / $ (400  �F, � %" ): · = 8.01 (A, 1H), 6.47 (A, 2H),

5.25 (A, 1H), 3.83 (A, 3H), 3.10 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

26.8 <.G.

$) %

$>7@0E>20=> 4;O C S: C 39.24; H 4.71; N 26.15; S 14.96; 7=0945=>:

�<V=> 48<5B8; V7>BV07>;>[5,4 ][1,2]BV078= 4V>:A84 (4.1l)
"B@8<0=> 7V A?>;C:8 (1.16 3, 5 <<>;ь). �8EV4 370 <3

(1.6 <<>;ь, 32%), 1565289 ?>@>H>:, &B>?;. 3 

H / $ (400  �F, � %" ): · = 6.39 (A, 2H), 5.64 (A, 1H),

3.29 (A, 3H), 2.62 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

31.3, 20.7 <.G.

$) %



$>7@0E>20=> 4;O C 7=0945=>:

( 5B8;0<V=>) D5=V;V7>:A07>; :0@1>=VB@8; (4.3k) ( 5B>4 �)
$>7G8= <5B8;<5B0=AC;ьD>=0<V4C (10 <<>;ь) C � (� (10 <;) 

4>4020;8 ?> :@0?;OE 4> @>7G8=C BuOK (2,47 3, 22 <<>;ь) C � (�

(40 <;) ?@8 :V<=0B=V9 B5<?5@0BC@V. "B@8<0=C @50:FV9=C AC<VH 

=03@V20;8 ?@8 60  2?@>4>26 1 3>48=8, ?VA;O G>3> 70;8H0;8 

?5@5<VHC20B8AO ?@8 :V<=0B=V9 B5<?5@0BC@V 2?@>4>26 =>GV. #>BV< AC<VH 

28?0@>2C20;8 ?@8 7=865=><C B8A:C, ?V4B@8<CNG8 B5<?5@0BC@C =86G5 60 

�0;8H>: @>7B8@0;8 7 2>4>N (20 <;) V 70;8H0;8 =0 =VG. "A04, I> CB2>@82AO, 

2V4DV;ьB@>2C20;8 B0 ?5@5:@8AB0;V7>2C20;8 7 PrOH, >B@8<CNG8 2:070=C A?>;C:C 

. �8EV4 428 <3 (2.15 <<>;ь, 43%), 1565289 ?>@>H>:.

H / $ (400  �F, � %" ): · = 8.96 (A, 1H), 7.8337.71 (<, 2H), 7.623

(<, 3H), 2.99 (A, 3H) <.G.

C / $ (101  �F, � %" ): · = 

<.G.

$) % 3 3

$>7@0E>20=> 4;O C O: C 66.32; H 4.55; N 21.09; 7=0945=>: C 66.05;

�8<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= >= 4V>:A84 (4.7)
³ �=0<V=> · AC;ьB0< (300 <3, 1,4 <<>;ь) @>7G8=O;8 2 EtOH 

(15 <;), ?VA;O G>3> 4>4020;8 2  2>4=89 @>7G8= HCl (10 <;). 

"B@8<0=C @50:FV9=C AC<VH =03@V20;8 4> 60  2?@>4>26 3 3>4, 

0 ?>BV< 28?0@>2C20;8 ?@8 7=865=><C B8A:C. �0;8H>: 

@>7B8@0;8 7 30@OG8< EtOAc (5 <;), >E>;>46C20;8 B0 DV;ьB@C20;8. (V;ьB@0B 

28?0@>2C20;8 ?@8 7=865=><C B8A:C, >B@8<CNG8 FV;ь>2C A?>;C:C 

�8EV4 240 <3 (1.12 <<>;ь, 80%), 1V;89 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = 8.45 (A, 1H), 4.71 (A, 2H), 3.85 (A, 3H),

3.22 (A, 3H) <.G.



C / $ (126  �F, � %" ): · = 

29.0 <.G.

$) %

$>7@0E>20=> 4;O C 4.22; N 19.52; S 14.90; 7=0945=>:

�<V=> 15=78; 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078=
4V>:A84 (4.8)

³ �=0<V=> · AC;ьB0< (140 <3, 0,65 <<>;ь) @>7G8=O;8 C

� (� (7 <;), ?VA;O G>3> ?>A;V4>2=> 4>4020;8 ��#�� (130 <3, 

1 <<>;ь) B0 BnBr (171 <3, 0,65 <<>;ь). "B@8<0=C @50:FV9=C 

AC<VH =03@V20;8 4> 80  2?@>4>26 =>GV, 0 ?>BV< 

28?0@>2C20;8 ?@8 7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7 2>4>N (10 <;), 

DV;ьB@C20;8, ACH8;8 B0 ?5@5:@8AB0;V7>2C20;8 7  &��, >B@8<CNG8 FV;ь>2C 

A?>;C:C 

�8EV4 95 <3 (0,31 <<>;ь, 48%), :>@8G=5289 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = 8.03 (A, 1H), 7.30 (4, = 7.5 �F, 2H), 7.25 (B, 

= 7.5 �F, 2H), 7.15 (B, = 7.5 �F, 1H), 6.15 (A, 2H), 3.83 (A, 3H), 3.32 (A, 2H), 3.13 (A, 

3H) <.G.

C / $ (126  �F, � %" ): · = 

126.2, 102.0, 97.2, 39.6, 29.2, 28.3 <.G.

$) %

$>7@0E>20=> 4;O C S: C 55.25; H 5.30; N 18.41; S 10.53; 7=0945=>:

48<5B8; 4V>:A84> 483V4@>?V@07>;>[3,4 ][1,2]BV078= V;)
0F5B0<V4 (4.9)

�> @>7G8=C ³ 5=0<V=> · AC;ьB0<C (167 <3, 0,78 <<>;ь) C 

?V@848=V (4 <;) 4>4020;8 Ac O (2,16 3, 2 <;, 21,2 <<>;ь). 

"B@8<0=C @50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 

B5<?5@0BC@V 2?@>4>26 12 3>48=, ?VA;O G>3> 28?0@>2C20;8 ?@8 



7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7 =0A8G5=8< 2>4=8< @>7G8=>< NaHCO

(5 <;), DV;ьB@C20;8, ACH8;8 B0 ?5@5:@8AB0;V7>2C20;8 7  &��, >B@8<CNG8 FV;ь>2C 

A?>;C:C 

�8EV4 86 <3 (0,34 <<>;ь, 43%), :>@8G=52V :@8AB0;8, &B>?;. 3 

H / $ (400  �F, � %" ): · = 9.99 (A, 1H), 8.28 (A, 1H), 7.31 (A, 1H), 3.88 

(A, 3H), 3.21 (A, 3H), 2.14 (A, 3H) <.G.

C / $ (126  �F, � %" ): · = 

27.3, 24.1 <.G.

