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 sisetniS m noklaC golanA awayneS aparebeB lCOS silataK nakanuggne 2 
s sativitkA ijU nad aborkimitnA iagabe  

mrahuY  ,irmaZ ledA ,itnayrE muY ,ne damhaR ivlA  

uaiR satisrevinU APIMF ,aimiK nasuruJ ,kinagro aimik muirotarobaL  
 gnanikgnaB ayaR .lJ 39282 urabnakeP .5 ,21 MK  

di.oc.oohay@sarumy :liame  
 

 artsbA tc  ’3 morf dezisehtnys neeb evah suogolana enoclahc emoS -  enonehpotecayxordyh
nesialC yb setavired edyhedlazneb dna - lhc lynoyht gnisu noitasnednoc tdimhcS -o

c eerht decudorp tI .tsylatac )2lCOS( edir 1 .e.i sdnuopmo - 3( - yxordyh - )lynehp -3- 4( - 
yh yxord - )lynehp - 1 ;enonehporp - 3( - yxordyh - )lynehp -3- 4( - orolhc -  )lynehp hporp -e

1 dna enon - 3( - yxordyh - )lynehp -3- 4( - ortin - lynehp )-  fo erutcurts ehT .enonehporp
 .RMN dna RI ,VU gnisu deziretcarahc neht erew sdnuopmoc eht htnys eht fo llA -e

 ,asonigurea sanomodesP drawot seitivitca laiborcimitna wohs sdnuopmoc dezis
.snacibla adidnaC  dna silitbus sullicaB  

 :sdrow yeK ,noitiddA  r ,rezilitref KPN cinagro esnopse  , naebyos , seiteirav . 

   

.1  nauluhadneP  
 noklac awayneS 3,1( - liraid -2- neporp -1-  )no  araces

imala  gnay nahubmut sinej aparebeb adap nakumetid  
rihka -  amaturet itilinep arap naitahrep idajnem ini rihka

 aparebeB .magareb gnay aynsigoloib satifitka anerak
 aratnaid awaynes   nafitkaek iaynupmem nakropalid noklac

igoloib s itna ,surivitna iagabes  ,romutitna ,irotnamalfni
 nad ,kiseglana 8002 ,malA( iretkabitna   adraS nad la te  ,.

)9002  ,  iaynupmem nakropalid aguj noklac awayneS
 ,recluitna iagabes sativitka ,ignufitna  knakitna  nad re

 uiL( airalamitna ,.la te   .)1002  aparebeb ,uti gnipmasiD
 sugug nagned awaynes  kusamret aguj noklac golana
 nahab iagabes nakanugid isnetopreb gnay fitisnesotof
 itrepes )DCL( ”eciveD latsyrC diuqiL“ kutnu remilop

noklac awaynes - ohC(  iskope  ,ahC dna i  2002 nad a 2002
.)b  

U noklac awaynes helorepmem kutn  nahubmut irad  ,
 gnay aynhalmuj nial aratna nahamelek aparebeb tapadret
 ,nial dionovalf awaynes nagned gnidnabid satabret
 isairav atres licek nahubmut malad aynesatnesrep

em nad ,tikides fitaler aynrutkurts  gnay ayaib nakhutubm
 .aynnaktapadnem kutnu laham  ,tubesret lah nakrasadreB

 risilaminimem tapad gnay isulos utaus naktapadid akam
 arac nagned utiay isalosi sesorp malad nagnarukek alages

.muirotarobal id tubesret awaynes sisetnisnem  
apad noklac ,mumu araceS  iagabreb malad taubid t

 isasnednok iulalem halada aynutas halas adotem a  lodl
 lodla isasnednok iskaeR .asab uata masa silatak nagned
 malad nakanugid kaynab nad iramegid tagnas

nobrak nataki nakutnebmep -  ayniskaer anerak ,nobrak

id hadum ukab nahab ,anahredes  lanekid aguj nad helorep
 nakropalem imak ini nasilut adaP .nagnukgnil hamar

 noklac nanurut sisetnis nagned   aimik natakednep
 nakutnebmep nagnitnepek kutnu lairotanibmok
 nakukalem sugilakes noklac lukelom naakatuprep

.aynsigoloib satifitka nasipanep  

.2  ad nahaB edoteM n  

.1.2  nahaB nad talA  

 halada ini naitilenep malad nakanugid gnay talA
 rosnednok ,tengam kudagnep ,talub ubal : tukireb iagabes

skulfer  gnoroc ,mukav apmop ,gnapmul , B  ,renhcu
 ,nhoJ rehsiF helel kitit utnenep tala ,retemomret

