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Reactions of 4-hydroxycoumarins with 

N-methylquinolinium derivatives and their potential 

applications 

 

 

An oxazabicycle derivative 5a was efficiently synthesized by 

coupling of 7-dimethylamino-4-hydroxycoumarin 10 with  

N-methyl-2-phenylquinolinium iodide 18 and to investigate its 

fluorescence redox-switching properties. Chemical reduction of this 

strongly fluorescent oxazabicycle results in the ring-opened product with 

a distinct decrease in emission intensity. The resulting ring-opened 

species can be swiftly reverted to the original ring-closed forms by DDQ 

oxidation. 

     A novel coumarin and phenanthridine-fused heterocycle and an 

oxazaspiropyran derivative 6a were also prepared by first base-mediated 

condensation of coumarins 19 and N-methylquinolinium salts 15, and 

followed by sodium borohydride reduction. The former was found to 

possess redox switching properties; the later, with suitable modifications, 

may have the potential to function as a photochromic colorant. 
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1.1 �������� 

M3 ��(molecular switch)ZG ez f è g < h $ ò i = M3

�R^ 2 3 j �Éô @ [�X1kÃt l i 2 |<
Üä m n XoM

3 p q , �M3 ��Þ�R(`;)<F Y 2Xs5M3 2 3 RÞ� 3

RX7 r Bs t Ë " # Þuv w w � x 3 Zkqæ M3 sb y L = <

z G Xés l i<�R j ��� {  (x o|�� ���u��}~ �

�R)X � kz/ < � � � Z�R<� 2 �R<Þ�< � � � � B þ

�^B��w\� � �� � ��X� Ü� �� � ���R' I��X

Ó 8ô) _ � � � �`;RÞ`;�R � � Pq � w� Z� �� � 2

|)��î ï k � � ' Pq � Xt" # � / Þz/ <� �� � �Z-

Ü<w 

� � qæ ��� �� � ��<3 ' Z � :qæ � �� � a�< 3 �

| [��� |(control unit)]X l � � � PÃ � æ < · �� � L <� �

� [ x o|�� �	 
  (bistable system)]Òs5��u�� [a� �

| (active unit)]X l � � � k��� |<� ��� ? w2 ��� |M

3 ��< 	 
 ók � �� � þ �X� ä � ��< L = � ZX�U Z $

% � k � è� , è Q <� �� � t (x o M(n+1)+/Mn+))X3,4 o�q y

�í <w 
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           1-1                                  1-2 

 
            1-3 

Goulle, V.; Harriman, A.; Lehn, J. M. J. Chem. Soc., Chem. Commun. 1993, 1034 
 

�q� # $ % É� �� � �� 

 

� � Q � # $ % <M3 �� 	 
 ä w � � � X � # (1)M3 ' I�

��(2)L = � :;ÉU <� D Xs5c �< � L < ëw5eütÃ

uv  ä% �R (all organic) Þ 2 �R<��M3 ��ä w k <T

¡wQ ¢ Eiê * w � j £ u�< ä% M3 ��Xs5 ¤ i<3 '

� (XôsÜ8 ¥ Ó 8Eiuv ¦ <��� �� � ��<&? @

Aw 

kÃ ä% � �� � ��P § Üb� ä � ¨ © Xeü� � B " #

uv < 0 1 é < � X¢�B " # j s < 0 1 � quinonew 
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P 2003ªXBittnerÞ ¤ <· � « � quinone � , r � ) stilbene

b ¬ � � X6 U ` ¦ 1 < ­ -� , 	 
 X®äqå V¯<���� ' °     

yqæ a�<� �� � �� ± ��w7,8 quinone Z w ² < 2 3 � , X

P � �ô ³ ����´ Ã��Ò 9,10ò�³ �<å V� k � �� � <

2 |Xú= q µ : quinone-hydroquinone< 	 
 wstilbene � u�i =

� / <�� � ? XM3 � 2 3 þ ¶ Zók stilbene B� u° · £ <

quinone � , woüq8Xu\ stilbeneB � � � � ù quinonebXú

= q µ : stilbene-linked hydroquinonesX ¸ ôsð ñ ^Z ¶ ¹ Q æ ³

�<å 
wQ æ $ × R< 	 
 ôss9 Ñ �{�í : 

 
 

�{� & ä% ��� �� � ��3 ' � ( 

 

º » Q æ d Ð Xä% <� �� � t quinone/hydroquinone r óô

sÜ8��# ä stilbene ¼ <u��:;��É ½ ¾X® ¥ $ ¥ ½

¾w ¿ Ü chloro-naphthoquinone�À� �Ü8þ ¶ amino stilbenesX

i = ��Ì & B³ �XÉÀ quinonic moiety B � � = hydroquinonic 

moiety X U `î <��Xo�)y �í <w 

 

quinone Stilbene hydroquinone Stilbene 
[H] 

[O] 
Non-fluorescent  fluorescent  
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NaBH4

N
H

Cl

OH

OH

R

��� ���

1-4 1-5

Sutovsky, Y.; Likhtenshtein, G. I.; Bittner, S. Tetrahedron 2003, 59, 2939. 

 

�)�chloro-naphthoquinone � �� � �� 

 

P 2 0 0 5  ªX B i t t n e r Þ ¤ < · � u�s 2 - c h l o r o - 

1,4-naphthoquinone �+ , < ¦ 1  ä% M3 	 
 ¥ �q� �� � �

�XP' Ib # äq���� 5-dimethylaminonaphthalene (dansyl) Á

Â }b Ã < piperazine ( U Ä , ) wP Å Æ 9 s�:; 1-6úû � P

»X��ÔB Ì & ³ �wkÃM3 � 2 3 Ç $ ù È · t É {Ê� �

2X��P dansyl � u�� <�� � ? B³ �w ^��� � �  

(sodium borohydride) ÀXË¢� � = naphthohydroquinone 1-7�î �

�v \Xo�*: 

 

OH

OH
N N S

O

O

O

O
N N S

O

O

Cl NaBH4 , MeOH, RT

[O]

Cl NN

������ ���

1-6 1-7

Bittner, S. et al. Tetrahedron Lett. 2005, 46, 8427–8430. 

 

�*�s 2-chloro-1,4-naphthoquinone�+ , � �� � �� 

 

P 2006ª»XBittnerÞ ¤ <· � Ì q Í := q ¦ 1 )� = M 
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ä% < � � � � ��X 11 s Î ä b Ã < piperazine � U Ä XP

2-chloronaphthoquinone) 5-dimethylaminonaphthalene (dansyl)ÉU ú

= b ¬ < Ï Ð y I = <Ò� k[� b Ã <U Ä , Xê * Q � ' I<[

�ËÔoÑ _ ` ¢� �� � þ �< j �w 

¦ M3 ��k� L <�� e < carbazoloquinone moietyI = Xó

k NH� U Ä X) 5-dimethylaminonaphthalene (��M3 ) ú= b ¬

< Ï Ð Xdansyl < � u�Ò Ó ôsu v ��XÔP�:; 1-8(�-)

»Ì & B© �Õ (OFF)Xô� ZkÃ Ö � �< dansylM3 � 2 3 þ ¶

° · £ < carbazoloquinone � , w× ò^�� �� � ÀXquinoneÔ Ø

Ù Ì Ú � � �
Xú= hydroquinoneÀ®´ � v ��w�:; 1-8<

��ôsÌ & Ë B© �ÕX< 
 ZPë 3 �RS^ZP Û �}ë 3 �

RS9Xo DMSO� Ü ß Ý /Þ� ß à ^Zß à Xküô X X¢��

³ �)RS Y �w 

 

N
H

OH

OH

H
N S

O

O

N

NaBH4 , MeOH, RT

[O]
N
H

O

O

H
N S

O

O

N

��� ���

1-8 1-9  

�-�s carbazoloquinone�+ , � �� � �� 

 

Psb< 	 
 �X� k�� � �� � �
^[�U Ä ;5��<
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3 � |Xô� ¦ M3 <�� 	 
 <ú= ä� ���Xá ¢PM3 2 3

RÞM3 â \ < ã ä É
Übä w k < m n wy s�í [�U Ä ;<

Ò ëX®Ö Î ä b Ã <è��� L b Ã <' IXH� ' I[�X< Ô

ôst 2 3 < : ; 5 � ? Â O r � _ ` Xåôs[���< j �w 

P 2006 ª»XHummelen Þ ¤ <· � æç ä�sM3 < $ % è

� ä anthraquinone ��W Þéê � thioacetyl �É:= X12 � � ) $

2 Û ë Pq � Xs anthraquinone 	 
 �ì 1 Xtert-butylthio ¼ �À�

�X� � ú= ô @ < 2 �R��Xók� æ 2 3 <� �Þ� � �
X

Ö }~ �< b Ã  ( í H� î X����) ��~ �< b Ã  ( í H�

¯X����)wQ ï j � ð ÜPM3 < 2 3 z G bXs anthraquinone

�� { < $ % è X� � Ü8 ¥ �� � �� � <��wµ ñ <� H Z

� ÜËüM3 
ÜP 2 3 z G X� k¢H 2 ��qô @ <� �� � �

�XÖ î 2 | (�) ù¯2 | (�)X�É] × w¥ _ s anthraquinone

�� { <M3 $ % è Xü�ô @ <��XÖ }~ �< b Ã òí H� î X

����ó��~ �< b Ã  ( í H�¯X����)Xs�.�í w

PQ x 3  �Xanthraquinone ZBÜ8 ¥ � �� � a�< 3 � | 

(��� |)w 
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Van Dijk, Elisabeth H.; Myles, Daniel J. T.; Van der Veen, Marleen H.; Hummelen, 

Jan C. Org. Lett. 2006, 8, 333.  

 

�.�s anthraquinone�+ , � �� � �� 

 

ô Ö tetrathiafulvalene (TTF):= v 8ÀX13 TTF5¢Ý `;�ä

% H , <j � L = � |Xõ ° Z ö H , r ó ÷ Û Ë B " # w14 j £ Q

ø ª8X2 3 < ­ , -� ,  (D-A) s TTF�� , <�:;Xr ó� ù

w � < ù J w ú x 8 û XD-A � # TTF�� , <�:;XsBÜ8

 ü 2 3 þ ¶ ¥ ÜÞM3 ý N2<" # � { É ì 1 w15P 2004ª»X

ZhuÞ ¤ <· � s TTFÞ anthraceneÉ � , �� { X16 þ ç q ¦ <�

�� � ����Xs�/�í w 

    

 

�/�TTF 0 1 2 3 4 5 ú= ��� �� � ��<�í  
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TTF 1 2 3 ­ , <q�ì j �ZX¤ iôsB � �= �� 3 ô k

�Þ � æ �� 3 < 0 1 Xò�Pq} � � £ < 2 | � � 9Zô @ Ë w

eüXQ � TTF 1 2 3 ­ , < 2 3 ­ , É� × X¢ôs � k�R^

2 �R<� �� � �
BÇ ý Xü Ç ý Zô @ <w � Ü TTF 1 2 3

­ , Q ï j �É � � X®ô� s D-A �:;�� { X ¥ v q ¦ <�

�� � ����X Ö Ò ëb8 � XDZ TTF< � , Xò AZ� , <

� , wüq� �� � ����É 	 ¥ % �s9 Ñ 8�í  (�/ó|(1) 

kÃ� � uÀ y i = < 2 3 þ ¶ �
X® photoinduced electron 

transfer (PET)X��Ö TTF< � , = � acceptor � , < � u�XQ �

D-A�:;P� � � 
 \ v � �<��Ò(2) P� �ÉÀXTTF< �

, É 2 3 ­ , <� × ð �Xeü PET�
ËB� 
 XH� �� � î Ò

(3) Ë TTF <�� 3 ô k�� � = ��< TTF � , ÔH� ��ð

�wTTF Þ TTF <�� 3 ô k�ÉU <þ �Zô @ <X y sü 0 <

����< ¥ Ü] Zô @ <w 

    �R<� ��
 � � i = �� � î ôÜ8 � ´ �:; 1-10(�6)

<\] X� � � Ë X� k� � < 2 �R� �Þ� � �
Xôs � ´ �

:; 1-10 <��î ï � � ô @ Ë B��weüq ¦ <� �� � ��

��� � s�:; 1-10�� { �uw�:; 1-10oü � j < j ��

� B � L �j � <�	ÞTTF5 anthracene � , � � ä� �� � < j
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�w 

 

 
Zhang, G.; Zhang, D.; Guo, X.; Zhu, D. Org. Lett. 2004, 6, 1209. 