$) %

$>7@0E>20=> 4;O C S: C 42.18; H 4.72; N 21.86; S 12.51; 7=0945=>:

(�V4@>:A8V<V=>) V<V=> 48<5B8; B5B@03V4@>?V@07>;>[3,4
BV078= 4V>:A84 (4.10)

�>4=89 @>7G8= NaNO (260 <3, 3,77 <<>;ь) (6 <;) 4>4020;8 

?> :@0?;OE 4> @>7G8=C ³ 5=0<V=> · AC;ьB0<C (300 <3,

1,4 <<>;ь) C 2>4=V9 95% HOAc (20 <;), ?V4B@8<CNG8 

B5<?5@0BC@C =86G5 5 C. "B@8<0=C @50:FV9=C AC<VH 

?5@5<VHC20;8 ?@8 10  2?@>4>26 3 3>48=, ?VA;O G>3> 28?0@>2C20;8 ?@8 

7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7 =0A8G5=8< 2>4=8< @>7G8=>< NaHCO V 

DV;ьB@C20;8. "A04 ?>A;V4>2=> ?@><820;8 2>4>N (2 <;) V 35:A0=>< (22 <;), 

>B@8<CNG8 FV;ь>2C A?>;C:C 

�8EV4 243 <3 (1 <<>;ь, 73%), @>65289 >A04, &B>?;. 3 

H / $ (500  �F, � %" ): · = 12.13 (A, 1H), 10.13 (CH.A, 1H), 8.60 (A, 1H), 

3.91 (A, 3H), 3.29 (A, 3H) <.G.

C / $ (126  �F, � %" ; %?>;C:0 VA=Cє C 283;O4V AC<VHV B0CB><5@V2

· = 155.7 B0 150.3, 152.8 B0 150.8, 144.4 B0 139.8, 136.1 B0 134.3, 98.7 B0 98.5, 40.5 B0 

40.4, 28.9 B0 27.3 <.G.

$) %



$>7@0E>20=> 4;O C S: C 34.57; H 3.73; N 28.79; S 13.18; 7=0945=>:

�8<5B8; 483V4@> [1,2,5]>:A04V07>;>[3,4 ]?V@07>;>[3,4 ][1,2]BV078=
4V>:A84 (4.11)

(926 <3, 1,1 <;, 9 <<>;ь) ?> :@0?;OE 4>4020;8 4> 

>E>;>465=>3> (0C) @>7G8=C ³ 5=0<V=> · AC;ьB0<C 

(770 <3, 3,6 <<>;ь) B0 CuBr (775 <3, 5,4 <<>;ь) C MeCN (50 <;). 

"B@8<0=C @50:FV9=C AC<VH =03@V20;8 ?@8 70  2?@>4>26

1 3>48=8, ?VA;O G>3> >E>;>46C20;8 4> :V<=0B=>W B5<?5@0BC@8. #>BV< WW @>7102;O;8 

2>4>N (40 <;), ?V4:8A;N20;8 1  2>4=8< @>7G8=>< HCl (10 <;) B0 5:AB@03C20;8 

EtOAc (3×40 <;). "1’є4=0=89 >@30=VG=89 H0@ ACH8;8 =04 Na V 28?0@>2C20;8 

?@8 7=865=><C B8A:C, >B@8<CNG8 FV;ь>2C A?>;C:C 

�8EV4 738 <3 (3,06 <<>;ь, 85%), B5<=> 6>2B89 >A04, &B>?;. 

H / $ (400  �F, CDC1 ): · = 7.95 (A, 1H), 3.97 (A, 3H), 3.47 (A, 3H) <.G.

C / $ (126  �F, CDCl ): · = 149.2, 149.0, 143.1, 129.1, 94.1, 39.7, 30.9 <.G.

$) %

$>7@0E>20=> 4;O C S: C 34.85; H 2.93; N 29.03; S 13.29; 7=0945=>:

48<5B8; 4V>:A84> 483V4@>?V@07>;>[3,4 ][1,2]BV078= V;)
48<5B8;D>@<V<V40<V4 (4.12)

�> @>7G8=C ³ 5=0<V=> · AC;ьB0<C (240 <3, 1,12 <<>;ь) C 

� (� (10 <;) 4>4020;8 � ( � � (530 <3, 0,6 <;,

4,46 <<>;ь). "B@8<0=C @50:FV9=C AC<VH ?5@5<VHC20;8 ?@8 

C ?@>BO3>< 2 3>48=, ?VA;O G>3> 28?0@>2C20;8 ?@8 

7=865=><C B8A:C. �0;8H>: @>7B8@0;8 7  &�� (10 <;) V 

DV;ьB@C20;8, >B@8<CNG8 FV;ь>2C A?>;C:C 

�8EV4 260 <3 (0.97 <<>;ь, 87%), ?><0@0=G5289 ?>@>H>:, &B>?;. 3 

H / $ (500  �F, � %" ): · = 8.00 (A, 1H), 7.96 (A, 1H), 5.95 (A, 1H), 3.82 

(A, 3H), 3.18 (A, 3H), 3.07 (A, 3H), 2.98 (A, 3H) <.G.



C / $ (151  �F, � %" ): · = 

39.4, 34.6, 27.5 <.G.

$) %

$>7@0E>20=> 4;O C S: C 44.60; H 5.61; N 26.00; S 11.90; 7=0945=>:

�030;ь=0 <5B>48:0 4;O >B@8<0==O 2,2 4870<VI5=8E
((<5B8;(35B/0@8;)(>:A>) λ AC;ьD0=5W;V45=)0<V=>)?@>?0=>=VB@8;V2 (5.2c–

�<V=>(<5B8;)(35B/0@8;) » AC;ьD0=>= (2,5 <<>;ь, 1 5:2.) @>7G8=O;8 C

� (� (3 <;), ?VA;O G>3> 4>4020;8 BuOK (421 <3, 3,75 <<>;ь, 1,5 5:2.) >4=VєN 

?>@FVєN. "B@8<0=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V 2?@>4>26

1 3>48=8. #>BV< 2,2 4870<VI5=89 3 1@><>?@>?0=>=VB@8; (3,75 <<>;ь,

1,5 5:2.) 4>4020;8 ?> :@0?;OE V >B@8<0=C AC<VH ?5@5<VHC20;8 ?@8 40 °C 2?@>4>26

=>GV (EV4 @50:FVW :>=B@>;N20;8 70 4>?><>3>N &,)). �0;V WW 28;820;8 2 

>E>;>465=89 =0A8G5=89 2>4=89 @>7G8= NH Cl (15 <;) V 5:AB@03C20;8 EtOAc (3×5 

<;). "@30=VG=89 H0@ ACH8;8 =04 Na , 28?0@>2C20;8 ?@8 7=865=><C B8A:C, 

>B@8<CNG8 A8@89 ?@>4C:B, O:89 >G8IC20;8 <5B>4>< ��$) (28:>@8AB>2CNG8 

3@04Vє=B=5 5;NN20==O 0F5B>=VB@8; 2>40).

