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4 -  F&BGH - J12 J=>: ?!@AKILM  

) !"#$%&' ( :11/12/90 !" )#*+ (#,- :28/03/91(  

  

?'"NO  

5 3 1- !"#$% &'(-6 4 2- )*"+ ,'-#. &'( (TATB) /'01"$ /23$        , 456 7#5839:  ;35+ <3#59+ =>35$'? &<@A5>3B &@<@2 C56 78@ &@

$ 2@!$ '>38 C+ 7D9. E83"$ C-#9.@2 A".3$ F<3G-$ /'01"TNT =$AH3+ .  I358 <2 C56 /AH JK3+ L@!M N>@   '5#M@ &35OTATB   &@'5+

2'#? <@'P CQ!( 2<!$ <3#9+ =$3R. '#S , =$3R. &3O2'+<36 =TG+ <2 /231-8@.  CU3V$ N>@ <2      *-"58 &@'5+ A5>AQ W,< X5>TATB    35+

 C#U,@ /23$ Y@ /231-8@TNT  CZ@<@78@ /AH .W,< N>@ CZ@<@ Y@ FAO       )@!5-+ 35( /2!5+ ['-582 <2 , )@Y<@ C5#U,@ 2@!$ Y@ /231-8@TATB  @<

L3M , /A#\#B ]3.3^$@ C+ Y3#. ),A+ 2!_. *-"8 ;3+ C">*O F'` , . @A-+@  W,< N>@ <2TNT  X><!1U!8 , ]3$,'6 &2 4>A8 a8!( @<

 /'b+ 3+ A#8@ X#Z,*"+ ,'-#. &'( , /2'6 A#96@ c#dS A#8@60 %A>2'? *-"8 .!( ef8 )% ]<@'5: a8     , /2'56 =5>@2Y g#596!+'6 @<

 /'b+ 3+ )*"+ ,'-#. &'(68% AH *-"8 . /'b+ 3+  h3#:@ Cd:'$ X> =i g`3: )*"+ ,'-#. &'(75 %      A5H )*5"+ !5"#$% &'5( C5+ g>A5D( .

=$ )2'6 <@2 ,'-#. AG+ Cd:'$/,'? @A-+@  <!R"$ N>@ &@'+ C6 AH3+ /,'? a8!( ="#$% &3O    /A5H 75Rj3k$ g#-58@ &3O   <@'5P Y@ e5B ,

 ,'-#. /,'? C8 N-j'?X>'-#. A#8@ , X><!1U!8 A#8@ Y@ /231-8@ 3+/,'?      *#U,<A5#O l350.@ 3+ cj3k$ &3O  C-5H@2'+  ,TATB    /'5b+ 35+

55 %A>2'? C#b( .  

  

?P&I !K)'"8Q ) :TATB'".R S"%I6'"K 3F*BQ 6&* IBC"2 39".R ?IBT J<U!-. 3IBC"2 )!"V& 3.

1-  $.'W.12
  

5 3 1- &'(3!"#$%-6 4 2- &'(4)*"+,'-#.)TATB (
5
 )  g^5H1(  X5>  

 , =.*"+ CVd: 3+ )<3V-$ X#(3$,<% l,2 m!. /'01"$ /23$/,'? &3O NO2 

,NH2  =$ AH3+C+ C6     ),'5+ , ),<2 =.n,<A5#O &3OA5.!#B 2!5Q, g#U2

/o>, &<@A>3B &!P =U!^U!$  2<@2 p3^q5`@ , p!5H  3$'? C+ 7D9. &@ .

'#S /23$ N>@ [39:  C5+ /'501"$ /23$ N>'(  =5$ <3_5H    ]<A5P C56 A5>%

   NZ!5U!( ,'5-#. &'5( Y@ )% &<301.@6
  , '-5r#+ =5U  Y@ HMX 

7
 , RDX

8
 

                                                      
1- r.@2<3#  

  

3 3,4- AH<@ [3"H<36  
 

5- TATB                                                         
6- TNT 

=$ '-_6AH3+.   

5 3 1-!"#$% &'(-6 4 2- )*"+,'-#. &'(     I358 <2 <35+ N#5U,@  1888 

)!9^Q a8!(9
 s">, ,10

 AH C#b(.  

    &<3501.@ , =>3#_#5H  =5^>*#j L@!M Y@ =TG+TATB   I,A5Q <2)1 (

78@ /A$% ]4-1[.  

2'+<36 Y@ &<3#9+ <2         235>Y <3501.@ ]A5H 35+ 2@!5$ C5+ Y35#.  A>AQ &3O

 46 <3#9+ 7#839: <2 , ;3+ <3#9+ =(<@': &<@A>3B  35+ ;3+ ="_>@ C0#-.

                                                      
* E-mail: y_bayat@mut.ac.ir 

7- Octahydro-1,3,5,7-Tetranitro-1,3,5,7-Tetrazocine 

8- 1,3,5-Trinitro-1,3,5-Triazacyclohexane 

9- Jackson 

10- Wing 
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$ =>%<36 c1:t=$ [39:@ 'u2!H .  /'501"$ /23$  Y3#. N>@ C+ v83B <2

