
Title スピロシクロプロピレン架橋型人工核酸及びエチニル
ホスホネート修飾型人工核酸の合成と物性評価

Author(s) 堀場, 昌彦

Citation 大阪大学, 2019, 博士論文

Version Type VoR

URL https://doi.org/10.18910/72326

rights

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



�
�
 

 

 

��WO 

 

 

 

 

 

��3�
3�3�2��#$=,�2!� 

	�1������7<$=,�2�/?�M>K� 

 
 
 
 
 
 

 
 
 

2019 G 

 

E0E�E��T�)"� 

D?T�C-� @MU ��NS 

P;� 9I 

  



V+J 
 

A adenine 
Ac acetyl 
ALT alanine transaminase 
aq aqueous 
AST aspartate transaminase 
Bn benzyl 
BSA N,O-bis(trimethylsilyl)acetoamide 
Bu butyryl 
Bz benzoyl 
CPG controlled pore glass 
DBU 1,8-diazabicyclo[5.4.0]-7-undecene 
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone 
decomp decomposition 
DIBAL diisobutylaluminium hydride 
DIPEA N,N-diisopropylethylamine 
DMAP 4-(dimethyamino)pyridine 
DMF N,N-dimethylformamide 
DMTr 4,4’-dimethoxytrityl 
DNA deoxyribonucleic acid 
dppf 1,1’-bis(diphenylphosphino)ferrocene 
DTT dithiothreitol 
Et ethyl 
ESI electrospray ionization 
FAB fast atom bombardment 
G guanine 
GOT glutamic oxaloacetic transaminase 
GPT glutamic pyruvic transaminase 
Gapdh glyceraldehyde 3-phosphate dehydrogenase 
HAA hexylammonium acetate 
HF hartree-fock 
HPLC high-performance liquid chromatography 
HRMS high-resolution mass spectrometry 
i iso 

IR infrared 
LC liquid chromatography 
LRMS low-resolution mass spectrometry 



MALDI-TOF matrix assisted laser desorption/ionization-time of flight 
mC 5-methylcytosine 
Me methyl 
MS mass spectrometry 
Ms methanesulfonyl 
n normal 
NMR nuclear magnetic resonance 
Pac phenoxyacetyl 
PBS phosphate buffered saline 
PCR polymerase chain reaction 
Ph phenyl 
Pr propyl 
PTEN phosphatase and tensin homolog deleted from chromosome 10 
quant quantitative 
RNA ribonucleic acid 
RNase ribonuclease 
SEM 2-(chloromethoxy)ethyltrimethylsilyl 
ss single-stranded 
T thymine 
TBAF tetrabutylammonium fluoride 
TBS tert-butyldimethylsilyl 
TEAA triethylammonium acetate 
temp temperature 
TES triethylsiliy 
tert tertiary 
Tf trifluoromethanesulfonyl 
TFA trifluoroacetic acid 
THF tetrahydrofuran 
Tm melting temperature 
TMS trimethylsilyl 
U uracil 
UV ultraviolet 
� �
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ãŴ 
 
� G`R<×%ôďĶ�şć-éŀÀť"!ĎŤ"Ŝ�4Ě	�Ť�"Ö� ŗ÷#����	1 
�$.
"G`R<×$%�/�4Ŷë)�%ŧñ�1Śĩ�¨�/ĦŎÈgŝ�{ł�2��
� �Ļ�%°ďgŝ$¢�,�ł#³32�ðz$gŝŊŁ0æ�æd4ü+1#Ì��	1 
��"�/�Á¹$ąŝ�z�%ąŝňĩ$ª��śĘÍ�2��0�ê�"ňĩ#Àť��1
gŝŊ��+/2�	1 ~Ågŝ%��2)�#ąŝňĩ �1� �ºķ���� DNA- RNA