((( 5B8;(>:A>)(D5=V;) λ AC;ьD0=5W;V45=)0<V=>)<5B8;)F8:;>1CB0=
:0@1>=VB@8; (5.2A)

"B@8<0=> 7V A?>;C:8 3A (653 <3) B0 (388 <3). �8EV4

484 <3 (1.95 <<>;ь, 78%); 6>2B89 0<>@D=89 >A04.

H / $ (400 M�F, CDCl ): · = 7.90 (4, = 7.9 �F, 2H),

37.50 (<, 3H), 3.16 (4, = 12.2 �F, 1H), 3.07 (A, 3H), 2.96 (4, = 12.2 �F, 1H), 

32.35 (<, 2H), 2.2832.24 (<, 1H), 2.0431.88 (<, 3H) <.G.

C / $ (126 M�F, CDCl ): · = 139.0, 133.2, 129.6, 128.7, 49.3, 45.1, 37.4, 29.6, 

29.5, 16.6 <.G.

$) % = 249 [ +!]



((( 5B8;(>:A>)(D5=V;) λ AC;ьD0=5W;V45=)0<V=>)<5B8;)F8:;>?5=B0=
:0@1>=VB@8; (5.2d)

"B@8<0=> 7V A?>;C:8 (705 <3) B0 (388 <3). �8EV4

480 <3 (1.83 <<>;ь, 73%); 6>2B89 0<>@D=89 >A04.

H / $ (400 M�F, � %" ): · = 7.90 (4, = 7.6 �F, 2H), 7.743

7.60 (<, 3H), 3.20 (A, 3H), 2.94 (4, = 12.0 �F, 1H), 2.77 (4, = 12.0 �F, 1H), 1.983

(<, 2H), 1.8531.78 (<, 1H), 1.7431.56 (<, 5H) <.G.

C / $ (126 M�F, � %" ): · = 139.3, 132.9, 129.4, 128.1, 125.4, 49.2, 44.6, 

43.7, 35.2, 24.0 <.G.

$) % = 263 [  + !]

�8<5B8; ((<5B8;(1 <5B8; B@V07>; V;)(>:A>) λ
AC;ьD0=5W;V45=)0<V=>)?@>?0=>=VB@8;

"B@8<0=> 7V A?>;C:8 (608 <3) B0 (400 <3). �8EV4

513 <3 (2.13 <<>;ь, 85%); ?><0@0=G5289 >A04, &B>?; 90‒105 °C.

H / $ (400 M�F, � %" ): · = 8.18 (A, 1H), 4.23 (A, 3H),

3.47 (A, 3H), 2.95 (4, = 12.0 �F, 1H), 2.84 (4, = 12.0 �F, 1H), 1.29 (A, 3H),

1.28 (A, 3H) <.G.

C / $ (126 M�F, � %" ): · = 137.7, 135.5, 124.8, 51.6, 44.6, 36.4, 34.2, 

23.7 <.G.

$) % = 242 [ +!]

�030;ь=0 <5B>48:0 4;O >B@8<0==O 5 DC=:FV>=0;V7>20=8E 1 (35B5@>)0@8;
BV078= >:A84V2 (5.1a– –

�<V=>(<5B8;)(35B/0@8;) » AC;ьD0=>= – (2,5 <<>;ь, 1 5:2.) @>7G8=O;8 C
� (� (3 <;), ?VA;O G>3> 4>4020;8 BuOK (421 <3, 3,75 <<>;ь, 1,5 5:2.) >4=VєN 

?>@FVєN. "B@8<0=C AC<VH ?5@5<VHC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V 2?@>4>26

1 3>48=8. #>BV< ?> :@0?;OE 4>4020;8 2,2 4870<VI5=89 3 1@><>?@>?0=>=VB@8; 

– (3,75 <<>;ь, 1,5 5:2.), AC<VH ?5@5<VHC20;8 ?@8 40 °C 2?@>4>26 =>GV (EV4 

@50:FVW :>=B@>;N20;8 70 4>?><>3>N &,)). �>;8 A?>AB5@V30;8 ?>2=C :>=25@AVN 



28EV4=8E <0B5@V0;V2, @50:FV9=C AC<VH >E>;>46C20;8 4> :V<=0B=>W B5<?5@0BC@8 V 

4>4020;8 V=HC ?>@FVN BuOK (421 <3, 3,75 <<>;ь, 1,5 5:2.). "B@8<0=C @50:FV9=C 

<0AC ?5@5<VHC20;8 ?@8 60 °C 2?@>4>26 =>GV. �0;V 28;820;8 2 >E>;>465=89 

=0A8G5=89 2>4=89 @>7G8= NH Cl (15 <;) V 5:AB@03C20;8 EtOAc (3×5 <;). "@30=VG=89 

H0@ ACH8;8 =04 Na2SO4, 28?0@>2C20;8 ?@8 7=865=><C B8A:C, >B@8<CNG8 A8@89 

?@>4C:B, O:89 >G8IC20;8 <5B>4>< ��$) (28:>@8AB>2CNG8 3@04Vє=B=5 5;NN20==O 

0F5B>=VB@8; 2>40).

�<V=> 48<5B8; D5=V; 483V4@> BV078= >:A84 (5.1a)
"B@8<0=> 7V A?>;C:8 (608 <3) B0 (388 <3). �8EV4 201 <3 

(0.85 <<>;ь, 34%); 1V;89 >A04.

H / $ (500 M�F, � %" ): · = 7.78 (4, = 7.3 �F, 2H), 7.43 

(B, = 7.3 �F, 1H), 7.38 (B, = 7.3 �F, 2H), 4.92 (A, 1H), 4.70 (A, 

2H), 3.32 (4, = 13.0 �F, 1H), 2.92 (4, = 13.0 �F, 1H), 1.15 (A, 3H), 1.02 (A, 3H) <.G.

C / $ (126 M�F, � %" ): · = 167.1, 144.9, 131.2, 128.7, 126.7, 86.3, 54.0, 

32.8, 23.6, 23.0 <.G.

$) % = 237 [ +!]

�<V=> D5=V; BV0 070A?V@>[2.5]>:B0 4Vє= >:A84 (5.1b)
"B@8<0=> 7V A?>;C:8 (600 <3) B0 (388 <3). �8EV4

228 <3 (0.97 <<>;ь, 39%), 15710@2=V :@8AB0;8.

