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 !"#$#%#& '()**)+,-./,,0& 1!"/23,-"4)& ,565+7)*& 89#& :;<=>?@=AB;9& 2),)C& vestigial -+/DE5,!F& G&
*!7-D!"45,,0H&5D-H54!G54-DI&JK5,)2),L&D)G,-C&+-G!

 !"#$%&'$()*+ $#,+ #-./.0,+ '*1,2+ %&30.+ /4&5*6*+ /.7.890*:+ '*#0&'&-+ ;4&+ 6,2+ 1&+ .4&%.6*/.6&4+
<=.0!8!0>+;&/*6*'0&+';8*'.?+0.+)*#,890!#69+Dr. melanogaster 8!0!:+Normal 6.+vestigial.
 !"#$%"&$%
1. @$8".-&'+ABCB+ *1,'D,+"&5.'-*E+C;4.'&)0*-B+— C 5E+F62+GHHIB+—JKL+#B
2. '-2-*M0,1!7&N# M.6$4.890!+"&5.'-*2+.4&%.6*/.6&4*+N+ OB+C&8&'PQ0)*-+NN+R.4)&'.+!+;,4,4&50.+;4&%*#8&'!#69B+– SB2+
2002. – TUB+– CBJJ-23.
3. OD!. PB+R.4)&'!+"&5.'-*E+0,5,/;,-.+)*+-&4*#69V+N+ B+W4*X+NN+R.4)&'.+!+;,4,4&50.+;4&%*#8&'!#69B+- 2003. - T+GGB+
- CB+GG-13.

 !"#!$%&'$()*+,)-./01$%&$

Q5I7-*!R&7/D)*,!7&– +-S#&T5D5,-*"37!R&K#&'#

 ! "#$%&"'(#&&)*#+,- "#$%&".*/%$,-#/"(*0*1+,20/&%2/"*%-

!/,- ,/"%3#+4%&#/-*"*565- "!/,- ,/"%3#+4#7#/-#&"%&"(*

=!"&%&2+1&+#6.5!890! .4*8"!./&0:+6,64.Y8$&4&5&4.6* Z.4.-6,4*/$(69#Q 0*/9-&( 4&/)*00!#6(+$+'&"! !+
&47.0!)0*Z 4&/)*00*-.Z, .+[, ).#6-&'&+&5%,3$? \Z #*06,6*)0,+'*-&4*#6.00Q+]G^. =.38*'&(+;,4,'.7&( 6&/*8.6!'+
.4*8"!./&0!(+ ? \Z "&54. 4&/)*00!#69 $+ '&"!, #;*46.Z, .[,6&0!2+ &[6&'!:+ -*#8&6!, "*%,6*8#$89Y&-#*"!2+
"*%,6*8Y&4%.%!"! ! .[,6&0!64*8!B+ _&/)*00!#69+ ".0*Z+ "!./&#;&8$-+ $+ '&"!+ 4&/-4*'.?+ %&38*'&#6!+ 4,.8!/.[!\+
#*06,/!'+/.+\Z+$).#6(+$+'&"0&%$+6.+'&"0&-&47.0!)0*Z+#,4,"&'*1.ZB

` %,6&(+"&#8!"3,00Q+4,.-[!:0&\+/".60&#6!+.4*8"!./&0!:+6&/*8.6!'+0.%*+'*'),0&+","!./&0!('.00Q+[*Z+
"!./&#;&8$-+'+$%&'.Z+4,.-[!\+a.66,4%.0.-`.0"%,:?4.+]J2+b^B+

=#6.0&'8,0&2+1&+K-%,6*8Y,0!8"!./&0!:+6&/*8.6+1 '/.?%&"!?+/+ -.8!:+c-,6*8"*6!&-.45&0.6&%+6.+0.64!:+
N,N-"!,6*8"*6!&-.45.%.6&%+ $+ '&"0&-.[,6&0&'&%$+ dGEGe+ #,4,"&'*1!+ /+ $6'&4,00Q%+ ;4&"$-6!'+ /.%!1,00Q+
"!./&74$;*+ 0.+c-,6*8"*6!&-.45&0.60$+ 6.+f2f-"!,6*8"*6!&-.45.%.60$+– 4-%,6*8Y,0!8dc-,6*8"*6!&-.45&0.6$e+3
6.+K-%,6*8Y,0!8df2f-"!,6*8"*6!&-.45.%.6$e+4 '!";&'!"0&B

