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Synthesis of Aminoquinoxaline Derivatives and Evaluation of Their  
Photophysical Properties as Fluorophores for Fluorescent Thermosensors 

Yuriko MATSUMURA�1, Shotaro EMOTO�2, Natsumi MORITA�3, Keisuke KURITA�4,

ABSTRACT� Three kinds of 6-aminoquinoxalines bearing 4’-substituted phenyl group, two kinds of 
1,4-benzoxazine-fused 8-aminoquinoxalines, and 1,4-benzothiazine-fused 8-aminoqunoxaline were 
synthesized as a fluorophore for fluorescent thermosensors. All of the aminoquinoxalines showed 
polarity-sensitive fluorescence and linear relationship between the fluorescence maximum wavelength 
and dielectric constant of the solvent. These findings suggest that they were applicable as a fluorophore 
for fluorescent thermosensors and 1,4-benzothiazine-fused 8-aminoqunoxaline was the most suitable of 
the six compounds.  

Keywords�fluorescent thermosensor, quinoxaline derivative, fluorescent characteristics
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Z9r���ö9	���J�78~��e8�'�e

8���2��]�-78k 2�B-c#`öÐ`�

Ñ6-789&':;<=	de�ìÑ#�-Cc	ß

à2�B�ö&�!4	&'µ��OP�-#78�'

��$P��6-:;<=

8)
ro4	&'��	�`e

86-:;<=

9)
�³´],�B-C$/$�c,A`

	#c�78��2��]�-789&':;<=	³

´«
�BC 
� c,A`���+
�2,3-¹���¸½-6-s¼½°
½°<¸;(Qx)�Ï�	����(εr)��ú6-##
¬�78ZS��(λFl)� ��!�±"É$�εr #λFl

#	#�!$	ø¨¨��a-c#2%ô$�Qx �
�Í9	&Ñ'2()$b QxAlaMA 2ÛQ�}9O
k #*+]�-c#`�&'����}$�e8�	

��6-789&':;<=2de$b

10) (Figure 2)C 

�c`,©ª`
�J����!�e8-2¬"e8Ü

Ý#$��2ÝAb
 2�3Ý��îs¸=�'2�6-
6-s¼½°½°<¸;.# 1,4-¾;Êl°<¹;Ab

1,4-¾;Ê»s¹;/0 8-s¼½°½°<¸;.2ÍR
$��,+	k8�xo92126-##¬�789&

':;<=	e8ÜÝ#$�	��9234$bC 
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� 2ÝAb
 2�3Ý��î"5t�'2�6- 66s¼�
½°½°<¸;.á5a-c, 6ä
�fg	L7`ÍR$b�
Í{ 111)Ab
 212)�89Æ:;<ÁÀ¸;=72�B-
c#`�î"5t�>Ç;?#��]�� 66tÉÇ°
½°<¸;	 2ÝAb
 2�3Ý��î"5t�'2(�
)$b�Í{á3a-c,4ä2@bA�10%BC¹DEF�A
b
?�Gp2HÏ#$��B�ö�I�6-c#�J

�ÍR$b (Scheme 1)C$/$�Í{ 5b
���J#
rHÏ2��]��¬ 6Ý	tÉÇ'�s¼½'A`K
L�MN],Ö­�	Ð#��OP$bQR`@+,�

SÞ6-c#�`T�/�bC�

� $� 1,4-¾;Êl°<¹;Ab
 1,4-¾;Ê»s¹;
/0 8-s¼½°½°<¸;(13-15)
��Í{ 2#5�6
-s¼½"5½=�Ab
s¼½»l"5½=�2��

]�� 1,4-¾;Êl°<¹;Ab
 1,4-¾;Ê»s¹;

N

N

Cl

O2N

N

N

Cl

O2N Cl
or

Na2CO3 / PPh3, Pd(PPh3)2Cl2
in aqueous dioxane

N

NO2N

N

NO2N
or

+ B R1
HO

HO

R1
OCH3

OCH3

H2 / 10%Pd-C or PtO2

N

NH2N

N

NH2N
or
R1

OCH3

OCH3

(2)

(1)

(3a): R1 = OCH3(3b): R1 = SCH3(3c): R1 = CN

(5a): R1 = OCH3(5b): R1 = SCH3(5c): R1 = CN

(4)

(6)

Scheme 1
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Cl

O2N Cl

(2)
XH

H2N
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N

NH

XO2N R2

N

N

X

HNO2N

R2

(7):  X = O, R2 = H(9):  X = O, R2 = CH3(11):X = S, R2 = H
(8):  X = O, R2 = H(10):X = O, R2 = CH3(12):X = S, R2 = H

+

H2 / 10%Pd-C

N

N

NH

XH2N R2

(13): X = O, R2 = H(14): X = O, R2 = CH3(15): X = S, R2 = H

Scheme 2
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/0 8-tÉÇ°½°<¸;.(7,9,11)2ÍR$bA�10%
BC¹DEF�HÏgPú`ö�I�2T×c#`ÍR

