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:0B.-3M JCBJPG,J */-+DC-H3ME+ 1,3-H+I23+B*/-*23-2--30 (K23D0BO0@2G-I23-30) + 

-G3-,JG,J . [,\-3230,M1233ME .0/K-3+BO3ME ,-2H+323+JE. )-,G0CBJJ .B0,, *+RE23G-C 

*/+/-H3-R- */-+,A-NH23+J, -3+ +D30Q0BO3- +,*-BOD-C0B+,O C .0Q2,GC2 +,A-H3MA 

,-2H+323+4 C ,+3G2D2 H/LR+A .B0,,-C */+/-H3MA ./0,+G2B24, C G-E Q+,B2 G0.+A 

+DC2,G3MA *+RE23G-C, .0. IB0C-3M [1]. 

%M,-.0J /20.@+-330J ,*-,-K3-,GO A0B.-3-C /0,]+/J2G -KB0,GO +A */+E2323+J .0. 

B2R.-H-,GL*3MA +,A-H3MA ,-2H+323+4 C *-BLQ23++ ]+/-.-R- /JH0 C212,GC, +E2P1+A 

*/0.G+Q2,.-2 D30Q23+2. 90., -.+,B23+2 A0B.-3-C *-DC-BJ2G *-BLQ0GO F*-.,+H3M2 

,-2H+323+J, .-G-/M2 */2G2/*2C0PG *2/2R/L**+/-C.L, -K/0DLJ H+D0E21233M2 

RB+.-B2CM2 .+,B-GM. '0G/+2CM2 ,-B+ I-,I-/+B+/-C033MA */-+DC-H3MA A0B.-3-C 

LC2B+Q+C0PG .0*+BBJ/3-2 ,-*/-G+CB23+2. >20R+/LJ , /JH-E +-3-C E2G0BB-C, A0B.-3M 

H0PG @C2G3-4 ,HC+R C ,+BO3-.+,B-4 ,/2H2, QG- *-DC-BJ2G +A +,*-BOD-C0GO C 

030B+G+Q2,.-4 A+E++ .0. +3H+.0G-/M [2]. 

:0B.-3M -G3-,JG,J . I-G-A+E+Q2,.+ 0.G+C3ME ,-2H+323+JE + ,*-,-K3M C,GL*0GO C 

/20.@+P I-G-@+.B+D0@++ , LQ0,G+2E HC-43-4 ,CJD+, QG- */+C-H+G . */-,G/03,GC233-4 

,]+C.2 E-B2.LB. YG- ,C-4,GC- A0B.-3-C H02G C-DE-N3-,GO +A +,*-BOD-C03+J .0. 

,C2G-QLC,GC+G2BO3MA .-E*-323G-C */+ ,-DH03++ I-G-/2D+,G-C [3, 4]. (A */+E23JPG 

G0.N2 C .0Q2,GC2 IBL-/2,@23G3MA D-3H-C C E2H+@+3,.-4 H+0R3-,G+.2, -*G+Q2,.+A 

-GK2B+C0G2B24, C ,@+3G+BBJ@+-33-4 G2A3+.2, */+ *-BLQ23++ IBL-/2,@23G3MA 

./0,+G2B24 HBJ .0*+BBJ/3--BPE+32,@23G3-4 H2I2.G-,.-*++ [5]. (DC2,G3- */+E2323+2 

A0B.-3-C + +A */-+DC-H3MA C .0Q2,GC2 -/R03+Q2,.+A E0G2/+0B-C HBJ 32B+3243MA 

-*G+Q2,.+A ./+,G0BB-C [6].  

5-,G0G-Q3- CM,-.0J K+-B-R+Q2,.0J 0.G+C3-,GO (03G+K0.G2/+0BO30J [7], 

*/-G+C--*LA-B2C0J [8], */-G+C-GLK2/.LB2D30J [9] + H/LR+2) G0.N2 ,*-,-K,GCL2G 

*-CM]233-EL +3G2/2,L . +,,B2H-C03+P A0B.-3-C. 

%C2H23+2 0G-E-C IG-/0 + *-B+IG-/+/-C033MA I/0RE23G-C C E-B2.LBM A0B.-3-C 

,*-,-K,GCL2G /0,]+/23+P */0.G+Q2,.-R- +,*-BOD-C03+J .0. A0B.-3-C, G0. + +A 

*/-+DC-H3MA. '0B+Q+2 IG-/0 C E-B2.LB2 E-N2G -.0DMC0GO ,L12,GC233-2 CB+J3+2 30 

I+D+Q2,.+2 ,C-4,GC0 + K+-B-R+Q2,.LP 0.G+C3-,GO ,-2H+323+4, 0 G0.N2 */2H-,G0CBJ2G 

]+/-.+2 C-DE-N3-,G+ HBJ E-H+I+.0@++ -/R03+Q2,.+A E-B2.LB. 
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'0B+Q+2 .0/K-3+BO3-4 R/L**M + ,-*/JN233-4 , 324 HC-43-4 ,CJD+ */2H*-B0R02G 

/20.@++ A0B.-3-C *- HCLE FB2.G/-I+BO3ME @23G/0E, 0 *-B+IG-/+/-C033-2 .-BO@- 

*/2H,G0CBJ2G ,-K-4 H-*-B3+G2BO3M4 /20.@+-33M4 @23G/, ,.B-33M4 . D0E2123+P 

0G-E-C IG-/0 3L.B2-I+BO3ME+ R/L**0E+. 

:+E+J A0B.-3-C +DLQ02G,J LN2 32 -H3- H2,JG+B2G+2, + +3G2/2, . FG-4 -KB0,G+ 

*/-H-BN02G /0,G+. '0/JHL , G/0H+@+-33ME+ E2G-H0E+ ,+3G2D0 A0B.-3-C + +A 

*/-+DC-H3MA +,*-BODLPG,J 3-CM2 E2G-H+.+ + -K-/LH-C03+2 – ,+3G2D 30 32-/R03+Q2,.+A 

GC2/HMA 3-,+G2BJA, */+E2323+2 +-33MA N+H.-,G24, 3-CMA CM,-.-FII2.G+C3MA 

.0G0B+D0G-/-C, E+./-C-B3-C-R- + LBOG/0DCL.-C-R- +DBLQ23+4. %,2 FG- *-DC-BJ2G 

,-./0G+GO C/2EJ /20.@+4, *-CM,+GO CMA-HM */-HL.G-C, LE23O]+GO 32R0G+C3-2 CB+J3+2 

30 F.-B-R+P. 

2#345 6!++', )!7'89 JCBJ2G,J +,,B2H-C03+2 CD0+E-H24,GC+J *-B+IG-/+/-C033MA 

A0B.-3-C , /0DB+Q3ME+ H+0E+30E+ + RL03+H+3-E, 30*/0CB233-2 30 *-+,. E2G-H-C 

,+3G2D0 3-CMA */0.G+Q2,.+ *-B2D3MA ,-2H+323+4 – E-3-E2/-C HBJ I-G-*-B+E2/3MA 

E0G2/+0B-C + I-G-/2D+,G-C, IBL-/-I-/-C + *-G23@+0BO3MA K+-B-R+Q2,.+ 0.G+C3MA 

C212,GC. 

5+,,2/G0@+J +DB-N230 30 144 ,G/. + ,-,G-+G +D CC2H23+J, -KD-/0 B+G2/0GL/3MA 

H033MA - CD0+E-H24,GC++ A0B.-3-C , H+0E+30E+ /0DB+Q3-R- ,G/-23+J + RL03+H+3-E, 

-K124 Q0,G+, F.,*2/+E23G0BO3-4 Q0,G+, CMC-H-C, ,*+,.0 B+G2/0GL/M + */+B-N23+J. % 

*/+B-N23++ H03M ,*2.G/M V7> 32.-G-/MA */2H,G0C+G2B24 ,+3G2D+/-C033MA 

,-2H+323+4. )*+,-. @+G+/L2E-4 B+G2/0GL/M ,-H2/N+G 136 ,,MB-.. 

% 30,G-J124 /0K-G2 +DLQ23- CD0+E-H24,GC+2 *-B+IG-/+/-C033MA A0B.-3-C , 

-,3-C3ME+ */2H,G0C+G2BJE+ 0B+I0G+Q2,.+A, 0B+@+.B+Q2,.+A + 0/-E0G+Q2,.+A 

H+0E+3-C – FG+B23H+0E+3-E, *+*2/0D+3-E, "- + !-I23+B23H+0E+30E+, 0 G0.N2 , 

RL03+H+3-E. S-.0D03-, QG- /20.@++ *-B+IG-/A0B.-3-C , H+0E+30E+ */-G2.0PG *- G/2E 

FB2.G/-I+BO3ME @23G/0E – 0E+3-H2IG-/+/-C03+2 C *-B+IG-/I23+BO3-E .-BO@2, 

*/+,-2H+323+2 *- \-0G-EL LRB2/-H0 HC-43-4 ,CJD+, ,-*/JN233-4 , .0/K-3+BO3-4 

R/L**-4 (/20.@+J 7+A0FBJ), + CD0+E-H24,GC+2 *- .0/K-3+BO3-4 R/L**2 .0. CG-/+Q3M4 

*/-@2,,, */+C-HJ1+4 . R2G2/-@+.B+Q2,.+E ,-2H+323+JE. S-.0D03-, QG- /20.@++ 

0E+3-H2IG-/+/-C03+J C K-BO]+3,GC2 ,BLQ02C ,-*/-C-NH0PG,J */+,-2H+323+2E 

H+0E+30 *- 7+A0FBP, -K30/LN230 32L,G-4Q+C-,GO -K/0DLP1+A,J 0D0-0HHL.G-C.  
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%D0+E-H24,GC+2 , 0B+@+.B+Q2,.+E 0E+3-E – *+*2/0D+3-E – C FG03-B2 + 57T$ 

*/+C-H+G */2+EL12,GC233- . */-HL.G0E E-3-- + *-B+D0E2123+J 0G-E-C IG-/0 30/JHL , 

-K/0D-C03+2E \-0D0-0HHL.G-C 7+A0FBJ, .-G-/M2 D0G/LH3JPG CMH2B23+2 

*+*2/0D+3-D0E21233MA A0B.-3-C. !H30.- */+,LG,GC+2 \-0HHL.G-C 32 */2*JG,GCL2G 

,+3G2DL + CMH2B23+P N-0./+B-+B0E+H-C – *-G23@+0BO3MA E-3-E2/-C + I-G-/2D+,G-C.  

>20.@++ , *2/C+Q3ME 0B+I0G+Q2,.+E H+0E+3-E – FG+B23H+0E+3-E – */+C-HJG C 

-,3-C3-E . */-HL.G0E D0E2123+J IG-/0, -H30.- A0/0.G2/+DLPG,J 3+D.-4 

,2B2.G+C3-,GOP + -K/0D-C03+2E ,B-N3MA, G/LH3- +H23G+I+@+/L2EMA ,E2,24. 

!-T23+B23H+0E+3 /20R+/L2G , *-B+IG-/+/-C033ME+ A0B.-30E+ G0.N2 *- HCLE 

/20.@+-33ME @23G/0E - , D0E2123+2E !-0G-E-C IG-/0 C *-B+IG-/I23+BO3MA .-BO@0A 

A0B.-3-C 30 -,G0G-. 0E+30 + -K/0D-C03+2E */-HL.G-C */+,-2H+323+J *- \-0G-EL 

LRB2/-H0. Y.,*2/+E23G0BO3- *-HGC2/NH230 32L,G-4Q+C-,GO \-0D0-0HHL.G-C C L,B-C+JA 

A/-E0G-R/0I++. S-BLQ233M2 0E+3-D0E21233M2 A0B.-3M */2C/0123M C 

,--GC2G,GCLP1+2 0./+B-+B0E+HM.  

>20.@+24 *23G0IG-/I23+B,-H2/N01+A A0B.-3-C + +A */-+DC-H3MA, ,-H2/N01+A 

/0DB+Q3M2 D0E2,G+G2B+ C- IG-/+/-C033MA .-BO@0A, , "-I23+B23H+0E+3-E *-BLQ23 /JH 

32+DC2,G3MA /0322 *-B+IG-/+/-C033MA K23D--1,5-H+0D2*+3-C. 5BJ K23D-H+0D2*+3-C, 

,+3G2D+/-C033MA +D *-B+IG-/K23D0BO0@2G-I23-3-C + H2.0IG-/A0B.-30, -K30/LN230 

3-C0J C3LG/+E-B2.LBJ/30J *2/2R/L**+/-C.0, */+C-HJ10J . G2G/0@+.B+Q2,.+E 

.-3H23,+/-C033ME ,-2H+323+JE – H+R+H/-K23D+E+H0D-A+3-B+30E.  

%D0+E-H24,GC+2 A0B.-3-C , */-+DC-H3ME .0/K0E+H0 – RL03+H+3-E – +,*-BODL2G,J C 

,+3G2D2 C0N3-R- .B0,,0 I0/E0.-I-/-C – H+0/+B0E+3-*+/+E+H+3-C, -KB0H0P1+A 

]+/-.+E ,*2.G/-E K+-B-R+Q2,.-4 0.G+C3-,G+. % /20.@++ *-B+IG-/A0B.-3-C , 

RL03+H+3-E -K30/LN230 32L,G-4Q+C-,GO *2/C-30Q0BO3- -K/0DLP12R-,J *+/+E+H+30, 

*/2G2/*2C0P12R- -G12*B23+2 *-B+IG-/I23+BO3-R- I/0RE23G0. '0/JHL , */-HL.G0E+ 

/0DB-N23+J -K30/LN23M )-0HHL.GM 7+A0FBJ, ,-H2/N01+2 2-0E+3--4-

I23+B*+/+E+H+3-CM4 I/0RE23G.   

%,2 I+D+.--A+E+Q2,.+2, ,*2.G/0BO3M2 + 030B+G+Q2,.+2 +,,B2H-C03+J ,-2H+323+4, 

,+3G2D+/-C033MA C H033-4 /0K-G2, CM*-B323M C :+E+Q2,.-E ,2/C+,3-E @23G/2 )! 

>$'. $CG-/ KB0R-H0/+G ,-G/LH3+.-C B0K-/0G-/++ I+D+Q2,.+A E2G-H-C +,,B2H-C03+J 

%.%. ;03H0L/-CL + $.=. ).-/-CL D0 D0*+,O E3-R-Q+,B233MA ,*2.G/-C V7>, %.(. 

70E0GP.0 D0 *-E-1O C +A +3G2/*/2G0@++, ^.%. "0G+B-C0 D0 CM*-B323+2 
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/23GR23-,G/L.GL/3MA +,,B2H-C03+4, !.(. )0BO3+.-CL D0 */-C2H23+2 030B+D-C 

/20.@+-33MA ,E2,24 E2G-H-E ":/7), !.=. )G0@23.- D0 CM*-B323+2 030B+D-C E2G-H-E 

E0,,-,*2.G/-E2G/++ CM,-.-R- /0D/2]23+J. $CG-/ KB0R-H0/+G ,-G/LH3+.-C B0K-/0G-/++ 

E+./-030B+D0 D0 CM*-B323+2 FB2E23G3-R- 030B+D0 *-BLQ233MA ,-2H+323+4, (.S. 

WL4.-C0 D0 +,,B2H-C03+J IBL-/2,@23G3MA A0/0.G2/+,G+. *-B+IG-/+/-C033MA 

K23D-H+0D2*+3-C, %.$. )0C2BO2C0 D0 H-K/-,-,2H,.LP *-E-1O C -K2,*2Q23++ /20.G+C0E+. 

$CG-/ CM/0N02G KB0R-H0/3-,GO D0C2HLP12EL B0K-/0G-/+24 H.A.3. %. %. _2B.-C3+.-CL + 

C,2E ,-G/LH3+.0E #0K-/0G-/++ -/R03+Q2,.+A ,C2G-QLC,GC+G2BO3MA E0G2/+0B-C D0 

@233M2 D0E2Q03+J, *-B2D3M2 ,-C2GM, 0 G0.N2 0GE-,I2/L H/LNKM + ,-G/LH3+Q2,GC0. 

!,-KLP KB0R-H0/3-,GO 0CG-/ CM/0N02G 30LQ3-EL /L.-C-H+G2BP ..A.3. '.$. !/B-C-4 D0 

-KLQ23+2 -,-K233-,GJE G2A3+.+ -/R03+Q2,.-R- ,+3G2D0 + 32-@23+ELP 30LQ3LP + 

E-/0BO3LP *-HH2/N.L */+ CM*-B323++ H033-4 /0K-GM. 
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:;<-< 1. -=<1>?/.@$A-1. B<;C?0?- $ /1<>10<>1 1 

:D<01/10?> (?E=?F ;1A.F<ADFG) 

 

%D0+E-H24,GC+2 A0B.-3-C , H+0E+30E+ +,*-BODL2G,J HBJ *-BLQ23+J ]+/-.-R- /JH0 

-/R03+Q2,.+A ,-2H+323+4 /0DB+Q3-R- ,G/-23+J. % -K12E C+H2 30*/0CB23+2 

CD0+E-H24,GC+J D0C+,+G -G ,G/L.GL/M 3L.B2-I+B0 + L,B-C+4 /20.@++ + E-N2G 

*/+C-H+GO . -K/0D-C03+P +E+3-C (, !-I23+B23H+0E+3-E), \-0HHL.G-C (, *+*2/0D+3-E) 

+B+ R2G2/-@+.B+Q2,.+A ,-2H+323+4 ("-I23+B23H+0E+3, FG+B23H+0E+3 + H/.).  

!,3-C3ME ,-2H+323+2E A0B.-3-C-R- /JH0 JCBJ2G,J 1,3-H+I23+B*/-*-2-23-1--3 

(A0B.-3, K23D0BO0@2G-I23-3, I23+B,G+/+B.2G-3) [1]. S-/JH-. 3LE2/0@++ D0E2,G+G2B24 C 

.-BO@0A *-.0D03 30 /+,. 1:  

 

O

2

3

4

5

6

2'

3'

4'

5'

6'

3 (?)

2 (?)
1

 

>+,. 1 

 

:0B.-3M -KB0H0PG CM,-.-4 /20.@+-33-4 ,*-,-K3-,GOP. YG- ,CJD03- , 30B+Q+2E C +A 

E-B2.LB2 HCLA FB2.G/-I+BO3MA @23G/-C – .0/K-3+BO3-4 R/L**M + \-0G-E0 LRB2/-H0 

,-*/JN233-4 , 324 HC-43-4 ,CJD+ [1]. :0B.-3M E-RLG /20R+/-C0GO .0. 0EK+H23G3M2 

FB2.G/-I+BM C /2DLBOG0G2 H2B-.0B+D0@++ FB2.G/-33-4 *B-G3-,G+ C ,-*/JN233-4 

,+,G2E2 )=)-)=!. S/+ CD0+E-H24,GC++ , A0B.-3-E 3L.B2-I+B 0G0.L2G B+K- 0G-E 

LRB2/-H0 .0/K-3+BO3-4 R/L**M (1,2-*/+,-2H+323+2), B+K- \-0G-E LRB2/-H0 (1,4-

*/+,-2H+323+2); E2A03+DE /20.@+4 */+C2H23 30 ,A2E2 1. S/+/-H0 FG+A HCLA 

FB2.G/-I+BO3MA @23G/-C C A0B.-30A /0DB+Q30, QG- -G/0N02G,J C CM,-.-4 

/2R+-,2B2.G+C3-,G+ /20.@+4 , E-3-- + K+3L.B2-I+B0E+. 
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)A2E0 1 

 

 

S/+ 30B+Q++ C I23+BO3MA .-BO@0A A0B.-30 3L.B2-I+BO3- *-HC+N3MA D0E2,G+G2B24 

C-DE-N3- +A D0E2123+2 30 -,G0G-. H+0E+30. %D0+E-H24,GC+2 A0B.-3-C , 

FG+B23H+0E+3-E + "-I23+B23H+0E+3-E -G./MC02G *LGO . G0.+E +DC2,G3ME + 

*/0.G+Q2,.+ C0N3ME R2G2/-@+.B0E, .0. H+0D2*+3M + K23D-H+0D2*+3M, -KB0H0P1+2 

/0D3--K/0D3-4 K+-B-R+Q2,.-4 0.G+C3-,GOP. S+*2/0D+3-CM4 I/0RE23G 32/2H.- 

C,G/2Q02G,J C ,G/L.GL/0A I0/E0.-B-R+Q2,.+ 0.G+C3MA ,-2H+323+4 +, ./-E2 G-R-, 

*/2H,G0CBJ2G +3G2/2, .0. D0E2,G+G2BO, ,*-,-K3M4 . H0BO324]24 IL3.@+-30B+D0@++. 

(DC2,G3- +,*-BOD-C03+2 0./+B0E+H3MA */-+DC-H3MA *+*2/0D+30 + H/LR+A 

0B+@+.B+Q2,.+A 0E+3-C C .0Q2,GC2 E-3-E2/-C C I-G-*-B+E2/3MA .-E*-D+@+JA. 

>20.@++ , !-I23+B23H+0E+3-E */+E23JPG HBJ ,+3G2D0 -,3-C03+4 _+II0, .-G-/M2, C 

,C-P -Q2/2HO, +,*-BODLPG,J C ,+3G2D2 +E+3-IB0C-3-C. %D0+E-H24,GC+2 , ,-BJE+ 

RL03+H+30 ,BLN+G E2G-H-E ,+3G2D0 2-0E+3--4,6-H+0/+B*+/+E+H+3-C, 0E+3-R/L**0 

.-G-/MA E-N2G KMGO G0.N2 +,*-BOD-C030 HBJ H0BO324]24 IL3.@+-30B+D0@++. 

1.1. F#!(H&& I!3('+'J " %&%#)!K&+'L 

%D0+E-H24,GC+2 A0B.-3-C , *+*2/0D+3-E -KMQ3- */+C-H+G . -K/0D-C03+P K+,-0D0-

0HHL.G-C 7+A0FBJ. YG+ /20.@++, */-C-H+EM2 C /0DB+Q3MA L,B-C+JA, 32-H3-./0G3- 

-*+,03M C B+G2/0GL/2 .0. */+E2/ I-/E+/-C03+J ,CJD+ LRB2/-H-0D-G [10-12]. 90., 

A0B.-3M - .0. 32D0E21233M4, G0. + D0E21233M2 - /20R+/LPG , K2DC-H3ME *+*2/0D+3-E 

C G-BL-B2, H0C0J ,--GC2G,GCLP1+2 K+,-0D0-0HHL.GM 7+A0FBJ [10]. S-H-K3ME N2 -K/0D-E 

*/-G2.02G /20.@+J C ,E2,+ @+.B-R2.,03-FI+/ (1:2) C */+,LG,GC++ */-.0B233-R- 

.0/K-30G0 .0B+J [11]. S/+ LBOG/0DCL.-C-E -KBLQ23++ A0B.-3 CD0+E-H24,GCL2G , 
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*+*2/0D+3-E C C-H2, G0.N2 -K/0DLJ K+,-0D0-0HHL.G 7+A0FBJ , CM,-.+E CMA-H-E [12] 

(,A2E0 2). 

)A2E0 2 

 

1.2. F#!(H&& I!3('+'J " M8&3#+6&!L&+'L 

>20.@++ A0B.-3-C , FG+B23H+0E+3-E E-RLG */-G2.0GO , -K/0D-C03+2E K+,-0D0-

0HHL.G-C 7+A0FBJ [11] +B+ H+0D2*+3-C [13,14]. 90., CD0+E-H24,GC+2 32D0E21233-R- 

A0B.-30 , FG+B23H+0E+3-E C E0B-*-BJ/3MA /0,GC-/+G2BJA */-+,A-H+G *- *LG+ 

*/+,-2H+323+J . \-0G-EL LRB2/-H0 + */+C-H+G . K+,-0D0-0HHL.GL 7+A0FBJ [11] (,A2E0 3).  

)A2E0 3 

Ph Ph

O

Ph Ph

O HN

NH

Ph Ph

ONH2CH2CH2NH2

75%

K2CO3
@+.B-R2.,03-FI+/ (1:2)

`, 3 Q.

 

!H30.- -K/0D-C03+2 K+,-0D0-0HHL.G-C 7+A0FBJ JCBJ2G,J 32 2H+3,GC233ME *LG2E 

*/-G2.03+J /20.@++. % /0K-G2 [13] /20.@+24 A0B.-30 , FG+B23H+0E+3-E KMB *-BLQ23 

G2G/0R+H/-H+0D2*+3 , A-/-]+E CMA-H-E (,A2E0 4).  

)A2E0 4 



12!

!

 

72A03+DE FG-4 /20.@++ C B+G2/0GL/2 32 */+C-H+G,J, -H30.- E-N3- */2H*-B-N+GO, 

QG- -30 */-G2.02G HCLA,G0H+43- – ,30Q0B0 -K/0DL2G,J 0D0-0HHL.G 7+A0FBJ, D0G2E 

*/-+,A-H+G 2R- @+.B+D0@+J *LG2E 0G0.+ CG-/-4 0E+3-R/L**M *- 0G-EL LRB2/-H0 

.0/K-3+BO3-4 R/L**M.  

$CG-/0E+ /0K-GM [14] KMB *-BLQ23 R+H/-AB-/+H 1,4-H+0D2*030. % -,3-C2 ,+3G2D0 

G0.N2 B2N+G CD0+E-H24,GC+2 A0B.-30 , FG+B23H+0E+3-E , -K/0D-C03+2E H+0D2*+30, 

.-G-/M4, 32 CMH2BJJ +D /20.@+-33-4 ,E2,+, R+H/+/-C0B+, -K/0K0GMC0B+ ')l + *-BLQ0B+ 

R+H/-AB-/+H G2G/0R+H/-H+0D2*+30 (,A2E0 5).  

 

)A2E0 5 

 

 

1.3. F#!(H&& I!3('+'J " !-N#+&3#+6&!L&+'L 

%D0+E-H24,GC+2 A0B.-3-C , !-I23+B23H+0E+3-E */+C-H+G . -K/0D-C03+P -,3-C03+4 

_+II0, .-G-/M2 H0B22 E-RLG KMGO +,*-BOD-C03M C ,+3G2D2 IB0C-3-C. )+3G2D IB0C-3-C 

+ +A */-+DC-H3MA */+CB2.02G D30Q+G2BO3-2 C3+E03+2 C ,CJD+ , +A CM,-.-4 

03G+-.,+H03G3-4 [15-18], 03.,+-B+G+Q2,.-4 [19], */-G+C--*LA-B2C-4 [20] + 

*/-G+C-C-,*0B+G2BO3-4 [21, 22] 0.G+C3-,GOP. % /0K-G2 [23] ,--K102G,J - ,+3G2D2 

+E+3-IB0C-3-C E2G-H-E -.+,B+G2BO3-4 @+.B+D0@++ A0B.-3+E+3-C. !H3-4 +D ,G0H+4 

FG-R- ,+3G2D0 JCBJ2G,J CD0+E-H24,GC+2 A0B.-3-C , D0E21233ME+ 03+B+30E+, C 

Q0,G3-,G+, !-I23+B23H+0E+3-E, + -K/0D-C03+2 ,--GC2G,GCLP12R- +E+30 , CM,-.+E 

CMA-H-E. !,3-C03+J _+II0, -KB0H0P1+2 03G+K0.G2/+0BO3-4 0.G+C3-,GOP, KMB+ 

*-BLQ23M G0.N2 C /0K-G2 [24] /20.@+24 A0B.-3-C , !-I23+B23H+0E+3-E C C-H3--

,*+/G-C-4 12B-Q+ (,A2E0 6). 
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)A2E0 6 

 

1.4. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L 

>20.@++ A0B.-3-C /0DB+Q3-R- ,G/-23+J , "-I23+B23H+0E+3-E JCBJPG,J -H3+E +D 

]+/-.- */+E23J2EMA E2G-H-C ,+3G2D0 K23D--1%-1,5-H+0D2*+3-C. _+/-.+4 H+0*0D-3 

G2/0*2CG+Q2,.+A + I0/E0.-B-R+Q2,.+A ,C-4,GC K23D-H+0D2*+3-C +DC2,G23 H-,G0G-Q3- 

H0C3-. 73-R+2 */2H,G0C+G2B+ H+0D2*+3-C-R- ,2E24,GC0 ]+/-.- +,*-BODLPG,J .0. 

*/-G+C-,LH-/-N3M2, K-B2LG-BJP1+2, ,2H0G+C3M2, 03G+H2*/2,,03G3M2 + ,3-GC-/3M2 

,/2H,GC0 [25, 26]. S/-+DC-H3M2 K23D-H+0D2*+3-C G0.N2 30A-HJG .-EE2/Q2,.-2 

*/+E2323+2 .0. ./0,+G2B+ HBJ 0./+B-C-R- C-B-.30 [27, 28].  

%D0+E-H24,GC+2 A0B.-3-C , "-I23+B23H+0E+3-E E-N2G */-G2.0GO HCLEJ *LGJE+ – 

Q2/2D 0G0.L 0E+3-R/L**M /20R23G0 *- .0/K-3+BO3-4 R/L**2 (1,2-*/+,-2H+323+2 , 

-K/0D-C03+2E ,--GC2G,GCLP1+A +E+3-C) B+K- Q2/2D C-CB2Q23+2 \-0G-E0 LRB2/-H0 (1,4-

*/+,-2H+323+2, ,-*/JN233-2 */+,-2H+323+2 *- 7+A0FBP). >20.@+J */+,-2H+323+J *- 

7+A0FBP ]+/-.- */+D3030 -H3-4 +D .BPQ2CMA /20.@+4 HBJ I-/E+/-C03+J ,CJD+ 

LRB2/-H-0D-G [29-31]. S/+,-2H+323+2 *- 7+A0FBP */-C-H+G,J C *-HA-HJ12E 

/0,GC-/+G2B2 C */+,LG,GC++ ,+BO3-R- -,3-C03+J +B+ C 2R- -G,LG,GC+2, */+ .-E30G3-4 

+B+ *-CM]233-4 G2E*2/0GL/0A. % -,3óC3-4 ,/2H2 30KBPH0PG,J *-K-Q3M2 /20.@++, 

G0.+2, .0. *-B+.-3H23,0@+J, *-B+E2/+D0@+J, *2/2R/L**+/-C.+ + /2G/--*/+,-2H+323+2 
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*- 7+A0FBP [32]. % ,CJD+ , FG+E *-,G-J33- C2H2G,J *-+,. -*G+E0BO3MA L,B-C+4 

CD0+E-H24,GC+J A0B.-3-C , "-I23+B23H+0E+3-E. 

1.4.1. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L J )!"8J')&8#3OI 7#K 

(!8!3&K!8')'J 

% B+G2/0GL/2 +DC2,G3- 32K-BO]-2 Q+,B- G0.+A /20.@+4, .-G-/M2 */-C-H+B+ */+ 

.+*JQ23++ C 0/-E0G+Q2,.+A LRB2C-H-/-H0A (G-BL-B, .,+B-B) +B+ C 0@2G-32. 90., 

.+*JQ23+2E G2G/0D0E21233-R- A0B.-30 , "-I23+B23H+0E+3-E C G-BL-B2 C 0GE-,I2/2 

0/R-30 KMB *-BLQ23 ,--GC2G,GCLP1+4 K23D-H+0D2*+3 , CMA-H-E 16% (,A2E0 7). 

%0/O+/-C03+2 L,B-C+4 ,+3G2D0 32 */+C2B- . LC2B+Q23+P CMA-H0. !H30.- 

K23D-H+0D2*+3M , 32D0E21233ME+ I23+BO3ME+ .-BO@0E+ -K/0DLPG,J , CMA-H0E+ -G 

45% + K-B22 [33, 34]. $CG-/M */2H*-B0R0PG, QG- */+Q+30E+ 3+D.-R- CMA-H0 

G2G/0D0E21233-R- K23D-H+0D2*+30 JCBJPG,J ,G2/+Q2,.+4 FII2.G + *-3+N2330J 

FB2.G/-I+BO3-,GO .0/K-3+BO3-4 R/L**M, ,-DH0C02EM2 0B.-.,+-D0E2,G+G2BJE+ [35].  

)A2E0 7 

 

72G+B23-K+,A0B.-3M CD0+E-H24,GCLPG , "-I23+B23H+0E+3-E */+ .+*JQ23++ C 

.,+B-B2, -K/0DLJ -N+H02EM2 E2G+B23-K+,-1,5-K23D-H+0D2*+3M , CMA-H0E+ -G A-/-]+A 

H- CM,-.+A [36] (,A2E0 8).  

)A2E0 8 

 

(DC2,G3- [37-40], QG- /0DB+Q3M2 R2G2/-@+.B+Q2,.+2 .-BO@0, 0332B+/-C033M2 , 1,4- 

1,5-K23D-H+0D2*+3-CME+ ,+,G2E0E+, *-CM]0PG K+-B-R+Q2,.LP 0.G+C3-,GO *-,B2H3+A. 
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5BJ *-BLQ23+J *-H-K3-4 ,+,G2EM C /0K-G2 [41] KMB -,L12,GCB23 HCLA,G0H+43M4 ,+3G2D 

K23D-[d]K23D-[2,3][1,4]H+0D2*+3-[1,7-b]+D-G+0D-B0, C.BPQ0P1+4 CC2H23+2 C E-B2.LBL 

+,A-H3-R- A0B.-30 ,LBOI-AB-/+H3-R- -,G0G.0 + *-,B2HLP1LP /20.@+P *-BLQ233-R- 

D0E21233-R- A0B.-30 , "-I23+B23H+0E+3-E (,A2E0 9).  

)A2E0 9 

 

1.4.2. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L J %)&"P8"8J&& '"+'J!+&, 

5BJ +DLQ23+J E2A03+DE0 CD0+E-H24,GC+J "-I23+B23H+0E+30 , A0B.-30E+ KMB+ 

+,,B2H-C03M /20.@++ /0DB+Q3MA */-+DC-H3MA A0B.-3-C , "-I23+B23H+0E+3-E C 

*/+,LG,GC++ N,N-H+E2G+BK23D+B0E+30 [42] + *+*2/+H+30 [43] (,A2E0 10). S/+ 

.+*JQ23++ C E2G03-B2 +B+ $-KLG03-B2 C */+,LG,GC++ N,N-H+E2G+BK23D+B0E+30 KMB- 

*-.0D03-, QG- */+ +DKMG.2 "-I23+B23H+0E+30 -K/0DLPG,J +,.BPQ+G2BO3- 

K23D-H+0D2*+3M , A-/-]+E+ CMA-H0E+; \-0HHL.GM C ,E2,JA 32 -K30/LN23M. 

(,*-BOD-C03+2 *+*2/+H+30 .0. .0G0B+D0G-/0 */+ .+*JQ23++ C E2G03-B2 C K-BO]+3,GC2 

,BLQ02C *-DC-BJ2G CMH2B+GO G-BO.- K23D-H+0D2*+3M, -H30.- C ,BLQ02 , 32D0E21233ME 

A0B.-3-E, *-E+E- ,--GC2G,GCLP12R- K23D-H+0D2*+30, LH0B-,O CMH2B+GO */-HL.G \-

*/+,-2H+323+J, -*+,033M4 C /0K-G2 [43]; 2R- ,G/L.GL/L 0CG-/M *-HGC2/NH0PG H033ME+ 

(;-,*2.G/0 (*/+,LG,GC+2 C=O + NH2-R/L**). S/+ .+*JQ23++ \-0HHL.G0 C E2G03-B2 C 

*/+,LG,GC++ *+*2/+H+30 */-+,A-H+G 2R- *-B3-2 */2C/0123+2 C ,--GC2G,GCLP1+4 

K23D-H+0D2*+3, QG- *-HGC2/NH02G -K/0D-C03+2 K23D-H+0D2*+3-C Q2/2D ,G0H+P \-

0E+3+/-C03+J A0B.-3-C. S-*MG.+ CMH2B+GO \-0HHL.G */+ +,*-BOD-C03++ K-B22 

-,3-C3-R- G/2G+Q3-R- 0E+30 .0. .0G0B+D0G-/0 -.0D0B+,O K2DL,*2]3ME+. 

S/2H*-B-N+G2BO3-, FG- E-N2G KMGO /2DLBOG0G-E B+K- D30Q+G2BO3-R- L,.-/23+J ,G0H++ 

b, B+K- +DE2323+J *-,B2H-C0G2BO3-,G+ ,G0H+4 .-3H23,0@++ + \-*/+,-2H+323+J (,A2E0 

10) [33]. >20.@+J A0B.-30 , "-G-BL+H+3-E (/;0 4,57 *- ,/0C323+P , /;0 4,47 HBJ "-

I23+B23H+0E+30 */+ 20°) [44]) */+C-H+G G-BO.- . 0HHL.GL 7+A0FBJ, QG- E-N2G ,BLN+GO 

.-,C233ME H-.0D0G2BO,GC-E G-R-, QG- -,3-C3-,GO .0G0B+D0G-/0, ,.-/22 C,2R-, -.0DMC02G 
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,L12,GC233-2 CB+J3+2 30 ,.-/-,GO ,G0H++ b + 32 +DE23J2G *-,B2H-C0G2BO3-,GO ,G0H+4 

[33]. 

 

)A2E0 10 

 

%C2H23+2 0G-E-C IG-/0 C -/R03+Q2,.+2 E-B2.LBM E-N2G +DE23+GO +A I+D+.--

A+E+Q2,.+2 ,C-4,GC0. 90., */+,LG,GC+2 0G-E-C IG-/0 C *-G23@+0BO3MA B2.0/,GC233MA 

,-2H+323+JA E-N2G -.0DMC0GO ,+BO324]22 CB+J3+2 30 ,C-4,GC0 E-B2.LB, H2B0J +A 

H24,GC+2 K-B22 +DK+/0G2BO3ME, LC2B+Q+C0J FII2.G+C3-,GO +B+ -KB2RQ0J +A CC2H23+2 

[45]. % ,CJD+ , FG+E C /0K-G2 [46] /20.@+24 IG-/,-H2/N012R- A0B.-30 , "-

I23+B23H+0E+3-E C FG03-B2 C */+,LG,GC++ G/+FG+B0E+30 KMB ,+3G2D+/-C03 

,--GC2G,GCLP1+4 K23D-H+0D2*+3. % G0.+A N2 L,B-C+JA KMB+ *-BLQ23M 32D0E21233M4 + 

AB-/,-H2/N01+4 K23D-H+0D2*+3M [47] (,A2E0 11).  

;/-E2 G/+FG+B0E+30 C .0Q2,GC2 .0G0B+D0G-/0 /20.@++ A0B.-3-C , "-

I23+B23H+0E+3-E +,*-BODL2G,J *+*2/+H+3. 90., C 2R- */+,LG,GC++ .+*JQ23+2E C 

0K,-BPG3-E FG03-B2 *-BLQ0B+ E2G-.,+D0E21233M4 K23D-H+0D2*+3 C /0K-G2 [48], 0 C 

/0K-G2 [49] HBJ FG-4 /20.@++ L,*2]3- +,*-BOD-C0B,J 57T$ (,A2E0 11). 

