
!"#$%&'($%)*+,-(

&'./( !""#$%&'%( ( 01234567( ()"%(%*

(

89:7;<=>?@A1BCDEF>?GH@IJKL(

MNOPQRSTUVWXYZ[\]4I^_(

!

`abcbcdecfgchi( jklmno %p( ( ( qr(_s(
!

tuvw(

(

>?GH@xyz{|6}7x>?@~�W�T��C�����A���g������

���z>?GH@I����EA���DEF>?GH@yz�����������E

������ ¡¢pz£¤A¥¦§B��� �z¨©ª��+,«©§B�>?GH@

�1B¡©C>?@y¬<­~®x¯°��±z;<=­I>?@A1BC>?GH@y®

x¯°²³�� ´C�µ¶·¸I+,«©C;<=­>?@yz�¹º»x +,+T��C
>?@~¼��´C�½¾¿z* +-./01* -./2./345/67* +891:0*~�À¡©��+,+T�A�
��;<=­>?@yz�)Á�z+,+ T�Â)ÃÄAÅn��Æ©¿�¡ÇzÈÉ��)
~ÊË���xB´CÌ'Í~�´C�ÎI¨x ¡z+,+ T��y�¶zÏ3ÐOT�A
��C ;<=3>?4@-',./345/6AB/C<=D/6<E<0F<=D>E<*-';.F0�£¤�C�¨I>?@yzÈÉ
��)~ÑÒ��±z+,G,+ ÓIÔÕIÖ×Õ~bØBC¦zÙÚ���=A�Û�Ø�0
Í~²³���*
ÜÝz;<=­>?@ ';.FA1BCÞ>?GH@Aßà��)�zÎITU��^á�)
â�C�ªCzãRäH@�åÆ�TUFxÈTUFIXg~æç«©CI�z¨IZ[\

]4�èB§zHéTU��^ázHé�êë���ìH$IJíçîzï@R87ðñìKJLí
çî ¡òó�C�(

(

tôõw(

(

�)(

(

>?@ ';.F I�)yöLI JMD<C<* % �÷´§ø´§B´C�ùúI .<E=><3/=D34=A6
 ¡z.<E=><3/=D34=/6*=<=3>=A@/6>=<A�)�z«¡�z',9/53AB/N3454E<xIÃÄ�û±z
';.FA�)�C�üîy %9,:FLzOLRýþäOÿ!z"»Há�û´§ø´C�(

1



"»HáT*#(IAPE5*+*8QR!'z9*SR"&z:*%%R""z+>6MR*-';.F-9!G0'R80*+*8QR%Sz9*SR%Sz
:*%%R"1�*
';.Fx$gÞ !%&�A 9'(��)*«+�¨x�,TU +P+6!';.FA-C�"»H
áT*#(IAPE5*+*1'R8S"9*8R"!":*#R%S"+>6MR* -+P-';.F0+6!-9!G0S0*+*1'R&%"9*8R!#":*
#R%S�*
!

!

(

-¡©C,TUA1B§,TU HéTU��^áÿ!z./0éÝ1zH$IJçîzKJL
çîAø´C�(

(

,TU Hé��^á(
!

-¡©C,TUI��A^_��C¦�z,TU Hé��^áAø´C�23yzL4T>?P*
$I+,&L*U*L4T>?P*F<3MP3/*++V�zé4yzFA,W!-"2*"R&%"SQ*50(A1BC�++V[Z
5�û´§¥¦¡©CÃ6ÍA OE=<T3>=< ��¨x�û´§z-¡©C738A1B§z^
áAø´C�1BC9Pä:;MyzL4T>?P < +3/@=>6J=3PM=P3< =´C�ªÇz>?@�
Am?VABî�zCDEF@xGP39Ï@A1B§��IHIgAø´C�(

!

Hé�êë���ìH$IJíçî*
*
JKILúA.M�ClzNgO:»ì(:í�H*«+zýPQä�)­�zçî1Lú
x�C�ªCz%zZ8�3ORSTL�çî��U�yzÎ©¡IJKAýPQä�VW

�zXQþ�IY��¨x�Z)�C�H$IJçîyz()"%(%�åB§zJ4-%%%0ETUH
[3�§,\g�C]6[A1Bz^n@�ø´C�çî�1B¡©C H é�ê_y +P* W
�ê_��´C�*
!

ï@R87ðñçî#KJL$!
!