C;&8$-*+3, 4 6.-&3+&",43.0!+/$#64!)0*%+#*06,/&%+'*Z&"Q)*+/+(-6&8!8"!./&0!:+6,64.Y8$&4&5&4.6$+2B+=+
&5&Z+ '*;."-.Z+ $6'&4((69#Q+ &"0!+ !+ 6!+ 3+ ;4&"$-6*+ ","!./&0!('.00Q2+ 1&+ ;!"6',4"3,0&+ '*/0.),00Q%+ \Z+ Y!/*-&-
Z!%!)0*Z+-&0#6.06+6.+".0*%*+Wg_+1M+#;,-64!'B+h.-2+"8Q+#;&8$-*+3 '#6.0&'8,0&2+1&+'&0.+$6'&4(?69#Q+$+Y&4%!+
5,/5.4'0*Z+-4*#6.8!'+/+h;8B 780C+d;,4,-4*#6.8!/.[!Q+/+Z8&4&Y&4%$e2+.+#;&8$-.+4 – #'!68&+3&'6!+-4*#6.8*+/+h;8B
1120C+d;,4,-4*#6.8!/.[!Q+/+%,6.0&8$eB+
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=*-&4*#6.00Q+ 6&/*8.6$+ "!./&0!(+ '+ ".0!:+ 4,.-[!\+ ".?+ 4Q"+ ;,4,'.72+ /&-4,%.2+ ",1&+ ;!"'*1$?69#Q+
6,%;,4.6$4.+","!./&0!('.00Q+d0.+i-70Ce2+'*"!8,00Q+./&6$+;4&Z&"*69+5!89X+4!'0&%!40&2+.+'+4,.-[!:0*Z+#$%!X.Z+
/%,0X$?69#Q+).#6-.+;4&"$-6!'+./&#;&8$),00Q+6.+ !0X*Z+-&0-$4$()*Z+;4&[,#!'B+h.-&3+'#6.0&'8,0&2+1&+'*Z!"+K-
%,6*8Y,0!8dc-,6*8"*6!&-.45&0.6$e+'+[*Z+$%&'.Z+/4&#6.?+0.+GLjB

=*Z&"*+;4&"$-6!'+","!./&0!('.00Q+?+'*1*%*+'+$%&'.Z+-$;4&-.6.8!/$+ dUJj+d#;&8$-.+3e+ !+HGj+d4eeB+ 4*+
;4&',",00!+4,.-[!\+/.+'!"#$60&#6!+-.6.8!/.6&4.+'*Z&"*+c-,6*8"*6!&-.45&0.6&df2f-"!,6*8"*6!&-.45.%.6&e.4,0!'+
/0*3$(69#Q+ 0.+ Gi-Jij+ '0.#8!"&-+ ;4&Z&"3,00Q+ -&0-$4$()*Z+ ;4&[,#!'+ ./&#;&8$),00Q+ !+ ;,4,6'&4,09+
.0!&0&\"0&7&+4,.7,06$B+ 4*+[9&%$+6,%;,4.6$4.+'*"!8,00Q+./&6$+/4&#6.?+0.+GL-150CB