#Đ��Ćŏĩ"Äà¼)�%ĸà¼4�ó�1� �G`R<×'$ŕŞ4Ĥù�1� �rĽ
��0�ßŨ$�á�%Ðů�ŋrĽ"Ö�#,Īť��1� /�Ïðĕ$gŝŊ ���Ē
�2�	1 ¦¿�8 ŊŚ$~Ågŝ�æÉ�2��0�Ďï$ŰäÎ¤,ë³��	1 1 Ĵ#�
RNA 4ňĩ ��~Ågŝ�õ5#{ł�2��0�æÉ�2�	1 8 ŊŚ$Ķ 6 ŊŚ�}į�
1 �$.
"~Ågŝ$łĬ#Đ���īÿ$~Å$±ĉ#n�Þè4Ë��ì¯~Å%ŝ4
¶+1�+$Ť�"Ĵò4Ōţ��1�+��2)�#ĎĖ"´¡4���� n�Þè%~Å$
k�ō�İō�\`Åō#�2�2ĲĹrĽ��0�ňĩ RNA#Đ�1ĸà¼�óĽ-ôďĶ�$
aħò$®æ4ā��ì¯~Å�ïĎ�{ł�2��� 2 Ģ�,�İō)�%\`ÅōÞè�~Å
%�Ď�$æÉŊ-Ð¤ŝ#ũť�2��0���� $��"	,$ "��	1  

� ňĩ RNA#Đ�1ĸà¼�óĽ4®æ��1Œœ%Ť���1���$h� ��~Å$±ĉ$
ÒšĮ#ġŚ��ø�œ��1 hŔ¼$~Å%ĸà¼ ń���±ĉ$ÒšĮ�¶	�+�ĸà
¼��ó�21uĨ�8`L_S�$ČÔ���1 �$�+�ĸà¼Ģ�ċ¿�1±ĉ4řŐ�
��hŔ¼$ÒšĮ4ŧñ�1� %�ĸà¼$±ĉ4ŵ+1� "�8`L_S�$ČÔ4xŅ
��1�+�¶	ĸà¼�óĽ4�ĳ�1�+$Š"Üĝ "1 �$.
"oú$, v�$
¢�Õ�%�s��ì¯~Å 2’-O,4’-C-methylene bridged nucleic acid (2’,4’-BNA) 3 / locked nucleic acid 

(LNA) 44ø����${ł#ó¬�� (í 1) ~Å$ĸà¼±ĉ%�RNA/RNAĸà¼�&RNA/DNA

ĸà¼�% A�ĸà/�5�DNA/DNAĸà¼�% B�ĸà/�5±ĉ4Û��	1� �Ğ/2
��0��2�2$±ĉ#�	�İō$>`UY�@[`#ġŚ�1 �A �ĸà/�5Ģ�% N

��B �ĸà/�5Ģ�% S � ��ċ¿��	1 (í 2) 5  2’,4’-BNA/LNA %~Å$İō#ĲĹ
��s�±ĉ#.��>`UY�@[`� N �#©ħn�2��0�ňĩ RNA #Đ��¶	ĸà
¼�óĽ4Ñ� �$�+�~Ågŝ'$lť��Ē�2��0�Ø¾# 2’,4’-BNA/LNA4ĲĹ�
�~Ågŝ$ŰäÎ¤,ë³��	1 1a,2c,2e hŒ�2’,4’-BNA/LNA%ôďĶ$O<^6�E#Đ�
1đòĽ#�	�Ù�$®æ�£/21,$$�eÿ ��Ħ	�+yþ$Ţğ�Æ�2�	1 
�/#�2’,4’-BNA/LNA 4ĲĹ��~Ågŝ%�k�ĿŲ#eċ���ĵò4Ñ�rĽò�Ñ»�
2�	1 6 �$�+�2’,4’-BNA/LNA#ĕ31ê�"ì¯~Å${ł��+/2�	1  

 

í 1. 2’,4’-BNA/LNA$±ĉ 
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í 2. A��& B�ĸà/�5#��1ZQV�$İō>`UY�@[` 

 
� 2’,4’-BNA/LNA 4Ç+ �1İōÞè�~Å$ũť�Ď�£/21hŒ��ûâ$ĥ0\`Åō
Þè�~Å,~Ågŝ${ł#��"	,$ "��	1 \`ÅōÞè�~Å$Ģ�,
phosphorothioate (PS) Þè%�ňĩ RNA#Đ�1ĸà¼�óĽ%Ħ	,$$�¶	O<^6�Eđ
òĽ-�ĢĔŬò 	��Ĵò4Š��	1 (í 3) 7a,b,c �/#�~Ågŝ$h���16`ID
`Bgŝ#�	��PSÞè%ňĩ RNA4Ŏw�1µă��1 Ribonuclease (RNase) H$%�/�4
Ą|�"	�+�6`ID`Bgŝ�½,ũť�21ì¯~Å "��	1 7a,ģ 1 ��"�/ PS