�6�TTFÉ� �� � �� 

 

Û ' 8 û Xsb y � ù<�� � � � � � � Z � Ü

naphthoquinone�anthraquinone Þ TTF  ¥ ��� ½ Òstilbene�

aminonaphthaleneÞ anthracence ¥ a� � ½ X� kb Ã <U Ä ^Z

}b Ã < b ¬ U Ä X� � �� , � � B� � wkÃ� � r u�< ä

% � �� � ��k � s quinone 	 Ñ �+ , X¢ � � ��� � �	 


� � � � qæ � L <úûXå � Z û X¤ i � � Ã � � ÷ øù� �ú

ûXQ k k © � � l i<-  
Üwx oX� X <� �� � a� � |

t É { ! Pg � , � �ÀX� G � " � ø æ � »Ô # $ � � %& Xå

' Ze� Q æ � " ( F <�ëX w ñ ä X - ? ~ P , ' I<úû<ä

% � �� � ����<­ ) Ø HweüXuv � �� � a�M �ò�
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�� ½ óX l ôs � PÃ � æ < · <� ��� ä· ´< � L �ò��

�	 
 ó* × Zqæ � k < + , P - ã ä <M3 ��XEi . / ôs

3 ' �u¦ 0 <I1 X�É � ä� �� � ��< § � w 
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1.2 �	 
 � �  

    tÃ�� ��� � 8 û ZG �:;� � 1 Hò U `ô @ <� �

��X17ò £ ø ª8X2 qæ � ÜQ �\] é� -  
ÜP 3 Í Ü4

bX ¸ ZsY % ã (+ � Z 5 )K 4 < 6 7 7 Z wo ( Ei Ì ò � 8 V

Ë L 9 �� ��; : ��:;P{�8 �( AÞ B ) 9: ; < · 2 =

> ? <ô @ ��Xò�ù < · < : ; �	Òo�7y í | 

 

 

 

 

 

 

 

 

 

 

�7��:;Ã{�8 � ( AÞ B ) 9: ; < · 2 = > ? Éô @ �� 

 

    ä% ��;u�� ( ;ë� ù� ~ E ? » � Ô : ; q/ 0 <

�X18éË ; 9<� ~ �? �< ? Ì � Â < 6 = Xxk Â < > ? óË

@ P� A B b < · �ë<�Mâ v 8ò U `� �<F C wy s;ë<

� � < Ô);ëM3 ' Iä�X· »å D E ? P;ëb<��ëä

�w�Zq�2 = CXÔP ý æ 2 = C� E äq � / 0 Zô X �(C

µ 400~800 nm � � )Xå E äQ / 0 <� Ì � Â < 6 = �» F Ô U `
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� �<F C wô X �Cµ)� �É� D q G ôÜ�è�í (�A)w 

 

�A�B: ; ÉCµ)� �É� D � 

 
-  bXÂ <� C y F C ù<� �Z;ë : ; ô X � H q/ MC

µÀ ; I �C<� �Xå � Z - ;ë : ; �	< J �wx o H q��

<j k : ; Cµ �max= 520nmX�í ü�� : ; � K �ò 
 \ v L M

�w 

��<' I< · : ¢j k : ; Cµå< ¾ · wo ( �max ¶ � Cµ

� µ<q ê : ü\] N �M| ¶ òbathochromic shiftóX¢� �� O X

å � Zk P ��= K �ùM�w Q R N � O �å 
w�Éo ( �max

¶ � Cµ � S <q ê : N � P | ¶ òhypsochromic shiftóX¢� ��

TXkM�� U �x�= L �XR N �T�å 
w� ��t H q V L

Cµ< : ; î ï � ^ N � W �å 
òhyperchromic effectóX�É : ;

î ï X î N � Y �å 
òhypochromic effectów 

���% � ���� ù� ~ E ? � T � uÀX�R Z < [ \ i =

M3 ' I<[�X� � 2 3 < b � ] � Ë c ] ' :ò�¢ : ; Cµ ¶
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� µCX[�� ^ �R;ë< j �w¦ <�R 1 �;ëkÃPô X �

� � � ä j L < : ; CµXeüò U `¢� �<��w 

    P 1867ªXFritzscheu\ �  tetracene Q æ �:;PR _ 9Z 


\ ` �X19Pók a � E ? 9XÔ Ö ` �R _ $ $ �� Y �R _ Xé

�P b � c d 9X� �P Ö Y �x�%` �wQ Z 2 qæ u\� ä�

� ���ë<�:;(�Aq)w 

hν

heat
orange colorless

 

 

tetracence
 

Fritzsche, J.; C. R. Acad. Sci. Paris. 1867, 69, 1035–1041. 

 

�Aq��� ���ë<�:; 

 

� �  ter Meer åu� potassium salt of dinitroethane P V �9å

� ä�� ��<�ë�\X20òÀ Phipson å> � u� � ' � ¢ l <

� � ��;X 21 P 1899 ªXMarkwald : � � " # �:; 

2,3,4,4-tetrachloronaphthalen-1(4H)-one 1-11P V �<ô @ � ���X

22 ¤  » � � Q � e 6 ô X <��Z  f <;(\] w 
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1-11       

P 1960ª U X�� ��\] Zk;( d Ð  (Mz ~ �a= b � �

X-ray�� � � � �  ) � � � 	 
 � � 
 � � �� � � � � � � � �

7 ��w äÜ g é�� m � Ó 8<" # h i wQ � 
ÜP�� �� �

2 > _ �  (photochromic micro imageÒPCMI) ¿ (Â O�Xl y : ¿

Â ù J <Z� Ë 1245 j < k ó l � P m 6 cm2 bwÔP 1971ª»X

u\ùe��< n o �ëÔH� ä% �� ��;P
Üd e � ù ©

�w 

;ëP� �b< p Ñ [�X< q Ö r �ù s �X^kq� � �ù

yq� � �<þ �X� � t u Ë k Â 0 < 6 = ^Z � k�ÜM��ï

' 1 ò Y �XtÃQ 0 � �<[� : � � v w � � � C w x Xj �ì

<B�ÜP � Á�� w y wüzX� kqæ � z { �< : ; ^ � ? X

ò © ��� T | } < ~ AX¢�j � X <ZsY % ã (+ � Z 5 )K 4

< 6 7 7 Z ; eüP 1980 ª U uv v � n o < spirooxazine Þ

chromene Ý `;Xéuv 
ÜPj � X < 6 7 7 Z bXÔZ £ ª8

ä% <�� ��< � ú 6 7 Xe� } �5 � � r Bs t�Üw� -

bXq � �R;ëôókô @ <��R�
ò Ì Ú � �<�R í � 5

ô @ <;(\] wo�R p q , ���Xô�< 2 NX� 3 | } B <

í � ´´XQ � �� ���:;Á � Þ�:;�_ P ~ A5¢ l ~ A

ä�w 
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 qæ z8<��B¿ Ì »X< 
 Z�R�<^;(�<z8 �

� ;Xf Ô ¿ � � �b<[�^ © ��< � ? Xá ¢Z � �<[�

Zô @ »XQ æ �P<
Ü� � Ô�� � k weüX" # qæ z8<

� � ;ôsBs t Ë 
ÜPô @ �<�R� ���bXò�u\ü U

4 Y 
 Pq G ^¯ � � <Ë ] XP < · < 3 Í bf � s t<�Üw 

qæ ² <ä% �� ��;
� 4 j ä<�ëo9y í w 

1. � �<[�|Q æ ~ Aó Â L z�< E ? Ô � ö U `� �<[�w 

2. ��%ùY �< 8 �| o �<ö V � � Zô��<w 

3. � � <� � � � | � � � � � � Zô X �É � w 

4. � µ< � `T|ó Â � � <� ��èÀü�
 * Z < �<w 

5. Y � � 
 8 �|üY � � 
 8 � � � � � � q � � � �Xj ² Z

Y �w 

�� ���<�:; (photochromic compounds) ZG �R;ë

� ä�� ��<�ëÒ“photochromics”Z`aÜ � Ò“photochromes”

G <Z E ¾ � < � Ò Ò“photochromics”P � T�í E ¾ � < � � w

“chromism”P � � ZG ” � �<ô @ ��”é � � ù¢ l ;(�ë<

<ô @ ��Òò � C Z�í ¿ � � �[�<\] Zs H �zP � � y

¿ � òBM0 5 � � wx o|�� �� (photochromism) ZG � �<

[ � Z ó k q G < L z � < E ? ò U ` < w � � � �

(thermochromism) Z;ëó Â � U ` � �<[�w 2 � ��

(electrochromism) Zg h 2 N^ 2 |< � � òu`� �^� � XU `

ô @ <� ���wRS � �� (solvatochromism) ZG ókRSU `

� �<��w� 3 � �� (ionochromism) Zók� 3 U `� �<�

�´wQ q 	 Ñ � �[�<\] 5
ÜÑ í P�qw23 
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�q�� �[�<\] 5¢
Ü 

 

\]            � � ;                  
Ü 

�� ��;      �              6 7 �� � �� � 4��R@A

� � � p q , Þ��� � Y 2 

� � ��;      �(r � ^U � )  � � �� A� Æ ï ' � Æ ï G í

S� � �  

2 � ��;      2 N            � � � 7 3 �ì í 2 

RS � ��;    RSÛ �        Md �� Y 2�� Y �:;��

: ¥ Ü 

� 3 � ��;    � 3             � �<ú= ��< í �   �G í

2� $ % Y L  

¡ ¢ � ��;   % £ < ¡ ¢  

¤ � ��;     % £ < ¤ ×        � ¥    

 

P 1952ªX FischerÞ Hirshberg u\ spiropyrans Q 0 �:;

� ä� ���X24 ü 0 �:; 1-12 PR _ 9Xî Ã 50¦»sCµ

365 nm E ? »Xv \<� ���� L M�P b � < quinoid  1-13 Þ 

1-14 bipolarXòP^�(25~135¦) E ? Cµ� 600 nm»XÔv \<

� ����§M�Òo�A{ y í XÔü\] � � V , 8 �X: Z <

Ôu`<w 
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N O N N
O O

1-12

hv1

hv2

Spirooxazine Merocyanine

1-13 1-14

 Fischer, E.; Hirshberg, Y. J. Chem. Soc. 1952, 4522. 

 

�A{�Spirooxazines< E �� F  

 

£ ª8�� ��;(photochromic colorant)PR � 5 	 Í f ¿ �

¾  k < ù J w� - bXä% <�� ���:; r s t<
ÜP < ·

<�R z G X25o�R< p q , Þ��òoptical switchingó��R ¨

I;< © � ³ ��3-D<�A@A � � Òo�A)y í ´´w 

spirobenzopyran�:; 1-15 : ; � æ � T  (532 nm) U `�:; 1-16

ò ¥ <$ ¥ ^_ : ; � æ � T  (1064 nm)%ø= �:; 1-15ò U `

ª <$ ¥ w26 

 
 

�A)�ä% �� ���:;<
Ü 
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    × òEi y « [ <ä% �� ��;k � � # �  spiropyrans�

spirooxazines�chromenes�fulgides Þ diaryletheneso�A*w 

 

(a) spiropyrans 

 

(b) spirooxazines 

 
(c) chromenes 

 

 
(d) fulgides 
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 (e) diarylethenes 

Boüas-Laurent, H.; Durr, H. Pure Appl. Chem. 2001, 73, 639–665. 

 

�A*�ä% �� ��;(a) spiropyrans�(b) spirooxazinesÞ(c) 

chromenes (d) fulgides (e) diarylethenes<��R�
 

 

kÃ spiropyran (a)�spirooxazine (b)Xt� � ä < ô @ � (thermal 

irreversibility) 5� ¬ �  (photo-fatigue resistance) <\] X���R

Á � ­ ® uv ¢ l � L < ¦ ' Iw 

    × òXP £ ª<­ ) �X27,28 r Ø H � < · ¯ ° < diarylethenes

<Ý `; ü ��� ��;Òo�A-y í X: Z diarylethenes Ý `;

E ��
q 	 Ñ � ���XkÃ�
Â OZó Â qæ 6-� 2 3 <è�

�
X¢' I � �� L w 
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�A-�diarylethenes Ý `; E ��
¢� ��� 

 

    x_ Q 0 �:; � ä�< < ô @ ��� �< ¬ � 5¯ å V<��

Â OX� � � j � s t: = ¢ Ý `;< + Nw Fulgide(1) and 

1,2-dithienylcyclopentene (2) Ý `;< E �� F Ò29o�A.y í Òò

dithienylcyclopentene Ý `;X¢� ���ôk Y K �ù O P �Ò30o

�A/y í w 

 



 

21 
 

 

hv1

  hv2

X = N, O, S

X
O

O

O

R

R

R R
X

O

O

O

R

R

R R

  if  X=O, R=Me  
�1 max= 366 nm ; �2 max= 490 nm 

                        (1) Fulgide 

S S

F F
F
F

F

F
hv1

  hv2

S S

F F
F
F

F

F

��
���

N
N

O

O
N

N

O

O

N

N

O

O
N

N

O

O

                      

�1 max= 313 nm ; �2 max= 578 nm 

                (2) 1,2-dithienylcyclopentene ��� 

�A.�Fulgide5 1,2-dithienylcyclopentene Ý `;É E �� F  

 

 

 

�A/�dithienylcyclopentene Ý `;¢� ��� 
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eüX� � [ ± 0 ² spirooxazine Þ spiropyran Ý `;t� < �

L �< � � éä � Ã diarylethene < ° Iw ¿ Ü ¦ 1 <M3 ¯ ° ¥ �

�  <�R p q , ��R��´
ÜÉ" # X³ Zqæ ¦ 0 < ´ µ )

� H w 
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1.3 4-������� 

� � �òCoumarinó" ¶ ¦ · ² ¸ ¹�º » ¼ ½ X} ¶ ¾ � ² �

¹w� � �É�R' I% ¿ À 0 XM3 û� C9H6O2w Á Â úûô�

Y �' P �§é�^ Ã Z w 

� � �j Ä Ã 1820ªô � � òTonka beansóò�A6ó� � Åò

�X� � y # � � � ° � 1.5%wÉÀXsÂ 	 := d ûÀ� � × �

Åw 

 

O O O O

OH

Coumarin 4-Hydroxycoumarin  

�A6�Tonka beans�coumarin 5 4-hydroxycoumarin 

 
� � �É + � Ü g � ' � ± Æ U 45 	 Í U 4É + � � A =

MXx o Ç È É Ó §�Á Ü Ê Ë �Ì Í S�� � 45¢ ¤ Ó , Î Ï U

4w 

� � �Ý `;kÃ¢ Ò Ó � � : ; �X× À R s�þ �= > ? d

û � ? v 8XQ k � � äî ��< j �w� � �<Ý `;e� äü j

�ò s tÜÃ í 
 Ð A<Ü g bXo a ���� A5�� � r Sw31, 

32 

yqd e XôÜÃ¯ � � ^ Ñ Ò Ü g Xo}~ ��R ~ A�Ó ?

Ð A�33ä% 2 � u�ì í 2 (OLED)�} Ô Õ � Ö × Ø Y �Ï � �

2 Ù �� Ú Û �� Â ( �� Ü �� Ý ´7 ;�`;a�% IÉ" # 5
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`�^ Þ ( Ø Y 6 S d e w34 

    � � � 6 (Coumarin 6 )|Ü g � Ó ? Ð AwüzPì í 2<
Ü

d e XkÃä% 2 � u�ì í 2 (OLED)ä î § VX¯u�å VX�

T ß Þ� � Ö ô X � ] � u � �� à < § � Xy s� � á Bs t
Ü

P à �� â ì í 2X¢� guest-host doped emitter �ä m  1%L = �

���:;Bð ÜPä% Ã B bXò Coumarin 6e¢ � ä¯T 3 U

V( high quantum yield)X y sBs t<�Ü�u K �< ~ ë w 

O

S

N

N O

����

O

CH3

OHO

����  

� � � 4 (Coumarin 4 )|& � 4-methylumbelliferone P Merck Index 

b ã � � hymecromone� methylumbelliferone 5 4-MUX¢Ü g �

Ó ? Ð Aw 

� � � 0 Ý `; ð Ü} � s XEi- . Å z Üü�+ ' IZ º <

� e� � � � # ä 3 æ �
�W Xo�A7y í Xô Ì Ú � � �
0

1 <" # woPc/| G ^b{ß �äÀ� �ô � ^¢��<å ( X

eü�ÜüÝ `;3 ' ¦ 1 <M3 ¯ ° XÌ Ú ��� �� � ��
Ü
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É" # �¢� H w 

O

OH

ON

������

�������������

	
��
�  

�A7�� � ��
| G H í  
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���� � �  

    Ò - . Å tÃ 4-��� � �Ý `;" # � ªXåuv ¢ ¦ <�


)' IzXé
ÜÃ ¦ <�� �� ~ A^� �� � ��<�uw 

    x oÒ - . Å æ�Ü 4-��� � �) flavylium salt �
ô�ù

s 4-��� � ��+ , < � � � (spiropyran) �:;X35Eiu\�

:;P L z�(352 nm) E ? ÀXÔ Ô Õ � Ò ý è< � � � ' IU `

�è< � �� 3 tã 0 XÌ òä� �<��w ^�� v � T g �è

< � �� 3 tXü� 3 tÔxý èú= � Ò < � � � �:;wå� ä

< · <� ���zX� ä¯ ( F ï <����XE � � ÀÉ' I��

o�{Ay í w 

heat

O O

OMeO

hv

O O

O

OMeO

colorless green
2a 2b

O

 

Org. Lett. 2008, 10, 4823-4826. 