)A2E0 11 
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>20.@++ A0B.-3-C, ,-H2/N01+A C 0/-E0G+Q2,.-E .-BO@2 3+G/-R/L**L, , 1,2-H+0E+3--

3,4-H+E2G+BK23D-B-E C */+,LG,GC++ G/+FG+B0E+30 */-C-H+B+,O C G2E3-G2, *-,.-BO.L 

3+G/-D0E21233M2 A0B.-3M -K30/LN+B+ CM,-.LP ,C2G-QLC,GC+G2BO3-,GO. % /2DLBOG0G2 

KMB *-BLQ23 /JH 3+G/-,-H2/N01+A K23D-H+0D2*+3-C (,A2E0 12) [50].  

)A2E0 12 

O

R O2N

NH2

NH2

N
H

N

R

O2N

EtOH, Et3N
15 Q.

C G2E3-G2

R = H, 59%; R = Me, 43%; R = OMe, 57%; R = Cl, 60%; R = NO2, 63%; R = Br, 61%  

 

1.4.3. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L J %)&"P8"8J&& (&"3'8 

% /20.@+JA A0B.-3-C , "-I23+B23H+0E+3-E, ./-E2 -,3-C3MA .0G0B+D0G-/-C, 

*/+E23JPG C .0Q2,GC2 .0G0B+D0G-/-C + .+,B-GM. % FG-E ,BLQ02 30KBPH02G,J +DE2323+2 

E2A03+DE0 /20.@++. S- H033ME /0K-G [23, 51] *2/C-4 ,G0H+24 C FG+A L,B-C+JA JCBJ2G,J 

0G0.0 "-I23+B23H+0E+30 *- 0G-EL LRB2/-H0 .0/K-3+BO3-4 R/L**M A0B.-30 , 

-K/0D-C03+2E +E+3-C (,A2E0 13). !H30.- ,B2HL2G -GE2G+GO, QG- *-HGC2/NH23+2 ,G/L.GL/ 

+E+3-C 32 */+C-H+G,J, A-GJ 0CG-/M ,--K10PG, QG- -3+ KMB+ CMH2B23M .0. GC2/HM2 

C212,GC0, + */+C-HJG G2E*2/0GL/L *B0CB23+J. >20.@+J -*+,030 C FG+A /0K-G0A .0. -H30 
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+D ,G0H+4 ,+3G2D0 +E+3-IB0C-3-C E2G-H-E -.+,B+G2BO3-4 @+.B+D0@++ A0B.-3+E+3-C 

[23, 51]. 

)A2E0 13 

 

 

YII2.G+C3ME .0G0B+D0G-/-E CD0+E-H24,GC+J A0B.-3-C , "-I23+B23H+0E+3-E 

JCBJ2G,J ,LBOI0E+3-C0J .+,B-G0 (,A2E0 14). >20.@+J C FG-E ,BLQ02 */-G2.02G K2D 

/0,GC-/+G2BJ C EJR.+A L,B-C+JA + , CM,-.+E+ CMA-H0E+ K23D-H+0D2*+3-C, K2D 

-K/0D-C03+J .0.+A B+K- *-K-Q3MA */-HL.G-C. ;0G0B+D0G-/ B2R.- /2R232/+/L2G,J + 

E-N2G KMGO +,*-BOD-C03 C 32,.-BO.+A @+.B0A [52]. (DC2,G3- G0.N2 */+E2323+2 ,-BJ3-4 

.+,B-GM .0. .0G0B+D0G-/0 C ,+3G2D2 K23D-H+0D2*+3-C [53] (,A2E0 14).  

 

)A2E0 14 

 

1.4.4. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L J %)&"P8"8J&& &'++9I Q&6('"8#, 

% .0Q2,GC2 /0,GC-/+G2B24 + */-E-LG2/-C .-3H23,0@++ "-I23+B23H+0E+30 , 

A0B.-30E+ +,*-BODLPG,J /0DB+Q3M2 +-33M2 N+H.-,G+. S-.0D03-, QG- 

G/+IG-/E2G03,LBOI-30G (G/+IB0G) 1-KLG+B+E+H0D-B+J JCBJ2G,J -H3+E +D BLQ]+A. !3 
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B2R.- /2R232/+/L2G,J + E-N2G *-CG-/3- +,*-BOD-C0GO,J H- *JG+ @+.B-C K2D D0E2G3-4 

*-G2/+ 0.G+C3-,G+. ) 2R- *-E-1OP K23D-H+0D2*+3M *-BLQ0PG , CM,-.+E+ CMA-H0E+ 

(,A2E0 15) [54].  

(-330J N+H.-,GO R+H/-,LBOI0G 1-KLG+B*+/+H+3+J ([BPy]HSO4) G0.N2 */-JCBJ2G 

CM,-.LP FII2.G+C3-,GO C /20.@+JA A0B.-3-C , "-I23+B23H+0E+3-E. %MA-H C FG+A 

/20.@+JA C K-BO]+3,GC2 ,BLQ02C *-QG+ .-B+Q2,GC233M4, 0 30B+Q+2 H-3-/3MA +B+ 

0.@2*G-/3MA R/L** 30 A-H /20.@++ 32 -.0DMC02G CB+J3+J (,A2E0 15). [BuPy]HSO4 G-N2 

B2R.- /2R232/+/L2G,J + +,*-BODL2G,J 212 C Q2GM/2A @+.B0A , 32K-BO]+E ,3+N23+2E 

0.G+C3-,G+ [55]. 

 

)A2E0 15 

 

1.4.5. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L J %)&"P8"8J&& (&"3'8 ;45&"! 

% /20.@+JA [,\-3230,M1233MA .0/K-3+BO3MA ,-2H+323+4 , "-I23+B23H+0E+3-E C 

.0Q2,GC2 .0G0B+D0G-/-C E-RLG +,*-BOD-C0GO,J .+,B-GM #OP+,0. % /0K-G2 [56] /-BO 

G0.-R- .0G0B+D0G-/0 +R/02G AB-/+H +GG2/K+J, *-DC-BJP1+4 *-BLQ0GO K23D-H+0D2*+3M , 

CMA-H0E+ -G A-/-]+A H- CM,-.+A (,A2E0 16).  

)A2E0 16 
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72A03+DE /20.@++ C FG-E ,BLQ02 E-N2G C.BPQ0GO */+,-2H+323+2 *- 7+A0FBP 

0E+3-R/L**M . 0.G+C+/-C033-4 HC-43-4 ,CJD+ + *-,B2HLP1LP .-3H23,0@+P CG-/-4 

0E+3-R/L**M , .0/K-3+B-E. 5BJ *-HGC2/NH23+J FG-R- KMB0 */-C2H230 /20.@+J 

D0E21233-R- A0B.-30 , 03+B+3-E (,A2E0 17). % /2DLBOG0G2 KMB *-BLQ23 , CMA-H-E 74% 

*/-HL.G */+,-2H+323+J *- 7+A0FBP C ,E2,+ , 18% +,A-H3-R- A0B.-30. YG-G /2DLBOG0G 

*-HGC2/NH02G */2H*-B-N23+2, QG- *2/C-4 ,G0H+24 /20.@++ JCBJ2G,J */+,-2H+323+2 

0E+30 *- 7+A0FBP, *-,B2 Q2R- *-BLQ233M4 \-0HHL.G *-HC2/R02G,J C3LG/+E-B2.LBJ/3-4 

@+.B+D0@++ [56].  

)A2E0 17 

 

 

$CG-/M /0K-GM [57] */+ +,,B2H-C03++ /20.@+4 32D0E21233MA A0B.-3-C , "-

I23+B23H+0E+3-E + "-0E+3-G+-I23-B-E C */+,LG,GC++ Ga(OTf)3 -K30/LN+B+, QG- 

K23D-H+0D2*+3 C FG-E ,BLQ02 -K/0DL2G,J C ,B2H-CMA .-B+Q2,GC0A, 0 K23D-G+0D2*+3 - , 

3+D.+E CMA-H-E. !H30.- */+ CC2H23++ C /20.@+P 2'-R+H/-.,+A0B.-3-C 

,--GC2G,GCLP1+2 K23D-G+0D2*+3M KMB+ *-BLQ23M , CM,-.+E+ CMA-H0E+. 5BJ G-R- 

QG-KM -@23+GO CB+J3+2 R+H/-.,+BO3-4 R/L**M, KMB+ +,,B2H-C03M A0B.-3M , 

R+H/-.,+BO3-4 R/L**-4 C /0DB+Q3MA *-B-N23+JA. !.0D0B-,O, QG- C /20.@++ 4'-

R+H/-.,+A0B.-30 , "-0E+3-G+-I23-B-E K23D-G+0D2*+3 -K/0DL2G,J , 32CM,-.+E CMA-H-E 
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(35%), 0 2-R+H/-.,+A0B.-3 @2B2C-4 */-HL.G 32 -K/0DL2G. >2DLBOG0GM FG+A HCLA /20.@+4 

*-.0D0B+, QG- 30B+Q+2 R+H/-.,+R/L**M C *-B-N23++ 2' 32-KA-H+E- HBJ /20.@+4 

.-3H23,0@++ C FG+A L,B-C+JA. WG-KM */-C2/+GO FG- 30KBPH23+2, KMB+ */-C2H23M 

/20.@++ "-I23+B23H+0E+30 , 2'-R+H/-.,+A0B.-30E+. 524,GC+G2BO3-, /20.@+J +H2G, 

-K/0DLJ K23D-H+0D2*+3M , CM,-.+E+ CMA-H0E+ (,A2E0 16) [57]. '0 -,3-C03++ 

*-BLQ233MA H033MA KMB */2HB-N23 E2A03+DE /20.@++ "-I23+B23H+0E+30 , 2'-

R+H/-.,+D0E21233ME+ A0B.-30E+, */+C-HJ124 . -K/0D-C03+P K23D-H+0D2*+3-C (,A2E0 

18). '0 *2/C-4 ,G0H++ .0G0B+D0G-/ Ga(OTf)3 + 2'-R+H/-.,+A0B.-3 -K/0DLPG .-E*B2., II, 

.-G-/M4 H0B22 /20R+/L2G , "-I23+B23H+0E+3-E, H0C0J .-E*B2., III. 60G2E NH2-R/L**0 

0G0.L2G C=! ,CJDO, + *-,B2 -G12*B23+J C-HM -K/0DL2G,J */-HL.G IV, .-G-/M4 *LG2E 

C3LG/+E-B2.LBJ/3-4 .-3H23,0@++ */2C/0102G,J C K23D-H+0D2*+3 V. % FG-E */-@2,,2 2'-

R+H/-.,+R/L**0 A0B.-30 CM*-B3J2G G/+ C0N3M2 /-B+:  

1) C.BPQ02G,J C I-/E+/-C03+2 ,G0K+BO3-R- .-E*B2.,0 II A2B0G+/-C03+2E , Ga(OTf)3; 

2) -KB2RQ02G */-@2,, H2R+H/0G0@++ .-E*B2.,0 III;  

3) 0.G+C+/L2G A0B.-3M . */+,-2H+323+P 0E+3-C . 0G-EL LRB2/-H0 .0/K-3+BO3-4 

R/L**M [57].  

)A2E0 18 
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S--C+H+E-EL, *-H-K3ME N2 -K/0D-E H24,GCL2G + G/+IB0G F/K+J, .0G0B+D+/LJ /20.@++ 

2'-R+H/-.,+D0E21233MA A0B.-3-C , "-I23+B23H+0E+3-E. S/+ 2R- +,*-BOD-C03++ 

/20.@++ G0.N2 */-G2.0PG C EJR.+A L,B-C+JA + , CM,-.+E+ CMA-H0E+ (,A2E0 16) [58].  

1.4.6. F#!(H&& I!3('+'J " "-N#+&3#+6&!L&+'L +! 8J#)6'L +'"&8#3# &/&3& 

"8&LP3&)P#L9# L&()'J'3+'J9L &K3PR#+&#L 

S/-C2H23+2 /20.@+4 K2D /0,GC-/+G2B24 +E22G /JH */2+EL12,GC, G0.+A, .0. LH-K,GC- C 

-K/0123++, */-,G-G0 -K-/LH-C03+J, E23O]0J -*0,3-,GO HBJ -./LN0P124 ,/2HM + 

CM,-.0J F32/R-FII2.G+C3-,GO. !*+/0J,O 30 FG-, 0CG-/M /0K-GM [59] +,,B2H-C0B+ 

/20.@++ A0B.-3-C , "-I23+B23H+0E+3-E C */+,LG,GC++ SbCl3 30 -.,+H2 0BPE+3+J K2D 

/0,GC-/+G2BJ (,A2E0 19). S/+ 32CM,-.-4 G2E*2/0GL/2 */-+,A-H+G -K/0D-C03+2 

K23D-H+0D2*+3-C. !K/0D-C03+2 */-HL.G0 */-+,A-H+G G0.N2 *-H H24,GC+2E ,-B32Q3MA 

BLQ24 C G2Q23+2 45 E+3LG. % G2E3-G2 */+ .-E30G3-4 G2E*2/0GL/2 C G2Q23+2 24 Q0,-C 

-K/0DL2G,J G-BO.- 30% K23D-H+0D2*+30, 0 */+ */-C2H23++ /20.@++ G-BO.- , SbCl3 +B+ , 

Al2O3 */-HL.G 32 -K/0DL2G,J [59]. 
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>20.@+J A0B.-3-C , "-I23+B23H+0E+3-E, */-C-H+E0J 3032,23+2E /20R23G-C 30 -.,+H 

0BPE+3+J C -G,LG,GC+2 /0,GC-/+G2B24, */+C-HJG . -K/0D-C03+P ,--GC2G,GCLP1+A 

K23D-H+0D2*+3-C , A-/-]+E CMA-H-E (,A2E0 19). '24G/0BO3M4 -.,+H 0BPE+3+J 

JCBJ2G,J 30+K-B22 FII2.G+C3ME +D +,*MG033MA GC2/HMA 3-,+G2B24 (,+B+.0R2BO, 

.+,BM4 + -,3-C3M4 -.,+H 0BPE+3+J, E-B2.LBJ/3M2 ,+G0, .+D2BORL/). :0B.-3M .0. , 

FB2.G/-3-H-3-/3ME+, G0. + , FB2.G/-3-0.@2*G-/3ME+ R/L**0E+ /20R+/LPG , "-

I23+B23H+0E+3-E K2D ,L12,GC233-4 /0D3+@M + -K/0DLPG ,--GC2G,GCLP1+2 1,5-

K23D-H+0D2*+3M , A-/-]+E+ CMA-H0E+ [60]. 

% /0K-G2 [61] ,/0C3+C0PG,J HC0 ,*-,-K0 *-BLQ23+J K23D-H+0D2*+3-C. S2/CM4 +D 3+A – 

.+*JQ23+2 2'-R+H/-.,+A0B.-3-C, ,-H2/N01+A E2G-.,+R/L**M, , "-I23+B23H+0E+3-E C 

E2G03-B2, CG-/-4 – E+./-C-B3-C-2 -KBLQ23+2 (MW) FG+A N2 /20R23G-C, 3032,233MA 30 

-.,+H 0BPE+3+J K2D /0,GC-/+G2BJ (,A2E0 19). S/2+EL12,GC0E+ *-,B2H32R- E2G-H0 

JCBJPG,J 32*/-H-BN+G2BO3-2 C/2EJ /20.@++ +, .0. */0C+B-, K-B22 CM,-.+2 CMA-HM 

K23D-H+0D2*+3-C, Q2E */+ .+*JQ23++ /20R23G-C C E2G03-B2 [61].  

(DC2,G3- G0.N2 +,*-BOD-C03+2 ,+B+.0R2BJ C .0Q2,GC2 .0G0B+D0G-/0 *-BLQ23+J 

K23D-H+0D2*+3-C C L,B-C+JA E+./-C-B3-C-R- -KBLQ23+J ,E2,+ A0B.-3-C , "-

I23+B23H+0E+3-E. '2,-E3233ME H-,G-+3,GC-E FG-R- E2G-H0 JCBJPG,J 

32*/-H-BN+G2BO3-2 C/2EJ /20.@++ + A-/-]+2 CMA-HM */-HL.G-C (,A2E0 19). 

S/-C2H23+2 /20.@++ .+*JQ23+2E C G-BL-B2, E+./-C-B3ME -KBLQ23+2E /0,GC-/0 

/20R23G-C C G-BL-B2 +B+ E+./-C-B3-CME -KBLQ23+2E /20R23G-C, 3032,233MA 30 

-,3-C3M4 -.,+H 0BPE+3+J, */+C-H+G . ,3+N23+P CMA-H-C @2B2CMA K23D-H+0D2*+3-C 

[62]. S/+ E+./-C-B3-C-E -KBLQ23++ A0B.-3-C , "-I23+B23H+0E+3-E /20.@+J E-N2G 

*/-G2.0GO + K2D .0G0B+D0G-/0 (,A2E0 19) [63].  

% /0K-G2 [64] -*+,MC02G,J ,+3G2D K23D-H+0D2*+3-C *LG2E E+./-C-B3-C-R- -KBLQ23+J 

2'-R+H/-.,+A0B.-3-C + "-I23+B23H+0E+30 C 57)! C */+,LG,GC++ .0G0B+G+Q2,.+A 

.-B+Q2,GC 0@2G0G0 30G/+J (,A2E0 19). 72G-H A0/0.G2/+DL2G,J CM,-.+E+ CMA-H0E+, 

.-/-G.+E C/2E232E /20.@++ + F.-B-R+Q3-,GOP */-@2,,0. 

 

 

)A2E0 19 
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)/0C3+C0J ,+3G2D *-H C-DH24,GC+2E E+./-C-B3 + G/0H+@+-33M4 ,+3G2D, 0CG-/M 

/0K-GM [65] -GE2Q0PG, QG- C *2/C-E ,BLQ02 /20.@+J ,L12,GC233- L,.-/J2G,J, 0 CMA-HM 

*/-HL.G-C D0E2G3- LC2B+Q+C0PG,J (,A2E0 19). $CG-/M ,Q+G0PG, QG- FII2.G MW 

-KBLQ23+J 32 JCBJ2G,J Q+,G- G2*B-CME. 7+./-C-B3-C-2 -KBLQ23+2 ,*-,-K,GCL2G 

*-BJ/+D0@++ E-B2.LBM, QG-, *--C+H+E-EL, L,.-/J2G /20.@+P. %D0+E-H24,GC+2 A0B.-3-C 

, "-I23+B23H+0E+3-E */+ E+./-C-B3-C-E -KBLQ23++, C2/-JG3-, 30Q+302G,J , 

3L.B2-I+BO3-4 0G0.+ NH2-R/L**-4 *-BJ/+D-C033-4 .0/K-3+BO3-4 R/L**M 

(B+E+G+/LP10J ,G0H+J) , *-,B2HLP124 C3LG/+E-B2.LBJ/3-4 @+.B+D0@+24 + 

-K/0D-C03+2E K23D-H+0D2*+3-C [65]. YG- ,-RB0,L2G,J , E2A03+DE-E /20.@++, .-G-/M4 

C.BPQ02G C ,2KJ *-BJ/3-2 *2/2A-H3-2 ,-,G-J3+2 (,A2E0 20) [66]. 

)A2E0 20 
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1.5. F#!(H&& I!3('+'J " SP!+&6&+'L 

"L03+H+3 – FG- +E+3 .0/K0E+H0 + -G3-,+G,J 32 . H+0E+30E, 0 . H+0E+H0E. !H30.- 

*-C2H23+2 RL03+H+30 C /20.@+JA , A0B.-30E+ C @2B-E *-H-K3- /20.@+JE "-H+0E+3-C + 

*/+C-H+G . -K/0D-C03+P R2G2/-@+.B-C. ;0. */0C+B-, A0B.-3M /20R+/LPG , 

R+H/-AB-/+H-E +B+ 3+G/0G-E RL03+H+30 , -K/0D-C03+2E ]2,G+QB233MA R2G2/-@+.B-C –

2-0E+3--4,6-H+0/+B*+/+E+H+3-C. S+/+E+H+3-CM4 @+.B */+,LG,GCL2G C 

*+/+E+H+3-CMA + *L/+3-CMA -,3-C03+JA 5'; + >';. S/-+DC-H3M2 *+/+E+H+30 

*/-JCBJPG /0D3--K/0D3LP K+-B-R+Q2,.LP 0.G+C3-,GO, C.BPQ0J 03G+E+./-K3LP [68,69], 

*/-G+C--*LA-B2CLP [70], */-G+C-C-,*0B+G2BO3LP + -K2DK-B+C0P1LP [71-73], 

03G+C+/L,3LP [74], 03G+-%(W [75], 03G+-.,+H03G3LP [76], 03G+C-D/0,G3LP [77] + H/.  

>20.@++ -KMQ3- */-C-HJG,J C */+,LG,GC++ ,+BO3MA -,3-C03+4 – R+H/-.,+H-C 

12B-Q3MA E2G0BB-C, 0B.-R-BJG-C, R+H/+H-C E2G0BB-C, 0 C .0Q2,GC2 /0,GC-/+G2B24 

+,*-BODLPG,J ,*+/GM +B+ 57T$. >20.@+J -K/0D-C03+J 0E+3-*+/+E+H+3-C E-N2G 

*/-G2.0GO *- *LG+ 1,4-*/+,-2H+323+J (*- 7+A0FBP) +B+ 1,2-*/+,-2H+323+J RL03+H+30 . 

A0B.-30E , *-,B2HLP124 @+.B+D0@+24, ,HC+R-E */-G-30 + 0/-E0G+D0@+24 (,A2E0 21) 

[67].  

)A2E0 21 
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1.5.1. F#!(H&& I!3('+'J " SP!+&6&+'L J )!"8J')&8#3OI 7#K (!8!3&K!8')'J  

(DC2,G3- 32E3-R- */+E2/-C */-C2H23+J /20.@+4 A0B.-3-C , R+H/-AB-/+H-E 

RL03+H+30 C /0,GC-/+G2B2 C -G,LG,GC+2 -,3-C03+4. 90., C /0K-G2 [78] /20.@+J */-G2.02G 

*/+ .+*JQ23++ C 57T$ C G2Q23+2 5-7 Q0,-C + */+C-H+G . ,--GC2G,GCLP1+E 

0E+3-*+/+E+H+30E (,A2E0 22).  

)A2E0 22 

 

1.5.2. F#!(H&& I!3('+'J " SP!+&6&+'L J %)&"P8"8J&& S&6)'("&6'J *#3'R+9I 

L#8!33'J 

%D0+E-H24,GC+2 A0B.-3-C , R+H/-AB-/+H-E RL03+H+30 D0Q0,GLP */-C-HJG C 

*/+,LG,GC++ ,+BO3MA -,3-C03+4, 30*/+E2/ R+H/-.,+H-C 30G/+J, .0B+J, B+G+J. 90., C 

/0K-G2 [79] ,+3G2D -,L12,GCBJB+ C C-H3--,*+/G-C-E /0,GC-/2 NaOH (,A2E0 23). >20.@+J 

+,*-BOD-C0B0,O 0CG-/0E+ .0. -H30 +D ,G0H+4 ,+3G2D0 ,2E+.0/K0D-3-C – *-G23@+0BO3MA 

*/-G+C-,LH-/-N3MA */2*0/0G-C. $CG-/M /0K-G [80-82] G0.N2 +,*-BOD-C0B+ NaOH C 

.0Q2,GC2 -,3-C03+J */+ CD0+E-H24,GC++ D0E21233MA A0B.-3-C , R+H/-AB-/+H-E 

RL03+H+30 (,A2E0 23).  

)A2E0 23 
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'2,.-BO.- Q012 C .0Q2,GC2 -,3-C03+J C /20.@+JA A0B.-3-C , R+H/-AB-/+H-E 

RL03+H+30 +,*-BODL2G,J ;!'. % 2R- */+,LG,GC++ 0E+3-A0B.-3M [83] + 

*+*2/0D+3-D0E21233M2 A0B.-3M G0.N2 -K/0DLPG ,--GC2G,GCLP1+2 0E+3-*+/+E+H+3M 

[84, 85]  (,A2E0 24). 

(,A-HJ +D CM,-.-4 + /0D3--K/0D3-4 K+-B-R+Q2,.-4 0.G+C3-,G+ */-+DC-H3MA 

*+/+E+H+30 + -/+23G+/LJ,O 30 /0K-GL [86], C .-G-/-4  -K30/LN23 ]+/-.+4 ,*2.G/ 

K+-B-R+Q2,.-4 0.G+C3-,G+ HBJ A0B.-3-C, ,-H2/N01+A I/0RE23G +E+H0D-B0, 0CG-/M 

/0K-GM [87] ,+3G2D+/-C0B+ *+/+E+H+3M, ,-H2/N01+2 +E+H0D-B+BO3M2 -,G0G.+. 5BJ 

FG-R- /20.@++ +E+H0D-B+BD0E21233MA A0B.-3-C , R+H/-AB-/+H-E RL03+H+30 

*/-C-H+B+,O */+ .+*JQ23++ C FG03-B2 C */+,LG,GC++ KOH. S-,B2 H-K0CB23+J C 

/20.@+-33LP ,E2,O 30% '2!2 KMB+ *-BLQ23M @2B2CM2 +E+H0D-B+B0E+3-*+/+E+H+3M 

(,A2E0 24) [87].  

;!' */+E23J2G,J .0. -,3-C03+2 C /0K-G0A, *-,CJ1233MA ,+3G2DL 

0E+3-*+/+E+H+3-C, ,-H2/N01+A I/0RE23G D0E21233-R- G/+0D+30  [88-89], C .0Q2,GC2 

/0,GC-/+G2BJ +,*-BODL2G,J FG03-B (,A2E0 24). 

$CG-/M /0K-GM [90] ,+3G2D+/-C0B+ 0E+3-*+/+E+H+3M, ,-H2/N01+2 1,2-K23D-G+0D+3-

1,1-H+-.,+H3M4 I/0RE23G. >20.@++ */-C-H+B+ G/0H+@+-33ME E2G-H-E (.+*JQ23+2 , 

R+H/-AB-/+H-E RL03+H+30 C C-H3--,*+/G-C-E ;!'), D0G2E */+ G2E*2/0GL/2 .+*23+J 

*-/@+JE+ H-K0CBJB,J 30% /0,GC-/ H2O2. !N+H02EM2 0E+3-*+/+E+H+3M KMB+ 

*-BLQ23M , CMA-H0E+ -G A-/-]+A H- CM,-.+A (,A2E0 24) [90].  

S-,.-BO.L ,G/L.GL/0 D0E2,G+G2BJ C 4-\-D-0BB-*+/03-D+B-.,+D0E21233-E A0B.-32 

KB+D.0 . ,G/L.GL/2 0@2G0BJ, .-G-/M4 JCBJ2G,J K-B22 ,G0K+BO3ME C -,3-C3-E /0,GC-/2, 

0CG-/M /0K-GM [91] ,30Q0B0 H-K0CBJB+ . /0,GC-/L R+H/-AB-/+H0 RL03+H+30 /0,GC-/ 

;!', *-,B2 Q2R- */+K0CBJB+ A0B.-3 + *-BLQ0B+ ,--GC2G,GCLP1+2 */-+DC-H3M2 

*+/+E+H+30 (,A2E0 24). 
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)A2E0 24 

 

 

S-E+E- R+H/-AB-/+H0 RL03+H+30 C ,+3G2D2 *+/+E+H+3-C +D A0B.-3-C +,*-BODLPG 

0D-G3-.+,BM4 RL03+H+3. $CG-/M /0K-GM [92] *-BLQ0B+ 0E+3-*+/+E+H+3M /20.@+24 

A0B.-3-C , 0D-G3-.+,BME RL03+H+3-E C */+,LG,GC++ NaOH (,A2E0 25).  

'0E3-R- /2N2 H/LR+A -,3-C03+4 C /20.@+JA A0B.-3-C , 0D-G3-.+,BME RL03+H+3-E 

+,*-BODLPG LiOH. 90., B+]O C /0K-G2 [93] 0CG-/M */+E23JPG 2R- */+ ,+3G2D2 

0E+3-*+/+E+H+3-C, ,-H2/N01+A I/0RE23G G+-E-/I-B+30 (,A2E0 25).  

% /20.@+JA 0D-G3-.+,B-R- RL03+H+30 , 4-0E+3--2%-A/-E23-2--3-D0E21233ME+ 

A0B.-30E+ 0CG-/M /0K-GM [94] +,*-BOD-C0B+ R+H/-.,+H .0B+J (,A2E0 25). % /0K-G0A [95-
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97] C *-H-K3MA L,B-C+JA (.+*JQ23+2 C FG03-B2 C */+,LG,GC++ ;!') KMB+ *-BLQ23M 

,--GC2G,GCLP1+2 *+/+E+H+3M /20.@+24 , 0D-G3-.+,BME RL03+H+3-E /JH0 A0B.-3-C, 

,-H2/N01+A C .0Q2,GC2 D0E2,G+G2BJ I/0RE23G G/+0D+30 (,A2E0 25). 

 

)A2E0 25 

 

 

% .0Q2,GC2 /0,GC-/+G2B24 C G/0H+@+-33MA E2G-H0A ,+3G2D0 2-0E+3-*+/+E+H+3-C 

*/2-KB0H0PG ,*+/GM, 3- +DC2,G3- +,*-BOD-C03+2 + H/LR+A /0,GC-/+G2B24, C Q0,G3-,G+, 

H+-.,030 [98-101]. ;+*JQ23+2 C H+-.,032 A0B.-3-C , 0D-G3-.+,BME RL03+H+3-E C 

*/+,LG,GC++ ;!' [98] +B+ NaOH [99-101] */+C-H+G . -K/0D-C03+P @2B2CMA 2-

0E+3-*+/+E+H+3-C (,A2E0 26). 
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)A2E0 26 

 

 

$CG-/M /0K-GM [102] ,+3G2D+/-C0B+ +D D0E21233MA K+,-A0B.-3-C 3-CM2 ,G/L.GL/M, 

C.BPQ0P1+2 HC0 I0/E0.-I-/0 C -H3-4 E-B2.LB2. >20.@+P */-C-H+B+ */+ .+*JQ23++ C 

FG03-B2 C */+,LG,GC++ R+H/-.,+H0 30G/+J; C /2DLBOG0G2 , CM,-.+E+ CMA-H0E+ KMB+ 

*-BLQ23M K+,-*+/+E+H+3M (,A2E0 27) [102]. 

)A2E0 27 

 

 

$CG-/0E+ /0K-GM [103] CE2,G- -N+H02EMA *-B3-,GOP 0/-E0G+Q2,.+A *+/+E+H+3-C 

KMB+ CMH2B23M C .0Q2,GC2 -,3-C3-R- */-HL.G0 ,-2H+323+J H+R+H/-*+/+E+H+3-C-R- 

G+*0, QG- -H3-D30Q3- *-HGC2/NH02G,J H033ME+ V7> 13). S/2H*-B-N+G2BO3-, +A 

*-,B2HLP122 -.+,B23+2 .+,B-/-H-E C-DHLA0 */+C-H+G . *+/+E+H+30E. % FG-4 ,CJD+ 

0CG-/0E+ KMB -,L12,GCB23 *-+,. K-B22 FII2.G+C3-R- -.+,B+G2BJ, QG-KM D0E23+GO 

.+,B-/-H C-DHLA0. % */-@2,,2 +,*MG03+J 32,.-BO.+A /20R23G-C KMB- 304H23-, QG- C 
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H033-4 /20.@++ *2/-.,+H C-H-/-H0 JCBJ2G,J ,0EME FII2.G+C3ME, H2]2CME + B2R.- 

H-,GL*3ME -.+,B+G2B2E. 

% *2/C-30Q0BO3-E *-HA-H2 0CG-/M /0,GC-/JB+ ,--GC2G,GCLP1+4 A0B.-3 + RL03+H+3 C 

,E2,+ FG03-B0 + 50% C-H3-R- /0,GC-/0 ;!' + *-,B2 G/2AQ0,-C-R- .+*JQ23+J ,E2,+ 

*-BLQ0B+ H+R+H/-*+/+E+H+3, D0G2E . R-/JQ2EL /0,GC-/L H-K0CBJB+ 30% '2!2. YG0 

*/-@2HL/0 *-DC-B+B0 B2R.- *-BLQ+GO ,--GC2G,GCLP1+2 0E+3-*+/+E+H+3M (,A2E0 28). 

5BJ L*/-123+J E2G-H+.+ 0CG-/0E+ KMB- */+3JG- /2]23+2 CC-H+GO -.+,B+G2BO C 

/20.@+P -H3-C/2E233- , /20R23G0E+. !H30.- FG-G *-HA-H */+C2B . -K/0D-C03+P , 

A-/-]+E+ CMA-H0E+ ,-C2/]233- H/LR+A */-HL.G-C – 2-0E+3--5,5-H+D0E21233MA 3,5-

H+R+H/-+E+H0D-B-4--3-C (,A2E0 28) [103]. 

 

)A2E0 28 

 

'0Q0BO30J ,G0H+J D0.BPQ02G,J C KM,G/-E -K/0D-C03++ F*-.,+H-C A0B.-3-C, .-G-/M2 

D0G2E +D-E2/+DLPG,J C ,--GC2G,GCLP1++2 1,2-H+-3M. % .0Q2,GC2 H-.0D0G2BO,GC0 

*/2H*-B-N23+J 0CG-/M *-BLQ+B+ +D A0B.-30 F*-.,+H + CC2B+ 2R- C /20.@+P , 

RL03+H+3-E */+ G2A N2 L,B-C+JA, 3- C -G,LG,GC+2 H2O2. % /2DLBOG0G2 KMB *-BLQ23 

-N+H02EM4 2-0E+3--5-K23D+B-5-I23+B-3,5-H+R+H/-+E+H0D-B-4--3 , A-/-]+E CMA-H-E C 

G2Q23+2 .-/-G.-R- C/2E23+ /20.@++. ;/-E2 G-R-, 30B+Q+2 */-E2NLG-Q3-R- 1,2-H+.2G-30 

KMB- *-HGC2/NH23- *LG2E D0AC0G0 2R- "-I23+B23H+0E+3-E. !K/0D-C03+2 +E+H0D-B-C, *- 

E323+P 0CG-/-C, JCBJ2G,J /2DLBOG0G-E *2/2R/L**+/-C.+ , E+R/0@+24 0/+BO3-R- .-BO@0, 

/0,*-B-N233-R- C 32*-,/2H,GC233-4 KB+D-,G+ -G .0/K-3+BO3-4 R/L**M A0B.-30. 

S/2H*-B-N+G2BO3M4 E2A03+DE /20.@++ */+C2H23 30 ,A2E2 29 [103]. 
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)A2E0 29 
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1.5.3. F#!(H&& I!3('+'J " SP!+&6&+'L J %)&"P8"8J&& !3('S'3O8'J *#3'R+9I 

L#8!33'J 

)+3G2D 0E+3-*+/+E+H+3-C -,L12,GCBJPG G0.N2 .+*JQ23+2E C 0K,-BPG3MA ,*+/G0A C 

*/+,LG,GC++ 0B.-R-BJG-C. 90., C /0K-G2 [104] , +,*-BOD-C03+2E FG+B0G0 30G/+J C FG03-B2 

KMB *-BLQ23 ,--GC2G,GCLP1+4 0E+3-*+/+E+H+3 (,A2E0 30). % FG+A /20.@+JA 

+,*-BODLPG,J + H/LR+2 ,*+/GM, 30*/+E2/, &'(&-KLG+B-CM4 (,A2E0 30) [105]. (DC2,G3- 

G0.N2 */+E2323+2 C .0Q2,GC2 /0,GC-/+G2BJ N,N-H+E2G+B0@2G0E+H0 (,A2E0 30) [106].  

)A2E0 30 
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>20.@+J A0B.-3-C , 0D-G3-.+,BME RL03+H+3-E C */+,LG,GC++ 0B.-R-BJG-C 30G/+J 

+,*-BODL2G,J HBJ ,+3G2D0 *+/+E+H+3-C C /0K-G0A [107,108] (,A2E0 31).  

 

)A2E0 31 

 

1.5.4. F#!(H&& I!3('+'J " SP!+&6&+'L J %)&"P8"8J&& S&6)&6'J *#3'R+9I 

L#8!33'J  

%D0+E-H24,GC+2E G/+0D-B+BE2G-.,+A0B.-3-C , R+H/-AB-/+H-E RL03+H+30 C 

*/+,LG,GC++ NaH C K2DC-H3-E 57T$ KMB+ *-BLQ23M G/+0D-B+BE2G-.,+D0E21233M2 

0E+3-*+/+E+H+3M , CMA-H0E+ -G LE2/233MA H- A-/-]+A (,A2E0 32) [109].  

)A2E0 32 

N N Me

H2N NH2

NH

HCl

O

NX

Cl

O
N

N
N

R''

N N

NH2

R' R R' R

HN

HN
O

R' = H, 70%; R' = 3,4,5-OMe; R' = 2,3-OMe; R' = 4-OMe;

R' = 4-F; R' = 4-C; R' = 4-Br; R' = 2-Cl; R' = 4- 70 °C, 5 Q. [110]

R' = 4

NaH, 57T$

R' = 2-OH, 4-

R'' = $-C6H13, R = H, 55%; R' = 4-Cl, 54%; R = 2-Cl, 6-F, 51%;

R = 4-OMe, 52%; R = 4-i-Pr, 59%; R = 4-*/-*0/R+B-.,+- 49%

R'' = C6H5, R = H, 54%; R = 4-Cl, 51%; R = 2-Cl, 6-F, 48%;

R = 4-OMe, 52%; R = 4-i-Pr, 54%

R'' = 4-Br-C6H4, R = H, 60%; R = 4-Br, 59%; R = 4-i-Pr, 56%; 0-100 °C, 4-5 Q. [109]

R = 4

X = -O- : R = H, 55%; R = 3,4,5-OMe, 58%; R = 4-Cl, 52%; R = 2,3,4-OMe, 52%;

R = 4-OMe, 50%; R = 2,3-OMe, 60%; R = 2,5-OMe, 60%; R = 4-SMe, 60%; R = 4-Me, 50%.

X = -NH- : R = H, 52%; R = 4-Me, 48%; R = 4-OMe, 50%; R = 3,4,5-OMe, 65%;

R = 4-SMe, 55%; R = 2,3,4-OMe, 58%; R = 3-NO2, 48%; R = 2-Br, 52%; R = 3-Br, 50%;

R = 2,3-OMe, 55%; R = 2,5-OMe, 55%; R = 4-Cl, 62%; R = 2-Cl, 68%; 120 °C, 10 Q. [111]
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% /0K-G2 [110] KMB+ ,+3G2D+/-C03M A+30D-B+3-3,-H2/N01+2 *+/+E+H+3M. 