Þè%�ŭm¥È$¶	Ăîò#šŨ�1G`R<×'$ņĴfĩ"�·4j������ĵò$
¥i "1� � ļ�2�	1 ½��PSÞè$*�)�% PSÞè 2’,4’-BNA/LNA4ŮŒĲ
Ĺ��hŔ¼~Å$Ķ�ĵò4Ñ�ĿŲ(!�·�1G`R<×$ï�Ď	� �ő¸�2��0�
ĵò G`R<×�·$�ų#�	�Ñ»�2�	1 8 )��PSÞè4 n§ĲĹ��~Ågŝ%
2n §$A6BK^9V��ċ¿�1�+�gŝŊ$öĉ-Ŋ×�Ū$Ř/,śĘ4ŷ5�	1 
�Ļ�2/$śĘ#Đ���A6BK^9V�4ūďýęĩ#·ó�1� ��2n §$A6BK^
9V�$Ģ/Ħĵò�¶�ò"~Ågŝ4ěÂ�1 	
Î*�"�2�	1 7d ��"�
/�A6BK^9V�4À0Ŏ�1�+$·ó>BL$Ĉq-ŃÃ"B<\�N`=�ŇŦ "1
"!tĘ,Ď	 �2#,�3/��PSÞè%·óœ��ū�2�	1� -�ďĶıē$Ūw� 

 

í 3. PSÞè$±ĉ 
 
ģ 1  RNase H %�DNA/RNAĸà¼4ĺÓ�� RNA¼$*4Ĵfĩ#Ŏw�18`MO<^6�E$hÝ��1 RNase 
Heċĩ#Àť�16`ID`Bgŝ�%�O<^6�EđòĽ4®æ��1�+# PSÞè��ňĩ RNA#Đ�1ĸà
¼�óĽ4¶+1�+#İōÞè�~Å�Ú#ĲĹ�21 �$¾�PSÞè%6`ID`BgŝĀď#ĲĹrĽ��1,
$$�İōÞè�~Å% RNase H$ĺÓ4Ą|���)
�+�6`ID`Bgŝ$ŮŖĜ#ĲĹ�21   
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ë5�	1� /�8<F`�B;JTÐů- anti-microRNA  	�� RNase H ņeċĩ"Y:
NCX�Àť�1č$~Ågŝ#�	�,ũť�2�	1 	
¦ç��1 9 �$�+�PS Þè
$tĘ4xŅ��1ê�"\`ÅōÞè�~Å4{ł�1� ��~Ågŝ4�/#łĬ��/2
1 ²�/21  

� cæ$ľ�/�Ŕ¢��%�2’,4’-BNA/LNA PSÞè�2�2$śĘĭ#ġŚ��ê�"İō
�&\`ÅōÞè�~Å4{ł�1� ���$w�4ŚÊ��  

� )�ė 1 å�%�2’,4’-BNA/LNA $s�ō#BS_@<_T_R`±ĉ4ĲĹ��ê�İōÞè
�~Å4ø���4Ýű$~Åk�4Š�1ZQV�4�2�2·ó��«�ĳ/2�ZQV�49
\?O<^9IM' ĲĹ�� (ė�å ė 1–2ù) Ï#�·ó��9\?O<^9IM$ĸà¼�
óĽ�O<^6�EđòĽ��ĵò#�	�ŉp�� (ė�å ė 3ù)  

� ė 2 å�%�\`Åō$hō46];`±ĉ#Ġ����8IN]UBUP�L4²b��)�
IWA`$H7V� ��·ó�� (ė 2å ė 1–2ù) Ċ	��8IN]UBUP�LĲĹ9\?
O<^9IM$ĸà¼�óĽ-O<^6�EđòĽ�RNase H�ò#�	�ŉp�� (ė 2å ė 3