TATB  C+ C-#9.@2 g#U2 E583"$ )g/cm3 93/1d =(  ]<A5P    E583"-$ 

3$2 , C+'w C+ 46 <3#9+ 7#839: ,    C5R:x$ g5+3P =>%<356  E5U3Q W@

=$ CQ!( A5H3+ .   =$35R. &35O2'+<36 Y@TATB  =5$    <2 2'+<356 C5+ )@!5(

C.@'r#B    C5.3yB!( &;35+ =>%<356 35+ &3O&@       C5+ l,35V$ &<3501.@ '-58!+

 N-M!8]5[   ]3D#6'(PBX  &,3:TATB ]6[  <2 /231-8@ 2@!$ 7M38

k$/<Y cj3 ]7 [ ,XH!$ =z"Q'8    ;35+ 7K'58 35+ /A.!5H 7>@AO &3O 

]8[ 2'6 /<3H@. Y@  =$3R. '#S &3O2'+<36 m@!.@TATB  *#. =5$   C5+ )@!5(

/3{ &<31: <2 )% Y@ /231-8@  C5+ , 751. |#_K &3O   <2 'z5r"6@, )@!5"K

7M38   '(!#f$356 &3OY38<3^H% }>3$ I3-9>'6 &@'+ =>@*Q@]9[  &@'5+  

A: A#U!(  a8@,    I!5^U!$ *-"58 <2 C56 N#$@*5zO )*"+   =5dB,'-O &35O

g^#8 '5#R. A>AQ &3O 12 9 8 5 4 1-    Nd#5"j &'5( @Y% @*5zO-  @*5zO 

 Nd#"j &'(@Y%)        35+ Cq58@, ]@*5dj &@'5+ &!5P ),'5-^U@ /A5.'>~B A.3z#U

N#>3B 7#j'� (     2!5_. /<35H@ e#i35"�$ ,'5j =5U% &3O X_. C#b( <2 , 

]10.[  

1-1-  SC>/ )!K XI6TATB

W,< C_O/AH W<@*? *-"8 &3O    &@'+TATB  Y,'$@ C+ 3(  <@2,'-#. g$3H

 &@<@2 C#U,@ 2@!$ )2'6/,'? &3O /A""6 p'(+ C6 78@ &@C Cd#8,/,'? &3O 

=$ N>*z>3Q !"#$%A.!H .W,< N>@ =$3_(C+ 3O   g^5H <2 X#(3_5H ]<!5` 

)2( 78@ /A$%.  

W,< N>@ I,AQ <2 3b.% E>3G$ , 3>@*$ /@'_O C+ 3O)2( 78@ /AH C`xM.  

 W,< 2<!$ <26  I,AQ <2)2(    C56 758@ �#w!( C+ lY;  W,< N5>@ <2

 Y@  'w3: W,< A".3$TNT C+      *-"58 75bQ C5#U,@ /235$ )@!5"KTATB 

    758@ ],351-$ '5w3: W,< 35+ �"6@, g:@'$ =U,  78@ /AH /231-8@ .

 W,<6  I38 <21982  a8!( , N9d#.)@<3^_O  W<@*? 758@ /AH.  <2

@ A">@'j N>@=+3y-.@ &3#:@ 'u@ <2 @A-+TNT    <2 )n,<A5#O A#1U!58 Y3? 3+

  )396@ &24- !"#$%-6 2-  3+ /@'_O )*"+ ,'-#. &26 2- ,'-#. &2-4- 

C#b( NZ!U!( !"#$% g#96,<A#O AH .    <2 g5`3: �!5dy$ 2A50$ <!dD( 3+

  I!.3-$4- !"#$%-6 2- )*"+ ,'-#. &21 C+�U3M ]<!` C+  A5$% 7582 .

  <@2,'5-#. 'u@ <2  )2'56ADNB      A#58@ , X><!1U!58 A#58@ �!5dy$ <2

      g5`3: N#5d#.% ,'5-#. 35-"B )!#83"#$% ef8 , X>'-#.TATB   C5#b(

A>2'? ]18[.      *-"58 &@'5+ A5>AQ W,< X> CU3V$ N>@ <2TATB   C5Z@<@

=$   �>3596@ g$35H C6 2!H TNT    &35#:@  )% Y@ =5>@2Y g#596!+'6 ,

    '-#.  !5"#$% &35O,'? )2'56 Cd#-58@  ,'-#. &3O,'?   35b-.@ <2 , )!#58@

=$ &A#$% &3O,'? *#U,<A#OAH3+.  

                                                      
1 -ADNB 

2-  4#BYH Z[#  

2-1-  &S"GYH I *&+.  

 g$3H /231-8@ 2<!$ =>3#_#H 2@!$    =>3#_#5H }>3"5` Y@ NZ!5U!( ,'-#. &'(

  N5O% A>'d6  ]3"+'6 =+ 4>A8  ]3$,'6 &2 4>A8  N#{<3B        C5+% �5H

   76'5H Y@ !5#-6@ N+'6Fluka   5>'-#.  A#58@ X><!1U!58     4>A58  A#58@ X

   76'55H Y@ )!-558@ , I3#558x? A#558@ X#-558@  A#5596,<A#OMerck   ,

      ,  N#5$% &2 Nd#5"j 35-$  A#58@ X>'d6,<A5#O  I!.3-$  ]@<A#O N>Y@<A#O

 76'H Y@ A><A#.@ X#-8@Aldrich A.AH C#b(.     /231-58@ 2<!5$ ]@*5#b0(

 �$; g$3HUV   �!5$ I!i 3+nm 254 /3z-582     �5#i   ),235$ �"58 

 *55$'PShimadzu 8400s �55#i ,   C-559O =559#i3"�$ e.355.,Y< �"558

(NMR) DRX-500 Avance Bruker  35+   e.356'j MHz13 /500    &@'5+

 )!(,'B e.3.,Y<AH3+ =$.   

  
\ND 1-  <3-M385 3 1- !"#$% &'( -6 4 2-  )*"+,'-#. &'()TATB( ] 1[. 

   ]I'^1-  &<301.@ , =>3#_#H  =^>*#j L@!MTATB.  

4TL(IB(*!W.

s.<  2<Y 

 =U!^U!$ )Y,(g/mol)1/258 

  �,� &3$2(oC)350 

 )AH C>*0( &3$2

(oC)

350 

I3G-H@ &3$2(oC)384 

 =U3-9>'6 C-#9.@2 

(g/cm3)

93/1  

 g#^r( =fU3-.%

(kJ/kg)

9/597 - 

 g#^r( &n'.@(kJ/kg)425-  

 e.;3+ )o#96@

)A`<2(

80/55 -  

<301.@ 7K'8 (m/s)  7350 

C+'w C+ 7#839:   

(N)  

50 
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.  

NZ!U.  

A#96!-"B )n,'-#..

555555555555555555

5  - )*"+ !$'+ &'(.

5  - )*"+ ,'d6 &'(

 - &2 ,'d6 I!9#.%

CI!"#8!d?,<!dj.  

C#U,@ /23$ A#$@'^#B

C#U,@ / !( ,'-#. &'(

- . &2 , )*"+ ,'-#.

?)- 91 55555555555

C#U,@ /23$ Y@ /2 3 1

  

C#U,@ /23$ Y@ /2 3 1

  

C#U,@ /23$ Y@ /233 5

  

C#U,@ /23$ Y@ /231-8@ 

  

TATB Y@ /231-8@ 3+

  

TA /23$ Y@ /231-8@ 3+

  

5 3 - ,'d6 &'( -2-

  

E<J M!N 3O#0 )   

 7)=7 '()!*17 +>-@&

I,@ W,< :231-8@ 3+

l,2 W,< :231-8@ 3+

l!8 W,< :31-8@ 3+

l<3b{ W,< : 3+

"B W,<40 :*-"8

4rH W : *-"8ATB

C#U,@ /23$ Y@ /231- 1

*-TATB.  