( harem arfni retemotofortkeps egitserPRI ,uzdamihS RITF -
 epyT loeJ( nobrak nad notorp RMN retemotoforotkeps ,)12

VU irtemortkepS .)005 ACE - U ihcatiH( elbisiV - .)1002  
 :halada ini naitilenep malad nakanugid gnay nahaB

 ,nonefotesa ’4 -  dihedlaznebiskordih )hcirdlA( ’4 , -
kcreM( dihedlaznebortin ’4 ,) -  )kcreM( dihedlazneborolk

nad  3-  ,)hcirdlA(  nonefotesaiskordih  lonate ,adirolk linoit
osba  ,anatemorolkid ,etul talp ,anaskeh  FG TLK 452  ,rete ,

,mroforolk  )OSMD( adiskofluslitemid ,leg akilis  69 lonate ,
htorB tneirtuN( BN ,)ragA esortxeD otatoP( ADP ,%  AN ,)

.)enotpeP retaW( PW nad )ragA tneirtuN(  
 iretkab halada nakanugid gnay aborkiM  sanomodesP

asonigurea  , silitbus sullicaB  ignuf nad , snacibla adidnaC  .
 iskelok irad helorepid nakanugid gnay aborkiM

.gnudnaB BTI igoloiB nasuruJ igoloiborkiM muirotarobaL  

IJ TAS
igoloibonkeT

napareT sniaS haimlI lanruJ
uaiR satisrevinU naitileneP agabmeL
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.2.2  edoteM  

 iulalem nakukalid noklac golana awaynes sisetniS
lCOS( adirolklinoit masa silatak nagned lodla isasnednok 2  )

 .lairotanibmok aimik natakednep nakanuggnem nagned
3( nonefotesa nanurut 1 isanibmok iskaeR - kordih -

mora adihedla nanurut 3 nad  )nonefotesais ’4( kita - kordih -
’4 ,dihedlaznebis - ’4 nad dihedlaznebortin -

)dihedlazneborolk   naklisahgnem 3 noklac golana  .  
P  kitetnis natakedne u  kutn  awaynes naktapadnem

 halada ini naitilenep adap naklusuid gnay noklac
 ,notek nagned  dihedla aratna isasnednok adap nakrasadid

s adap tahilret gnay itrepes  adap itrepes kitetnis orter amek
.1 rabmaG  

 awaynes sisetniS golana   nakanuggnem nagned noklac
lCOS( masa silatak 2 ret itrepes )  iskaer ameks adap tahil

.2 rabmaG adap  
na sisetnis iskaer kudorp nanikgnumek iagabreB  gola

.1 lebaT ,naripmaL adap tahilid tapad noklac  
ntujnales helorepid gnay kudorP  sativitka ijuid ay

 nakanuggnem nagned aborkimitna iagabes aynigoloib
.raga isufid edotem  

 

.3.2  noklac nanurut sisetniS  

 rupmacid nonefotesa nanurut lomm 01 kaynabeS

 lonate Lm 5 malad dihedlazneb nanurut lomm 01 nagned
nahalrep araceS .tulosba -  imed setet nakhabmatid nahal

 setet )Lm 5,0( adirolklinoit   nakanuggnem nagned egnirys  .
 kitengam nakanuggnem maj 2 amales kudaid ini narupmaC

 .gnaur uhus adap rerrits maj 42 amales nakraibid haleteS  ,
 .ria Lm 5 nahabmanep nagned nakpadneid narupmac
 lonate nagned icucid nad gnirasid kutnebret gnay napadnE

 naidumek ,nignid nakukalid  ilatsirker  helorepid iapmas isas
.inrum gnay tegrat awaynes  

.4.2  isufid edotem nagned iretkabitna sativitka ijU  

 iretkab nakaiB irad   malad isalukoniid gnirim raga
 malad nakpaisid halet gnay )htorB tneirtuN( BN natural

73 uhus adap isabukniid naidumek ,lirets naadaek 0  C
ales  iju kutnu iakapid pais iretkab nakaiB .maj 42 am

.sativitkaoib  
  ,isasiliretsid hadus gnay irtep nawac malad eK

 ,iretkab nakaib isireb gnay BN natural Lm 1 nakkusam
 )ragA tneirtuN( AN Lm 51 nakhabmat naidumek

gnayogid - .atarem isnepsusret iretkab raga gnayog   haleteS
m  AN aide tadap  markac satrek nakkatelid naidumek ,

 lepmas malad ek nakpulecid halet gnay )mm 6 retemaid(
 nad 04 ,03 ,02 ,01 lepmas radak nagned ijuid naka gnay