$b(Scheme 2)C1UV?	����B��BÖ,	�Í
{¬ÕÖ/`
a-�WXY9�(8,10,12)	gP�Zè
],bCAb��Í{ 9	X[+\WX�]	+^J��
°½°<¸;0#¾;¿;0�_!`a��a-c#�

Õ/�b(Figure 3, Table 1)Cc	c#
�b� �°½°
<¸;0#¾;¿;0��cPdeP�$�����î

'	� fgÑ2��]��ÀÁ±hÆÀ�i	k #

6-c#` QxAlaMA J����!`ÎÏ	Z9	��
�J�78��	��6-789k 	ÍR�ìÑ`a

-c#2Òj$�B-C 
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� Û&ÜÝ#e8ÜÝ2kÞ$bk óh�'kP78

9&':;<=
�Qyz�J-Û&ÜÝ	lR���

J���],-���ö9��278ë�ÛU6-c#

`�Ñ6-c#/+�e8ÜÝ�
ÎÏ	Z9#e8o

9#	#�m+/	ø¨¨�2�6-c#�n�`a-C

µú��Í{ 5a, 5c, 6, 13-15	op�Jq78o92
Ò6(Table 2)C 
� 4’Ý�ºÉ°±'2¬"�Í{ 5a 
�DMF Ð��B
� 410 nm r1�s!op-(λabs)2¬"opÃ·ÂÉ�
2Ò$�ºt½=�Ð��B� 450V600 nmr1�u�
WX	�BvÇ=w�78Ã·ÂÉ�2Ò$b(Figure 
4)C4’Ý	ºÉ°±'�� xy9	±s½'��-#
(�Í{ 5c) λabs
 14 nm���!z±"É$�78ZS

��(λFl)
 4 nm���!�±"É$bC�Í{ 5a	 3
Ý�ºÉ°±"5t�'�()],�¬(�Í{ 6)�op
�Jq78Ã·ÂÉ��ST���
�P�78�'�

{|$bCAb��Í{ 5a�5c�6 	78} p�(Φf)

�,~, 0.22�0.12�0.13#���QxAlaMA(0.66)XY
OB�#
�+�/�bC 

� 1,4-¾;Êl°<¹;/0 8-s¼½°½°<¸;(13) 

�THFÐ��B� 411 nm�s!op-2¬"opÃ
·ÂÉ�# 482 nm �ZS2¬"vÇ=w�78Ã·Â
É�2Ò$�Φf
 0.61`a�bC3Ý�º»�'2�6
-�Í{ 14	 λabs # λFl
BÖ,¬�Í{ 13J�ÕÖ 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

(b) 
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/����!�Ý�6-¬		Φf
 0.58#�� 3Ý	º
»�'
Ã·ÂÉ�o9���2g*�Bc#�Õ/-C

!L�5Ý	?�� ���� ��-#(�Í{ 15)�λabs
# λFl
�,~, 448 nm �Jq 520 nm #�Í{ 13J
����!�Ã·ÂÉ�2Ò$bC!n���� 
7

892{�]�-c#�U+,�B-�

13, 14)
��Í{ 15

	Φf
 0.46 #�Í{ 13���ÕÖ/��B����b
c#
���BC 
� ÍR$b 6Ä	s¼½°½°<¸;.	λFl
�BÖ,
¬Ä�	s��=�ÎÏÐ`ÎÏ	���� (εr)�
19.92(^�ÀÇB½=�)/+ 55.61(ö-ºt½=�OÍÎ
Ï(1/1))A`��6-# ��!�±"É6-9�2�
$b(Figure 5)CλFl #ÎÏ	����(εr)#	#	¨��
20\��7�J�x[b#c�� 
 5a : λFl [nm] = 0.3398εr + 507.22 (r = 0.994) (1) 
 5c : λFl [nm] = 0.3310εr + 511.64 (r = 0.999) (2) 
  6 : λFl [nm] = 0.3161εr + 504.10 (r = 0.998) (3)
 13 : λFl [nm] = 0.2523εr + 505.24 (r = 0.996) (4) 
 14 : λFl [nm] = 0.2598εr + 508.57 (r = 0.999) (5) 
 15 : λFl [nm] = 0.2476εr + 534.46 (r = 0.995)  (6) 
#���!$	ø¨¨��%+,bC$/$�c	c#

�56-|�x���
�	#c���`a-Cµ�J

�ÍR$b�Ä	s¼½°½°<¸;.
BÖ,¬78

9:;<=	78ÜÝ���@-c#�Òj],bC 
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��A��� GHI%#J'K�LMNOP'23�

� ÍR$b 6 Ä	s¼½°½°<¸;.	Ð` 1,4-¾;
Ê»s¹;/0 8-s¼½°½°<¸;(15)�0¬���
!�op�Jq78Ã·ÂÉ�2Ò$�78} p��

OP�78ZS��#ÎÏ	����#	#� 1$	ø
¨¨�2�6-c#/+��Í{ 15 2e8ÜÝ#$�

¬"789&':;<=2ÍR$��	78o9212

6-c#`789&':;<=	e8ÜÝ���@-/

12$bC789&':;<=	Û&ÜÝ�
���	

ÛQ�}9Ok `a-�¸(N-^�ÀÇ®�sÂ¸�
s¼w)(PNIPAM)2�B-c##$bC 
Q;R;S��� GHI%#J'()�

� �Í{ 15# NIPAM�tÁÉ2*+6-b[���Í
{ 15 �É¸�»�s¼;gPú`��sÂ¸Ç^�2
��]�-c#�J��Í9	&Ñ'2()$b�Í{

162ÍR$b(Scheme 3)C 
 
 
 
 
 
 
 
 
 
� 789&':;<=(poly(16-co-NIPAM))
�Û&ÜÝ
	ÛQ�}92��6-b[��Í{ 16 	����R
2Û&ÜÝ�5$� 0.1 mol%#�-J×���$��C
¹<��Í7�J�ÍR$bCºt½=�Ð`	o8'

J�x[b poly(16-co-NIPAM)��Ô- 16 	�}
�
NIPAM 660�tÁÉ�5$� 1�tÁÉ`a�bC 
��A����� GHI%#J'1 23�

� 789&':;<=poly(16-co-NIPAM)	78o92
126-	� ¡¢��Í{ 16 	op�Jq78o9
	122T�bC�Í{ 16 
 THF Ð��B� 434 nm 
(ε=5700)�s!op-2¬"opÃ·ÂÉ�#�514 nm 
r1�ZS2¬"78Ã·ÂÉ�2Ò$�BÖ,	Ã·

ÂÉ�¬�Í{ 15 J� ��!�Ý�$bCc,
�
�Í{ 15 	 8 Ý�� fg9	s¼½'`a-	�5
$��Í{ 16 `
s¼w+Í#�-b[£�� 	d
¤�� 5	� fgÑ��ú$bb[#)*+,-C

Ab�78} p�
 0.37#�Í{ 15J�ÕÖ/��
B�#�-¬		�(7)��Ò6J×� λFl #ÎÏ	��
��(εr)#	#	ø¨¨�
��],�BbC 
 16: λFl [nm] = 0.2221εr + 527.77 (r = 0.994) (7) 
� $��Í{ 16 �Û&ÜÝ	ÛQ�}9�g*-��
�"B�34$bCpoly(16-co-NIPAM)öÎ÷	 600 nm
��Ô-¥¤�
�÷&2�¦]�-# 32˚C(LCST; 
Lower Critical Solution Temperature) µ�`�ú$�
PNIPAM#_§	��2Ò$b(Figure 6, open symbol)C
c	c#/+ poly(16-co-NIPAM)	ÛQ�}9��Í{ 

(15)
acryloyl chloride,
Et3N

N

N

NH

SHN
O

(16)
Scheme 3
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16()	����Bc#�Õ/-Cc	öÎ÷2 451 nm
	8`¨�$b#c���Í{ 16 ©¶	vÇ=w�7
8Ã·ÂÉ�2Ò$bC÷&2�¦]�-# LCSTr1
	 30V32˚C `λFl 
ªz� ��±"É$b(Figure 6, 
full symbol)Cc	 ��±"É
�NIPAM�tÁÉ	Q
øù��J� 16 �tÁÉ1«	Z9��ú$bc#2
�¬$�B-¬	`a��Û&ÜÝ#e8ÜÝ2kÞ$

bßà�'kP789&':;<=#$��Ñ$�B-

c#�Òj],-C789&':;<=#$�	Û'2

1˚C 	&'�¦�J� 3%µ�	78��	���è[
+,-&'��2ÛUìÑ�&'­®#4¯6-#�

poly(16-co-NIPAM)
�28.5V32.5˚C`�Ñ$�c	&'
­®��B� 1˚Cab�	����� 2.8 nm`a-78
9&':;<=`a-c#�Õ/�bC 
 
���� ���

 
� 789&':;<=	e8ÜÝ#$���î"5t�

'2�6- 3 Ä	 6-s¼½°½°<¸;�2 Ä	 1,4-¾
;Êl°<¹;/0 8-s¼½°½°<¸;�1 Ä	 1,4-
¾;Ê»s¹;/0 8-s¼½°½°<¸;2ÍR$bC
BÖ,	�Í{¬ QxAlaMA J����!�op�Jq
78Ã·ÂÉ�2Ò$�λFl#εr#	#�
°$	ø¨¨
��a�bC�	Ð`¬�Í{ 15 �0¬���!�Ý
�6-c#�Õ/�bC�±ÍR$b789&':;<

=(poly(16-co-NIPAM))
�28.5V32.5˚C 	­®��B�
2.8 nm/˚C 	���`�Ñ6-:;<=`a-c#�Õ
/�bC 
 
 
 