)--GC2G,GCLP1+2 A0B.-3M *-HC2/R0B+,O CD0+E-H24,GC+P , R+H/-AB-/+H-E RL03+H+30 C 

*/+,LG,GC++ NaH C 57T$ (,A2E0 32). S/+C-H+G,J CMA-H G-BO.- -H3-R- ,-2H+323+J, 

-,G0BO3M2 0E+3-*+/+E+H+3M 32 -A0/0.G2/+D-C03M [110].  

) @2BOP ,+3G2D0 ,-2H+323+4, -KB0H0P1+A */-G+C-GLK2/.LB2D3-4 + 

*/-G+C-E0BJ/+43-4 0.G+C3-,GOP, 0CG-/0E+ /0K-GM [111] KMB+ ,+3G2D+/-C03M A0B.-3M, 

,-H2/N01+2 C ,C-24 ,G/L.GL/2 I/0RE23G A+3-B+30, + H0B22 */2C/0123M C 

,--GC2G,GCLP1+2 2-0E+3-*+/+E+H+3M (,A2E0 32).  

S-+,.L ,-2H+323+4 , 03G+B24]E03+-D3-4 0.G+C3-,GOP *-,CJ1230 /0K-G0 [112], C 

.-G-/-4 +D K+,-A0B.-3-*23G0E+H+30 + R+H/-AB-/+H0 RL03+H+30 C */+,LG,GC++ NaH KMB 

*-BLQ23 K+,-*+/+E+H+3-*23G0E+H+3 (,A2E0 33). 

)A2E0 33 

 

1.5.5. F#!(H&& I!3('+'J " SP!+&6&+'L, "8&LP3&)P#L9# L&()'J'3+'J9L 

&K3PR#+&#L 

)+3G2D 0E+3-*+/+E+H+3-C, ,-H2/N01+A C .0Q2,GC2 I0/E0.-I-/0 -,G0G-. I23-.,+-

)*"-E0,BJ3-4 .+,B-GM, 0CG-/M /0K-GM [113] -,L12,GCBJB+ HCLEJ ,*-,-K0E+ – -KMQ3ME 

(C /0,GC-/+G2B2) + E+./-C-B3-CME (MW) (,A2E0 34). $CG-/M -GE2Q0PG, QG- MW ,+3G2D 

+E22G ,L12,GC233M2 */2+EL12,GC0 – K-B22 CM,-.+2 CMA-HM + E23O]22 C/2EJ /20.@++ 

*- ,/0C323+P , -KMQ3ME ,+3G2D-E.  

5BJ ,/0C323+J E2G-H-C ,+3G2D0 2-0E+3-*+/+E+H+3-C C L,B-C+JA MW -KBLQ23+J /JH0 

D0E21233MA A0B.-3-C , R+H/-AB-/+H-E RL03+H+30 C */+,LG,GC++ NaOH 0CG-/M /0K-GM 

[114] */-C-H+B+ /20.@+P C /0,GC-/+G2B2 + K2D /0,GC-/+G2BJ (,A2E0 34). =MB- *-.0D03-, 

QG- /20.@++ C /0,GC-/+G2B2 32 C,2RH0 */+C-HJG . -K/0D-C03+P 2-0E+3-*+/+E+H+3-C, C 

G- C/2EJ .0. /20.@++ K2D /0,GC-/+G2BJ H0PG @2B2C-4 */-HL.G. !H30.- C */+,LG,GC++ 

,+BO3-4 FB2.G/-3-0.@2*G-/3-4 R/L**M (G0.-4, .0. NO2) 2-0E+3-*+/+E+H+3M 32 

-K/0DLPG,J 3+ C *2/C-E, 3+ C- CG-/-E ,BLQ0JA [114]. % *-H-K3MA L,B-C+JA (MW 
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-KBLQ23+2 /20R23G-C C */+,LG,GC++ NaOH K2D /0,GC-/+G2BJ) KMB+ *-BLQ23M 2-

0E+3-*+/+E+H+3M C /0K-G2 [115] (,A2E0 34). 

% /20.@+JA D0E21233MA K23D0BOH2R+H-C , 4-E-/I-B+30@2G-I23-3-E + 

R+H/-AB-/+H-E RL03+H+30 , +,*-BOD-C03+2E NaHSO4
.SiO2 (3032,233M4 30 ,+B+.0R2BO 

R+H/-,LBOI0G 30G/+J) C .0Q2,GC2 R2G2/-R233-R- .0G0B+D0G-/0 32*/-H-BN+G2BO3-2 MW 

-KBLQ23+2 /20.@+-33-4 ,E2,+ K2D /0,GC-/+G2BJ *-DC-BJ2G C -H3L ,G0H+P *-BLQ0GO 2-

0E+3-*+/+E+H+3M , CM,-.+E+ CMA-H0E+ (,A2E0 34). 9/0H+@+-33M4 ,*-,-K, G/2KLP1+4 

*/-H-BN+G2BO3-R- .+*JQ23+J C */+,LG,GC++ ,+BO3MA -,3-C03+4, 32,-E3233-, E2322 

LH-K23 [67]. '0 *2/C-E FG0*2 G/2A.-E*-323G3-4 .-3H23,0@++, -Q2C+H3-, */-+,A-H+G 

-K/0D-C03+2 ,--GC2G,GCLP1+A A0B.-3-C, .-G-/M2 D0G2E KM,G/- /20R+/LPG , 

RL03+H+3-E, H0C0J E-/I-B+3-,-H2/N01+2 2-0E+3-*+/+E+H+3M. S-*MG.0 CMH2B+GO 

A0B.-3M +D /20.@+-33-4 ,E2,+ -.0D0B0,O 32LH0Q3-4. 92E 32 E2322, -K/0D-C03+2 

*+/+E+H+3-C Q2/2D A0B.-3M *-HGC2/NH02G,J /20.@+24 *-,B2H3+A , R+H/-AB-/+H-E 

RL03+H+30 C */+,LG,GC++ NaHSO4
.SiO2 */+ MW -KBLQ23++ /20.@+-33-4 ,E2,+. 

S/-HL.GM, *-BLQ233M2 , +,*-BOD-C03+2E -K-+A ,*-,-K-C, -H+30.-CM. 90.+E -K/0D-E, 

/20.@+J C.BPQ02G */-E2NLG-Q3-2 -K/0D-C03+2 A0B.-30, 0 I-/E+/-C03+2 

E-/I-B+3-D0E21233MA *+/+E+H+3-C E-N2G */-+,A-H+GO *LG2E 1,4-*/+,-2H+323+J +B+ 

1,2-*/+,-2H+323+J RL03+H+30 . A0B.-3L , *-,B2HLP124 @+.B+D0@+24, ,HC+R-E */-G-30 

+ 0/-E0G+D0@+24 [67]. 

)A2E0 34 
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1.5.6. F#!(H&& I!3('+'J " SP!+&6&+'L J %)&"P8"8J&& (&"3'8 

72322 +DC2,G3M /20.@++ A0B.-3-C , R+H/-AB-/+H-E RL03+H+30, -,L12,GCBJ2EM2 C 

L,B-C+JA .+,B-G3-R- .0G0B+D0. % FG-E ,BLQ02 C .0Q2,GC2 /0,GC-/+G2BJ +,*-BODL2G,J 

57T$, 0 C /20.@+-33LP ,E2,O H-K0CBJ2G,J .-3@23G/+/-C0330J ,-BJ30J .+,B-G0 (,A2E0 

35) [116].  

)A2E0 35 

 

1.5.7. F#!(H&& I!3('+'J " SP!+&6&+'L " '7)!K'J!+&#L 1,6-6&S&6)'%&)&L&6&+'J 

;0. E-N3- D0E2G+GO, *-QG+ C- C,2A CM]2-*+,033MA ,BLQ0JA /20.@++ A0B.-3-C , 

,-BJE+ RL03+H+30 */-G2.0PG H- *-B3-4 0/-E0G+D0@++ -K/0DLP12R-,J *+/+E+H+3-C-R- 

@+.B0. !H30.- C B+G2/0GL/2 +DC2,G3M ,BLQ0+ -K/0D-C03+J 1,6-H+R+H/-*+/+E+H+3-C. YG+ 

,-2H+323+J *-BLQ0B+ .+*JQ23+2E ,--GC2G,GCLP1+A A0B.-3-C + R+H/-AB-/+H0 

RL03+H+30 C E2G03-B2 C */+,LG,GC++ ;!' [117] +B+ 72!Na [118] (,A2E0 36).  

 

)A2E0 36 
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90.+E -K/0D-E, -K-K10J +DB-N233M2 C -KD-/2 B+G2/0GL/3M2 H033M2, E-N3- ,H2B0GO 

,B2HLP1+2 CMC-HM. >20.@++ A0B.-3-C , H+0E+30E+ /0DB+Q3-R- ,G/-23+J +DLQ23M 

H-,G0G-Q3- ]+/-.-. % D0C+,+E-,G+ -G L,B-C+4 ,+3G2D0, ,G/-23+J A0B.-30 + 

+,*-BODL2E-R- .0G0B+D0G-/0, 0G0.0 0E+3-C */-+,A-H+G B+K- *- \-0G-EL LRB2/-H0, B+K- 

*- 0G-EL LRB2/-H0 .0/K-3+BO3-4 R/L**M. 5BJ H+0E+3-C 0B+I0G+Q2,.-R- + 

@+.B-0B+I0G+Q2,.-R- /JH0 - FG+B23H+0E+30 + *+*2/0D+30 - A0/0.G2/3- */+,-2H+323+2 

*- \-0G-EL LRB2/-H0 , -K/0D-C03+2E 0D0-0HHL.G-C 7+A0FBJ. 5BJ !-I23+B23H+0E+30 

+DC2,G3- G-BO.- */+,-2H+323+2 *- LRB2/-HL .0/K-3+BO3-4 R/L**M , -K/0D-C03+2E 

+E+3-C (-,3-C03+4 _+II0). '0+K-B22 +DLQ23M /20.@++ A0B.-3-C , "-

I23+B23H+0E+3-E, */0.G+Q2,.+ C- C,2A ,BLQ0JA */+C-HJ1+2 . K23D--1%-1,5-

H+0D2*+30E. S2/C0J ,G0H+J FG-4 /20.@++ E-N2G */-G2.0GO .0. Q2/2D 0G0.L *- \-0G-EL 

LRB2/-H0, G0. + *- LRB2/-HL .0/K-3+BO3-4 R/L**M, C D0C+,+E-,G+ -G L,B-C+4 /20.@++; 

30 CG-/-4 ,G0H++ C -K-+A ,BLQ0JA */-+,A-H+G C3LG/+E-B2.LBJ/30J @+.B+D0@+J , 

-K/0D-C03+2E H+0D2*+3-C-R- @+.B0.  

'2,E-G/J 30 H-,G0G-Q3- RBLK-.-2 -,C2123+2 /20.@+4 A0B.-3-C , H+0E+30E+ C 

B+G2/0GL/2, +A H0BO324]22 +DLQ23+2 *--*/2N32EL 0.GL0BO3-. =23D-H+0D2*+3M JCBJPG,J 

+DC2,G3ME+ I0/E0.-I-/0E+, + ,*2.G/ +A K+-B-R+Q2,.-4 0.G+C3-,G+ 30,G-BO.- ]+/-., 

QG- +3G2/2, . 3+E 32 LR0,02G LN2 30 */-GJN23++ E3-R+A H2,JG.-C B2G.  

>20.@+JE A0B.-3-C , ,-BJE+ RL03+H+30 G0.N2 */+*+,MC0PG C-DE-N3-,GO */-G2.03+J 

*- E2A03+DE0E 1,2- + 1,4-*/+,-2H+323+J. S/2+EL12,GC233- FG+ /20.@++ */+C-HJG . 2-

0E+3--4,6-H+0/+BD0E21233ME *+/+E+H+30E, -H30.- +DC2,G3M ,BLQ0+ CMH2B23+J 

*/-E2NLG-Q3MA */-HL.G-C FG-4 /20.@++ – H+R+H/-*+/+E+H+3-C. %C2H23+2 -.+,B+G2BJ 

C /20.@+P -H3-C/2E233- , /20R23G0E+ -G./MC02G *LGO . *JG+QB233ME R2G2/-@+.B0E – 

*/-+DC-H3ME +E+H0D-B0, .-G-/M2 -K/0DLPG,J C /2DLBOG0G2 C3LG/+E-B2.LBJ/3-4 

*2/2R/L**+/-C.+. )B2HL2G -GE2G+GO, QG- ,C-K-H30J 0E+3-R/L**0 C *+/+E+H+30A + 

*/-+DC-H3MA +E+H0D-B0 /20.@+-33-,*-,-K30 + E-N2G KMGO *-HC2/R3LG0 

IL3.@+-30B+D0@++; FG- E-N2G /0,]+/+GO */+E2323+2 *+/+E+H+3-C, +DC2,G3MA C 

30,G-J122 C/2EJ .0. I0/E0.-I-/M ]+/-.-R- ,*2.G/0 H24,GC+J. 
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:;<-< 2. -=<1>?/.@$A-1. T?;1UA?F1F?-<00GB B<;C?0?- $ 

/1<>10<>1 1 :D<01/10?> (?EV<W X<$AY) 

 

a2BOP H033-4 /0K-GM JCBJ2G,J +,,B2H-C03+2 CD0+E-H24,GC+J *-B+IG-/+/-C033MA 

A0B.-3-C , H+0E+30E+ 0B+I0G+Q2,.-R-, 0B+@+.B+Q2,.-R- + 0/-E0G+Q2,.-R- /JH0, 0 

G0.N2 , */-+DC-H3ME .0/K0E+H0 – R+H/-AB-/+H-E RL03+H+30, 30*/0CB233-2 30 

*-BLQ23+2 ,-2H+323+4, *2/,*2.G+C3MA HBJ +,*-BOD-C03+J C .0Q2,GC2 BPE+3-I-/-C, 

E-3-E2/-C HBJ I-G-*-B+E2/+D0@++, K+-B-R+Q2,.+ 0.G+C3MA ,-2H+323+4. 

% .0Q2,GC2 +,A-H3MA ,-2H+323+4 C /0K-G2 +,*-BOD-C03M *23G0IG-/I23+B,-H2/N01+2 

A0B.-3M – *23G0IG-/K23D0BO0@2G-I23-3 1! + K23D0BO*23G0IG-/0@2G-I23-3 1b, 

H2.0IG-/D0E21233M4 A0B.-3 1", 0 G0.N2 +A */-+DC-H3M2 - A0B.-3M 1d-i, D0E21233M2 C- 

IG-/+/-C033MA .-BO@0A I23-.,+-, *+*2/+H+3-- + 1,4-H+-.,0-8-0D0,*+/-[4.5]H2@-8-

+BO3-4 R/L**-4 (/+,. 2).  

 

 

 >+,. 2  

 

(D -KD-/0 B+G2/0GL/3MA H033MA - CD0+E-H24,GC++ A0B.-3-C , H+0E+30E+ ,B2HL2G 

32-H3-D30Q3-,GO 30*/0CB23+J FG+A /20.@+4, QG- ,CJD03- , 30B+Q+2E C E-B2.LB2 A0B.-30 

HCLA FB2.G/-I+BO3MA @23G/-C – 0G-E0 LRB2/-H0 .0/K-3+BO3-4 R/L**M + \-0G-E0 

LRB2/-H0 ,-*/JN233-4 , 324 HC-43-4 ,CJD+. (E233- *- FG-4 */+Q+32 A0B.-3M JCBJPG,J 

0EK+H23G3ME+ FB2.G/-I+B0E+ – HBJ 3+A A0/0.G2/3- + 1,2-*/+,-2H+323+2 

(CD0+E-H24,GC+2 *- .0/K-3+BO3-4 R/L**2), + 1,4-*/+,-2H+323+2 (*/+,-2H+323+2 *- 

7+A0FBP . \-0G-EL LRB2/-H0). % ,CJD+ , FG+E A0B.-30E ,C-4,GC233M /20.@++ 

-K/0D-C03+J 0D0-0HHL.G-C 7+A0FBJ + R2G2/-@+.B+D0@++ (C Q0,G3-,G+, , 0/-E0G+Q2,.+E+ 



39!

!

"-H+0E+30E+), -H30.- , 32.-G-/ME+ H+0E+30E+ 30KBPH02G,J -K/0D-C03+2 -,3-C03+4 

_+II0; Q012 FG- */-+,A-H+G C L,B-C+JA .+,B-G3-R- .0G0B+D0.  

'0B+Q+2 *23G0IG-/I23+BO3MA .-B2@ ,-DH02G H-*-B3+G2BO3M2 /20.@+-33M2 @23G/M, 

QG- -KL,B-CB23- CM,-.-4 3L.B2-I+BO3-4 *-HC+N3-,GOP 0G-E-C IG-/0 + B2R.-,GOP +A 

D0E2123+J 30 -,G0G.+ 3L.B2-I+BO3MA /20R23G-C. YG+ /20.@++ E-RLG KMGO +,*-BOD-C03M 

C @2BJA H0BO324]24 IL3.@+-30B+D0@++ A0B.-3-C. %D0+E-H24,GC+2 , 

K+3L.B2-I+BO3ME+ /20R23G0E+, C G-E Q+,B2 , H+0E+30E+ + H+0E+H0E+, */+C-H+G . 

*/0.G+Q2,.+ C0N3ME R2G2/-@+.B+Q2,.+E ,+,G2E0E, 0 C *-B+IG-/+/-C033-E /JHL E-N2G 

,BLN+GO ,*-,-K-E CC2H23+J /0DB+Q3MA IL3.@+-30BO3MA R/L**. 

% .0Q2,GC2 /20R23G-C 30E+ CMK/03M H+0E+3M, ,*-,-K3M2 LQ0,GC-C0GO C /20.@+JA 

*/+,-2H+323+J +B+ R2G2/-@+.B+D0@++, 0 G0.N2 C /20.@+JA 3L.B2-I+BO3-R- D0E2123+J 

IG-/0. ;/-E2 FG-R-, -3+ H-BN3M -KB0H0GO ,*-,-K3-,GOP . H0BO324]24 E-H+I+.0@++, 

*/+C-HJ1+24 . I-G-A+E+Q2,.+ 0.G+C3ME */-HL.G0E. ; G0.+E /20.@+JE -G3-,+G,J 

CC2H23+2 0./+BO3MA R/L**, ,*-,-K3MA . I-G-A+E+Q2,.+E */2C/0123+JE, C Q0,G3-,G+, . 

I-G-*-B+E2/+D0@++, QG- /0,]+/J2G */0.G+Q2,.-2 */+E2323+2 A0B.-3-C C .0Q2,GC2 

E-3-E2/-C C I-G-*-B+E2/3MA .-E*-D+@+JA [119]. >0322 KMB+ *-BLQ23M 0./+B-+BO3M2 

*/-+DC-H3M2 *-B+IG-/A0B.-3-C, D0E21233M2 4-R+H/-.,+*+*2/+H+3-CME+ 

,*24,2/3ME+ R/L**0E+ [120]. !H30.- +DC2,G3-, QG- K-B22 FII2.G+C3ME+ E-3-E2/0E+ 

JCBJPG,J 0./+B0E+HM, *-,.-BO.L -3+ +E2PG 30+BLQ]22 ,--G3-]23+2 E2NHL 

,.-/-,GJE+ /0H+.0BO3-4 *-B+E2/+D0@++ E-3-E2/0 + R+K2B+ /0H+.0B-C [121]. %0N3-2 

E2,G- D03+E0PG /20.@++ R2G2/-@+.B+D0@++. ) LQ2G-E FG+A -K,G-JG2BO,GC 30E+ CMK/03M 

HBJ +,,B2H-C03+J /20.@++ *-B+IG-/D0E21233MA A0B.-3-C , G0.+E+ 0B+I0G+Q2,.+E+ + 

0/-E0G+Q2,.+E+ H+0E+30E+, .0. *+*2/0D+3, FG+B23H+0E+3, "- + !-I23+B23H+0E+3M, 0 

G0.N2 , */-+DC-H3ME .0/K0E+H0 – R+H/-AB-/+H-E RL03+H+30. 

 

2.1. -K!&L'6#,"8J&# %'3&N8')I!3('+'J 1!-" " %&%#)!K&+'L 

% /0K-G2 +,,B2H-C03M /20.@++ *-B+IG-/A0B.-3-C 1!-" , *+*2/0D+3-E, 30*/0CB233M2 

30 CC2H23+2 *+*2/0D+3-R/L**M C- IG-/+/-C033-2 .-BO@- + H0BO324]LP 

IL3.@+-30B+D0@+P HBJ *-BLQ23+J 3-CMA I-G-0.G+C3MA ,-2H+323+4, *2/,*2.G+C3MA 

HBJ +,*-BOD-C03+J C I-G-A+E+Q2,.+A */-@2,,0A [122]. S/0.G+Q2,.-2 */+E2323+2 

0./+B-+BO3MA */-+DC-H3MA *+*2/0D+30 C I-G-*-B+E2/3MA .-E*-D+@+JA +DC2,G3-. 
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VCBJJ,O H+0E+3-E, *+*2/0D+3 E-N2G CD0+E-H24,GC-C0GO , A0B.-30E+ *- -K2+E 

0E+3-R/L**0E. 90., C 32IG-/+/-C033-E /JHL */-+,A-H+G CD0+E-H24,GC+2 *+*2/0D+30 *- 

\-0G-E0E LRB2/-H0 HCLA E-B2.LB A0B.-30 , -K/0D-C03+2E K+,-0D0-0HHL.G0 7+A0FBJ [10-

12]. % ,BLQ02 *-B+IG-/+/-C033MA A0B.-3-C 30/JHL , -K/0D-C03+2E 0HHL.G-C 7+A0FBJ 

C-DE-N3- «,]+C03+2» HCLA + K-B22 E-B2.LB A0B.-3-C C /2DLBOG0G2 D0E2123+J 

*+*2/0D+3-R/L**-4 0G-E-C IG-/0 C /0DB+Q3MA E-B2.LB0A. 5BJ G-R- QG-KM +DK2N0GO 

CD0+E-H24,GC+J *+*2/0D+30 *- -K2+E 0E+3-R/L**0E, C /20.@+JA +,*-BOD-C0B,J 5- +B+ 

10-./0G3M4 (HBJ A0B.-30 1") +DKMG-. *+*2/0D+30. % .0Q2,GC2 /0,GC-/+G2B24 

+,*-BOD-C0B+,O AB-/-I-/E, FG03-B, K23D-B + 57T$ – /0,GC-/+G2B+ /0DB+Q3-4 */+/-HM 

+ *-BJ/3-,G+, .-G-/M2 E-RLG CB+JGO 30 30*/0CB23+2 /20.@++, C G-E Q+,B2 +DE23JGO 

-/+23G0@+P D0E2,G+G2B24 C *2/IG-/I23+BO3-E .-BO@2. (D B+G2/0GL/M +DC2,G3-, QG- HBJ 

*23G0IG-/I23+B,-H2/N01+A A0B.-3-C 1!,b C *-BJ/3MA /0,GC-/+G2BJA (FG03-B, 57T$) 

A0/0.G2/30 /20.@+J 3L.B2-I+BO3-R- D0E2123+J */2+EL12,GC233- !-0G-E0 IG-/0 30 

-,G0G-. 3L.B2-I+B0 [122,123]. % E2322 *-BJ/3MA /0,GC-/+G2BJA (9"T, K23D-B) A0B.-3 

1b -K/0DL2G */-HL.GM "-D0E2123+J [123]. "-!/+23G0@+J ,CJD030 , -K/0D-C03+2E 

@+.B+Q2,.-R- *2/2A-H3-R- ,-,G-J3+J , LQ0,G+2E E-B2.LBM 0E+30 + .0/K-3+BO3-4 

R/L**M A0B.-30 1b, QG- *-CM]02G 3L.B2-I+BO3LP *-HC+N3-,GO "-0G-E0 IG-/0 C 

*23G0IG-/I23+BO3-E .-BO@2 [124]. 5BJ *23G0IG-/K23D0BO0@2G-I23-30 1! G0.0J 

C-DE-N3-,GO +,.BPQ230, + C 32*-BJ/3MA /0,GC-/+G2BJA -3, .0. */0C+B-, 32 -K/0DL2G 

*/-HL.G-C "-D0E2123+J. :0B.-3 1" CD0+E-H24,GCL2G , /JH-E 3L.B2-I+B-C C 

/0,GC-/+G2BJA /0DB+Q3-4 *-BJ/3-,G+, -K/0DLJ */2+EL12,GC233- !,!’-H+D0E2123M2 

*/-HL.GM [123]. 

'0E+ *-.0D03-, QG- */+ .+*JQ23++ A0B.-30 1! , +DKMG.-E *+*2/0D+30 C AB-/-I-/E2 

32 */-+,A-H+G D0E2123+J 0G-E0 IG-/0. '0 -,3-C03++ H033MA ,*2.G/-C V7> 1' + 19F 

*/2-KB0H0P12EL C /20.@+-33-4 ,E2,+ */-HL.GL */+*+,03- ,G/-23+2 K+,-0D0-0HHL.G0 

7+A0FBJ – 3,3'-(*+*2/0D+3-1,4-H++B)-K+,-(*2/IG-/I23+B)-1-I23+B*/-*03-1--30 (2!), 

030B-R+Q3-R- *-BLQ233-EL +D 32IG-/+/-C033-R- A0B.-30 [12] (,A2E0 37). 

 

)A2E0 37  
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)*2.G/ V7> 19F ,-2H+323+J 2! (/+,. 3, ,G/. 41) ,-H2/N+G G/+ ,+R30B0 0G-E-C IG-/0 

*23G0IG-/I23+BO3-4 R/L**M. % ,*2.G/2 V7> 1' (/+,. 4, ,G/. 42) -G,LG,GCLPG ,+R30BM 

*/-G-3-C HC-43-4 ,CJD+, */+30HB2N0124 A0B.-3L 1!, + */+,LG,GCLPG ,+R30BM $%:-

,+,G2EM */-G-3-C */+ [- + \-0G-E0A LRB2/-H0 */-*03-3-C-4 @2*+, -K/0DLP124,J C 

/2DLBOG0G2 */+,-2H+323+J *+*2/0D+3-R/L**M . \-0G-EL LRB2/-H0 A0B.-30 1! (3.58, 3.73 

+ 4.84 E.H., J = 18.0, 8.5 + 6.0 "@). ;/-E2 G-R-, ,*2.G/ ,-H2/N+G ,+R30BM C -KB0,G+ 

0/-E0G+Q2,.+A */-G-3-C + ELBOG+*B2GM */-G-3-C *+*2/0D+3-R/L**M C -KB0,G+ 2.30-

2.65 E.H. )G/-23+2 E-B2.LBM ,-2H+323+J 2! ,-RB0,L2G,J , LE23O]233-4 CHC-2 

+3G23,+C3-,GOP */-G-3-C *+*2/0D+3-C-R- @+.B0 -G3-,+G2BO3- +3G23,+C3-,G+ 

0/-E0G+Q2,.+A */-G-3-C + */-G-3-C $%:-,+,G2EM. )G/L.GL/0 *-HGC2/NH02G,J H033ME+ 

E0,,-,*2.G/0 CM,-.-R- /0D/2]23+J, .-G-/M4 ,-H2/N+G *+. E-B2.LBJ/3-R- +-30 , 

E0,,-4 m/z, ,--GC2G,GCLP124 E-B2.LBJ/3-4 E0,,2 ,-2H+323+J 2!. $30B-R+Q3M4 

/2DLBOG0G KMB *-BLQ23 */+ CD0+E-H24,GC++ A0B.-30 1! , +DKMG.-E *+*2/0D+30 C 

FG03-B2 */+ 20°).  

;+*JQ23+2 C FG03-B2 */+C-H+G, *- H033ME ,*2.G/-C V7>, . ,E2,+ HCLA */-HL.G-C, 

,-H2/N01+A D0E2,G+G2B+ C !-*-B-N23++ *-B+IG-/+/-C033-R- .-BO@0, C ,--G3-]23++ ~ 

8:1. S/2H*-B0R02EM4 ,-,G0C /20.@+-33-4 ,E2,+ */+C2H23 30 ,A2E2 38. 

)A2E0 38* 

  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
* % FG-4 ,A2E2 + H0B22 ,-2H+323+J, D0.BPQ233M2  C  .C0H/0G3M2 ,.-K.+, 32 KMB+ CMH2B23M C +3H+C+HL0BO3-E C+H2, 
3- +H23G+I+@+/-C03M G2E +B+ +3ME ,*-,-K-E C /20.@+-33MA ,E2,JA.!
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'0 /+,. 5 (,G/. 43) + 6 (,G/. 44) */+C2H23M ,*2.G/M V7> /20.@+-33MA ,E2,24. % 

,*2.G/2 V7> 19F +E2PG,J HC2 *0/M ,+R30B-C, A0/0.G2/3MA HBJ !-H+D0E21233MA 

G2G/0IG-/I23+BO3MA .-B2@, */+Q2E ELBOG+*B2G C -KB0,G+ 20.58 E.H., ,LHJ *- 2R- 

+3G23,+C3-,G+, ,-H2/N+G ,+R30BM, */+30HB2N01+2 -K-+E ,-2H+323+JE. 

)*2.G/ V7> 1' ,-H2/N+G ,+R30BM 0/-E0G+Q2,.+A */-G-3-C + */-G-3-C 

*+*2/0D+3-R/L**; ./-E2 G-R-, +E22G,J ELBOG+*B2G C -KB0,G+ 4.71-4.93 E.H., .-G-/M4 

E-N2G KMGO -G32,23 . */-G-3L */+ 0G-E2 )(3) 0D0-0HHL.G0 
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7+A0FBJ *- 030B-R++ , ,-2H+323+2E 2!. )+R30BM */-G-3-C E2G+B23-C-4 R/L**M, *--

C+H+E-EL, ,-C*0H0PG , ,+R30B0E+ */-G-3-C *+*2/0D+3-R/L**M. )--G3-]23+2 

+3G23,+C3-,G24 ,+R30B-C */-G-3-C */+ )(3) + *+*2/0D+3-R/L** ,--GC2G,GCL2G !-

*+*2/0D+3-D0E21233-EL E-3--0D0-0HHL.GL 7+A0FBJ – 1-I23+B-3-(*+*2/0D+3-1-+B)-3-

(2,3,5,6-G2G/0IG-/-4-(*+*2/0D+3-1-+B)I23+B)*/-*03-1--3L (3!). 7+3-/3ME 

.-E*-323G-E ,E2,+ JCBJ2G,J, *--C+H+E-EL, *+*2/0D+3-D0E21233M4 A0B.-3 4!; 30 FG- 

L.0DMC02G 30B+Q+2 C ,*2.G/2 V7> 1' ,+R30B-C */-G-3-C HC-43-4 ,CJD+ A0B.-30 C C+H2 

$%-,+,G2EM */+ 7.78 E.H., -G3-]23+2 +3G23,+C3-,G+ .-G-/MA . +3G23,+C3-,G+ ,+R30B0 

G/2G+Q3-R- */-G-30 ,-2H+323+J 3! */+ 4.88 E.H. ,-,G0CBJ2G ~1:8. >0DH2B+GO *-BLQ233LP 

,E2,O E2G-H0E+ A/-E0G-R/0I++ B+K- *2/2./+,G0BB+D0@++ 32 LH0B-,O.  

!GH2BO3ME -*MG-E *-.0D03-, QG- .+*JQ23+2 K+,-0D0-0HHL.G0 2! , *+*2/0D+3-E C 

FG03-B2 */+C-H+G . -K/0D-C03+P ,E2,+ *+*2/0D+3-D0E21233MA E-3--0D0-0HHL.G0 3! + 

A0B.-30 4! C ,--G3-]23++ 3:2, QG- E-N2G ,C+H2G2BO,GC-C0GO - 32L,G-4Q+C-,G+ 

,-2H+323+J 2! + -K/0G+E-,G+ /20.@++ 7+A0FBJ.  

>20.@+J A0B.-30 1! , *+*2/0D+3-E C 57T$ */+C-H+G, *- H033ME ,*2.G/-C V7>, . 

-K/0D-C03+P ,E2,+ G2A N2 HCLA ,-2H+323+4, 3- , */2-KB0H03+2E !-D0E21233-R- 

A0B.-30 4! (,--G3-]23+2 3!:4! = 1:3) (,A2E0 38). 90.+E -K/0D-E, , G-Q.+ D/23+J 

E0.,+E0BO3-R- CMA-H0 *+*2/0D+3-D0E21233-R- A0B.-30 4! K-B22 *-HA-HJ1+E 

/0,GC-/+G2B2E JCBJ2G,J 57T$.  

5BJ G-R- QG-KM +DK2N0GO -K/0D-C03+J 0D0-0HHL.G-C 7+A0FBJ C /20.@++ , 

*+*2/0D+3-E, KMB0 */2H*/+3JG0 *-*MG.0 *-BLQ+GO A0B.-3 4! C,G/2Q3ME ,+3G2D-E, 

+,A-HJ +D D0C2H-EMA .-E*-323G-C , *+*2/0D+3-D0E21233ME+ *-B+IG-/I23+BO3ME+ 

.-BO@0E+. 90., 30 *2/C-4 ,G0H++ KMB0 */-C2H230 /20.@+J *23G0IG-/K23D0BOH2R+H0 , 

*+*2/0D+3-E , @2BOP *-BLQ23+J !-*+*2/0D+3--G2G/0IG-/K23D0BOH2R+H0, .-G-/M4 

*/2H*-B0R0B-,O H0B22 CC2,G+ C .-3H23,0@+P , 0@2G-I23-3-E. !H30.-, +,A-HJ +D H033MA 

,*2.G/0 V7> 19F, */-HL.G /20.@++ ,-H2/N0B ,E2,O HCLA ,-2H+323+4: HC0 ,+R30B0, 

*/+30HB2N01+2 !-D0E21233-EL G2G/0IG-/I23+BO3-EL .-BO@L, L]+/23M + 

32,+EE2G/+Q3M, *--C+H+E-EL, +D-D0 30B-N23+J ,+R30B-C -K-+A */-HL.G-C. 5033M2 

,*2.G/0 1' *-HGC2/NH0PG, QG- D0E2123+2 IG-/0 30 *+*2/0D+3-R/L**L */-+D-]B-, -K 

FG-E ,C+H2G2BO,GCLPG ,+R30BM */-G-3-C *+*2/0D+3-R/L**M C -KB0,G+ 2.88-3.30 E.H. 

;/-E2 ,+R30B0 */-G-30 0BOH2R+H3-4 R/L**M 30 7.95 E.H., C ,*2.G/2 1' */+,LG,GCL2G 

,+R30B */+ 6.75 E.H. (A0/0.G2/ /0,12*B23+J ,+R30B0 +H23G+Q23 G0.-C-EL L ,+R30B0 */+ 
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5.98, /+,. 7, ,*2.G/ /0,,Q+G03 */-R/0EE-4 ChemBioDraw Ultra), .-G-/M4 E-N2G 

*/+30HB2N0GO */-HL.GL H2.0/K-3+B+/-C03+J 0BOH2R+H0: 

 

01234567
PPM

5.98
3.46

2.78

1.91
2.78

3.46

F

F

F

F

N

NH

 

>+,. 7 

%MH2B+GO !-*+*2/0D+3--G2G/0IG-/K23D0BOH2R+H C +3H+C+HL0BO3-E C+H2 32 LH0B-,O, + 

KMB- */+3JG- /2]23+2 CC2,G+ *-BLQ233LP ,E2,O C .-3H23,0@+P ;BJ4D230-_E+HG0 , 

0@2G-I23-3-E. !H30.- /20.@+J C G+*+Q3MA L,B-C+JA – C C-H3--,*+/G-C-4 12B-Q+ - 32 

*/+C2B0 . ,--GC2G,GCLP12EL A0B.-3L: C ,*2.G/0A V7> 19F + 1' -K30/LN23M ,+R30BM 

G-BO.- +,A-H3MA ,-2H+323+4. 

=23D0BO*23G0IG-/0@2G-I23-3 1b */+ .+*JQ23++ , *+*2/0D+3-E C FG03-B2 -K/0DL2G 

,B-N3LP ,E2,O */-HL.G-C, .-G-/0J, *- H033ME ,*2.G/-C V7>, ,-H2/N+G !- + "-

*+*2/0D+3-D0E21233M2 A0B.-3M 2b, 3b, "-,!-K+,-*+*2/0D+3-D0E21233M4 A0B.-3 4b, 0 

G0.N2, C2/-JG3-, ,--GC2G,GCLP1+2 +E \-0HHL.GM. =-B22 G-Q3- -*/2H2B+GO ,G/-23+2 

*-,B2H3+A 32 */2H,G0CBJ2G,J C-DE-N3ME, *-FG-EL 30 ,A2E2 */+C-H+E L,B-C3LP 

,G/L.GL/L 5b (,A2E0 39).  

%,GL*B23+2 0E+3-R/L**M C "-*-B-N23+2 *2/IG-/I23+BO3-R- .-BO@0 A0/0.G2/3- HBJ 

*-B+IG-/K23D-+B,-H2/N01+A ,-2H+323+4 [123,125]; +DC2,G3-, QG- FG0 /20.@+J B2RQ2 

*/-G2.02G C E0B-*-BJ/3MA /0,GC-/+G2BJA. 5BJ G-R- QG-KM LC2B+Q+GO H-BP "-+D-E2/0 3b 

*- ,/0C323+P , /20.@+24 C ,*+/G2, KMB0 */-C2H230 /20.@+J A0B.-30 1b , *+*2/0D+3-E C 

K23D-B2. !H30.- C FG+A L,B-C+JA G0.N2 -K/0DL2G,J ,E2,O */-HL.G-C, ,/2H+ .-G-/MA 

30/JHL , ,-2H+323+2E 3b */+,LG,GCLPG ",!-K+,(*+*2/0D+3-)D0E21233M4 A0B.-3 4b +, 

*--C+H+E-EL, ","’-H+D0E21233M4 A0B.-3 6b (,A2E0 39), 0 G0.N2, C2/-JG3-, */+E2,+ 0D0-

0HHL.G-C. 5BJ "-*+*2/0D+3-D0E21233-R- A0B.-30 3b A0/0.G2/3- 30B+Q+2 C ,*2.G/2 V7> 
19F Q2GM/2A ,+R30B-C, HBJ ",!-H+D0E21233-R- 4b – G/2A ,+R30B-C /0C3-4 +3G23,+C3-,G+, 

A0B.-3 6b ,-H2/N+G HC0 ,+R30B0 , ,--G3-]23+2E +3G23,+C3-,G24 2:1, ,--GC2G,GCLP1+E 
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-K/0D-E /0,12*B233MA. YG+ L,B-C+J /20.@++ */2H,G0CBJPG +3G2/2, HBJ ,+3G2D0 

K+,(*+*2/0D+3-),-H2/N01+A *-B+IG-/A0B.-3-C, .-G-/M2 E-RLG */+C2,G+ . 