6 OSMD malad gµ0  OSMD halada fitagen lortnok iagabeS .
nakanugid fitisop lortnok nakgnades   .nisimotperts

73 uhus adap rotabukni malad isabukniid ayntujnaleS 0  C
 gnineb haread retemaiD .irtep nawac nakkilabmem nagned

H

O O O

RRRR +
SOCl2

EtOH

 
 

 rabmaG 2. lCOS( masa silatak nakanuggnem nagned noklac golana awaynes sisetniS 2) 

OO

H

O

R1 R2R1

+
R2 R3 R4 R3 R4  

 
.1 rabmaG  is orter amekS kitetn  

 lebaT  .1 kitetopih lairotanibmok lukelom naakatsupreP  

 
 
 H

O

HO  
’4 - dihedlaznebiskordih  

H

O

Cl  
’4 - dihedlazneborolk  

H

O

O2N  
’4 -  dihedlaznebortin  

OH

O

 
3- nonefotesaiskordih   

OH

O

OH

 
1- 3( - iskordih - )linef -3- 4( -

iskordih - )linef -  noneporp
( 1C ) 

OH

O

Cl

 
1- 3( - iskordih - )linef -3- 4( -

orolk - )linef -  noneporp  
( 2C ) 

OH

O

NO2

 
1- 3( - iskordih - )linef -3- 4( -

ortin - )linef - noneporp   
( 3C ) 
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 amales isabukniid haletes rukuid markac satrak ratikesid
.maj 42  

.5.2  isufid edotem nagned rumajitna sativitka ijU  

 enotpep retaw naturaL  rumaj arops gnudnagnem gnay
 nawac malad ek Lm 1 kaynabes tepipid p  ADP .irte

 adap naknignidid naidumek riacnem iapmas naksanapid
 malad ek Lm 51 kaynabes nakgnautid nad C° 05 uhus

 nawac p  aynsata id nad tadamem nakraibid ADP .irte
nay markac satrek nakkatelid  malad ek nakpulecid halet g

 nad 04 ,03 ,02 ,01 radak nagned ijuid naka gnay lepmas
6 OSMD malad gµ0  OSMD halada fitagen lortnok iagabeS .

 nawaC .lozanekotek nakanugid fitisop lortnok nakgnades
 uhus adap isabukniid irtep gnaur   retemaiD .maj 84 amales

b haread rukuid markac satrek ratikes id gnine . 

.3  nasahabmeP nad lisaH  
.1  1 awaynes sisetniS - 3( - iskordih - )linef -3- 4( - iskordih -

)linef - noneporp  C( 1  :tukireb iagabes atad helorepid ,)
C awaynes 1  latsirk apureb aut gninuk anrawreb  

 nemedner nagned % 51,84 lel kitit iaynupmem ,  he 881 -
Cº091  fR nad . )1:9 = lonatem : anatemorolkid( 4,0 . 
s ataD  :VU murtkep HOeM

skaM   502 nad ;022 ;932 ;743 =
 atres mn s mc( RI murtkep -1  :)  ,)O=C( 3561 ,)HO( 9233

 nad )C=C( 4151 ,)C=C( 6651  s  murtkep 1 N H  RM  005(
lCDC ,zHM 3)  : zH 5.8 =J ,d( 16.7  2-  48.6  ,)6H ,2H ,H

2 ,zH 5.8=J ,d( - 1 ,zH 7.51=J ,d( 94.7 ,)5H ,3H ,H -  ,H
H-α .51=J ,d( 37.7 ,) 1 ,7 - H ,H -β 5.7 ,) 3 (s  , 1-  ,)’2H ,H

1 ,t( 53.7 - .7 ,)’5H ,H 40  ( dd  , 2-  ,H ,’4H .)’6H  
 
.2  1 awaynes sisetniS - 3( - iskordih - )linef -3- 4( - orolk -

)linef - noneporp  )2C(  ,  helorepid :tukireb iagabes atad  
 latsirk apureb 2C awaynes adum gninuk   nagned

 nemedner .% 11,33   2C awaynes helel kitiT 841 -  Cº051
 .)1:1 = tatesalite : anaskeh( 75,0 fR nagned  ataD

 :VU murtkeps HOeM
skaM   atad atres mn 402 ;422 ;013  =

mc( RI murtkeps -1  :) 3 883  )HO( 4561 ,  )O = C( 9751 ,  
)C= C(  ,  atad nad )lC = C( 577 s  murtkep 1  RMN H  005(

lCDC ,zHM 3)  : 2 ,m( 27.7 - 2 ,m(24.7 ,)6H ,2H ,H -  ,H
1 ,zH 4.51=J ,d( 86.7 ,)5H ,3H - H ,H -α  ,d( 37.7 ,)

