
Ő ŗ � ó À ³ ďƲ� rƣ� j� şs� Ƴ � � No.1�

 
Ą Ł Ň «� � � � � � 

 

 
Ƽ26ƴƽƴ172 À³Ũħ¯� � � � � � ęĕ� � 

 
 
Őŗƃƪ¯� � � � � �: ��=@�^ad�(�����&5�9"�eE=@�c���5;��]W\`W\f
P
	 
 
 
ƺ|ŵŐŗŨƻ� ģƤ¯ƹrÆÄÊŁÖÊƖîŃ£ÊŔ� Ū¯ƹ�Ă� ħ¯ƹęĕ� � 
 
ƺ�®ŐŗŨƻ� (� 

 
ƺŐŗ�Ðjóěř*ŸŜƻ 
� ƌÛ�46Ĳµ(ė~n&Ĩŝ;Ā�/²Ų�é7ĖĆ�īŋ�8%�7�Ľ)đģ£­ļ;²ŲÇ
�'�%ĬŃ� ś+��*ư�ĨŝƆŲĿ��ĸ!��ĨŝĀ�¦î)��7ư�¦îĲß�ƃƪ

&*7��5)èĘ*ś+�Pt3 Irř*ƇƜÕżÇ�oªĤ&*6�46Ë�(ƜÕ;ĬŃ� IK
OaĠŚ�Ē/87� 
� lĈ�MeOH+ÏĲ&Į�&*7 1¨õ�ÐĊ&*6�ĦƋŉư�ĨŝƆŲĿƲ12.6 wt%H2Ƴ;

đ�7ĖĆ&*7�����Ë�(3dƜÕƟ�;żÇ)Ń� MeOH�5*ŭĨŝ¦î)Ƥ�%+
ă�À³�8%�7*0&*6��5)½lśżÇ;Ń� ÏĲ&*ŭĨŝ¦î)Ƥ�%+Ĕ!ƒó

�8%+�(��Ĩŝœ�Îŀ* 1)+�{ƦÈ{\hQiŕ¢ū;đ�7ģūïđģƯĜ�/ 

+�85đģƯĜ;Ɨ�È'�%đ��Ë�(3dƜÕ�5Ġó�87ƜÕƟ��5(7żÇƀž'�
46Ĳµ(Ĳßė~&* MeOH ŭĨŝ¦î*ƀž�ƚŸ&*7'ŧ�587�p����i���
�]/16*7�N�$n�" 2-Aminophenol(apH2), 3-%,(7g� 2-Aminophenolate(apH–), 

��apH–$�B]���n�"/)o-%2-0'-4*�(II)�C(trans-[FeII(apH)2(MeOH)2] (1))��
bx<�
�"MeOH ?��GPf��!��\~v�}{Pf$����$m ����	
 apH–

;Ɨ�È)đ�7ƝƟ�)Ƥ�%+�ł�ś)��73-XRhCI<iQeTgƙ-3,4-J@CIGS
kM*ƘŝĬïcPg'�%�cV-2-<`V[>VeQƝ(II)Ɵ�*čė~n)��7ƙ£¦î)Ƥ
�%À³�8%�7�����ĕś+�*�£Ê¦îï;Ź�� �*�&*7�p�������

c�E^���l��K]g�\����!�u>@Zv�U�qk���no��#��"MeOH
� �dxdX<�
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(Þƅ'ŋŉ) 
� Ĩŝ+�ĥq|*?UgDkCdf<'�%đĒź�87ĖĆ&*7������*ƆŲ�4,Ƒ

ÿ�ÐĊ&+(� 1)�ĨŝƆŲĖĆ*Ƣň�ƌÛƚŸź�8%�7�ĨŝƆŲĖĆ'�%�8/

&ăÃ�*�Ŷ�û�58%�7���*r&2MeOH+ĦƋŉư�Ĩŝ²Ų¡Ŀ(12.6 at%H2);đ
�7 1�Đ2đĒź�87ĖĆ*l#&*6�Olah ř)46ý·�87bNVkgœ�(Methanol 
Economy)*rìŉå�;ù�£ÊŖ&*7(J. Am. Chem. Soc. 2011, 133, 12881-12898.) �ƎÚ�MeOH
�5*Ĩŝňł¦î+²Ļ¦î&*7�ā)�ư�¦îĲß(200-300 °C)�íŸ&*6�¦îĲß*
�İ;ŋŉ)ăÃ�*o½l�4,½lśżÇƢň�ų:8%�7�Ľ)½lśżÇ*À³�'�%