/0DC2GCB233ME 0./+B-+B0E+H3ME ,G/L.GL/0E.  

S/-C2H23+2 /20.@++ A0B.-30 1b , *+*2/0D+3-E C 57T$ G0.N2 */+C-H+G . ,E2,+ 

,-2H+323+4, C .-G-/-4, *- H033ME ,*2.G/-C V7>, */2-KB0H02G A0B.-3 2b; 0D0-0HHL.G 

7+A0FBJ 7b */+,LG,GCL2G C 32K-BO]+A .-B+Q2,GC0A (,A2E0 39).  

 

)A2E0 39 

 

 

;+*JQ23+2 H2.0IG-/A0B.-30 1" , *+*2/0D+3-E C FG03-B2 */+C-H+G . -K/0D-C03+P 

,E2,+, ,-H2/N0124, *- H033ME ,*2.G/-C V7>, !-,"'-,!'-G/+D0E21233M4 A0B.-3 2" + \-

0D0-0HHL.G 3". % 57T$ */+ 20°) C ,E2,+ */-HL.G-C /20.@++ */2-KB0H02G !-,!'-K+,-

*+*2/0D+3-D0E21233M4 A0B.-3 4", G0.N2 */+,LG,GCLPG \-0D0-0HHL.G 5" + 

G/+D0E21233M2 ,-2H+323+J 2" + 3" (,A2E0 40). 
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)A2E0 40 

 

90.+E -K/0D-E, CD0+E-H24,GC+2 *23G0IG-/D0E21233MA A0B.-3-C , *+*2/0D+3-E 

*/+C-H+G . -K/0D-C03+P ,E2,24, ,-H2/N01+A .0. */-HL.GM D0E2123+J 0G-E-C IG-/0 

*+*2/0D+3-R/L**-4, G0. + */-HL.GM */+,-2H+323+J *- \-0G-EL LRB2/-H0 HC-43-4 ,CJD+ 

– 0D0-0HHL.GM 7+A0FBJ. S-,.-BO.L /0DH2B+GO /20.@+-33M2 ,E2,+ 32 LH0B-,O, 0 *-*MG.+ 

*-BLQ+GO *+*2/0D+3-D0E21233M4 A0B.-3 H/LR+E *LG2E 32 */+C2B+ . N2B02E-EL 

/2DLBOG0GL, KMB- */+3JG- /2]23+2 */-C2,G+ 0./+B-+B+/-C03+2 ,LEE0/3MA */-HL.G-C 

/20.@++ , *-,B2HLP1+E CMH2B23+2E 0./+B0E+H-C +D *-BLQ233MA ,E2,24. % ,BLQ02 

A0B.-30 1! C .0Q2,GC2 +,A-H3-4 ,E2,+ 30 ,G0H++ 0./+B-+B+/-C03+J +,*-BOD-C0B,J 

*/-HL.G /20.@++ , *+*2/0D+3-E C 57T$ , 30+K-BO]+E ,-H2/N03+2E 

*+*2/0D+3-D0E21233-R- A0B.-30 4!, 0 C -*MG0A , A0B.-30E+ 1b + 1" 0@+B+/-C03+P 

*-HC2/R0B+ ,E2,+, *-BLQ233M2 C K23D-B2, FG03-B2 + C 57T$. >20.@+P */-C-H+B+ 

CD0+E-H24,GC+2E *-BLQ233MA ,E2,24 , AB-/+,GME 0./+B-+B-E C AB-/+,G-E E2G+B232 C 

*/+,LG,GC++ */-.0B233-R- ;2)!3; ,A2E0 ,+3G2D0 30 */+E2/2 *-BLQ23+J 0./+B0E+H0 5! 

*/+C2H230 3+N2 (,A2E0 41).  

)A2E0 41 
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$30B-R+Q3- *-BLQ23M 0./+B0E+HM +D *+*2/0D+3-D0E21233MA A0B.-3-C 2-4b, 2c + 4" 

– ,-2H+323+J 8-10b, 6" + 7" ,--GC2G,GC233- (/+,. 8, ,G/. 49). $./+B-+B0E+HM CMH2B23M 

+D ,E2,24 E2G-H-E */2*0/0G+C3-4 G-3.-,B-43-4 A/-E0G-R/0I++, CMA-HM 30 CDJGM4 C 

/20.@+P A0B.-3 C HCLA,G0H+43-E ,+3G2D2 ,-,G0CBJPG -G 13 H- 35%.  

)G/-23+2 CMH2B233MA ,-2H+323+4 L,G030CB+C0B+ 30 -,3-C03++ H033MA ,*2.G/-C 

V7> 1H + 19F + E0,,-,*2.G/-C CM,-.-R- /0D/2]23+J. % .0Q2,GC2 */+E2/0 /0,,E-G/+E 

H033M2 ,*2.G/-C V7> 0./+B0E+H0 6c. % ,*2.G/2 V7> 1' (/+,. 9, ,G/. 50) +E2PG,J 

ELBOG+*B2GM 16-G+ */-G-3-C HCLA *+*2/0D+3-R/L** */+ 3.33 + 3.52-3.86 E.H., ,+R30BM 

]2,G+ */-G-3-C HCLA 0./+B-+BO3MA R/L** - HLKB2GM HLKB2G-C */+ 5.71 E.H. , 

.-3,G03G0E+ ,*+3-,*+3-C-R- CD0+E-H24,GC+J J1 =10.5 "@ (G/03,-) + J2 = 1.5 "@ (@+,-), 

*/+ 6.29 E.H. , J1 =16.5 "@ (R2E-) + J2 = 1.5 "@ (G/03,-) + */+ 6.55 E.H. , J1 =16.5 "@ (R2E-) 

+ J2 = 10.5 "@ (G/03,-). )*2.G/ ,-H2/N+G G0.N2 $%-,+,G2EL */-G-3-C HC-43-4 ,CJD+ 

A0B.-30 */+ 7.24 + 7.59 E.H. , JG/03, = 16.5 "@. % ,*2.G/2 V7> 19F (/+,. 10, ,G/. 51) 

*/+,LG,GCLPG Q2GM/2 ,+R30B0 /0C3-4 +3G23,+C3-,G+, */+30HB2N01+2 C-,OE+ 0G-E0E 

IG-/0 C HCLA !-D0E21233MA G2G/0IG-/I23+BO3MA .-BO@0A 10.25 (2F, F3,5); 11.43 (2F, 

F3´,5´); 20.09 (2F, F2,6); 21.63 (2F, F2´,6´). 
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)B2HL2G -GE2G+GO, QG- +D /20.@+-33MA ,E2,24 CG-/-4 ,G0H++ 32 KMB CMH2B23 3+ -H+3 

0./+B-+B0E+H, *-BLQ233M4 +D \-0HHL.G0, QG- E-N2G KMGO /2DLBOG0G-E 32L,G-4Q+C-,G+ 

0HHL.G-C 7+A0FBJ C L,B-C+JA 0./+B-+B+/-C03+J B+K- A/-E0G-R/0I++. a2B2CM2 

*/-HL.GM – E-3--, H+- + G/+0./+B-+B0E+HM *+*2/0D+3-D0E21233MA *-B+IG-/A0B.-3-C 

- LH0B-,O CMH2B+GO C Q+,G-E C+H2. !K/0D-C03+2 30 *2/C-4 ,G0H++ 32L,G-4Q+CMA 0D0-

0HHL.G-C 7+A0FBJ *-HGC2/NH02G,J H033ME+ ,*2.G/-C V7> + B+G2/0GL/3ME+ H033ME+,  

0 G0.N2 .-,C233- *-HGC2/NH23- -K/0D-C03+2E K+,-0D0-0HHL.G0 2! (,A2E0 37, ,G/. 39).  

 

2.2. -K!&L'6#,"8J&# %'3&N8')I!3('+'J 1!-" " M8&3#+6&!L&+'L 

>20.@++ *-B+IG-/A0B.-3-C , FG+B23H+0E+3-E KMB+ +,,B2H-C03M , @2BOP *-BLQ23+J 

0./+B-+B0E+H-C +D FG+B23H+0E+3-D0E21233MA A0B.-3-C + ,/0C323+J +A ,C-4,GC , 

*/-+DC-H3ME+ 0B+@+.B+Q2,.+A 0E+3-C. ;0. ,B2HL2G +D B+G2/0GL/3MA H033MA (,E. 

B+G-KD-/, ,G/. 11,12), CD0+E-H24,GC+2 A0B.-3-C , FG+B23H+0E+3-E E-N2G */-G2.0GO *- 

32,.-BO.+E 30*/0CB23+JE – , -K/0D-C03+2E K+,-0D0-0HHL.G-C 7+A0FBJ + H+0D2*+3-C. % 

,BLQ02 *-B+IG-/A0B.-3-C C-DE-N3- G0.N2 3L.B2-I+BO3-2 D0E2123+2 0G-E-C IG-/0 30 

-,G0G-. FG+B23H+0E+30.  

% .0Q2,GC2 /0,GC-/+G2B24 +,*-BOD-C0B+,O $-R2.,03, FG03-B, 57T$, 0@2G-3+G/+B + 

H+-.,03. >20.@++ */-C-H+B+,O C */+,LG,GC++ -,3-C03+4 (*-G0], G/+FG+B0E+3) + 

Q2GC2/G+Q3-4 ,-B+ 0EE-3+J (9Y=$:), 0 G0.N2 C +A -G,LG,GC+2.  

;+*JQ23+2 ,E2,+ A0B.-30 1! , FG+B23H+0E+3-E C FG03-B2 */+C-H+G . -K/0D-C03+P 

,B-N3-4, 32+H23G+I+@+/L2E-4 ,E2,+, 3+ -H+3 .-E*-323G .-G-/-4 CMH2B+GO 32 LH0B-,O. 

S/+ */-C2H23++ FG-4 /20.@++ C .+*J12E R2.,032 G0.N2 -K/0DL2G,J ,B-N30J ,E2,O 

*/-HL.G-C, +D .-G-/-4 E2G-H-E .-B-3-Q3-4 A/-E0G-R/0I++ LH0B-,O CMH2B+GO !-

FG+B23H+0E+3-D0E21233M4 G2G/0IG-/K23D0BO0@2G-I23-3 6! , -Q23O E0BME CMA-H-E 

(,A2E0 42). S/+ .+*JQ23++ C FG03-B2 C */+,LG,GC++ G/+FG+B0E+30, *- H033ME ,*2.G/0 

V7> 19F, -K/0DL2G,J ,B-N30J ,E2,O */-HL.G-C D0E2123+J !-0G-E-C IG-/0, .-G-/M2 

G0.N2 32 LH0B-,O CMH2B+GO + +H23G+I+@+/-C0GO. % */+,LG,GC++ *-G0]0 C FG03-B2 */+ 

.-E30G3-4 G2E*2/0GL/2 KMB CMH2B23 G-BO.- +,A-H3M4 A0B.-3 1!. S/-C2H23+2 FG-4 N2 

/20.@++ */+ .+*JQ23++ */+C2B- . -K/0D-C03+P ,E2,+, +D .-G-/-4 KMB CMH2B23 G-BO.- 

!-FG-.,+D0E21233M4 A0B.-3 7! (,A2E0 42); 2R- -K/0D-C03+2 E-N3- -KbJ,3+GO 

CD0+E-H24,GC+2E A0B.-30 1! , FG03-B-E C -,3-C3-4 ,/2H2. S/+ +,*-BOD-C03++ 57T$ C 

.0Q2,GC2 /0,GC-/+G2BJ *-,B2 Q2GM/2AQ0,-C-R- *2/2E2]+C03+J */+ .-E30G3-4 



58!

!

G2E*2/0GL/2 *-BLQ230 ,E2,O HCLA */-HL.G-C D0E2123+J !-0G-E-C IG-/0, +D .-G-/-4 KMB 

CMH2B23 , 32CM,-.+E CMA-H-E G2G/0IG-/K23D0BO0@2G-I23-3 6! (,A2E0 42). ;+*JQ23+2 C 

FG03-B2 C */+,LG,GC++ 9Y=$: H02G ,E2,O ,-2H+323+4, C .-G-/-4 30/JHL , +,A-H3ME 

A0B.-3-E, *- H033ME ,*2.G/0 V7> 1', */2H*-B-N+G2BO3- */+,LG,GCL2G H+0D2*+3, 

-H30.- CMH2B+GO 2R- A/-E0G-R/0I+24 32 LH0B-,O. 

)A2E0 42 

 

 

>20.@++ A0B.-30 1b , FG+B23H+0E+3-E C /0DB+Q3MA /0,GC-/+G2BJA (FG03-B, 

0@2G-3+G/+B, 57T$) G0.N2 */+C-HJG . ,B-N3ME, G/LH3- +H23G+I+@+/L2EME ,E2,JE. 

S/+ .-E30G3-4 G2E*2/0GL/2 C 57T$ */-+,A-H+G -K/0D-C03+2 ,E2,+ 32,.-BO.+A 

*/-HL.G-C !-D0E2123+J, +D .-G-/-4 KMB CMH2B23 C ,B2H-CMA .-B+Q2,GC0A G-BO.- K+,-

A0B.-3 11b, «,]+GM4» Q2/2D IG-/+/-C033M2 .-BO@0 E-B2.LB-4 FG+B23H+0E+30 (,A2E0 

43). 

)A2E0 43 

 

 

%D0+E-H24,GC+2 A0B.-30 1" , FG+B23H+0E+3-E C H+-.,032, 0@2G-3+G/+B2, 57T$ C 

*/+,LG,GC++ G/+FG+B0E+30 */+C-H+G . 32+H23G+I+@+/L2EME ,E2,JE.  
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!

$@+B+/-C03+2 A0B.-30 6! -,L12,GCBJB+ CD0+E-H24,GC+2E , 0./+B-+BAB-/+H-E C 

AB-/+,G-E E2G+B232 C */+,LG,GC++ *-G0]0 (,A2E0 44). S/-HL.G 0./+B-+B+/-C03+J 

(,-2H+323+2 8!) *-BLQ23 , CM,-.+E CMA-H-E, 2R- ,G/-23+2 *-HGC2/NH02G,J H033ME+ 

,*2.G/-C V7> 19F + 1' (/+,. 11, 12, ,G/. 55, 56) + E0,,-,*2.G/-E2G/++ CM,-.-R- 

/0D/2]23+J.  

 

)A2E0 44 

 

 

2.3. -K!&L'6#,"8J&# %'3&N8')I!3('+'J 1a-c " !-N#+&3#+6&!L&+'L. 

>20.@++ A0B.-3-C , !-I23+B23H+0E+3-E C 32IG-/+/-C033-E /JHL -,G0PG,J 

E0B-+DLQ233ME+, 0 +DC2,G3M2 H033M2 ,C+H2G2BO,GCLPG - */2+EL12,GC233-E 

-K/0D-C03++ -,3-C03+4 _+II0 [23, 24]. S-B+IG-/+/-C033M2 A0B.-3M 1!-" +E2PG 

H-*-B3+G2BO3M2 /20.@+-33M2 @23G/M - 3L.B2-I+BO3- *-HC+N3M2 0G-EM IG-/0 C 

0/-E0G+Q2,.+A .-BO@0A. %C+HL 32-H3-D30Q3-,G+ /20.@+-33-4 ,*-,-K3-,G+ 

*-B+IG-/A0B.-3-C + C-DE-N3-,G+ CMA-H0 30 */0.G+Q2,.+ C0N3M2 ,-2H+323+J KMB- 

*/2H*/+3JG- +,,B2H-C03+2 CD0+E-H24,GC+2 *-B+IG-/A0B.-3-C , !-I23+B23H+0E+3-E 

[126]. >20.@++ */-C-H+B+ C FG03-B2 + 57T$ .0. C */+,LG,GC++ .0G0B+D0G-/-C (9Y$, 

*-G0]), G0. + C +A -G,LG,GC+2. !-T23+B23H+0E+3 CC-H+B+ C +DKMG.2, LQ+GMC0J 

,.B-33-,GO *-B+IG-/A0B.-3-C . -K/0D-C03+P 0D0-0HHL.G-C 7+A0FBJ + C-DE-N3-,GO 

«,]+C03+J» HCLA + K-B22 E-B2.LB A0B.-30 Q2/2D E-B2.LBL H+0E+30. 

;+*JQ23+2 A0B.-30 1! C FG03-B2 , *JG+./0G3ME +DKMG.-E !-I23+B23H+0E+30 C 

*/+,LG,GC++ 9Y$ C G2Q23+2 4 Q H02G, *- H033ME ,*2.G/-C V7>, ,E2,O A0B.-30 9! + 0D0-

0HHL.G0 10!, D0E21233MA C !-*-B-N23+JA -,G0G.0E+ 0E+30, 0 G0.N2 32D0E21233-R- 0D0-

0HHL.G0 11! C ,--G3-]23++ ~ 46:25:29 (,A2E0 45). 
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!

)A2E0 45 

Ph

O

F

1a

Ph

O F

F
F

F
R

4 Q 9a +EtOH, Et3N, `

1,5 Q

7 Q

1a +
F

9a + 10a

HN NH2

R-H

R =

11a

Ph

O F

F
F

F

R

9a

+

Ph

O F

F
F

F

R

R

10a

1a : 9a : 11a ~ 4 : 22 : 74

+ 11a

9a : 10a : 11a ~ 46 : 25 : 29

9a : 10a ~ 96 : 4 (9a, 72%)
 

5BJ G-R- QG-KM CMJC+GO *-,B2H-C0G2BO3-,GO -K/0D-C03+J */-HL.G-C D0E2123+J + 1,4-

*/+,-2H+323+J C FG+A L,B-C+JA, KMB+ H-*-B3+G2BO3- */-C2H23M ,+3G2DM /0DB+Q3-4 

*/-H-BN+G2BO3-,G+ (1.5 + 7 Q0,-C, ,--G3-]23+2 1! : !-I23+B23H+0E+3 : 9Y$ = 1:5:2). 

!K30/LN23-, QG- *-,B2 32*/-H-BN+G2BO3-R- .+*JQ23+J C ,E2,+ ,-H2/N0G,J +,A-H3M4 

A0B.-3 1! C ,B2H-CMA .-B+Q2,GC0A, !-D0E21233M4 A0B.-3 9! + 32D0E21233M2 E-3-- + 

K+,-0D0-0HHL.GM L,B-C3-4 ,G/L.GL/M 11! (30 */+,LG,GC+2 0D0-0HHL.G-C L.0DMC0PG C 

,*2.G/2 V7> 1' HC0 ,+R30B0 */+ 5.48 + 5.58 E.H. + R/L**0 ,+R30B-C C -KB0,G+ 3.65-4.05 

E.H. - */-G-3M */+ [- + \-0G-E0A LRB2/-H0 C 0HHL.G0A 7+A0FBJ). '0+BLQ]+4 /2DLBOG0G 

H02G ,2E+Q0,-C-2 .+*JQ23+2 /20R23G-C – -K/0DL2G,J */0.G+Q2,.+ 2H+3,GC233M4 */-HL.G 

- 3-[4-(4-0E+3-I23+B0E+3-)-2,3,5,6-G2G/0IG-/I23+B]-1-I23+B*/-*-2-23-1--3 9a , 

32K-BO]-4 */+E2,OP 0D0-0HHL.G0 (,A2E0 45).  

(D CM]2,.0D033-R- E-N3- ,H2B0GO CMC-H, QG- D0E2123+2 IG-/0 C 0D0-0HHL.G2 11! 

*/-+,A-H+G *-,B2 2R- -K/0D-C03+J, 0 , LC2B+Q23+2E C/2E23+ /20.@++ 0D0-0HHL.G 10! 

*/2G2/*2C02G -K/0G3LP /20.@+P (/2G/--7+A0FBJ) + */2C/0102G,J C ,--GC2G,GCLP1+4 !-

D0E21233M4 A0B.-3. 

%D0+E-H24,GC+2 A0B.-30 1b , !-I23+B23H+0E+3-E -,L12,GCBJB+ + C 57T$, QG-KM 

+DK2N0GO */+E2,24 */-HL.G-C "-D0E2123+J, + C FG03-B2, /0,,Q+GMC0J *-BLQ+GO */-HL.G 

*-B+D0E2123+J IG-/0 [122]. >20.@++ */-C-H+B+,O C */+,LG,GC++ G/+FG+B0E+30 + 

.0/K-30G0 .0B+J.  
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!

S/+ .+*JQ23++ C FG03-B2 , *JG+./0G3ME +DKMG.-E !-I23+B23H+0E+30 C */+,LG,GC++ 

9Y$ +,A-H3M4 A0B.-3 1b *-B3-,GOP /0,A-HL2G,J LN2 Q2/2D 2,5 Q, -K/0DLJ ,E2,O 

*/-HL.G-C E-3-- + H+D0E2123+J IG-/0 - A0B.-3-C 12-14b - + 0D0-0HHL.G-C -K124 

,G/L.GL/M 15b (,A2E0 46). ;-B-3-Q3-4 A/-E0G-R/0I+24 +D ,E2,+ KMB CMH2B23 G-BO.- 

A0B.-3 14b, -H30.- *-BLQ+GO 2R- C 030B+G+Q2,.+ Q+,G-E C+H2 32 LH0B-,O.  

 

)A2E0 46 

 

 

(,*-BOD-C03+2 C .0Q2,GC2 /0,GC-/+G2BJ 57T$, .0. + ,B2H-C0B- -N+H0GO, 

*/2H-GC/0102G -K/0D-C03+2 */-HL.G-C "-D0E2123+J: *JG+./0G3M4 +DKMG-. /20R23G0 C 

*/+,LG,GC++ G/+FG+B0E+30 */+C-H+G . *-B3-EL */2C/0123+P +,A-H3-R- A0B.-30 C 

,E2,O */-HL.G-C !-D0E2123+J - A0B.-30 13b + 0D0-0HHL.G0 16b (~ 47:53), +D .-G-/-4 

CMH2B23- ,-2H+323+2 13b , CMA-H-E 18%. 60E23-4 G/+FG+B0E+30 30 *-G0] LH0B-,O 

*-CM,+GO CMA-H ,-2H+323+J 13b H- 80% (,A2E0 47).  

)B2HL2G -GE2G+GO, QG- C /2DLBOG0G2 A/-E0G-R/0I+/-C03+J /20.@+-33-4 ,E2,+ 30 

-.,+H2 0BPE+3+J KMB- CMH2B23- K-BO]22 .-B+Q2,GC- D0E21233-R- A0B.-30 13b, Q2E 

2R- ,-H2/N0B-,O C D0R/LN233-4 30 .-B-3.L ,E2,+. YG- E-N2G KMGO -KbJ,323- G-BO.- 

*/2C/0123+2E 0D0-0HHL.G0 16b C A0B.-3 13b + JCBJ2G,J */JEME *-HGC2/NH23+2E 

32L,G-4Q+C-,G+ \-0D0-0HHL.G-C C L,B-C+JA A/-E0G-R/0I+/-C03+J. 

)A2E0 47 

Ph

O

1b

F Ph

OF
F

F
FR

57T$, 4 Q
Ph

OF
F

F
FR

+

R = NH2HN

R-H
R

13b 16b

Et3N: 13b 18%
K2CO3: 13b 80%  

>20.@+P A0B.-30 1" , !-I23+B23H+0E+3-E */-C-H+B+ C 57T$ C */+,LG,GC++ 

G/+FG+B0E+30 + *-G0]0. !K30/LN23-, QG- C */+,LG,GC++ G/+FG+B0E+30 */+ 4-./0G3-E 
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!

E-BO3-E +DKMG.2 !-I23+B23H+0E+30 -K/0DL2G,J C 32K-BO]-E .-B+Q2,GC2 !,!'-

H+D0E21233M4 A0B.-3 8" C ,E2,+ , 32+H23G+I+@+/-C033ME ,-2H+323+2E. <C2B+Q23+2 

+DKMG.0 !-I23+B23H+0E+30 H- H2,JG+./0G3-R- H02G ,E2,O ,-2H+323+J 8" + 

*/2H*-B-N+G2BO3- 9" + *-DC-BJ2G *-CM,+GO ,-H2/N03+2 A0B.-30 8", 0 C0/O+/-C03+2 

*/-H-BN+G2BO3-,G+ /20.@++ *-.0DMC02G, QG- LC2B+Q23+2 C/2E23+ /20.@++ CM]2 4 Q0,-C 

D30Q+G2BO3-R- CB+J3+J 30 ,--G3-]23+2 */-HL.G-C 32 -.0DMC02G (,A2E0 48).  

% 57T$ C */+,LG,GC++ *-G0]0 G0.N2 -K/0DL2G,J *-H-K30J ,E2,O ,-2H+323+4 8" + 9", 

3- ,L12,GC233- *-CM,+GO CMA-H A0B.-30 8" 32 LH02G,J (,A2E0 48).  

;0. + C /20.@+JA , *+*2/0D+3-E, 0D0-0HHL.GM 32 KMB+ CMH2B23M +D /20.@+-33MA 

,E2,24, *-FG-EL ,G/L.GL/M \-0D0-0HHL.G-C */2H*-B-N+G2BO3M. 

)A2E0 48 

 

%D0+E-H24,GC+2E *-BLQ233MA A0B.-3-C 9!, 13b + 8" , 0./+B-+BAB-/+H-E 

,+3G2D+/-C03M 0./+B-+B0E+HM 12!, 17b + 10" (,A2E0 49). )B2HL2G -GE2G+GO, QG- C ,CJD+ 

, 30B+Q+2E 0E+H3-4 ,CJD+ C +A E-B2.LB0A -3+ -KB0H0PG 3+D.-4 /0,GC-/+E-,GOP.  

)A2E0 49 
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!

90.+E -K/0D-E, /20.@++ *-B+IG-/A0B.-3-C 1!-" , !-I23+B23H+0E+3-E C FG03-B2 +B+ 

C 57T$ */-G2.0PG C */+,LG,GC++ -,3-C3MA /20R23G-C – G/+FG+B0E+30 +B+ .0/K-30G0 

.0B+J – + */+C-HJG */2+EL12,GC233- . */-HL.G0E D0E2123+J IG-/0 C 

*2/IG-/I23+BO3MA .-BO@0A. % /JH2 ,BLQ02C /20.@++ D0E2123+J ,-*/-C-NH0PG,J 

-K/0D-C03+2E 0D0-0HHL.G-C. 

2.4. -K!&L'6#,"8J&# %'3&N8')I!3('+'J 1a-i " "-N#+&3#+6&!L&+'L 

(DC2,G3-, QG- A0B.-3M /20R+/LPG , "-I23+B23H+0E+3-E , -K/0D-C03+2E 

R2G2/-@+.B+Q2,.+A ,-2H+323+4 – K23D--1,5-H+0D2*+3-C, ]+/-.- +DC2,G3MA 

I0/E0.-I-/-C (,E. B+G-KD-/, ,G/. 13-23). ;0. *-.0D03- C /0K-G2 [33], C */+,LG,GC++ 

0E+3-C (*+*2/+H+30) C30Q0B2 30KBPH02G,J -K/0D-C03+2 0D0-0HHL.G-C 7+A0FBJ, .-G-/M2 

H0B22 C L,B-C+JA /20.@++ */2C/010PG,J C K23D--1,5-H+0D2*+3M. S/+ +,*-BOD-C03++ 

.0G0B+D0G-/-C +3-R- G+*0 (30*/+E2/, G/+IB0GM R0BB+J + F/K+J) E2A03+DE /20.@++ 

*/2H*-B0R02G *2/C-30Q0BO3-2 -K/0D-C03+2 -,3-C03+4 _+II0 + +A *-,B2HLP1LP 

R2G2/-@+.B+D0@+P C K23D--1,5-H+0D2*+3M [57,58]. % B+G2/0GL/2 G0.N2 C,G/2Q0PG,J 

H033M2 - *-BLQ23++ -,3-C03+4 _+II0 (/20.@++ C */+,LG,GC++ .+,B-G) – */-HL.G-C 

0G0.+ "-I23+B23H+0E+30 *- 0G-EL LRB2/-H0 .0/K-3+BO3-4 R/L**M A0B.-30 [23,51]. % 

*-B+IG-/+/-C033MA A0B.-30A +E2PG,J H-*-B3+G2BO3M2 /20.@+-33M2 @23G/M – 

3L.B2-I+BO3- *-HC+N3M2 0G-EM IG-/0 C- IG-/+/-C033MA .-BO@0A, QG- H2B02G 

C2/-JG3ME */-G2.03+2 /20.@++ D0E2123+J IG-/0 30 -,G0G-. /20R23G0 (,/. [127]). 90.+E 

-K/0D-E, C /20.@+JA *-B+IG-/+/-C033MA A0B.-3-C , "-I23+B23H+0E+3-E E-N3- KMB- 

-N+H0GO, C D0C+,+E-,G+ -G +,*-BODL2E-R- .0G0B+D0G-/0, -K/0D-C03+2 0D0-0HHL.G-C 

7+A0FBJ, -,3-C03+4 _+II0, K23D--1,5-H+0D2*+3-C, 0 G0.N2 */-HL.G-C D0E2123+J 

IG-/0. 

% 30,G-J124 /0K-G2 +,,B2H-C03M /20.@++ A0B.-3-C 1a-i (/+,. 2, ,G/. 37) , "-

I23+B23H+0E+3-E; -,3-C3M2 /2DLBOG0GM */2H,G0CB23M C ,G0GOJA [126, 128]. >20.@++ 

*/-C-H+B+,O C FG+B-C-E, +D-*/-*+B-C-E, $-KLG+B-C-E + &'(&-KLG+B-C-E ,*+/G0A C 

*/+,LG,GC++ /0DB+Q3MA .0G0B+D0G-/-C - G/+FG+B0E+30 (TYA), ,-BJ3-4 .+,B-GM, AB-/+H0 

G/+FG+BK23D+B0EE-3+J (TY=A:) + 4-H+H0 G2G/0KLG+B0EE-3+J (9=$(), .-G-/M2 

*/+E23JB+,O C +DKMG.2 +B+ C .0G0B+G+Q2,.+A .-B+Q2,GC0A. "-T23+B23H+0E+3 

+,*-BOD-C0B,J C +DKMG.2 (7 F.C.), QG-KM +DK2N0GO '',]+C03+J'' +D HCLA +B+ K-B22 E-B2.LB 

A0B.-3-C, 0 G0.N2 , @2BOP LC2B+Q23+J CMA-H-C, *-,.-BO.L C /0K-G2 [33] -GE2Q02G,J, QG- 

*/+ +DKMG.2 "-I23+B23H+0E+30 -3+ D0E2G3- C-D/0,G0PG.  



67!

!

S-.0D03-, QG- ,-,G0C /20.@+-33-4 ,E2,+ D0C+,+G -G ,G/L.GL/M +,A-H3-R- A0B.-30 + 

L,B-C+4 /20.@++. S/+ CD0+E-H24,GC++ *23G0IG-/K23D0BO0@2G-I23-30 1a , +DKMG.-E "-

I23+B23H+0E+30 C .+*J12E FG03-B2 C */+,LG,GC++ 9Y$ D0 5 Q -K/0DL2G,J ,E2,O 

+,A-H3-R- A0B.-30 1! C  D30Q+G2BO3-E .-B+Q2,GC2 + HCLA ,-2H+323+4 - 0D0-0HHL.G0 13! + 

K23D--1,5-H+0D2*+30 14! (,A2E0 50). <C2B+Q23+2 C/2E23+ /20.@++ H- 28 Q */+C2B- . 

-K/0D-C03+P -H3-R- */-HL.G0 - K23D--1,5-H+0D2*+30 14!, .-G-/M4 KMB CMH2B23 , 

CMA-H-E 67%.  

92G/0IG-/A0B.-3M 1d-f , D0E2,G+G2BJE+ C !-*-B-N23++ IG-/+/-C033MA .-B2@ C2HLG 

,2KJ C /20.@+JA , "-I23+B23H+0E+3-E C */+,LG,GC++ 9Y$ *-H-K3- A0B.-3L 1!. S/+ 

.+*JQ23++ C FG03-B2 C */+,LG,GC++ 9Y$ C G2Q23+2 5 Q, 32,E-G/J 30 D30Q+G2BO3M4 

+DKMG-. H+0E+30, 32 */-+,A-H+G *-B3-R- */2C/0123+J +,A-H3MA A0B.-3-C. 

>20.@+-33M2 ,E2,+ 30/JHL , +,A-H3ME+ A0B.-30E+ ,-H2/N0G 0D0-0HHL.GM 7+A0FBJ 2d-f 

+ K23D--1,5-H+0D2*+3M 3d-f. !H30.- A0B.-3M 3e,f, ,-H2/N01+2 *+*2/+H+3-R/L**M C- 

IG-/+/-C033-E .-BO@2, 32 /0,A-HLPG,J *-B3-,GOP H0N2 D0 21-28 Q. YG- E-N2G KMGO 

-KL,B-CB23- FB2.G/-3-H-3-/3ME CB+J3+2E *+*2/+H+3-R/L**M C G2G/0IG-/I23+BO3-E 

.-BO@2, ,3+N0P1+E 2R- 0.@2*G-/3-,GO +, .0. ,B2H,GC+2, FB2.G/-I+BO3-,GO ,-,2H32R- \-

0G-E0 LRB2/-H0 (,A2E0 50).  

)A2E0 50 

 

 

)-2H+323+2 13! 32 LH0B-,O CMH2B+GO +D /20.@+-33-4 ,E2,+; *--C+H+E-EL, -3- 

32H-,G0G-Q3- ,G0K+BO3-. )G/L.GL/0 13! KMB0 L,G03-CB230 C ,E2,+ */-HL.G-C /20.@++ 30 

-,3-C03++ ,*2.G/-C V7>, .-G-/M2 *-H-K3M ,*2.G/0E K+,-0D0-0HHL.G0, *-BLQ233-R- +D 



68!

!

A0B.-30 1! + *+*2/0D+30 [122], 0 G0.N2 G+0-0HHL.G0 [127]. % ,*2.G/2 V7> 1H (/+,. 13, 

,G/. 63) . ,+R30B0E 0D0-0HHL.G0 13a -G3-,JG,J ABX-,+,G2E0 ,+R30B-C - ELBOG+*B2G CH-

*/-G-30 */+ 5.55 E.H. + HC0 HLKB2G0 HLKB2G-C */-G-3-C ,-,2H324 CH2-R/L**M */+ 3.57 + 

3.81 E.H. , .-3,G03G0E+ 17.0 + 7.2 "@. ;/-E2 G-R-, ,-2H+323+P 13! */+30HB2N0G HLKB2G 

NH-R/L**M */+ 3.97 E.H. , J = 11 "@ + ELBOG+*B2GM 0/-E0G+Q2,.+A */-G-3-C. % ,*2.G/2 

V7> 19F . ,-2H+323+P 13! -G3-,JG,J G/+ ,+R30B0 *23G0IG-/I23+BO3-4 R/L**M */+ 

0.22, 6.63 + 18.50 E.H. (/+,. 14, ,G/. 64). $D0-0HHL.GM 2d-f, .0. + 0D0-0HHL.G 13!, 32 KMB+ 

CMH2B23M +D /20.@+-33MA ,E2,24; *--C+H+E-EL, -3+ G-N2 32H-,G0G-Q3- ,G0K+BO3M. 

S/2H*-B0R02EM2 ,G/L.GL/M ,-2H+323+4 2d-f L,G03-CB23M C /20.@+-33MA ,E2,JA *- 

H033ME ,*2.G/-C V7> 030B-R+Q3- ,-2H+323+P 13!. 

=23D0BO*23G0IG-/0@2G-I23-3 1b + 2R- */-+DC-H3M2 - A0B.-3M 1g-i - , "-

I23+B23H+0E+3-E C G2A N2 L,B-C+JA 32 /20R+/LPG. YG- E-N2G KMGO -KbJ,323- 

E23O]+E CB+J3+2E *-B+IG-/I23+BO3MA R/L** 30 FB2.G/-I+BO3-,GO \-C-0G-E0 C 

A0B.-30A 1b,g-i *- ,/0C323+P , 1! + 2R- D0E21233ME+ */-+DC-H3ME+ 1d-f, *-,.-BO.L 

*2/IG-/I23+BO3-2 .-BO@- /JH-E , .0/K-3+BO3-4 R/L**-4 32 B2N+G C *B-,.-,G+ 

,-*/JN23+J (30*/+E2/, HCLR/033M4 LR-B C C6F5COCH3 ,-,G0CBJ2G -.-B- 57° [125] + 

60.3° C H2.0IG-/A0B.-32 [129]). 52.0IG-/A0B.-3 1" -K/0DL2G ,B-N3LP 

32+H23G+I+@+/L2ELP ,E2,O */-HL.G-C.  

;+*JQ23+2 *23G0IG-/K23D0BO0@2G-I23-30 1! , +DKMG.-E "-I23+B23H+0E+30 C 

*/+,LG,GC++ TY=$: C +D-*/-*03-B2 H02G ,E2,O K23D--1,5-H+0D2*+30 14! + ,-2H+323+J , 

32-N+H033-4 ,G/L.GL/-4 - 1,2,3,4-G2G/0IG-/-60-I23+B-6a,7-H+R+H/-K23D+E+H0D-[1,2-

#]A+3-B+30 15!. 92G/0IG-/K23D0BO0@2G-I23-3M 1d-f /20R+/LPG C FG+A L,B-C+JA 

030B-R+Q3- + -K/0DLPG ,E2,+ K23D--1,5-H+0D2*+3-C 3d-f + *-B+IG-/-60-I23+B-60,7-

H+R+H/-K23D+E+H0D-[1,2-a]A+3-B+3-C 4d-f (,A2E0 51); 30 ,A2E2 */+C2H23M ,--G3-]23+J 

*/-HL.G-C *- H033ME ,*2.G/-C V7> 19F.  
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72!

!

52.0IG-/A0B.-3 1c -K/0DL2G HC0 030B-R+Q3MA */-HL.G0 – K23D-H+0D2*+3 11" + 

K23D+E+H0D-A+3-B+3 12" (,A2E0 51) – 30/JHL ,- ,B2H-CME+ .-B+Q2,GC0E+ 

E3-R-Q+,B233MA 32+H23G+I+@+/L2EMA */+E2,24, QG- JCBJ2G,J */+Q+3-4 3+D.-R- 

CMA-H0. 