���	
��

�

4�	�[\]^_N`abc�

� ²Ù
 Mel-Temp apparatus 2�B�34$bC³æo
pÃ·ÂÉ�
�JASCO FT/IR-230 Fourier Transform 
Infrared Spectrometer2�´æìµopÃ·ÂÉ��Jq
78Ã·ÂÉ�
��,~,¶&:���m=rT	

JASCO V-550 UV/VIS Spectrophotometer �Jq JASCO 
FP-777 Spectrofluorometer 2�B�T�bC1H-NMRÃ·
ÂÉ�
 JEPL LNM-LA400D FT-NMR Spectrometer 2
�B�34$�Me4Si 2MÜ·¸#$��BbCN�k
]
 Perkin Elmer 2400 Series II CHNS/O 2�B�T�bC
&'34
ÂÇº�−s�º�Q�52�B�T�bC 
�

4���()de�

2-���-6-�������	
(1)��
 11)

� 2-¹wÇ°±°½°<¸;(4.40 g, 30 mmol)�º»Ð
`¼�?(51 mL)2�*bA�½?<¸DE(3.31 g, 30 
mmol)2 30k#/Ô�|$Ö"�*�¾&` 2J#¿À
$bC��Î÷2º(300 g)�>Á),�]ô$bÂ�2
Ã¤$�@bA�ö`ÄÅ$�Æ?/+Ç+\6-c#

`È��	ÉQ+\#$� 2-¹wÇ°±-6-tÉÇ°½
°<¸;(4.86 g, 85%)2@bC$��2-¹wÇ°±-6-tÉ
Ç°½°<¸;(3.98 g, 20.8 mmol)2�ö¹l°<;#�
ö DMF 	OÍÎÏ(20/1, 84 mL) �Î�$�º»Ð`�
�»lt�(15 mL, 209 mmol)2Êú$bA�90ËC` 25
J#�Q¿À$bC��Î÷2ºÌ$�]ô$bÂ�2

ÃÍ6-c#`?x�Í{(1)2È��	ÉQ+\(2.82 
g, 64%)#$�@bCmp: 199˚C(decomp.); 1H-NMR(δ, 
CDCl3, 400 MHz): 8.20 (1H, d, J = 9.2 Hz, C8-H), 8.60 (1H, 
dd, J = 2.4 and 9.2 Hz, C7-H), 8.95 (1H, s, C3-H), and 9.04 
ppm (1H, d, J = 2.4 Hz, C5-H).; IR(KBr): 3052(νC-H), 1527 
and 1354 (νNO2), and 743 cm

-1(νC-Cl). 
2,3-����	�-6-�������	
(2)��
 12)

� 4-tÉÇ-1,2-"5t¯;¹s¼;(5 g, 33 mmol)#±h
D?�öû{(15 g, 166 mmol)2ÎÏ`Ð!�OÍ$bA�
160˚C ` 3 J#�QMÑ$bC��Î÷2¾&A`ÌÒ
$�3M�?öÎ÷(8 mL) 2�*�Ã¤$bA�ÓÔ2
ö(50 mLÕ3)#ºt½=�(50 mL)`ÄÅ$��ö/+Ç
+\6-c#` 1,4-¹¹wÇ-6-tÉÇ°½°<¸;-2,3-
¹l;2Ö�×Ø(5.9 g, 87%)#$�@bC$� 1,4-¹¹
wÇ-6-tÉÇ°½°<¸;-2,3-¹l;(4 g, 19 mmol)2
ÙÚ¹l°<;#ÙÚ DMF	OÍÎÏ(6/1, 70 mL)�Î
�$bA�º»Ð`��»lt�(12 mL, 167 mmol) 2Ê
ú$� 110˚C` 3J#�QMÑ$bC��Î÷2¾&A

�������7
 @��
������
������7>>�
��5���
��f�����6�
�
�����������
���λ

��

�5�������f�����6����>
>	�

Fg�h� �8������ �������
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`ÌÒ$�{ÛÜÝ$bA�ÓÔ2Æ?�»�(150 mL)
�Î�$�ö(100 mLÕ3)#Þûß�ö(100 mL)`ÄÅ
$bC��à2�ö�?áÉ¸DE`ÙÚ$�ÎÏ2{

ÛÜÝ$bAâ°<;/+Ç+\$�?x�Í{(2)2
G�Â� (3 g, 63 %)#$�@bCmp: 151-153˚C; 
1H-NMR(δ, CDCl3, 400 MHz): 8.21(1H, d, J = 9.3 Hz, C3-H), 
8.60(1H, dd, J = 2.4 and 9.3 Hz, C7-H), and 9.84 ppm(1H, d, 
J = 9.3 Hz, C5-H); IR(KBr): 3057(νC-H), 1527 and 1356(νNO2), 
917 and 833(γC-H), and 741 cm-1(νC-Cl). 
2-��� 2,3-��(4’-������)-6-�������	