H / $ (400 M�F, � %" ): · = 7.83 (4, = 7.1 �F, 2H), 7.543

7.46 (<, 3H), 6.05 (A, 2H), 5.17 (A, 1H), 3.68 (4, = 12.8 �F, 1H), 

2.56 (4, = 12.8 �F, 1H), 1.5131.41 (<, 1H), 1.0030.88 (<, 1H), 0.8330.71 (<, 1H), 0.703

0.59 (<, 1H) <.G.

C / $ (126 M�F, � %" ): · = 163.5, 145.9, 131.1, 128.5, 127.1, 89.0, 50.2, 

19.1, 14.5, 8.5 <.G.

$) % = 235 [ +!]



�<V=> D5=V; BV0 070A?V@>[3.5]=>=0 4Vє= >:A84 (5.1c)
"B@8<0=> 7V A?>;C:8 (653 <3) B0 (388 <3). �8EV4

248 <3 (1.05 <<>;ь, 42%); 1565289 ?>@>H>:.

H / $ (400 M�F, CDCl ): · = 7.83 (4, = 7.2 �F, 2H), 7.41 (B, 

= 7.2 �F, 1H), 7.35 (B, = 7.2 �F, 2H), 5.08 (A, 1H), 4.99 (A, 2H), 

3.59 (A, 2H), 2.4432.36 (<, 1H), 2.2932.21 (<, 1H), 2.1232.01 (<, 2H), 1.9231.85 (<, 

31.64 (<, 1H) <.G.

C / $ (126 M�F, CDCl ): · = 163.5, 143.8, 131.7, 128.6, 127.9, 88.9, 51.2, 

39.0, 29.6, 25.6, 15.9 <.G.

$) % = 249 [ +!]

�<V=> 48<5B8; <5B8; B@807>; V;) 483V4@>
BV078= >:A84 (5.1e)

"B@8<0=> 7V A?>;C:8 (608 <3) B0 (400 <3). �8EV4

247 <3 (1.02 <<>;ь, 41%); 6>2BV :@8AB0;8.

H / $ (400 M�F, � %" ): · = 7.85 (A, 1H), 6.94 (CH.A, 

5.21 (A, 1H), 4.14 (A, 3H), 3.14 (4, = 12.8 �F, 1H), 2.99

(4, = 12.8 �F, 1H), 1.14 (A, 3H), 1.05 (A, 3H) <.G.

C / $ (126 M�F, � %" ): · = 171.2, 141.6, 133.9, 82.5, 54.7, 36.0, 33.4, 

23.5, 22.9 <.G.

$) % = 242 [ +!]

�<V=> <5B8; B@807>; V;) BV0 070A?V@>[2.5]>:B0
4Vє= >:A84 (5.1f)

"B@8<0=> 7V A?>;C:8 (600 <3) B0 (400 <3). �8EV4

287 <3 (1.2 <<>;ь, 48%); 15710@2=V :@8AB0;8.

H / $ (400 M�F, � %" ): · = 7.98 (A, 1H), 6.58 (CH.A, 

5.28 (A, 1H), 4.09 (A, 3H), 3.59 (4, = 13.1 �F, 1H),

2.66 (4, = 13.1 �F, 1H), 1.50 (4B, = 9.8, 6.0 �F, 1H), 1.01 (444, = 9.8, 6.0, 4.0 �F, 

1H), 0.87 (444, = 9.8, 6.0, 4.0 �F, 1H), 0.73 (4B, = 9.8, 6.0 �F, 1H) <.G.



C / $ (126 M�F, � %" ): · = 167.2, 140.5, 136.3, 85.4, 49.7, 35.5, 18.7, 

15.5, 9.6 <.G.

$) % = 240 [ +!]

�<V=> <5B8; B@807>; V;) BV0 070A?V@>[3.5]=>=0
4Vє= >:A84 (5.1g)

"B@8<0=> 7V A?>;C:8 (653 <3) B0 (400 <3). �8EV4

278 <3 (1.1 <<>;ь, 44%); 1565289 ?>@>H>:.

H / $ (400 M�F, CDCl ): · = 7.87 (A, 1H), 5.31 (A, 1H), 4.89 (A, 

2H), 4.22 (A, 3H), 3.66 (4, = 13.2 �F, 1H), 3.59 (4, = 13.2 �F, 

32.24 (<, 1H), 2.2032.13 (<, 2H), 2.0331.99 (<, 1H), 1.2831.25 (<, 1H), 0.873

0.79 (<, 1H) <.G.

C / $ (126 M�F, � %" ): · = 168.5, 141.3, 135.1, 82.9, 79.1, 51.2, 35.9, 

27.7, 26.5, 15.0 <.G.

$) % = 254 [ +!]

(5=V; 8λ BV0 070A?V@>[4.5]45: 5= >= >:A84 (5.5d)
"B@8<0=> 7V A?>;C:8 (705 <3) B0 (388 <3). �8EV4

163 <3 (0.62 <<>;ь, 25%); 1V;89 >A04.

H / $ (400 M�F, CDCl ): · = 8.08 (4, = 7.6 �F, 2H),

7.69 (B, = 7.6 �F, 1H), 7.60 (B, = 7.6 �F, 2H),

4.05 (4, = 13.3 �F, 1H), 3.98 (4, = 13.3 �F, 1H), 3.70 (4, = 13.1 �F, 1H),

3.57 (4, = 13.1 �F, 1H), 2.43 (4B, = 12.7, 4.8 �F, 1H), 2.3232.23 (<, 1H),

31.60 (<, 5H), 1.24 (4B, = 13.5, 7.1 �F, 1H) <.G.

C / $ (126 M�F, CDCl ): · = 201.2, 138.8, 134.2, 129.6, 128.6, 63.7, 58.9, 

53.6, 36.1, 30.9, 25.6, 25.4 <.G.

$) % = 264 [ +!]



 5B8;DC@0= V=) 7λ BV0 070A?V@>[3.5]=>= 5= >= >:A84 (5.5h)

"B@8<0=> 7V A?>;C:8 (653 <3) B0 5. (398 <3). �8EV4 172 <3 

(0.68 <<>;ь, 27%); :>@8G=5289 ?>@>H>:, &B>?; 3120 °C.

H / $ (400 M�F, CDCl ): · = 7.32 (4, = 2.0 �F, 1H),

6.60 (4, = 2.0 �F, 1H), 4.00 (4, = 12.9 �F, 1H),

3.95 (4, = 12.9 �F, 1H), 3.83 (4, = 13.7 �F, 1H), 3.69 (4, = 13.7 �F, 1H),

2.74 (4B, = 11.7, 8.9 �F, 1H), 2.60 (A, 3H), 2.3732.31 (<, 1H), 2.2532.18 (<, 1H),

32.04 (<, 1H), 1.9531.86 (<, 1H), 1.6931.63 (<, 1H) <.G.

