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�� nj! I	,# II!� Ï�,� 

 
Iû^L@gMc4µÚ2ç%/ÉÈ�	 �õ��z2^L@gMc4ù�-

�)^L@gMc4z!���é"x�¹è����/ú2�(cgó×Þº

�½��	 ¶! AāC!«r2� Ê�H5^g>�Ý��� 
AĀα mol! ADP2���� 
BĀi�ô!@R=ó�í�ô!fJQgùà�q I!ö��ú2���� 
CĀ2α mol! ADP2���� 
�!��!×Þº!óÐ¿¡!��2´¢È Ê���!,� �/*!�

��	 nj!üúāÿú!� Ï�,����	 ×Þº"^L@gMc4�µ

Ú�/! �}�cgó¿¡	 ¼¡	 	,# pH �Ö©�0��/*!��/�
'�	 ×Þº!qÍ+��!��"Àâ��/Ì¡��.	 óÐ¿¡!pj 

,�����u·���²o��/��/� 
 

 
�� �õ��z!×Þº!óÐ¿¡��!´¢� 

 
üú@R=ó"@R=óKUMf?NhF�ä��/Û¸Ð�¥!�é��/�

�!�¥�ðv�0	 
�@R=óKUMf?NhF�y°Ô����/

ß��"¶!��!�0
�ü�ï%� 
 
NAD+

	 NADP+
	 FAD	 ßòÐ A	 CL=f_ c 

 
 

ù¶ZhD$Õú 



 3 

ýúA!«r�α mol! ADP!m1. 3α mol! ADP2���¤	 B!«r
2Ý��� C !«r"Ý1�
����!��	 ×Þº!óÐ¿¡"�!
,� ���/
�¶!ù4úāù8ú!åì!��î~�*!2ü�ï

%�'�	 �!ÂÆ2 1ÝÌ¡�ì%,� 
 
ù4ú������ 
ù5ú�!β���t��»��	 �!¤"������ 
ù6ú�!β! 2s!t��»��	 �!¤"������ 
ù8ú�!β! 3s!t��»��	 �!¤"������ 

 
þúA!«r�α mol! ADP��* í�ô!C4g�:c6_2���¤	 B

!«r2Ý��� C !«r"Ý1�
����!��	 ×Þº!óÐ¿¡
"�!,� ���/
�ýú!ù4úāù8ú!åì!��î~�*!

2ü�ï%� 
 
ÿúA!«r2Ý��¤	 B!«r�@R=ó�fJQg��* í�ô! 2,4-

DOLfW7QhdùÛy£�ú2���	 C!«r"Ý1�
����!
��	 ×Þº!óÐ¿¡"�!,� ���/
�ýú!ù4úāù8ú

!åì!��î~�*!2ü�ï%� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ù¶ZhD$Õú  
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IIû¶!¬Î!ù4úāù:ú w/î~�æ�2	 nj!æ�Ø
-ï¨�	 
å�� 
 
&�3�!ÃÁ"P=e9IM2®á ùde novoú�§�/�����/�
XcgP=e9IM! de novo�§"	 ù� 4� úÓê!c\hE 5-cgó2|
Ç±��� 5-[E[c\Cd 1α-lcgóùPRPPú2Ã§�/�¥��'.	 
ù� 5� ú!Ã§ Ü/�ù� 5� ú"�Óê� AMP� GMP �ª�0/�V
c^DgP=e9IM! de novo�§"	 :dS`5dcgó!�§��'.	 
UMP!Ã§ Ü/�ù� 6� ú!cgó�!ëË�¥ ,.	 UMP
-ø¶ UDP
	,# UTP �Ã�/��- 	 UTP !4^Q� ,��ù� 8� ú�Ã�/�
�!ÑÙ�"	 ³ó!}ã�Ã��4KOg	 >4Og	 U];BgIg"

ù� 9� úÓê�{�Å�0�`QP=e9IM �ª�0/�UL 	�/

Xcg��!¯Ò}ãÄÁ"÷¾¦!ù� :� ú��/� 
 
[æ�Ø] 
5QCLhdcgó	 ZgLhEcgó	 kó	 BdYhD	  
cgAó–4ETb<góCaLd	 βó�	 4g`O4	  ó	 β-4bOg	  
3-4^Q5Gñó	 @W7Qdó	 ADP	 ATP	 CMP	 CDP	 CTP	 GDP	 GTP	  
TMP	 TDP	 TTP	 IMP 
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	� vo*��8-�*�)ï-8��
�

�ĨRk[JČ*¶Č?ćô)Ċ0;�5)
åä*Rk[JČ?ôûð¹�

×�9ñā�;�&�;�ôû*ð¹�×�9
Ęó A *(a)ĘóÖ¶?ºÊ

&�$
CFks»JjaVKf\Bm&(b)LhÒēJjaVKf\Bm)8;

�â%
Ęó A ?ñā���ñā*ë±+
(c)WUNhæęXVgDcħ`g

AJghAbWLhĢÏÕ�ĥSDS-PAGEĦ)8"$çĈ���vo*ĩĦ�ĬĦ
*�)ï-8��

 
ĩĦRk[JČ*Éđ*nĖ�?o�)è���*�!
AbZęáÅ*Éđ

�wĥÜþĖ�Ħ+AbZęÍ¡&8,<;�AbZęÍ¡�;�+A

bZęÍ¡ĝ*ö� (i) � (iii) *p%
Ė�ä(rĚö�¶?®-$�;�
5)�Ďýá±�Ù�$�;6*?ï-8� 
 
�  
 

 
 
 
ĪĦoøĖ (a) )Ğ�$
vo*½í*ĥAĦ�ĥDĦ)²$+3;¼~?ï-

8�Â�¼§+ 2Ç&�;�� �
�čĜ+ 1.0 cm
ÔĜ 340 nm)��
;Ęó A*ĕ� ¡Č�*eh��{¼+ 6.2 �103 cm–1 M–1


Ęó A*�
¦ě+ 1.0 �104
Ęó A+Û×p%+�ěx%¨��
ĘóÖ¶Ėw+�
*�ěxp 1l¸*4&�;� 

 
�Ęó A+ĕ� ¡Č�?ę� )¢»�;�ĕ� ¡Č�+ 340 nm*�
?���;�
ę� +��?6�(��ñā�<�Ęó A*Û×ĥ2.0 µg 
mL–1

Ħ)��ě*ĕ� ¡Č�?�-�*!
340 nm%*��±?Úª�
�&�=
Á� 1.0 "�*� 1�³)+ 0.38)Ù���Ęó A*4Ø
��(�"�MkVjmhÚª%+
340 nm%*��±)¢�+(�"��
Á� 1�ĝ%*Ęó�µĐ±+ĥ� A� ĦM min–1
Ęó A* 1 mg�:
*ĘóÖ¶%;ÎÖ¶+ĥ� C� Ħmol min–1 mg–1 &Ñ3;�8"$�*
1 �ĝ)
Ęó A + 1 �¦�:°�%ĥ� D� Ħ�
�µ?ă¥���
&)(;� 
 

ĥË^mO/÷2Ħ 
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īĦoøĖ (b) )8"$
Gfc�9À2Û���Rk[JČ&Ē2Û��� 
Rk[JČ*'!9*¿�
�¦ě�8:¬��&q·�<;���*ß 
á&&6) 2Āë±%ï-8� 

 
ĬĦoøĖ (c) )Ğ�;Ë*½í*ĥEĦ�ĥJĦ)6"&6.�>��ĉ�7

¼~?
vo*ĉ�ù�9Ĕ@%ï-8� 
 
� SDS-PAGE%+
SDS)8"$ÐÛ×p*Rk[JČ?ĥ� �E�� Ħ)®
Ģ��;��*ġ
SDSĥ�¦ě : 288Ħ+Rk[JČ)12����ĥRk
[JČ 1 g)«�$ 1.4 g * SDSĦ%ö��;�AbZęÍ¡*°��¦ě
? 100 &�;&
AbZęĥ� F� ĦÍ¡�:ò 	 �¦* SDS �ö��
;�3�ď¯+
Rk[JČ�¦�*OPh\BWö�?�¾�;�5)


SDS  �%(2 ��dhG]VERZmh*8�(ĥ� G� Ħ6�-;��
*³*ĢÏÕ�%+
Rk[JČ+ĥ� H� Ħ�)ê��
�*ê�±+�

¦ě*ĥ� J� ĦRk[JČ1'¤1�� 
 

ĭĉ�ùĮ 
Ì
ċ
ĠÈ
ğÈ
¢¶�
]jTAmQ
ę�Ćÿ
ĕ�Ćÿ
 
HimVĆÿ
1
2
3
4
¬��
¤1� 

 
�

�

�

�

�

�

�

�

�

�

�

�

�

� � � � � � � � � � � � � � � � � � � � � � � � � � � �  
� � � � � � � � � � � � � � � � � � � � � � � � � � � ĥË^mO/÷2Ħ 
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�Ĩñā��Rk[JČ B?Čě�ÆÓ%ĂÆ��&�=
�*�¦ě+ 10730
%"��Ë)Rk[JČ B ?
(d)gNkÍ¡3�+AhIYkÍ¡*Gh_