)  #:P  "# M!Q& 

'()!* +,-./ 0)14* +

W,<

4-1O W,< :1-8@ 3+

W3O& $-"8 �d-y

,12!Q& R0178 $G

1 +2345647 869&  :/

           \ND2 - W,<

 0MF$L $?<5/ GR7<J

  !"# $"%&– /;<7
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       ]I'^2-W,< *-"8 &3OTATB =?o>, /@'_O C+3b.% &3O.  

/<3_H

W,<  
/23$ U,@#C  /2Y3+  

2@AG(

g:@'$  
@*$>3  3G$>E  }Q'$  

1  
5 3 1- '(&  !$'+

)*"+  
76%  3  1- 2@!$ U,@#C <2 ['-82 

1- 3$2& ;3+<2 b(#C '( a8@, A:& 

'( !$'+& .#,'- )*"+  
1  

2  '(& )*"+ ,'d6  80%  2  

1- W,< -G"`= b(#C TATB  

2-  /231-8@Y@ 3O'zr"6@,& <2 

['-82  

1- 2!Q, �U3M3.= 'd6>A .!$%#l! <2 

I!�k$ , �U3M3.= 3O& <@2'd6  

2- 3$2& ;3+& . Cd:'$#8@'-#)!  

11  

3  
5 3- 2&  ,'d6

.%#I!9  
94%  2  

1-  /2Y3+;3+  

2-  L!dM;3+  

1- *O>C" ;3+& /23$ U,@#C  

2- lAK 8'-82= )38% C+ /23$ U,@#C  

3- /Y@A.@ ]@<� 9+#<3 X{!6 I!�k$  

12  

4  8!d?,<!dj#I!"  

88% R=Me,  

83% R=Et,  

93% R=Pr  

2  

  

1-/2Y3+;3+&I!�k$  

2-  �@A:@>X A:@, .#C_ 

-G"`= <2 '$%>3^ '+  [38@ @>N 

W,<  

3- @'H>a x$>4 �"6@,  

*O>C" ;3+& 2@!$ U,@#C  13  

5  B#$@'^#A  95%  1  

1-/231-8@Y@@!$2U,@#C)@Y<@  

2- @'H>a x$>4 �"6@, ) 3$2, 

<3rj k$#a(  

3- /2Y3+;3+  

S#g+3P' l30.@ <2 V$#[3 -G"`= C+ 

U2#g p3.'qM )2!+ 2@!$ U,@#C  

14 , 

15  

6  
'(& .#,'-  NZ!U!(

 <!T: <2H2S  
64%  3  

1-<2['-82)2!+/23$ 

U,@#CTNT 3"` <2>} $3R.= 

2-P �O36#7_ 3b.=> TATB  

1- _8#7 ;3+& H2S  

2- /2Y3+ 3B#>N  

3- @>230 ?2!U%= @!O  

16  

7  

5 3 1- '(& ,'d6 -

2- .#,'-   , )*"+

2& .#)n,'- 

96!-"B#A  

'-_6 Y@ 50%  3  _(#* )2!+ �"6@,  /2Y3+ pA.@ �"6@,  17  

              

2-2-   !"#6$4$2-   %& '()#& *(+, "-,.!(/ 0.16$4$2-   0.)1

 2+3431,.!(/)TNT(  

  ! "#$"%&' (# )*+ ,*-./  ! -0( "12314*.5 6789 :; <=   >?@A0

 BCD.E7D0 F>8G :;400  *-./ CH.0)51/7 I10 ( J.HK  !"1L/15 &.5%

 :-M!"&N. OG P8Q BF#R 20   6*?S)08/0  I1?0 (TNT  :?;   :?; T!"&?2

)*+  :U7Q%&N  <074 IVWE% 72 (TNT B:0%#% F#R OG 7!XU . YZ530 

 6*S)11/0 I10 (,# O!&5 [70(*4)Na2Cr2O7 (:;!"&2 :U7Q% T&N   7?2

:4 CE70R :; \]4%( ^1HM0 ,70# 40  :'"# _1.?`H5  &?5*; .  P?!% "#

:aW/     (# )*?+ F("# :?; #*?5 bc 72 $#*4 PN(" %" "12314*.5 6789

#1N #"%( $"%&' :; [70(*4 ,# O!&5 Cd;70 ( \]4%( ^1HM0 :; T!"&2

 :U7Q%#*S!& . P.; 70#55- 45  :'"# _1.?`H5   I*?-]4 &?N .  F#(>?U%

,# O!&5  [70(*42 :; Xe75  I1?f07AE% ?.& .    ,# O!&?5 67?82 C?-g(

    $&?N h?E" >i?5 ( J.HK "7.`; :4 ^1HM0 B&N :U7Q% [70(*4  #1?;  :?;

 [&02  ,70# "# Xe7555 - 45  :'"#_1.`H5  $#R OG&N . ^1HM0

 :; C0%"c :; \]4%(200  :U7Q% $&N #*j k! 6*S&NB  (*-.E ,*2 YZ5

 I1HW07E &.5%  .l(>];m512 n.g oj :; ( &N *-H.U  #*?5 bc 7; Xg#

 :-`N#*S!&  8E 72 Fc 61.0(*4 ,7Gbc "#      Cg7?; >i?5 h?E" ( #1?N

&E78E . [7;15" YZ5 hE" &.L5,70# "# 
50  :'"# _1.?`H5    ?pj

&N&E . I1?=W0   $#R7?; 7?; 60 %  b(q :?rdE (226   C-E7?5 :?'"#   #%*?S     

:;&0c X5#. 