1 ,zH 4.51=J - H ,H -β 2 ,zH 5.8=J ,d( 65.7 ,) -  ,’2H ,H
1 ,t( 63.7 ,)’4H -  ,)’5H ,H 1 ,t( 44.7 - )’6H ,H  

 

.3  1 awaynes sisetniS - 3( - iskordih - )linef -3- 4( - ortin - )linef -
 :tukireb iagabes atad helorepid ,)3C( noneporp
 aut gminuk anrawreb latsirk apureb 3C awayneS
 3C awaynes helel kitiT .%33,02 nemedner nagned

181 - anaskeh( 25,0 fR iaynupmem nad Cº381   :
 .)2:3 = tatesalite  :VU murtkeps ataD HOeM

skaM   ;113  =
mc( RI murtkeps atad ,mn 112 -1  427 ,)HO( 1633 :)

C( 4151 ,)C=C( 7851 ;)O=C( - ON 2 ON( 5431 ,) 2  nad )
s atad  murtkep 1  RMN H lCDC ,zHM 005( 3)  ,d( 92.8 :

2 ,zH 5.8 =J -  5.8 =J ,d( 89.7 ,)6H ,2H ,H 2 ,zH -  ,3H ,H
1 ,zH 9.51 =J ,d( 08.7 ,)5H - H ,H -α  3.51 =J ,d( 78.7 ,)

1 ,zH - H ,H -β 2 ,d( 95.7 ,) - 1 ,t( 83.7 )’4H ,’2H ,H -  ,H
1 ,t( 64.7 ,)’5H - )’6H ,H . 

.1.3  aborkimitnA sativitkA ijU  

2 lebaT  .  padahret aborkimitna sativitka ijU  sullicaB
silitbus . 

�g�� radaK   retemaiD �mm� gnineB anoZ  
 nisimotperts  1C  2C  3C  

 
01  
02  
03  
04  
06  

 
5,22  

42  
83  
03  
5,94  

 
9 
9 
02  
42  
5,62  

 
,01 5 
81  
52  
22  
32  

 
- 
9 

5,11  
41  
51  

  
lebaT  3.   padahret aborkimitna sativitka ijU  sanomoduesP

asonigurea . 

�g�� radaK  �mm� gnineB anoZ retemaiD  
 nisimotperts  1C  2C  3C  

 
01  
02  
03  
04  
06  

 
22  
32  
42  
62  
82  

 
61  
91  
91  
12  
42  

 
11  
41  
91  
81  
82  

 
- 
9 
21  
51  
81  

 
 

.4 lebaT   padahret aborkimitna sativitka ijU  adidnaC
snacibla . 

�g�� radaK  �mm� gnineB anoZ retemaiD  
 lozanokotek  1C  2C  3C  

 
01  
02  
03  
04  
06  

 
11  
41  
71  
81  
32  

 
01  
11  
31  
41  
5,71  

 
31  
51  
71  
02  
32  

 
- 
01  
11  
21  
51  

:nagnareteK   
 � 1C 1- 3� - �linefiskordih -3- 4� - iskordih - �linef - noneporp  
 � 2C 1- 3� - �linefiskordih -3- 4� - orolk - �linef -  noneporp  
1 � 3C - 3� - �linefiskordih -3- 4� - ortin - �linef -  noneporp  

 
R iskae   awaynes 4-  dihedlazneb iskordih  nagned ’3 -

 nonefotesa iskordih nakanuggnem   linoit masa silatak
adirolk  lCOS( 2  naklisahid ) awaynes  1- 3( - )linefiskordih -3-

4( - orolk - )linef - noneporp  )1C(  .  iskaer lisah nemedneR
 rasebes ini awaynes .% 51,84   iaynupmem 1C awayneS

881  helel kitit - 091 0 0 aynfR nad C  neule nagned 4,
)1:9( lonatem nad anatemorolkid . 