+�Beller3Grützmacherř)46À³�8 RużÇ�èĘ*żÇŦ*r&+ĦƋŉ�Ĳ(Ŝ90 °C)
&* MeOH �5*ŭĨŝ£¦î;Îŀ� �&*
7'Ž�7(Beller, M. et. al., Nature 2013, 495, 85-89.   
Grützmacher, H. et. al., Nat. Chem. 2013, 5, 342-347. 
Figure 1)�����yçĎ(7Ĩŝňł¦îĲß�İ
'�ƇƜÕ;Ń�(�żÇƀž�â�ĩ158%�

7�MeOH*ŭĨŝ£)47Ĩŝňł¦î*¦îĲ
ß�İ)Ƥ�%�ăÃ�*ªūï�û�587r&�

ô��ōŋ� *+�£Ê¦î*ĬŃ&*7� 
� 2013Û)ô�+�ÃƦÈÃ\hQiŕ¢Ĭï;đ
�7 o-Phenylenediamine(opda);Ɨ�È)đ�7ƝƟ
�([FeII(opda)3]2+)���*�£Ê¦î)46Òî�7
ƙ£¾Ɵ�([FeII(opda)l(s-bqdi)m(bqdi)n]2+(l + m + n = 3, 
s-bqdi = semi-benzoquinodiimine, bqdi = 
o-benzoquinodiimine);äó�(�5Ĩŝ;p�7�
';Ź�� (J. Am. Chem. Soc. 2013, 135, 8646-8654. 
Scheme 1)�ĕ¦î)��%+�opdam* 1ππ* Ɗľ
ð;ŠŅ���ƞw×(Conical Intersection);Š%äó
� 1πσ* Ɗľð�5* opdaƖ�&*N–Hš­*�£ÊŉĬï£¦î;ŠŅ��Ĩŝňł�Ɛų
�%�72*'ŧ�587�lĈ�2014Û) Pinoř+�2-Aminophenol(apH2)*�£Ê¦î)46�
�* O–Hš­��£Êŉ)Ĭï£�8�ĨŝeJAg;ňł�7�';À³� (J. Phys. Chem. A 
2014, 118, 2056-2062.)��*À³&+�Ĩŝňł)Ƥ�%+l�Ž¥�8%+�(�2**��ƍ*
ņƄŨ5*�ųŐŗšě;2ŧñ�7'��85*šě+Ì�ƇƜÕ[fk(ć��Ĩŝ²ŲĖĆ*

��;ēæ��72*&*7� 
� p�����apH2�apH2��16*7OC��"2-Aminophenolate(apH–)�
��apH–$�B]

���n�"Fe(II)�C([FeII(apH)2(MeOH)2])(1)���# �GO_Pf��!MeOH� ��\~
�v�Pf$bx<�
���N�"��$�J��*&À³�7��8+Y:��\���L�b

x<G�NZ�MeOH� ��\~v�}{Pf&*7� 
 
(šě'ŧÑ) 
� Ɵ � 1 *­ó+�vãƛ* apH2 '

tetrabutylammonium hydroxide(TBAOH) )Ò�%
FeII(ClO4)2·6H2O ;�Ń��7�')46�ĹŰšČ
ïļƈ'�%­ó¤ƥ� (Scheme 2)�Figure 2)+�
­ó� Ɵ�1(ƉŤ)�apH2(ƱŤ)��4,apH–(ţŤ)
*MeOHr)��7ŞÂªź²§K]EQg;Œ��apH2�4,apH–+��82230 nm'Ŝ285 nm
)²§Ø;Œ����82v#*ππ*Ɠŕ)ŅĘ�7²§Ø&*7'ÙÕ�8 �lĈ�Ɵ�1+�
230, 285, 335, �4,460 nm)²§Ø;Œ���Ũ2#*²§Ø)Ƥ�%+apH2�4,apH–®ġ)