 

�{A��:; 2aÞ�:; 2b E � � ÀÉ' I��í J � 

 

�Ü 7-{ß �ä-4-��� � � 10Xô
ÜÃ��� �� � �

�X� ç è � �� � ��Xu\�è�:;b Ï é À� � ê ë � � �
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< ì �X[��è Ï é b<À� �X� í æ �:; � � ä < · < j

�wî oXP Ï é bÀ� �� ç � 3 XEiu\ Q 0 �:; � ä�P

�� ���ëÒo ( Ï é À� �� � � 3 X : Q 0 �:; � ä�P

���� ���ëw 

Ò - . Å ] ä�us� � ��+ , É��� �� � ��X36�q

�¦ 1 �É� �� � ��Xsq�¦ <�
 d Ð X� L = �
(MCRs)

8 � ¯:= <å V)Û U VX < · ³ ���� (<��� �� � �

�X�� ��)� � �É��� L Xs 7-{ß �ä-4-��� � � 10

) isoquinolinium derivatives ô�ù � H ; � ç )è�:;

(oxazatricycles) ¥ ��P��� �� � ��w � �»� ý è<ú

ûX�ÉX� � »��è��� 3 túûo�{Aq�� ç )è�:

;É� �� � ��' Iy í w 

OO

O
N

N
OO

O
N

N

O

H

close form open form
strongly fluorescent weakly fluorescent

H

3a 3b

 

Org. Lett. 2009, 11, 4064-4067 

 

�{Aq�� ç )è�:;É� �� � ��' I 

 

ü�:;X � ä��u�� 7-{ß �ä-4-��� � � 10X�+
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� ��u��XPý èX� äî ���ëÒ�ÉXP�èX¢��î

ï k k <9 X w� ��» � Ü � �� � 8� � = � � ��:;X �

� À��� 3 t(zwitterion)X� � � 4 y | G � � 3 » ï 2 Xä� I

< 2 3 Ôók� / 2 ð þ ¶ % �(ICT)X��:; 3b<�� ± �X�

è�:;] ô � k � �S(o DDQ^ H2O2)X%øùý è�:; 3aX

Q ôsÜ8 ¥ ���M3 ��wQ � �:;< � � PÃ:= t u � 

�� � �¯U VX� � �)� �� f ¿ Ã} � � L < 8 �X� � À <

� � " �<� " < _ ` ò� �w 

Ò - . Å ys� � ��+ , ä � Ã diarylethenes< ° IX" # ¦

<M3 ¯ ° ¥ ��  <�R p q , �����ÒEis

8-azo-8-methyl-2-oxa-1-phenylbicyclo[3.3.1]nona-3,6-diene� ¯ ° :=

qæ �Pä% ��R���:;X37ü�:;ó Â L z� E ? Àä¾

· <��R��<�ëwEi Ö u À�<�:;Xo 2-ä� É ß Ê�

É ß � �� ^ ;ó Â q 	 Ñ �
Àx) 4-��� � �' :ò= ¦ <

8-azo-8-methyl-2-oxa-1-phenylbicyclo[3.3.1]nona-3,6-diene Ý `;X 

oxazabicycle�� ���:;ÉK 4 Í ñ o�{A{w 
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H2N O

H

O

N
H

O

N
H

OH

O

O

O

N

NaBH4

EtOH

MeOH

O

NH2

CH3I, K2CO3

CH3CN

N

OH

H3PO4 / HOAc

1.  SOCl2, CH2Cl2,

+
15% NaOH (aq)

2. 4-hydroxycoumarin,    
    Et3N, CH2Cl2, r. t.

r. t.

90 oC, 1 hr

r. t. 18hr

r. t. 30min

30 min

4

72%

68%

76%

92%

43%
30min

10min

 

� � � �� 	 
 � � 
 � �� � � � � � � � � � � � � � �  

�{A{�oxazabicycle Ý `;ÉK 4  

 

kÃü:= Í ñ � µ�Û U V� î XEi . / sq�¦ <d Ð K

4 �:; 4Xé � ¯:= <å V)Û U VweüEi[ 3 ' s 7-{ß

�ä-4-��� � � 10) quinolinium derivatives Ì Ú ò :X¢� <P

Ã[Ì � ��)� � �É��� L Xeò3 ' s� ç {è�:; ¥ �

�P��� �� � ��X � �»� ý è<úûX�É� � »��è

��}� 3 túû(�{A)�0 1 q L = �:;��{A*��P
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��� �� � ��)w 

  

 

O

OH

ON

N
I

N
I

N
I

N
I

O O
N

O N

O O
N

O N

O O
N

O N

O O
N

O N

10

15

16

17

18

7a

8a

9a

5a  

�{A)�:= {è�:;É L =  

 

O O
N

OH N

O O
N

O N

O

H

5a 5b
 

�{A*��P��� �� � �� 

 
0 1 {Eiå 3 ' s 4-��� � �Ý `; 198) 1- ß �àáâ ã Ý

`; Ì Ú �
X¢� <PÃ�u spiropyran 0 �P�� ���:;w
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�{A-û � + , �:;< + � L = M3 ��{A.û ��P�� �

���w 

N

N

I

I

O

O

N

O N

O

O

N

O

OH

H

O

O

N

O

N

19

15

17

6a

20a  

 

�{A-�:= s�:; spiropyran�+ , �:;< + � L = M3  

 

O O

O

N

N

O O

O

N

N

6a 6b

��

�

 

�{A.��P spiropyran�� ���:; 
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��� � � � �  

Ei3 ' ):= � ç {è�:; + , <��� �� � ��X� ç

{è�:; + � k{ 0 L = ;|1-ß �àáâ ã 15) 7-{ß �ä-4-

��� � � 10wC D Ë 1- ß �àáâ ã 15) 7-{ß �ä-4-��� �

� 10s ó Ê RS^� ° ôNÀ^�)ß �ä ü �õ� ö �X^�

ôN 4 � »®ô�ù� ç {è�:; 7a�o�{A/�� ç {è�:

;É:= NOy í w 

ü�
 ÷ �ù�:;XÔ�
U Vî (7%) < Z� ² <- . 3 ' X

eü[�- . 3 ' � � � <�
NO�ä� ² < U V5P � q<�


øôÌ = �
XT / ' ( � µ :b ç É � � X�Ü¾ · É�
 6 Sx

ó�ù Y 6 := ú ¾X�
RS{ û ß Ý X�
Æ ï � ü ô��
U

V ¾ t � ü � 45%X�
»U �å l S � 2 � »w 

s� � ÉKOxó[� ý ^õ� ö �S< Æ ï XókË 1- ß �à

áâ ã 15) 7-{ß �ä-4-��� � � 10s{ û ß Ý  RS^� °

ôNÀXPü 8 � ý ^)ß �ä ü �õ� ö �SX�
Ã ý ^ Ì À 5

M þ r Ì = �
X U Vk � 8 7%� ü � 60%weüók^Ad û[

� _ ` U V��X+ � � ¨ PÃ Æ ï ���
P¯Æ 9 u `= :è�

:;XP î Æ 9< Ô`= U ;o�{wüKO� µ :Ei- . 3 ' T

/ ' ( � � � <�
NO�ä� ² < U V5P � q<�
øôÌ = ´
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j �w  

ON O

OH

O O
N

O N

N

Toluene,reflux

CH3I N
I

Et3N

ClCH2CH2Cl,reflux

7a

10

1511

 

�{A/�� ç {è�:; 7aÉ:= NO 

 

�{�6 S^Ad û[� _ ` � ç {è�:; 7a U V�� 

ï �  RS 
�
Æ ï

(¦) 

^õ Æ ï

(¦) 

�
»U

( � ») 
U V(%) 

1 1,2-dichloroethane 83 25 2 45 

2 acetone 56 56 4 7 

3 1,2-dichloroethane 83 83 0.08 60 

º := Î � � Y ¢�
 % IXkõ D Ë � � -OH�bÉ H� 3 X

xó 2 3 þ ¶ À � 	 2-ß �àáâ ã 4 y | G X� � ' I�:;'

:Xxó � / 2 3 þ ¶ Àú= �:;Xo�{A6y í w 
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ON O

OH

N
I

ON O

O N

7a

ON O

O N

+

H

ON O

O N
H

10 15
21

22
 

�{A6�:= � ç {è�:; 7aÉ�
 % I 

 

Ei W T y 3 ' <�:; 7aôs= ��PÉ��� �� � �

�Xo�{A7y í w 

O O
N

OH N

O O
N

O N H

7a 7b

O

 
 
 
 
 
 
 

�{A7�� ç {è�:; 7a<� �� � �
 í J � 

 

�:; 7aósß à �RS) � �� � Ì Ú � � �
ÀX�ù W
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T< U ; 7bwÔ 7bós{ û ß Ý �RS) DDQ Ì Ú � ��
ÀX

Y Ð �ù W T U ; 7aweüy3 ' # äô b � 
 � ��:;X�'

I� L äo Ã� �� � Ì Ú X+ � � 4 { 0 L = ;|2-É �àáâ ã

18) 7-{ß �ä-4-��� � � 10w 

C D 2- É �àáâ ã 18) 7-{ß �ä-4-��� � � 105{ û

ß Ý ^�ôNÀX ý ^)ß ä Ì Ú è��
X®� � ç {è�:;

5aX U V� 60%w:= <�
 g � s�)Aû �w 

ON O

OH

O O
N

O N

N

Toluene,reflux

CH3I
N

I

Et3N

ClCH2CH2Cl,reflux

5a

10

1814

 

�)A�� ç {è�:; 5aÉ:= NO 

 

ü 	 Ñ �:;� 5aôs�ù � ² < U VXe�:; 5a # É � � 7a

<ß ��� L wEi W T y 3 ' <�:; 5aôs= ��PÉ���
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�� � ��Xo�)Aq y í w 

O O
N

OH N

O O
N

O N

O

H

5a 5b  

 
 
 
 

 

�)Aq��:; 5a<� �� � �
 í J � 

�:; 5aósß à �RS) � �� � Ì Ú � � �
ÀX�ù W

T U ; 5bw� 5bós{ û ß Ý �RS) DDQ Ì Ú � ��
ÀX�

ù W T U ; 5aweü3 ' # äô b � 
 � ��:;�' Ia � äo

Ã� �� � Ì Ú X�:; 5a�5bók X-ray P , Q ? « - ' I(o�

)A{)XQ Ì � Ë ì í 
 �� ç {è�:; ¯ ° X - �:;<ú=

k � � 5 � a � 	 � � � � : U ` Â � U ;X¢ � Â � U ; Ì Ú M3

� <è��
Xj À�ù� ç {è�:;w 
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�)A{��:; 5a5 5bÉ X-ray P , Q ? ' I� 

s��1 8 Y L �:; 5a � �(close form))�:; 5b � �

(open form)É���	X Ø Y � » o�)w 
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�)��:; 5a�5bP < · RS9É�� T 3 U V 

Compound Solvent �ex (nm) �em (nm) Stoke’s shift 
(cm-1) (�f)  

5a MeOH 356 415 3994 0.010 

5a MeCN 352 408 3899 0.095 

5a CH2Cl2 353 381 2082 0.263 

5a toluene 345 391 3410 0.378 

5a hexane 336 381 3515 0.504 

5b MeOH 343 403 4341 0.008 

5b MeCN 349 407 4083 0.013 

5b CH2Cl2 343 399 4092 0.017 

5b toluene 345 394 3605 0.014 

5b hexane 337 380 3358 0.255 

 

ü� » < u Ì Ú � ª ¾ � # J XeüËü� » Ì Ú � �Xô � Ì

� Ì Ú � » � � 5 � � Xo�)A)y í w 

 

�)A)��:; 5a5 5bÉ < · RS9É�� T 3 U V 

 

� ç {è�:; 5aP � Ý Þß É RSu v î � <��XÔ��

î ï � RSÛ � � ^ò9 X X^� � � S�� � � ß à R _ »Xu`
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� ç {è�:; 5a<�èXé�ù���� ç {è�:; 5b���� 

� ç {è�:; 5bP� �ä% RS� 
 ���XÔP á � Ý �

�� T 3 U V�� 0.255wP Å Æ DDQ � P9X5bôõ ö ÷ øù 5aX

Ô�ù � �� � 5a Þ 5bÉU � �XÔH� ú= qæ � <M�< �

U 4w 

�:; 5a) 5b P < · RS�ä < · <�� T 3 U VX J ®P

:è^�è< 8 �9 � � ùRSÛ �< _ ` XÔ 5bP}ë 3 �RS

� ë 3 �RS< T 3 U V8<¯Xj � PÃ á � Ý j ��ì XòP:

è 8 �9åZ¾ · 8 �w 

Eixs � ç É�
 ú ¾Ëk 2-ß �àáâ ã 15[�� 3-ß �

àáâ ã 165 4-ß �àáâ ã 178ê * ¢�
�5 W Tô�U ;'

IXo�)A*y í w 

ON O

OH

O O
N

O NN CH3I N
I

Et3N

ClCH2CH2Cl,reflux

ON O

OH

O O
N

O NN CH3I N
I

Et3N

ClCH2CH2Cl,reflux

Toluene,reflux

Toluene,reflux

8a

9a

16

10

10

17

12

13  
 

�)A*�� ç {è�:; 8a) 9a W TÉ:= NO 
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ó�� 6 . ÀXu\ Y Ð �ù W T U ;X� � ¢� eô� Ze�

àáâ ã 3 y | G 5 4 y | G bÉß � Ø , � � k XH� � a�<�

� �Y Ð � 	 4 y cw 

¢ � XEi  � � ü�
Ì òê * 3-! �� � �)àáâ ã É

�
�XC D Ë 7-{ß �ä-4-��� � � 10 ) POCl3P DMF ��


X�ù 3- ! �� � �Ý `; 19w � � Ë 7-{ß �ä-4-��� � �

Ý `; 19Þ 4-ß �àáâ ã 17����s ß à  RSX� k)ß ä< " Þ

è��
Àú= M�<ã 0 �:;X� � X� k� �� � � � :è�

:;X�ùEi<� H �:; 23aw:= NOo�)A-y í w 
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O O

OH

O ON

H

O

N

N

Toluene,reflux

CH3I N
I

Et3N

CH3CH2OH,reflux

N

CH3OH

NaBH4

23a

19

17

O O

OH

N

POCl3

DMF
60� 12h

10

13

 

 

�)A-�� � �Ý `; 23aÉ:= NO 

 

    � k{æ := Í ñ �
ò�<�è�:;ó � �� � � � �


Xú= ô� <qæ ý è� 3 t�:;X� Y ¢ô� <�
 % IXõ

�6 S Et3N � À 4- ß �àáâ ã (17) 4 y | G ß �b< � Xú= �

a 6 S 24X)� � �Ý `; 19 Ì Ú 1,4-^ = �
Xeü " ¹ qM3

Þú= �U U ; 25Òx Ì Ú M3 � è��
 " ¹ qM3 Þú= � L

. # è 30Òxs NaBH4 ß à R _ �
ú= U ; 23awo�)A.�
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:= s� � �Ý `; 23a�+ , É�
 % Iy í w 

O O

OH

H

O

N

N
I

Et3N

O ON

N

23a

N

+

O O

H

O

N

N I

H

H

19

17

24

25

Et3N

-H2O

O ON

N

NaBH4

30  

�)A.�:= s� � �Ý `; 23a�+ , É�
 % I 

 

    23a Pô X �9� U �R _ XÔó DDQ � �Àú= M�R _  

23bXôxók NaBH4 ß à R _ � � Àô� U � U ; 23aXyPµC

9 365 nm 8 �9 � � 23aP < · RS�ä < q � É� ���XÃ 23b

Y ü\] u`ô� e�ú= ã 0 H� �� ± $ Xeüók � � � [ X

ü�:;Pô X �9�ì <� ���Xk � � � U �þ � � ��M

�X�� ä� �� � ���P<
Ü�X�)A/��:;� �� �

�
 í J �w 
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O ON

N

O ON

N

yellow red

23a 23b

DDQ

NaBH4

C

C

Cl

Cl
OH

O
N

N

 

  

���

� 

MeOH�ACN�ACO�DCM�Toluene�EA�n-Hexane    MeOH�ACN�ACO�DCM�Toluene�EA�n-Hexane 

  

� � �

365nm

� 

    MeOH�ACN�ACO�DCM�Toluene�EA�n-Hexane    MeOH�ACN�ACO�DCM�Toluene�EA�n-Hexane 

 

�)A/�� � �Ý `; 23a����23b � �� � �
 í J �5ô X �)

µCµ 365nm � ��� Y 6 � Z  

 

    Eix Ì Ú À� �É[�Ë 7-{ß �ä-4-��� � �Ý `; 19

Þ 2- ß �ß �àáâ ã 15s ß à  RSX � k)ß ä9< " Þè�

�
Àú= M�<ã 0 �:;X � � X � k� �� � ú= :è�:

;X�ùEi<� H ; � � � �:; 6aw:= NOs�)A6ü û
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�w 

O O

OH

O ON

H

O

N

N

Toluene,reflux

CH3I N
I

Et3N

CH3CH2OH,reflux

O

CH3OH

NaBH4

6a

19

15

O O

OH

N

POCl3

DMF
60� 12h

10

N

11

 

�)A6�:= s � � � �+ , �:; 6aÉ:= NO 

 

    �:; 6a<' Ir ók 1H�13C NMR �	5 X-ray P , Q ?

« - (o�)A7)XP� ¢ Eiôs Ì � % ùqæ � � � < ° Iw 
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�)A7��:; 6aÉ X-ray P , Q ? ' I� 

    ò & EiF m n <Z�:; 6a ú= É�
 % IXÃZEi � H

� ¢ô� <�
 % IXo�*Ay í wC D � )ß �ä õ�ã 0 �

:; ¹ ë 3 �ú= qæ ��M3 X � � ) 7-{ß �ä-4-��� � �

Ý `; 19 �
 " ÞXj À � �� � � � ò�ù� � ��+ , < � �

� �:; 6aw 
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N
I

ON

OH

O

O

H

NaBH4

O O

O

N

N

O O

O

N

N

O O

O

N

N

6a

15 19

27

28

H N

29

+

I
H

 

�*A�:= s � � � �+ , �:; 6aÉô� <�
 % I 

 

Ã�:; 6a Ì Ú � ��
W T�ù�è�:;Ôó6 . ÀY

Ð �ù�è�:;(�*Aq)w 

O O

O

N

N

O O

O-

N

N+
hv

∆

���������	�
��

6a 6b  

�*Aq��:; 6aÉ�ë Y 6  
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��� �  
4.1 Ei= § < � q Í ñ ®ô�ù oxazabicycle�:; 5a����5b����

7a����7bw�:;P�èX� äî ���ëX�ÉPý èX¢

��î ï k k <9 X w 

4.2 �:; 5a � � = �:; 5bXX�è�:; 5b ] ô � k � �

S(o DDQ�H2O2)8��è�:;X%øùý è�:; 5aX

Q ôsÜ8 ¥ ���M3 ��w 

4.3  5a����5b�:;< � � PÃ:= t u � �� � �¯U VX

� � �)� �� f ¿ Ã} � � L < 8 �X� � À < � � " �

<� " < _ ` ò� �w 

4.4 yq 0 1 `= � � � �:;�u¦ <� u := d Ð X�Üà

áâ ã )� � �Ý `;� � ö := X�ù 0 ² � � � �:

;X�P ð ÜÃ� �� � ���Xé ü �:= Î � &? w 
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��� � � 	  
 

5.1 ����������	 

5.1.1 Y L �ÜMEL-TEMP'( � Y L 1 X Æ ï Ó ó ) á w 

5.1.2 Mz ~ �	�Ü 1725XFT-IR (Fourier Transform Infrared) M

z ~ �	1 w  _ , � 4 * + Ã , � -  (KBr) ã Z Y L X

V , � 4�Ü , � - . : / Z Y L X�	 � |�C� 

(cm-1)X � Ñ v j L : ; 0 w 

5.1.3 î � d ë	 (Low resolution mass spectroscopy) 5¯ � d ë

	 (High resolution mass, HRMS) ~ 1 2 � Ô 3 / 4 � 1 2

�W � Y X�Ü JOEL JMS-SX/SX 102Aë	1 w 

5.1.4 X � � P Q ? X~ 1 2 � Ô�/ 4 � 1 2�W � Y X�Ü

Bruker AXS SMART-1000 � P Q ? 1 P�RM3 <) 5 '

I 6 L ¢ Z µ5 Z ì <' IMd w 

5.1.5 � a = b � �	�Ü Varian Unity 300 (300 MHz solars 

system)Xca= b � �	�Ü Varian Unity 300 (75 MHz 

solars system)wY 6 � 4Ü 7 û 8  (CDCl3)�ß à (methanol-d6) 

�RSXs* ß � 5 Ý  (tetramethylsilane) � � / � 9  

(internal standard)w�R| ¶ s ppm �� |XJ � � ò : �

� (coupling constant)X� |� HzwM \ úû (splitting pattern) 

L 9 o9| s� � 0  (singlet)Òd��� 0  (doublet)Ò t�

)� 0  (triplet)Ò m�� � 0  (multiplet)w 

5.1.6 � : q ; M� (Column chromatography) �Ü < 2 = > 7 ? 

(E. Merck) Silica gel 60 (230-400 mesh) 1 5 @ w 

5.1.7 Ã : � : M� (Thin layer chromatography) �Ü < 2 = > 7
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? Silica gel 60 F254 1 Ã : � : M� Z w � Ü L z� A  (UV 

light) r � � � ^s 5% B C À  (phosphomolybdic acid) É

ß à R _ D E F G P Ã : � : M� Z bÀX^��Éì �w 

5.1.8 ð ¤ W l �Ü BÜCHI R114ô H I u 1 Þ SIBATA WJ-20�

èÞN � " % X Å Æ 9 � � ï m � 25 mmHgw 

5.1.9 ä% := y �Ü<q G 6 7 D J ô a Ò K L �= 	 Í M û

Ô N  (TCI)� O 2 Fisher� P 2 Lancaster� O 2 Aldrich 5

Janssen 7 ?w�
�Q À5 R � Ü<RSo)ß �ä�ß à �

ß à �á � Ý �ß À ß S �{ û ß Ý D � : d T XJ ô O 2

Tedia 7 ?w6 S5RSåó j � U �zX D J �Àr � �

Üw 

5.1.10 J V É�R�
2 z G  (Photochemical Reactor PR-2000Xt

¼ � � ä © W X )X � 3 ä 16 Æ L z� A q X Ò - . Å J �

Cµ� 254 nm�306 nm�352 nm�419 nmÉ A q w 
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5.2 
 � � 
 � �  

� � �� � �� � �� � � � �� �� �� � 	 
 �	 
 �	 
 �	 
 � � 
 �� 
 �� 
 �� 
 � � �� �� �� �  

    Ë�:; 11^ 12^ 13 ^ 14 (5 mmol)RÃ 25 mL ß É X^

� ß �â  (10 mmol)X^�ôN9�
 4 � »~4�X X Æ Â Y X

®ô�ù� H �:;w 

 
N-Methyl-2-methylquinolinium iodide (15) 

Ë J V < 2-methylquinoline 11 (716 mg; 5 mmol)

^�RS ß É 25 mLXx^� ß �â  (1419 mg; 10 

mmol)^�ôN 4 � »XR _ � # $ ä V , `= X Æ

Â Y X�ù U � V , XU V 80%; mp 195-196¦ (lit.38 195-196¦). 1H 

NMR (CD3OD, 400 MHz) � 9.01 (d, J = 8.8 Hz, 1H), 8.55 (d, J = 9.2 

Hz, 1H), 8.36 (dd, J = 8.0, 1.2 Hz, 1H), 8.24 (td, J = 7.2, 1.6 Hz, 1H), 

8.05-7.97 (m, 2H), 4.54 (s, 3H), 3.15 (s, 3H).  

 
N-Methyl-3-methylquinolinium iodide (16) 

Ë J V <3-methylquinoline 12 (716 mg; 5 mmol)^

�RS ß É  25 mLXx^� ß �â  (1419 mg; 10 mmol)

^�ôN4 � »XR _ � # $ ä V , `= X Æ Â Y X�

ù U � V , X U V78% ; mp 183-185¦. 1H NMR (CDCl3, 300 MHz) 

� 10.37 (s, 1H), 8.69 (s, 1H), 8.29 (d, J = 8.7 Hz, 1H), 8.18-8.11 (m, 

N
I

15

N
I

16
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2H), 7.94 (td, J = 9.0, 0.9 Hz, 1H), 4.86 (s, 3H), 2.84 (s, 3H).  

 
N-Methyl-4-methylquinolinium iodide (17) 

Ë J V < 4-methylquinoline 13 (716 mg; 5 mmol)^

�RS ß É 25 mLXx^� ß �â  (1419 mg; 10 mmol)

^�ôN 4 � »XR _ � # $ ä V , `= X Æ Â Y X�

ù U � V , XU V 85% ; mp 174-175¦�(lit.39 174-175¦ZÒ 1H NMR 

(CDCl3, 300 MHz) � 10.22 (d, J = 6.0 Hz, 1H), 8.36 (d, J = 8.7 Hz, 

2H), 8.21 (td, J = 8.7, 1.5 Hz, 1H), 8.03-7.97 (m, 2H), 4.87 (s, 3H), 

3.02 (s, 3H).  

 

N-Methyl-2-phenylquinolinium iodide (18) 

Ë J V < 2-phenylquinoline 14 (1026 mg; 5  

mmol)^�RS ß É 25 mLXx^� ß � â  

(2838 mg; 20 mmol)^�ôN 4�XR _ � # $

ä V , `= X Æ Â Y X�ù U � V , X U V 84%; mp 196-198¦��

(lit.40 196-198¦ZÒ 1H NMR (CD3OD, 300 MHz) ��9.18 (d, J = 8.4 

Hz, 1H), 8.59 (d, J = 9.0 Hz, 1H), 8.46 (d, J = 8.4 Hz, 1H), 8.33 (td, J 

= 8.7, 1.5 Hz, 1H), 8.09-8.05 (m, 2H), 7.79-7.70 (m, 5H), 4.50 (s, 3H). 

 

N
I

17

N
I

18
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4-Dimethylamino-8,9-dimethyl-9,14-dihydro-1H,8H-8,14-methano
chromeno[4,3-d][3,1]benzoxazocin-1-one (7a) 

:= d ûq| 

Ë 2-ß �àáâ ã 15 (285 mg; 1 mmol)) 7-

{ß �ä-4-��� � � 10 (205 mg; 1 mmol)s ó

Ê 20 mL ¥ �RSX^�)ß �ä (202 mg; 2 

mmol)X̂ �ôN 4 � »X� Ü q ; � : M� (10% EtOAc/hexanes) 

� Y U � V , X U V 7% ; Rf = 0.35 (25% EtOAc/hexanes) 

:= d û{| 

Ë 2-ß �àáâ ã 15 (285 mg; 1 mmol)) 7-{ß �ä-4-��

� � � 10s{ û ß Ý  20 mL ¥ �RSX̂ �)ß �ä (202 mg; 2 

mmol)X̂ �ôN 2 � »X� Ü q ; � : M� (10% EtOAc/hexanes) 

� Y U � V , X U V 45% ; Rf = 0.35 (25% EtOAc/hexanes) 

:= d û)| 

Ë2-ß �ß �àáâ ã 15 (285 mg; 1 mmol))7-{ß �ä-4-�

�� � �10 (205 mg; 1 mmol)s{ û ß Ý  20 mL ¥ �RSX̂ �ô

NX^�)ß �ä (202 mg; 2 mmol)X�
5M þ X � Ü q ; � :

M� (100% Cl2CH2) � Y U � V , X U V60% ; Rf = 0.35 (25% 

EtOAc/hexanes)Òmp 163–165¦. 1H NMR (CDCl3, 300 MHz) � 7.57 

(d, J = 9.0 Hz, 1H), 7.44 (dd, J = 7.5, 1.5 Hz, 1H), 7.08 (td, J = 7.8, 

O O
N

O N

7a



 

53 
 

1.8 Hz, 1H), 6.72 (td, J = 7.2, 0.9 Hz, 1H), 6.65 (d, J = 7.8 Hz, 1H), 

6.54 (dd, J = 9.0, 2.4 Hz, 1H), 6.39 (d, J = 1.8 Hz, 1H), 4.09 (t, J = 2.7 

Hz, 1H), 3.07 (s, 3H), 2.95 (s, 6H), 2.17 (d, J = 3.0 Hz, 2H), 1.90 (s, 

3H); 13C NMR (CDCl3, 75 MHz) � 162.9, 159.8, 154.1, 152.6, 142.8, 

127.3, 127.1, 123.0, 117.9, 111.2, 108.3, 104.6, 100.1, 97.6, 88.4, 40.0, 

34.3, 31.7, 29.1, 25.6. 