)A2E0 51 

 

(,*-BOD-C03+2 .0G0B+G+Q2,.+A .-B+Q2,GC TY=$: (10% E-BO3. -G .-B+Q2,GC0 

A0B.-30) 32 E23J2G ,L12,GC233- ,--G3-]23+2 .-B+Q2,GC0 K23D--1,5-H+0D2*+3-C + 

K23D+E+H0D-A+3-B+3-C, 3- */+ FG-E -,G02G,J K-BO]2 +,A-H3MA A0B.-3-C, .-G-/M2 

L,B-N3JPG A/-E0G-R/0I+Q2,.-2 /0DH2B23+2 /20.@+-33-4 ,E2,+.  

)G/L.GL/M K23D--1,5-H+0D2*+30 14! + K23D+E+H0D-A+3-B+30 15! L,G03-CB23M *- 

H033ME >)$ (/+,. 15) + ,-RB0,LPG,J , H033ME+ ,*2.G/-C V7>. 

 

 

                              14!                                                        15! 

>+,. 15 



73!

!

)*2.G/ V7> 19F ,-2H+323+J 15! ,-H2/N+G Q2GM/2 ,+R30B0 /0C3-4 +3G23,+C3-,G+ 

(/+,. 16, ,G/. 67). % ,*2.G/2 V7> 1H +E2PG,J HC0 HLKB2G0 */-G-3-C HC-43-4 ,CJD+ (6.38 

+ 6.75 E.H., J = 9.9 "@), ,+3RB2G NH-R/L**M */+ 4.42 E.H. + ELBOG+*B2GM 0/-E0G+Q2,.+A 

*/-G-3-C (/+,. 17, ,G/. 68). 

!K/0D-C03+2 ,-2H+323+J 15! E-N3- -KbJ,3+GO C3LG/+E-B2.LBJ/3-4 @+.B+D0@+24 

*2/C-30Q0BO3- -K/0DLP12R-,J K23D--1,5-H+0D2*+30 14! *LG2E D0E2123+J "-0G-E0 IG-/0 

NH-R/L**-4 + C-D3+.3-C23+2E 32,G0K+BO3-R- */-E2NLG-Q3-R- G2G/0@+.B+Q2,.-R- 

,-2H+323+J 16!; *-,B2H322 *-HC2/R02G,J ,.2B2G3-4 *2/2R/L**+/-C.2 C 15a (,A2E0 52). % 

*/-@2,,2 */-C2/.+ FG-4 R+*-G2DM KMB- -K30/LN23-, QG- K23D--1,5-H+0D2*+3 14! */+ 

.+*JQ23++ C +D-*/-*03-B2 C G2Q23+2 32*/-H-BN+G2BO3-R- C/2E23+ *-QG+ *-B3-,GOP 

*/2C/0102G,J C ,-2H+323+2 15! .0. C L,B-C+JA /20.@++, G0. + C -G,LG,GC+2 9Y=$:. 

 

)A2E0 52 

 

 

'0 -,3-C03++ FG-R- E-N3- LGC2/NH0GO, QG- 9Y=$:, 32,-E3233-, +R/02G /-BO 

.0G0B+D0G-/0 30 ,G0H++ -K/0D-C03+J K23D--1,5-H+0D2*+30 14!, 3- 32 +E22G -G3-]23+J . 

*/-@2,,L *2/2R/L**+/-C.+ *-,B2H32R- C K23D+E+H0D-A+3-B+3 15!. ) H/LR-4 ,G-/-3M, 

FG+ H033M2 *-H3+E0PG C-*/-,, *-Q2EL C */+,LG,GC++ G/+FG+B0E+30 +D A0B.-30 1! 

-K/0DL2G,J K23D--1,5-H+0D2*+3 14!, 3- 32G ,B2H-C */+,LG,GC+J K23D+E+H0D-A+3-B+30 

15!. %-D3+.02G */2H*-B-N23+2, QG- 9Y$ */2*JG,GCL2G */-@2,,L *2/2R/L**+/-C.+. % 

,CJD+ , FG+E KMB+ */-C2H23M H-*-B3+G2BO3M2 F.,*2/+E23GM – .+*JQ23+2 K23D--1,5-

H+0D2*+30 14! */-C-H+B-,O C */+,LG,GC++ 9Y$ (G/2G+Q3-R- 0E+30) + *+*2/+H+30 

(CG-/+Q3-R- 0B+@+.B+Q2,.-R- 0E+30). % -K-+A ,BLQ0JA -K/0D-C03+J 

K23D+E+H0D-A+3-B+30 15! 32 */-+,A-H+G, QG- *-HGC2/NH02G */2H*-B-N23+2 - 

*-H0CB23++ 0E+30E+  */-@2,,0 *2/2R/L**+/-C.+, 3-, . ,-N0B23+P, 32 */-J,3J2G 

E2A03+DE0 +3R+K+/-C03+J.



74!

!
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78!

!

$BOG2/30G+C3ME ,*-,-K-E -K/0D-C03+J 15! E-N2G KMGO *2/C-30Q0BO3-2 1,2-

CD0+E-H24,GC+2 "-I23+B23H+0E+30 *- .0/K-3+BO3-4 R/L**2, .-G-/-2 */+C-H+G . +E+3L 

17!, 0 D0G2E . @+.B+Q2,.-EL 0E+30BP 18!, .-G-/M4 -K/0DL2G ]2,G+QB233M4 @+.B D0 ,Q2G 

C3LG/+E-B2.LBJ/3-R- D0E2123+J IG-/0 (,A2E0 53).  

)A2E0 53 

 

90.0J *-,B2H-C0G2BO3-,GO -K/0D-C03+J ,-2H+323+J 15! */2H,G0CBJ2G,J E2322 

C2/-JG3-4 *- ,B2HLP1+E */+Q+30E. %--*2/CMA, .0. */0C+B-, A0B.-3M /20R+/LPG , "-

I23+B23H+0E+3-E 30 *2/C-E FG0*2 *- G+*L ,-*/JN233-R- 1,4-*/+,-2H+323+J [33], 3- 32 

1,2-*/+,-2H+323+J. %--CG-/MA, ,G2/+Q2,.+2 D0G/LH323+J + D30Q+G2BO30J LH0B233-,GO 

NH-R/L**M -G *-B+IG-/+/-C033-R- .-BO@0, -KL,B-CB2330J &-.-3I+RL/0@+24 A0B.-30 

1! + 2R- */-+DC-H3MA, G0.N2 E-RLG */2*JG,GC-C0GO @+.B+D0@++ 18! C 15!.  

&12 -H+3 C-DE-N3M4 *LGO . ,-2H+323+P 15! - /0,./MG+2 R2G2/-@+.B0 C 

K23D-H+0D2*+32 14! *- /20.@++ /2G/--7+A0FBJ, C3LG/+E-B2.LBJ/3-2 D0E2123+2 "-0G-E0 

IG-/0 0E+3-R/L**-4 + D0EM.03+2 ,CJD+ N-C C -K/0DLP12E,J 9-QB233-E @+.B2. !H30.- 

FG-G *LGO G0.N2 E0B-C2/-JG23, *-,.-BO.L K23D-H+0D2*+3M JCBJPG,J ,G0K+BO3ME+ 

,-2H+323+JE+ + H033M2 - /20.@+JA /2G/--7+A0FBJ C 3+A -G,LG,GCLPG. 

72A03+DE H24,GC+J 9Y=$: .0. .0G0B+D0G-/0 /20.@+4 A0B.-3-C , "-

I23+B23H+0E+3-E G/LH3- */2H*-B-N+GO, *-,.-BO.L */-@2,, JCBJ2G,J R-E-R233ME. 92E 

32 E2322, C B+G2/0GL/2 +DC2,G3- */+E2323+2 9Y=$: .0. .0G0B+D0G-/0 HBJ *-BLQ23+J 

1,5-H+0D2*+3-C [130].  

'0E+ KMB0 */-C2H230 /20.@+J A0B.-30 1! , "-I23+B23H+0E+3-E C */+,LG,GC++ 

H/LR-4 Q2GC2/G+Q3-4 ,-B+ 0EE-3+J - 9=$(. !K30/LN23-, QG- /20.@+J */-G2.02G 

,A-H3ME -K/0D-E , 9Y=$: + */+C-H+G . -K/0D-C03+P ,E2,+ G2A N2 */-HL.G-C – 

K23D-H+0D2*+30 14! + K23D+E+H0D-A+3-B+30 15!, A-GJ + C 32,.-BO.- +3-E ,--G3-]23++ 

(37% +,A-H3-R- A0B.-30, 35% K23D-H+0D2*+30 14a + 28% K23D+E+H0D-A+3-B+30 15a). 

YG+ /2DLBOG0GM *-DC-BJPG ,H2B0GO CMC-H, QG- Q2GC2/G+Q3M2 ,-B+ 0EE-3+J E-RLG 

L,*2]3- +,*-BOD-C0GO,J .0. .0G0B+D0G-/M C ,+3G2D2 K23D-H+0D2*+3-C + 

K23D+E+H0D-A+3-B+3-C. 
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(,*-BOD-C03+2 C /20.@++ A0B.-30 1! , "-I23+B23H+0E+3-E C */+,LG,GC++ 9Y=$: C 

.0Q2,GC2 /0,GC-/+G2BJ H/LR+A ,*+/G-C – $-KLG03-B0 + &'(&-KLG03-B0 - G0.N2 */+C-H+G . 

-K/0D-C03+P */-HL.G-C *-H-K3-R- ,-,G0C0, -H30.- FG+ ,*+/GM E2322 LH-K3M */+ 

-K/0K-G.2 /20.@+-33MA ,E2,24 +D-D0 K-B22 CM,-.-4 G2E*2/0GL/M .+*23+J +B+ E23O]24 

/0,GC-/+E-,G+ C C-H2.  

)*2.G/M V7> ,-2H+323+4 3d-f + 4d-f ,--GC2G,GCLPG +A ,G/L.GL/0E + +E2PG C+H, 

030B-R+Q3M4 ,*2.G/0E ,-2H+323+4 14! + 15!, ,G/L.GL/M .-G-/MA H-,G-C2/3- 

L,G03-CB23M *- H033ME >)$ + *-HGC2/NH0PG,J H033ME+ E0,,-,*2.G/-C CM,-.-R- 

/0D/2]23+J + FB2E23G3-R- 030B+D0. 

S/2H,G0CBJB-,O +3G2/2,3ME CMJ,3+GO, H-,G0G-Q3- B+ -H3-R- "'&"-0G-E0 IG-/0 C 

E-B2.LB2 +,A-H3-R- A0B.-30 HBJ */-G2.03+J C3LG/+E-B2.LBJ/3-4 @+.B+D0@++ C 

K23D+E+H0D-A+3-B+3. 5BJ FG-4 @2B+ KMB0 */2H*/+3JG0 *-*MG.0 *-BLQ+GO 2,4-

H+I23-.,+-3,5,6-G/+IG-/A0B.-3. !H30.- -3 -K/0DL2G,J C ,E2,+ , */-HL.G0E+ E-3-- + 

G/+D0E2123+J, /0DH2B23+2 .-G-/-4 -.0D0B-,O K2DL,*2]3ME. <C2B+Q23+2 .-B+Q2,GC0 

I23-B0 + */-H-BN+G2BO3-,G+ /20.@++ *-DC-B+B- *-BLQ+GO C +3H+C+HL0BO3-E C+H2 , 

A-/-]+E CMA-H-E 2,4,6-G/+I23-.,+-3,5-H+IG-/A0B.-3, .-G-/M4 C /20.@++ , "-

I23+B23H+0E+3-E H02G G-BO.- ,--GC2G,GCLP1+4 K23D-H+0D2*+3; */-HL.G0 

*2/2R/L**+/-C.+ K23D-H+0D2*+30, .0. + */2H*-B0R0B-,O, 32 30KBPH02G,J (,A2E0 54). 

 

)A2E0 54 

 

=23D0BO*23G0IG-/0@2G-I23-3 1b + 2R- */-+DC-H3M2 K23D0BOG2G/0IG-/0@2G-I23-3M 

1g-i C FG+A N2 L,B-C+JA -K/0DLPG G-BO.- K23D--1,5-H+0D2*+3M 18b & 2g-i, 32 ,*-,-K3M2 . 

D0E2123+P "-IG-/0, *-,.-BO.L IG-/+/-C033-2 .-BO@- + 0E+3-R/L**0 LH0B23M H/LR -G 

H/LR0 (,A2E0 55). %MA-HM CMH2B233MA */-HL.G-C 32CM,-.+ (,A2E0 55), A-GJ ,-H2/N03+2 

+A C ,E2,JA -,3-C3-2. '0/JHL , K23D--1,5-H+0D2*+30E+ 1g-i */+,LG,GCLPG +,A-H3M2 

A0B.-3M (H- 25%), 0 G0.N2 */+E2,+ 32+H23G+I+@+/-C033MA */-HL.G-C. 
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)A2E0 55 

 

S-,.-BO.L KMB- -K30/LN23-, QG- *-B+IG-/+/-C033M2 A0B.-3M E-RLG -K/0D-CMC0GO C 

/20.@+JA , "-I23+B23H+0E+3-E C D0C+,+E-,G+ -G +,*-BODL2E-R- .0G0B+D0G-/0 

/0DB+Q3M2 */-HL.GM, KMB- /2]23- */-C2,G+ /20.@+P C */+,LG,GC++ .+,B-GM. % 

B+G2/0GL/2 +DC2,G23 .0G0B+D ,2/3-4 .+,B-G-4, -H30.-, -*0,0J,O /0DB-N23+J 

*-B+IG-/A0B.-3-C C */+,LG,GC++ ,G-BO ,+BO3-4 .+,B-GM + -.+,B+G2BJ, EM D0E23+B+ 22 

,-BJ3-4 .+,B-G-4. :0B.-3 1! , "-I23+B23H+0E+3-E C */+,LG,GC++  HCl -K/0DL2G ,E2,O 

,-2H+323+4 14! + 15! C ,--G3-]23++ 1:1, 0 A0B.-3 1" - G-BO.- H+0D2*+3 11" , 

E3-R-Q+,B233ME+ */+E2,JE+ C ,B2H-CMA .-B+Q2,GC0A (,A2E0 56).  

 

)A2E0 56 

15a

N

H
N Ar

F

F F

F1a,c

NH2

NH2
N
H

N
Ar

14a, 11c

HCl
i-PrOH,

Ar

O

F
F

Ar = C6H5 (a)
Ar = C6F5 (c)

 

:0B.-3 1b C FG+A L,B-C+JA -K/0DL2G ,B-N3LP 32+H23G+I+@+/L2ELP ,E2,O. 

)B2HL2G -GE2G+GO, QG- C- C,2A ,+3G2D0A C */+,LG,GC++ ,-BJ3-4 .+,B-GM */-+,A-H+G 

D30Q+G2BO30J *-G2/J -K/0DLP1+A,J */-HL.G-C, C-DE-N3-, D0 ,Q2G -K/0D-C03+J 

/0,GC-/+EMA ,-2H+323+4 +B+ /0DB-N23+J A0B.-3-C B+K- */-HL.G-C /20.@++.  

90.+E -K/0D-E, *-B+IG-/A0B.-3M CD0+E-H24,GCLPG , "-I23+B23H+0E+3-E C 

FG+B-C-E + +D-*/-*/-*+B-C-E ,*+/G0A C */+,LG,GC++ G/+FG+B0E+30 +B+ AB-/+H0 

G/+FG+BK23D+B0EE-3+J (9Y=$:) , -K/0D-C03+2E *-B+IG-/+/-C033MA 2,4-H+0/+B-2,3-

H+R+H/-K23D--1'-1,5-H+0D2*+3-C. '0/JHL , 3+E+ C */+,LG,GC++ G/+FG+B0E+30 
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-K/0DLPG,J */2H*-B-N+G2BO3- 0D0-0HHL.GM 7+A0FBJ, 0 */+ +,*-BOD-C03++ 9Y=$: C 

+D-*/-*+B-C-E ,*+/G2 - */-HL.GM C3LG/+E-B2.LBJ/3-4 @+.B+D0@++ + *2/2R/L**+/-C.+ 

K23D--1,5-H+0D2*+3-C - H+R+H/-K23D+E+H0D-[1,2-a]A+3-B+3M.  

2.5.  -K!&L'6#,"8J&# %'3&N8')I!3('+'J 1!-#,h " S&6)'I3')&6'L SP!+&6&+!  

>20.@++ [,\-3230,M1233MA .0/K-3+BO3MA ,-2H+323+4, C G-E Q+,B2 A0B.-3-C, , 

H+0E+H0E+ LR-BO3-4 .+,B-GM - E-Q2C+3-4, G+-E-Q2C+3-4, RL03+H+3-E - */+C-HJG . 

*/-+DC-H3ME *+/+E+H+30, -KB0H0P1+E ]+/-.+E ,*2.G/-E K+-B-R+Q2,.-4 0.G+C3-,G+: 

03G+E+./-K3-4 [68,69], */-G+C--*LA-B2C-4 [70], */-G+C-C-,*0B+G2BO3-4 + 

-K2DK-B+C0P124 [71-73], 03G+C+/L,3-4 [74], 03G+-%(W [75], 03G+-.,+H03G3-4 [76] + H/. 

%D0+E-H24,GC+2 A0B.-3-C , */-+DC-H3ME+ E-Q2C+3M */-+,A-H+G, .0. + , H+0E+30E+, 

*- *LG+ 1,2- +/+B+ 1,4-*/+,-2H+323+J [67]. '0+K-B22 +3G2/2,3M */-HL.GM 

CD0+E-H24,GC+J , RL03+H+3-E – H+0/+BD0E21233M2 0E+3-*+/+E+H+3M, ,*-,-K3M2 . 

H0BO324]24 IL3.@+-30B+D0@++ D0 ,Q2G */2C/0123+4 0E+3-R/L**M. 

S-B+IG-/+/-C033M2 030B-R+ G0.+A ,-2H+323+4 32 -*+,03M, A-GJ */-+DC-H3M2 , -H3+E 

+B+ HCLEJ 0G-E0E+ IG-/0 C 0/-E0G+Q2,.+A .-BO@0A +DC2,G3M [80-82, 84, 85]. >20.@++ 

A0B.-3-C , ,-BJE+ RL03+H+30 */-C-HJG -KMQ3- C ,*+/G0A +B+ 57T$ C */+,LG,GC++ 

,+BO3MA -,3-C03+4 - C-H3-4 12B-Q+, FG+B0G0 30G/+J, R+H/+H0 30G/+J [-KD-/, ,G/. 24-36]. 

'0E+ +,,B2H-C03- CD0+E-H24,GC+2 *-B+IG-/A0B.-3-C 1!-e,h, ,-H2/N01+A -H3L +B+ 

HC2 *-B+IG-/I23+BO3M2 R/L**M, , AB-/R+H/0G-E RL03+H+30 C FG03-B2 + 57T$ C 

*/+,LG,GC++ /0DB+Q3MA -,3-C3MA /20R23G-C.  

% G+*+Q3MA L,B-C+JA CD0+E-H24,GC+J A0B.-3-C , RL03+H+3-E - .+*JQ23+2 , 

F.C+E-BO3ME .-B+Q2,GC-E AB-/R+H/0G0 RL03+H+30 C FG03-B2 C */+,LG,GC++ NaOH 

A0B.-30 1! - E-N3- KMB- -N+H0GO *-BLQ23+J 2-0E+3--4,6-H+0/+B*+/+E+H+30 19a. 

!H30.- -3 -.0D0B,J 32L,G-4Q+CME C FG+A L,B-C+JA, + C /20.@+-33-4 ,E2,+ -K30/LN23M 

G-BO.- */-HL.GM 2R- /0,12*B23+J – 2-0E+3--4-I23+B*+/+E+H+3 20! + !-FG-.,+-2,3,5,6-

G2G/0IG-/K23D-B 21!. ;/-E2 G-R-, ,E2,O ,-H2/N+G ,-2H+323+2, .-G-/-2 *- H033ME >)$ 

+ ,*2.G/-C V7> +E22G ,G/L.GL/L 3-(2-0E+3--4-I23+B*+/+E+H+3-5-+B)-3-(4-FG-.,+-

2,3,5,6-G2G/0IG-/I23+B)-1-I23+B*/-*03-1--30 22! (,A2E0 57). S-B+IG-/I23+BO3M2 

.-BO@0 C ,-2H+323+JA 21a + 22a D0E2123M C !-*-B-N23++ FG-.,+R/L**-4 C /2DLBOG0G2 

CD0+E-H24,GC+J , FG03-B-E C ,+BO3--,3-C3-4 ,/2H2. 60E21233M2 C- IG-/+/-C033MA 

.-BO@0A A0B.-3M 1d,e CD0+E-H24,GCLPG c R+H/-AB-/+H-E RL03+H+30 C ,*+/G2 
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030B-R+Q3-, -K/0DLJ ,E2,+ 2-0E+3--4-I23+B*+/+E+H+30 20a, ,--GC2G,GCLP1+A 

G2G/0IG-/K23D-B-C 5d,e + )-0HHL.G-C 6d,e.  

)A2E0 57 

 

)G/-23+2 )-0HHL.G0 22! L,G03-CB23- *- H033ME >)$ (/+,. 18), ,*2.G/M V7> 1' + 19F 

,--GC2G,GCLPG 2R- ,G/L.GL/2. 90., C ,*2.G/2 V7> 19F (/+, 19, ,G/. 74) +E2PG,J HC0 

,+R30B0 /0C3-4 +3G23,+C3-,G+ */+ 4.38 + 18.52 E.H., */+30HB2N01+2 Q2GM/2E 

,+EE2G/+Q3- /0,*-B-N233ME 0G-E0E IG-/0 C !-D0E21233-E G2G/0IG-/I23+BO3-E 

.-BO@2. )*2.G/ V7> 1'  (/+, 20, ,G/. 75)  ,-H2/N+G ,+R30BM FG-.,+R/L**M (G/+*B2G */+ 

1.34 + .C0/G2G */+ 4.19 E.H., J 7.0 "@), ,+,G2EL $%: */-G-3-C */-*03-3-C-4 @2*+ C C+H2 

HCLA HLKB2G-C HLKB2G-C */+ 3.63 + 3.73 E.H. + G/+*B2G0 */+ 5.12 E.H. , J1 7.2, J2 8.5, J3 

17.5 "@. % ,*2.G/2 G0.N2 +E22G,J ,+3RB2G HCLA */-G-3-C 0E+3-R/L**M C 

*+/+E+H+3-C-E .-BO@2 */+ 5.44 E.H., ,+R30BM 0/-E0G+Q2,.+A */-G-3-C HCLA I23+BO3MA 

-,G0G.-C + L]+/233M4 ,+3RB2G */+ 8.34 E.H., */+30HB2N01+4 */-G-3L */+ HC-43-4 

,CJD+ *+/+E+H+3-C-R- @+.B0.  

 

>+,. 18. 7-B2.LBJ/30J R2-E2G/+J ,-2H+323+J 22!
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C-2H+323+2 22a C -K12E ,BLQ02 E-N3- /0,,E0G/+C0GO .0. */-HL.G */+,-2H+323+J *- 

7+A0FBP LRB2/-H-@23G/+/-C033-R- 3L.B2-I+B0 - */-+DC-H3-R- 2-0E+3--4-

I23+B*+/+E+H+30 20a. 7-N3- KMB- */2H*-B-N+GO, QG- )-0HHL.G 7+A0FBJ 22! 

-K/0DL2G,J +D A0B.-30 1a + 0E+3-*+/+E+H+30 20a C */+,LG,GC++ 12B-Q+. !H30.- 

CMH2/N+C03+2 FG+A ,-2H+323+4 C L,B-C+JA /20.@++ - .+*JQ23+2 C ,*+/G2 C */+,LG,GC++ 

NaOH - 32 */+C-H+G . +A CD0+E-H24,GC+P: C */-HL.G2 -K30/LN23M G-BO.- +,A-H3M2 

,-2H+323+J. %-DE-N3-, +,G-Q3+.-E )-3L.B2-I+B0 ,BLN+G */2H]2,GC233+. 

0E+3-*+/+E+H+30 20a – H+R+H/-*+/+E+H+3 23a, ,-H2/N01+4 «.+,BM4» */-G-3, 0 

-K/0D-C03+2 )-0HHL.G0 22a E-N2G */-+,A-H+GO */+ CD0+E-H24,GC++ A0B.-30 1a , 

.0/K03+-3-E 24a (,A2E0 58). 

)A2E0 58 

!

 

5BJ G-R- QG-KM +DK2N0GO -K/0D-C03+J H+R+H/-*+/+E+H+30 23!, KMB+ */-C2H23M 

-*MGM , H-K0CB23+2E *2/-.,+H0 C-H-/-H0 C L,B-C+JA, 030B-R+Q3MA [103]. >20.@+P C 

FG03-B2 C */+,LG,GC++ ;!' + *2/-.,+H0 C-H-/-H0  -,L12,GCBJB+ HCLEJ ,*-,-K0E+ – 

H-K0CB23+2E *2/-.,+H0 C-H-/-H0 *-,B2 HCLAQ0,-C-R- .+*JQ23+J /20.@+-33-4 ,E2,+ + 

*2/2H */+K0CB23+2E ;!'. !K30/LN23-, QG- C *2/C-E ,BLQ02 /20.@+J */-G2.02G *-H-K3- 

CM]2-*+,033-4 (C FG03-B2 C */+,LG,GC++ Na!') , -K/0D-C03+2E 0E+3-*+/+E+H+30 20!, 

D0E21233-R- G2G/0IG-/K23D-B0 21! + )-0HHL.G0 22!. S/+K0CB23+2 *2/2.+,+ C-H-/-H0 C 

,0E-E 30Q0B2 /20.@++ */+C-H+G . */-+DC-H3-EL +E+H0D-B0 - 2-0E+3--5-(4-FG-.,+-

2,3,5,6-G2G/0IG-/K23D+B)-5-I23+B-1H-+E+H0D-B-4(5H)--3L 25! (,A2E0 59). 72A03+DE 

-K/0D-C03+J ,-2H+323+4 G0.-R- G+*0, */+C2H233M4 C /0K-G2 [103] (,A2E0 29, ,G/. 31), 

C.BPQ02G -.+,B23+2 A0B.-30 *- HC-43-4 ,CJD+ H- F*-.,+H0, */2C/0123+2 2R- C 1,2-
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H+.2G-3 + CD0+E-H24,GC+2 *-,B2H32R- , RL03+H+3-E. %3LG/+E-B2.LBJ/30J @+.B+D0@+J 

*-BLQ233-R- -,3-C03+J _+II0 ,-*/-C-NH02G,J E+R/0@+24 K23D+BO3-R- I/0RE23G0 C 

,-,2H322 *-B-N23+2 + -K/0D-C03+2E *JG+QB233-R- @+.B0. 

)A2E0 59 

 

)G/L.GL/0 ,-2H+323+J 25! *-HGC2/NH02G,J H033ME+ ,*2.G/-C V7> 1H, 13C, 19F + 

E0,,-,*2.G/-E2G/++ CM,-.-R- /0D/2]23+J. % ,*2.G/2 V7> 1H +E2PG,J G/+*B2G (1.30 

E.H.) + .C0/G2G (4.25 E.H.) */-G-3-C FG-.,+R/L**M, $%-,+,G2E0 HCLA */-G-3-C )'2-

R/L**M (3.24 + 3.40 E.H., J=13.8 "@), ELBOG+*B2GM 0/-E0G+Q2,.+A */-G-3-C, L]+/233M2 

,+3RB2GM HCLA 32F.C+C0B23G3MA (C2/-JG3-, +D-D0 G0LG-E2/+D0@++ - /+,. 21) */-G-3-C 

NH2-R/L**M (6.92, 7.67 E.H.) + ,+3RB2G NH-R/L**M */+ 8.46 E.H. (/+,. 22, ,G/. 78). )*2.G/ 

V7> 19F ,-2H+323+J 25! ,-H2/N+G HC0 ,+R30B0 /0C3-4 +3G23,+C3-,G+, A0/0.G2/3MA HBJ 

!-D0E21233MA G2G/0IG-/I23+BO3MA .-B2@ (/+,. 23, ,G/. 79). 

 

 

>+,. 21. 90LG-E2/+D0@+J ,-2H+323+J 25! 

S/+ */-C2H23++ /20.@++ A0B.-30 1! , R+H/-AB-/+H-E RL03+H+30 C 57T$ C 

*/+,LG,GC++ G/+FG+B0E+30 */+ 20°) C /20.@+-33-4 ,E2,+ -K30/LN23M G-BO.- +,A-H3M2 

,-2H+323+J. % */+,LG,GC++ R+H/+H0 30G/+J C G2A N2 L,B-C+JA */-HL.G /20.@++ 

,-H2/N+G */2+EL12,GC233- *+/+E+H+3 20!.  
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(D-E2/3M4 A0B.-3L 1! K23D0BO*23G0IG-/0@2G-I23-3 1b */+ .+*JQ23++ , 

R+H/-AB-/+H-E RL03+H+30 C ,*+/G2 C */+,LG,GC++ NaOH */2G2/*2C02G C -,3-C3-E 

/0DB-N23+2 30 .-/+Q3LP .+,B-GL 19b, 2,3,5,6-G2G/0IG-/I23-B 20b + 

32+H23G+I+@+/L2EM2 */-HL.GM (,A2E0 60). !,3-C30J Q0,GO */-HL.G0 32 KMB0 CMH2B230 

+D /20.@+-33-4 ,E2,+ */+ F.,G/0.@++ /0DB+Q3ME+ -/R03+Q2,.+E+ /0,GC-/+G2BJE+ +D-D0 

A-/-]24 /0,GC-/+E-,G+ C C-H2 + JCBJ2G,J, C2/-JG3-, 30G/+2C-4 ,-BOP .-/+Q3-4 

.+,B-GM, .-G-/0J -K/0DL2G,J */+ -G12*B23++ *-B+IG-/I23+BO3-4 R/L**M -G A0B.-3a 

1b C */+,LG,GC++ 12B-Q+. ;-/+Q30J .+,B-G0 19b -K30/LN230 A/-E0G--E0,,-

,*2.G/-E2G/+Q2,.+E E2G-H-E 30/JHL , 2,3,5,6-G2G/0IG-/I23-B-E 20b C /20.@+-33-4 

,E2,+, *-BLQ233-4 +D A0B.-30 1b + ,-BJ3-.+,B-R- RL03+H+30 C 57T$ C */+,LG,GC++ 

R+H/+H0 30G/+J (cA2E0 60). ;/-E2 G-R-, +D ,E2,+ CMH2B23 2-0E+3--6-I23+B-5,6-

H+R+H/-*+/+E+H+3-4(1%)--3 21b, ,G/-23+2 .-G-/-R- L,G03-CB23- 30E+ E2G-H-E >)$ + 

*-HGC2/NH23- ,/0C323+2E , -*+,033ME C B+G2/0GL/2 *- G.*B. + H033ME ,*2.G/0 V7> 1'. 

&R- -K/0D-C03+2 E-N3- -KbJ,3+GO -G12*B23+2E *-B+IG-/I23+BO3-R- -,G0G.0 -G 

+,A-H3-R- A0B.-30 1b , -K/0D-C03+2E @+330E-+BO3-R- .0G+-30, .-G-/M4 

CD0+E-H24,GCL2G , RL03+H+3-E *- 7+A0FBP , *-,B2HLP1+E D0EM.03+2E B0.G0E3-R- 

@+.B0. S-H-K3ME -K/0D-E */-G2.02G + /20.@+J D0E21233-R- A0B.-30 1h – , 

/0DB-N23+2E 30 2-0E+3--6-I23+B-5,6-H+R+H/-*+/+E+H+3-4(1%)--3 21b + 

*+*2/+H+3-D0E21233M4 G2G/0IG-/K23D-B 6e (,A2E0 60). 

 

)A2E0 60 

 

 

S/+ .+*JQ23++ A0B.-30 1" , R+H/-AB-/+H-E RL03+H+30 C FG03-B2 C */+,LG,GC++ 

N0!' 2H+3,GC233ME CMH2B233ME +D /20.@+-33-4 ,E2,+ */-HL.G-E JCBJ2G,J 2,3,5,6-

G2G/0IG-/-4-FG-.,+.-/+Q30J .+,B-G0 13c, QG- ,C+H2G2BO,GCL2G - /0DB-N23++ +,A-H3-R- 
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A0B.-30 C L,B-C+JA /20.@++. YG- *-HGC2/NH02G,J G0.N2 30B+Q+2E ,+R30B0 */-G-30 

*/+30HB2N012R- FG-.,+G2G/0IG-/K23D-BL C ,*2.G/2 V7> 1' /20.@+-33-4 ,E2,+ (,A2E0 

61). % 57T$ C */+,LG,GC++ N0' A0B.-3 1" /20R+/L2G *-H-K3- A0B.-30E 1b,h, -K/0DLJ 

2-0E+3--6-*2/IG-/I23+B-5,6-H+R+H/-*+/+E+H+3-4(3%)--3 16", .-G-/M4 KMB 

+H23G+I+@+/-C03 C ,E2,+ *- ,*2.G/0E V7> 1' + 19F, + *23G0IG-/K23D-B 17".  

)A2E0 61 

 

90.+E -K/0D-E, /20.@++ *-B+IG-/A0B.-3-C , ,-BJ3-.+,BME RL03+H+3-E 

*/-G2.0PG C FG03-B2 +B+ 57T$ G-BO.- C */+,LG,GC++ ,+BO3MA -,3-C03+4 (NaOH  +B+ 

NaH), 3- 32 */+C-HJG . *-B+IG-/,-H2/N01+E 2-0E+3--4,6-H+0/+B*+/+E+H+30E, .0. FG- 

-N+H0B-,O *- 030B-R++ , 32IG-/+/-C033ME A0B.-3-E. % ,BLQ02 +,A-H3-R- 

*23G0IG-/K23D0BO0@2G-I23-30 1! + 2R- D0E21233MA 1d,e 30KBPH02G,J -G12*B23+2 

*-B+IG-/I23+BO3MA -,G0G.-C -G *2/C-30Q0BO3- -K/0DLP1+A,J 32L,G-4Q+CMA 

*-B+IG-/-2-0E+3--4,6-H+0/+B*+/+E+H+3-C +B+ +A */2H]2,GC233+.-C – 

H+R+H/-*+/+E+H+3-C , -K/0D-C03+2E 2-0E+3--4-I23+B*+/+E+H+30 20a + 

,--GC2G,GCLP1+A *-B+IG-/K23D-B-C. =23D0BO*-B+IG-/0@2G-I23-3M 1b,h + 

H2.0IG-/A0B.-3 1c, C2/-JG3-, LN2 30 *2/C-4 ,G0H++ -G12*BJPG *-B+IG-/I23+BO3LP 

R/L**L + */2C/010PG,J C */-+DC-H3M2 .-/+Q3-4 .+,B-GM, .-G-/M2 C /2DLBOG0G2 

CD0+E-H24,GC+J , RL03+H+3-E + *-,B2HLP124 C3LG/+E-B2.LBJ/3-4 @+.B+D0@++ H0PG 2-

0E+3--6-0/+B-5,6-H+R+H/-*+/+E+H+3-4(1%)--3M (21b,16c). >20.@++ R2G2/-@+.B+D0@++ C 

FG03-B2 ,-*/-C-NH0PG,J D0E2123+2E !-0G-E0 IG-/0 30 FG-.,+R/L**L. S/-G2.03+2 

/20.@++ A0B.-30 1! , R+H/-AB-/+H-E RL03+H+30 C */+,LG,GC++ *2/-.,+H0 C-H-/-H0 

D0C+,+G -G *-/JH.0 2R- H-K0CB23+J C /20.@+-33LP ,E2,O. 90., */+ H-K0CB23++ '2!2 C 

/20.@+-33LP ,E2,O ,*L,GJ 32.-G-/-2 C/2EJ -G 30Q0B0 /20.@++ 32 CB+J2G 30 ,-,G0C 
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*/-HL.G0, 0 */+K0CB23+2 '2!2 H- 30Q0B0 /20.@++ *2/2H C32,23+2E 12B-Q+ */+C-H+G .  

+E+H0D-B-3L 23!. 

!K-K10J /2DLBOG0GM */-C2H233MA C /0K-G2 +,,B2H-C03+4, E-N3- ,H2B0GO 

,B2HLP1+2 CMC-HM. %M,-.0J /20.@+-330J ,*-,-K3-,GO *-B+IG-/A0B.-3-C *-DC-BJ2G +E 

/20R+/-C0GO , H+0E+30E+ /0DB+Q3-R- ,G/-23+J + -,3-C3-,G+. %D0+E-H24,GC+2 

*/-+,A-H+G C -K12E ,BLQ02 *- G/2E FB2.G/-I+BO3ME @23G/0E – *-B+IG-/+/-C033-EL 

.-BO@L , D0E2123+2E IG-/0 30 -,G0G-. H+0E+30, \-0G-EL LRB2/-H0 , -K/0D-C03+2E 0D0-

0HHL.G-C 7+A0FBJ + *- 0G-EL LRB2/-H0 .0/K-3+BO3-4 R/L**M - .0. CG-/+Q3M4 */-@2,,, 

*/+C-HJ1+4 . R2G2/-@+.B+Q2,.+E ,-2H+323+JE. $B+I0G+Q2,.+2 + 0B+@+.B+Q2,.+2 

H+0E+3M – FG+B23H+0E+3, *+*2/0D+3 - D0E210PG IG-/ C *2/IG-/I23+BO3MA .-BO@0A C 

-G,LG,GC+2 .0G0B+D0G-/-C, C G- C/2EJ .0. E2322 3L.B2-I+BO3M4 !-I23+B23H+0E+3 

G/2KL2G HBJ FG-R- */+,LG,GC+J ,+BO3MA -,3-C03+4 + CM,-.-*-BJ/3MA /0,GC-/+G2B24. "-

T23+B23H+0E+3 CD0+E-H24,GCL2G , *-B+IG-/A0B.-30E+ Q2/2D */+,-2H+323+2 *- 

7+A0FBP , *-,B2HLP124 R2G2/-@+.B+D0@+24 D0 ,Q2G /20.@++ *- .0/K-3+BO3-4 R/L**2; 

D0E2123+J 0G-E-C IG-/0 32 30KBPH02G,J. >20.@+J 7+A0FBJ +E22G E2,G- */0.G+Q2,.+ ,- 

C,2E+ H+0E+30E+ + Q0,G- */-G2.02G ,-CE2,G3- , 3L.B2-I+BO3ME D0E2123+2E 0G-E-C 

IG-/0. % /20.@+JA , RL03+H+3-E */-+,A-H+G -G12*B23+2 *23G0IG-/I23+BO3-R- 03+-30 

-G +,A-H3MA A0B.-3-C +/+B+ */-E2NLG-Q3- -K/0DLP1+A,J *-B+IG-/D0E21233MA 

0E+3-H+0/+B*+/+E+H+3-C B+K- +A */2H]2,GC233+.-C – H+R+H/-*+/+E+H+3-C. % 

*/0.G+Q2,.-E -G3-]23++ /20.@++ *-B+IG-/A0B.-3-C , H+0E+30E+ */2H,G0CBJPG 

+3G2/2, .0. *LGO . 32+DC2,G3ME /0322 *-B+IG-/K23D-H+0D2*+30E + I-G-A+E+Q2,.+ 

0.G+C3ME 0./+B-+B0E+H0E 30 -,3-C2 *-B+IG-/A0B.-3-C. 
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:;<-< 3. ZC$T.F1>.0A<;Y0<W X<$AY 

 

3.1. U&K&('-I&L&R#"(&# L#8'69 !+!3&K! 

$30B+G+Q2,.+2 + ,*2.G/0BO3M2 +,,B2H-C03+J ,+3G2D+/-C033MA ,-2H+323+4 + 

*-BLQ233MA +D 3+A E0G2/+0B-C CM*-B323M C :+E+Q2,.-E )2/C+,3-E a23G/2 

.-BB2.G+C3-R- *-BOD-C03+J )! >$'. 