HNÄî�*AbWö�*4?�Ð�Ă�;]jTAmQ X %�Ă�
��Ă
àÞ?Čě�ÆÓ%ĂÆ����Ă³´9<�^]SW¾Ý+�Ė% 4 ìģ
:
�<9*�¦ě� 1618
1846
2574
4746%;�&�>�"��� �

gNkÍ¡&AhIYkÍ¡*�¦ě+�<�< 128& 156
�*t*AbZę
Í¡*�¦ě+ 100
ęó&Ðó*�¦ě+�<�< 16& 1
Rk[JČ B *
Gh_HNÄîÍ¡+gNk&AhIYkv£&�;�3�
]jTAmQ)

8;�Ă+©�%
Ã�ĂàÞ+(2
Rk[JČ B )+OPh\BWö�6
úą³|Ĥ6(�6*&�$
vo*ĩĦ�īĦ*�)ï-8� 
 
ĩĦoøĖĥdĦ*
Čě�ÆÓ)8;Rk[JČ*�ª)82z><;]jT
AmQ X*×é?ĩ#Ą�� 

 
ĪĦRk[JČ B+y}*AbZę�9(;�ï-8� 

 
īĦ]jTAmQ X *u>:)
gNkÍ¡*Gh_HNÄî�*AbWö�
*4?�Ð�Ă�;]jTAmQ Y ?z"$Rk[JČ B ?�Ă��*!
)Čě�ÆÓ%ĂÆ���́ 9<�^]SW¾Ý+�Ė% 3ìģ%:
�
<9*�¦ě+
1846
4174
4746 %"��Rk[JČ B*AbZęė
�)��$
gNk&AhIYk+AbZÄî�9yãå);&q·�<

;���ü¶*;õ4�>�?�0$ï-8� 
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�� �"�2½(	 \V" I�IV"r!¤
,� 

 
¨²"�}�¬�+�³g�!#	 ¨²2���/�c2o��/��� 

�	 �0-2Çzc¸�/��*Ë·��/�¨²b!#�'�' c¸��

�`1���/�Ð� 4� ÑÒHQB4@SM¦#ARF9¿"Y· c¸��

"Ó���/��"¦�#	 '�	 Ð� 4� Ñ��	{� ARF9¿"Ð� 5� Ñ

�¢� E1 É§!,����j�0	 E2 É§!m���0/�E2 É§# E3 É
§�ªo��a	 u¿ARF9¿Ðc¸�&ARF9¿Ñ"Ð� 6� Ñ�

u"_Ì"4LEu!Ð� 4� Ñ2ªo��/�«��	 ªo��Ð� 4� Ñ

bÈ"Ð� 6� Ñ�u!	 e"Ð� 4� Ñ�p�"l�2©�ªo�/��0

2¯.Á���!,.Ð� 7� Ñ����0	 �0� (a)HQB4@SM!,/

c¸"�k� /� 
O@@SM#c¸!�j��¨²{sy��.	  �"c¸É§Ð\V	 O

@@SMÉ§�¹�Ñ2q)�(b)O@@SMÉ§#	 OJ@SM�o��0	 {

²^	 :P=^	 7RD@SM2©�	 O@@SM!��.��� «��	 (c)

O@@SMÉ§#	 O@@SMb"HQB4S?!,.�"TÈc�dÎ�0

/������t� /j�/�'�	 ��t"O@@SMÉ§#O@@SM

b"Ê��vV�Ï���2���¨²b"�c#8SCG3=S2Z��	 

¨²w+¨²´"�c#7RD;5CS<>2Z��	 O@@SM!ÀÃ�0	 

c¸�0/� 
 

I.� U"�X"Ð4ÑÕÐ7Ñb!��#'/Çd »n2¤
,� 
 
II.� V®È (a) !Í�/�"�2½(	 \V"r!¤
,� 
HQB4@SM#	 £�" 20S ¶o^"W¢! 19S ¶o^�Ó���ªo�
�|x ARF9¿¶o^��/�20S¶o^"HQB4S?��X�#�&�
£"bÈ!]°���.	 £"W¢"¡# 19S¶o^!q'0/��" ATP4
S?"X�"¡�� ����/� 
 