 

4-Dimethylamino-9-methyl-8-phenyl-9,14-dihydro-1H,8H-8,14-me

thanochromeno[4,3-d][3,1]benzoxazocin-1-one (5a) 

Ë2-É �àáâ ã 18 (347 mg; 1 mmol))7-

{ß �ä-4-��� � �10 (205 mg; 1 mmol)Xs

{ û ß Ý  40 mL¥ �RSX̂ �ôN^�)ß �

ä(202 mg; 2 mmol)X�
5M þ X� Ü q ; � :

M � (CH2Cl2) � Y U � V , X U V 70% ; Rf= 0.80(40% 

EtOAc/hexanes); mp 170–172¦. 1H NMR (CDCl3, 300 MHz) � 7.76 

(d, J = 8.7 Hz, 1H), 7.63 (d, J = 8.7 Hz, 2H), 7.53–7.37 (m, 4H), 7.16 

(td, J = 7.5, 1.5 Hz, 1H), 6.83–6.79 (m, 2H), 6.63 (dd, J = 9.0, 2.7 Hz, 

1H), 6.48 (d, J = 2.7 Hz, 1H), 4.19 (t, J = 3.0 Hz, 1H), 3.03 (s, 6H), 

2.84 (s, 3H), 2.36, 2.25 (ABdq, J = 13.5, 3.0 Hz, 1H each); 13C NMR 

O O
N

O N

5a
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(CDCl3, 75 MHz) � 162.8, 159.7, 154.2, 152.8, 143.3, 141.5, 128.71, 

128.68, 128.66, 128.2, 127.5, 127.4, 126.1, 123.1, 118.5, 111.7, 108.5, 

104.7, 100.8, 97.8, 92.0, 43.4, 40.1, 37.1, 34.4, 29.6; IR�[ (KBr) 1694, 

1605, 1491, 1403, 1028 cm-1. HRMS (FAB) calcd for C27H25N2O3 

[M+H+] 425.1865, found 425.1866. 

 

� � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � �    

    Ë�:;7a (100 mg; 0.28 mmol)����5a (100 mg; 0.23 mmol) R

Ã 25 mL ß à X^��� � � (100 mg; 0.12 mmol)X Å Æ 9�


30 M þ X¡�
 ' \ ÀX� ¸ ß à Xs ] ã ÞÞ{ û ß Ý Ì Ú Q

ÀXä% : sY Þ ^ À _ åÞXxs{ û ß Ý ) á � Ý ¥ x' P X

®ô�ù�:; 7b ���� 5bw 

 

3-(1,2-Dimethyl-1,2,3,4-tetrahydroquinolin-4-yl)-7-(dimethylamin

o)-4-hydroxy-2H-chromen-2-one (7b) 

Y U � V , X U V 90%; Rf = 0.52 (100% 

EtOAc/hexanes); mp 156-158¦ ; 1H NMR 

(CDCl3, 300 MHz) � 7.58 (d, J = 9.0 Hz, 1H), 

7.41 (d, J = 7.5 Hz, 1H), 7.21 (td, J = 7.8, 1.5 Hz, 1H), 6.99 (t, J = 7.5 

O O
N

OH N
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Hz, 2H), 6.54 (dd, J = 8.7, 2.4 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H), 4.95 

(dd, J = 11.1, 3.6 Hz, 1H), 3.00 (s, 6H), 3.00-2.92 (m, 1H) , 2.92 (s, 

3H), 2.62-2.52 (m, 1H), 2.04-1.94 (m, 1H), 1.38 (d, J = 6.3 Hz, 3H); 

13C NMR (CDCl3, 75 MHz) � 165.5, 162.1, 153.9, 152.6, 147.4, 131.4, 

129.1, 127.2, 124.2, 123.2, 114.2, 108.4, 106.4, 105.8, 97.3, 57.8, 40.0, 

37.6, 33.8, 30.7, 20.0. 

 

7-Dimethylamino-4-hydroxy-3-(1-methyl-2-phenyl-1,2,3,4-tetrahydr

oquinolin-4-yl)-2H-chromen-2-one (5b) 

Y U � V , XU V85%; Rf= 0.75 (40% EtOAc 

/hexanes); mp 183–185¦; 1H NMR (CDCl3, 300 

MHz) � 7.60 (d, J = 9.0 Hz, 1H), 7.38–7.26 (m, 8H), 

6.70–6.88 (m, 2H), 6.58 (dd, J = 9.0, 2.4 Hz, 1H), 6.45 (d, J = 2.4 Hz, 

1H), 4.97 (t, J = 7.8 Hz, 1H), 4.09 (dd, J = 11.1, 5.4 Hz, 1H), 3.02 (s, 

6H), 2.67 (ddd, J = 14.4, 7.8, 5.4 Hz, 1H), 2.66 (s, 3H), 2.41 (ddd, J = 

14.4, 11.1, 7.2 Hz, 1H); 13C NMR (CDCl3, 75 MHz) � 165.2, 161.7, 

154.3, 152.9, 148.0, 141.6, 128.83, 128.80, 128.78, 128.7, 128.2, 127.9, 

127.74, 127.71, 124.1, 121.2, 114.3, 108.6, 105.8, 104.7, 97.4, 66.9, 

40.1, 38.4, 36.6, 32.4; IR v (KBr) 1653, 1595, 1524, 1403, 1107 cm-1; 

O O
N

OH N
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HRMS (FAB) calcd for C27H27N2O3 [M+H+] 427.2022, found 427.2019. 

 
7-Dimethylamino-4-hydroxy-2-oxo-2H-chromene-3-carbaldehyde 
(19) 

    Ë POCl3 (3 mL ; 32 mmol)P DMF (2.5 mL ; 32 

mmol)��
 30M þ ÀR _ 
 \M�R _ XxË 7-

{ß �ä-4-��� � � 10RÃ DMF 30 mL�x^

�b ç M�R _ �XÃ 60¦�
 12 � »ÀX^� k T ` Þ� Ô Õ

À Q À W l X�M� V , XU V 74%; Rf = 0.55 (40% EtOAc/hexanes); 

1H NMR (CDCl3, 300 MHz) � 10.30 (s, 1H), 7.86 (d, J = 9.3 Hz, 1H),  

6.71 (dd, J = 2.7, 2.4 Hz, 1H), 6.44 (d, J = 2.7 Hz, 1H), 3.17 (s, 6H); 13C 

NMR (CDCl3, 75 MHz) � 187.1, 159.9, 156.1, 155.6, 154.4, 129.1, 

111.3, 110.9, 107.9, 97.0, 40.6. 

 
3-(Dimethylamino)-9-methyl-8,9-dihydro-6H-chromeno[3,4-j]phenan
thridin-6-one (23a) 

    Ë 4- ß �àáâ ã 17 (285 mg; 1 mmol ))�

:; 19 (233 mg; 1 mmol )s ß à  20 mL ¥ �R

SX^�)ß �ä (101 mg; 1 mmol )X^�ôN 3

� »Àú= O M�R _ XX Æ À^�� �� �  (38 

mg; 1 mmol )À Q À W l X� Y U � V , X U V 60%; Rf = 0.65 (40% 

EtOAc/hexanes); mp 300–301¦; 1H NMR (CDCl3, 300 MHz) � 8.01 (s, 

O O

OH

H

O

N

19

O ON

N

23a
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1H), 7.93 (s, 1H), 7.80-7.76 (m, 2H), 7.31–7.25 (m, 1H), 6.88 (td, J = 7.8, 

1.2 Hz, 1H), 6.73 (dd, J = 8.1, 0.6 Hz, 1H), 6.60 (dd, J = 8.7, 2.4 Hz, 1H), 

6.45 (d, J = 2.4 Hz, 1H), 4.17 (s, 2H), 2.98 (s, 6H), 2.90 (s, 3H); 13C 

NMR (CDCl3, 75 MHz) � 161.8, 152.7, 151.6, 148.1, 138.2, 135.2, 131.5, 

130.7, 127.0, 124.5, 123.2, 121.7, 118.5, 117.3, 113.4, 112.7, 109.0, 106.7, 

99.0, 54.3, 40.0, 38.ab �HRMS (EI) calcd for C23H20N2O2 [M] 356.1525, 

found 356.1517. 

 
8-Dimethylamino-1'-methyl-3',4'-dihydro-1H,1'H-spiro[pyrano[3,4-c]
chromene-2,2'-quinolin]-5(4H)-one (6a) 

Ë 2-ß �àáâ ã 15 (285 mg; 1 mmol))�:;

19 (233 mg; 1 mmol)s ß à 20 mL ¥ �RSX^�)

ß �ä (101 mg; 1 mmol)X^�ôN 3 � »Àú= O

M�R _ X X Æ ^�� �� �  (38 mg; 1 mmol )À Q

À W l X� Y U � V , XU V 55%; Rf = 0.60 (40% EtOAc/hexanes)Ò 1H 

NMR (CDCl3, 400 MHz) � 7.36 (d, J = 9.2 Hz, 1H), 7.16 (t, J = 8.0 Hz, 

1H), 7.03 (d, J = 6.8 Hz, 1H), 6.77-6.72 (m, 2H), 6.65 (dd, J = 8.8, 2.4 Hz, 

1H), 6.56 (d, J = 2.4 Hz, 1H), 4.66 (s, 2H), 3.27-3.21 (m, 1H), 3.06 (s, 

6H), 3.02 (s, 3H), 3.00-2.83 (m, 2H), 2.67-2.61 (m, 1H), 2.27-2.21 (m, 

1H), 1.91-1.83 (m, 1H); 13C NMR (CDCl3, 100 MHz) � 160.0, 154.8, 

152.4, 145.2, 144.6, 128.0, 127.2, 123.8, 123.5, 117.7, 114.3, 112.7, 109.0, 

O ON

O
N

6a



 

58 
 

108.5, 98.3, 84.3, 60.2, 40.2, 33.0, 32.2, 30.8, 23.3; HRMS (EI) m/z calcd 

for C23H24N2O3 376.1787, found 376.1794 (M+). 
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�	6��:; 7a ca= b � �	� 
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�	{A��:; 5a X-ray P , Md � 

Table 1.  Crystal data and structure refinement for cf091. 

Identification code  cf091 

Empirical formula  C27 H24 N2 O3 

Formula weight  424.48 

Temperature  297(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P b c n 

Unit cell dimensions a = 33.2133(14) Å α= 90°. 

 b = 7.9061(3) Å β= 90°. 

 c = 17.9377(6) Å γ = 90°. 

Volume 4710.2(3) Å3 

Z 8 

Density (calculated) 1.197 Mg/m3 

Absorption coefficient 0.078 mm-1 

F(000) 1792 

Crystal size 0.52 x 0.48 x 0.23 mm3 

Theta range for data collection 1.23 to 25.02°. 

Index ranges -39<=h<=38, -9<=k<=6, -21<=l<=21 

Reflections collected 10473 

Independent reflections 4028 [R(int) = 0.0832] 

Completeness to theta = 25.02° 96.7 %  

Absorption correction None 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4028 / 0 / 292 

Goodness-of-fit on F2 1.174 

Final R indices [I>2sigma(I)] R1 = 0.0773, wR2 = 0.2230 

R indices (all data) R1 = 0.0957, wR2 = 0.2430 

Extinction coefficient 0.0084(18) 

Largest diff. peak and hole 0.370 and -0.332 e.Å-3 
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Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for cf091.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

O(1) 4467(1) 3429(3) -691(1) 55(1) 

O(2) 3886(1) 2073(3) 1246(1) 45(1) 

O(3) 3894(1) 4048(3) -1248(1) 62(1) 

N(1) 5743(1) 2020(4) 327(2) 70(1) 

N(2) 3382(1) 4160(3) 1427(1) 43(1) 

C(1) 4682(1) 2859(4) -85(2) 45(1) 

C(2) 5092(1) 2720(4) -179(2) 55(1) 

C(3) 5334(1) 2162(4) 409(2) 54(1) 

C(4) 5141(1) 1735(5) 1087(2) 59(1) 

C(5) 4732(1) 1872(4) 1162(2) 54(1) 

C(6) 4488(1) 2423(3) 579(2) 42(1) 

C(7) 4060(1) 2535(3) 595(1) 40(1) 

C(8) 3845(1) 3043(3) -14(1) 41(1) 

C(9) 4055(1) 3537(4) -682(2) 47(1) 

C(10) 3392(1) 3008(4) -28(1) 42(1) 

C(11) 3204(1) 4684(3) 142(2) 42(1) 

C(12) 3026(1) 5720(4) -387(2) 52(1) 

C(13) 2846(1) 7245(4) -184(2) 60(1) 

C(14) 2844(1) 7722(4) 545(2) 57(1) 

C(15) 3019(1) 6733(4) 1090(2) 50(1) 

C(16) 3201(1) 5184(3) 892(2) 39(1) 

C(17) 3451(1) 2380(3) 1307(1) 39(1) 

C(18) 3256(1) 1795(3) 585(1) 42(1) 

C(19) 5931(1) 2311(5) -377(2) 73(1) 

C(20) 5992(1) 1466(6) 937(3) 83(1) 

C(21) 3512(1) 4862(4) 2138(2) 59(1) 

C(22) 3305(1) 1327(4) 1961(2) 44(1) 

C(23) 3533(1) 84(4) 2299(2) 48(1) 

C(24) 3373(1) -851(4) 2881(2) 60(1) 

C(25) 2987(1) -589(5) 3123(2) 62(1) 

C(26) 2756(1) 649(5) 2788(2) 69(1) 

C(27) 2916(1) 1608(4) 2219(2) 58(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  cf091. 