C / $ (126 M�F, CDCl ): · = 199.8, 158.8, 141.3, 120.1, 110.6, 63.3, 52.5, 

52.0, 30.9, 24.2, 15.2, 13.2 <.G.

$) % = 254 [ +!]

�030;ь=0 <5B>48:0 4;O >B@8<0==O 2,2 4870<VI5=8E
((<5B8;(35B5@>/0@8;)(>:A>) λ AC;ьD0=5W;V45=)0<V=>)?@>?0=>28E :8A;>B 

–

$>7G8= DC=:FV>=0;V7>20=>3> 1 (35B5@>)0@8; BV078= 1 >:A84C –
(0,2 <<>;ь) C AC<VHV HOAc (1 <;) V 2>48 (1 <;) =03@V20;8 ?@8 60 °C 2?@>4>26

=>GV. #>BV< @>7G8= 28?0@>2C20;8 ?@8 7=865=><C B8A:C, @>7B8@0;8 7 35:A0=><

(5 <;), DV;ьB@C20;8 B0 42VGV ?@><820;8 :V;ь:><0 :@0?;O<8 2>48, >B@8<CNG8 

FV;ь>2C A?>;C:C.

((( 5B8;(>:A>)(D5=V;) λ AC;ьD0=5W;V45=)0<V=>) <5B8;)F8:;>1CB0=
:0@1>=>20 :8A;>B0

"B@8<0=> 7V A?>;C:8 (50 <3). �8EV4 47 <3 (0.176 <<>;ь, 

88%); 6>2B89 >A04.

H / $ (400 M�F, CDCl ): · = 7.93 (4, = 7.2 �F, 2H),

7.66 (B, = 7.2 �F, 1H), 7.60 (B, = 7.2 �F, 2H), 3.25 (4, = 11.9 �F, 1H), 3.21 (A, 3H), 

3.05 (4, = 11.9 �F, 1H), 2.43 (4B, = 19.9, 9.7 �F, 2H), 2.0231.97 (<, 1H),

1.88 (4B, = 19.9, 9.7 �F, 2H), 1.7931.69 (<, 1H) <.G.

C / $ (151 M�F, CDCl ): · = 176.6, 138.0, 133.6, 129.8, 128.6, 48.7, 44.7, 

28.2, 27.7, 21.1, 15.2 <.G.



$) % = 266 [ 3!]3

�8<5B8; ((<5B8;(1 <5B8; B@807>; V;)(>:A>) λ
AC;ьD0=5W;V45=)0<V=>)?@>?0=>20 :8A;>B0 
"B@8<0=> 7V A?>;C:8 (48 <3). �8EV4 48 <3 (0.184 <<>;ь, 

92%); 6>2B89 0<>@D=89 >A04.

H / $ (400 M�F, CDCl ): · = 8.08 (A, 1H), 4.28 (A, 3H),

3.27 (A, 3H), 3.07 (4, = 11.6 �F, 1H), 2.97 (4, = 11.8 �F, 1H), 1.25 (A, 3H),

1.24 (A, 3H) <.G.

C / $ (101 M�F, CDCl ): · = 184.1, 138.4, 135.5, 52.4, 46.0, 36.8, 29.9, 24.0, 

23.2 <.G.

$) % = 259 [ 3!]3

((( 5B8;(1 <5B8; B@807>; V;)(>:A>) λ
AC;ьD0=5W;V45=)0<V=>)<5B8;)F8:;>?@>?0= :0@1>=>20 :8A;>B0 (5.6f)

"B@8<0=> 7V A?>;C:8 (48 <3). �8EV4 49 <3 (0.19 <<>;ь, 

95%); A2VB;> 6>2B89 >A04.

H / $ (500 M�F, � %" ): · = 8.19 (A, 1H), 4.21 (A, 3H),

3.36 (A, 3H), 3.18 (4, = 12.8 �F, 1H), 2.94 (4, = 12.8 �F, 1H), 0.90 (B, = 7.9 �F, 1H), 

0.81 (B, = 7.9 �F, 1H), 0.63 (B, = 7.9 �F, 1H), 0.54 (B, = 7.9 �F, 1H) <.G.

C / $ (126 M�F, � %" ): · = 174.6, 137.8, 136.1, 45.9, 44.4, 36.1, 22.8, 

12.2, 11.4 <.G.

$) % = 257 [ 3!]3

((( 5B8;(1 <5B8; B@807>; V;)(>:A>) λ
AC;ьD0=5W;V45=)0<V=>)<5B8;)F8:;>1CB0= :0@1>=>20 :8A;>B0 (5.6g)

"B@8<0=> 7V A?>;C:8 (51 <3). �8EV4 48 <3 (0.176 <<>;ь, 

88%); 1V;89 0<>@D=89 >A04.

H / $ (400 M�F, CDCl ): · = 8.16 (A, 1H), 8.09 (A, 1H), 4.28 (A, 

3H), 3.36 (4, = 12.0 �F, 1H), 3.27 (A, 3H), 3.19 (4, = 12.0 �F, 1H), 2.5432.42 (<, 1H), 

32.31 (<, 1H), 2.0331.97 (<, 1H), 1.9531.80 (<, 3H) <.G.



C / $ (126 M�F, CDCl ): · = 180.7, 138.3, 135.8, 49.9, 46.0, 36.8, 28.5, 27.6, 

21.3, 15.4 <.G.

$) % = 271 [ 3!]3

((( 5B8;(2 <5B8;DC@0= V;)(>:A>) λ
AC;ьD0=5W;V45=)0<V=>)<5B8;)F8:;>1CB0= :0@1>=>20 :8A;>B0 (5.6h)

"B@8<0=> 7V A?>;C:8 (51 <3). �8EV4 41 <3 (0.15 <<>;ь, 

75%); A2VB;> :>@8G=5289 ?>@>H>:.

H / $ (400 M�F, � %" ): · = 7.63 (4, = 2.0 �F, 1H), 6.58 

(4, = 2.0 �F, 1H), 3.06 (A, 3H), 3.00 (4, = 11.8 �F, 1H), 2.84 (4, = 11.8 �F, 1H), 

2.44 (A, 3H), 2.1732.03 (<, 2H), 1.8831.80 (<, 1H), 1.8131.57 (<, 3H) <.G.

C / $ (126 M�F, � %" ): · = 178.1, 155.9, 141.6, 112.4, 111.0, 49.8, 48.9, 

44.6, 27.6, 27.2, 15.0, 12.4 <.G.