��


����2-(4’-��� ����)-6-�������	

(3a)��

� 2-ÂÇÇ-6-tÉÇ°½°<¸;(1)(421 mg, 2.0 mol) #
p-ºÉ°±"5t�>Ç;?(336 mg, 2.2 mmol)�ãÃ(É
¸"5t��Ã"ä;)BC¹DE(II)¹ÂÇ¸w(74 mg, 
0.1 mmol)�É¸"5t��Ã"ä;(52 mg, 0.2 mmol)�
¹l°<;(20 mL)# 2MF?áÉ¸DEöÎ÷(2 mL)2
�* 17J#�QMÑ$bC��Î÷2¾&A`ÌÒ$b
A�]ô$bÂ�2Ãþ$�ÓÔ2ÂÇÇ��E(150 mL)
�Î�$�ö(100 mLÕ3)#Þûß�ö(100 mL)`ÄÅ
$bC��à2�ö�?áÉ¸DE`ÙÚ$bA�ÎÏ

2{ÛÜÝ$�?x�Í{(3a)2��Â�(472 mg, 84%)
#$�@bCmp: 236˚C(decomp.); 1H-NMR(δ, CDCl3, 400 
MHz): 3.93(3H, s, CH3), 7.12(2H, d, J = 8.8 Hz, C3’-H and 
C5’-H), 8.23(2H, d, J = 8.8 Hz, C2’-H and C6’-H), 8.26(1H, d, 
J = 8.8 Hz, C8-H), 8.54(1H, dd, J = 2.9 and 8.8 Hz, C7-H), 
9.00(1H, d, J = 2.9 Hz, C5-H), and 9.46 ppm(1H, s, C3-H); 
IR(KBr): 3053 and 2901(νC-H), 1523 and 1341(νNO2), 1256 
and 1028(νC-O), and 833 cm-1(γC-H); Anal. Calcd for 
C15H11N3O3�0.05H2O: C, 63.85; H, 3.97; N, 14.89. Found: C, 
63.59; H, 3.90; N, 14.84. 
2-(4’-�!�!"����)-6-�������	
(3b): 
p�  67%; mp: 232˚C; 1H-NMR(δ, CDCl3, 400 MHz): 
2.59(3H, s, CH3), 7.44(2H, d, J = 8.7 Hz, C3’-H and C5’-H), 
8.22(2H, d, J = 8.7 Hz, C2’-H and C6’-H), 8.26(1H, d, J = 9.2 
Hz, C8-H), 8.55(1H, dd, J = 2.4 and 9.2 Hz, C7-H), 9.01(1H, d, 
J = 2.4 Hz, C5-H), and 9.47 ppm(1H, s, C3-H); IR(KBr): 3053 
and 2923(νC-H), 1548 and 1341(νNO2), 1411, 1296 and 
670(νS-C), and 824 cm-1(γC-H); Anal. Calcd for C15H11N3O2 
S�0.6H2O: C, 58.47; H, 3.99; N, 13.64. Found: C, 58.74; H, 
4.07; N, 13.41. 
2-(4’- #�����)-6-�������	
(3c): p� 
55%; mp: 254-256˚C; 1H-NMR(δ, CDCl3, 400 MHz): 
7.91(2H, d, J = 8.4 Hz, C2’-H and C6’-H), 8.33(1H, d, J = 9.2 

Hz, C8-H), 8.40(2H, d, J = 8.4 Hz, C3’-H and C5’-H), 8.60(1H, 
dd, J = 2.6 and 9.2 Hz, C7-H), 9.07(1H, d, J = 2.6 Hz, C5-H), 
and 9.52 ppm(1H, s, C3-H); IR(KBr): 3060 and 2924(νC-H), 
2228(νC-N), 1534 and 1350(νNO2), and 848 cm

-1(γC-H); Anal. 
Calcd for C15H8N4O2�0.4H2O: C, 63.56; H, 3.13; N, 19.77. 
Found: C, 63.37; H, 2.89; N, 19.85. 
2,3-�(4’-��� ����)-6-�������	
(7): 
p� 63%; mp: 151-153˚C; 1H-NMR(δ, CDCl3, 400 MHz): 
3.86(6H, s, CH3), 6.89-6.92 (4H, m, C3’-H and C5’-H), 
7.54-7.58 (4H, m, C2’-H and C6’-H), 8.22(1H, d, J = 9.4 Hz, 
C8-H), 8.48(1H, dd, J = 2.6 and 9.4 Hz, C7-H), and 9.01 
ppm(1H, d, J = 2.6 Hz, C5-H); IR(KBr): 3064(νC-H), 1523 and 
1341(νNO2), 1248 and 1028(νC-O), and 841 cm

-1(γC-H); Anal. 
Calcd for C22H17N3O4�0.3H2O: C, 67.27; H, 4.52; N, 10.70. 
Found: C, 67.31; H, 4.38; N, 10.41. 
2-��� 2,3-��(4’-������)-6-#$�����	

��


����2-(4’-��� ����)-6-#$�����	

(4a)��

� 10%BC¹DEF�(30 mg) ��ö THF (10 mL)2�
*ö�å®æú` 30 k#çMN$bA�2-(4’-ºÉ°±
"5t� )-6-tÉÇ°½°<¸; (3a) (101 mg, 0.34 
mmol)	�ö THFÎ÷2�* 30k#ö�I�2T�bC
HÏ2Ãþ$�ÎÏ2{ÛÜÝ$bA�s�¼á<CE