)*2.G/M V7> 1H, 19F + 13C D0*+,MC0B+ 30 */+K-/0A Bruker AV-300 (1H 300.13 7"@; 
19F 282.37 7"@), Bruker $V-400 (1' 400.13; 13) 100.78 7"@) + DRX-500 (1H 500.13; 13C 

125.76) C CDCl3, DMSO-d6 + 0@2G-32-d6. :+E+Q2,.+2 ,HC+R+ H03M -G3-,+G2BO3- 

-,G0G-Q3MA ,+R30B-C )')l3 (+$ 7.24 E.H. + +, 77.00 E.H.), DMSO-d6 (+$ 2.50 E.H.) + 

0@2G-30-d6 (+$ 2.04 E.H.). S/+ D0*+,+ ,*2.G/-C V7> 19F C .0Q2,GC2 C3LG/2332R- ,G03H0/G0 

+,*-BOD-C0B+ C6F6 (cF 0.0 E.H.). )*2.G/M FB2.G/-33-R- *-RB-123+J D0*+,03M 30 

,*2.G/-I-G-E2G/2 Hewlett Packard 8453, ,*2.G/M C-DKLNH23+J + IBL-/2,@23@++ – 30 

,*2.G/-IBL-/+E2G/2 Varian Cary Eclipse C FG03-B2. :/-E0G--E0,,-,*2.G/-E2G/+Q2,.+4 

030B+D */-C-H+B+ 30 */+K-/2 "Agilent Technologies", C.BPQ0P12E R0D-CM4 A/-E0G-R/0I 

Agilent 6890N + A/-E0G--E0,,-,*2.G/-E2G/+Q2,.LP ,+,G2EL Agilent 5973N (Y<, 70 FC). 

;0*+BBJ/30J .-B-3.0 HP-5MS ((5%)-H+I23+B-(95%)-H+E2G+B,+B-.,03): 30 E A 0.25 EE A 

0.25 E.E. "0D-3-,+G2BO - R2B+4, 1 EB/E+3. >2N+E *-CM]23+J G2E*2/0GL/M .-B-3.+: 2 

E+3 */+ 50°), -G 50 H- 280°) ,- ,.-/-,GOP 10 R/0H/E+3, 30 E+3 */+ 280°). 92E*2/0GL/0 

+,*0/+G2BJ 280°). 92E*2/0GL/0 +,G-Q3+.0 +-3-C 230°). ).-/-,GO ,.03+/-C03+J 1.2 

,.03/,2. C -KB0,G+ E0,, 30-800 0.2.E. 

 92E*2/0GL/M *B0CB23+J -*/2H2BJB+ 30 ,G-B+.2 ;-IB2/0 */-+DC-H,GC0 Karl Zeiss 

Yena. 

 

3.2. B!)!(8#)&"8&(! &"%'34K'J!++9I )#!S#+8'J & )!"8J')&8#3#, 

 

>0,GC-/+G2B+:  

-".# d +,*-BOD-C0B+ H+,G+BB+/-C033LP C-HL.  

/)0(&)12"'0#0). («AQ»)  
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/)3&)1"456 32)' («QH0»)  

/)71"'0(&#$ (AB-/+,GM4 E2G+B23, «AQ») 

8')71"'0(&#$ (AB-/-I-/E, «AQ») 

9(:,#$ («QH0»)  

;($*"1 («QH0»)  

<(&'"1(6$56 32)' 70-100 (8= 6-02-1244-83) 

>&)1#?(&#& («AQ»), 

<'"!#$"1-2 99,5% (Acros)  

>&#$"1  («AQ»). 

 

>20.G+CM: 

%("'@#$)A(,:)( 4(B(,&4# 

C1"'"4"."'".$#D (,"1D$#D) :),1"&# – 10% C-H3M4 /0,GC-/ HCl  

9).'":,). $#&')D («QH0»)  

E#'F"$#& :#1)D («-,Q»), */2HC0/+G2BO3- */-.0Be33M4 C ,L]+BO3-E ].0IL */+ 

150°) 

C1"'). :#1G?)D – G-C0/3M4 /20.G+C E0/.+ («Q») 

Al2O3 – HBJ A/-E0G-R/0I++ («Q», 9< 6-68-164-99) 

 

H'@#$)A(,:)( 4(B(,&4# 

I:')1")171"'). (71"'),&56 #:')1")1) – 96%  (Aldrich)  

<)!('#*)$ 99% (Alfa Aesar)  

8')3&)1#0)$ («AQ») 

!-J($)1($.)#0)$ («QH0») 

"-J($)1($.)#0)$ («Q») 

1,4-/)":,#-8-#*#,!)'"[4.5].(:#$ 98% (Aldrich)  

8')3&)1F($*)1#00"$)6 71"'). 99% (Alfa Aesar)  

<)!(').)$ («Q»)  

8(&'#FK&)1#00"$)6 6".). («QH0») 

9).'"71"'). @K#$).)$# («QH0») 

C#1:"$5 1!-" ,+3G2D+/-C03M *- E2G-H+.0E /0K-GM [131], 1d,e,g,h – *- E2G-H+.0E 

/0K-GM [123].  
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3.3. -K!&L'6#,"8J&# I!3('+'J 1!-" " %&%#)!K&+'L. $&+8#K (N-

!()&3'&3)%&%#)!K&+'K!L#*#++9I %'3&N8')I!3('+'J  

 

L(#:?)) 7#1:"$# 1! , !)!('#*)$"0.  

<. ; /0,GC-/L 0.44 R (5.1 EE-BO) *+*2/0D+30 C 10 EB AB-/-I-/E0 */+K0CBJB+ 0.3 R (1.0 

EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ 

.+*JQ23++ 2 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, */+K0CBJB+ 20 EB AB-/-I-/E0, 

-/R03+Q2,.+4 ,B-4 */-EMC0B+ C-H-4, ,L]+B+ CaCl2 + LH0BJB+ /0,GC-/+G2BO C C0.LLE2 

/-G0@+-33-R- +,*0/+G2BJ. 9C2/HM4 */-HL.G */-EMC0B+ 32K-BO]+E .-B+Q2,GC-E (~2 

EB) ,E2,+ R2.,03 - AB-/+,GM4 E2G+B23 (1:1), *-BLQ0B+ ,-2H+323+2 2! , CMA-H-E 0.21 R 

(62%). 

O N

N O

F

F

3,3'-(<)!('#*)$-1,4-.))1)-F),[3-(!('2&"'2($)1)-1-2($)1!'"!#$-1-"$] (2a). 9.*B. 145-

148°). )*2.G/ V7> 1' (/+,. 4, ,G/. 42) ()DCl3, c, E.H., J/"@): 2.30-2.75 

(8', E, 4)'2 C *+*2/0D+3-R/L**2); 3.58, 3.73, 4.84 ($%:, *- 2', 2)'-

)'2, J 18.0, 8.5, 6.0); 7.39-7.59, 7.85-7.91 (10', -K0 E, 2Ph). )*2.G/ 

V7> 19F (/+,. 3, ,G/. 41) ()DCl3, c, E.H.): 0.18, 7.12, 22.99; 

,--G3-]23+2 +3G23,+C3-,G24 2:1:2. '04H23-: m/z 682.1673 [7]+. 

C34H24F10N2O2. %MQ+,B23-: M = 682.1668. 

E. ; /0,GC-/L 0.44 R (5.1 EE-BO) *+*2/0D+30 C 10 EB FG03-B0 */+K0CBJB+ 0.3 R (1.0 

EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ 

.-E30G3-4 G2E*2/0GL/2 16 Q, CMB+C0B+ 30 /0DH/-KB233M4 B2H, -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ C-H-4 + ,L]+B+ 30 C-DHLA2. 9C2/HM4 */-HL.G */-EMC0B+ 32K-BO]+E 

.-B+Q2,GC-E (~2 EB) ,E2,+ R2.,03 - AB-/+,GM4 E2G+B23 (1:1), *-BLQ0B+ ,-2H+323+2 2! , 

CMA-H-E 0.25 R (74%), +H23G+Q3-2 *-BLQ233-EL C */2HMHL12E -*MG2 *- H033ME 

,*2.G/-,.-*++ V7> 1' + 19F + G2E*2/0GL/2 *B0CB23+J. 

-. ; /0,GC-/L 1.45 R (16.8 EE-BO) *+*2/0D+30 C 30 EB FG03-B0 */+K0CBJB+ 1.0 R (3.4 

EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 3 Q, -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 /0DH/-KB233M4 B2H, -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ C-H-4 + ,L]+B+ 30 C-DHLA2. 9C2/HM4 */-HL.G (1.12 R) 030B+D+/-C0B+ *- 

,*2.G/0E V7> 19F + 1H (,A2E0 38, ,G/. 40).  
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L(#:?)D ,"(.)$($)D 2! , !)!('#*)$"0. 

; /0,GC-/L 0.02 R (0.2 EE-BO) *+*2/0D+30 C 2 EB FG03-B0 */+K0CBJB+ 0.04 R (0.05 

EE-BO) ,-2H+323+J 2!. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 3 Q, -AB0NH0B+ 

H- .-E30G3-4 G2E*2/0GL/M, */+K0CBJB+ 10 EB AB-/-I-/E0, */-EMC0B+ C-H-4, ,L]+B+ 

CaCl2 + LH0BJB+ /0,GC-/+G2BO C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. 9C2/HM4 */-HL.G 

(0.02 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 19F + 1H, ,-RB0,3- .-G-/ME */-HL.G 

*/2H,G0CBJ2G ,-K-4 ,E2,O E-3--0D0-0HHL.G0 3! + *+*2/0D+3-D0E21233-R- A0B.-30 4! C 

,--G3-]23++ 3:2. 

 

N)$&(* #:')1")1#0).# 5!. 

; /0,GC-/L 1.45 R (16.8 EE-BO) *+*2/0D+30 C 30 EB 57T$ */+K0CBJB+ 1.0 R (3.4 

EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O *2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 3 Q, 

CMB+C0B+ 30 /0DH/-KB233M4 B2H, -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + ,L]+B+ 

30 C-DHLA2. 9C2/HM4 */-HL.G (1.14 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 19F + 1H (,A2E0 

38, ,G/. 40), D0G2E /0,GC-/JB+ C 20 EB AB-/+,G-R- E2G+B230, CM,L]233-R- 30H CaCl2, + 

*/+K0CBJB+ 0.7 R */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + */+ 

*2/2E2]+C03++ 30 E0R3+G3-4 E2]0B.2 */+K0CBJB+ *- .0*BJE /0,GC-/ 0.41 EB 

AB-/+,G-R- 0./+B-+B0 C 5 EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 

Q */+ 0-5°), -AB0NH23+2 LK+/0B+ + *2/2E2]+C0B+ 212 3 Q */+ .-E30G3-4 G2E*2/0GL/2. 

>20.@+-33LP E0,,L /0DK0CBJB+ 25 EB AB-/+,G-R- E2G+B230, */-EMC0B+ C-H-4, ,L]+B+ 

CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ K2D 30R/2C0. 

$./+B-+B0E+H 5a CMH2BJB+ E2G-H-E */2*0/0G+C3-4 9): 30 -.,+H2 0BPE+3+J (FBP23G - 

K23D-B), E0,B--K/0D3-2 C212,GC- N2BG-R- @C2G0, CMA-H 0.27 R (20%). 6H2,O + H0B22 

*/+C2H23M CMA-HM 0./+B-+B0E+H-C C HCLA,G0H+43-E ,+3G2D2, /0,,Q+G033M2 30 D0R/LD.+ 

+,A-H3MA A0B.-3-C. 

3-[4-(4-I:')1")1!)!('#*)$-1-)1)-2,3,5,6-&(&'#2&"'2($)1]-1-2($)1-!'"!-2-($-1-"$ 

(5a). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.32, 3.60-3.90 (*- 

4', C,2 E, 4)'2 C *+*2/0D+3-R/L**2); 5.71, 6.30, 6.56 ($%), *- 

1', C,2 H.H, )!)'=)'2, J 17.0, 11.0, 2.0); 7.43-7.59 (E, 3'0/-E.); 

7.75 (2', ,, )'=)'); 7.95-8.00 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 10.17 (2F, 
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F3,5); 20.98 (2F, F2,6). '04H23-: m/z 418.1302 [7]+. C22H18F4N2O2. %MQ+,B23-: M = 

418.1299. 

L(#:?)) 7#1:"$# 1b , !)!('#*)$"0. N)$&(* #:')1")1#0)."4 8b,9b,10b. 

N)$&(* #:')1")1#0).# 8b.  

; /0,GC-/L 1.45 R (16.8 EE-BO) *+*2/0D+30 C 30 EB 57T$ */+K0CBJB+ 1.0 R (3.4 

EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O *2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 3 Q, 

CMB+C0B+ 30 B2H, -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + ,L]+B+ 30 C-DHLA2. 

9C2/HM4 */-HL.G (0.99 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 19F + 1H (,A2E0 39, ,G/. 47).  

S/-HL.G /0,GC-/JB+ C 20 EB AB-/+,G-R- E2G+B230, CM,L]233-R- 30H CaCl2, 

*/+K0CBJB+ 0.61 R */-.0B233-R- ;2)!3, ,L,*23D+P -AB0NH0B+ H- 0-5°) + */+ 

*2/2E2]+C03++ */+K0CBJB+ . 324 *- .0*BJE /0,GC-/ 0.36 EB AB-/+,G-R- 0./+B-+B0 C 5 

EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°), -AB0NH23+2 

LK+/0B+ + *2/2E2]+C0B+ 212 3 Q */+ .-E30G3-4 G2E*2/0GL/2. >20.@+-33LP E0,,L 

/0DK0CBJB+ 25 EB AB-/+,G-R- E2G+B230, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 

LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ K2D 30R/2C0. $./+B-+B0E+H 8b CMH2BJB+ 

E2G-H-E */2*0/0G+C3-4 9): 30 -.,+H2 0BPE+3+J (FBP23G - K23D-B), E0,B--K/0D3-2 

C212,GC- N2BG-R- @C2G0, CMA-H 0.49 R (35%).  

OF
F

F
FN

N

O

1-[4-(4-I:')1")1!)!('#*)$-1-)1)-2,3,5,6-&(&'#2&"'2($)1]-3-2($)1!'"!-2-($-1-"$ 

(8b). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.28-3.42, 3.62-3.88 

(*- 4', -K0 E, )'2 C *+*2/0D+3-R/L**2); 5.72, 6.31, 6.58 ($%), 

*- 1', C,2 H.H, )!)'=)'2, J 17.0, 11.0, 2.0); 7.02 (1', H, -)'=, 

J 16.0); 7.33-7.43 (E, 3'0/-E.); 7.50-7.61 (3', E, -)'=, 2'0/-E.). 

)*2.G/ V7> 19F ()DCl3, c, E.H.): 14.54 (2F, F3’,5’); 22.79 (2F, F2’,6’). '04H23-: m/z 418.1297 

[7]+. C22H18F4N2O2. %MQ+,B23-: M = 418.1299. 

 

N)$&(* #:')1")1#0).# 9b.  

; /0,GC-/L 1.45 R (16.8 EE-BO) *+*2/0D+30 C 30 EB K23D-B0 */+K0CBJB+ 1.0 R (3.4 

EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 2 Q, -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, */+K0CBJB+ 20 EB K23D-B0, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. 9C2/HM4 */-HL.G (1.16 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 19F + 1H (,A2E0 39, ,G/. 47), D0G2E /0,GC-/JB+ C 20 EB 

AB-/+,G-R- E2G+B230, CM,L]233-R- 30H CaCl2, + */+K0CBJB+ 1.42 R */-.0B233-R- ;2)!3. 
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)L,*23D+P -AB0NH0B+ H- 0-5°) + */+ *2/2E2]+C03++ */+K0CBJB+ . 324 *- .0*BJE 

/0,GC-/ 0.84 EB AB-/+,G-R- 0./+B-+B0 C 5 EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 2 Q */+ 0-5°), D0G2E -AB0NH23+2 LK+/0B+ + *2/2E2]+C0B+ 212 3 Q */+ 

.-E30G3-4 G2E*2/0GL/2. >20.@+-33LP E0,,L /0DK0CBJB+ 25 EB AB-/+,G-R- E2G+B230, 

*/-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- 

+,*0/+G2BJ K2D 30R/2C0. $./+B-+B0E+H 9b CMH2BJB+ E2G-H-E */2*0/0G+C3-4 9): 30 

-.,+H2 0BPE+3+J (FBP23G - AB-/-I-/E), E0,B- N2BG-R- @C2G0, CMA-H 0.28 R (20%).  

O

F

N
F

F
F

N

O

12

3

4 5

6

1-[2-(4-I:')1")1!)!('#*)$-1-)1)-3,4,5,6-&(&'#2&"'2($)1]-3-2($)1!'"!-2-($-1-"$ 

(9b). )*2.G/ V7> 1' (*/+B-N23+2, /+,. 1, ,G/. 127) ()DCl3, c, E.H., 

J/"@): 3.06, 3.40-3.62 (*- 4', -K0 E, )'2 C *+*2/0D+3-R/L**2); 5.66, 

6.23, 6.50 ($%), *- 1', C,2 H.H, )!)'=)'2, J 16.5, 11.0, 2.0); 6.95, 

7.31 ($%, *- 1', -K0 H, -)'=)'-, J 16.0); 7.36-7.44 (E, 3'0/-E.); 7.48-

7.54 (E, 2'0/-E.). )*2.G/ V7> 19F (*/+B-N23+2, /+,. 2, ,G/. 128) ()DCl3, c, E.H., J/"@): 3.91 

(1F, F5’); 8.69 (1F, F4’); 15.79 (1F, F3’); 19.85 (1F, F6’). '04H23-: m/z 418.1297 [7]+. 

C22H18F4N2O2. %MQ+,B23-: M = 418.1299.  

 

N)$&(* #:')1")1#0).# 10b. 

; /0,GC-/L 1.45 R (16.8 EE-BO) *+*2/0D+30 C 30 EB FG03-B0 */+K0CBJB+ 1.0 R (3.4 

EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 3 Q, -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 /0DH/-KB233M4 B2H, -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ C-H-4, ,L]+B+ 30 C-DHLA2. 9C2/HM4 */-HL.G (1.21 R) 030B+D+/-C0B+ *- 

,*2.G/0E V7> 19F + 1H (,A2E0 39, ,G/. 47), D0G2E /0,GC-/JB+ C 20 EB AB-/+,G-R- 

E2G+B230, CM,L]233-R- 30H CaCl2, + */+K0CBJB+ 0.74 R */-.0B233-R- ;2)!3. )L,*23D+P 

-AB0NH0B+ H- 0-5°) + */+ *2/2E2]+C03++ */+K0CBJB+ . 324 *- .0*BJE /0,GC-/ 0.44 EB 

AB-/+,G-R- 0./+B-+B0 C 5 EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 

Q */+ 0-5°), D0G2E 212 3 Q */+ .-E30G3-4 G2E*2/0GL/2. >20.@+-33LP E0,,L /0DK0CBJB+ 

25 EB AB-/+,G-R- E2G+B230, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C 

C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ K2D 30R/2C0. $./+B-+B0E+H 10b CMH2BJB+ 

*/2*0/0G+C3-4 9): 30 -.,+H2 0BPE+3+J (FBP23G - K23D-B-AB-/-I-/E 1:1), E0,B- 

N2BG-R- @C2G0, CMA-H 0.24 R (13%).  

1-[2,4-;),(4-#:')1")1!)!('#*)$-1-)1)-3,5,6-&')2&"'2($)1]-3-2($)1-!'"!-2-($-1-"$ 

(10b). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.00, 3.23, 3.43, 3.55, 3.64, 3.77 (16', C,2 E, 
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)'2 C *+*2/0D+3-R/L**2); 5.61, 6.19, 6.45 ($%), *- 1', C,2 H.H, )!)'=)'2, J 17.0, 11.0, 

2.0) - 0./+B-+B0E+H30J R/L**0 C *-B-N23++ 2; 5.68, 6.26, 6.54 ($%), *- 1', C,2 H.H, 

)!)'=)'2, J 16.5, 11.0, 2.0) - 0./+B-+B0E+H30J R/L**0 C 

*-B-N23++ 4; 6.92, 7.30 ($%-,+,G2E0, *- 1', -)'=)'-, J 16.0); 

7.34-7.38 (E, 3'0/-E.); 7.46-7.51 (E, 2'0/-E.). )*2.G/ V7> 19F 

()DCl3, c, E.H., J/"@): 15.03 (1F, H, F5’, J 22.0); 18.13 (1F, H.H, F6’, 

J 22.0, 12.0); 28.69 (1F, H, F3’, J 12.0). '04H23-: m/z 538.2184 

[7]+. C29H29F3N4O3. %MQ+,B23-: M = 538.2186.  

 

L(#:?)) 7#1:"$# 1" , !)!('#*)$"0. N)$&(* #:')1#0)."4 6c + 7c 

N)$&(* #:')1")1#0).# 6c 

; /0,GC-/L 2.22 R (25.8 EE-BO) *+*2/0D+30 C 30 EB 57T$ */+K0CBJB+ 1.0 R (2.6 

EE-BO) A0B.-30 1" + *2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 3 Q. >20.@+-33LP ,E2,O 

CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4, ,L]+B+ 30 

C-DHLA2, -,G0G-. (GC2/HM4 */-HL.G, 1.47 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 19F + 1H 

(,A2E0 40, ,G/. 48). S/-HL.G /0,GC-/JB+ C 20 EB ,LA-R- AB-/+,G-R- E2G+B230, 

*/+K0CBJB+ 1.56 R */-.0B233-R- ;2)!3, ,L,*23D+P -AB0NH0B+ H- 0-5°) + */+ 

*2/2E2]+C03++ */+K0CBJB+ . 324 *- .0*BJE /0,GC-/ 0.92 EB AB-/+,G-R- 0./+B-+B0 C 5 

EB )'2Cl2. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°), D0G2E 3 Q */+ .-E30G3-4 

G2E*2/0GL/2, /0DK0CBJB+ 25 EB )'2Cl2, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 

LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ K2D 30R/2C0. $./+B-+B0E+H 6" CMH2BJB+ 

*/2*0/0G+C3-4 9): 30 Al2O3 (FBP23G - K23D-B-AB-/-I-/E 1:1), E0,B- N2BG-R- @C2G0, 

CMA-H 0.28 R (17%).  

1,3-;),-[4-(4-#:')1")1!)!('#*)$-1-)1)-2,3,5,6-&(&'#2&"'2($)1]-!'"!-2-($-1-"$ (6c). 

)*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.33, 3.52-3.86 

(*- 8', C,2 E, HC2 *+*2/0D+3-R/L**M); 5.71, 6.29, 

6.55 ($%), *- 2', C,2 H.H, )!)'=)'2, J 16.5, 10.5, 

1.5); 7.24, 7.59 ($%, *- 1', )'=)', J 16.5) (/+,. 9, 

,G/. 50). )*2.G/ V7> 19F ()DCl3, c, E.H.): 10.25 (2F, F3,5); 11.43 (2F, F3´,5´); 20.09 (2F, F2,6); 

21.63 (2F, F2´,6´) (/+,. 10, ,G/. 51). '04H23-: m/z 628.1716 [7]+. C29H24F8N4O3. %MQ+,B23-: 

M = 628.1715. 
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N)$&(* #:')1")1#0).# 7c 

; /0,GC-/L 2.22 R (25.8 EE-BO) *+*2/0D+30 C 30 EB FG03-B0 */+K0CBJB+ 1.0 R (2.6 

EE-BO) A0B.-30 1". >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 3 Q, -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ C-H-4, ,L]+B+ 30 C-DHLA2. 9C2/HM4 */-HL.G (1.54 R) 030B+D+/-C0B+ *- 

,*2.G/0E V7> 19F + 1H (,A2E0 40, ,G/. 48), D0G2E /0,GC-/JB+ C 20 EB ,LA-R- AB-/+,G-R- 

E2G+B230 + */+K0CBJB+ 1.45 R */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + 

*/+ *2/2E2]+C03++ */+K0CBJB+ . 324 *- .0*BJE /0,GC-/ 0.85 EB AB-/+,G-R- 0./+B-+B0 

C 5 EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°), D0G2E 212 

3 Q */+ .-E30G3-4 G2E*2/0GL/2, /0DK0CBJB+ 25 EB AB-/+,G-R- E2G+B230, */-EMC0B+ 

C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ K2D 

30R/2C0. $./+B-+B0E+H 7" CMH2BJB+ */2*0/0G+C3-4 9): 30 Al2O3 (FBP23G - K23D-B-

AB-/-I-/E 1:1), E0,B- N2BG-R- @C2G0, CMA-H 0.56 R (29%).  

O

N N

N
F

F
F F

F

F
F

N N

O O

N

O

1

2 3

4

56

1'

2'3'

4'

5' 6'

3-[4-(4-I:')1")1!)!('#*)$-1-)1)-2,3,5,6-&(&'#2&"'2($)1]-1-[2,4-F),-(4-#:')1")1-

!)!('#*)$-1-)1)-3,5,6-&')2&"'2($)1]-!'"!-2-($-1-"$ (7c). (; ,*2.G/ (f, ,E-1): 1643 

(C=O 0E+H.), 1614 (C=!-)=)), 1440 (C-F 0/-E.). 

)*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 2.98-3.12, 3.20-

3.42 (12', -K0 E, )'2 C *+*2/0D+3-R/L**0A); 3.45-

3.88 (12', E, )'2 C *+*2/0D+3-R/L**0A); 5.65-5.78, 

6.21-6.37, 6.46-6.65 (*- 3', C,2 E, */-G-3M G/2A 

0./+B-+BO3MA R/L**); 7.17, 7.47 ($%, *- 1', -)'=)'-, J 16.0). )*2.G/ V7> 19F ()DCl3, 

c, E.H., J/"@): 10.54 (2F, F3,5); 15.06 (1F, F5´, J 22.0); 18.24 (1F, F6´, J 22.0, 12.0); 21.01 (2F, 

F2,6); 28.45 (1F, F3´, J 12.0). '04H23-: m/z 748.2591 [7]+. C36H35F7N6O4. %MQ+,B23-: M = 

748.2603. 

3.4. -K!&L'6#,"8J&# I!3('+'J 1!,b " M8&3#+6&!L&+'L. $&+8#K N-(2-(2,3,5,6-

8#8)!N8')-4-(3-'("'-3-N#+&3%)'%-1-#+&3)N#+&3!L&+')M8&3)!()&3'&3!L&6! (8a).  

L(#:?)) 7#1:"$# 1! , 3&)1($.)#0)$"0 

<. ; /0,GC-/L 0.3 R (1.0 EE-BO) A0B.-30 1a C 10 EB 57T$ */+K0CBJB+ 0.13 EB (2.0 

EE-BO) FG+B23H+0E+30. )E2,O *2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 4 Q, CMB+C0B+ 

30 B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4, R2.,03-E + CM,L]+C0B+ 
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30 C-DHLA2. S-BLQ233M4 */-HL.G (0.34 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F 

(,A2E0 42, ,G/. 53). S2/2./+,G0BB+D0@+24 CMH2BJB+ +D ,E2,+ ,-2H+323+2 6!. 

3-(4-(2-I0)$"3&)1#0)$")-2,3,5,6-&(&'#2&"'2($)1)-1-2($)1-!'"!-2-($-1-"$ (6!). 

%MA-H 0.13 R (18%), *-/-]-. N2BG-R- @C2G0, G.*B. 128-130°) 

(K23D-B-*2G/-B243M4 FI+/ 70-100, 1:1). )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.47 (2', L].,, NH2); 2.96 (2', E, )'2); 

3.50 (2', E, )'2); 4.82 (1', L].,, NH); 7.46-7.51 (E, 2'0/-E.); 7.57 (E, 1'0/-E.); 7.68, 7.80 

($%, *- 1', -)'=)'-, J 16.0); 7.96-8.02 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 0.19 

(2F, F3,5); 19.96 (2F, F2,6). 

E. ; /0,GC-/L 0.3 R (1.0 EE-BO) A0B.-30 1a C 10 EB R2.,030 */+K0CBJB+ 0.13 EB (2.0 

EE-BO) FG+B23H+0E+30. )E2,O .+*JG+B+ , *2/2E2]+C03+2E 1 Q, D0G2E -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, */+K0CBJB+ 10 EB AB-/-I-/E0, */-EMC0B+ C-H-4, ,L]+B+ 

CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G 

(0.31 R) 030B+D+/-C0B+ E2G-H-E V7> 1' + 19F (,A2E0 42, ,G/. 53). ;-B-3-Q3-4 

A/-E0G-R/0I+24 30 -.,+H2 0BPE+3+J (FBP23G – K23D-B, K23D-B-AB-/-I-/E 1:1, 

AB-/-I-/E) CMH2BJB+ ,-2H+323+2 6! C ,B2H-CMA .-B+Q2,GC0A. 

-. ; ,E2,+ 0.13 EB (2.0 EE-BO) FG+B23H+0E+30 + 0.21 R (2.0 EE-BO) ;2)!3 C 10 EB 

FG03-B0 */+K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1a. )E2,O .+*JG+B+ , *2/2E2]+C03+2E 4 

Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M + CMB+C0B+ 30 B2H. 70,BJ3+,GM4 -,0H-. 

F.,G/0R+/-C0B+ H+FG+B-CME FI+/-E, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 

LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (0.24 R) 

030B+D+/-C0B+ E2G-H0E+ V7> 1' + 19F (,A2E0 42, ,G/. 53). ;-B-3-Q3-4 A/-E0G-R/0I+24 

30 Al2O3 (FBP23GM – K23D-B, K23D-B-AB-/-I-/E 1:1, AB-/-I-/E) CMH2BJB+ ,-2H+323+2 

7!. 

3-(4->&":,)-2,3,5,6-&(&'#2&"'2($)1)-1-2($)1!'"!-2-($-1-"$ (7!). %MA-H 0.02 R 

(6%), K2,@C2G3M2 +RBM, G.*B. 83-85°) (+D EtOH). )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.42 (3', G, !)'2)'3, J 7.0,); 3.42 (2', ., 

!)'2)'3,J 7.0); 7.45-7.54 (E, 3'0/-E.); 7.55-7.63 (E, 1'0/-E.); 7.76, 

7.82 ($%, *- 1', -)'=)'-, J 16.0); 7.96-8.03 (E, 2'0/-E.) (*/+B-N23+2, /+,. 8, ,G/. 134). 

)*2.G/ V7> 19F ()DCl3, c, E.H.): 4.19 (2F, F3,5); 20.84 (2F, F2,6) (*/+B-N23+2, /+,. 7, ,G/. 

133). %MQ+,B23-: ), 62.97; ', 3.73; F, 23.44. C17H12F4!. '04H23-: C, 62.51; H, 3.74; F, 

23.81. 
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N)$&(* #:')1")1#0).# 8!.  

; /0,GC-/L 0.1 R (0.3 EE-BO) ,-2H+323+J 6! C 10 EB AB-/+,G-R- E2G+B230 */+K0CBJB+ 

0.08 R (0.6 EE-BO) */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + */+ 

*2/2E2]+C03++ */+K0CBJB+ *- .0*BJE /0,GC-/ 0.05 EB (0.6 EE-BO) AB-/+,G-R- 

0./+B-+B0 C 4 EB AB-/+,G-R- E2G+B230. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°) 

+ 2 Q */+ .-E30G3-4 G2E*2/0GL/2, D0G2E H-K0CBJB+ 10 EB AB-/+,G-R- E2G+B230, 

*/-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- 

+,*0/+G2BJ K2D 30R/2C0. S-BLQ233M4 */-HL.G (0.14 R) 030B+D+/-C0B+ E2G-H-E V7> 1' + 
19F (,A2E0 44, ,G/. 54). ;-B-3-Q3-4 A/-E0G-R/0I+24 30 Al2O3 (FBP23G – AB-/+,GM4 

E2G+B23) CMH2BJB+ ,-2H+323+2 8a. 

O F
F

N
HF

F

H
N

O

N-(2-(2,3,5,6-&(&'#2&"'-4-(3-":,"-3-2($)1!'"!-1-($)1)2($)1#0)$")3&)1)#:')1")1-

#0). (8a). %MA-H 0.1 R (83%), *-/-]-. N2BG-R- @C2G0, G. 

*B.186-188°). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.61, 

3.67 (*- 2', -K0 E, 2)'2); 4.98 (1', L].,, NH); 5.69, 6.10, 

6.32 ($%), *- 1', C,2 H.H, )!)'=)'2, J 17.0, 10.2, 1.3); 5.94 (1', L].,, NH); 7.46-7.50 

(E, 2'0/-E.); 7.54-7.59 (E, 1'0/-E.); 7.69, 7.79 ($%, *- 1', -)'=)'-, J 16.0); 7.97-8.01 (E, 

2'0/-E.) (/+,. 12, ,G/. 56). )*2.G/ V7> 19F ()DCl3, c, E.H.): 0.22 (2F, F3,5); 20.16 (2F, F2,6) 

(/+,. 11, ,G/. 55). '04H23-: m/z 392.1144 [7]+. C20H16F4N2O2. %MQ+,B23-: M = 392.1142. 

 

L(#:?)D 7#1:"$# 1b , 3&)1($.)#0)$"0. 

; /0,GC-/L 0.20 EB (3.0 EE-BO) FG+B23H+0E+30 + 0.14 EB (1.0 EE-BO) G/+FG+B0E+30 C 

10 EB 57T$ */+K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1b. )E2,O *2/2E2]+C0B+ 30 

E0R3+G3-4 E2]0B.2 */+ .-E30G3-4 G2E*2/0GL/2 5 Q, CMB+C0B+ 30 /0DH/-KB233M4 B2H, 

-,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + CM,L]+C0B+ 30 C-DHLA2. S-BLQ233M4 

*/-HL.G (0.25 R) 030B+D+/-C0B+ E2G-H-E V7> 1' + 19F. ;-B-3-Q3-4 A/-E0G-R/0I+24 30 

-.,+H2 0BPE+3+J (FBP23G – K23D-B-AB-/-I-/E 1:2, D0G2E AB-/-I-/E) CMH2BJB+ 

,-2H+323+2 11b C ,B2H-CMA .-B+Q2,GC0A. 

1,1'-(4,4'-(>&#$-1,2-.))1F),(#*#.))1))F),(2,3,5,6-&(&'#2&"'-4,1-2($)1($))F),(3-

2($)1!'"!-2-($-1-"$) (11b). )*2.G/ V7> 1' 

(0@2G-3-d6, c, E.H., J/"@): 3.84 (4', E, 2)'2); 6.08 
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(2', L].,, 2NH); 7.20, 7.67 ($%, *- 2', 2 )'=)', J 16.0); 7.41-7.49 (E, 6'0/-E.); 7.71-7.78 

(E, 4'0/-E.). )*2.G/ V7> 19F (0@2G-3-d6, c, E.H.): 2.77 (4F, F3,5); 19.31 (4F, F2,6). 

3.5. -K!&L'6#,"8J&# I!3('+'J 1!-" " !-N#+&3#+6&!L&+'L. $&+8#K (N-!()&3'&3)-

!-N#+&3#+6&!L&+'K!L#*#++9I %'3&N8')I!3('+'J  

L(#:?)D 7#1:"$# 1! , !-2($)1($.)#0)$"0. 

; /0,GC-/L 0.28 EB (2.0 EE-BO) G/+FG+B0E+30 + 0.54 R (5.0 EE-BO) !-I23+B23H+0E+30 

C 10 EB FG03-B0 H-K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1a. )E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 7 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 H- 324G/0BO3-4 /20.@++ + CM,L]+C0B+ 30 C-DHLA2. 

9C2/HM4 */-HL.G (0.38 R) *2/2./+,G0BB+D-CMC0B+ +D FG03-B0.  

O

N
H

NH2

F
F

F
F

3-(4-[(4-I0)$"2($)1)#0)$"]-2,3,5,6-&(&'#2&"'2($)1)-1-2($)1!'"!-2-($-1-"$ (9a). 

%MA-H 0.28 R (72%), *-/-]-. N2BG--.-/+Q32C-R- @C2G0, G.*B. 

215-218°) (+D EtOH). )*2.G/ V7> 1' (57)!-d6, c, E.H., 

J/"@ ): 4.95 (2', L].,, N'2); 6.52 (E, 2'0/-E.); 6.82 (E, 2'0/-E.); 

7.53-7.79 (5', E, 3'0/-E., -)'=CH-), 8.03 (E, 2'0/-E.); 8.51 (1', L].,, N'). )*2.G/ V7> 19F 

(57)!-d6, c, E.H.): 8.17 (2F, F3,5); 20.13 (2F, F2,6). '04H23-: m/z  386.1034 [7]+. 

C21H14F4N2!. %MQ+,B23-: M = 386.1037. 

 

N)$&(* #:')1")1#0).# 12! 

; /0,GC-/L 0.21 R (0.54 EE-BO) ,-2H+323+J 9! C 10 EB AB-/+,G-R- E2G+B230 

*/+K0CBJB+ 0.09 R (0.65 EE-BO) */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + 

*/+ *2/2E2]+C03++ */+K0CBJB+ *- .0*BJE /0,GC-/ 0.05 EB (0.65 EE-BO) AB-/+,G-R- 

0./+B-+B0 C 4 EB CH2Cl2. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°) + 3 Q */+ 

.-E30G3-4 G2E*2/0GL/2. >20.@+-33LP E0,,L -,G0CBJB+ 30 3-QO C E-/-D+BO3-4 .0E2/2, 

CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4, D0G2E 32K-BO]+E .-B+Q2,GC-E 

AB-/-I-/E0 (~ 1 EB); *-BLQ0B+ ,-2H+323+2 12!. 