2-3-   !"#5$3$1-  "- ,.!(/ 0.1 5!#& 6- %& 78696$4$2-   0.)1

 "- ,.!(/,'(#& *(+  ):;&8% <(=>3-.>(  

 P/7;  ! "#50  ,*-./ CH.0 "%&d02  6*S)007/0  I1?0 (6B4B2-   ,*?2

 7; &.5%  .l(>];(*-.E17   ,7?0# 7?2 ( $&?N ^1HM0 *rd0 bc *-./ CH.0 

35  :'"#_1.`H5  $#R OG ( $#%# ["%*9 &?N .    #1?5 I1?HW0 YZ?5

15 % :U7Q% Fc :; $*rg $*rg &!#*S     h?E" O?4 >?0*g h?E" :4 C!7' 72

#1N <s79.   Y?t R% $&G7?p0        &.?5%  .-?5% $*?rg &?]u >?0*g h?E"
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 :U7Q% Fc :; I7.5VS$&N *; :./(% X/79 :; I1HW0 hE" 72##*S . YZ5

 7; I1HW0 P!% n.goj    7?2 $&?N *-H.UTNT  ,7?G    %&?' $#*?DE \]?4%(

&E1N . <d-]0 FR OG ,1-W0 P/7; :; CU7s *!R v!70:-pS  #(&9 (5/0 

 :U7Q% Fc :; I7.5VS &.5%  .-5% 6*S$&N     ?! YZ?5 ( #*?i0  ,("

$#%# "%*g Fc $&N  (    ,37?; ,7?0# 7?2100   :?'"# _1.?`H5  Y?4VU" 

&!#*S.  R7S F&N #%Rc C2&0 R% &w;CO2   x(*NC0##*S   :?4 :?; :H.?5( 

 ,37??; "# _1??8-./ y??K74 F#%# "%*??g#*??i0  zM??p0C??0#1??N . ,*??2

:; F>];(*-.E"1sn4 :!3 [   v!7?0 ,(" h?E" C?0*4 "%#  {r?5   "(7]?N 

C0#1N.  F#%# ["%*95/1  :0%#% *|!# Xe75 X?U7!     R7?S F&?N #%Rc 7?2

CO2 N ng1-0& . :?; \]4%( ^1HM0 YZ5     *?-H.U ( $&?N #*?5 T!"&?2

:-pS  bc 7; "7; P!&]u ( #*5-`N&!#*S 1p    ["%*?9 "# (50   :?'"#

C-E75 #%*S  pj&N ."# X!7@E15/1   6*?S1H;"     ,*?2 h?E" 6*?4 ,7?G

 $#R7; 7; F>]; (*-.E68 %;:&0c X5# .E    I1?=W0 P?!% b(q :?rd131-

130  :'"#_1.`H5 C0&N7;.  n.fFT-IR 5B3B1-    F>?]; (*?-.E ,*2

:; ["1s }*gKBr  n.f P.]~8G (1H-NMR    IV?9 "# �?.4*2 P!%

F1-5% X5% ["1s P!&; "%# O!*2(#  

FT-IR (KBr)   = 3107, 1623, 1544, 1345 cm-1
 

1H-NMR,  =!  9.33(3H) ppm. 

2- 4-   !"#5$3$1-      6)- 5 )"- ,.)!(/ 0.)1 %& 5 "- 3"(?@ 0.1

'(#& *;.A>,B'(C , 2C@ B83D %& 7869!#&  

 P/7;  ! "#50 ,*-./ CH.0 "%&d0 35  *-./ CH.0HCl   ( :?-M!" J.HK

5/2  6*S5B3B1- OG 7; $%*8G F>]; (*-.E ,*2 :U7Q% Fc :; C0%"c :; F#R

#*4.     %&?.t *?..�2 CAE"7?E :?; hE" C0*4 R% \]4%( ^1HM0 hE"  *?4# .

      :?; 7?0# ( $&?N :U7?Q% Fc :?; PGc "#1t C84 "%&d0 YZ560   :?'"#

_1.`H5    Y?4VU" 7?0# P!% "# \]4%( ^1HM0 ( &N $&E75" #*S ?!& .

$&E78.g7;   :U7?Q% P/7; :; #*i0 ,37; R% PGc &?N .  x1?8A0 "#5/8   6*?S

L-5% �7.9% ,%*; PGc "#1t Cf "# "%&d0 P!% ( $&N $#72   :U7?Q% Xe75

&N . 6782% R% &w; \!%>U%70# PGc^1HM0 , :; 
75-70  :'"#_1.`H5 

 [&0 :; ( $&N $&E75"20 Y4VU" *|!# :d.g# &!#*S .  ^1?HM0 YZ5

 *-H.U \]4%($&!#*S C0 hE" >i5 :4 CU7s *!R v!70 (  67?89 "# &N7;

 72 $&N $#%# "%*g k!"1H;].0c ,*2 ,7G <.Dp2 &!%*H4("&.G ,*2 F>]; 1

&E1N . P!%"1H;&N $#%# 1p-`N I1E72% 7; ( $&N )7s 7G . FR("1H;  ,7?G

 &!%*H4("&.G F>]; 1].0c ,*2 hE" 6*404/2   \]?4%( $*@; ( 6*S75 %

C0&N7; .  n?.f1H-NMR     IV?9 "# �?.4*2 P?!%DMSO   "%# O!*?2(#

X5% ["1s P!&;:  
1H-NMR,  =!  8 (9H,NH3

+), 6.5 (3H, Ar) ppm. 

 %&-;% BF>]; 1].0c ,*2 :; &!%*H4("&.G F>]; 1].0c ,*2 <!&i2 ,%*; I79

10  [7];*4 O!&5 I1HW0 *-./ CH.050 %:.@2   $&?N  YZ?55/0   6*?S

       ,7?0# "# ( :?-M!" I1?HW0 P?!% F("# &?!%*H4("&.G F>?]; 1].0c ,*2

OG m.W0  $#R&N     F>?]; 1?].0c ,*?2 ( &!*H4 O!&5 <07N C27;15" 72

<s79 #1N .    ,(7?9 ,*?p; F("# ( $&?N )7s [7;15" P!%20   C?H.0

$&N :-M!" C`.f7]�0 F>8G ( �%# F1-5% *-./   Xe7?5 O.?E [&0 :; ( 

OG  $#R&N .      $&?E70 Cg7?; [7;1?5" CU7?s y?K74 m512 YZ5)  O!&?5

&!*H4 (C0 %&' m512 CU7s *!R I1HW0 ( &E1N oj XW2 $&]]4 *.Mi2

J.H�2 &!#*S ."# X!7@E23/0  *4 6*?S I7-?`!    h?E" $7.?5 ,7?G5B3B1-  

 $#R7; 7; z/7j F>]; 1].0c ,*288 %C0 <s79 #1?N .  n?.f1H-NMR 

 IV9 "# �.4*2 P!%DMSO X5% ["1s P!&; "%# O!*2(#:  
1H-NMR,  =!  4.3 (6H,NH2), 5.1 (3H, Ar) ppm.       