JKVW`l�åÆ�+Pù@a±I��XgAòb�C¦�zï@R87ðñAø´C�
çîcÕyz8%!Q#*W��´C�JK��IU��çî��U�yzd=h1I KJL(�
LúAef�zgÁÓ®°zhijØAø´C�ÎIlz8* ;A33®°I 9<kRAef�z

3-Hydroxypridine

JMD<C<*%(>?@';.FI�)(

Tetrakis(3-Pyridyloxy- 
methylene)Methane  

(3TPM) 

C(CH2OTs)4 C(CH2OH)4 

Pentaerythritol Pentaerythrityl  

tetratosylate 
Pyridine 

TsCl 

2



N
Cu

N

NN

O

O O
O

Cl

Cl

I4TR*!*+P+6!';.FI +Pa±I��(

l3�3�YmØ´C�JK�±IU�yzJnh1I KJL(�LúAef�zoTpTA
qÝ�Clzür�YmØ´C�çî23yz(3P?<3*KFH*K.LRýþäsZ383A1B
C�tu2Ðv3�w7xO(AyQä�zz{Aø´Clzçî�C�|cçîAø}U

��yzä57RPQ3~�3�Aþ56}R8Qä����zn=�9:4����§ø

´C�(

(

tT*x��w(

*
+P+6!';.F I H éTU��^áIT*A

I4TR% ����TUc#X5Z38yz
=<=3>TAE>6ziÓ�* .1!!%!*-XQ10z>2!'R8'-!0*Yz
M2QR1''-Q0* Y z Z28!!'R!-&Q0* Y' z [2! z
L%-O\!R""!-O002"R%S%#zL2"R%S#&z]L2"R!"'&z
^GI*%R8&1����+P+6!';.FyzM����
� #R85 x 8R85 ®°I��"�E~²³��
>?GH@���¨x~� ´C�>?@I�

èI89:7�I}��è~ M ��¬ø�./$�
�z�±�è~ M�û± &"_�B§BC�./(��
D«B�Ey�èI ./$*��)«©zbØB�
Ey�èI ./$ ÿ!�èI ./(  ¡���Ô
�����´C�Þ6}7yz����èI>

?@ ¡zÎ©�©�èI89:7�~ !R"&5
I���z>?�§BCìI4TR* !í�Î�§zÞ
6}7IMt�uO?�y$g�6}7~�èz

!R#%5I���z�¶>?�§BC�(
( -¡©C,TUAiT��] �§å

¶xzãRäH@���%H@Ip�~

ù¡x�¾¡©�TUI¢£~æ�«©

C�Î¨�zãRäH@p�`l�åÆ

�./0Ý1çîø´CìI4TR'í�ÎI
T* ¡zãRäH@~p���xÈU

I4TR* '* +P+6!';.F IJKVW`l�åÆ�
./ HéÝ1X837IXg(

I4TR%*+P+6!';.FITU�¤�xTU���L�(

0.5 mm 

3



¥IÝ1X837�Xg��¨x~� ´C�«¡�zÎIÈU¥ILú�¦!%ªCyz

Z8�3OAVW��x§�Iû}�Ý1X837IÝ¨~æç«©C�¨IX837y,

TU��^á ¡©ª«©C�«�P3�¬7X837xy­®����IIzZ8�3O

�åB§yz|ÔÕ¯¢IX837y�°

�§å±zãRäH@�û´§��~¨"

�§B��Ix�¾¡©����zãRä

H@~p��CxØIÈU¥I±²xã

RäH@~²³��xØITU¥I±²

�yz��#�°Iû}�Xg~��I 

A H$IJx KJLçî ¡³´�C�(
(+P* W�ê_I H$IJRýþäOA^
á��¨x�û´§z-¡©C +Pù@a
±I�µ��¶¸A I4TR1 ����%R#5
¯¢ICbI83þyz+Pù@�>?�
C89:7�I:ù@�û��I����
[3�PvQÐ7· ¡¸¦¡©CT�

��yzHéTU��^á ¡-¡©C�
���� +P,:* 2* !R"#5x®¹ümºA��§BC�«¡�zJKAVW�CTU±²I�
~ÈU¥I±²û±�T���~­®»B¨x~� ´C�!RS5¯¢I83þyz¼6}7
x�§²³�§B�$

g�6}7����̈ ©

�ür�zJKAVW�

CTU±²I�~ÈU

¥I±²û±�T��

�~» ´C�«¡�z

JKAVW�CxØ�

� ²³��B !5¯
¢I83þyzVW�C

JK���%zZ8�3

OI G ù@�×½��
�I���x�¾¡©

��ö¤I¨x ¡zã

RäH@~p���¨

x�+Pù@a±IT�
~¾¿zÈU¥I±²�

�´§B�xÀ�«©

��ªCzãRäH@~
I4TR*8*+P+6!*';.FIJKVW`l�åÆ� KJLRýþäO(
ì§�íZ8�3OVWÁ�åÆ� KJLRýþäO(

I4TR* 1* +P+6!';.F IJKVW`l�åÆ�
+Pù@a±I�µ��¶¸(

4



�E������CU��yz* +Pù@a±�ãRäH@~? ��¨x�zT�~Áª±z
TU±²�Xg�§B�I�y�B xÀ�«©��*
�� KJLRýþäOA I4TR*8����ãRäH@~²³��BÈU¥I±²�yzÂ�#

�RýþäO~æç«©CI�¼�§z%ÿ!zZ8�3OAVW�CxØ�yz��#�

RýþäO~æç«©C�ÅÉzJK�J^��U�zd= ¡JnÃXg�CU�I KJL
RýþäOyzd=�²³�C��F~Ä«©§Â�#����� �zÜÝIRýþäO

yÎIÅ��±zJK�yJ^�§B�B�¨IJKVW�û���#���yzÈU¥I

±²��ÆÇ��´CI�¼�§zTU±²�yzÆÇA���û}��´C¨x�È¡�

§B�x�¾¡©��ãRäH@��IÈU¥IU��åB§z|cì'R8* Wí�I KJLç
îAø´C�ÎIT*z|c�åB§� T ºI��F~æç«©ÇzÉÕIÊ·~æç«©
C¨x ¡zÃÉËF#�VWZ1~ÌB§B�x�¾¡©��¨I¨x ¡zãRäH@

��IU�zÈU¥�±²~É¶ÍÎ«©§B�¨x~� ´C�«¡�zãRäH@��z

%zZ8�3OI KJLRýþäO ¡zTºxÏë�T�î¸ $A¸¦�xzãRäH@�
�ìT"*2!R"&&'íz%-T``*2!R!%%!zTÐ2!R"88!zT"*2!R%"&!z$``*2%#%R&%ízZ8�3O-T``*2!R!'#8z
TÐ2!R"&%1zT"*2!R%!&%z$``*2%&1R#Sí��´C��åzãRäH@��IU�yz��F~
æç«©� ´C¨x ¡zT``*x TÐA¸¦�¨x~�Ø� ´C�ÑÒ¼�x�� +P-N/01
yzÓÔº ¡ T``*2!R'"1zTÐ2!R"1#zT"*2!R%''z$``*2%#8R#��±zãRäH@���%z
Z8�3O~²³��U�IºxÕÖ�§å±zTU¥I±²�yz89:7H@ 1 H@~
Þ6}7�¬<;>?�CTU��^áT*xürI>?��A��§B�¨x~×Î«©

C�ªCz+P,: >?­Ø=yÙÚ#�$%«©§å±zT``x $``xIV¶§ ¡zØ=I>
?�ÛAÜ�¨x~�Ø�ì;R*J>]>5>*<=*>67*+D<CR*.D>3CR*(P66R7*%QQS7*117*%""QRí�ÎI
V¶§ ¡�zãRäH@I²³��TUFI±²�yÝ<=­���¨x~×Î«©C�*
( ö¤I H$IJzKJLçîT*xz%""ÞShiL�I`ßelI &&W�åÆ�N»H@I
��ôõ�åB§zà¶��«©� ´C¨xAªx¦��+P+6!';.F yzãRäH@�

��%zZ8�3OH@Ip��åB§záâI +P,89:7T�~¾¿z�E~ã~©�
ÆÇ�±²x�±zÈU¥x�´§B����zãRäH@~¦���CU�yz¦! +P,
89:7T�~Áª±zTU��xürIÝ<=­I>?���ÆÇg�§B�¨x~À�

«©��¨Iû}�z+P,89:7T�Iù¡yz>?@I +,G,+ ÓIÔÕIÖ×Õ~bØ
B¨x�È¡�§B�x�¾¡©��*
!

5




