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	�5� >?	�
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�!G�/-, %! �FGj-� 

-^ �/2@	 "
�!�GF 1"�= " '�, +%�$ x��^ yG'��E5$! ��2� 
�	-. �!-� .H+I�FGIR�= $"+H '�(5$� �@+IJ8$�)IR (

 4��Shimadzu (470) '�"�p� �� )cm-1����9��� (�=
w-� %! '��E5$!KBr�$! '�, �Bk .�2@= ��5^�$G�=$"+�@

�(5$�20-3 L0 7=�0 D!-3 '�
X4�� Bruker Kappa 
APEX-DUO )7=�0 Mo-Kα	!-. �+z2� 42H �K�	 L0 �

ÅT��TQ/���� "GK�>� (X0++�, ;.%! '��E5$! �= �F '�!�
�F ����-=GAPEX2 "SAINT �, D%!�-3 ]��.[O� #q!
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O�� �= :q� �G��� �� �P�$ ºC>>9>��0 ��2^ ��= 
�2, ��J
! �	�E, 42@p� .G��� �� �~+@�0 �*A %! �3 42@p�

�0 �, '�!� �!-� ��0! �$� %! !� �2^ 4#  %! �5*�� ��!�& �= 
�F�= .�= G�F�2@= �5EF ?
 %! �3 4��5�! 6+A-0 ;
! %! �(��

!-= 6$�8� 120"-3G! 20-3 
�$�= �N��& .
IR (KBr) (υ, cm–1): Q��� (s), QQ�� (s), Q��� (s), 
Q�T� (s), ��S� (w), �TQ� (w), ���� (w), �Q�� (w), 
���Q (m), �ST� (m), �S�T (s), �>>� (s),  ����  (s), 
�Q�� (s), �Q�� (s), ���� (s), ���> (m), ��S� (s), 
���� (s), ���� (s), ��� (m), ��T (s), �>� (s), ��� 
(m), TTT (s), TS� (m), S>� (m), >T� (m), >�Q (s), 
�>� (s),  ���  (s). 
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'"-. '�8F� 1�)�NH=cV �!2� "�cm-1QQ�� �= }2=-� 
'"-.O−H�$! .=cV �!2�� �� �� +�cm-1�ST� "cm-

1�S�T0-0 �= +�F ���/-	 �= }2=-� 6G))/ �" 1���5��� 
'"-. 1���5�C=O�/2=-/ '"-. %! +�$! O# .=cV �!2��

cm-1�����X0�! �= }2=-� �F DG)*^ ��pEq :^!� 
C−O−H�F�!2� " �$! G=cV �*/�XY+ �� -5E+�cm-

1�Q�S "�Q���F ���/-	 '�8F� 1�)� G))/ �" 1���5��� 
'"-. 1���5�C−O�/2=-/ '"-. %! +�$! O# .=cV �!2����

 ��+�cm-1����))/ ���/-	 �= }2=-� �C−N���,�=.

$8�+, ��5^�$ +*+��
-0/+120"-3 4��5�! 6(2a4mpH)2(btcH2).
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)2btcH(2)mpH4a2(�� 4"�V�" �F��2+3 42H %! �^-= "
�
"!% �
"!% '!-*F �= G��2+3 G�F �� �)f+3 G�F 4"�V�
'��"& �$! '�,.� 6+A-0 ;
! ��2]�2� ��5^�$ �:],�1�)� 

�$! '�, '�!� .:],Q�� 6+A-0 ;
! �(5,�B�! G2(�! <+� 
�� 1�)� !� � !" 42@$ �F� .�=�u� :N,�%! 120"-3 "� �
L

1<8= 42N�2�9>������ 9$! ?+@+�A2=-A!-50+42N�2� "� �= �
�9�&+289�95�+3 :+-
�
;4��5�! 6+A-0 ?
 " '�, :�58� 

�= !� 120"-3 �$! '��"& �2V".