 VU murtkepS awaynes   )1C(  aynada nakkujnunem
  mumiskam napares nagned isagujnokret pakgnar nataki

 adap λ skam  502  , 022  , 932  , mn 743 nad    aratnemes
atip aynada nakkujnunem RI murtkeps -  kutnu napares atip

 sugug ( liskordih mc 9233 -1) sugug ,  O=C   ( 3561  mc -1 nad ,)  
(  C=C  pakgnar nataki 4151   nad 6651  mc -1). 

murtkeps atad sisilanA  1  RMN H  awaynes  )1C(
 nad 94,7 adap telbod laynis aud aynada naktahilrepmem

C adap notorp aynada nakkujnunem gnay mpp 37,7 α  nad
Cβ tet nagned orp audek )J( gnilpok napa  rasebes ini not

 nakkujnunem zH 21 irad raseb hibel J agraH .zH 9,51
 .snart isarugifnok malad ini notorp audek telbod layniS  

mpp 16,7 adap  )zH 5,8(   mpp 48,6 nad )zH 5,8(  
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C mota  isisop adap sirtemis notorp nakkujnunem - C/2 -  6
C nad -3 C/ - C mota adap notorP .5 -  nakkujnutid ’2  aynada
laynis   telgnis 5,7 3    nakgnades ;mpp  adap notorp laynis C-

C ,’4 - C nad ’5 - turutreb ’6 -  turut adap tahilret  0,7 4  nad 53,7 ;
,7 30   .mpp  notorp  nakgnadeS irad   kadit liskordih sugug

 nakbabesid nikgnum ini lah ,murtkeps malad kapmat
.naklisahid gnay awaynes adap rotognep ayntapadret hisam  
 sisetnisnem lisahreb halet ,)7002( yddeR nad rednereN

3,1 awaynes - siB - 4( - iskordih - )linef -  noneporp .)4C(  nabreP -
erpretni nagnid  isat  murtkeps 1  awaynes RMN H )1C(  
 awaynes nagned )4C(   adap tahilid tapad 5 lebaT . 
 nakrasadreB 5 lebaT   tapadret awhab iuhatekid tapad

 helo nakbabesid ini laH .’4 nad ’3 isisop adap naadebrep
 .awaynes audek liskordih  sugug irad isisop naadrebrep

waynes adaP  a 1C  ’3 isisop adap adareb liskordih sugug ,
 acabret kadit aynnotorp langis ini isisop adap aggnihes
 .renetrauk tafisreb tubesret ’3 isisop adap nobrak anerak

 awaynes kutnu nakgnadeS 4C  utas tapadret ’3 isisop adap ,
is aynada tahilret gnay notorp yn  la telbod  14,7 adap  .mpp  

 
.5 lebaT   nagnidnabreP   atad  murtkeps 1 RMN H   awaynes

4C nad 1C . 
 romoN

C mota  
 awayneS )1C(   awayneS )4C(  

H )mpp(  
H )mpp(  

1 - - 
6/2   16,7 ,d�  J �zH 5,8 �   62.8 ,d�  J �zH 5.8 �  
5/3   48,6 ,d�  J �zH 5,8 �   54.7 ,d�  J �zH 5.8 �  

4 - - 
Cα ,d� 94,7  J  � zH 9,51 � 31.8  � J ,d  � 5.51  zH � 
C  ,d� 37,7  J  � zH 9,51 � 82.8  � J ,d  � 3,51  zH � 

O=C  - - 
’1  - - 
’2  �s� 35,7   45.8 ,d�  J �zH 5.8 �  
’3  - ,d� 14.7  J �zH 5.8 �  
’4  40,7  ,d�   J �zH 4,2 �  - 
’5  �t� 53,7  ,d� 14.7  J �zH 5.8 �  
’6   30,7 ,d�   J �zH 4,2 �   45.8 ,d�  J  5.8 � �zH  

’3 - HO  - - 
 

1 awayneS - 3( - )linefiskordih -3- 4( - orolk - )linef -  noneporp
( 2C ) 4 nakiskaerem nagned helorepid -  dihedlazneb orolk

’3 nad -  linoit masa silatak nagned nonefotesa iskordih
.adirolk   awaynes nemedneR 2C   fR .%11,33 rasebes

 awaynes ( 75,0 rasebes 2C : anaskeh  tatesalite   = )1:1  
 helel kitit nagned 841 - Cº051 . 

U murtkepS  V  lonatem malad 2C awaynes
 napares aynada nakkujnunem λ  .skam 013  nad 422 ,402  

mn  isagujnokret metsis napares nakapurem gnay  .
 sugug kutnu napares atip nakkujnunem RI murtkepS -   HO

c 8833( m-1  )O=C( linobrak sugug  ,) 4561  mc -1  nataki nad
mc 9751 adap kitamora C=C -1. 

 murtkepS 1 RMN H  2C awaynes   naktahilrepmem
laynis aynada   adap  96,7  nad  37,7  mpp gnay   nakkujnunem

C adap notorp aynada -α C nad -β  , nagned  apatet  gnilpok n
(J  )  3,51 nad 2,51 rasebes zH ;  nataki adap notorp itrareb