N-(4-(2,3,5,6-&(&'#2&"'-4-(3-":,"-3-2($)1!'"!-1-($)1)2($)1#0)$")2($)1)!'"!-2-

($#0). (12!). %MA-H 0.2 R (83%), *-/-]-. G2E3--./0,3-R- 

@C2G0, G. *B. 237-240°). )*2.G/ V7> 1' (57)!-d6, c, E.H., 

J/"@ ): 5.73, 6.23, 6.41 ($%), C,2 E, *- 1', )!)'=)'2, J 
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16.5, 9.8, 2.0); 7.00 (E, 2'0/-E.); 7.54-7.85 (7', E, 5'0/-E., -)'=)'-); 8.05 (2'0/-E., E); 8.88 

(L].,, 1', NH); 10.10 (L].,, 1', NH). )*2.G/ V7> 19F (57)!-d6, c, E.H.): 11.69 (2F, F3,5); 

20.86 (2F, F2,6). '04H23-: m/z 440.1138 [7]+. C24H16F4N2O2. %MQ+,B23-: M = 440.1142.  

 

L(#:?)) 7#1:"$# 1b , !-2($)1($.)#0)$"0. 

<. ; /0,GC-/L 0.47 EB (3.4 EE-BO) G/+FG+B0E+30 + 0.92 R (8.5 EE-BO) !-

I23+B23H+0E+30 C 10 EB 57T$ H-K0CBJB+ 0.5 R (1.7 EE-BO) A0B.-30 1b. )E2,O 

*2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 4 Q, CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 H- 324G/0BO3-4 /20.@++ + CM,L]+C0B+ 30 C-DHLA2. 

9C2/HM4 */-HL.G (0.7 R) A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 c Al2O3 (FBP23G – K23D-B-

AB-/+,GM4 E2G+B23 1:1), CMH2BJB+ ,-2H+323+2 13b.  

1-(4-[(4-I0)$"2($)1)#0)$"]-2,3,5,6-&(&'#2&"'2($)1)-3-2($)1!'"!-2-($-1-"$ (13b). 

%MA-H 0.12 R (18%), *-/-]-. -/03N2C-R- @C2G0, G.*B. 62-

65°) (+D 72OH). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.63 

(2', L].,, N'2); 5.80 (1', L].,, N'); 6.64 (E, 2'0/-E.); 6.92 

(E, 2'0/-E.); 7.09 (1', H, -)'=, J 16.0); 7.40 (E, 3'0/-E.); 7.53-7.71 (3', E, -)'=, 2'0/-E.) 

(*/+B-N23+2, /+,. 3, ,G/. 129). )*2.G/ V7> 19F ()DCl3, c, E.H.): 7.29 (2F, F3’,5’); 19.50 (2F, 

F2’,6’) (*/+B-N23+2, /+,. 4, ,G/. 130). '04H23-: m/z 386.1034 [7]+. C21H14F4N2!. 

%MQ+,B23-: M = 386.1037.  

E. ; ,L,*23D++ 0.56 R (4.0 EE-BO) ;2)!3 + 1.08 R (10.0 EE-BO) !-I23+B23H+0E+30 C 10 

EB 57T$ H-K0CBJB+ 0.6 R (2.0 EE-BO) A0B.-30 1b. )E2,O *2/2E2]+C0B+ 30 E0R3+G3-4 

E2]0B.2 */+ .-E30G3-4 G2E*2/0GL/2 4 Q, CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 H- 324G/0BO3-4 /20.@++ + CM,L]+C0B+ 30 C-DHLA2. 

9C2/HM4 */-HL.G (0.74 R) A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 c Al2O3 (FBP23G – 

AB-/-I-/E). )-2H+323+2 13b CMH2B23- , CMA-H-E 0.57 R (81%). 

N)$&(* #:')1")1#0).# 17b. 

; /0,GC-/L 0.57 R (1.48 EE-BO) ,-2H+323+J 13b C 10 EB CH2Cl2*/+K0CBJB+ 0.25 R (1.78 

EE-BO) */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + */+ *2/2E2]+C03++ 

*/+K0CBJB+ *- .0*BJE /0,GC-/ 0.14 EB (1.78 EE-BO) AB-/+,G-R- 0./+B-+B0 C 4 EB 

CH2Cl2. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5° + 3 Q */+ .-E30G3-4 

G2E*2/0GL/2, D0G2E -,G0CBJB+ 30 3-QO C E-/-D+BO3-4 .0E2/2. %M*0C]+4 -,0H-. 
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-GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + 32K-BO]+E .-B+Q2,GC-E AB-/-I-/E0 (~ 1 EB), 

*-BLQ0B+ ,-2H+323+2 17b. 

N-(4-(2,3,5,6-&(&'#2&"'-4-(3-2($)1!'"!-2-($")1)2($)1#0)$")2($)1)!'"!-2-($#0). 

(17b). %MA-H 0.65 R (100%), *-/-]-. J/.--./0,3-R- @C2G0, 

G. *B. 200-203°). )*2.G/ V7> 1' (57)!-d6, c, E.H., J/"@): 

5.73, 6.24, 6.42 ($%), *- 1', C,2 H.H, )!)'=)'2, J 16.8, 

10.1, 2.0); 7.01 (E, 2'0/-E.); 7.31, 7.73 ($%, *-1', -)'=)'-, J 16.0); 7.41-7.53 (E, 3'0/-E.); 

7.54-7.64 (E, 2'0/-E.); 7.78-7.86 (E, 2'0/-E.); 8.80 (1', L].,, NH); 10.11 (1', L].,, NH) 

(*/+B-N23+2, /+,. 5, ,G/. 131). )*2.G/ V7> 19F (57)!-d6, c, E.H.): 12.92 (2F, F3’,5’); 19.07 

(2F, F2’,6’) (*/+B-N23+2, /+,. 6, ,G/. 132). '04H23-: m/z 440.1141 [7]+. C24H16F4N2O2. 

%MQ+,B23-: M = 440.1142. 

 

L(#:?)) 7#1:"$# 1" , !-2($)1($.)#0)$"0. 

<. ; /0,GC-/L 0.44 EB (3.1 EE-BO) G/+FG+B0E+30 + 0.83 R (7.7 EE-BO) !-

I23+B23H+0E+30 C 10 EB 57T$ */+K0CBJB+ 0.3 R (0.77 EE-BO) A0B.-30 1". )E2,O 

*2/2E2]+C0B+ */+ .-E30G3-4 G2E*2/0GL/2 4 Q, CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 H- 324G/0BO3-4 /20.@++ + CM,L]+C0B+ 30 C-DHLA2. 

9C2/HM4 */-HL.G HC0NHM *2/2./+,G0BB+D-CMC0B+ +D FG03-B0, *-BLQ0B+ ,-2H+323+2 8".  

1,3-;),(4-[(4-#0)$"2($)1#0)$")-2,3,5,6-&(&'#2&"'2($)1])!'"!-2-($-1-"$ (8c). 

%MA-H 0.12 R (28%), *-/-]-. ./0,3--.-/+Q32C-R- 

@C2G0, G.*B. 198-200°) (+D EtOH). )*2.G/ V7> 1' 

(57)!-d6, c, E.H., J/"@ ): 3.64 (4', L].,, 2N'2); 

5.81 (2', L].,, 2N'); 6.64 (E, 4'0/-E.); 6.90 (E, 4'0/-E.); 7.28, 7.69 ($%, *- 1', -)'=)'-, J 

16.0). )*2.G/ V7> 19F (57)!-d6, c, E.H.): 6.30 (2F, F3,5); 7.12 (2F, F3´,5´); 19.66 (2F, F2,6); 

21.12 (2F, F2´,6´). '04H23-: m/z  564.1187 [7]+. C27H16F8N4!. %MQ+,B23- M = 564.1196. 

E. ; ,L,*23D++ 0.21 R (1.5 EE-BO) *-G0]0 + 0.83 R (7.7 EE-BO) !-I23+B23H+0E+30 C 10 

EB 57T$ */+K0CBJB+ 0.3 R (0.77 EE-BO) A0B.-30 1" + *2/2E2]+C0B+ */+ .-E30G3-4 

G2E*2/0GL/2 4 Q. )E2,O CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ C-H-4 H- 324G/0BO3-4 /20.@++ + CM,L]+C0B+ 30 C-DHLA2. 9C2/HM4 */-HL.G 

HC0NHM *2/2./+,G0BB+D-CMC0B+ +D FG03-B0, *-BLQ0B+ ,-2H+323+2 8" , CMA-H-E 0.14 R 

(32%). 
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N)$&(* #:')1")1#0).# 10" 

; /0,GC-/L 0.14 R (0.25 EE-BO) ,-2H+323+J 8" C 10 EB AB-/+,G-R- E2G+B230 

*/+K0CBJB+ 0.08 R (0.55 EE-BO) */-.0B233-R- ;2)!3. )L,*23D+P -AB0NH0B+ H- 0-5°) + 

*/+ *2/2E2]+C03++ */+K0CBJB+ *- .0*BJE /0,GC-/ 0.04 EB (0.55 EE-BO) AB-/+,G-R- 

0./+B-+B0 C 4 EB CH2Cl2. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 2 Q */+ 0-5°) + 3 Q */+ 

.-E30G3-4 G2E*2/0GL/2, D0G2E -,G0CBJB+ 30 3-QO C E-/-D+BO3-4 .0E2/2. %M*0C]+4 

-,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + 32K-BO]+E .-B+Q2,GC-E AB-/-I-/E0 (~ 1 

EB), *-BLQ0B+ ,-2H+323+2 10c. 

N
H

H
N

F
F

F
F

O F
F

F
F

N
H

H
N

O O

N-[4-((2,3,5,6-&(&'#2&"'-4-[3-(2,3,5,6-&(&'#2&"'-4-([4-(!'"!-2-($#0).")2($)1]-

#0)$")2($)1)!'"!-2-($")1]2($)1)#0)$")-

2($)1]!'"!-2-($#0). (10c). %MA-H 0.14 R 

(88%), *-/-]-. .-/+Q32C-R- @C2G0, G.*B. 

185-188°). )*2.G/ V7> 1' (57)!-d6, c, E.H., J/"@ ): 5.73 6.23, 6.42 ($%), *- 2', C,2 

H.H, 2 )!)'=)'2, J 16.8, 10.1, 2.0); 6.53 (E, 2'0/-E.); 6.83 (E, 2'0/-E.); 7.00 (E, 4'0/-E.); 

7.22, 7.29 ($%, *- 1', -)'=)'-, J 16.0); 8.93 (2', E, 2NH), 10.13 (2', L].,, 2NH). )*2.G/ 

V7> 19F (57)!-d6, c, E.H.): 11.65 (2F, F3,5); 12.43 (2F, F3´,5´); 19.66 (2F, F2,6); 21.18 (2F, 

F2´,6´). 

3.6. -K!&L'6#,"8J&# I!3('+'J 1!-# " "-N#+&3#+6&!L&+'L. $&+8#K 7#+K'-1,5-

6&!K#%&+'J & %'3&N8')-6#-N#+&3-6#,7-6&S&6)'7#+K&L&6!K'[1,2-a]I&+'3&+'J  

5BJ +DLQ23+J /20.@+4 , "-I23+B23H+0E+3-E KMB+ H-*-B3+G2BO3- ,+3G2D+/-C03M 

32-*+,033M2 /0322 A0B.-3M 1f,i,j. 

<"1KA($)( 1-2($)1-3-(2,3,5,6-&(&'#2&"'-4-(1,4-.)":,#-8-#*#,!)'"[4.5].(?-8-)1)-

2($)1)!'"!-2-($-1-"$# (1f).  

; /0,GC-/L 3.0 R (10.0 EE-BO) A0B.-30 1a C 20 EB 57T$ */+K0CBJB+ 2.56 EB (20.0 

EE-BO) 1,4-H+-.,0-8-0D0,*+/-[4.5]H2.030. )E2,O *2/2E2]+C0B+ */+ .-E30G3-4 

G2E*2/0GL/2 8 Q, CMB+C0B+ 30 B2H, -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 

30 C-DHLA2, *-BLQ0B+ A0B.-3 1f.  

1-J($)1-3-(2,3,5,6-&(&'#2&"'-4-(1,4-.)":,#-8-#*#,!)'"[4.5].(?-8-)1)-2($)1)!'"!-2-

($-1-"$ (1f). %MA-H 3.71 R (88%), *-/-]-. N2BG-R- @C2G0, G.*B. 

104-106°). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 1.83 (4', E, 

2)'2), 3.42 (4', E, 2)'2) - */-G-3M *+*2/+H+3-R/L**M; 3.99 

(4', L].,, 2)'2, OCH2CH2O); 7.45-7.53 (E, 2'0/-E.); 7.53-7.62 (E, 1'0/-E.); 7.75, 7.78 ($%, 
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*- 1', -)'=)'-, J 16.0); 7.96-8.05 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 9.98 (2F, 

F3,5); 20.66 (2F, F2,6). '04H23-: m/z 421.1287 [7]+. C22H19F4N!3. %MQ+,B23-: M = 

421.1296.  

<"1KA($)( 3-2($)1-1-(2,3,5,6-&(&'#2&"'-4-(1,4-.)":,#-8-#*#,!)'"[4.5].(?-8-)1)-

2($)1)!'"!-2-($-1-"$# (1i).  

; /0,GC-/L 3.0 R (10.0 EE-BO) A0B.-30 1b C 20 EB 57T$ */+K0CBJB+ 1.84 EB (14.4 

EE-BO) 1,4-H+-.,0-8-0D0,*+/-[4.5]H2.030. )E2,O *2/2E2]+C0B+ 3 Q */+ .-E30G3-4 

G2E*2/0GL/2, CMB+C0B+ 30 B2H, -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 30 

C-DHLA2, *-BLQ0B+ A0B.-3 1i.  

OF
F

N
F

F
O

O

3-J($)1-1-(2,3,5,6-&(&'#2&"'-4-(1,4-.)":,#-8-#*#,!)'"[4.5] .(?-8-)1)-2($)1)!'"!-2-

($-1-"$ (1i). %MA-H 3.98 R (94%), *-/-]-. N2BG-R- @C2G0, G.*B. 

98-101°) (+D EtOH). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 1.87 

(4', E, 2)'2), 3.46 (4', E, 2)'2) - */-G-3M 

*+*2/+H+3-R/L**M; 4.03 (4', ,, 2)'2, OCH2CH2O); 7.08 (1', H, -)'=, J 15.9); 7.40-7.47 

(E, 3'0/-E.); 7.56-7.63 (3', E, -)'=, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 10.99 (2F, 

F3’,5’); 19.22 (2F, F2’,6’). '04H23-: m/z  421.1289 [7]+. C22H19F4N!3. %MQ+,B23-: M = 

421.1296. 

<"1KA($)( 3-(3,5-.)2&"'-2,4,6-&')2($":,)2($)1)-1-2($)1!'"!-2-($-1-"$# (1j).  

; /0,GC-/L 1.0 R (3.3 EE-BO) A0B.-30 1a C 20 EB 57T$ */+K0CBJB+ 0.62 R (19.8 

EE-BO) I23-B0 + 2.7 R (19.8 EE-BO) ;2)!3. )E2,O *2/2E2]+C0B+ */+ G2E*2/0GL/2 ~50°) 

17 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, -,0H-. -GI+BOG/-CMC0B+, 

*/-EMC0B+ '2! + ,L]+B+ 30 C-DHLA2, *-BLQ0B+ A0B.-3 1j.  

3-(3,5-/)2&"'-2,4,6-&')2($":,)2($)1)-1-2($)1!'"!-2-($-1-"$ (1j), CMA-H 1.43 R 

(70%), K2,@C2G3M4 *-/-]-., G.*B. 152-154°) (+D EtOH). )*2.G/ 

V7> 1' ()DCl3, c, E.H., J/"@): 6.92-7.01 (E, 6'0/-E.); 7.05-7.12 (E, 

3'0/-E.); 7.28-7.39 (E, 8'0/-E.); 7.46-7.53 (E, 1'0/-E.); 7.65-7.72 (E, 

2'0/-E.); 7.80, 7.88 ($%, *- 1', -)'=)'-, J 16.0); )*2.G/ V7> 19F 

()DCl3, c, E.H.): 19.92 (L].,, 2F, F3,5).  

>)$:            
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L(#:?))  7#1:"$# 1# , "-2($)1($.)#0)$"0 

<. ; /0,GC-/L 1.27 R (11.7 EE-BO) "-I23+B23H+0E+30 + 1.62 EB (11.7 EE-BO) 9Y$ C 10 

EB FG03-B0 */+K0CBJB+ 0.5 R (1.7 EE-BO) A0B.-30 1! + .+*JG+B+ , *2/2E2]+C03+2E 5 Q. 

)E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, E0,BJ3+,GM4 -,0H-. 

F.,G/0R+/-C0B+ H+FG+B-CME FI+/-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (0.66 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F (,A2E0 50, ,G/. 61). 

E. ; /0,GC-/L 1.52 R (14.1 EE-BO) "-I23+B23H+0E+30 + 3.14 R (14.1 EE-BO) 9Y=$: C 

20 EB +D-*/-*03-B0 */+K0CBJB+ 0.6 R (2.0 EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O 

.+*JG+B+ , *2/2E2]+C03+2E 5 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 

B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 30 C-DHLA2. 9C2/HM4 

*/-HL.G (0.68 R) /0DH2BJB+ E2G-H-E */2*0/0G+C3-4 9): 30 Al2O3 (FBP23G – ,E2,O 

K23D-B-R2.,03 C ,--G3-]23++ 1:2), *-BLQ+B+ HC2 I/0.@++.  

N
HN

F F

F

F

1
2

3

4

56

6a

T#)J!O N)!(H&O: 1,2,3,4-&(&'#2&"'2($)1-6#-2($)1-6#,7-.)@).'"F($*)0).#*"[1,2-

a]7)$"1)$ (15!). %MA-H 0.35 R (47%), *-/-]-. N2BG-R- @C2G0, G. *B. 105-

108°) (+D FG03-B0). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 4.42 (1', L]. 

,, NH); 6.38 (1', H, )(6)', J 9.9); 6.63-6.71 (E, 2'0/-E.); 6.75 (1', H.H, 

)(5)', J 9.9, 1.3); 6.78-6.88 (E, 2'0/-E.); 7.27-7.35 (E, 3'0/-E.); 7.48-7.53 (E, 2'0/-E.) (/+,. 

17, ,G/. 68). )*2.G/ V7> 19F ()DCl3, c, E.H., J/"@): -1.35 (F3, G, J 20.8); 5.64 (F2, G, J 20.8); 

14.30 (F4, H.H, J 21.8, 11.0); 16.20 (E, F1) (/+,. 16, ,G/. 67). '04H23-: C, 68.48; H, 3.08; F, 

20.63; N, 7.09. m/z 368.0931 [7+]. C21H12F4N2. %MQ+,B23-: ), 68.48; ', 3.28; F, 20.63; N, 

7.61. M = 368.0938.  

NH

N
F

F F

F

F

1

2
3

45

-8')!O N)!(H&O: 2-(!('2&"'2($)1)-4-2($)1-2,3-.)@).'"-1%-F($*"[b][1,5].)#*(!)$ 

(14!). %MA-H 0.14 R (18%), *-/-]-. N2BG-R- @C2G0, G. *B. 155-157°) 

(+D EtOH). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.21, 3.28, 5.64 

(ABX, *- 1', C,2 H.H, )(2)'-)(3)'2, J 13.4, 10.5, 3.5); 3.60 (1', L]. ,, 

NH); 6.71-6.79 (E, 1'0/-E.); 7.00-7.09 (E, 2'0/-E.); 7.32-7.37 (E, 1'0/-E.); 

7.42-7.50 (E, 3'0/-E.); 7.92-8.00 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 1.01 (2F); 

7.56 (1F); 20.22 (2F). )*2.G/ V7> 13) ()DCl3, c, E.H.): 33.68; 59.44; 121.00; 121.78; 

126.53; 126.74; 128.63; 128.84; 130.49; 136.82; 138.37; 138.83; 165.71. '04H23-: C, 64.91; 

H, 3.32; F, 24.46; N, 7.21. m/z 388.0990 [7+]. C21H13F5N2. %MQ+,B23-: ), 64.95; ', 3.37; F, 

24.46; N, 7.21. M = 388.0993.  
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-. ; /0,GC-/L 0.76 R (7.0 EE-BO) "-I23+B23H+0E+30 + 0.98 EB (7.0 EE-BO) 9Y$ C 10 EB 

FG03-B0 */+K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1! + .+*JG+B+ , *2/2E2]+C03+2E 30 

E0R3+G3-4 E2]0B.2 28 Q, >20.@+-33LP ,E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, 

CMB+C0B+ 30 B2H, -,0H-. F.,G/0R+/-C0B+ HFG+B-CME FI+/-E, */-EMC0B+ '2!, ,L]+B+ 

CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.36 R) 

A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – ,E2,O K23D-B-R2.,03 C ,--G3-]23++ 

1:1). S-BLQ+B+ ,-2H+323+2 14! , CMA-H-E 0.26 R (67%), +H23G+Q3-2 ,+3G2D+/-C033-EL C 

-*MG2 E *- G. *B. + H033ME ,*2.G/-C V7> 1' + 19F.  

:. ; /0,GC-/L 1.27 R (11.8 EE-BO) "-I23+B23H+0E+30 + 4.34 R (11.8 EE-BO) +-H+H0 

G2G/0KLG+B0EE-3+J C 15 EB +D-*/-*03-B0 */+K0CBJB+ 0.5 R (1.7 EE-BO) A0B.-30 1!. 

>20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 5 Q, -AB0NH0B+ H- .-E30G3-4 

G2E*2/0GL/M + CMB+C0B+ 30 B2H. 70,BJ3+,GM4 -,0H-. F.,G/0R+/-C0B+ H+FG+B-CME 

FI+/-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C C0.LLE2 

/-G0@+-33-R- +,*0/+G2BJ. S- H033ME ,*2.G/0 V7> 19F, */-HL.G ,-H2/N0B 37% 

+,A-H3-R- A0B.-30 1!, 28% K23D+E+H0D-A+3-B+30 15a + 35% K23D-H+0D2*+30 14a.  

/. ; /0,GC-/L 0.51 R (4.7 EE-BO) "-I23+B23H+0E+30 + 0.2 R (0.7 EE-BO) A0B.-30 1! C 5 

EB +D-*/-*03-B0 */+K0CBJB+ 3 .0*B+ 10% ')l. >20.@+-33LP ,E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 3,5 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M + CMB+C0B+ 30 B2H, 

E0,BJ3+,GM4 -,0H-. F.,G/0R+/-C0B+ FI+/-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (0.09R) 

030B+D+/-C0B+ *- ,*2.G/L V7> 19F (,A2E0 56, ,G/. 71).  

 

<'(4'#B($)D F($*"-1,5-.)#*(!)$# 14a.  

<. >0,GC-/ 0.04 R (0.1 EE-BO) K23D-H+0D2*+30 14a + 0.07 R (0.3 EE-BO) 9Y=$: C 3 EB 

+D-*/-*03-B0 .+*JG+B+ , *2/2E2]+C03+2E 2 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, 

CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + ,L]+B+ 30 

C-DHLA2. S- H033ME ,*2.G/0 V7> 19F, */-HL.G ,-H2/N0B 78% K23D+E+H0D-A+3-B+30 15a 

+ 22% K23D-H+0D2*+30 14a. 

E. >0,GC-/ 0.03 R K23D-H+0D2*+30 14a C 2 EB +D-*/-*03-B0 .+*JG+B+ , 

*2/2E2]+C03+2E 2 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, */-HL.G 

F.,G/0R+/-C0B+ AB-/-I-/E-E. Y.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 
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LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S- H033ME ,*2.G/0 V7> 19F, */-HL.G 

,-H2/N0B 81% K23D+E+H0D-A+3-B+30 15a + 19% K23D-H+0D2*+30 14a.  

-. ; /0,GC-/L 0.02 R K23D-H+0D2*+30 14a C 4 EB +D-*/-*03-B0 */+K0CBJB+ 2 .0*B+ 

9Y$. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 2 + -K/0K0GMC0B+ *- -*MGL <. 

S- H033ME ,*2.G/-C V7> 1' + 19F, */-HL.G ,-H2/N0B G-BO.- K23D-H+0D2*+3 14a. 

:. ; /0,GC-/L 0.03 R K23D-H+0D2*+30 14a C 3 EB +D-*/-*03-B0 */+K0CBJB+ 3 .0*B+ 

*+*2/+H+30. >20.@+-33LP ,E2,O .+*JG+B+ , *2/2E2]+C03+2E 2 + -K/0K0GMC0B+ *- 

-*MGL <. S- H033ME ,*2.G/-C V7> 1' + 19F, */-HL.G ,-H2/N0B K23D-H+0D2*+3 14a. 

 

L(#:?)D 7#1:"$# 1b , "-2($)1($.)#0)$"0. 

; /0,GC-/L 2.54 R (23.5 EE-BO) "-I23+B23H+0E+30 + 5.22 R (23.5 EE-BO) 9Y=$: C 20 

EB +D-*/-*03-B0 */+K0CBJB+ 1.0 R (3.4 EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O .+*JG+B+ 

, *2/2E2]+C03+2E 17 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, 

E0,BJ3+,GM4 -,0H-. F.,G/0R+/-C0B+ AB-/-I-/E-E, */-EMC0B+ '2!, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (1.78 R) 

A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – ,E2,O K23D-B-R2.,03 C ,--G3-]23++ 

1:1), CMH2B+B+ ,-2H+323+2 18b. 

4-(<($&#2&"'2($)1)-2-2($)1-2,3-.)@).'"-1%-F($*"[b][1,5].)#*(!)$ (8b). %MA-H 

0.55 R (42%), *-/-]-. N2BG-R- @C2G0, G. *B. 115-117°) (+D EtOH). 

)*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.00, 3.13, 5.07 ($%:, *- 1', C,2 

H.H, )')'2, J 14.4, 8.7, 2.5); 4.06 (1', L]. ,, NH); 6.78 (H, 1'0/-E., J 7.9); 

6.95 (G, 1'0/-E., J 7.5); 7.11 (G, 1'0/-E., J 7.5); 7.27-7.39 (E, 6'0/-E.). )*2.G/ V7> 19F ()DCl3, 

c, E.H.): 0.19 (2F); 8.02 (1F); 20.12 (2F). )*2.G/ V7> 13) ()DCl3, c, E.H.): 44.32; 66.58; 

119.97; 120.38; 125.94; 128.26; 128.35; 128.99; 131.21; 135.34; 139.18; 143.28; 143.76; 

145.75; 156.92. '04H23-, %: C, 64.98; H, 3.23; F, 24.46; N, 7.42. m/z 388.0993 [7+]. 

C21H13F5N2. %MQ+,B23-, %: ), 64.95; ', 3.37; F, 24.46; N, 7.21. M = 388.0991. 

 

L(#:?)) 7#1:"$# 1$ , "-2($)1($.)#0)$"0.  

<. ; /0,GC-/L 0.59 R (5.4 EE-BO) "-I23+B23H+0E+30 + 1.21 R 9Y=$: (5.4 EE-BO) C 10 

EB +D-*/-*03-B0 */+K0CBJB+ 0.3 R (0.77 EE-BO) A0B.-30 1". >20.@+-33LP ,E2,O 

.+*JG+B+ */+ *2/2E2]+C03++ 5 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 

B2H, -,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 30 C-DHLA2. S-BLQ233M4 
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*/-HL.G (0.38 R) /0DH2BJB+ E2G-H-E */2*0/0G+C3-4 9): 30 Al2O3 (FBP23G – ,E2,O 

K23D-B-R2.,03 C ,--G3-]23++ 1:2). %MH2B+B+ HC2 I/0.@++. 

 

N
HN

F F

F

F

F

F

F

F

F

1
2

3
4
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6a

T#)J!O N)!(H&O: 1,2,3,4-&(&'#2&"'2($)1-6#-!($&#2&"'2($)1-6#,7-  

.)@).'"F($*)0).#*"[1,2-a]7)$"1)$ (12"). %MA-H 0.03 R (9%), +RBM 

./0,3-R- @C2G0, G. *B. 130-133°) (+D EtOH). )*2.G/ V7> 1' ()DCl3, 

c, E.H., J/"@): 5.25 (1', L].,, NH); 6.77 (1', H.H, )(6)', J 7.4, 1.6); 7.12 

(E, 2'0/-E.); 7.26-7.39 (3', E, )(5)', 2'0/-E.) (*/+B-N23+2, /+,. 10, 

,G/. 135). )*2.G/ V7> 19F ()DCl3, c, E.H.): -1.07 (1F); -0.37 (2F); 3.71 (1F); 8.55 (1F); 9.93 

(1F); 21.24 (2F); 27.95 (1F) (*/+B-N23+2, /+,. 9, ,G/. 134). '04H23-, %: C, 55.40, H, 1.09, 

F, 37.26, N, 6.06. m/z 458.0457 [7+]. C21H12F4N2. %MQ+,B23-, %: ), 55.03, ', 1.54; F, 37.31; 

N, 6.11. M = 458.0460.  

NH

N
F

F F

F

F

F F

F
F

F

-8')!O N)!(H&O: 2,4-F),(!($&#2&"'2($)1)-2,3-.)@).'"-1%-F($*"[b][1,5].)#*(!)$ 

(11"). %MA-H 0.1 R (27%), *-/-]-. N2BG-R- @C2G0, G. *B. 155-158°) (+D 

EtOH). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 2.89, 3.43, 5.60 (ABX, *- 

1', C,2 H.H, )')'2, J 14.1, 10.8, 2.9); 3.85 (1', L]. ,, NH); 6.73 (H.H, 

1'0/-E, J 7.9, 1.0); 7.00 (G.H, 1'0/-E., J 7.6, 7.6, 1.3), 7.12 (G.H, 1'0/-E, J 

7.6, 7.6, 1.6); 7.32 (H.H, 1'0/-E., J 7.9, 1.6). )*2.G/ V7> 19F ()DCl3, c, E.H.): 0.74 (2F); 1.43 

(2F); 8.48 (1F); 8.93 (1F); 20.0 (4F). '04H23-, %: C, 52.71; H, 1.76; F, 40.22; N, 5.62. m/z 

478.0525 [7+]. C21H8F10N2. %MQ+,B23-, %: ), 52.73; ', 1.69; F, 39.72; N, 5.86. M = 

478.0522.  

E. ; /0,GC-/L 1.17 R (10.8 EE-BO) "-I23+B23H+0E+30 + 0.6 R (1.5 EE-BO) A0B.-30 1c C 

10 EB +D-*/-*03-B0 */+K0CBJB+ 5 .0*2BO 10%-3-4 ')l. >20.@+-33LP ,E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 1.5 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, 

*/-HL.G F.,G/0R+/-C0B+ AB-/+,GME E2G+B23-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (0.40 R) 

030B+D+/-C0B+ E2G-H0E+ V7> 19F + 1' (,A2E0 56, ,G/. 71). 

L(#:?)) 7#1:"$# 1d , "-2($)1($.)#0)$"0.  

<. ; /0,GC-/L 1.26 R (11.7 EE-BO) "-I23+B23H+0E+30 + 1.62 EB (11.7 EE-BO) 9Y$ C 10 

EB FG03-B0 */+K0CBJB+ 0.62 R (1.7 EE-BO) A0B.-30 1d. >20.@+-33LP ,E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 5 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, 

E0,BJ3+,GM4 -,0H-. F.,G/0R+/-C0B+ FI+/-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, 
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/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (1.71 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F (,A2E0 50, ,G/. 61). 

E. ; /0,GC-/L 1.01 R (9.4 EE-BO) "-I23+B23H+0E+30 + 2.09 R (9.4 EE-BO) 9Y=$: C 10 

EB +D-*/-*03-B0 */+K0CBJB+ 0.5 R (1.3 EE-BO) A0B.-30 1d. >20.@+-33LP ,E2,O .+*JG+B+ 

6 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, */-HL.G F.,G/0R+/-C0B+ 

AB-/-I-/E-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, AB-/-I-/E LH0BJB+ C 

/-G0@+-33-E +,*0/+G2B2. S-BLQ233M4 */-HL.G (1.04 R) /0DH2BJB+ */2*0/0G+C3-4 9): 

30 Al2O3 (FBP23G – ,E2,O K23D-B-R2.,03 C ,--G3-]23++ 1:1). S-BLQ+B+ HC2 I/0.@++. 

N
HN

F O

F

1
2

3
4

56

6a
F

T#)J!O N)!(H&O: 1,3,4-&')2&"'-2-2($":,)-6#-2($)1-6#,7-.)@).'"F($*)0).#*"-

[1,2-#]7)$"1)$ (3d). %MA-H 0.2 R (33%), E0,B- N2BG-R- @C2G0. )*2.G/ 

V7> 1' ()DCl3, c, E.H., J/"@): 4.41 (1', L]. ,, NH); 6.43 (1', H.H, 

)(6)', J 9.8, 0.8); 6.58-6.71 (E, 2'0/-E.); 6.76-6.86 (3', E, )(5)', 

2'0/-E.); 7.01-7.08 (E, 2'0/-E.); 7.11-7.18 (E, 1'0/-E.); 7.29-7.41 (E, 

5'0/-E.); 7.51-7.57 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H., J/"@): 

6.66 (1F, L].H, F4, J 21.6); 13.87 (1F, H.H, F3, J 21.6, 12.3); 24.24 (1F, L].H, F1, J 12.3). 

'04H23-: m/z 442.1285 [7]+. C27H17F3N2!. %MQ+,B23-: M = 442.1288.  

-8')!O N)!(H&O: 4-2($)1-2-(2,3,5,6-&(&'#2&"'-4-2($":,)2($)1)-2,3-.)@).'"-1%-

1,5-F($*".)#*(!)$ (4d). %MA-H 0.2 R (33%), *-/-]-. N2BG-R- 

@C2G0, G.*B. 112-115°) (+D EtOH). <T ,*2.G/ (CHCl3), gE0.,., 3E (lg 

h): 261 (4.34), 359 (3.78). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 

3.27, 3.36, 5.69 ($%:, *- 1', C,2 H.H, )')'2, J 12.7, 10.4, 3.8); 3.74 

(1', L]. ,, NH); 6.77-6.82 (E, 1'0/-E.); 6.94-6.99 (E, 2'0/-E.); 7.01-

7.11 (E, 2'0/-E.); 7.11-7.17 (E, 1'0/-E.); 7.31-7.40 (E, 3'0/-E.); 7.44-7.50 (E, 3'0/-E.); 7.95-

8.03 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 8.46 (2F, E, F3,5); 19.45 (2F, E, F2,6). 

'04H23-, %: C, 70.29; H, 4.11; F, 16.63; N, 5.84. m/z  462.1350 [7]+. C27H18F4N2!. 

%MQ+,B23-, %: ), 70.12; ', 3.92; F, 16.43; N, 6.06. M = 462.1345.   

 

L(#:?)) 7#1:"$# 1e , "-2($)1($.)#0)$"0. 

<. ; /0,GC-/L 2.08 R (19.3 EE-BO) "-I23+B23H+0E+30 + 2.68 EB (19.3 EE-BO) 9Y$ C 20 

EB FG03-B0 */+K0CBJB+ 1.0 R (2.8 EE-BO) A0B.-30 1e. >20.@+-33LP ,E2,O .+*JG+B+ 

*2/2E2]+C0B+ 20 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 30 C-DHLA2. S-BLQ233M4 */-HL.G (1.64 R) 
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A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – ,E2,O K23D-B-R2.,03 C ,--G3-]23++ 

1:4). %MH2B+B+ ,-2H+323+2 3e. 

4-J($)1-2-(2,3,5,6-&(&'#2&"'-4-(!)!(').)$-1-)1)2($)1)-2,3-

.)@).'"-1%-1,5-F($*"-.)#*(!)$ (3e). %MA-H 0.28 R (22%), *-/-]-. 

N2BG-R- @C2G0, G.*B. 108-110°) (+D EtOH). <T ,*2.G/ (CHCl3), 

gE0.,., 3E (lg h): 266 (4.43), 345 (3.83). )*2.G/ V7> 1' ()DCl3, c, 

E.H., J/"@): 1.54-1.73 (6', E, 3)'2 *+*2/+H+3-R/L**M); 3.15-3.32 (6', E, 2H, C(3)H2, 4', 

2)'2 *+*2/+H+3-R/L**M); 3.59 (1', L]. ,, NH); 5.55 (1', H.H, )(2)', J 10.3, 4.4); 6.71-

6.77 (E, 1'0/-E.); 6.97-7.08 (E, 2'0/-E.); 7.31-7.38 (E, 1'0/-E.); 7.42-7.48 (E, 3'0/-E.); 7.95-

8.01 (E, 2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 11.12 (2F, E, F3,5); 17.14 (2F, E, F2,6). 

'04H23-, %: C, 68.65; H, 4.90; F, 16.57; N, 9.10. m/z  453.1830 [7]+. C26H23F4N3. 

%MQ+,B23-, %: ), 68.86; ', 5.11; F, 16.76; N, 9.27. M = 453.1823.  

E. ; /0,GC-/L 2.08 R (19.3 EE-BO) "-I23+B23H+0E+30 + 4.29 R (19.3 EE-BO) 9Y=$: C 

15 EB +D-*/-*03-B0 */+K0CBJB+ 1.0 R (2.8 EE-BO) A0B.-30 1e + .+*JG+B+ 25 Q. 

>20.@+-33LP ,E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, */-HL.G 

F.,G/0R+/-C0B+ FI+/-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ 

C /-G0@+-33-E +,*0/+G2B2. !,G0G-. (1.04 R) A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 

(FBP23G – K23D-B). S-BLQ+B+ ,-2H+323+2 4e. 

 1,3,4-8')2&"'-6#-2($)1-2-!)!(').)$-1-)1-6#,7-.)@).'"F($*-)0).#*"[1,2-a]7)$"1)$ 

(4e). %MA-H 1.04 R (87%), E0,B- N2BG-R- @C2G0. )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.58-1.75 (6', E, 3)'2 *+*2/+H+3-R/L**M); 

3.15-3.35 (4', E, 2)'2 *+*2/+H+3-R/L**M); 4.34 (1', L]. ,, NH); 6.25 

(1', H.H, )(6)', J 9.8, 0.6); 6.50-6.55 (E, 1'0/-E.); 6.64-6.68 (E, 1'0/-E.); 

6.69-6.80 (3', E, )(5)', 2'0/-E.); 7.28-7.33 (E, 3'0/-E.); 7.52-7.58 (E, 2'0/-E.). )*2.G/ V7> 
19F ()DCl3, c, E.H., J/"@): 10.05 (1F, H, F4, J 21.1); 11.33 (1F, H.H, F3, J 21.1, 11.3); 28.59 (1F, 

E, F1). )*2.G/ V7> 13) ()DCl3, c, E.H.): 24.20; 26.62; 52.58; 81.43; 109.06; 109.13; 109.61; 

110.37; 115.56; 120.96; 125.52; 128.32; 128.47; 128.64; 130.29; 136.79; 138.55; 142.67; 

143.72; 144.66; 145.59; 147.53. '04H23-: m/z 433.1830 [M]+. C26H22F3N3. %MQ+,B23-: M = 

433.1825.  
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L(#:?)) 7#1:"$# 1f , "-2($)1($.)#0)$"0. 