ÂÇ²É=C"ä=(èdÎÏéÆ?�»�éâ°<; = 
2 : 1)�J�êë$�?x�Í{(4a)2��Â�(15 mg, 
17%) #$�@bC mp: 198˚C(decomp.); 1H-NMR(δ, 
DMSO-d6, 400 MHz): 3.84(3H, s, NH2), 6.94(1H, d, J = 2.3 
Hz, C5-H), 7.09(2H, d, J = 8.8 Hz, C3’-H and C5’-H), 7.23(1H, 
dd, J = 2.3 and 9.0 Hz, C7-H), 7.75(1H, d, J = 9.0 Hz, C8-H), 
8.16(2H, d, J = 8.8 Hz, C2’-H and C6’-H), and 9.21 ppm(1H, s, 
CH3); IR(KBr): 3646 and 3336(νN-H), 3062(νC-H), 1233 and 
1021(νC-O), and 837 cm-1(γC-H). 
2-(4’- #�����)-6-#$�����	
(4c): p� 
quant.; mp: 232˚C(decomp.); 1H-NMR(δ, DMSO-d6, 400 
MHz): 6.94 (1H, d, J = 2.4 Hz, C5-H), 7.28(1H, dd, J = 2.4 
and 8.7 Hz, C7-H), 7.80-7.86(2H, m, C2’-H and C6’-H), 
7.96-7.99(2H, m, C3’-H and C5’-H), 8.39(1H, d, J = 8.7 Hz, 
C8’-H), 9.33 ppm(1H, s, C3-H); IR(KBr): 3418(νN-H), 
2222(νC-N), 1621(δN-H), and 828 cm-1(γC-H). 
2,3-�(4’-��� ����)-6-#$�����	
(6): 
p� quant.; 1H-NMR(δ, DMSO-d6, 400 MHz): 3.77(6H, s, 
CH3), 6.05(2H, s, NH2), 6.87-6.92(4H, m, C3’-H and C5’-H), 
6.94(1H, d, J = 2.5 Hz, C5-H), 7.22(1H, dd, J = 2.5 and 8.9 
Hz, C7-H), 7.31-7.38(4H, m, C2’-H and C6’-H), and 7.44 



�

��
�

ppm(1H, d, J = 8.9 Hz, C8-H); IR(KBr): 3438 and 3378(νN-H), 
1606(δN-H), 1295(νC-N), 1244 and 1026(νC-O), and 835 cm-1 
(γC-H). 
1,4-%
&"���
��� 1,4-%
&!#�
'( 8-
�������	
��


���: 8-���-12H-5-"��-6,11,12-�	#)*�+
,
(7)��
    
� s�ì;å®æú`�2,3-¹ÂÇÇ-6-tÉÇ°½°<
¸;(2) (245 mg, 10. mmol)# 2-s¼½"5½=�(110 mg, 
1.0 mmol)2�ö DMF Ð�F?<¸DE(210 mg, 1.5 
mmol)gPú` 3 J#�QMÑ$bCÎÏ2{ÛÜÝ$
bA�ÓÔ2 THF (130 mL)�Î�$Þûß�ö(30 mL)
`ÄÅ$���à2�ö�?²=�±DE`ÙÚ$bC

ÎÏ2{ÛÜÝ$bA�±¸<í�<CEÂÇ²É=C

"ä=(èdÎÏéÉ��;éÆ?�»� = 7 : 1)`êë
6-c#`?x�Í{(7)2��Â�(56 mg, 20 %)#$�
@bCAb�WXY9�`a- 8-tÉÇ-12H-5-l°<
-6,11,12-É¸sîá"t:;(8)2��Â�(8 mg, 3%) #
$�@bC(7) mp: 350˚C (decomp.); 1H-NMR (δ, DMSO-d6, 
400 MHz): 6.83 (1H, d, J = 7.6 Hz, C2-H), 6.90 (1H, d, J = 
8.8 Hz, C1-H), 6.95 (1H, d, J = 7.1 Hz, C3-H), 6.99 (1H, d, J = 
8.0 Hz, C4-H), 7.48 (1H, d, J = 8.8 Hz, C10-H), 8.11 (1H, dd, J 
= 2.3 and 8.8 Hz, C9-H), 8.15 (1H, s, C7-H), and 11.1 ppm 
(1H, s, N12-H); IR (KBr): 1515 and 1355(νNO2), 1080(νC-O), 
and 744 cm-1(γC-H); Anal. Calcd for C14H8N4O3�0.49H2O: C, 
58.17; H, 3.13; N, 19.38. Found: C, 58.34; H, 2.69; N, 19.02. 
(8) mp: 350˚C (decomp.); 1H-NMR (δ, DMSO-d6, 400 MHz): 
6.80 (1H, d, J = 7.8 Hz, C3-H), 6.85 (1H, d, J = 7.8 Hz, C2-H), 
6.95 (1H, d, J = 3.9 Hz, C4-H), 6.97 (1H, d, J = 4.6 Hz, C1-H), 
7.57 (1H, d, J = 8.8 Hz, C10-H), 8.00 (1H, dd, J = 2.6 and 8.8 
Hz, C9-H), 8.07 (1H, s, C7-H), and 10.9 ppm (1H, s, NH); IR 
(KBr): 1516 and 1343(νNO2), 1080(νC-O), 971 and 838 
cm-1(γC-H).  
3-�!�-8-���-12H-5-"��-6,11,12-�	#)*�+
,
(9): p� 10%; mp: 295-296˚C; 1H-NMR (δ, DMSO-d6, 
400 MHz): 2.18 (3H, s, CH3), 6.70 (1H, d, J = 7.6 Hz, C1-H), 
6.77 (1H, d, J = 6.7 Hz, C2-H), 6.80 (1H, s, C4-H), 7.44 (1H, d, 
J = 7.3 Hz, C10-H), 8.09 (1H, d, J = 9.5 Hz, C9-H), 8.12 (1H, s, 
C7-H), and 11.0 ppm (1H, s, NH); IR (KBr): 1518 and 
1335(νNO2), 1101(νC-O), 965 and 810 cm