2- 5-   !"#3$1- 2(?@ 08 2A("E 6!? %& 5 "- ,'(?6!#& 08  

 :; %&-;%  ! P/7;25    ,1?-W0 ,*?-./ CH.02   6*?S)018/0  I1?0 (  7?-0

 "%&d0 BC`.f7]�0 F>8G :; >@A0 ( P.0c ,# PH.]U69/5   6*?S)05/0 

I10 (&!"&.E%  .-5% :;["1s  :U7Q% $*rg $*rg&!#*S .   :?; x(*?N 70#

C0 \!%>U% *!R #*5 bc 6789 m512 :4 &]450  :'"# _1.?`H5   :?|E

 :-N%#&N . 6782% R% Yt \!%>U%E%  .-5%  B&?!"&.84/3    $*?rg bc 6*?S

OG 7; $%*8G $*rg  :U7Q% \]4%( ^1HM0 :; F#R&!#*S .   67?|]G P?!% "#

O4 \L]; hE" :; \]4%( ^1HM0C0"# hE"&!c . 67?82% R% Yt  \!%>?U% 

 [&0 :; \]4%( ^1HM0 Bbc4 OG m.W0 ,70# "# Xe75 C0 $#R  #1?N

&E1N "%&!&t &.H.E7-5% ,# [7;15" :D]!% 72 . [7;15" P!% *-H.U $&?!#*S 

C0 :-`N bc 7; (&E1N ."# X!7@E80/1   $#R7?; 7?; &.H.E7-5% ,# 7-0 6*S  

85  % b(q :rdE (6/190  :'"#_1.`H5 ;:&0c X5#.  

2-6-   !"#5$3$1- 6!#& 0.15 "- ,'(?  %&5$3$1-    3)"(?@ 0.)1

5 "-  

 %&-;%:;   ! P/7;25 :; >@A0 ,*-./ CH.0 ( C`.f7]�0 F>8G   ,1?-W0

1 6*S  ,*2F>]; 1].0cB   $*?rg $*rg5/5   6*?S    :U7?Q% &?!"&.E%  .-?5%

&!#*S.  *!R "# 70#80 C-E75 :'"##%*S   :-?N%# :|E &?N.    67?82% R% &?w;

E%  .-5%. [&0 :; \]4%( ^1HM0 &!"&1    ,7?0# "# Xe7?550   :?'"#

_1.`H5  $#R OG&N .TLC  F7pEC0&G#   <.D?p2 &!&' I1=W0 :4

X5% $&N . $*rg $*rg YZ57  ./ C?H.0  *?-  :?; bcc U7?Q% F:  &?N   7?2

 [7;15"$1@g,% |E"C N *G7+&E1 .    [&?0 :?; [7;1?5" P!%5/0   Xe7?5

 *|!# m.W0 ,70# "#YZ5 (  $#R OG  pj ( *-H.U &!#*S .  X?!7@E"#

51/1  $#R7; 7; I1=W0 6*S75 % <s79&N . n.fFT-IR 5B3B1-  ,*?2

F>]; (&.07-5% :;["1s  }*gKBr n.f P.]~8G (    1H-NMR   P?!%

2 IV9 "# �.4*DMSO X5% ["1s P!&; "%# O!*2(#:
  

FT-IR (KBr)   = 3200, 3101, 2963, 1673, 1532 cm-1 
1H-NMR,  =!  10.4 (3H,NH), 8.2 (3H), 2.08  (9H,CH3) ppm.      

2-7-   !"#5$3$1-0.1 ,'(?6!#&-6$4$2-    %& 5 )"- ,.)!(/ 0.1

5$3$1- 6!#& 0.1   *;B3943)#%& 7869!)#& 6- 5 "- ,'(?  , '()#&

F(AG '(#& *;.!(/  

 :;  !      "%&?d0 C?`.f7]�0 F>?8G :?; >?@A0 P/7;5     &.?5% *?-./ C?H.0

( :U7Q% J.HK  !"1L/15 OG P8Q F#R      $#%# "%*?g k?! 67?89 "# P/7?;



  >?@- ABC 4"'1 :D9;52321-'@/*E %FG62422-H>@3 9F?/1 %FG #3 4I'$'G 9F?/1 %FG J  K&,0?-  ,3#/$9  K&,* H '@8
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&N.  $*rg $*rg YZ52     $#(>?U% Fc :?; J.?HK &.5%  !*-.E *-./ CH.0

&!#*S . "%&d0 C|-`Gc :; YZ51  6*S5B3B1 - 7-5% ,*2>]; (&.0 :; F

 ^1HM0 �1U:U7Q% &N       F(*?.; k?! 67?89 R% P/7?; :?d.g# &]u R% Yt (

OG m.W0 ,70# "# ( &N $#"(c C0 :0%#% F#R&;7! .   O.?E X?NyS R% Yt

$&N #*j k! ( bc ,(" *; \]4%( ^1HM0 ( $&N <074 \]4%( Xe75B 

 :-M!"&N .    m?512 :?4 :-?pS <.Dp2 I1=W0 hE" #"R [7;15"  n?.g

 *-H.U oj (  R% Yt "%&d0 F&N  pj92/0$#R7; 7; I1=W0 6*S 60 %

 <s79&!#*S . n.f1H-NMR "# �.4*2 P!%   IV?9DMSO    O!*?2(#

C0 ["1s P!&; "%#&N7;:   
1H-NMR,  !  = 10.7 (3H,NH), 2(9H,CH3) ppm.       