$) % = 270 [ 3!]3

�8<5B8; <5B8; B@807>; V;) >:A84> 7λ BV0
070A?V@>[3.5]=>=0 4Vє= V;)D>@<V<V40<V4
!04;8H>: � ( � � (894 <3, 1 <;, 7,5 <<>;ь) 4>4020;8 4> 

@>7G8=C 5=0<V=>AC;ьD>:A8<V=C (63 <3, 0,25 <<>;ь) C 

B>;C>;V (5 <;), ?VA;O G>3> >B@8<0=C AC<VH :8?’OB8;8 7V 

72>@>B=8< E>;>48;ь=8:>< 2?@>4>26 =>GV. #>BV< @>7G8= 

28?0@>2C20;8 ?@8 7=865=><C B8A:C V @>7B8@0;8 7 35:A0=>< (5 

<;). 'B2>@5=89 >A04 DV;ьB@C20;8 B0 ?@><820;8 35:A0=>< (5 <;), >B@8<CNG8 

FV;ь>2C A?>;C:C. �8EV4 66 <3 (0.21 <<>;ь, 85%), 1565289 >A04.

H / $ (400 M�F, � %" ): · = 8.03 (4, = 3.2 �F, 1H), 7.85 (A, 1H),

5.76 (4, = 3.2 �F, 1H), 4.11 (A, 3H), 3.55 (4, = 13.0 �F, 1H), 3.43 (4, = 13.0 �F, 1H), 

3.07 (A, 3H), 3.00 (A, 3H), 2.6532.57 (<, 1H), 2.1432.05 (<, 1H), 2.0131.91 (<, 2H),

31.75 (<, 1H), 1.6731.57 (<, 1H) <.G.

C / $ (126 M�F, � %" ): · = 173.2, 154.3, 139.4, 136.4, 96.2, 51.5, 40.3, 

36.0, 34.3, 27.8, 26.5, 15.2 <.G.

$) % = 309 [ +!]



$%� A?>;C:

�=B5=A82=>ABV 2V418B8E ?@><5=V2 28<V@O=V =0 48D@0:B><5B@V Bruker APEX II 

(3@0DVB>289 <>=>E@><0B>@, 28?@><V=N20==O MoK³, CCD 45B5:B>@, φ B0 ω

A:0=C20==O, 2Θ<0:A = 50°). %B@C:BC@8 2AB0=>2;5=V ?@O<8< <5B>4>< V7 

28:>@8AB0==O< ?0:5BC SHELXTL B0 A?V22V4=5A5=> <5B>4>< =09<5=H8E 

:204@0BV2. #>;>65==O 0B><V2 2>4=N 287=0G5=V 7 :0@B @V7=8FV 5;5:B@>==>W IV;ь=>ABV

B0 CB>G=5=V 70 4>?><>3>N <>45;V (n= 1.5 4;O <5B8;ь=8E 3@C? V n=1.2 4;O 

V=H8E 0B><V2 2>4=N) 2V4=>A=> 0B><0 =>AVO. "AB0B>G=V :>>@48=0B8 0B><V2

35><5B@8G=V ?0@0<5B@8 B0 :@8AB0;>3@0DVG=V 40=V ?5@540=V 4> 

V 4>ABC?=V 70 70?8B>< V7 707=0G5==O< =><5@C 

45?>=C20==O: 2.5A 

�<V=> <5B8; D5=V; BV0 070A?V@>[3.4]>:B 5= >:A84 (2.5c).
�5710@2=V <>=>:;V==V :@8AB0;8 2.5A 

= 248.34) ?@8 °C, = 10.2048(3) Å,

= 11.1928(3) Å, = 21.5297(6) Å, V = 2419.55(12) Å

, ?@>AB>@>20 3@C?0 = 1.363 3/A<

 ñ) = 0.252 << �8<V@N20;8 

V=B5=A82=>ABV 32776 2V418BBV2 (4256 =570;56=8E, 

�<V=> B@8<5B8; D5=V; 483V4@>V7>BV07>; 4V>:A84 (3.1c).
�5710@2=V >@B>@><1VG=V :@8AB0;8 

) ?@8 °C, Å,

Å, Å, V = Å

Z = 4, ?@>AB>@>20 3@C?0 3/A<

 ñ << �8<V@N20;8 

V=B5=A82=>ABV 2V418BBO =570;56=8E, R



�<V=> (V7>:A07>; V;) B@8<5B8; 483V4@>V7>BV07>; 4V>:A84 (1d).

�5710@2=V >@B>@><1VG=V :@8AB0;8 

) ?@8 °C, Å,

Å, Å, V = Å

Z = 8, ?@>AB>@>20 3@C?0 3/A<

 ñ << �8<V@N20;8 

V=B5=A82=>ABV 2V418BBV2 ( =570;56=8E, R

�<V=> <5B8; B@807>; V;) BV0 070A?V@>[3.5]=>=0
4Vє= >:A84 (5.1g)
�5710@2=V >@B>@><1VG=V :@8AB0;8 

) ?@8 °C, 8.6900(5) Å,

= 11.0153(5) Å, = 12.8325(6) Å, V = 1228.36(11) 

Å , Z = 4, ?@>AB>@>20 3@C?0 3/A<

 ñ << �8<V@N20;8 

V=B5=A82=>ABV 17424 2V418BBO (2168 =570;56=8E, R



��%!"���

' @57C;ьB0BV 28:>=0==O 48A5@B0FV9=>3> 4>A;V465==O:

�82G5=> <>6;82VABь A8=B57C DC=:FV>=0;V7>20=8E F8:;VG=8E AC;ьDV=0<V4V2, 

AC;ьD>=0<V4V2 B0 5=4>F8:;VG=8E AC;ьD>:A8<V=V2 =0 >A=>2V CSIC @50:FVW 

(:0@10=V>==>W F8:;V70FVW)

*8:;V70FVO (FV0=><5B8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4V2 C 0<V=>

<5B8; 4V0;:V; D5=V; 483V4@>V7>BV07>; >:A848 2V41C20єBьAO C

?@8ACB=>ABV =04;8H:C >A=>28 LiHMDS (4> 4,5 5:2.) G5@57 CB2>@5==O 

:><?;5:AC 7 F2VB5@V>==>N D>@<>N AC;ьDV=0<V4=>W 3@C?8.

'AB0=>2;5=>, I> AC;ьDV=0<V4=0 3@C?0 (S"‒N) є =091;86G8< 5:2V20;5=B>< 

:0@1>:A0<V4=>W 3@C?8 (%"‒N) V <>65 @>73;O40B8Aь O: 1V>V7>AB5@=89 

5:2V20;5=B =>2>3> ?>:>;V==O.

�>A;V465=> 70;56=VABь 270є<>72’O7:C AB@C:BC@03@50:FV9=0 740B=VABь 

³ DC=:FV>=0;V7>20=8E ³ 5=0<V=> ´ AC;ьB0<V2. #@8@>40 70<VA=8:0 C

?>;>65==V % 2V4V3@0є 28@VH0;ь=89 2?;82 =0 WE=N @50:FV9=C 740B=VABь.