-1(γC-H); Anal. Calcd 
for C15H10N4O3 � 0.03H2O:C, 61.22;H, 3.43;N, 19.04.  
Found: C,61.11 ;H, 3.44;N, 19.04.   
3-�!�-8-���-5H-12-"��-5,6,11-�	#)*�+
,
(10): p� 4%; mp: 300˚C; 1H-NMR (δ, DMASO-d6, 
400 MHz): 2.19 (3H, s, CH3), 6.70 (1H, d, J = 8.2 Hz, C3-H), 

6.79 (1H, d, J = 8.2 Hz, C4-H), 6.81 (1H, s, C1-H), 7.57 (1H, d, 
J = 8.8 Hz, C10-H), 8.00 (1H, d, J = 8.8 Hz, C9-H), 8.06 (1H, s, 
C7-H), and 10.8 ppm (1H, s, NH); IR (KBr): 1518 and 
1342(νNO2), 1080(νC-O), 972 and 813 cm

-1(γC-H).
8-���-12H-5-!#-6,11,12-�	#)*�+,
 (11):
p� 85%; mp: 327˚C (decomp.); 1H-NMR (δ, DMSO-d6, 400 
MHz): 6.87 (1H, d, J = 7.6 Hz, C2-H), 6.91 (1H, d, J = 7.6 Hz, 
C1-H), 7.06 (2H, d, J = 7.6 Hz, C3-H and C4-H), 7.44 (1H, d, J 
= 9.0 Hz, C10-H), 8.11 (1H, dd, J = 2.7 and 9.0 Hz, C9-H), 
8.20 (1H, d, J = 2.4 Hz, C7-H), and 10.8 ppm (1H, s, NH). IR 
(KBr): 3374 and 3311(νN-H), 1616(δN-H) 1543 and 1350(νNO2), 
833 and 742 cm-1(γC-H); Anal. Calcd for C14H8N4O2S: C, 
56.75; H, 2.72; N, 18.91. Found: C, 56.88; H, 2.47; N, 18.68.
8-���-5H-12-!#-5,6,11-�	#)*�+,
(12): p
� 12%; mp: 320˚C; 1H-NMR (δ, DMSO-d6, 400 MHz): 6.91 
(2H, d, J = 8.5 Hz, C2-H and C3-H), 7.08 (2H, d, J = 7.3 Hz, 
C1-H and C4-H), 7.65 (1H, dd, J = 2.3 and 8.9 Hz, C10-H), 
8.00 (1H, dd, J = 2.7 and 8.8 Hz, C9-H), 8.05 (1H, s, C7-H), 
and 10.6 ppm (1H, s, NH); IR (KBr): 3377 and 3309(νN-H), 
1617(γN-H), 1522 and 1350(νNO2), 831 and 742 cm

-1(γC-H). 
1,4-%
&"���
��� 1,4-%
&!#�
'( 8-
#$�����	
��


����8-#$�-12H-5-!#-6,11,12-�	#)*�+,

(15)��

� 10%BC¹DEF�(62 mg) ��ö THF (10 mL)2�
*ö�å®æú` 30k#çMN$bA�8-tÉÇ-12H-5-
l°< -6,11,12-É¸sîá"t:; (7)(429 mg, 1.45 
mmol)	�öTHFÎ÷(200 mL)2�* 45J#ö�I�2
T�bCHÏ2Ãþ$�ÎÏ2{ÛÜÝ$bA�ÂÇÇ