 2-8-   !"#5$3$1-   3)"(?@ 0.)1-6$4$2-     5 )"- ,.)!(/ 0.)1

(TATB)   (4,B'(C H#315$3$1- 0.)1  ,'(?6!)#&-6$4$2-  0.)1

5 "- ,.!(/  

"#  !  P/7;50       "%&?d0 C?`.f7]�0 F>?8G :?; >?@A0 ,*-./ CH.010 

 ( J.HK &.5%  !*H4("&.G *-./ CH.02   7?2 P/7; ( :-M!" bc *-./ CH.0

 ,70#70  :'"#_1.`H5  $#%# ["%*9 &?N .  YZ?51   R% 6*?S5B3B1- 

(&.07-5% ,*2-6B4B2-    :U7?Q% P/7?; :; F>]; (*-.E ,*2 $&?N  1?HM0 ( ^

 [&0 :; \]4%(4  Y4VU" Xe75#*S ?!& .     7?2 \]?4%( ^1?HM0 YZ?5

 ,70#50  :'"#_1.`H5  ( #*5pH     C?; O!&?5 I1?HW0 F#(>U% 7; Fc

 [7];*420 % C�]j&N .   ( #*?5 m.?W0 ,70# 72 \]4%( ^1HM0 YZ5

10  [&0 :; ( $&N :U7Q% Fc :; bc *-./ CH.01   O?G *?|!# Xe75  $#R

N& . ( *-H.U :Hs79 [7;15" YZ5 ,70# "#80  :'"#_1.`H5   pj

&E&!#*S . X!7@E"#3/0  6*STATB  $#R7; 7;68 % :?;  X?5# &?0c .  n?.f

FT-IR I1=W0 TATB :;["1s   }*?gKBr    n?.f P.?]~8G (1H-

NMR  IV9 "# �.4*2 P!%DMSO C0 ["1s P!&; "%# O!*2(#&N7; :  

 FT-IR (KBr)   = 3325, 3225, 1610, 1560, 1450, 1335, 1225, 

1180, 1035, 780, 730, 700 cm-1
  

1H-NMR, = !   3.45 (6H,NH2) ppm.       

 3-  IJ- , K;6!/

�(" P.; R% >-]5 ,%*; $&N :l%"% ,7GTATB     :?; F(*?d0 :?; :'12 7; B

F#1; :U*s :./(% #%10 I1?=W0 }1Hj BX/1@5 B     #%1?0 :?; C?5*-5# (

  :?./(% $#70 R% $#7L-5% �(" B:./(%TNT  :?;  >-]?5 �(" F%1?]e TATB 

&!#*S b7M-E% .C!7AEc R% :4TNT $#70  v!7]?s "# ( $#1; X8.g F%R"% ,%

C0 XU7! "1U( :; 70 "1p4 C07aE:; $#70 P!% R% $#7L-5% B#1N $#70 F%1]e

C0 ,#7!R &9 72 :./(% :U*?s �e7; &E%12  :?]!>G "# C!1?'   \G7?4 ( 7?G

 $&N 6782 X8.g I1=W0TATB #1N .   #7L-?5% #%1?0 C07?82 P.]~8G $

  }7?j [%>.@A2 :; R7.E �(" P!% ( $#1; _*-5# "# �(" P!% "# $&N

#"%&E X8.g F%*S (.  �(" P!% "#TATB  CH4 $*@; 7;8 % &?!#*S >-]5 .

 R% $#7L-5%TNT )*w0 R% :4 Cf*N :; #1N $#7L-5% &!&' ,7G :].@; (

,R75Ec ,(" *; 6R3 ,7G#*!yt ["1s 7@B :;     C?N(" 7?0 "1?p4 "# *?aE

0 ( �57]0#1; &G%1j :U*s :; F(*d .F78G P!% &N $#%# {.Q12 :4 "1f

 �(" &??!&' ,%"%#6     :??; R7??.E <??9%*0 R% 6%&??D~.G ( $#1??; :??H9*0    

z/7j :?; I1=W0 ( :-N%&E ,R75      B<?9%*0 R%  ?! *?G R% $&?0c X?5#    

:;C0 %&' \]4%( m.W0 R% z/7j ["1s&E#*S.  ,7G>./7Ec R% $#7L-5% 7;

 $&N 67AE%IR  (NMR    $#%# P?!% �;7?r2 ( BI1=W0 P!% ,(" *;   7?; 7?G

$#%# :4 &N zMp0 v'%*0 "# #1'10 ,7GTATB   z/7j �V074 <s79

z/7j <9%*0 67AE% :; R7.E ( $#1;#"%&E ,R75.  >-]5 <9%*0 CH4 ,78N

TATB :; �(" P!% m512<DN ["1s 3 C0&N7;:  

  
<LM3-  >-]5 <9%*0 CH4 ,78NTATB. 

.`41;*4 :H9*0 "#:; BC!%#R < ,"%&d0 #1'( F7D0% <./#TNT  \]4%(

 :??H9*0 R% $#%&??E\!7??`4%   I1??HW0 F#(>??U% 7??; %&??-;% BI1??=W0 F("#

         &.?5%  ?.l(>]; (*?-.E ,*?2 B\]?4%( ^1?HM0 :?; O!&?5 &.`4("&.G

      <!&?i2 X?5% bc "# I1?HW0 :?4 Fc O!&?5  ?8E :; Bbc "# I1HW07E   

C0#1N .C0 P!%*;7]; F%12TNT $#%&E \]4%( ,7G :; :4 I1HW07E ["1s

C0 bc "#m512 %" &]N7; n.g      *?; %" \]?4%( :?0%#% ( $#*?4 *-H.U oj

 R% ,"7e :4 CU7s *!R I1HW0 ,("TNT C0&N7;B  #%# 67?AE%.    �?if *?;

 n.fFT-IR   \?M; "# :4 I1=W0 P!% R% $&N :-U*S2-3   &?N *?4q B

 .t  :.97E "#cm-1 
 1544 (1345     $(*?S :?; ^1?;*0NO2  C?0 &?N7; .

 n.f "# P.]~8G1H-NMR  :?.97E "#  .t Bppm 33/9    :?; ^1?;*0

F�("&.GC0 F>]; :dH9 I#7w0 ,7G&N7;.  

     �(" B1?].0c $(*?S :?; (*?-.E $(*?S ,7.9% "#    \!7?0Rc C?LH-M0 ,7?G

�??57]0 :??4 &??N  [7??E7D0% ( #%1??0 :??; C??5*-5# *??aE R% B�(" P!*??2

        P?Gc "#1?t R% $#7L-?5% BI1?=W0 }1?Hj ( $#R7?; P.?]~8G ( #1'10

 C??0 &.??5%  !*H4("&??.G (&??N7; .�(" P??!% "#   *??; <??07e (# *.��??2

  F%>??.0 BC??D! :??4 X??U*S "%*??g C??5"*; #"1??0 I1??=W0 $#R7??; F%>??.0

,*??|!# ( CU*??=0 P??Gc "#1??t CU*??=0 &.??5%  !*H4("&??.G F%>??.0 B

C0&N7; .C5"*; P!% T!7-EC0 �*N P!&; 7G&N7;:  



  !"#$ %&'()* + &,- #./01 2+,/34/3 !(5 678  9 :8;< :=8 !()* 2   
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t \!%>U% I1=W0 $#R7; CU*=0 PGc I10 "%&d0 \!%>U% 7; C?0 %&. &?]4 .

