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1/'!!-0!(-0 1'!2&*3!"4%##$0 5%&*1'1-6%!(-0 2#-4%3!-"%" -7%#- 8.9. :%3,%#*,
191186, 1.+*#("-;%"%3<231, #*<. 3. ='0(-, 48; e-mail: kohrgpu@yandex.ru

2+*#("-;%"%3<231!(-0 1'!2&*3!"4%##$0 "%>#')'1-6%!(-0 -#!"-"2"
198013, 1.+*#("-;%"%3<231, ?*1'3'&#$0 53.,49

 - !"#$%"&'!()$*)$'+", ! --+#.$-*!(+", -+- *"#/-"/#, * %(&-"#$'$0&)!1!"'$2 -#+"'$2 *34567 !
(&8-$ 9$0!)!1!#/&9,9! 5+9&*"!"&(49! $"'$*4"*4 - :!*(/ ;&#*;&-"!3',< 0!&'$- ! 0!;$(4#$)!($3 =$(/:+&9,&
'+ !< $*'$3& -+#.$- ! 8&"&#$1!-(&', 43(47"*4, ;$ */>&*"3/, '!"#$;#&0?&*"3&''!-+9!  -+9!'$-+#.$'$3,< !  -
+9!'$)$*)$'$3,< -!*($", + "+-@& ;#&0*"+3(47" *+9$*"$4"&(6',2 !'"&#&* -+- ;$"&'1!+(6'$ .!$($8!:&*-!
+-"!3',& 3&>&*"3+.

 +9! ;#$3&0&'+ *#+3'!"&(6'+4 $1&'-+ *"#$&'!4 ! #&+-1!$''$2 *;$*$.'$*"! *"#/-"/#'$;$0$.',<  -
'!"#$%"&'!()$*)$'+"+ (I) ! –-+#.$-*!(+"+ (II), + "+-@& !< 1%7-.#$95+9&>&'',< +'+($8$3 (III,IV) '+ $*'$3&
+'+(!5+ !< *;&-"#+(6',< <+#+-"&#!*"!-, !5/:&'!4 -!'&"!-! #&+-1!2 * 1!-($;&'"+0!&'$9 ! -3+'"$3$-
<!9!:&*-!< #+*:&"$3 (!*;$(65$3+' ;#$8#+99',2 -$9;(&-* Gaussian-98w '+ "&$#&"!:&*-$9 /#$3'& B3LYP/6-
31+G*).

=$-+5+'$, :"$ *#+3'!3+&9,& ;$;+#'$ (I,II), (III,IV) '!"#$- ! 8+($8&''!"#$%"&', *"#/-"/#'$ !
-$')!8/#+1!$''$ !0&'"!:',; ;&#3+4 ;+#+ !9&&" @-, + 3"$#+4 Z--$')!8/#+1!7. A'+(!5 *"#/-"/#',< ;+#+9&"#$3,
;$(/:&'',< 3 #&5/(6"+"& -3+'"$3$-<!9!:&*-!< #+*:&"$3, ;$-+5+(, :"$, .(!@+2?!& +'+($8! !5/:+&9,< $.B&-"$3
– (Ia-IIIa) -$;(+'+#',, + 3 9$(&-/(& 3&>&*"3+ (IVa) *($@'$%)!#'+4 8#/;;+ 3,3&0&'+ !5 ;($*-$*"! -#+"'$2 *345!.
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R=CH2CH2C1(I,III), C2H5(II,IV), CH3(Ia-IVa)

 + $*'$3+'!! -!'&"!:&*-!< !**(&0$3+'!2 #&+-1!! '!"#$+(-&'$3 (I-IV) * 1!-($;&'"+0!&'$9 (9&"$0 CD
*;&-"#$*-$;!!) $;#&0&(&', -$'*"+'", *-$#$*"&2, 5'+:&'!4 %'&#8!! +-"!3+1!! (E+), %'"+(6;!! (! #) ! %'"#$;!!
(!S#) ("+.(.1).

"789:;7 1. F$'*"+'", *-$#$*"&2 #&+-1!! !**(&0/&9,< $.B&-"$3 I-IV * 1!-($;&'"+0!&'$9

F$'*"+'", *-$#$*"!, *-1G
*$&0. +16ºH +18ºH +26ºH +28ºH

&7,
-I@/9$(6

!!H#,
-I@/9$(6

!!S#,
I@/9$(6

 :<=>79?@AB
I 5.05"10-2 5.17"10-2 6.10"10-2 6.50"10-2 15.55 13.56 -222.30
II 2.87"10-2 3.81"10-2 4.39"10-2 5.18"10-2 29.50 27.09 -179.52

7*$-8=>CA:<=>79?@AB
+18ºH +20ºH +28ºH +30ºH

III 0.79"10-2 1.24"10-2 1.88"10-2 1.92"10-2 50.17 47.76 -120.23
IV 3.25"10-3 3.81"10-3 3.99"10-3 4.36"10-3

H#+3'!"&(6'+4 $1&'-+ ;$(/:&'',< 0+'',< /-+5,3+&" '+ .$(6?/7 +-"!3'$*"6  -'!"#$+--#!(+"+ (II) ;$
*#+3'&'!7 *  -'!"#$%"&'!()$*)$'+"$9 (I) (3~1.4 #+5+) ! 9&'6?/7 #&+-1!$''/7 *;$*$.'$*"6 !5/:+&9,<
.#$9*$0&#@+>!< '!"#$+(-&'$3 (III,IV) ;$ *#+3'&'!7 * (I,II), :"$ *345+'$, ;$-3!0!9$9/, * 9&'6?&2
0$*"/;'$*"67 #&+-1!$'',< 1&'"#$3 3 9$(&-/(+< ;&#3,<, $./*($3(&''/7 ,-!-$#!&'"+1!&2 $.B&9'$8$ +"$9+
.#$9+ ! )$*)$'+"'$2 (!(! -+#.$-*!(+"'$2) )/'-1!2.