ÓÑU¹"HQB4@SM"�Ä���2$'
�	 HQB4@SM�u¿A

RF9¿2º¾�	 c¸�/Å�2 3Õ4µ�~�¼��,��"X�	 19S
¶o^�����h!���*Â&/��� 

 
ÔÑHQB4@SM"HQB4S?��X��£��Ä"bÈ!�/��"�

���±2 1µ�~�¹Â�,� 
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Ð�IS=%«�Ñ 

III.� V®È (b) !Í�/\V"r!¤
,� 
:P=^"CNR>:P=!fÆ��O@@SMÉ§!#	 �¢!KRE

S> 6-ORÊ2q)¥Ì�[i�0��/��"¥Ì!�� �h2 1 µ�~
�¹Â�,� 
 
IV.� V®È (c) !���	 O@@SMÉ§"����",	!g��0��/
��"����±2 1Õ2µ�~�¹Â�,� 
 



10 

�� JF#\Ô�Ì�k�"á���]X#�è�#}"µ�-� 

 
�ç�#�³Z#å3æèå;æ"	�$)0�+Þl!Òw2µ�-� 
 
ÆÄ¹Å$6HQ:VÕÍ¤Ö���FP3?Q<PBSVQ2¹Åh"Õ

Í��²É�,¿ã�"$Ç,�Ì2z*��!��"��£�2b¾�0�

²É��ÎZ#å� 3� æ¢��^X�0��ËÌ$<Q8>T2k��0�

ÆÄ¹Å$<Q8>T"�µ��¹Åh"ÕÍ�0FP3?Q<PBSVQ#

6AEQ½x2p�kÑ��å� 4� æ�å� 5� æ2©¨��ÎZ"�j�0�

ÎZ"�j�1�å� 4� æ$�Ì2z*fØ#��!��"-/�v/Ú

)1�[Ð!£����mª�10��Ç"
�$�£����mª�1

!
�W�å� 6� [��y]æ$å� 4� æ�å� 5� æ#Y�2{u��å� 4� æ
2£����mª��å� 5� æ�.å� 3� æ2¨��0��Ã#\Ô¼×$

å� 7� æ�|%1�<Q8>T"-/dÜ�10�)�å� 7� æ�$�ä

�´�.ÎZ"�j�1�å� 8� æ,¶s�å� 9� æ�
��¤Ö+v/

Ú)1�å� 3� æ"���10�å� 6� æ�.ÎZ"�j�1�å� 3� æ

$Ç2z*��!��"v/Ú)1�£����mª�10�¿ã��å� 6� æ

$å� 4� æ�.å� ;� æ2©¨��ÎZ"�j�0�å� ;� æ$Ç"


�å� 3� æ2\��0[Ð!£��!0(��fØ#��!��"
�+

£����mª�10� 
 

 
	 çã��FP3?Q<PBSVQ$[" 2 ±â#PMDTI;Ö"v/Ú)
1�ÎZ2�§�0��# 2 ±â#PMDTI;Ö#y¯�©¨�10���
t&¨¦¬!�o"�
��PMDTI;Ö��" 2Ï°��Ó��-� 
 
 
 
 
 
 
 
 
 

å�LV@'À�æ  
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�ç�#�³Z#å	æèåæ"	�$)0�+Þl!Òw2µ�-� 
 
=RAESVQ$¹ÅÊ! ¨_Ê#���k����)���!¨¦ �

¤Ö#s����àÐ�	0�=RAESVQ$ã¤�.�v�10(��_

h�+¨x��10�_#��!»Â�`n�!��=RAESVQ$�~¥

=RAESVQ���+®.10ÎZ#PMDTI;Öå� 	� æ"-/{u

�1�å� 
�  [��y]æ"Ý%10�å� 
� æ�$=RAESVQ#Wß$
=RAESVQ 7α-JGS9?OVC! #aª"-/�º¬"å� �� æ"�
��10�å� �� æ$KN#\Ô©¤�	0å� �� æ! �g"å� � [�
�y]æ"ÙÛ�1�¢Á�1��#��Èh"k��10�Èh"k��1�
å� �� æ$ã¤«�#ÆÖ#¡rU{u2q��#�"�¸ 99%$È"-/
i{u�1�å� 
� æ"Ý%10��/${u2e1·cZ"j�
���

�1$=RAESVQ�j#[Ð!¼×�!��
0� 
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�� OK  I 
&" II  [��	&� 
 