�=0;V7 A?5:B@V2 / $ ³ 5=0<V=> ´ AC;ьB0<V2 4>72>;Oє 2AB0=>28B8 

?@520;NNGC <57><5@=C AB@C:BC@C V ?5@5410G8B8 <>6;82C @50:FV9=C 

740B=VABь A?>;C:.

$>7@>1;5=> ?@5?0@0B82=89 <5B>4 A8=B57C :>=45=A>20=8E 

0<V=> <5B8; � BV078= 4V>:A84V2 B0 4>A;V465=> 270є<>4VN 7 

5;5:B@>DV;0<8. /: =0A;V4>: >45@60=> 42V =>2V 35B5@>F8:;VG=V A8AB5<8: 

V7>BV07>;>[5,4 ][1,2]BV078= 4V>:A84 B0 5,7 483V4@>

[1,2,5]>:A04V07>;>[3,4 ]?V@07>;>[3,4 ][1,2]BV078= 4V>:A84

$>7@>1;5=> <5B>4 A8=B57C 5 DC=:FV>=0;V7>20=8E 1 (35B5@>)0@8; BV078=

>:A84V2 28E>4OG8 7 2,2 4870<VI5=8E 3 1@><>?@>?0=>=VB@8;V2 B0 

V<V=>(<5B8;)(35B/0@8;) »⁶ AC;ьD0=>=V2. 
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�>40B>: 1

%B0BBV 2 V=>75<=8E B0 2VBG87=O=8E D0E>28E ?5@V>48G=8E 2840==OE

A rationalization for the structure‒activity 

relationship of ³ functionalized ³ enamino ´

�A>18AB89 2=5A>: 74>1C20G0: ?@>2545==O 5:A?5@8<5=B0;ь=8E 4>A;V465=ь, 

2AB0=>2;5==O 1C4>28 >B@8<0=8E A?>;C:, CG0ABь 2 =0?8A0==V AB0BBV.

/.". +CG25@0, ".�. �>1@84=є2 %8=B57 B0 4>A;V465==O 4 0<V=>

B5B@070<VI5=8E 483V4@>V7>BV07>; >:A84V2. �>?>2. �0F. 0:04. =0C: ':@.

, (2), %. 603

�A>18AB89 2=5A>: 74>1C20G0: ?@>2545==O 5:A?5@8<5=B0;ь=8E 4>A;V465=ь, 

2AB0=>2;5==O 1C4>28 >B@8<0=8E A?>;C:, CG0ABь 2 =0?8A0==V AB0BBV.

�A>18AB89 2=5A>: 74>1C20G0: ?@>2545==O 5:A?5@8<5=B0;ь=8E 4>A;V465=ь, 

2AB0=>2;5==O 1C4>28 >B@8<0=8E A?>;C:, CG0ABь 2 =0?8A0==V AB0BBV.

Popova, S.V. Shishkina, Y.M. Volovenko, A.V. Dobrydnev. Synthesis of ³

³ enamino ´ 3

�A>18AB89 2=5A>: 74>1C20G0: ?@>2545==O 5:A?5@8<5=B0;ь=8E 4>A;V465=ь, 

2AB0=>2;5==O 1C4>28 >B@8<0=8E A?>;C:, CG0ABь 2 =0?8A0==V AB0BBV.



&578 =0C:>28E 4>?>2V459

+CG25@0 /."., �>1@84=є2 ".�. %8=B57 B0 @50:FV9=0 740B=VABь ³ 5=0<V=> 

´ AC;ьB0<V2.  V6=0@>4=0 =0C:>20 :>=D5@5=FVO «

», 20 25@5A=O

2024 @., <. '63>@>4, A

+CG25@0 /."., �>1@84=є2 ".�., "AB0?GC: Є. ., �>;>25=:> .. . %8=B57 

H5AB8;0=:>28E 5=4>F8:;VG=8E AC;ьD>:A8<V=V2. XXV� ':@0W=Aь:0 

:>=D5@5=FVO 7 >@30=VG=>W B0 1V>>@30=VG=>W EV<VW 20 25@5A=O 2024 @.,

<. '63>@>4, A

�>@>1:0 ".#., +CG25@0 /."., �>1@84=є2 ".�., �>;>25=:> .. . %8=B57 

³ D5=V; ³ 5=0<V=> ´ AC;ьBV<V2. XXV  V6=0@>4=0 :>=D5@5=FVO ABC45=BV2, 

0A?V@0=BV2 B0 <>;>48E 2G5=8E «%CG0A=V ?@>1;5<8 EV<VW», 317 B@02=O 2024 @.

<. �8W2, A



�>40B>: 2

$8A. �2 %E5<0 =C<5@0FVW 0B><V2 ³ 5=0<V=> ´ AC;ьB0<C 

&01;8FO �2 #>@V2=O==O 5:A?5@8<5=B0;ь=8E V @>7@0E>20=8E <V60B><=8E 

2V4AB0=59 (Å) 4;O AB@C:BC@8 ³ 5=0<V=> ´ AC;ьB0<C (AE5<0 =C<5@0FVW 0B><V2 

=02545=0 =0 $8A. �2.1.

№ �2’O7>: $%�
$V25=ь B5>@VW

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
⸱⸱⸱



&01;8FO �2 #>@V2=O==O 5:A?5@8<5=B0;ь=8E V @>7@0E>20=8E 7=0G5=ь :CBV2 

(°) C AB@C:BC@V ³ 5=0<V=> ´ AC;ьB0<C (AE5<0 =C<5@0FVW 0B><V2 =02545=0 =0 $8A. 

�2.1.

№ �CB $%�
$V25=ь B5>@VW

3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3



�>40B>: 3

 >;5:C;O@=89 4>:V=3 AC;ьBV<C 2.5c

3D :@8AB0;VG=0 AB@C:BC@0 ALDH1A1 (pdb id: 5L2M) 1C;0 >B@8<0=0 7 Protein 

Data Bank V >?@0Fь>20=0 70 4>?><>3>N MolSoft ICM Pro. � 1V;>:, V ;V30=4 1C;8 

>?B8<V7>20=V 7 28:>@8AB0==O< MMFF94 A8;>2>3> ?>;O. %VB:0 5=5@35B8G=8E 7=0G5=ь 

1C;0 2AB0=>2;5=0 7 F5=B@>< =0 :> :@8AB0;V7>20=><C ;V30=4V (BUC11) , 0 4>:V=3 

?@>2>48;8 7 28:>@8AB0==O< V=AB@C<5=BC 2V4 MolSoft. %VB:0 1C;0 =0;0HB>20=0 =0 

F5=B@>W4 :>6=>3> ;V30=40. �;O V=H8E =0;0HBC20=ь 28:>@8AB>2C20;8AO ?0@0<5B@8 

70 70<>2GC20==O<. 