 .snart isarugifnok iaynupmem ini pakgnar layniS  7,7 adap 3 
,7 nad mpp 4  gnay notorp aynada nakkujnunem mpp 3

C mota  isisop adap sirtemis gnilas - C/2 - C nad 6 - C/3 -  .5
C  adap notorP - ’2 ,  nakkujnutid adap laynis aynada  ,7 54  

mpp ades ; C nakgn - C ,’4 -  nad ’5 C- turutreb ’6 -  turut
nakkujnutid  laynis  7 adap  63,7 ;50, ,7 nad 65   .mpp

 kapmat kadit liskordih sugug adap notorp kutnu nakgnadeS
 hisam nakbabesid nikgnum ini lah ,murtkeps malad

.naklisahid gnay awaynes adap rotognep ayntapadret  
 rednereN yddeR nad  )7002(  ,  halet  awaynes sisetnisnem

 murtkeps nagnidnabrep nad amas gnay  awaynes  )2C(  lisah
huaj adebreb kadit helorepid gnay sisetnis   gnay

tahilid tapad aynpakgneles   adap 6 lebaT .  
        

.6 lebaT   nagnidnabreP   atad  murtkeps 1 RMN H   awaynes
 2C  

 romoN
 mota

C 

 awayneS )2C(   awayneS   )2C(  helo  
 yddeR nad rednereN

)7002(  
δH )mpp(  δH )mpp(  

1 - - 
6/2   37,7   54.7  
5/3   34,7 ,d�  J �zH 5.8 �   83.7 ,d�  J �zH 4.8 �  

4 - - 
Cα ,d� 96,7  J �zH 2,51 �  ,d� 85.7  J �zH 8,51 �  
Cβ ,d� 37,7  J �zH 3,51 �  ,d� 47.7  J  7,51 � �zH  

O=C  - - 
’1  - - 
’2  54,7  53.7  
’3  - - 
’4  50,7   01.7  
’5  63,7  13.7  
’6  65,7  54.7  

’3 - HO  - - 
 

1 awayneS - 3( - )linefiskordih -3- 4( - ortin - )linef -  noneporp
)3C(  4 nakiskaerem nagned helorepid -  dihedlazneb ortin

’3 nad -  linoit masa silatak nagned nonefotesa iskordih
 .adirolk  awaynes nemedneR 3C   rasebes naklisahid gnay

% 33,02  , 181 helel kitit nagned -  iaynupmem  nad Cº381
rasebes fR agrah   neule nagned 25,0  anaskeh : e  tatesalit

)2:3( . 
VU murtkepS   awaynes 3C   naktahilrepmem  napares

 adap λ skam  112   nad 113  mn  ,  aynada nakkujnunem ini
.isagujnokret pakgnar nataki   RI murtkepS  isakifitnediret

sugug aynada -  isgnuf sugug   nagnalib adap )HO( liskordih
mc 1633  gnabmoleg -1 napares ,   adap mc 8703 nad 3013 -1 

C aynada nakkujnunem -  ,kitamora H  adap napares atip
4271  mc -1  nad ,)O=C( linobrak sugug aynada nakkujnunem

mc 4151 -  1 R( ortin sugug aynada nakkujununem - ON 2  )
 nagnalib adap lucnum kitamora C=C nakgnades

mc 7851 gnabmoleg -1 
 sisilanA s atad  murtkep 1  aynada nakkujnunem RMN H

laynis  turutreb mpp 78,7 nad 08,7 adap -  nakkujnunem turut
C adap notorp aynada -α C nad -β, t nagned  gnilpok napate

(J  nataki adap notorp itrareb ;zH 3,51 nad 9,51 rasebes )
 .snart isarugifnok iaynupmem ini pakgnar layniS   adap δ 

 H notorp aynada nakkujnunem mpp 89,7 nad mpp 92,8
C mota  isisop adap sirtemis gnilas gnay - C/2 - C nad 6 - C/3 -

C mota adap notorP .5 -  adap laynis nakkujnutid ’2 ,7  95
C nakgnades ,mpp - C ,’4 - C nad ’5 - turutreb ’6 -  turut

 nakkujnutid  laynis  ;80,7 adap  83,7 ad  n  64,7  .mpp
 kapmat kadit liskordih sugug adap notorp kutnu nakgnadeS
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 hisam nakbabesid nikgnum ini lah ,murtkeps malad
tognep ayntapadret .naklisahid gnay awaynes adap ro  