I.� NMR9C5>F���)OK [��	&��
 
��(i)               
&" (ii)                     1H NMR 9C5>F

�
��	 K��~��t� 76?F�&(P}]�x*)m VZw

! (i) �)�! (ii)  ��'��)��"���$�	 � y{%���
d��n�&� 

 
�� (iii)              	 (iv)               	 
&" (v)                      

1H NMR9C5>F�
��	 K��~��t� 76?F�	 p%P}]
�x*)VZw�p%�}]�x*)VZw- (iii) � (v) �'�"	 �*
�*��� 

 
��5G>H�D;F  300 MHz 1H NMR9C5>F�
��	 �)t� 7

6?F!N����� δ 5.83 ppm � δ 5.88 ppm �x*)�� N�� 
V_7A>�'3<BEH6`j (Hz) -���	 kj��	&� 

 
��s VZw���)OK [ (a)	 (b) ��	&� 

 

(a) � VZw  300 MHz 1H NMR 9C5>F-u`����+	 Sf81H
�U t� Ha�Hd !OK �.���1� 76?F���x*��U�
@:IH�3<BEH6`j (J R) �\���	 �.���1� 76?
F-Ha�Hd �cb�	 �*�*��� 

�.�δ 5.42 ppm (N�� J��, J = 11 Hz (N��), 7 Hz (J��)) 
�/�δ 5.69 ppm (N�� N��, J = 15 Hz, 7 Hz) 
�0�δ 5.97 ppm (J��, J = 11 Hz) 
�1�δ 6.52 ppm (N�� N��, J = 15 Hz, 11 Hz) 

 
(b) � VZw BG>H=3<BEH6 75 MHz 13C NMR 9C5>F-u`

����+	 OK �2���4� 76?F�x*��� VZw V_

r�e-i	 �*' 76?F�ag�)v�X^-�2���4��S

�|W�~�� 

�2�δ 14 ppm (p%�}]�x*�76?F) 
�3�δ 73 ppm 
�4�δ 177 ppm 

�sCI8#��� 

CH3

OH

Ha Hb

Hc

Hd

CO2H

CH3CH2CH 2-OH C
O

CH3OCH3CH2CH 2

CH3CH2CH 2-Br CH3CH2CH 2-Cl CH3CH2CH 2-Si(CH3)3
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II.� s Yg i) � v) �
��	 M�zh�)VZw A � G  V_r�e
-i�����	 Llv�-%�VZw����!	 � �QV_�,�)&

��i��$�	 VZw G !qT�o�*�U^e-%�% ��)� 
 

 
 

HO
O 化合物Ai)

CN

1) NaNO2, HCl

NO2 Fe, HCl OHCH3

NH2NH2
NaOH

加熱

iii)

iv)

化合物C 化合物D

化合物E
化合物F

（窒素原子を含まない）

I2, KI
NaHCO3

CH3

CH3CH3

化合物B

1) CH3CH2CH2CH2Li  (1当量)
2) CH2=O
3) H2O

ii)

v) CH3O

CH3O

OH

OH
MnO2 化合物G

C11H14O4

1) CH3MgBr
2) H3O+

2)
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�� _\$ I �,& II $x#¬�,� 

 
I.� _\$t�>9[Q%	 Ä�§?YDGZir.¾)Ç�· 7$t�¯¼2
©��+$��/� 

 
 
ÍÌot¡ 2 $o��Á�2���(�	 ot¡ 1 -ot¡ 2 $p���
+���"�	 º½�/È%	 \º$d#"-
� � 

 

ÎÌ A � D #Ã��»·2_\$»·µ-Í���Ä&	 Ë3ÌÒË:Ì
�¬�,� 

 
ÏÌot¡ 3 ot¡ 5 $ IR>N:DW#�	�	 <3H{ (CN)  �Æ{ 

(OH) $a³�n$wq%	 _\$!$��y (cm–1) �¸��0/�
0�0º�� 

 
1100~1600    1600~2100    2100~2600    2600~3100    3100~3600 

Ë�N[='²�Ì  

F

CHO

NaOCH3

F

CNH3CO2C

CO2CH3

CN

CO2CH3

NaOCH3

1

2
A

CH3CO2CH3

3
（ジアステレオマー混合物）

4（ラセミ体）

1)

2) NaOCH3
 （異性化）

F

CO2CH3

N
H

O

F

CO2CH3

NO
H

F

N
H

OH 2)

HO O

O

NaOCH3

1)

2) HCl

5
（光学活性体）

7
1)