ππ*ƓŕŅĘ&*7'ÙÕ�8�çŨ2#*²§�+CTƓŕ)ŅĘ�7²§Ø&*7'ÙÕ�8 � 
Ɵ�1)Ƥ�%+�KBr disk;Ń� ¹�*²§K]EQg;�)ƧŤ&Œ���MeOHĵĮr&* 
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²§K]EQg'²§ğÄĪơ�-.lŮ� �'

�5�Ɵ�1*šČr&*ĠƏ+�MeOHĵĮr&
2�ú�8%�7�'�őƂ�8 � 
� Ţ�%�apH2*MeOHĵĮ)�200 W Hg-Xe�ĳ
;Ń�%289 ± 10 nm*�ĺÓ;ų" '�9�BK
*ňł�őƂ�8�BKEh_QFe[(GC)�Ě*
šě�ňł� BK�Ĩŝ&*7�'�őƂ�8 �

Ĩŝňłƛ+��ĺÓ5ċƣç)+apH2)Ò�%4.1 
eq.�24ċƣç)+6.5 eq.)�ƒ��ĕ¦î�ƛƅ¦
î&+(�żÇ¦î&*7�'�Œ¶�8 (Figure 
3, Ʊĸ)�®ġ)�apH–3Ɵ�1;Ń� Á­)2�
�ĺÓ)��Ĩŝňł�őƂ�8(Figure 3, ţ�4
,Ɖĸ)��85*£ÊŖ* MeOH ĵĮr)��7
żÇŉ�Ĩŝňł¦îĬï�őƂ�8 (Table 1)�ĕ
¦î+�FeII(ClO4)2·6H2O*MeOHĵĮ3MeOHĵ
Ç*0)®ġ*�ĺÓ;ų"%2Ĩŝňł+őƂ�

8(��'�5(Figure 3, Ƨ�4,Ķĸ)�apHƯĜ*
É»�ƚŸ&*7�'�őƂ�8 ��85*�£

ÊŉĨŝňł¦î+��*ŞÂªź²§K]EQg

*šě;ŧñ�7'�apH2�apH–��4,Ɵ�� 1
)��7ππ* Ɗľð;ŠŅ� �£ÊŉĨŝňł
¦î&*7'ŧ�587�/ ��85*¦îç*

ĵĮr�5+�MeOH*ƙ£łóļ&*7HCHO3
HCO2H*É»�őƂ�8 (Table 1)��85*�'
�5pPf��apH2�apH–�
���C� 1��\
�"�bx<�
�"MeOH� �G�\~v�}
{Pf��"���m ������ů´į��'

)�Ɵ�1)��%+�350 ± 10 nm*�ĺÓ)��
%2Ĩŝňł�őƂ�8 ��85*�'�5�aoH–

'Fe(II)'*�äó)46�apH–)+Ź58(�ć�

��£Êŉ¦îģĠ����8 � 
 �ƍ*apH2, apH–, �4,Ɵ�1)47MeOH*�
żÇŉŭĨŝ£*¦îģĠ)Ƥ�%�46Ɓ��ŏ

Ź;é7ŋŉ&�MeOH-d3(CD3OH)r
&*apH2, apH–, �4,Ɵ�1*�¦î
;Ğſ� ��*ċ* GC; Figure 4
)Œ��/���8�8*ĢĴBK*

�Ě�5��8�8*�úċƣ; 5.0 
(p-H2), 6.3 (o-H2), 7.8 (p-D2), 8.4 (o-D2), 
�4, 6.4 min (HD);őƂ� (Figure 
4a-4c)�Ţ�%�apH2, apH–, �4,Ɵ�
1;MeOH-d3)ĵŻ�� ĵĮ)Ò�

%289 ± 10 nm*�ĺÓ;24 hų" 
ç*ňłBK;GC�5+���82
�úċƣŜ 6.4 min )¤lZkE*�
ŀ;őƂ� (Figure 4d-4f)��85*š
ě+��853#*£ÊŖ�MeOH-d3 

Figure 2. apH2 (2 mM, F7), apH– (2 mM, 67), A�1 
(1.35 mM, >7)PMeOH�GHTQA�1P��.�
NPOHJUUV-vis-NIRZ_Y[b(KBr disk, D7). 