 
.7 elbaT   murtkeps ataD 1  RMN H  awaynes 1- 3( -

)linefiskordih -3- 4( - ortin - )linef - noneporp  ( 3C ). 
C mota romoN   awayneS  )3C( δH )mpp(  

1 - 
2  92,8 ,d(  J )zH 5,8 =  
3  89,7 ,d(  J )zH 5,8 =  
4 - 
5  89,7 ,d(  J )zH 5,8 =  
6  92,8 ,d(  J )zH 5,8 =  

Cα ,d( 08,7  J= 9,51  zH ) 
Cβ ,d( 78,7  J )zH 3,51 =  

O=C  - 
’1  - 
’2   95,7  
’3  - 
’4  80,7  
’5  )t( 83,7  
’6   64,7  

’3 - HO  - 
 

 awaynes padahret aborkimitna sativitka ijU ( 1C )  , ( 2C ) 
 nad ( 3C )  radak adap raga isufid edotem nagned nakukalid

 06 nad 04 ,03 ,02 ,01 μ  tubesret awaynes agiteK .g
 OSMD natural aggnihes ,OSMD malad nakturalid
 iagabes nakgnades ,fitagen lortnok igabes isgnufreb
 kutnu nisimotperts kitoibitna nakanugid fitisop lortnok

 .rumajitna kutnu loznekotek kitoibitna nad iretkabitna  
id tapad mumu araceS  golana aumes awhab nakatak

 nagned aborkimitna iagabes sativitka iaynupmem noklac
 iretkab padahret aborkimitna ijU .magareb gnay satisnetni

 fitisop marG  silitbus.B  adap gnineb anoz naktahilrepmem
lepmas radak aumes .  gnay lepmas radak raseb nikameS

nakanugid   laH .alup raseb nikames ayntabmah ayad akam
 fitagen marG iretkab kutnu itamaid aguj amas gnay

asonigerua.P  .  
 hisam noklac golana agitek tabmah ayad numaN
 ini laH .nisimotpertS nagned nakgnidnabid akij hadner

aj kadit ini noklac golana agitek awhab itrareb  kiab hibel hu
 .iju iretkab nahubmutrep tabmahgnem malad
 ulalret nakanugid gnay lepmas isartnesnok nanikgnumeK
 isartnesnok natakgninep nakukalid ulrep aggnihes licek

.nakifingis hibel gnay lisah helorepid raga  
 golana awaynes agitek irad sativitka iju lisaH  noklac

 awaynes awhab helorepid tubesret 2C   ayad ikilimem
 awaynes nagned nakgnidnabid raseb hibel gnay tabmah 1C  

 nad 3C  awaynes nakgnadeS . 3C   tabmah ayad ikilimem
 awaynes nagned nakgnidnabid licek hibel gnay 1C  ini laH .

t isgnuf sugug helo nakbabesid agudid  A nicnic adap takire
gnisam irad -  gnay awayneS .adebreb awaynes gnisam

 tabmah ayad ikilimem nortkele gnorodnep sugug ikilimem
 gnay awaynes nagned nakgnidnabid tauk hibel gnay
 gnay awaynes adaP .nortkele kiranep sugug ikilimem

rtkele gnorodnep sugug ikilimem  imalagnem naka no
 )linobrak sugug aggnih( gnajnap hibel gnay isnanoser
 kiranep sugug gnudnagnem gnay awaynes nakgnades
 anezneb nicnic aggnih nalajreb aynah isnanoser nortkele
 nortkele gnorodnep sugug ikilimem gnay awayneS .ajas

 itrepes yad ikilimem negolah  raseb hibel gnay tabmah a
 sugug ikilimem gnay awaynes nagned nakgnidnabid
 gnorodnem nataukeK .liskordih apureb nortkele gnorodnep
 negolah sugug gnudnagnem gnay awaynes adap nortkele
 sugug gnudnagnem gnay awaynes adap irad raseb hibel

.liskordih  
 nakkujnutid gnay tabmah ayad retemaid naadebreP

 iretkab padahret awaynes agitek helo silitbus sullicB   nad
asonigurea sanomoduesP   rutkurts naadebrep anerak

gnisam helo ikilimid gnay les gnidnid -  .iretkab gnisam
ab padahret awaynes agitek tabmah ayad retemaiD  iretk

silitbus sullicB   iretkab nagned nakgnidnabid raseb hibel
asonigurea sanomoduesP   les gnidnid anerak  sullicB

silitbus   nakilgoditpep sipal aparebeb irad iridret aynah
 raulid katelret gnay sukgnubmep remilop agit aynada apnat

 utiay nakilgoditpep nasipal  nad raul tupales ,nietorpopil
 helo ikilimid gnay itrepes adirakasilopopil  sanomoduesP