h.-*%+ )*0&%2+ .4*8"!./&0!:+ 6&/*8.6*+ ?+ 5!89X+ %kQ-*%*2+ .8,+ !+ '&"0&).#+ '*#&-&4,.-[!:0&/".60*%*+
#;&8$-.%*2+ Q-!+ %&30.+ '*-&4*#6&'$'.6*+ Q-+ ,Y,-6*'0!+ .4*8(()!+ 4,.7,06*+ '+ 4,.-[!QZ+ ","!./&0!('.00Q+ $+
;4*#$60&#6!+ 0$-8,&Y!8!'B+c#&58*'&+ -&4*#0*%*+ 5$"$69+ ".0!+ 4,.7,06*+ '+ 4,.-[!QZ+ /+ 0,0.#*),0*%*+ #;&8$-.%*+ '+
;4*#$60&#6!+ #*890*Z+ 0$-8,&Y!8!'+ d4,.-[!QZ+ .0!&0.4*8('.00Qe+ ]K^2+ ."3,+ "8Q+ \Z+ ;4&',",00Q+ 0,&5Z!"0.+ "&#*69+
0*/9-.+ 6,%;,4.6$4.2+ Q-.+ !0&"!+ #Q7.?+ 0*3),+ –300C2+1&+ ;&64,5$?+ .-6*'0&7&+ &Z&8&"3,00Q+ 4,.-[!:0*Z+ #$%!X,:B+
`&-4,%.2+ 4,.-[!\+ 6!&[!.0.6&-2+ c-.8!-!8"*6!&-.45&0.6&- 6.+ f2f-"!,6*8"*6!&-.45.%.6&.4*8('.00Q+ '+ 5!89X&#6!+
'*;."-!'2+'!"5$'.(69#Q+,0,47!:0&+;4*+0*/9-*Z+6,%;,4.6$4.Z+ !+?+#*890&,-/&6,4%!)0*%*B+`%,0X,00Q+X'*"-&#6!+
'/.?%&"!\+ ;&/*6*'0&+ ';8*'.6*%,+ 0.+ 4,7!&#,8,-6*'0!#69+ ".0*Z+ 4,.-[!:+ !+ "&/'&8Q?+ /"!:#0('.6*+ \Z+ -!0,6*)0*:+
-&064&89B+
#'()*+,-*./012.0340(/,.0

Ol+ #;,-64*+ #;&8$-+ 3, 4 /.;*#.0!+ $+ './,8!0&'!:+ &8!\+ d0$:&8!e+ 0.+ #;,-64&%,64!+ mnopqrs+tUL+ '+
"!.;./&0!+ KLLL-KLL+ #%-1B+ C;,-64*+ Wg_+ 1M+ &64*%.0!+ '+ ugCc-d6 0.+ ;4*8."!+ vwxywz+ t{x|}x~+ dKLL+ ga[e2+
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/&'0!X0!: #6.0".46+ – hgCB+ �8,%,060*:+ .0.8!/+ ;4&'&"*8*+ /.+ #6.0".460*%*+ %,6&"*-.%*B+ u.0!+
,8,%,060&7&+ .0.8!/$+ '!";&'!".(69+ 54$66&-Y&4%$8.%B+ O0"*'!"$.890!#69+ #*06,/&'.0*Z+ #;&8$-+
'#6.0&'8('.8*+ %,6&"&%+ 6&0-&X.4&'&\+ Z4&%.6&74.Y!\+ dh�Re+ 0.+ ;8.#6*0.Z+ my�}���+ �v-JiK+ d,8(,06*
5,0/&8+E+%,6.0&8+dbEGe2+%,6.0&8+E+.[,6&0+E+Z8&4&Y&4%+dJEGEGeeB+

 !"#$%&'()*+,-".-/%
 !"#!"$  %-17-&'()'*+',#,-.-/0',#'1#230!4'567'*'(898: ;#/<+'!-$1"='!"$10$4'>?>@2 .':8';/',0A$0/<#.-!#B'

.#,0' "' CD1D;"E4.-/0' 2-' ,#C#;#*#F' ;-*!"$!#B' ;"E-/G0' .C1#,#.H' 5I' J.6' C10' :80K6' L"A/M' N<#*#' -!"#!"$'
O"/<$14.-/0'"'C1#;0.-/0'P",0A$0/<#.-!#F'.#,#F ,#'QRST'(G#!$1#/<'2-'4!".D1A-/<!0;'"!,0G-$#1!0;'C-CD1#;+6
U"/<G"A$<'-,A#1P#.-!0J'=#!".'>@2