6

C

D

F

N

OSO2CH3

(CH3)3CO O

1) B

2) 光学分割

+

CH3CH2OH
CH3CH2I

CH3CH2O H CH2
CH3

I CH3CH2O
H

CH2CH3 I–
+

(CH3CH2)2O
– HI

	�
 	�
 	�
 	�


	�
 	�
 	�
 	�
 C
O

(CH3)3C Cl, Et3N

C
O

(CH3)3CO OCOC(CH3)3 CH3 S
O

O
Cl, Et3N

NaOCH3LiAlH4

NaBH4 H2, Raney-cobalt

CH3O S
O

O
OCH3, K2CO3

O
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ÐÌot¡ 5 %	 ot¡ 4 #»·B2c¤���£��U?Pb2h�jl��
�-0/��$h�jl�%	 �$U?Pb#��/»·�2�m��}2�

���	 i°�#,.¨§$h�¦�b2v*}2jÉ���	 ot¡ 5
2ÂÉ��/��$��/»·� ���+Ãk"+$2_\$ot¡ 8 � 
11 -Í�Ä&º�� 

 
 

 

 

 

 

ÑÌÇ�· 7 $o��Á�2«bo��1/,
#��� 
 
 
II.� �$º¿ 1 � 5 $
���	+$2Í�(�%Î�Ä&	 ¥s�¬�,� 
 
1.  T[ERAZ }o¡47Z#,/��´�p��%	 ��#RAH[W

2¤	�|t$��	 N,N-=RBWOWQ3PE2¤	�|t,.p�À�
�À	� 

 
2.  (1S,2R)-2-JYS<:YNZAH[W�	 �ÆoFDV5Q�z\	 79;

<:YKYIZ¢2���/p�%	 (1R,2R)-2-JYS<:YNZAH[W
�u�`\�79;<:YKYIZ¢2���/p�,.À	� 

 
3.  U=8W^mp�#,/ 1-JCZ$¶o�®op��%	 1-JYSJAZ

�]£�¡ ���-0/� 
 
4.  3ªÊ$=RBWMZ@ZËo-	 m-	 �,& p-9<XZÌ2	 �0�0 Lewis

Æ¹��z\�}® p���� �	 m-9<XZ��+À�SH:YY
o�0/� 

 
5.  MZ@Z2<:YL9;Z#Åg�/p�$�®o $±�f%	 1,3-<:

YL9;=6Z2<:YL9;Z#Åg�/p�$�®o $±�f$ 
1.5e,.+~�	� 

 

O

HO

OH

OH
N
H

O

1098

O

OH

11

Cl
N

NHO

CH3O

CH3

OH

CH3CH3
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�� �yC I%IIIC�^Ö)NA 
 
I. �=D#5Cõ >Ò ,�'^ù� V� ú^±�1<'n,#õ >Ò 
,5o6ox;Cö�=±�1<'n>-#5C�Tù� W� ú>'(AMC

>-#õ C±�·×>�C�²·×D�'^ù� V� ú=&nA'I#�²

·×*Nc¿òD�2=&n,#õ C±�·×DÐ�3n~;Cù� W� ú

C�ÑTù� X� ú4l1<ñBn>#õ >Ò ,ëÞ·×CISm^�ç

3nù� Y� úT;.nM>,=-nAù� Z� úCÃÀ^�ç·×,Í@n

ù� Y� úTé3>#�2¿ò=&n^LóSl45C��,Í@n �,&

nAMC¬åTù� x� ú>'(A(a)fvk^åT»¯3n 
� Ô÷CVpjð

Db>;Tô'<ù� x� úT¹3nAI7#fvk^å,ù� ]� úMù� ^� ú

C»êT>n>-#5o6oÈÍ@ù� x� úcm^htTz)nA�

�

üúµÕ|CùVúĉù^ú^�ní�@â�T�yCâ�ÙC|+lîU=

Ö)NA�

�

ćâ�ÙĈ�

�Ð#¦Þ#45 §#90 §#180 §#Í·¬#���~Ü¬#�õ�º#ßöl
rdqv�ø#lrdoÉ®#=dsg^c#!awh#Ā�#ā�#Ć�#

ÏÜ�#¦ö��#���#³}�#]rt@�¢#V]rt@�¢�

 
ýúyØï�(a) ^ó1#fvk^åT»¯3n 
� Ô÷CVpjðC(9#ùxú
C¬åT¹1@'LCTÖ)NA 

 
II. �yC�^Ö)NA781#1�dm�.�0.1�m�=&nA�
 
üú2.5�10û3�dm3

|^�3.0�1017
��Cahav�¢Cg,£�3n½ÃÀTÚ

)nAetò�5.0�mmCetT�:<Â¤3n>#¿ò 267�nmC�Cèì
ÊD 0.25�=&:7A781#Ã¡^D��DÅ.#log4�.�0.60#100.12�.�1.3#
Vn\iu´D 6.0�1023