$8A. � %E5<0B8G=0 3D 2V7C0;V70FVO 72'O7C20==O AC;ьBV<C 2 0:B82=><C 

F5=B@V ALDH1A1.



 >;5:C;O@=89 4>:V=3 5=4>F8:;VG=>3> AC;ьD>:A8<V=C 

:@8AB0;VG=V AB@C:BC@8 CDC ?>4V1=>W :V=078 4 (CLK4) (PDB: 6FYV) B0 

<>=>0<V=>:A84078 B (MAO B) (PDB ID: 2XFU) 1C;8 >B@8<0=V 7 RCSB 

. #>?5@54=ь> 287=0G5=0 :> :@8AB0;V7>20=0 AB@C:BC@0 28:>@8AB>2C20;0AO 4;O 

@>7@0EC=:C A09BC 72’O7C20==O 1V;:V2 B0 287=0G5==O @>7<V@V2 AVB:8 72’O7C20==O 4;O 

?>40;ьH>3> 4>:V=3C. �020=B065=V AB@C:BC@8 1C;8 ?V43>B>2;5=V H;OE>< 2840;5==O 

<0;8E <>;5:C; V <>;5:C; 2>48, ?VA;O G>3> 1C;> ?@>2545=> @>7?>4V; 70@O4V2 ?> 2AV9 

1V;:>2V9 <>;5:C;V. 

#V43>B>2;5=V 1V;:>2V AB@C:BC@8 :>=25@BC20;8 C D>@<0B AutoDock 

macromolecule 70 4>?><>3>N OpenBabel. �>:V=3 ?@>2>482AO 70 4>?><>3>N 

7 28:>@8AB0==O< Lamarckian Genetic Algorithm (LGA). �;O 

0=0;V7C @57C;ьB0BV2 28:>@8AB>2C202AO AutoDockTools 1.4.43. �70є<>4VW 4>:>20=>W 

?>;C:8 A?>;C: 7 FV;ь>28<8 1V;:0<8 1C;8 2V7C0;V7>20=V 70 4>?><>3>N BIOVIA 



�>40B>: 4

!, / $ B0 І+ A?5:B@8
*V0=>?@>?0= V;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6a).



*V0=>F8:;>?@>?V;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6b).



*V0=>F8:;>1CB8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6c)





*V0=>F8:;>?5=B8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6d)



*V0=>F8:;>35:A8;) <5B8; D5=V;<5B0=AC;ьDV=0<V4 (2.6e)



�<V=> B@8<5B8; D5=V; 483V4@>V7>BV07>; >:A84 (2.5a)



�<V=> <5B8; D5=V; BV0 070A?V@>[2.4]35?B 5= >:A84 (2.5b)



�<V=> <5B8; D5=V; BV0 070A?V@>[3.4]>:B 5= >:A84 (2.5c)





�<V=> <5B8; D5=V; BV0 070A?V@>[4.4]=>= 5= >:A84 (2.5d)



�<V=> <5B8; D5=V; BV0 070A?V@>[4.5]45: 5= >:A84 (2.5e)



�<V=> B@8<5B8; 483V4@>V7>BV07>; 4V>:A84





�<V=> <5B8; BV0 070A?V@>[3.4]>:B 5= 4V>:A84





�<V=> 48<5B8; BV0 070A?V@>[3.4]>:B 5= 4V>:A84 (3.2b)





�<V=> B@8<5B8; D5=V; 483V4@>V7>BV07>; 4V>:A84 (3.1c)





�<V=> <5B8; D5=V; BV0 070A?V@>[3.4]>:B 5= 4V>:A84 (3.2c)





�<V=> (V7>:A07>; V;) B@8<5B8; 483V4@>V7>BV07>;

4V>:A84 (3.1d)





�V(V7>:A07>; V;)5B0= (3.7d)



*V0=>F8:;>1CB8;) (V7>:A07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (3.6d)



 5B8; 4 0<V=> B@8<5B8; 483V4@>V7>BV07>; :0@1>:A8;0B 4V>:A84 



�<V=> B@8<5B8; 483V4@>V7>BV07>; :0@1>=VB@8; 4V>:A84 (3.1f)





 5B8; 8 0<V=> <5B8; BV0 070A?V@>[3.4]>:B 5= :0@1>:A8;0B

4V>:A84 (3.2e)





�<V=> <5B8; BV0 070A?V@>[3.4]o:B 5= :0@1>=VB@8; 4V>:A84 (3.2f)





�<V=> 48<5B8; (<5B8;AC;ьD>=V;) ?@>?V; 483V4@>V7>BV07>;

4V>:A84 (3.1g)



 5B8; D5=V; BV0 070A?V@>[3.4]>:B0= >= 4V>:A84 (3.9c)





*V0=>?V@848= V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 (4.5c)



*V0=> =0DB8@V48= V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4(4.5d)



*V0=> <5B8; ?V@07>; V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 



*V0=> <5B8; ?V@07>; V;) (<5B8;AC;ьD>=V;)<5B0=AC;ьD>=0<V4 



*V0=> D5=V;V7>:A07>; V;)<5B0=AC;ьD>=0<V4 (4.4k)



FV0=> <5B8;V7>BV07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6l)



*V0=>?V@848= V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6c)



*V0=> =0DB8@V48= V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6d)



*V0=> <5B8; ?V@07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6i)



*V0=> <5B8; ?V@07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6j)



*V0=> D5=V;V7>:A07>; V;) <5B8;<5B0=AC;ьD>=0<V4 (4.6k)



�<V=> <5B8; ?V@84>[2,3 ][1,2]BV078= 4V>:A84 (4.1c)



�<V=> 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= 4V>:A84 (4.1i)



�<V=> 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= 4V>:A84 (4.1j)



�<V=> 48<5B8; V7>BV07>;>[5,4 ][1,2]BV078= 4V>:A84 (4.1l)



( 5B8;0<V=>) D5=V;V7>:A07>; :0@1>=VB@8; (4.3k)



�8<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078= >= 4V>:A84 (4.7)



�<V=> 15=78; 48<5B8; 483V4@>?V@07>;>[3,4 ][1,2]BV078=

4V>:A84 (4.8)



48<5B8; 4V>:A84> 483V4@>?V@07>;>[3,4 c][1,2]BV078= V;)

0F5B0<V4 (4.9)



(�V4@>:A8V<V=>) V<V=> 48<5B8; B5B@03V4@>?V@07>;>[3,4

BV078= 4V>:A84 (4.10)





�8<5B8; 483V4@> [1,2,5]>:A04V07>;>[3,4 e]?V@07>;>[3,4 ][1,2]BV078=

4V>:A84 (4.11)



48<5B8; 4V>:A84> 483V4@>?V@07>;>[3,4 c][1,2]BV078= V;)

48<5B8;D>@<V<V40<V4 (4.12)



HMBC A?5:B@

A?5:B@
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