- AG/-,-V :';;#/<W*'-!"#!"$46
 !"!#$%!& '()*+,-!& +.!/*)01!%%2& !3*'!),4%,5& !'.%.1& 0& 63,70)%*7).& 6-

)*#0*#70#$8*-,7#*),
X# 1#230!4 2 * (0.01 ;#/<) ;#!#*",1-$4'  -$#/4#/A4/<O#G0A/#$0 . 5 ;/' G10H-!#B #N$#.#B G0A/#$0

,#,-F$< 3.0 * C#CD1D,!<# C10*#$#./D!#*# ,"-2#$4F3#*# 1D-*D!$4 "' CD1D;"E4F$<' .C1#,#.H 5 J.. L#$"; ,#'
#,D1H-!#B' A4;"E"' C#A$4C#.#' .!#AM$< 0.01 ;#/< -1#;-$03!#*# -;"!4. YD-GN"=!4 ;-A4 CD1D;"E4F$< C10 :8ZK
.C1#,#.H 30 J.. [-.D1ED!!M 1D-GN"B .02!-3-V$<AM ;D$#,#; \]^'(D/FD!$'– PD!2#/+. _,D1H-!4 1D-GN"=!4 ;-A4
.",O"/<$1#.4F$<' .", -!"#!"$-, ,# O"/<$1-$4 ,#,-F$< 100-120 ;/ ,"D$0/#.#*# D$D146' _A-, A#/" ,"-2#!"F9' `#'
4$.#10.AM9 O"/<$14F$<'!-'/"=N"'aFJ!D1-'-P#'O"/<$1"']#$-'" A4E-$<'C10'2!0HD!#;4'$0AG4 C",'.#,#A$14;0!!0;'
!-A#A#;'(2-/0EG#.0= $0AG 10-15 ;;61$6A$).

4-9(),#8(%.#+.!/*%.:&)*/,#!)&;<=
X"-2#$4F$<' 56:' *' (8685' ;#/<+'  -$#/4B,0!46' _,D1H-!#' :6&' *' (b)c+' AC#/4G0' (3+' 4' .0*/M,"' A."$/#-H#.$0J'

G10A$-/".'2'$D;CD1-$41#F'C/-./D!!M'5:80K6' de-ACDG$1'( 9'A;–1): 2296 (–N+䍵㻺㻕㻘㻌㻝㻟㻣㻞㻘㻌㻝㻝㻡㻢㻌㻔฀as, ฀s SO2+6'KCDG$1'

fgY'1h'(!9';636+i'T6I:',9'T65I','(7h9'jkl+9'T6:8 ,9'T685','(7h9'K6h4+9':6)7'A9':6)8'A'(mh9':Kh3+6'[!-=,D!#9'ci'>'b6T:9'

S 10.96. C14H14N2_3n6'_P30A/D!#9'ci'>'b6mI9'n'556876
4-9(),#8(%.#;>-(),#+,).*-!3?*%!)=&;@=
X#' 56&' *' (86855';#/M+' G-/"=' D$0/GA-!$#*D!-$4' Uno(n+_pq' "' 86:' *' (86888I';#/M+' *DGA-*",1-$4' G4C14;(dd+'

$D$1-O/4#1#P#1-$4' .' TI' ;/' .#,!#--ND$#!#.#B' (5i5+' A4;"E"' C10' #J#/#,HD!!"' ,#'–200o' ,#,-.-/0' !D.D/0G0;0'
C#1N"M;0')6)'*'(86855';#/M+'$#20/-$4'7-;D$0/OD!"/,"-2#!"F6' 2#$'.0,"/M.AM'.C1#,#.H')8'J.6'C10'–150K6'L"A/M'
C10C0!D!!M'.0,"/D!!M'-2#$4'1D-GN"=!4'A4;"E'#P1#P/M/0')8';/',"D$0/#.#*#'D$D149'.0$MHG0'C1#;0.-/0'.#,#F'"'
A4E0/0'PD2.#,!0;'o?or29' 2-/0E#G'.0$10;4.-/0'C10'–250K'.C1#,#.H':',"P'.'1D24/<$-$"' 3#*#'C1#J#,0/-'=#*#'
C#.!-' G10A$-/"2-N"M6' L"A/M' CD1DG10A$-/"2-N"B' #,D1H-!#B' $.D1,#B' O-20' 2' J/#1#O#1;4' #,D1H-/0' 56b' *' (&:c+'