<. ; /0,GC-/L 1.8 R (16.6 EE-BO) "-I23+B23H+0E+30 + 2.31 EB (16.6 EE-BO) 9Y$ C 20 

EB +D-*/-*03-B0 */+K0CBJB+ 1.0 R (2.4 EE-BO) A0B.-30 1f + .+*JG+B+ 22 Q. >20.@+-33LP 

,E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, CM*0C]+4 -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ '2!, ,L]+B+ 30 C-DHLA2. S-BLQ233M4 */-HL.G (1.64 R) 

-Q+10B+ A/-E0G-R/0I+/-C03+2E 30 .-B-3.2 , Al2O3 (FBP23G – K23D-B). S-BLQ+B+ 

,-2H+323+2 3f.  

NH

N
F

F F

N

F

O

O

2-[4-(1,4-/)":,#-8-#*#,!)'"[4.5].(?-8-)1)-2,3,5,6-&(&'#2&"'-2($)1]-4-2($)1-2,3-

.)@).'"-1%-1,5-F($*".)#*(!)$ (3f). %MA-H 0.34 R (28%), *-/-]-. 

N2BG-R- @C2G0, G.*B. 153-155°) (+D EtOH). )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.82 (4', L].G, 2)'2 *+*2/+H+3-R/L**M, J 

5.4 "@,); 3.21, 3.27, 5.56 ($%:, *- 1', C,2 H.H, J 13.6, 10.9, 3.5); 

3.31-3.37 (4', E, 2)'2 *+*2/+H+3-R/L**M); 3.59 (1', L]. ,, NH); 3.98 (4', L].,, 2)'2, 

!)'2)'2!); 6.74 (L].H, 1'0/-E., J 7.7); 6.97-7.07 (E, 2'0/-E.); 7.31-7.37 (E, 1'0/-E.); 7.41-

7.47 (E, 3'0/-E.); 7.94-7.99 (E, 2'0/-E.) (*/+B-N23+2, /+,. 13, ,G/. 139). )*2.G/ V7> 19F 

()DCl3, c, E.H.): 11.39 (2F, E, F3,5); 17.46 (2F, E, F2,6) (*/+B-N23+2, /+,. 14, ,G/. 140). 

)*2.G/ V7> 13C ()DCl3, c, E.H.): 34.24; 35.70; 49.27; 59.45; 64.39; 106.66; 113.56; 120.97; 

121.40; 126.47; 126.90; 128.62; 128.96; 130.33; 137.38; 138.62; 138.80; 141.38; 143.26; 

144.08; 146.08; 165.99. '04H23-, %: C, 65.74; H, 4.82; F, 14.88; N, 8.64. m/z 511.1873 [7]+. 

C28H25F4N3!2. %MQ+,B23-, %: ), 65.74; ', 4.93; F, 14.86; N, 8.21. M = 511.1877.  

E. ; /0,GC-/L 0.9 R (8.3 EE-BO) "-I23+B23H+0E+30 + 1.86 R (8.3 EE-BO) 9Y=$: C 15 EB 

+D-*/-*03-B0 */+K0CBJB+ 0.5 R (1.2 EE-BO) A0B.-30 1f + .+*JG+B+ 20 Q. >20.@+-33LP 

,E2,O -K/0K0GMC0B+ 030B-R+Q3- -*. <. !,G0G-. (0.52 R) A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 

, Al2O3 (FBP23G – K23D-B). S-BLQ+B+ ,-2H+323+2 4f. 

N
HN

F N

F

O
O
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2

3
4
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6a
F

2-(1,4-/)":,#-8-#*#,!)'"[4.5].(?-8-)1)1,3,4-&')2&"'-6#-2($)1-6#,7-.)@).'"-

F($*)0).#*"[1,2-#]7)$"1)$ (4f). %MA-H 0.28 R (47%), *-/-]-. 

N2BG-R- @C2G0, G.*B. 110-113°) (+D EtOH). <T ,*2.G/ (CHCl3), gE0.,., 

3E (h): 304 (4.24), 365 (3.46), 455 (3.49). )*2.G/ V7> 1' ()DCl3, c, 

E.H., J/"@): 1.78-1.97 (4', E, 2)'2 *+*2/+H+3-R/L**M); 3.39-3.48 (4', 

E, 2)'2 *+*2/+H+3-R/L**M); 3.99 (4', L].,, 2)'2, !)'2)'2!); 4.38 

(1', L].,, NH); 6.26 (1', H.H, )(5)', J 9.9, 0.8); 6.49-6.56 (E, 1'0/-E.); 6.62-6.68 (E, 

1'0/-E.); 6.71 (1', H.H, )(6)', J 9.9, 1.3); 6.74-6.81 (E, 2'0/-E.); 7.26-7.35 (E, 3'0/-E.); 7.46-
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7.54 (E, 2'0/-E.) (*/+B-N23+2, /+,. 11, ,G/. 137). )*2.G/ V7> 19F ()DCl3, c, E.H.): 10.41 

(1F, H, F4, J 21.0); 11.64 (1F, H.H, F3, J 21.0, 11.9); 28.74 (1F, L].H, F1, J 11.9) (*/+B-N23+2, 

/+,. 12, ,G/. 138). )*2.G/ V7> 13) ()DCl3, c, E.H.): 35.69; 49.53; 64.31; 81.34; 106.82; 

108.98; 109.09; 109.92; 110.33; 115.40; 120.92; 121.02; 125.48; 128.49; 128.63; 129.40; 

130.52; 136.71; 138.39; 142.32; 143.54; 145.20; 147.60. '04H23-, %: C, 67.58; H, 5.04; F, 

11.74; N, 8.52. m/z 491.1813 [7]+. C28H24F3N3!2. %MQ+,B23-, %: ), 68.42; ', 4.92; F, 

11.60; N, 8.55. M = 491.1815.  

 

L(#:?)D 7#1:"$# 1g , "-2($)1($.)#0)$"0. 

; /0,GC-/L 2.03 R (18.8 EE-BO) "-I23+B23H+0E+30 + 4.18 R (18.8 EE-BO) 9Y=$: C 20 

EB +D-*/-*03-B0 */+K0CBJB+ 1.0 R (2.7 EE-BO) A0B.-30 1g + .+*JG+B+ 20 Q. >20.@+-33LP 

,E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M +CMB+C0B+ 30 B2H, E0,BJ3+,GM4 -,0H-. 

F.,G/0R+/-C0B+ AB-/+,GME E2G+B23-E, F.,G/0.G */-EMC0B+ '2!, ,L]+B+ CaCl2, 

/0,GC-/+G2BO LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. S-BLQ233M4 */-HL.G (2.11 R) 

A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – K23D-B). S-BLQ+B+ ,-2H+323+2 2g. 

HN

N

FF

F F

O

2-J($)1-4-(2,3,5,6-&(&'#2&"'-4-2($":,)2($)1)-2,3-.)@).'"-1H-1,5-F($*".)#*(!)$ 

(2g). %MA-H 0.38 R (31%), E0,B- N2BG-R- @C2G0. )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 3.07, 3.17, 5.14 ($%:, *- 1', C,2 H.H, )')'2, 

J 14.0, 8.9, 3.2); 4.08 L]. , (1', N'); 6.80 (E, 1'0/-E.); 6.94-7.01 (E, 

3'0/-E.); 7.09-7.16 (E, 2'0/-E.); 7.29-7.42 (E, 8'0/-E.) (*/+B-N23+2, 

/+,. 15, ,G/. 141). )*2.G/ V7> 19F  ()DCl3, c, E.H.): 7.85 (2F, E, F3,5); 19.66 (2F, E, F2,6) 

(*/+B-N23+2, /+,. 16, ,G/. 142). )*2.G/ V7> 13) ()DCl3, c, E.H.): 44.14; 66.67; 115.48; 

117.81; 119.93; 120.26; 123.78; 125.92; 128.08; 128.15; 128.83; 129.77; 131.03; 133.64; 

135.48; 139.11; 140.40; 142.79; 143.42; 143.78; 145.93; 156.97; 157.63. '04H23-: m/z 

462.1352 [7]+. C27H18F4N2!. %MQ+,B23-: M = 462.1345.  

 

L(#:?)D 7#1:"$# 1h , "-2($)1($.)#0)$"0. 

; /0,GC-/L 2.08 R (19.3 EE-BO) "-I23+B23H+0E+30 + 4.28 R (19.3 EE-BO) 9Y=$: C 15 

EB +D-*/-*03-B0 */+K0CBJB+ 1.0 R (2.8 EE-BO) A0B.-30 1h. >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ .+*JQ23++ 20 Q, -AB0NH0B+ H- .-E30G3-4 

G2E*2/0GL/M + -K/0K0GMC0B+ 030B-R+Q3- */2HMHL12EL -*MGL. S-BLQ233M4 */-HL.G 
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(1.82 R) A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – K23D-B). S-BLQ+B+ 

,-2H+323+2 2h. 

2-J($)1-4-(2,3,5,6-&(&'#2&"'-4-!)!(').)$-1-)12($)1)-2,3-

.)@).'"-1H-1,5-F($*"-.)#*(!)$ (2h).  %MA-H 0.32 R (26%), E0,B- 

N2BG-R- @C2G0. )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@):  1.45-1.63 (6', 

E, 3)'2 *+*2/+H+3-R/L**M); 2.88, 2.99, 5.01 ($%:, *- 1', C,2 H.H, 

)')'2, J 14.3, 9.4, 3.3); 3.11 (4', E, 2)'2 *+*2/+H+3-R/L**M); 3.89 (1', L]. ,, NH); 6.66 

(H.H, 1'0/-E., J 8.2, 1.5); 6.84 (H.H.H, 1'0/-E., J 8.2, 7.7, 1.5); 7.07 (H.H.H, 1'0/-E., J  8.2, 7.7, 

1.5); 7.12-7.30 (E, 6'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 10.36 (2F, E, F3,5);  17.51 (2F, 

E, F2,6). '04H23-: m/z 453.1817 [7]+. C26H23F4N3. %MQ+,B23-: M = 453.1823.  

 

L(#:?)D 7#1:"$# 1i , "-2($)1($.)#0)$"0. 

; /0,GC-/L 0.9 R (8.3 EE-BO) "-I23+B23H+0E+30 + 1.86 R (8.3 EE-BO) 9Y=$: C 15 EB 

+D-*/-*03-B0 */+K0CBJB+ 0.5 R (1.2 EE-BO) A0B.-30 1i. >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ .+*JQ23++ 20 Q, -AB0NH0B+ H- .-E30G3-4 

G2E*2/0GL/M + -K/0K0GMC0B+ 030B-R+Q3- */2HMHL12EL -*MGL. S-BLQ233M4 */-HL.G 

(0.84 R) A/-E0G-R/0I+/-C0B+ E2G-H-E */2*0/0G+C3-4 9): 30 Al2O3 (FBP23G – ,E2,O 

K23D-B-R2.,03 C ,--G3-]23++ 1:2). S-BLQ+B+ ,-2H+323+2 2i. 

4-[4-(1,4-/)":,#-8-#*#,!)'"[4,5].(?-8-)1)-2,3,5,6-&(&'#2&"'2($)1]-2-2($)1-2,3-

.)@).'"-1%-1,5-F($*".)#*(!)$ (2i). %MA-H 0.12 R (19%), *-/-]-. 

N2BG-R- @C2G0, G.*B. 135-138°) (+D EtOH). <T ,*2.G/ (CHCl3), 

gE0.,., 3E (h): 269 (4.13), 303 (4.14), 369 (3.9). )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.83 (4', E, 2)'2 *+*2/+H+3-R/L**M); 

2.97, 3.09, 5.11 ($%:, *- 1', C,2 H.H, )')'2, J 14.3, 9.2, 2.9); 3.34 (4', E, 2)'2 

*+*2/+H+3-R/L**M); 3.98 (5', L]. ,, NH, 2)'2, OCH2CH2O); 6.77 (H.H, 1'0/-E., J 7.6, 1.5); 

6.94 (G.H, 1'0/-E., J 8.4, 7.6, 1.5); 7.07 (G.H, 1'0/-E., J 8.4, 7.6, 1.5); 7.26-7.38 (E, 6'0/-E.). 

)*2.G/ V7> 19F ()DCl3, c, E.H.): 10.63 (2F, E, F3,5); 17.76 (2F, E, F2,6). '04H23-, %: C, 

65.74; H, 4.78; F, 14.78; N, 8.29. m/z  511.1868 [7]+. C28H25F4N3!2. %MQ+,B23-, %: ), 

65.74; ', 4.93; F, 14.86; N, 8.21. M = 511.1877.  
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L(#:?)D 7#1:"$# 1j , "-2($)1($.)#0)$"0.  

; /0,GC-/L 1.92 R (17.8 EE-BO) "-I23+B23H+0E+30 + 3.96 R (17.8 EE-BO) 9Y=$: C 20 

EB +D-*/-*03-B0 */+K0CBJB+ 1.32 R (2.5 EE-BO) A0B.-30 1j + .+*JG+B+ 22 Q. 

>20.@+-33LP ,E2,O -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, -,0H-. 

-GI+BOG/-CMC0B+, */-EMC0B+ '2! + ,L]+B+ 30 C-DHLA2. S-BLQ233M4 */-HL.G (1.79 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F. )-2H+323+2 2j +H23G+I+@+/-C03- C ,E2,+ , 

+,A-H3ME A0B.-3-E 1j (,A2E0 54, ,G/. 70).  

NH

N O F

O

FO

2-(3,5-/)2&"'-2,4,6-&')2($":,)2($)1)-4-2($)1-2,3-.)@).'"-1H-1,5-.)#*(!)$  (2j). 

)*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 2.92, 3.13, 5.64 ($%:, *- 1', 

C,2 H.H, )')'2, J 13.4, 11.4, 2.6); 3.70 (L]. ,, 5', NH); 6.46-6.53 (E, 

1'0/-E.); 6.66-6.75 (E, 4'0/-E.); 6.86-6.91 (E, 2'0/-E.); 6.95-7.02 (E, 

3'0/-E.); 7.03-7.09 (E, 3'0/-E.); 7.15-7.36 (9'0/-E.); 7.48-7.55 (E, 

2'0/-E.). )*2.G/ V7> 19F ()DCl3, c, E.H.): 21.54 (2F, L].,, F3,5). )G/L.GL/0 H-*-B3+G2BO3- 

*-HGC2/NH02G,J H033ME+ %YZ: – /2R+,G/+/L2G,J */-G-3+/-C033M4 +-3 C39H28F2N2!3 

(7+1') , M = 611.210, .-G-/M4 ,-RB0,L2G,J , /0,Q2G3ME M = 611.214. 

 

3.7. -K!&L'6#,"8J&# I!3('+'J 1!-#,h " SP!+&6&+'L 

L(#:?)) 7#1:"$# 1# , @K#$).)$"0.  

<. ; /0,GC-/L 0.095 R (1.0 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.42 EB (3.0 EE-BO) 9Y$ 

C 6 EB 57T$ */+K0CBJB+ 0.3 R (1.00 EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ .-E30G3-4 G2E*2/0GL/2 5 Q, CMB+C0B+ 30 B2H, 

-,0H-. -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + ,L]+B+ 30 C-DHLA2. S- H033ME ,*2.G/-C 

V7> 1' + 19F */-HL.G ,-H2/N+G +,A-H3M4 A0B.-3 1!. 

E. ; /0,GC-/L 0.095 R (1.0 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.12 R (3.0 EE-BO) NaOH 

C 7 EB FG03-B0 */+K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 2.5 Q, -AB0NH0B+ + CMB+C0B+ 30 B2H, */-HL.G F.,G/0R+/-C0B+ 

FG+B0@2G0G-E, F.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C 

C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.16 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 1' 

+ 19F (,A2E0 57, ,G/. 73) + A/-E0G-R/0I+/-C0B+ 30 .-B-3.2 , Al2O3 (FBP23G – K23D-B, 

D0G2E AB-/-I-/E). :B-/-I-/E30J I/0.@+J */2H,G0CBJ2G ,-K-4 ,E2,O 2-0E+3--4-

I23+B*+/+E+H+30 (20!) + 3-(2-0E+3--4-I23+B*+/+E+H+3-5-+B)-3-(4-FG-.,+-2,3,5,6-

G2G/0-IG-/I23+B)-1-I23+B-*/-*03-1--30 (22a). S2/2./+,G0BB+D0@+24 +D K23D-B0 
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CMH2B23 2-0E+3--4-I23+B*+/+E+H+3 (20!) , CMA-H-E 0.05 R (29%), +H23G+Q3M4 

-*+,033-EL C B+G2/0GL/2 *- G.*B. 164-166°) (165-166°) [132]) + H033ME ,*2.G/0 V7> 
1' [133]. 70G-Q3M4 /0,GC-/ ,-H2/N+G ,-2H+323+J 20! + 22a , */2-KB0H03+2E 22a. 

)G/L.GL/0 ,-2H+323+J 22a L,G03-CB230 *- H033ME >)$ HBJ E-3-./+,G0BB0, CM*0C]2R- 

+D AB-/-I-/E3-4 I/0.@++, + *-HGC2/NH230 H033ME+ ,*2.G/-C V7> 1' + 19F.  

3-YG-.,+-1,2,4,5-G2G/0IG-/K23D-B (21a) ,--GC2G,GCL2G *- H033ME V7> 1' + 19F 

B+G2/0GL/3ME H033ME [134].  

3-(2-I0)$"-4-2($)1!)')0).)$-5-)1)-3-(4-3&":,)-2,3,5,6-&(&'#2&"'2($)1)-1-2($)1-

!'"!#$-1-"$ (22a). %MA-H 16% (/0,,Q+G03 *- ,*2.G/L V7> 1' C 

/20.@+-33-4 ,E2,+). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 1.34 (3', 

G, )'3, OC'2)'3, J 7.0); 3.66, 3.76, 5.12 (ABX, *- 1', C,2 H.H, 

)')'2, J 17.5, 8.5, 7.2); 4.19 (2', ., )'2, OC'2)'3, J 7.1, 7.0); 5.44 

(2', L]. ,, NH2); 7.28-7.35 (E, 2'0/-E.); 7.37-7.48 (E, 5'0/-E.); 7.52-

7.59 (E, 1'0/-E.); 7.83-7.90 (E, 2'0/-E.); 6.86-6.91 (E, 2'0/-E.); 8.34 (L].,, 1'0/-E.) (/+,. 20, 

,G/. 75). )*2.G/ V7> 19F ()DCl3, c, E.H.): 4.38 (2F, E, F3,5); 18.55 (2F, E, F2,6) (/+,. 19, ,G/. 

74). '04H23-: m/z 495.1564 [M]+. C27H21F4N3!2. %MQ+,B23-: M = 495.1558. 

O

N

N

NH2

F

F
O

F

F

-. ; /0,GC-/L 0.14 R (1.5 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 2 EB 50% C-H3. ;!' C 10 

EB FG03-B0 */+K0CBJB+ 0.3 R (1.0 EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O .+*JG+B+ , 

*2/2E2]+C03+2E 2 Q, D0G2E *-/@+JE+ */+K0CBJB+ 0.34 EB 30%-3-4 '2!2. )E2,O 

.+*JG+B+ 212 1 Q, -AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, */-HL.G 

F.,G/0R+/-C0B+ FG+B0@2G0G-E, F.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 

LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.18 R) 030B+D+/-C0B+ *- 

,*2.G/0E V7> 1' + 19F (,A2E0 59, ,G/. 77). 

:. ; .+*J12EL /0,GC-/L 0.6 R (2.0 EE-BO) A0B.-30 1!, 0.28 R (3.0 EE-BO) R+H/-AB-/+H0 

RL03+H+30 + 0.68 EB 30%-3-4 '2!2 C 20 EB FG03-B0 */+K0CBJB+ *- .0*BJE 4 EB 50% 

C-H3. ;!'. >20.@+-33LP ,E2,O .+*JG+B+ 2 Q + -K/0K0GMC0B+ *- */2HMHL12EL -*MGL. 

!,G0G-. (0.29 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F (,A2E0 59, ,G/. 77). S/-HL.G 

*/-EMC0B+ ,E2,OP AB-/-I-/E-R2.,03 C ,--G3-]23++ 1:1, *-BLQ0B+ ,-2H+323+2 23!. 

2-I0)$"-5-(4-3&":,)-2,3,5,6-&(&'#2&"'F($*)1)-5-2($)1-1H-)0).#*"1-4(5H)-"$ 

(23!). %MA-H 0.13 R (18%), K2,@C2G3M4 ./+,G0BB+Q2,.+4 */-HL.G, 

G.*B. 272-274°). (; ,*2.G/ (f, ,E-1): 3363 (N-'), 1706 (C=O), 1654 

(C=N), 1494 (C-F). )*2.G/ V7> 1' (57)!-d6, c, E.H., J/"@): 1.30 (3', 
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G, OCH2)'3, J 7.0,); 3.34, 3.40 (AB, *- 1', )'2, J 14.1); 4.25 (2', ., OCH2)'3, J 7.0); 6.91 

(1', L].,, NH2); 7.27-7.30 (E, 1'0/-E.); 7.23-7.37 (E, 2'0/-E.); 7.49-7.52 (E, 2'0/-E.); 7.64 

(1', L].,, NH2); 8.42 (1', ,, NH) (/+,. 22, ,G/. 78). )*2.G/ V7> 19F (57)!-d6, c, E.H.): 

4.33 (2F, E, F3,5); 22.22 (2F, E, F2,6) (/+,. 23, ,G/. 79). )*2.G/ V7> 13) (57)!-d6, c, E.H.): 

15.17; 31.78; 68.92; 70.79; 108.59; 125.36; 127.38; 128.05; 135.93; 139.44; 139.62; 141.07; 

144.42; 146.04; 170.66; 186.94 (*/+B-N23+2, /+,. 17, ,G/. 144). '04H23-: m/z 381.1103 

[7+]. C18H15F4N3O2. %MQ+,B23-: M = 381.1109. 

 

L(#:?)D 7#1:"$# 1# , 2-#0)$"-4-2($)1!)')0).)$"0 (20).  

; /0,GC-/L 0.05 R (0.3 EE-BO) 2-0E+3--4-I23+B*+/+E+H+30 (20) + 0.036 R (0.9 EE-BO) 

NaOH C 3 EB FG03-B0 */+K0CBJB+ 0.09 R (0.3 EE-BO) A0B.-30 1!. >20.@+-33LP ,E2,O 

.+*JG+B+ 2.5 Q + -K/0K0GMC0B+ *- -*MGL -, -,G0G-. 030B+D+/-C0B+ *- ,*2.G/0E V7> 1' 

+ 19F. % */-HL.G2 -K30/LN23M G-BO.- +,A-H3M2 ,-2H+323+J.  

 

L(#:?)) 7#1:"$# 1b , @K#$).)$"0. 

<. ; /0,GC-/L 0.64 R (6.7 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.32 R (13.4 EE-BO) NaH C 

10 EB 57T$ */+K0CBJB+ 1.0 R (3.4 EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ 50°) 1.5 Q, -AB0NH0B+ H- .-E30G3-4 

G2E*2/0GL/M, CMB+C0B+ 30 B2H, E0,BJ3+,GM4 */-HL.G F.,G/0R+/-C0B+ FG+B0@2G0G-E. 

'2/0,GC-/+C]+4,J -,0H-. 30 R/03+@2 /0DH2B0 I0D -GI+BOG/-CMC0B+, *-BLQ+B+ 0.1 R 

(16%) 2-0E+3--6-I23+B-5,6-H+R+H/-*+/+E+H+3-4(1%)--30 (21b), +H23G+Q3-R- 

-*+,033-EL C B+G2/0GL/2 [135] *- H033ME ,*2.G/0 V7> 1' + G.*B. 255-257°) (257.3°) 

[135]). YG+B0@2G0G3M4 F.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ 

C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.29 R) 030B+D+/-C0B+ , *-E-1OP V7> 1' 

+ 19F (,A2E0 60, ,G/. 80).  

E. ; /0,GC-/L 0.095 R (1.0 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.12 R (3.0 EE-BO) NaOH 

C 6 EB FG03-B0 */+K0CBJB+ 0.3 R (1.00 EE-BO) A0B.-30 1b. >20.@+-33LP ,E2,O .+*JG+B+ 5 

Q, CMB+C0B+ 30 B2H, *-H.+,BJB+ HCl H- pH ~1-2 + F.,G/0R+/-C0B+ */-HL.G FI+/-E, D0G2E 

AB-/+,GME E2G+B23-E. Y.,G/0.GM -Kb2H+3JB+, */-EMC0B+ C-H-4, ,L]+B+ CaCl2, 

/0,GC-/+G2B+ LH0BJB+ C C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.03 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F (,A2E0 60, ,G/. 80). 
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L(#:?)) 7#1:"$# 1$ , @K#$).)$"0. 

<. ; /0,GC-/L 0.07 R (0.8 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.09 R (2.3 EE-BO) NaOH C 

6 EB FG03-B0 */+K0CBJB+ 0.3 R (0.8 EE-BO) A0B.-30 1". >20.@+-33LP ,E2,O .+*JG+B+ 1 Q, 

-AB0NH0B+ H- .-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, -,0H-. F.,G/0R+/-C0B+  

FG+B0@2G0G-E, F.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO LH0BJB+ C 

C0.LLE2 /-G0@+-33-R- +,*0/+G2BJ. !,G0G-. (0.15 R) */2H,G0CBJB ,-K-4 ,-2H+323+2 13". 

F
F

OEt
F

F

HO

O

O-3-(4-3&":,)-2,3,5,6-&(&'#2&"'2($)1)#:')1"4#D :),1"&# (4-3&":,)-2,3,5,6-

&(&'#2&"':"')A$#D :),1"&#) (13"). %MA-H 0.15 R (75%), 

K2,@C2G3M2 ./+,G0BBM, G.*B. 129-131°C. )*2.G/ V7> 1' (0@2G-3-d6, 

c, E.H., J/"@): 1.40 (3', G, OCH2)'3, J 7.0); 4.41 (2', .C, OCH2)'3, J 

7.0), 6.63, 7.58 ($%, *- 1', -)'=)'-, J 16.3); 7.92 (1', L].,, !H). )*2.G/ V7> 19F 

(0@2G-3-d6, c, E.H.): 5.38 (2F, E, F3,5 ); 20.87 (2F, E, F2,6). '04H23-: m/z 264.0394 [7+]. 

C11H8F4O3. %MQ+,B23-: M = 264.0404. 

>)$ (FG-.,+BO3M4 AC-,G /0DL*-/JH-Q23): 

 

 

 

E. ; /0,GC-/L 0.25 R (2.6 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.12 R (5.2 EE-BO) NaH C 

10 EB 57T$ */+K0CBJB+ 0.5 R (1.3 EE-BO) A0B.-30 1". >20.@+-33LP ,E2,O 

*2/2E2]+C0B+ 30 E0R3+G3-4 E2]0B.2 */+ G2E*2/0GL/2 50°) 10 E+3, -AB0NH0B+ H- 

.-E30G3-4 G2E*2/0GL/M, CMB+C0B+ 30 B2H, */-HL.G F.,G/0R+/-C0B+ FG+B0@2G0G-E, 

F.,G/0.G */-EMC0B+ C-H-4, ,L]+B+ CaCl2, /0,GC-/+G2BO 30 /-G0@+-33-E +,*0/+G2B2. 

!,G0G-. (0.20 R) 030B+D+/-C0B+ , *-E-1OP V7> 1' + 19F (,A2E0 61, ,G/. 81). )-2H+323+2 

16c +H23G+I+@+/-C03- *- ,*2.G/0E V7> 1' + 19F C ,E2,+ , E3-R-Q+,B233ME+ 

32+H23G+I+@+/L2EME+ */+E2,JE+.  

HN N

NH2

O C6F5

2-I0)$"-6-!('2&"'2($)1-5,6-.)@).'"!)')0).)$-4(1%)-"$ (16c). )*2.G/ V7> 1' 

(57)!-d6, c, E.H., J/"@): 2.50, 2.65, 5.10 ($%:, *- 1', C,2 H.H, )')'2, J 

16.4, 9.5, 6.7 "@); 5.77 L].,. (2', NH2); 6.95 L].,. (1', NH).)*2.G/ V7> 
19F (57)!-d6, c, E.H.): -0.13 E (2F); 6.71 E (1F); 19.94 E (2F).  
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L(#:?)D 7#1:"$# 1d , @K#$).)$"0. 

; /0,GC-/L 0.08 R (0.8 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.1 R (2.4 EE-BO) NaOH C 7 

EB FG03-B0 */+K0CBJB+ 0.3 R (0.8 EE-BO) A0B.-30 1d. >20.@+-33LP ,E2,O .+*JG+B+ 3.5 Q 

+ *-,B2 -AB0NH23+J -K/0K0GMC0B+ *- */2HMHL12EL -*MGL. !,G0G-. (0.25 R) 

030B+D+/-C0B+ , *-E-1OP V7> 1' + 19F (,A2E0 57, ,G/. 73). S/-EMC03+2E */-HL.G0 

,E2,OP R2.,03-AB-/-I-/E (2:1) *-BLQ+B+ ,-2H+323+2 6d. 

O

N

N

NH2

F

F
O

F

F

3-(2-#0)$"-4-2($)1!)')0).)$-5-)1)-1-2($)1-3-(2,3,5,6-&(&'#2&"'-4-2($":,)-

2($)1)!'"!#$-1-"$ (6d), CMA-H 0.07 R (32%), K2,@C2G3M4 *-/-]-., 

G. *B. 156-158°). )*2.G/ V7> 1' ()DCl3, c, E.H., J/"@): 3.67-3.87 

(2', E, )'2); 5.15-5.31 (E, 3', )', NH2); 6.83-6.91 (E, 2'0/-E.); 7.08 

(E, 1'0/-E.); 7.26-7.36 (E, 4'0/-E.); 7.38-7.48 (E, 5'0/-E.); 7.57 (E, 

1'0/-E.); 7.86-7.94 (E, 2'0/-E.); 8.37 (L].,, 1'0/-E.). )*2.G/ V7> 19F 

()DCl3, c, E.H.): 7.29 (2F, E, F3,5); 19.99 (2F, E, F2,6). '04H23-: m/z 543.1559 [7+]. 

C31H21N3F4O2. %MQ+,B23-: M = 543.1564. 

 

L(#:?)D 7#1:"$# 1e , @K#$).)$"0. 

; /0,GC-/L 0.08 R (0.8 EE-BO) R+H/-AB-/+H0 RL03+H+30  + 0.1 R (2.4 EE-BO) NaOH C 7 

EB FG03-B0 */+K0CBJB+ 0.3 R (0.8 EE-BO) A0B.-30 1#. >20.@+-33LP ,E2,O .+*JG+B+ 3.5 Q 

+ -K/0K0GMC0B+ *- -*MGL E. !,G0G-. (0.24 R) 030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F 

(,A2E0 57, ,G/. 73), D0G2E */-EMC0B+ ,E2,OP R2.,03-AB-/-I-/E (2:1). S-BLQ+B+ 

0E+3-*+/+E+H+3 20a , CMA-H-E 0.02 R (4%). T+BOG/0G L*0/+C0B+, +D -,G0G.0 (0.19 R) 

.-B-3-Q3-4 A/-E0G-R/0I+24 30 -.,+H2 0BPE+3+J (FBP23G – R2.,03-AB-/-I-/E 1:1) 

CMH2BJB+ ,-2H+323+2 5e. % B+G2/0GL/2 [136] */+C2H23M G-BO.- H033M2 ,*2.G/0 V7> 19F.  

F F

FF

N

1,2,4,5-8(&'#2&"'-3-!)!(').)$"F($*"1 (5e). %MA-H 0.03 R (16%). )*2.G/ V7> 1' 

()DCl3, c, E.H., J/"@): 1.66 (6', E, 3)'2 *+*2/+H+3-R/L**M), 3.18 (4', E, 

2)'2 *+*2/+H+3-R/L**M), 6.61 (E, 1'0/-E.). )*2.G/ V7> 19F ()DCl3, c, 

E.H.): 10.54 (2F, E, F1,5), 20.66 (2F, E, F2,4). '04H23-: m/z  232.0747 [7-1']+. 

C11H11F4N. %MQ+,B23-: M = 232.0744. 

 

L(#:?)D 7#1:"$# 1h , @K#$).)$"0. 

; /0,GC-/L 0.32 R (6.7 EE-BO) R+H/-AB-/+H0 RL03+H+30 + 0.16 R (13.4 EE-BO) NaH C 6 

EB 57T$ */+K0CBJB+ 0.6 R (3.4 EE-BO) A0B.-30 1h. >20.@+-33LP ,E2,O *2/2E2]+C0B+ 
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*/+ G2E*2/0GL/2 ~50°) 1 Q + -K/0K0GMC0B+, .0. -*+,03- CM]2. !,G0G-. (0.18 R) 

030B+D+/-C0B+ *- ,*2.G/0E V7> 1' + 19F (,A2E0 60, ,G/. 80). (D C-H3-R- ,B-J CM*0B 

-,0H-., .-G-/M4 -GI+BOG/-CMC0B+, */-EMC0B+ C-H-4 + ,L]+B+ 30 C-DHLA2. S-BLQ+B+ 

,-2H+323+2 21b, CMA-H 0.07 R (11%).  
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-G-?/G 

!

1. %*2/CM2 +,,B2H-C03- CD0+E-H24,GC+2 *-B+IG-/+/-C033MA A0B.-3-C , H+0E+30E+ 

/0DB+Q3-4 ,G/L.GL/M – *+*2/0D+3-E, FG+B23H+0E+3-E, "- + !-I23+B23H+0E+30E+. 

S-.0D03-, QG- C D0C+,+E-,G+ -G ,G/-23+J H+0E+30 CD0+E-H24,GC+2 E-N2G */-+,A-H+GO 

*- G/2E FB2.G/-I+BO3ME @23G/0E – 0E+3-H2IG-/+/-C03+2 C *-B+IG-/+/-C033-E 

.-BO@2, */+,-2H+323+2 *- \-0G-EL LRB2/-H0 HC-43-4 ,CJD+, ,-*/JN233-4 , 

.0/K-3+BO3-4 R/L**-4, + /20.@+J *- .0/K-3+BO3-4 R/L**2 - .0. CG-/+Q3M4 */-@2,,, 

*/+C-HJ1+4 . R2G2/-@+.B+Q2,.+E ,-2H+323+JE. 

2. S/2H,G0C+G2B+ 0B+I0G+Q2,.+A + 0B+@+.B+Q2,.+A H+0E+3-C – FG+B23H+0E+3 + 

*+*2/0D+3 - D0E210PG 0G-EM IG-/0 C *2/IG-/I23+BO3MA .-BO@0A A0B.-3-C C 

-G,LG,GC+2 .0G0B+D0G-/0, C G- C/2EJ .0. HBJ E2322 3L.B2-I+BO3-R- !-I23+B23H+0E+30 

G/2KL2G,J */+,LG,GC+2 ,+BO3MA -,3-C03+4 + CM,-.-*-BJ/3MA /0,GC-/+G2B24. '0/JHL , 

0E+3-H2IG-/+/-C03+2E C- C,2A ,BLQ0JA +E22G E2,G- */+,-2H+323+2 *- 7+A0FBP , 

-K/0D-C03+2E 0D0-0HHL.G-C.  

3. %D0+E-H24,GC+2 *-B+IG-/A0B.-3-C , "-I23+B23H+0E+3-E */-G2.02G .0. 1,4-

*/+,-2H+323+2 *- 7+A0FBP , *-,B2HLP124 R2G2/-@+.B+D0@+24 D0 ,Q2G /20.@++ *- 

.0/K-3+BO3-4 R/L**2 + */+C-H+G . *-B+IG-/K23D--1,5-H+0D2*+30E.  

4. !K30/LN230 C3LG/+E-B2.LBJ/30J @+.B+D0@+J + *2/2R/L**+/-C.0 

*-B+IG-/D0E21233MA K23D--1,5-H+0D2*+3-C C */-+DC-H3M2 G2G/0@+.B+Q2,.-R- 

.-3H23,+/-C033-R- ,-2H+323+J – *-B+IG-/K23D+E+H0D-A+3-B+30.  

5. S-.0D03-, QG- /20.@++ *-B+IG-/A0B.-3-C , RL03+H+3-E C */+,LG,GC++ -,3-C03+4 

32 */+C-HJG . L,G-4Q+CME *-B+IG-/H+0/+B*+/+E+H+30E, -N+H02EME *- 030B-R++ , 

/20.@+JE+ 32IG-/+/-C033MA A0B.-3-C, 0 */-G2.0PG , -G12*B23+2E 

*-B+IG-/I23+BO3MA R/L**. S23G0IG-/K23D0BO0@2G-I23-3 + 2R- */-+DC-H3M2 -K/0DLPG 

2-0E+3--4-I23+B*+/+E+H+3, ,--GC2G,GCLP1+2 *-B+IG-/K23D-BM + C*2/CM2 

-K30/LN233M2 C FG+A /20.@+JA )-0HHL.GM 7+A0FBJ - 3-(2-0E+3--4-I23+B*+/+E+H+3-5-

+B)-3-(4-R-2,3,5,6-G2G/0IG-/-I23+B)-1-I23+B*/-*03-1--3M. 

=23D0BO*-B+IG-/0@2G-I23-3M + H2.0IG-/A0B.-3 */2C/010PG,J C */-+DC-H3M2 

.-/+Q3-4 .+,B-GM, .-G-/M2 C /2DLBOG0G2 CD0+E-H24,GC+J , RL03+H+3-E -K/0DLPG 2-

0E+3--6-0/+B-5,6-H+R+H/-*+/+E+H+3-4(1%)--3M.  
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6. >20.@++ *-B+IG-/+/-C033MA A0B.-3-C , H+0E+30E+ */2H,G0CBJPG */0.G+Q2,.+4 

+3G2/2, .0. *LGO . 32+DC2,G3ME /0322 *-B+IG-/K23D-H+0D2*+30E + I-G-A+E+Q2,.+ 

0.G+C3ME 0./+B-+B0E+H0E 30 -,3-C2 0E+3-D0E21233MA *-B+IG-/A0B.-3-C. 
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