_____________________________________________________  

O(1)-C(9)  1.371(3) 

O(1)-C(1)  1.377(3) 

O(2)-C(7)  1.354(3) 

O(2)-C(17)  1.470(3) 

O(3)-C(9)  1.215(3) 

N(1)-C(3)  1.373(4) 

N(1)-C(19)  1.427(5) 

N(1)-C(20)  1.439(5) 

N(2)-C(16)  1.390(3) 

N(2)-C(17)  1.442(3) 

N(2)-C(21)  1.456(3) 

C(1)-C(2)  1.377(4) 

C(1)-C(6)  1.399(4) 

C(2)-C(3)  1.394(5) 

C(2)-H(2A)  0.9300 

C(3)-C(4)  1.416(5) 

C(4)-C(5)  1.368(4) 

C(4)-H(4A)  0.9300 

C(5)-C(6)  1.394(4) 

C(5)-H(5A)  0.9300 

C(6)-C(7)  1.424(4) 

C(7)-C(8)  1.365(4) 

C(8)-C(9)  1.440(4) 

C(8)-C(10)  1.505(4) 

C(10)-C(11)  1.497(4) 

C(10)-C(18)  1.527(4) 

C(10)-H(10A)  0.9800 

C(11)-C(12)  1.386(4) 

C(11)-C(16)  1.403(4) 

C(12)-C(13)  1.393(5) 

C(12)-H(12A)  0.9300 

C(13)-C(14)  1.361(5) 

C(13)-H(13A)  0.9300 

C(14)-C(15)  1.380(4) 

C(14)-H(14A)  0.9300 

C(15)-C(16)  1.411(4) 
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C(15)-H(15A)  0.9300 

C(17)-C(22)  1.520(4) 

C(17)-C(18)  1.519(3) 

C(18)-H(18A)  0.9700 

C(18)-H(18B)  0.9700 

C(19)-H(19A)  0.9600 

C(19)-H(19B)  0.9600 

C(19)-H(19C)  0.9600 

C(20)-H(20A)  0.9600 

C(20)-H(20B)  0.9600 

C(20)-H(20C)  0.9600 

C(21)-H(21A)  0.9600 

C(21)-H(21B)  0.9600 

C(21)-H(21C)  0.9600 

C(22)-C(23)  1.380(4) 

C(22)-C(27)  1.389(4) 

C(23)-C(24)  1.384(4) 

C(23)-H(23A)  0.9300 

C(24)-C(25)  1.368(5) 

C(24)-H(24A)  0.9300 

C(25)-C(26)  1.382(5) 

C(25)-H(25A)  0.9300 

C(26)-C(27)  1.378(5) 

C(26)-H(26A)  0.9300 

C(27)-H(27A)  0.9300 

 

C(9)-O(1)-C(1) 122.0(2) 

C(7)-O(2)-C(17) 116.00(19) 

C(3)-N(1)-C(19) 120.9(3) 

C(3)-N(1)-C(20) 120.9(3) 

C(19)-N(1)-C(20) 118.1(3) 

C(16)-N(2)-C(17) 122.2(2) 

C(16)-N(2)-C(21) 120.7(2) 

C(17)-N(2)-C(21) 117.1(2) 

O(1)-C(1)-C(2) 116.4(3) 

O(1)-C(1)-C(6) 120.8(2) 

C(2)-C(1)-C(6) 122.8(3) 

C(1)-C(2)-C(3) 120.1(3) 
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C(1)-C(2)-H(2A) 119.9 

C(3)-C(2)-H(2A) 119.9 

N(1)-C(3)-C(2) 121.0(3) 

N(1)-C(3)-C(4) 121.4(3) 

C(2)-C(3)-C(4) 117.6(3) 

C(5)-C(4)-C(3) 121.0(3) 

C(5)-C(4)-H(4A) 119.5 

C(3)-C(4)-H(4A) 119.5 

C(4)-C(5)-C(6) 121.9(3) 

C(4)-C(5)-H(5A) 119.1 

C(6)-C(5)-H(5A) 119.1 

C(1)-C(6)-C(5) 116.6(3) 

C(1)-C(6)-C(7) 117.5(2) 

C(5)-C(6)-C(7) 125.8(3) 

O(2)-C(7)-C(8) 123.1(2) 

O(2)-C(7)-C(6) 115.2(2) 

C(8)-C(7)-C(6) 121.6(2) 

C(7)-C(8)-C(9) 119.5(3) 

C(7)-C(8)-C(10) 122.1(2) 

C(9)-C(8)-C(10) 118.4(2) 

O(3)-C(9)-O(1) 116.7(2) 

O(3)-C(9)-C(8) 124.9(3) 

O(1)-C(9)-C(8) 118.4(2) 

C(11)-C(10)-C(8) 113.5(2) 

C(11)-C(10)-C(18) 106.6(2) 

C(8)-C(10)-C(18) 107.2(2) 

C(11)-C(10)-H(10A) 109.8 

C(8)-C(10)-H(10A) 109.8 

C(18)-C(10)-H(10A) 109.8 

C(12)-C(11)-C(16) 119.2(3) 

C(12)-C(11)-C(10) 124.2(3) 

C(16)-C(11)-C(10) 116.5(2) 

C(11)-C(12)-C(13) 121.0(3) 

C(11)-C(12)-H(12A) 119.5 

C(13)-C(12)-H(12A) 119.5 

C(14)-C(13)-C(12) 119.6(3) 

C(14)-C(13)-H(13A) 120.2 

C(12)-C(13)-H(13A) 120.2 
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C(13)-C(14)-C(15) 121.4(3) 

C(13)-C(14)-H(14A) 119.3 

C(15)-C(14)-H(14A) 119.3 

C(14)-C(15)-C(16) 119.7(3) 

C(14)-C(15)-H(15A) 120.2 

C(16)-C(15)-H(15A) 120.2 

N(2)-C(16)-C(11) 119.7(2) 

N(2)-C(16)-C(15) 121.1(2) 

C(11)-C(16)-C(15) 119.2(3) 

N(2)-C(17)-O(2) 109.2(2) 

N(2)-C(17)-C(22) 111.6(2) 

O(2)-C(17)-C(22) 106.3(2) 

N(2)-C(17)-C(18) 110.9(2) 

O(2)-C(17)-C(18) 107.8(2) 

C(22)-C(17)-C(18) 110.8(2) 

C(10)-C(18)-C(17) 107.2(2) 

C(10)-C(18)-H(18A) 110.3 

C(17)-C(18)-H(18A) 110.3 

C(10)-C(18)-H(18B) 110.3 

C(17)-C(18)-H(18B) 110.3 

H(18A)-C(18)-H(18B) 108.5 

N(1)-C(19)-H(19A) 109.5 

N(1)-C(19)-H(19B) 109.5 

H(19A)-C(19)-H(19B) 109.5 

N(1)-C(19)-H(19C) 109.5 

H(19A)-C(19)-H(19C) 109.5 

H(19B)-C(19)-H(19C) 109.5 

N(1)-C(20)-H(20A) 109.5 

N(1)-C(20)-H(20B) 109.5 

H(20A)-C(20)-H(20B) 109.5 

N(1)-C(20)-H(20C) 109.5 

H(20A)-C(20)-H(20C) 109.5 

H(20B)-C(20)-H(20C) 109.5 

N(2)-C(21)-H(21A) 109.5 

N(2)-C(21)-H(21B) 109.5 

H(21A)-C(21)-H(21B) 109.5 

N(2)-C(21)-H(21C) 109.5 

H(21A)-C(21)-H(21C) 109.5 
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H(21B)-C(21)-H(21C) 109.5 

C(23)-C(22)-C(27) 118.5(3) 

C(23)-C(22)-C(17) 123.7(2) 

C(27)-C(22)-C(17) 117.8(2) 

C(22)-C(23)-C(24) 120.0(3) 

C(22)-C(23)-H(23A) 120.0 

C(24)-C(23)-H(23A) 120.0 

C(25)-C(24)-C(23) 121.2(3) 

C(25)-C(24)-H(24A) 119.4 

C(23)-C(24)-H(24A) 119.4 

C(24)-C(25)-C(26) 119.4(3) 

C(24)-C(25)-H(25A) 120.3 

C(26)-C(25)-H(25A) 120.3 

C(27)-C(26)-C(25) 119.7(3) 

C(27)-C(26)-H(26A) 120.1 

C(25)-C(26)-H(26A) 120.1 

C(26)-C(27)-C(22) 121.2(3) 

C(26)-C(27)-H(27A) 119.4 

C(22)-C(27)-H(27A) 119.4 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

  



 

90 
 

 Table 4.   Anisotropic displacement parameters  (Å2x 103) for cf091.  The anisotropic 

displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 48(1)  76(2) 40(1)  6(1) 1(1)  0(1) 

O(2) 41(1)  57(1) 37(1)  5(1) -3(1)  2(1) 

O(3) 62(1)  86(2) 38(1)  7(1) -10(1)  1(1) 

N(1) 40(1)  89(2) 79(2)  2(2) -2(1)  5(1) 

N(2) 51(1)  41(1) 36(1)  -3(1) -8(1)  -4(1) 

C(1) 45(2)  47(2) 43(1)  -4(1) -2(1)  1(1) 

C(2) 46(2)  63(2) 55(2)  -2(2) 9(1)  -1(1) 

C(3) 45(2)  54(2) 63(2)  -5(2) -3(1)  2(1) 

C(4) 46(2)  72(2) 60(2)  9(2) -7(1)  6(2) 

C(5) 50(2)  64(2) 48(2)  6(1) -3(1)  -2(2) 

C(6) 41(1)  43(1) 43(1)  -4(1) -2(1)  2(1) 

C(7) 45(2)  40(1) 36(1)  -3(1) -1(1)  -1(1) 

C(8) 46(2)  42(1) 36(1)  -6(1) -3(1)  -1(1) 

C(9) 51(2)  53(2) 38(1)  -4(1) -1(1)  0(1) 

C(10) 44(1)  48(2) 34(1)  -4(1) -8(1)  -2(1) 

C(11) 34(1)  44(1) 48(1)  4(1) -6(1)  -6(1) 

C(12) 42(1)  64(2) 50(2)  16(1) -10(1)  -4(1) 

C(13) 45(2)  53(2) 83(2)  25(2) -13(2)  2(1) 

C(14) 42(1)  38(2) 90(2)  8(2) 0(2)  0(1) 

C(15) 44(1)  40(2) 67(2)  -2(1) 7(1)  -5(1) 

C(16) 33(1)  35(1) 49(1)  2(1) 2(1)  -5(1) 

C(17) 39(1)  39(1) 38(1)  0(1) -4(1)  1(1) 

C(18) 44(1)  38(1) 45(1)  -4(1) -5(1)  -1(1) 

C(19) 46(2)  70(2) 104(3)  -3(2) 17(2)  1(2) 

C(20) 43(2)  93(3) 113(3)  11(2) -12(2)  3(2) 

C(21) 73(2)  59(2) 45(2)  -12(1) -10(2)  -6(2) 

C(22) 47(2)  43(1) 40(1)  0(1) -4(1)  -3(1) 

C(23) 57(2)  44(2) 43(1)  2(1) -8(1)  5(1) 

C(24) 87(2)  49(2) 43(2)  6(1) -14(2)  1(2) 

C(25) 73(2)  66(2) 46(2)  12(2) 2(2)  -13(2) 

C(26) 60(2)  87(3) 59(2)  13(2) 8(2)  -4(2) 

C(27) 52(2)  62(2) 59(2)  16(2) 3(1)  4(2) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for cf091. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2A) 5209 2998 -634 65 

H(4A) 5294 1355 1487 71 

H(5A) 4614 1589 1615 65 

H(10A) 3298 2600 -514 50 

H(12A) 3026 5393 -885 63 

H(13A) 2729 7932 -544 72 

H(14A) 2722 8736 679 68 

H(15A) 3017 7086 1584 60 

H(18A) 3339 649 468 51 

H(18B) 2965 1814 632 51 

H(19A) 5804 1620 -750 110 

H(19B) 6211 2028 -346 110 

H(19C) 5903 3482 -510 110 

H(20A) 5977 2274 1335 125 

H(20B) 6266 1371 771 125 

H(20C) 5900 385 1110 125 

H(21A) 3451 6049 2152 88 

H(21B) 3797 4701 2194 88 

H(21C) 3373 4298 2536 88 

H(23A) 3794 -124 2137 58 

H(24A) 3530 -1672 3111 71 

H(25A) 2882 -1238 3509 74 

H(26A) 2493 834 2946 82 

H(27A) 2762 2458 2004 69 

________________________________________________________________________________  
 



 

92 
 

�	{Aq��:; 5b X-ray P , Md � 

Table 1.  Crystal data and structure refinement for cf999m. 

Identification code  cf999m 

Empirical formula  C27 H26 N2 O3 

Formula weight  426.50 

Temperature  297(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/n 

Unit cell dimensions a = 10.824(5) Å α= 90°. 

 b = 14.282(6) Å β= 101.355(9)°. 

 c = 16.681(7) Å γ = 90°. 

Volume 2528.3(18) Å3 

Z 4 

Density (calculated) 1.120 Mg/m3 

Absorption coefficient 0.073 mm-1 

F(000) 904 

Crystal size 0.67 x 0.17 x 0.14 mm3 

Theta range for data collection 1.89 to 26.05°. 

Index ranges -12<=h<=13, -12<=k<=17, -20<=l<=20 

Reflections collected 13740 

Independent reflections 4967 [R(int) = 0.1038] 

Completeness to theta = 26.05° 99.3 %  

Absorption correction Empirical 

Max. and min. transmission 1.000000 and 0.532507 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4967 / 0 / 290 

Goodness-of-fit on F2 0.977 

Final R indices [I>2sigma(I)] R1 = 0.0908, wR2 = 0.2069 

R indices (all data) R1 = 0.1763, wR2 = 0.2281 

Extinction coefficient 0.0052(10) 

Largest diff. peak and hole 0.325 and -0.315 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 

103) 

for cf999m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

O(1) 2823(3) 3523(1) 3425(2) 67(1) 

O(2) 2398(3) 6027(1) 2185(1) 65(1) 

O(3) 2440(3) 2761(2) 2269(2) 75(1) 

N(1) 3691(4) 4932(2) 6035(2) 87(1) 

N(2) 1213(4) 3499(2) -325(2) 65(1) 

C(1) 2991(4) 4348(2) 3879(2) 57(1) 

C(2) 3237(4) 4233(3) 4697(2) 66(1) 

C(3) 3458(4) 5025(2) 5213(2) 63(1) 

C(4) 3423(4) 5913(3) 4826(2) 67(1) 

C(5) 3152(4) 5991(2) 4004(2) 61(1) 

C(6) 2898(4) 5214(2) 3482(2) 52(1) 

C(7) 2572(4) 5222(2) 2626(2) 49(1) 

C(8) 2367(4) 4406(2) 2170(2) 49(1) 

C(9) 2539(4) 3538(2) 2591(2) 55(1) 

C(10) 1944(4) 4383(2) 1262(2) 50(1) 

C(11) 662(4) 3955(2) 971(2) 52(1) 

C(12) -245(5) 3949(3) 1451(3) 66(1) 

C(13) -1459(5) 3616(3) 1198(3) 73(1) 

C(14) -1792(5) 3288(3) 403(3) 74(1) 

C(15) -930(5) 3273(3) -83(3) 69(1) 

C(16) 314(4) 3580(2) 172(2) 53(1) 

C(17) 2415(4) 3988(3) -103(2) 61(1) 

C(18) 2881(4) 3946(2) 812(2) 61(1) 

C(19) 3407(4) 3616(3) -538(2) 62(1) 

C(20) 4084(5) 4191(3) -936(3) 77(1) 

C(21) 5005(6) 3875(4) -1323(3) 98(2) 

C(22) 5284(6) 2940(4) -1312(3) 102(2) 

C(23) 4637(6) 2335(4) -895(4) 118(2) 

C(24) 3714(5) 2670(3) -507(4) 99(2) 

C(25) 3647(6) 4018(3) 6418(3) 122(2) 

C(26) 3859(5) 5739(3) 6573(3) 101(2) 

C(27) 706(5) 3457(3) -1214(2) 89(2) 
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Table 3.   Bond lengths [Å] and angles [°] for  cf999m. 