AC#/4G0'3 4'.0*/M,"'PD2P-1.!0J'G10A$-/".'2'$D;CD1-$41#F'C/-./D!!M'T&0K6'de-ACDG$1'( 9'A;–1): 1204, 1484 (–S–

K(n+–+9'&8&'(sCH PD!2#/<!0J'M,D1+6'KCDG$1'fgY'1h'(!9';636+i'T6)m',9'T65&','(7h9'K6h4+t'7688'G.'(:h9'Kh2+t':6)5'A'

()h9'Kh3K6h4+9'568T'$'()h9'Kh3+6'[!-=,D!#9'ci'n')868&6'K10h12_n46'_P30A/D!#9'ci'n')86:86'KC#/4G-'3 2'.0J#,#;'
T8c'#,D1H-!-'$-G#H'!-'#A!#."'7-;D$0/OD!"/,"-2#!"='$D$1-O/4#1#P#1-$46

4-9(),#8(%.#;ABA-+.(),#+,).*-!3?!'!)=&;C)
X#':6:' *' (8688b';#/M+'!-$1"='>9>-,"D$0/,0$"#G-1P-;-$4'$10*",1-$4'>?no(n+>pq2u3H2@' "'865I' *' (868887I'

;#/M+'*DGA-*",1-$4'G4C14;(dd+'$D$1-O/4#1#P#1-$4'.'m8';/'.#,!#--ND$#!#.#B'(5i5+'A4;"E"'C10'#J#/#,HD!!"',#'–
250o' ,#,-.-/0' !D.D/0G0;0' C#1N"M;0' :6T' *' (8688b' ;#/M+' $#20/-$4' 7-;D$0/OD!"/,"-2#!"F6'  2#$' .0,"/M.AM'
.C1#,#.H')8'J.6' C10–200K6'L"A/M'C10C0!D!!M'.0,"/D!!M'-2#$4'1D-GN"=!4'A4;"E'#P1#P/M/0')8';/',"D$0/#.#*#'
D$D149'.0$MHG0'C1#;0.-/0'.#,#F'"'A4E0/0'PD2.#,!0;'o?or29'2-/0E#G'.0$10;4.-/0'C10'–250K'.C1#,#.H':',"P'.'
1D24/<$-$"' 3#*#' C1#J#,0/-' =#*#' C#.!-' G10A$-/"2-N"M6' L"A/M' CD1DG10A$-/"2-N"B' #,D1H-!#B' $.D1,#B' O-20' 2'
;D$-!#/4'#,D1H-/0':68'*'(b5c+'AC#/4G0'4 4'.0*/M,"'A."$/#-H#.$0J'G10A$-/".'2'$D;CD1-$41#F'C/-./D!!M'55:0K6'

de-ACDG$1'( 9'A;–1): 1228, 1476 (–S–K(n+–), 812 (sCH PD!2#/<!0J'M,D1+6'KCDG$1'fgY' 1h'(!9';636+i'T6&:',9'T6I)','
(7h+t' (K6h4+t' )6bT' G.9' )6&&' G.' (7h9' :Kh2+t' :6)b' A' ()h9' Kh3+9' 56:8' $' (mh9' :Kh3+6' [!-=,D!#9'ci' n' :m9m)t' >' I9b:6'
K12h17NS26' _P30A/D!#9' ci' n' :m9Tbt' >' I9&I6' KC#/4G-' 4 2' .0J#,#;' &mc' #,D1H-!-' $-G#H' !-' #A!#."' 7-
;D$0/OD!"/,"-2#!"='$D$1-O/4#1#P#1-$46