5�.'-"!% G
3 �+�F��2GD–H···A 3 42H "+�F��2GH···A "
D···A ! ��
/-0 ;+'�8F� 1�)� 6�F-= G78/ �FGF+�W"���

2�G! �� 
/-0 ;+�$! 6.3 42H+��2D···A'-5�. �� Å
)�(>>�/��0Å)�(Q>T/Q�0++� -��8/ )4"�VQ(.
2�G-0
�F-= ;78A %! O#+�A2=-A '"-. ;+=
" 42N�2� L
"-.�/2=-/ '+@+$! L+�"�J� 42N�2� %! �], y, z�9x=#3 ؛

º)��(�/�T>:D−H···A ،Å)�(>>�/�:D···A ،O1···O3#2[
� '�F�)���2, ):],�.(�F-=78/ �FG=+� ;+1W"-5�FG

�9�&+289�95�+:3+-
�
8+'"-. " K2�FG�/2=-/+@+$! L+�
�+�F-= "<V <78/�FG2�G� U2�p� ���2,.

��%G+'�!� �FG$�8, �2@= �!-= G/-0 +120"-3 4��5�! 6(2a4mpH)2(btcH2).
42�-	 C22H22N4O8

�2�-	 1%"�)42� -= K-.(��/�T�  

�2@= '%!��!)�+@�6XN� -5� (��S/�×��/�×QS/�

$+�2@= �5�G@/2�2�+8+L

�M	 '"-.�
P21/c 

a (Å) )�(Q��/�� 

b (Å) )�(>>Q/�Q 

c (Å) )�(��S�/T
β (°) )�(�TQ/��� 

� !" 42@$ �J  (Å3))Q(T/��>�  

� !" 42@$ �� 42N@� �!�X0 �

���(h (g/cm3)���/�

���)2@/
;()�(�>� 

����
-h, k, l �<=l<=�, -�Q<=k<=�T, -��<=h<=��9
-Y
UcV 6��>/�

F(0 0 0) ��� 
'-5�.θ!-= G�"& �*V G��/��0S>/�T 

F U�0%�= Z2*J�����T 
�F U�0%�=G:�5�� ���Q [R(int) = ���S/� ]

R1/wR2�F '�!� :/ ��Q�/������/�

R1/wR2 gt I>2σ(I) ����/���Q>T/�
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 ��%G�3 42H+"!% ��F��2
�F �G3+��2G3 "+)f�/-0 %! ��� +120"-3 4��5�! 6(2a4mpH)2(btcH2))Åو°(.

� ��E�
=%��(Å)

O1–C1 )�(Q�>/� N1–C6 )�(Q>Q/�

O1–C1 )�(��S/� N1–C10 )�(Q>T/�

O3–C5 )�(�ST/� N2–C6 )�(Q�T/�

O4–C5 )�(�Q�/� C6–C7 )�(���/�

C2–C3 )�(Q��/� C7–C8 )�(QS�/�

C3–C4 )�(Q��/� C8–C9 )�(���/�

C8–C11 )�(>��/� C9–C10 )�(QS�/�

��H�1
=���%���(º) 

O2–C1–O1 )��(��/��� O4–C5–O3 )��(>T/���

O2–C1–C2 )��(>T/��� O4–C5–C4 )��(>�/��S

O1–C1–C2 )��(�Q/��Q O3–C5–C4 )��(�Q/���

C3–C2–C1 )��(��/��� C6–N1–C10 )��(T�/���

C4–C3–C2 )��(>�/��� N2–C6–N1 )��(��/���

C3–C4–C2#1 )��(>�/��� N2–C6–C7 )��(�S/���

C3–C4–C5 )��(��/��T C8–C7–C6 )��(��/���

C2#1–C4–C5 )��(��/��� C7–C8–C9 )��(S�/���

C7–C8–C11 )��(��/��� C9–C8–C11 )��(��/���

C10–C9–C8 )��(��/��� N1–C10–C9 )��(��/���

��H�1
=���IJ�(º) 

O2–C1–C2–C4#1 )��(>�/��9 C3–C4–C5–O3 )��(��/�Q�9

O1–C1–C2–C4#1 )��(>�/��� C2#1–C4–C5–O3 )�T(��/��

O2–C1–C2–C3 )�Q(S�/�QQ C10–N1–C6–N2 )��(��/�T�

O1–C1–C2–C3 )�S(��/��9 C10–N1–C6–C7 )�T(��/�9

C4#1–C2–C3–C4 )�(Q/� N2–C6–C7–C8 )��(T�/�T�9

C3–C4–C5–O4 )�>(�>/�T C6–C7–C8–C11 )��(�S/�T�9

C2#1–C4–C5–O4 )��(�T/�Q�9 C11–C8–C9–C10 )��(TQ/�T�9

#� = �-x, �-y, �-z
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D–H···A D–A H···A D···A D–H···A 