_____________________________________________________  

O(1)-C(9)  1.364(4) 

O(1)-C(1)  1.393(4) 

O(2)-C(7)  1.358(4) 

O(2)-H(2A)  0.8200 

O(3)-C(9)  1.229(4) 

N(1)-C(3)  1.351(5) 

N(1)-C(26)  1.450(5) 

N(1)-C(25)  1.458(5) 

N(2)-C(16)  1.403(5) 

N(2)-C(17)  1.458(5) 

N(2)-C(27)  1.477(5) 

C(1)-C(2)  1.348(5) 

C(1)-C(6)  1.396(5) 

C(2)-C(3)  1.413(5) 

C(2)-H(2B)  0.9300 

C(3)-C(4)  1.420(5) 

C(4)-C(5)  1.348(5) 

C(4)-H(4A)  0.9300 

C(5)-C(6)  1.404(5) 

C(5)-H(5A)  0.9300 

C(6)-C(7)  1.402(5) 

C(7)-C(8)  1.386(4) 

C(8)-C(9)  1.419(4) 

C(8)-C(10)  1.493(5) 

C(10)-C(18)  1.510(5) 

C(10)-C(11)  1.507(5) 

C(10)-H(10A)  0.9800 

C(11)-C(12)  1.383(6) 

C(11)-C(16)  1.416(5) 

C(12)-C(13)  1.383(6) 

C(12)-H(12A)  0.9300 

C(13)-C(14)  1.386(6) 

C(13)-H(13A)  0.9300 

C(14)-C(15)  1.351(6) 

C(14)-H(14A)  0.9300 

C(15)-C(16)  1.400(6) 
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C(15)-H(15A)  0.9300 

C(17)-C(19)  1.507(5) 

C(17)-C(18)  1.512(5) 

C(17)-H(17A)  0.9800 

C(18)-H(18A)  0.9700 

C(18)-H(18B)  0.9700 

C(19)-C(20)  1.358(5) 

C(19)-C(24)  1.391(6) 

C(20)-C(21)  1.365(6) 

C(20)-H(20A)  0.9300 

C(21)-C(22)  1.369(7) 

C(21)-H(21A)  0.9300 

C(22)-C(23)  1.383(6) 

C(22)-H(22A)  0.9300 

C(23)-C(24)  1.378(6) 

C(23)-H(23A)  0.9300 

C(24)-H(24A)  0.9300 

C(25)-H(25A)  0.9600 

C(25)-H(25B)  0.9600 

C(25)-H(25C)  0.9600 

C(26)-H(26A)  0.9600 

C(26)-H(26B)  0.9600 

C(26)-H(26C)  0.9600 

C(27)-H(27A)  0.9600 

C(27)-H(27B)  0.9600 

C(27)-H(27C)  0.9600 

 

C(9)-O(1)-C(1) 121.4(3) 

C(7)-O(2)-H(2A) 109.5 

C(3)-N(1)-C(26) 121.7(3) 

C(3)-N(1)-C(25) 121.2(3) 

C(26)-N(1)-C(25) 116.8(4) 

C(16)-N(2)-C(17) 119.9(3) 

C(16)-N(2)-C(27) 115.7(4) 

C(17)-N(2)-C(27) 114.3(4) 

C(2)-C(1)-O(1) 115.2(3) 

C(2)-C(1)-C(6) 124.7(3) 

O(1)-C(1)-C(6) 120.1(3) 
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C(1)-C(2)-C(3) 119.7(3) 

C(1)-C(2)-H(2B) 120.2 

C(3)-C(2)-H(2B) 120.2 

N(1)-C(3)-C(2) 121.0(3) 

N(1)-C(3)-C(4) 122.2(3) 

C(2)-C(3)-C(4) 116.8(4) 

C(5)-C(4)-C(3) 121.1(4) 

C(5)-C(4)-H(4A) 119.4 

C(3)-C(4)-H(4A) 119.4 

C(4)-C(5)-C(6) 122.8(3) 

C(4)-C(5)-H(5A) 118.6 

C(6)-C(5)-H(5A) 118.6 

C(1)-C(6)-C(7) 118.1(3) 

C(1)-C(6)-C(5) 114.7(3) 

C(7)-C(6)-C(5) 127.2(3) 

O(2)-C(7)-C(8) 115.1(3) 

O(2)-C(7)-C(6) 122.6(3) 

C(8)-C(7)-C(6) 122.3(3) 

C(7)-C(8)-C(9) 118.1(3) 

C(7)-C(8)-C(10) 124.0(3) 

C(9)-C(8)-C(10) 117.9(3) 

O(3)-C(9)-O(1) 114.5(3) 

O(3)-C(9)-C(8) 125.5(3) 

O(1)-C(9)-C(8) 120.0(3) 

C(8)-C(10)-C(18) 114.3(3) 

C(8)-C(10)-C(11) 114.5(3) 

C(18)-C(10)-C(11) 109.7(3) 

C(8)-C(10)-H(10A) 105.8 

C(18)-C(10)-H(10A) 105.8 

C(11)-C(10)-H(10A) 105.8 

C(12)-C(11)-C(16) 117.0(4) 

C(12)-C(11)-C(10) 122.0(4) 

C(16)-C(11)-C(10) 120.9(4) 

C(11)-C(12)-C(13) 124.5(4) 

C(11)-C(12)-H(12A) 117.8 

C(13)-C(12)-H(12A) 117.8 

C(14)-C(13)-C(12) 117.4(4) 

C(14)-C(13)-H(13A) 121.3 
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C(12)-C(13)-H(13A) 121.3 

C(15)-C(14)-C(13) 120.0(5) 

C(15)-C(14)-H(14A) 120.0 

C(13)-C(14)-H(14A) 120.0 

C(14)-C(15)-C(16) 123.3(4) 

C(14)-C(15)-H(15A) 118.4 

C(16)-C(15)-H(15A) 118.4 

N(2)-C(16)-C(15) 122.1(4) 

N(2)-C(16)-C(11) 120.0(4) 

C(15)-C(16)-C(11) 117.8(4) 

N(2)-C(17)-C(19) 113.2(3) 

N(2)-C(17)-C(18) 110.0(3) 

C(19)-C(17)-C(18) 110.2(4) 

N(2)-C(17)-H(17A) 107.8 

C(19)-C(17)-H(17A) 107.8 

C(18)-C(17)-H(17A) 107.8 

C(10)-C(18)-C(17) 111.2(3) 

C(10)-C(18)-H(18A) 109.4 

C(17)-C(18)-H(18A) 109.4 

C(10)-C(18)-H(18B) 109.4 

C(17)-C(18)-H(18B) 109.4 

H(18A)-C(18)-H(18B) 108.0 

C(20)-C(19)-C(24) 117.3(4) 

C(20)-C(19)-C(17) 121.8(4) 

C(24)-C(19)-C(17) 120.8(4) 

C(19)-C(20)-C(21) 123.0(4) 

C(19)-C(20)-H(20A) 118.5 

C(21)-C(20)-H(20A) 118.5 

C(20)-C(21)-C(22) 119.8(5) 

C(20)-C(21)-H(21A) 120.1 

C(22)-C(21)-H(21A) 120.1 

C(21)-C(22)-C(23) 118.9(5) 

C(21)-C(22)-H(22A) 120.5 

C(23)-C(22)-H(22A) 120.5 

C(24)-C(23)-C(22) 120.3(5) 

C(24)-C(23)-H(23A) 119.9 

C(22)-C(23)-H(23A) 119.9 

C(23)-C(24)-C(19) 120.7(5) 
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C(23)-C(24)-H(24A) 119.7 

C(19)-C(24)-H(24A) 119.7 

N(1)-C(25)-H(25A) 109.5 

N(1)-C(25)-H(25B) 109.5 

H(25A)-C(25)-H(25B) 109.5 

N(1)-C(25)-H(25C) 109.5 

H(25A)-C(25)-H(25C) 109.5 

H(25B)-C(25)-H(25C) 109.5 

N(1)-C(26)-H(26A) 109.5 

N(1)-C(26)-H(26B) 109.5 

H(26A)-C(26)-H(26B) 109.5 

N(1)-C(26)-H(26C) 109.5 

H(26A)-C(26)-H(26C) 109.5 

H(26B)-C(26)-H(26C) 109.5 

N(2)-C(27)-H(27A) 109.5 

N(2)-C(27)-H(27B) 109.5 

H(27A)-C(27)-H(27B) 109.5 

N(2)-C(27)-H(27C) 109.5 

H(27A)-C(27)-H(27C) 109.5 

H(27B)-C(27)-H(27C) 109.5 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for cf999m.  The anisotropic 

displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 125(3)  16(1) 54(2)  1(1) 7(2)  1(1) 

O(2) 122(3)  17(1) 50(2)  1(1) 7(2)  -1(1) 

O(3) 148(3)  16(1) 59(2)  -3(1) 13(2)  -2(1) 

N(1) 161(4)  47(2) 46(2)  0(2) 6(2)  -1(2) 

N(2) 87(3)  44(2) 57(2)  -8(2) 1(2)  -1(2) 

C(1) 91(3)  23(2) 52(3)  -4(2) 5(2)  -3(2) 

C(2) 113(4)  34(2) 48(3)  2(2) 10(2)  -2(2) 

C(3) 97(4)  39(2) 50(3)  -1(2) 7(2)  1(2) 

C(4) 110(4)  34(2) 54(3)  -7(2) 8(2)  3(2) 

C(5) 111(4)  21(2) 50(3)  -4(2) 8(2)  1(2) 

C(6) 82(3)  25(2) 48(2)  0(2) 8(2)  5(2) 

C(7) 79(3)  14(2) 52(2)  5(2) 7(2)  1(2) 

C(8) 85(3)  13(2) 48(2)  3(2) 10(2)  1(2) 

C(9) 93(3)  27(2) 42(2)  3(2) 4(2)  -1(2) 

C(10) 80(3)  22(2) 48(2)  4(2) 9(2)  0(2) 

C(11) 82(3)  20(2) 53(3)  4(2) 9(2)  3(2) 

C(12) 94(4)  38(2) 63(3)  -7(2) 10(3)  -1(2) 

C(13) 89(4)  54(3) 78(3)  2(2) 22(3)  -1(3) 

C(14) 82(4)  43(2) 92(4)  3(2) 2(3)  -9(2) 

C(15) 89(4)  34(2) 78(3)  -4(2) 1(3)  -4(2) 

C(16) 79(3)  22(2) 55(3)  3(2) 7(2)  6(2) 

C(17) 102(4)  31(2) 52(3)  4(2) 19(3)  3(2) 

C(18) 102(4)  28(2) 51(3)  1(2) 12(2)  -7(2) 

C(19) 94(4)  30(2) 63(3)  -2(2) 17(2)  -4(2) 

C(20) 110(4)  53(3) 75(3)  -4(2) 33(3)  -1(3) 

C(21) 144(6)  64(3) 93(4)  -6(3) 40(4)  -17(3) 

C(22) 126(5)  85(4) 108(4)  -18(3) 54(4)  -6(4) 

C(23) 150(6)  60(3) 164(6)  -3(4) 81(5)  10(4) 

C(24) 123(5)  47(3) 146(5)  -6(3) 68(4)  1(3) 

C(25) 226(7)  70(3) 63(3)  21(3) 13(4)  -14(4) 

C(26) 170(6)  66(3) 62(3)  -17(2) 10(3)  11(3) 

C(27) 132(5)  75(3) 54(3)  -12(2) 3(3)  15(3) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for cf999m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2A) 2505 6477 2497 97 

H(2B) 3261 3636 4921 79 

H(4A) 3591 6450 5144 80 

H(5A) 3132 6585 3774 74 

H(10A) 1867 5039 1087 60 

H(12A) -23 4185 1979 79 

H(13A) -2030 3612 1548 88 

H(14A) -2609 3079 203 89 

H(15A) -1175 3048 -614 83 

H(17A) 2270 4647 -256 73 

H(18A) 3020 3298 981 73 

H(18B) 3679 4273 955 73 

H(20A) 3914 4830 -947 93 

H(21A) 5440 4293 -1592 118 

H(22A) 5899 2715 -1580 123 

H(23A) 4825 1699 -876 141 

H(24A) 3292 2259 -223 119 

H(25A) 3530 3540 6005 182 

H(25B) 2960 4002 6704 182 

H(25C) 4424 3909 6797 182 

H(26A) 3866 6298 6255 152 

H(26B) 4644 5684 6956 152 

H(26C) 3179 5768 6865 152 

H(27A) -77 3119 -1312 133 

H(27B) 1298 3143 -1480 133 

H(27C) 566 4081 -1427 133 

________________________________________________________________________________  
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�	{A{��:; 6a X-ray P , Md � 

Table 1.  Crystal data and structure refinement for cf061m. 

Identification code  cf061m 

Empirical formula  C23 H24 N2 O3 

Formula weight  376.44 

Temperature  297(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 10.0120(8) Å α= 111.014(2)°. 

 b = 10.2490(8) Å β= 91.339(2)°. 

 c = 11.3549(9) Å γ = 

117.6240(10)°. 