L1#,4G$0' ,D,"-2#!"F.-!!M' 3, 4 $-G#H' P4/0' A0!$D2#.-!"' .' !DG-$-/"$03!0J' 4;#.-J' (PD2' ,#,-.-!!M' .'
1D-GN"=!4'A4;"E'G4C14;(dd+'$D$1-O/4#1#P#1-$4+6
 !"#$%"&$%
1. Zollinger H. Diazo Chemistry. Vol. 1. Aromatic and Heteroaromatic Compound / H. Zollinger. – New-York: Wiley-VCH, 
1994. – 453 p.
2. Kumar R. Radical Mechanism of aromatic Nucleophilic Substitution / R. Kumar, P. Singh // Tetrahedron Letters. – 1972. – N 
7. – P. 613–616.
3. YD-GN00' -10/,0-2#!0=' $D$1-O$#1#P#1-$#.' A' A#/M;0' !D#1*-!03DAG0J' 0' #1*-!03DAG0J' G0A/#$' W' a6 X6' v10`4G9' L6'
g6 v#1P#.#=9'v6 f6 [-*1034G''w0',16x'WW'y41!-/'#P`D='J0;006'– 1999. – \6'mb9'%zC'&6'– K6'5)7b–1353.
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4. v10`4G'a6'X6'U-$-/"$03!"'"'!DG-$-/"$03!"'1D-GN"B'-1#;-$03!0J'A#/D=',"-2#!"F'2'-/GD!-;0'4'C10A4$!#A$"'!4G/D#O"/".'
W'a6'X6'v10`4G9'L6'g6'v#1P#.0=9'%6'K6'a-1-!#.A<G0=9'g6'd6'v-!4`-G'WW'y41!-/'#1*-!"3!#B'$-'O-1;-ND.$03!#B'J";"B6'– 2008. –
\6m9'%0C6')(:)+6'– K6'5m–32.

 !"#$%&'$()*!"+",$-&$$

!"#$%&'()$*+,&-'$)– .%/01"+"-%&23$'()40)50

 !"#$%& $'(&)!#&#"$#*+!,(-$./$0 $&+&/0&1$2$3(

K4/<O41#- "' !"$1#*D!#.;"A!"' *D$D1#N0G/0 $-' BJ' C#J",!"' E01#G#' 2-A$#A#.4F$<AM' MG' O-1;-ND.$03!"'
C1DC-1-$09' P-1.!0G09' "!ADG$0N0,09' *D1P"N0,09' P-G$D10N0,09' 2-A#P0' 2-J0A$4' 1#A/0!9' G#;C#!D!$0' C#/";D1!0J'
;-$D1"-/".' $-' "!69' $#;4' 1#21#PG-' !#.0J' DODG$0.!0J' ;D$#,".' #,D1H-!!M' N0J' AC#/4G' !-' A43-A!#;4' D$-C"' V'
.-H/0.0;' 2-.,-!!M;' A0!$D$03!#B' #1*-!"3!#B' J";"B6' X/M' A0!$D24' *D$D1#N0G/"3!0J' AC#/4G' E01#G#'
.0G#10A$#.4F$<AM' BJ' -N0G/"3!"' P"- $-' C#/"O4!GN"=!"' C#CD1D,!0G06' h-M.!"A$<' .' BJ' A$14G$41"' G-1P#!"/<!0J,
DA$D1!0J9' !"$10/<!0J9' -;",!0J9' $"#N"-!-$!0J' $-' "2#$"#N"-!-$!0J' *14C' 1#2G10.-V' P-*-$#*1-!!"' ;#H/0.#A$"'
1"2!#C/-!#.0J'N0G/#G#!,D!A-N"='2-'43-A$F'$-G0J'1D-*D!$".'w5x6'_A#P/0.#'CD1ACDG$0.!0;0'.',-!#;4'-ACDG$"'V'{-
O4!GN"#!-/"2#.-!"'$"#N"-!-$09'2,-$!"'.0A$4C-$0'P"C#/M1!0;0'A0!$#!-;0',/M'2-;0G-!!M'$"-2#/<!#*#'N0G/4'C10',"B'
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4-6: -./.),01)*2 (4), CH2 (5), SO2 (6); R = H (a) CH3 (b)
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