>3nA�

�

(a)�MC¿ò^*Ln#MCÃÀCetò�1.0�cm=C��§T¾KNA�
�

(b)�MC¿ò^*LnahavCqt���´T¾KNA�
�

(c) �2á¶T�2�T�:<etò�1.0�mmCet=äH7>-CèìÊT¾
KNA�

�

�

ù¼mwbd×.ú�
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ýú�¢Ą>�¢ąC¿ò 260�nm^*Lnqt���´D#5o6o 2.0�102
�

dm3 molû1 cmû1
> 4.0�103

�dm3 molû1 cmû1
=&m#280�nm^*Lnqt

���´D#5o6o 1.0�102
�dm3 molû1 cmû1

> 5.6�103
�dm3 molû1     

cmû1
=&nA'I#{ÛCÁ�ÃÀC 260�nm> 280�nm^*Ln��§T

etò�1.0�mmCetT�:<Â¤3n>#5o6o 0.46> 0.59=&:7A
MCÁ�Ç|CĄ>ąCÄ§T¾KNA781#Ą>ąD�«1@'>�¤

3nA�

 
III. ¼CµÕTãg#�yC�^Ö)NA 
 
� Ý�ÇåĆC��cm^ht>Ý�cm^ht#Ý�ÇåMC��cm^h
t#Ý�Çå NC��cm^htTÂ¤1<�yCcm^ht,ªlo7A 

 
üúcm^ht (b) > (c) D#x·,ÇåĆC��cm^ht=&m#�·,
Ý�cm^ht=&nAÇåĆ^#̈ §D�2=&n,¿òCÍ@n�TÆ

¥3n>#Æ¥¿ò,ù� V� úC>-^#¸L¨'Ý�,¿òù� W� ú

=ªlo7AùVú>ùWú^�n¿ò>1<¸Lí©@LCT�y+l5

o6oî°1<Ö)NA�

� 350�nm� 375�nm� 400�nm� 425�nm� 450�nm� 475�nm� 500�nm� 525�nm�
� 550�nm�575�nm� 600�nm� 625�nm� 650�nm 
�

ýúcm^ht (a) > (d) D5o6oÇåĂ>ÇåăC��cm^ht=&nA
ÇåĆ�£y=#üúCùVúC¿òCÆ¥�^NmÝ�TÎ3nCD#Ă

>ăC?9l=&n+T#5CËÌ>>L^ 
ÞÓ§=Ö)NA�
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�� �¡ďĖÙ'Ğ�8si) I�5, II)�'õ5� 
 
I.�  Ô)Êñl)Ĩ<ĩĸĨPĩ'�8ÐĘ&Ċ�1�*É~&%;si)Ċ
�þ�6ĚÂ�5� 
 
�¡ďĖÙ#*��¡�x':��"±���ďĖ;ÿ��9;�¡Af

XQc$�.��¡AfXQc*�¡l)Òĝ)ĎĢ'{¢�8��ģ¡)ĕ

�*Ò)ĕ�'Õ0"Ĕ�)#�ē*Ò)vý*×¤�9"�8$ÿ8�

�9;Ĩ� <� ĩĐu$�.��¡ A$�¡ B�6&8o�¡�¡;ÿ8$�
�¡l;���8ģ¡*�
8$�* A'Đ!� A)�¡AfXQc!!'Ø�
"ĕ���
8$�* B'Đ!� B)�¡AfXQc!!'Ø�"��$t¤#
�8��)5�&-81�;�É£è'ĉđ�8'*�Į )�¡AfXQc

)ü¹ù�; �9+5���&:���¡AfXQc*� 
� � ! = !!!! + !!!!     (1) 
$&8�|É!!$!!*�¡ A$ B)¾Č'{¢�"×17�ôÒo�¡�¡#
* !! = !! #
8�Ú�ĞÉ'Ğ�8Ĩ� >� ĩ)ćě'¼+��¡AfX
Qc)ú¨~) 2m*��)AfXQcl'¢��8ģ¡)ìá§³;j8� 
 � ´(1))5�&Į )�¡AfXQc)Ĝ(�:�'*��vê#Ĝ(8��
$�vê#Ĝ(8��) 2 ē7)VQfe�
8��Ā'5�"#�8�¡A
fXQc;Ĩ� ?� ĩ¾AfXQc�»Ā;Ĩ� @� ĩ¾AfXQc$�.�

Ĩ� ?� ĩ¾AfXQc)��*�Ĩ� A� ĩ2
�)¯Û'5�"Į )�¡

ĝ)Ú�ĞÉ)Ä®*Ĩ� B� ĩ�8)#�ģ¡;Ć��ìá3Ĩ� B� ĩ�

8��)�¡ĝ)ģ¡*kÌ)�¡Ò$Ĩ� D� ĩêpzä�8)#ù�)¹

Á'¦j�8�gÌ�Ĩ� @� ĩ¾AfXQc)���Ĩ� F� ĩ2
�)¯Û

'5�"Į )�¡ĝ'Ú�ĞÉ)Ä®�Ĩ� G� ĩ)ĥ��&:��Ĩ� H� ĩ

ĥ�ã�8�Ĉ�Ç8$��¡ĝ'��"ģ¡*Ĩ� I� ĩ�98)#�Ĩ� @� ĩ

¾AfXQc'ģ¡��8$ù�Ĩ� J� ĩ*©��&8� 
� ĭ )�¡AfXQc'*�Ð�Ĩ� L� ĩ}1#)ģ¡;�¥#�8��

���Ĩ� N� ĩ)År�â'����"��96*Ĩ� P� ĩ)LYeàÀ'

&�"�&�9+&6&�� 
 
ĶĊ�þķ 
^ceīAR]eU>_f�^ce�J`dfS=eCf�U>Oe\cF� 
S=aRF�[aeF�V?b�ù��Ĥù���ù��µ��Ë���.�

ö�çÈ����Üª���0�1�2�3�1/2�3/2�·�¶�°ă��°ă� 
Ĥ°ă�éq�Ăï�ÅĠ�ÔÉ�ćĢ¤É 
� � � � � � � � � � � � � � � � � � � � � � � � � � ĨÔ]fK/û�ĩ 
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II. W`RGcÙ;ä�"ZQK@e) π�¡AfXQc;Ö2���)ùÑ*
@TcEf)Ħ'si)ē7#
��� 
 

!! = 0.371!! + 0.602!! + 0.602!! + 0.371!! 
!! = 0.602!! + 0.371!! − 0.371!! − 0.602!! 
!! = 0.602!! − 0.371!! − 0.371!! + 0.602!! 
!! = 0.371!! − 0.602!! + 0.602!! − 0.371!! 
 

����!!~!!*�Þø�¡h)2pAfXQc#
8� 
si)�'õ5� 

 
ĭĩ�πģ¡É*y}�� 

� � � � � � � � � �  
Įĩ�ÐħĄ�AfXQc (highest occupied molecular orbital; HOMO) $Ðwð

AfXQc (lowest unoccupied molecular orbital; LUMO) *%9�� 
 
įĩ�� π�¡AfXQc)öĥ)É*�� ��1��öĥ)É$@TcEf

)ħw)ĝ'*%)5�&Ğ|�
8���:�" 2ăî³#đ05� 
 
İĩ�ZQK@e)5�&�ºoĜù�÷)�¡#*�oĜù�$�ù�)q� � �

Ï¾�¶269��ù�*ā¯oĜù�¾;¬,8��²àÀ'��"�

�)5�&¾Č'Ð3���¦j�"�8�¡AfXQc*%9��2 ă
î³#âå; �"õ5�½ą&6+�;ä�"35�� 

 
ıĩ�j69��¡AfXQc'��"���¡h)ģ¡§³*�}	)�¡

AfXQc)|É; 2m���)�¡AfXQcl'¢��8ģ¡)É;
m�8�$'5�"Ö2698��²àÀ'��"�HOMO)��¡h)
ģ¡§³;Ö25� 

 
Ĳĩ�óg�čàÀ'ęí��$����¡h) πģ¡§³*���8��Üª

�8�
8�*���&���2ăî³#âå; �"õ5� 
 
ĳĩ�óg�čàÀ'ęí�8$%)ù��·�&7�%)ù��¶�&8$n

¿�98��2ăî³#âå; �"õ5� 
 
Ĵĩ�ZQK@e�¡)óg>Ae�@TcEf)Đu~;âċè'nÝ����

�)�2'*�!!~!!)��%)�¡AfXQc)@TcEf;ë9+5
��� 

 
 

 

 

 