Volume 938.01(13) Å3 

Z 2 

Density (calculated) 1.333 Mg/m3 

Absorption coefficient 0.089 mm-1 

F(000) 400 

Crystal size 0.69 x 0.45 x 0.22 mm3 

Theta range for data collection 2.36 to 26.02°. 

Index ranges -8<=h<=12, -12<=k<=11, -14<=l<=12 

Reflections collected 5290 

Independent reflections 3613 [R(int) = 0.0152] 

Completeness to theta = 26.02° 98.0 %  

Absorption correction Empirical 

Max. and min. transmission 0.9807 and 0.9413 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3613 / 0 / 277 

Goodness-of-fit on F2 1.054 

Final R indices [I>2sigma(I)] R1 = 0.0537, wR2 = 0.1802 

R indices (all data) R1 = 0.0628, wR2 = 0.1952 

Largest diff. peak and hole 0.348 and -0.288 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 

103) 

for cf061m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

O(1) 1315(1) 1333(1) 4147(1) 45(1) 

O(2) 1397(2) -804(2) 2846(1) 63(1) 

O(3) 4829(1) 1934(1) 1276(1) 46(1) 

N(1) 932(2) 5736(2) 7114(2) 50(1) 

N(2) 3453(2) 2594(2) 41(1) 42(1) 

C(1) 1785(2) 2955(2) 4614(2) 38(1) 

C(2) 1145(2) 3508(2) 5600(2) 41(1) 

C(3) 1540(2) 5138(2) 6129(2) 40(1) 

C(4) 2631(2) 6169(2) 5626(2) 43(1) 

C(5) 3248(2) 5583(2) 4653(2) 42(1) 

C(6) 2844(2) 3946(2) 4098(1) 36(1) 

C(7) 3411(2) 3222(2) 3051(1) 37(1) 

C(8) 2956(2) 1634(2) 2620(2) 41(1) 

C(9) 1872(2) 624(2) 3177(2) 45(1) 

C(10) 3509(2) 814(2) 1539(2) 49(1) 

C(11) 4692(2) 3212(2) 1136(2) 39(1) 

C(12) 4506(2) 4225(2) 2424(2) 42(1) 

C(13) 6242(2) 4221(2) 863(2) 42(1) 

C(14) 6504(2) 3179(2) -336(2) 48(1) 

C(15) 5125(2) 2270(2) -1454(2) 41(1) 

C(16) 3662(2) 2026(2) -1225(2) 38(1) 

C(17) 2433(2) 1253(2) -2296(2) 48(1) 

C(18) 2619(2) 700(2) -3544(2) 56(1) 

C(19) 4026(2) 894(2) -3776(2) 55(1) 

C(20) 5266(2) 1680(2) -2728(2) 48(1) 

C(21) -246(2) 4677(3) 7570(2) 61(1) 

C(22) 1361(3) 7421(3) 7660(2) 58(1) 

C(23) 1926(2) 2322(3) 190(2) 55(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  cf061m. 

_____________________________________________________  

O(1)-C(9)  1.372(2) 

O(1)-C(1)  1.3776(18) 

O(2)-C(9)  1.209(2) 

O(3)-C(10)  1.417(2) 

O(3)-C(11)  1.4401(18) 

N(1)-C(3)  1.373(2) 

N(1)-C(22)  1.444(3) 

N(1)-C(21)  1.443(2) 

N(2)-C(16)  1.4058(19) 

N(2)-C(23)  1.447(2) 

N(2)-C(11)  1.456(2) 

C(1)-C(2)  1.379(2) 

C(1)-C(6)  1.399(2) 

C(2)-C(3)  1.401(2) 

C(2)-H(2A)  0.9300 

C(3)-C(4)  1.424(2) 

C(4)-C(5)  1.366(2) 

C(4)-H(4A)  0.9300 

C(5)-C(6)  1.405(2) 

C(5)-H(5A)  0.9300 

C(6)-C(7)  1.441(2) 

C(7)-C(8)  1.351(2) 

C(7)-C(12)  1.510(2) 

C(8)-C(9)  1.452(2) 

C(8)-C(10)  1.498(2) 

C(10)-H(10A)  0.9700 

C(10)-H(10B)  0.9700 

C(11)-C(13)  1.530(2) 

C(11)-C(12)  1.534(2) 

C(12)-H(12A)  0.9700 

C(12)-H(12B)  0.9700 

C(13)-C(14)  1.516(2) 

C(13)-H(13A)  0.9700 

C(13)-H(13B)  0.9700 

C(14)-C(15)  1.505(2) 

C(14)-H(14A)  0.9700 
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C(14)-H(14B)  0.9700 

C(15)-C(20)  1.392(2) 

C(15)-C(16)  1.414(2) 

C(16)-C(17)  1.399(2) 

C(17)-C(18)  1.378(2) 

C(17)-H(17A)  0.9300 

C(18)-C(19)  1.375(3) 

C(18)-H(18A)  0.9300 

C(19)-C(20)  1.386(3) 

C(19)-H(19A)  0.9300 

C(20)-H(20A)  0.9300 

C(21)-H(21A)  0.9600 

C(21)-H(21B)  0.9600 

C(21)-H(21C)  0.9600 

C(22)-H(22A)  0.96(3) 

C(22)-H(22B)  0.99(4) 

C(22)-H(22C)  0.98(4) 

C(23)-H(23A)  1.07(2) 

C(23)-H(23B)  1.04(2) 

C(23)-H(23C)  1.01(2) 

 

C(9)-O(1)-C(1) 121.96(12) 

C(10)-O(3)-C(11) 114.57(12) 

C(3)-N(1)-C(22) 121.16(16) 

C(3)-N(1)-C(21) 121.02(16) 

C(22)-N(1)-C(21) 117.65(16) 

C(16)-N(2)-C(23) 117.76(14) 

C(16)-N(2)-C(11) 119.32(13) 

C(23)-N(2)-C(11) 122.32(13) 

C(2)-C(1)-O(1) 115.74(13) 

C(2)-C(1)-C(6) 123.41(15) 

O(1)-C(1)-C(6) 120.84(14) 

C(1)-C(2)-C(3) 119.92(14) 

C(1)-C(2)-H(2A) 120.0 

C(3)-C(2)-H(2A) 120.0 

N(1)-C(3)-C(2) 121.67(15) 

N(1)-C(3)-C(4) 120.84(15) 

C(2)-C(3)-C(4) 117.47(15) 
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C(5)-C(4)-C(3) 121.07(15) 

C(5)-C(4)-H(4A) 119.5 

C(3)-C(4)-H(4A) 119.5 

C(4)-C(5)-C(6) 122.12(14) 

C(4)-C(5)-H(5A) 118.9 

C(6)-C(5)-H(5A) 118.9 

C(1)-C(6)-C(5) 115.99(14) 

C(1)-C(6)-C(7) 118.35(14) 

C(5)-C(6)-C(7) 125.66(14) 

C(8)-C(7)-C(6) 119.94(14) 

C(8)-C(7)-C(12) 119.65(14) 

C(6)-C(7)-C(12) 120.41(14) 

C(7)-C(8)-C(9) 121.11(15) 

C(7)-C(8)-C(10) 122.42(15) 

C(9)-C(8)-C(10) 116.46(15) 

O(2)-C(9)-O(1) 116.77(15) 

O(2)-C(9)-C(8) 125.47(16) 

O(1)-C(9)-C(8) 117.75(14) 

O(3)-C(10)-C(8) 112.45(14) 

O(3)-C(10)-H(10A) 109.1 

C(8)-C(10)-H(10A) 109.1 

O(3)-C(10)-H(10B) 109.1 

C(8)-C(10)-H(10B) 109.1 

H(10A)-C(10)-H(10B) 107.8 

O(3)-C(11)-N(2) 112.15(13) 

O(3)-C(11)-C(13) 103.76(12) 

N(2)-C(11)-C(13) 108.77(12) 

O(3)-C(11)-C(12) 108.68(12) 

N(2)-C(11)-C(12) 112.95(13) 

C(13)-C(11)-C(12) 110.14(13) 

C(7)-C(12)-C(11) 113.70(13) 

C(7)-C(12)-H(12A) 108.8 

C(11)-C(12)-H(12A) 108.8 

C(7)-C(12)-H(12B) 108.8 

C(11)-C(12)-H(12B) 108.8 

H(12A)-C(12)-H(12B) 107.7 

C(14)-C(13)-C(11) 110.31(14) 

C(14)-C(13)-H(13A) 109.6 
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C(11)-C(13)-H(13A) 109.6 

C(14)-C(13)-H(13B) 109.6 

C(11)-C(13)-H(13B) 109.6 

H(13A)-C(13)-H(13B) 108.1 

C(15)-C(14)-C(13) 110.89(13) 

C(15)-C(14)-H(14A) 109.5 

C(13)-C(14)-H(14A) 109.5 

C(15)-C(14)-H(14B) 109.5 

C(13)-C(14)-H(14B) 109.5 

H(14A)-C(14)-H(14B) 108.1 

C(20)-C(15)-C(16) 118.87(16) 

C(20)-C(15)-C(14) 120.91(15) 

C(16)-C(15)-C(14) 120.21(14) 

C(17)-C(16)-N(2) 120.54(14) 

C(17)-C(16)-C(15) 118.18(14) 

N(2)-C(16)-C(15) 121.24(14) 

C(18)-C(17)-C(16) 121.36(17) 

C(18)-C(17)-H(17A) 119.3 

C(16)-C(17)-H(17A) 119.3 

C(19)-C(18)-C(17) 120.84(17) 

C(19)-C(18)-H(18A) 119.6 

C(17)-C(18)-H(18A) 119.6 

C(18)-C(19)-C(20) 118.72(16) 

C(18)-C(19)-H(19A) 120.6 

C(20)-C(19)-H(19A) 120.6 

C(15)-C(20)-C(19) 121.99(17) 

C(15)-C(20)-H(20A) 119.0 

C(19)-C(20)-H(20A) 119.0 

N(1)-C(21)-H(21A) 109.5 

N(1)-C(21)-H(21B) 109.5 

H(21A)-C(21)-H(21B) 109.5 

N(1)-C(21)-H(21C) 109.5 

H(21A)-C(21)-H(21C) 109.5 

H(21B)-C(21)-H(21C) 109.5 

N(1)-C(22)-H(22A) 114.7(15) 

N(1)-C(22)-H(22B) 112(2) 

H(22A)-C(22)-H(22B) 109(3) 

N(1)-C(22)-H(22C) 101(2) 
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H(22A)-C(22)-H(22C) 110(3) 

H(22B)-C(22)-H(22C) 111(3) 

N(2)-C(23)-H(23A) 111.0(12) 

N(2)-C(23)-H(23B) 110.7(12) 

H(23A)-C(23)-H(23B) 106.3(16) 

N(2)-C(23)-H(23C) 106.5(13) 

H(23A)-C(23)-H(23C) 106.7(17) 

H(23B)-C(23)-H(23C) 115.7(19) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for cf061m.  The anisotropic 

displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 51(1)  34(1) 48(1)  20(1) 16(1)  18(1) 

O(2) 76(1)  35(1) 80(1)  27(1) 29(1)  27(1) 

O(3) 59(1)  47(1) 49(1)  25(1) 20(1)  35(1) 

N(1) 56(1)  51(1) 53(1)  24(1) 27(1)  32(1) 

N(2) 42(1)  52(1) 38(1)  19(1) 15(1)  29(1) 

C(1) 41(1)  34(1) 37(1)  17(1) 6(1)  17(1) 

C(2) 39(1)  42(1) 39(1)  20(1) 11(1)  17(1) 

C(3) 42(1)  43(1) 37(1)  17(1) 10(1)  22(1) 

C(4) 55(1)  36(1) 41(1)  16(1) 15(1)  23(1) 

C(5) 49(1)  38(1) 40(1)  20(1) 15(1)  20(1) 

C(6) 41(1)  35(1) 33(1)  15(1) 10(1)  19(1) 

C(7) 45(1)  38(1) 32(1)  16(1) 8(1)  22(1) 

C(8) 51(1)  37(1) 39(1)  18(1) 11(1)  23(1) 

C(9) 51(1)  36(1) 48(1)  19(1) 11(1)  22(1) 

C(10) 70(1)  40(1) 49(1)  20(1) 20(1)  34(1) 

C(11) 48(1)  41(1) 38(1)  18(1) 14(1)  28(1) 

C(12) 55(1)  38(1) 39(1)  19(1) 17(1)  26(1) 

C(13) 43(1)  46(1) 39(1)  17(1) 11(1)  24(1) 

C(14) 46(1)  57(1) 50(1)  24(1) 19(1)  32(1) 

C(15) 49(1)  39(1) 42(1)  20(1) 16(1)  25(1) 

C(16) 47(1)  36(1) 40(1)  20(1) 16(1)  24(1) 

C(17) 47(1)  46(1) 49(1)  21(1) 11(1)  21(1) 

C(18) 65(1)  49(1) 42(1)  18(1) 4(1)  21(1) 

C(19) 76(1)  52(1) 37(1)  18(1) 21(1)  32(1) 

C(20) 59(1)  48(1) 48(1)  23(1) 24(1)  31(1) 

C(21) 61(1)  69(1) 69(1)  36(1) 35(1)  38(1) 

C(22) 66(1)  55(1) 58(1)  20(1) 24(1)  37(1) 

C(23) 48(1)  81(2) 54(1)  38(1) 22(1)  38(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for cf061m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2A) 451 2800 5913 49 

H(4A) 2928 7261 5967 52 

H(5A) 3960 6289 4348 50 

H(10A) 3760 114 1764 59 

H(10B) 2681 141 762 59 

H(12A) 5514 4953 3020 50 

H(12B) 4130 4882 2273 50 

H(13A) 6247 5110 735 50 

H(13B) 7075 4676 1601 50 

H(14A) 7415 3859 -568 57 

H(14B) 6688 2414 -152 57 

H(17A) 1470 1109 -2163 58 

H(18A) 1781 188 -4239 67 

H(19A) 4145 506 -4619 66 

H(20A) 6222 1817 -2880 58 

H(21A) -423 3598 7135 92 

H(21B) -1189 4674 7390 92 

H(21C) 89 5054 8487 92 

H(22A) 2440(40) 8170(30) 8010(30) 90(8) 

H(22B) 990(40) 7710(40) 7030(40) 128(12) 

H(22C) 810(40) 7470(40) 8360(40) 135(12) 

H(23A) 1930(30) 2890(30) 1190(20) 66(6) 

H(23B) 1570(30) 2840(30) -290(20) 65(6) 

H(23C) 1230(30) 1110(30) -100(20) 68(6) 

________________________________________________________________________________  
 