  )*?=0 7; B$&N 67AE% [7p!70Rc �if *;08/0      $#R7?; P?Gc "#1?t I1?0

 I1=W059% )*=0 7; B15/0   $#R7?; BPGc "#1t I1075 %   )*?=0 7?; (

17/0  I1=W0 $#R7; PGc "#1t I1076 %C0&N7;. )    ,*?2 C/1?0 Xi?`E

     :?; P?Gc "#1?t :?; F>?]; (*-.E  �?.2*212/0 B06/0 B05/0  C?0 &?N7; .(

 7; P.]~8G     $#R7?; >?.E CU*?=0 &.?5%  !*H4("&.G I10 "%&d0 \!%>U%

C0 %&.t \!%>U% I1=W0  *!#7?d0 )*?=0 7; _75% P!% *; :4 &]4 23/1 B

95/0 B68/0    :?; I1?=W0 $#R7?; B&.5%  !*H4("&.G I10  �?.2*275% B

75 % (68 %C0&N7;. )      !*H4("&?.G :?; F>?]; (*?-.E ,*2 C/10 Xi`E

:; &.5% �.2*2008/0 B01/0 B02/0 C0&N7;.(  

 <DN "# >.E \]4%( P!% O`.E7D0 P.]~8G)4( X5% $&0c.  

  
<LM4- &.5%  !*H4("&.G ( PGc "#1t m512 �7.9% O`.E7D0 ]19 [.  

     &?!%*H4("&.G F>?]; 1?].0c ,*?2 :?; F>]; (*-.E ,*2 %&-;% �(" P!% "# 

�7.9% C0#1N . _7?5%*;   n?.f1H-NMR    R% $&?N :?-U*S   �?.4*2 P?!%

"# IV9DMSO 2(# \M; "# :4 B"%# O!*2-4 B&N *4q :.97E "#  .t 

ppm  5/6        :?.97E "#  ?.t ( F>?]; :?dH9 F�("&?.G :?5 :?; ^1;*0    

ppm  8 $(*S :; ^1;*0 NH3
+ 

 C0&N7;.  

 �7.9% ,%*;$(*S ,7G �(" R% BP.0c :; (*-.E     $#7L-?5% >?.E ,*?|!# ,7?G

�(" C0782 T!7-E :4 X5% $&N I(&' "# 7G)3( X5% $&0c .C/(  *aE R%

�(" F7.0 "# �(" P!*-@; BI1=W0 }1Hj ( $#R7;  B:?-U*S 67AE% ,7G

C0 &.5%  !*H4("&.G ( PGc "#1t R% $#7L-5%&N7;.  

:; :H9*0 P!% "#    F#*?4 :H.-?5% X?@' C8He v;7]0 F#1iE #1'10 <./#

   F#*?4 :H.-?5% \]4%( B$#70 P!% O4 "%&d0 P.]~8G ( F>]; 1].0c ,*2

.]U 7-0 ,(" *; %&-;%&N 67AE% P.0c ,# PH .   (# ,%"%# �?.4*2 P?!% %*!R

  :.i?N "7.?`; ,"7-j75 �7W/ R% ( $#1; 7-0 X.wg10 "# P.0c $(*S  ,*?2

C0 #1'10 "1U( :; >.E $7|p!70Rc "# ( $#1; F>]; 1].0c &?N7; .  "7?4 �("

 \M; "# \!70Rc P!%2-5 &N $#%# {.Q12 .   ,*?2 B�(" P?!% _75% *;

  ?4 &?!#*S :H.-5% F>]; 1].0c  \?M; "# :2-6     \]?4%( P?!% �(" >?.E

&N $#%# {.Q12. 

N,'O3- [(7L-0 ,7G*|p]4%( m512 P.0c :; (*-.E $(*S �7.9% T!7-E.  

*|p]4%(   F70R

 \]4%(

)Xe75(  

 ,70#

    \]4%(

)
oC(  

$#R7;  

(%)  

&.5%  !*H4("&.G ( PGc "#1t  2  65  70  

 !*H4("&.G ( vHg I1E%*S 

&.5%  

1  50  36  

*U 1]0 61.]!R%"&.G[70  5/0  25  0  

 PGc &!*H4 ( [%"&.G P!R%"&.G

III :;c \N  

7  70  55  

  

   &?!7; %&?-;% BF>]; 1].0c ,*2 ,(" *; F#*4 "%# (*-.E \]4%( 67AE% ,%*;

$(*S&E1N XaU7W0 C].0c ,7G .    $(*?S ["1?s P?!% *?.K "#  ,7?GNO2  

 ,("NH2 C0 "%*g&E*.S .     ( &.?5%  .-?5% ^1?HM0 R% "1?a]0 P!% ,%*;

.E%  .-5%X5% $&N $#7L-5% &!"&. CH4 \]4%(    F&?N :H.-?5%5B3B1- 

1].0c ,*2 F>]; "# <DN)5( X5% $&N $#"(c:  

  
 <LM5-  >-]5 CH4 \]4%(5B3B1-7-5% ,*2F>]; (&.0  R%5B3B1-  1].0c ,*2

F>];.  

 n.f _75% *;FT-IR      BI1?=W0 P?!% R% $&?N :?-U*S  ?.t  :?.97E "#    

cm-13200  $(*S :; ^1;*0NH   ( &?.0c    :?.97E "#  ?.tcm-1 1673 

C0 <.E1;*4 $(*S :; ^1;*0&N7;.  

\]4%( P!% O`.E7D0 x1E R% X5% CH.U(*-D/% C].pE7'  Fc "# :?4  R%

 \]D8G*;&.5%  !"1L/15  B&.?5%  !*-.E (   61?.E(*-.E F1?! NO2
+

 

F(*-D/% ( $&N #%Rc  :?H89 F1.274 P!% :; F>]; :dH9 "# #1'10 ,7G

C0&]4 (  .270("c "7-j75    C?0 "%&?!7t7E ( :?-U" P.?; R% :dH9 #1?N .