Figure 3 apH2 (F,), apH– (6,), A� 1 (>,), 
FeII(ClO4)2·6H2O (D,)PMeOH*'GHTQMeOH*
�PS(+,)RP�-�!P&50/?P!B�3. 
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r)��7�¦î)��%�HD ;Ɣøŉ)ňł�� 
�';Œ¶�7šě&*7��85*šě;ŧñ�7'�

ĕ¦î)��%�ĵÇ&*7MeOH*Ĩƙ¿\hQi�
4,Ĩƙ¿�ťþ�%�7ķŝm*αĨŝ��ňłĨŝ
*Hĳ&*7�';Œ¶�7šě&*7��8+��*
MeOHr&*�¦î)��%��żÇŉĨŝňł)��
MeOH*ƙ£łóļ&*7HCHO�4,HCO2H+Ğ�
�8 uÎ'ŎŌ�(�šě&*7�/ �ů´į��

')�Ɵ�1)Ò�7350 ± 10 nm*�ĺÓ;24 hų"
 ç*ňłBK;GC�52�®ġ)HD)ŅĘ�7¤
lZkE*0�őƂ�8 (Figure 4g)�� �"%� Ɗ
�Īơ)Ƥ:5��ĕ¦î)��%+��82Ĩŝňł

;�� MeOH *�ŭĨŝ£¦î�Ɛų�%�7�'�
őƂ�8 � 
� Scheme 3)+�}m*ÎƮšě;ŧñ� �ĕ�¦î
*üÍ¦îģĠ;Œ���85*¦î&+��£Êŉ(

O–H(apH2)�/ +N–H(apH–�4,Ɵ�1)š­Ĭï£)
46ňł� ĨŝeJAg��MeOH *αĨŝ;à�÷
��')46Ĩŝ;ňł�7'ŧ�587�Ţ�%�ň

ł� ·CH2OHeJAgŖ+�â�ƕ��(H·eJAg�
p�)&*7�'�ŏ58%�6(J. Phys. Chem. 1974, 78, 
686-691.)�¦îrƣ�&*7<`VL`CVSkQ/ 
+=`VL`CVSkQ*ƕ�)46�¬żÇ*�ēľ

ð�ê��72*'ŧ�587� 
 �85*¦î+�èĘīŋ�8%�(�" IZF�T
nnt�s�lt�g�w���D��!���cqk

$|���\��$�������h�"���W��

�"��#�
�bx<�
�" MeOH � �v�Q
!J�$�`H��c059�qk��h��L�D&*7�/ �ƨƇƜÕ&*7 Fe(II);Ń� 
Ɵ� 1 *�¦î)��%+�apH23 apH–462�?UgDk�;¦î)ĬŃ�7�')ó��%�

7�yç+�Ì�ƇƜÕ[fk*żÇ*¿ĕƀž)¿$��żÇĬï*°m'46�?UgDk�)

%ƭ¢�é7ć���żÇ¦î*��)°�%Ğſ;Ɛ17tÍ&*7� 
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Figure 4. $)XZHTQ�&50/
�P
GC: (a) H2$)XZ, (b) HDHTQD2$)XZ, (c) 
H2, HD, HTQ D2$)XZ, MeOH-d3�NP(d) 
apH2, (e) apH–, HTQA�1R�-�(λ = 289 ± 10 
nm (200 W, t = 24 h))V:MLCP0/XZ, (f) A
�1R�-�(λ = 350 ± 10 nm (200 W, t = 24 h))V
:MLCP0/XZ. 