 .asonigurea  anerak helO silitbus sullicB   ikilimem aynah
 hadum naka aynles akam nakilgoditpep nasipal
 awaynes malad gnudnakret gnay lonef helo isarutanedret

emaid aggnihes  ,otnairI( raseb hibel ayntabmah ayad ret
 .)6002  

 rumaj padahret aborkimitna ijU snacibla adidnaC   adap
 gnineb anoz naktahilrepmem aguj tubesret awaynes agitek
 lepmas radak raseb nikameS .lepmas radak aumes adap

udnakret gnay awaynes alup kaynab nikames akam  gn
 aynnaupmamek aggnihes markac satrek malad

.raseb nikames aguj rumaj nahubmutrep tabmahgnem  
  tubesret awaynes agitek adap gnineb anoz aynadA

 upmam tubesret awaynes adap fitka sugug anerak agudid
 nietorp sisetnis kasurem nad les gnidnid submenem

j/iretkab  awhab nakismusaid tapad tubesret lisah iraD .ruma
 iretkab sativitka tabmahgnem upmam awaynes agitek  .B

silitbus    iretkab , asonigerua .P   rumaj nad  adidnaC
snacibla . 

.4  nalupmiseK  
 iulalem noklac golana awaynes sisetnis rudesorP

araces ajrekreb lodla isasnednok   hamar nad anahredes
 rudesorp utaus iagabes nakanugid tapad nad nagnukgnil

.noklac awaynes sisetnisnem malad fitanretla  
 nemedner aynhadneR  gnay  naklisahid  anerak agudid

awaynes  sisetnis lisah   ria narupmac malad tural tubesret
lonate nad .  

 agitek mumu araceS golana   nakkujnunem noklac
numan aborkimitna iagabes sativitka            ayntabmah ayad

 gnay fitisop lortnok gnidnabid hadner hibel tikides
nakanugid . 

hisaK amireT napacU  
 laredneJ tarotkeriD adapek nakiapmasid hisak amireT

ggniT nakididneP  rutkeriD iulalem SANKIDPED i
 gnay takaraysaM naidbagneP nad naitileneP naanibmeP
 habiH naitileneP iulalrm ini naitilenep ianadnem halet

320/0.8910 :kartnok .on nagned latnemadnuF -
 .9002/VI/2.40  



nemrahuY   noklaC golanA awayneS aparebeB sisetniS  
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akatsuP ratfaD  
tna dna lairetcabitna sisehtnyS”.)8002( S ,malA  lagnufi

2 fo sevitavired emos fo ytivitca - lynehp - nemorhc -
4-  .eno icS .mehC .J 523 :)611( , - .133  

 H.D ,iohC nad   .K.Y ,ahC ( a 2002 )  fo yportosina lacitpO”.
hp gniniatnoc etalyrcahtemylop dna edimiylop -o

 niahc edis eht ni puorg enoclahc elbaknilssorcot
idarri rednu  .”thgil VU deziralop ylraenil a fo noita

coS .mehC naeroK .lluB .  , ( 32 :)  964 - 674  

 H.D ,iohC nad   .K.Y ,ahC ( b 2002 ) otohP”. -  fo tnemngila
wol - hp no latsyrc diuql citamen ssam ralucelom -o

enoclahc lanoisgnufib yllacimehcot -  yb mlif yxope
p ylraenil a fo noitaidarri  .”thgil VU deziralo  .lluB

coS .mehC naeroK .  , ( 32 :)  785 - .295  

 .6002 .K ,otnairI oorkiM ainuD kaugneM“ igoloiborkiM -r
”emsinag gnudnaB ,aydiL anarY .VC .  

 .7002 .P .K ,yddeR nad T ,redneraN  ylhgiH dna elpmiS A
 senoclahC fo sisehtnyS eht rof dohteM tneiciffE

 yb ediroulfirttnoroB gnisU - etarehtE  .  lanicideM
R gurD lartneC ,noisiviDyrtsimehC ssecorP dna -e

100 622 aidnI ,wnkcuL ,etutitsnI hcraes .  

 ,raktamsaW ,.R .S ,erasuhB ,.N.W ,vahdaJ ,.R.S ,adraS
2 ,.P.R ,rawaP nad ,.A.S ,ekaD ,.K.S tnevloS .900 -

HOaN eerf - 3,1 fo sisehtnyS detroppuS 3O2lA -
lyraid -2- eneporp -1- seno  . seR hceTmehC .J )2( 1. : 

562 - .962

 