"# X!7@E    :?dH9 F�("&?.G F#%# X?5# R% 7; ,"%&!7t :; F&.5" ,%*;

C0  .270("c $"7;(##1N .  

$(*S ,7G NHCOCH3    :?; ( $#1?; $&?]]4 I7wU   :?; :?D]!% <?./#  ["1?s

:-U*S "%*g F>]; :dH9 ,(" F"7d-0 B&E%$(*S ,7G NO2  X.wg10  ! 7@]2
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P-U*S "%*g ,%*; X.wg10 P.; C-;7g" �.G ( &E"%#,7G  %"7t ( 12"%  #1?'(

#"%&EB C0 *|!# $(*S ,%"7t X.wg10 B$(*S  ! ,12"% X.wg10 %*!R#1N .

 $(*S P!%*;7];NO2 X.wg10C0*t %" F>]; :dH9 C/7j ,7G&]4.  

 XaU7W0 :H9*0 &]E70 >.E F#*4 "%# (*-.E ,%*;$(*S  ,7?G    %&?-;% BP.?0c

 :;7p0 \]4%(,(" *; 3B1-     �?57]0 �(" 7?2 &?N 67AE% &.H.E7-5% ,#

 F#*4 "%# (*-.E X@'5B3B1- :; &.H.E7-5% ,*2  &?!c X?5# .   P?!% ,%*?;

 I(&' "# Fc T!7-E :4 &N $#7L-5% CLH-M0 ,7G*|p]4%( R% "1a]0)4( 

X5% $&0c .  

 N,'O4- &.H.E7-5% ,# F#*4 "%#(*-.E T!7-E.  

.PQ">&,  
56?% 

R">&,  

78%6-

(%)  
!/(ST  

/15"1L! 5%.& #(# 

$&]]4  ( E.*-!  5%.& 

70%  

5/1 Xe75  0  
 <.Dp2 6&e

b15"  

E.*-! 5%.&70 %( 

-5%.  E%."&!&  
2 Xe75  50  

! $(*SE.(*-

(", :dH9 F>];  

5%.&E.*-! (5%.& 

"1L/15!  HK.J  
1 Xe75  79  

:5E $(*S.(*-

(", F>]; :dH9  

-E P.]~8G n.f T!71H-NMR   1?]0 $&?N <.Dp2 I1=W0 (#   ( $*?-.E

 IV9 "# $*-.E ,*2DMSO C0 ["1s P!&;&N7; :  

1H-NMR,  !  = 10.1 (2H,NH), 8.6, 8.2, 7.7 (3H, benzene), 2.3 

(6H,CH3) ppm.         $*-.E 1]0 I1=W0                                  :  

 1H-NMR,  !  =10.3 (2H,NH), 8.2(1H, benzene), 2 (6H,CH3) 

ppm.        =W0$*-.E ,*2 I1         :                                               

I(&' "# #1'10 [7eVf% _75% *; )4( n.f T!7-E (  :?; CA]?5  X?5#

 $#7L-5% �(" BF>]; (&.07-5% ,*2 F1.5%*-.E X@' �57]0 �(" B$&0c

C0 J.HK &.5%  !"1L/15 ( &.5%  !*-.E R%&N7;.  

\]4%( CH4 ,78N >./("&.G &.07-5% ,*2 "#  <DN)6( X5% $&0c:  

  
 <LM6-   >./("&.G \]4%( CH4 ,78N5B3B1- ,*2 (&.07-5%-6B4B2-   ,*?2

F>]; (*-.E.  

 n.f _75% *;FT-IR   R% $&?N :-U*S TATB   \?M; "# :?42-8   *?4q

&??N B ??.t,7??G cm-1 3325  (3225  "#�*??5(*U n??.f  :??; ^1??;*0

$(*S ,7G NH2  .t ( ,7Gcm-1 1560  (1335   :?; ^1?;*0  [7?N7w2"% 

$(*S Cpp4 ,7G NO2 C0&N7;.  

  

4- ST(!/0.(U  

5B3B1- ,*2 1].0c-6B4B2-  F>?];(*-.E ,*2  :?;    ,7G&?E1.t #1?'( <?./#

$�!( ,"%&!7t B,1g C/1D/10 F(*; ( F("# CE�("&.G  B7?0*S :; Xi`E ,%

#"%# �7Drs% ( �1N .  I7?5 "# :?4 $&N �e7; }%1j P!%   *?.j% ,7?G

TATB L-5% ,%*;    "7.?`; C07?aE *?.K ( C07aE ,7G#*;"74 C�w; "# $#7

#*.S "%*g :'12 #"10. B:/7d0 P!% "#  >-]5 ,%*; &!&' �("  !TATB 

 :./(% $#70 R% $#7L-5% 7;TNT X5% $&N :l%"%.     $&?N $#7L-?5% #%1?0 6782

�(" *!75 )Vj *; ( $#1; _*-5# "# ( F%R"% �(" P!% "#   :?; R7?.E 7G

U :H8' R% XM5 m!%*NC0 ( #"%&E 37; ,70# ( "7p F%12TATB  F(&; %"

 #1?8E >-]5 37; :]!>G )*s ( }7j ( $&.~.t [7E7D0% :; R7.E .  P?!% "#

 %&-;% �("TNT   J.?HK &.5%  !"1L/15 ( [70(*4 ,# O!&5 m512 %"

     $*?@; 7?; &.?5%  ?.l(>]; (*-.E ,*2 ( $#*4 &.`4%60 %  &?!#*S >-]?5 .

Fc ["%*9 m512 YZ5 <.`41;*4 %"   7?; F>]; (*-.E ,*2 ( $#*4 C!%#R

 $*@;68 %&N >-]5 .    7?; B�7?.9% :?H9*0  ! Cf <s79 F>]; (*-.E ,*2

 $*@;75 %&N F>]; 1].0c ,*2 :; <!&i2 .    F#*?4 "%# (*?-.E &?w; :H9*0

C0$(*S %&-;% B"1a]0 P!% ,%*; :4 &N7;    $(*?S m?512 C?].0c ,7G  ,7?G

S :5 P-U*S "%*g R% Yt ( $&N XaU7W0 <.-5%  R% $#7L-?5% 7; (*-.E $(*

$(*S B !*-.E &.5% (  !"1L/15 &.5%      >./("&?.G 67?AE% 7?; JU7W0 ,7G

 ( :-N%#*;TATB  $*@; 7;55 %&!#*S :.@2 .  
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