��E/+Ç+\6-c#�J�?x�Í{(15)2Ö�
Â�(315 mg, 82%)#$�@bCmp: 326˚C; 1H-NMR (δ, 
DMSO-d6, 400 MHz): 5.49 (2H, s, N8-H), 6.60 (1H, dd, J = 
2.2 Hz, C4-H), 6.75 (1H, t, J = 7.6 Hz, C3-H), 6.80 (1H, d, J = 
7.6 Hz, C1-H), 6.86 (1H, dd, J = 2.4 and 8.8 Hz, C2-H), 6.97 
(1H, dd, J = 2.4 and 8.8 Hz, C9-H), 7.01 (1H, d, J = 8.8 Hz, 
C7-H), 7.18 (1H, d, J = 8.8 Hz, C10-H), and 9.70 ppm (1H, s, 
N12-H); IR(KBr): 3449 and 3339(νN-H), 1477 and 1301(νC-N), 
917, 823, and 747 cm-1(γC-H); Anal. Calcd for C14H10N4S�
0.06H2O: C, 63.14; H, 3.78; N, 21.04. Found: C, 62.88; H, 
3.81; N, 20.95. 
8-#$�-12H-5-"��-6,11,12-�	#)*�+,
(13): 
p� 21%; mp: 267˚C (decomp.); 1H-NMR (δ, DMSO-d6, 400 
MHz): 5.37 (2H, s, N8-H), 6.57 (1H, s, C7-H), 6.71 (1H, d, J = 
7.1 Hz, C1-H), 6.74 (1H, d, J = 8.0 Hz, C10-H), 6.78 (1H, s, 
C9-H), 6.88 (2H, d, J = 8.0 Hz, C2-H and C3-H), 7.17 (1H, d, J 



�

����

= 8.5 Hz, C4-H), and 9.92 ppm (1H, s, N12-H); IR (KBr): 3301 
and 3221(νN-H), 1199(νC-O), 824 and 746 cm-1(γC-H). 
3-�!�-8-#$�-12H-5-"��-6,11,12-�	#)*�+
,
 (14): p�  quant.; mp: 306-307˚C; 1H-NMR (δ, 
DMSO-d6, 400 MHz): 2.15 (3H, s, CH3), 5.33 (2H, s, N8-H), 
6.55 (1H, d, J = 2.4 Hz, C7-H), 6.59 (1H, d, J = 7.8 Hz, C2-H), 
6.69 (1H, d, J = 8.4 Hz, C4-H), 6.70 (1H, s, C1-H), 6.76 (1H, 
dd, J = 2.4 and 8.4 Hz, C9-H), 7.14 (1H, d, J = 8.4 Hz, C10-H), 
and 9.80 ppm (1H, s, N12-H); IR (KBr): 3318 and 3216(νN-H), 
2916(νC-H), 1200(νC-O), 858 and 830 cm-1(γC-H). 
8-(#�	�-�)#$�-12H-5-!#-6,11,12-�	#)*
�+,
(16)��

� �Í{ 15 (52 mg, 0.20 mmol)#É¸�»�s¼;(41 
µL, 0.29 mmol)	�ö DMFÎ÷(5 mL)���sÂ¸Ç^
�(24 µL, 0.29 mmol)2�*� 8J#¾&`¿À$bCÎ
Ï2{ÛÜÝ$bA�s�¼á<CEÂÇ²É=C"ä

=(èdÎÏéÆ?�»�éâ°<;ï2:1)`êë$�?
x�Í{(16)2ð�Â�(29 mg, 46%)#$�@bCmp: 
287˚C; 1H-NMR(δ, DMSO-d6, 400 MHz): 5.79(1H, dd, J = 
1.8 and 10 Hz, CH2=CH), 6.29(1H, dd, J = 2.0 and 17 Hz, 
CH2=CH), 6.45(1H, dd, J = 10 and 17 Hz, CH2=CH), 
6.83-6.85(2H, m, C1-H and C3-H), 7.04(2H, t, J = 7.6 Hz, 
C2-H and C4-H), 7.40(1H, d, J = 8.8 Hz, C10-H), 7.63(1H, dd, 
J = 2.3 and 8.9 Hz, C9-H), 8.03(1H, d, J = 2.2 Hz, C7-H), 
10.1(1H, s, N12-H), and 10.3 ppm(1H, s, CONH); IR(KBr): 
3282(νN-H), 3061 and 3005 (νC-H), 2956(νC=O), and 1678 
cm-1(νC=O). 
poly(16-co-NIPAM)��

. N-^�ÀÇ®�sÂ¸�s¼w(NIPAM; 280 mg, 5 
mmol)��Í{ 16 (0.8 mg, 5 µmol)�α,α’-sÊãÃ^�v
»ÇtÉ¸�(4.1 mg, 50 µmol)2¹l°<;(10 mL)�Î
�$bC��Î÷2ñCÃë	s;À�»h=v�),

� 5˚C` 30k#£�òv�2T�bA�60˚C` 8J#
�Í2T�bCºÌ$bA���÷2¹�»��=ó�

(200 mL)�>Á�Î�Çôõ
2T×c#`�poly(16-co- 
NIPAM)2 82%	p�`@bC 
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