O1—H1O···O3#2 )�(��/� )�(>T/� )�(>>�/� )��(�/�T>

N1—H1N···O3#3 )�(��/� )�(��/� )�(TT�/� )�T(�/�S�
N2—H2N···O4#3 )�(�Q/� )�(��/� )�(�QQ/� )�S(�/�T�
N2—H3N···O2 )�(��/� )�(�Q/� )�(���/� )�S(�/�S>
C10—H10A···O2#4 �>/� Q�/� )�(��/Q ���
C11—H11B···O4#5 ��/� >�/� )�(Q>T/Q ���

#2 = �-x, �/�+y, Q/�-z #3 = x-�, y, z #4 = �-x, -�/�+y, Q/�-z#5= �-x, �-y, �-z

$8���2N�2� ��5^�$�/-0 +120"-3 4��5�! 6(2a4mpH)2(btcH2).

$L�K�(5,�B�! �!�2*��N
 �5^�
/-0 +120"-3 4��5�! 6(2a4mpH)2(btcH2).
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$L�#78]*F-= C–H···πG ��@  "� ;+= �9�&+289�95�+3 :+-
�
8+K2.

!
78/ �F-= %! �5$� ;�� �= �F+" 1�2= !�!� :
.g��FG��V 
.+-G3 O��� "+��2G" ��2+0�A G�F� !" 4��0! �= 6$�8� 

�2+�&�NB, ��J
! �� -(
�N
 �= �[=\! G!� �*�� 7�� ��2N�2�-
�88/ �� �E
! .K"� �5$��F-= 78A F G�F+�W"����/

XY+. ��V " '�2= 4"! �5$� %! -5E+-G-5*/ G:��, ���!� 
�F-= 78/ �FGC–H···O]:�� :z9��y9��x9�=#5 _º144 

:D−H···A ،Å)�(Q>T/Q:D···A ،O1···O3#2[�85�F .�=
N)0 1�N�! 1�2= �"�p� �= �V20+3 :+�F��2GF+�W"���2�G�

!
�F 78/ �F-= %! �5$� ;@P+XY �`-+� 1�2= I��8�!20 
���53+:
'�8F� -�8P L
c3 �
3 '��-+F ��2+�W"���:��/ !� 
�88/]����Q.[! �= �V20 �=
BH '-5�. �/ ;+X�!-= G42H 

!
3 ;+�F��2GF+�W"���=+;Q/Q�0Å�/Q�$! ]��[�
هايبنابرا  در اين  C–H···Oين مولكوليبين برهم كنش

ا مياي نقش مهمي سه بعدجاد ساختاريتركيب در . كنديفا
8f*F+�2@= ��5^�$ �� ;G�F-= 78/ �FGC–H···π=+;
��@  "� �9�&+289�95�+3 :+-
�
8+2�@q�	 �= KH···π-=!-= Å

T�/�). '%!��! �@q�	+-G��@  </-� �0 '�, (" G�!�
�3 6B$
�2, �� ��5^�$ ;
! -5)+= �(5,�B�!):N,�.(!-=�8=
�$ �;

3 Z2�+�2F �+�W"���N–H···O�O–H···O�C–H···O"
�F-= ;+8f*F G��)8Aπ�2@= �NB, :+N)0 �� ��2
 "G�$

�X[=G���!� �
!<$ �= 7�� 7�� .
MN�! 

$�8,�2@= :��/ O�P#H!�/-0 +120"-3 4��5�! 6
(2a4mpH)2(btcH2)��(��2@= O�P#H! </-� ��G-B*/ 
�

(CCDC) ��P �=����S>>$� �Bk �= +! " '�-H %
|��& �
(www.ccdc.cam.ac.uk/conts/retrieving.html) :=��

��
�$! �	�.

��)�%O�
1!28P �= �0��+�p0 {-H %! ������ ;
!"�0+�$�8, " ��


�+�F���(G�V
"�  �G3+4"%!- 9>�Q 9�G�/2=-/ +@+$! L+" �
1<8= 9>������ 9�/2=-/!-50 +@+$! L+$�-= " ��'2p� 

��2�2/
$�8+! 12
� ;+��(O!<@	 �= �F� "" �)F"g3 �V�2= �= �A
 '�+$� K�J�! �= �� � !" ��#$! �!%& '�()�!� ���� �
�* 

 �$! '��, z!-�5$!.
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