ù)  
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ǭȗ 

 
Ƃ	ŀ Tk~RM~n~k}� ÏØőõĐ-üś(ǞŚǗ� 

 
Ƃ	ť Tk~RM~n~k}� ÏØőõĐ-ǃÚ(ŤÝ 

 
� ŦĴ-ƛ>�2’,4’-BNA/LNA .eM}F�WſŚǁ�Ɯ��¹ƷŚCǺǆ�?¾åŚ�û(
�ǴƃCǨ�&?��-ǴƃC¦Ū�?!9�Ż�-ãÍN|�n+<$& 2’,4’-BNA/LNA -ȑ
�Ž�§ǆ�@&�!�2f,10,11 �-Ɣ'�2’-O,4’-C-ethylene bridged nucleic acid (ENA) 12 ; 2’-O,4’-C-
propylene bridged nucleic acid (PrNA) 13 *)- Ï÷Ŵ-·QGUCŲƁ��!ȑ�Ž-üś�ùB
@�·QGU(ǞŚ-¼Ö+%&Ǳ=�+�@&�! (Ŕ 4)��@=-Əä�=�·QGU-Ų
Ɓ+Ǉ�{�Đǚīǣ-ȊŽńª�Ų���eM}F�WſŚǁ�ôŅ�?�(�Ǳ=�+*$
!��-�ǩ'�·QGU-ŲƁ.ǕƢ RNA +ž�?ƻıăÙśǁCƜ���?�(:Ğ�@�e
M}F�WſŚǁ(ƻıăÙśǁ-ȍȊ.ÿƺ'�$!� 

 
Ŕ 4.  Ï÷Ŵ-·QGU(ƻıăÙśǁÊ1eM}F�WſŚǁ-¼Ö 

 
� �-<�*ǃÚ-Ɣ'�2’,4’-BNA/LNA - Ïǚ+u\|¿CƳƼ�! 2’,4’-constrained 2’-O-ethyl 
(cEt) �ǧý�@! (Ŕ 5. ā)�14 cEt . 2’,4’-BNA/LNA (Ʋ�·QGU- Ï÷ŴCǸ�&?!
9�2’,4’-BNA/LNA +Ǔơ�?ûƻıăÙśǁCĞ��ƳƼ�!u\|¿�ȊŽńª(*?�(
+<$&�eM}F�WſŚǁCôŅ��!�14b �*B#�cEt .İȅ- ÏØőõĐ'.ÿƺ
'�$!ûƻıăÙśǁ(eM}F�WſŚǁ-ȍȊ+śò�&!��-<�*ǞŚ+��&�
2’,4’-BNA/LNA CƳƼ�?(¹ƷŚCǺǆ�?J{PeM}J\b+ž�&�cEt -ȊŽ�ŚŽ-�
# S-cEt C 2’,4’-BNA/LNA (Ɛ�¶�!ņü�¹ƷŚ-¾åŚ�Ɯé�?�(�ǧý�@!�14a �
@=-ǧý. 2’,4’-BNA/LNA - Ïǚ+Ɛ¶¿CƳƼ�?�(��eM}F�WſŚǁ;¹ƷŚ-
ǴƃC¦Ū�?Ǹó*ŤÝǪ'�?�(CĞ�:-'�?��ǩ�cEt .vfr�-üśƍ¨'u\
|¿-ȊŽ�ŚŽ�ŝ�?!9�üś;Şş�ǌč+*?(�Ǵƃ:Ǩ�&?���'ƗĦ.�
 Ïǚ3-Ɛ¶¿ƳƼ-ǸóŚC³��%%�üśĜ-Ǵƃ:¤Ŀ'�?ŎÃ ÏØőõĐ(�
& 2’-O,4’-C-spirocyclopropylene bridged nucleic acid (scpBNA) CŤÝ�! (Ŕ 5. º)�scpBNA �Ǹ�
?Tk~RM~n~h�÷Ŵ.��-Ƹƶ*·0�7�= Ïǚ-u\}�-ßü° (2’O-6’C-4’C )
C¬Ɓ��?(ǽŰ'�?�15 �-!9�{�Đǚīǣ-ȊŽńª�Ų��?"�'*��ßü°

������

�
	�����
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-¬Ɓ+Ǉ�ƬǚO�pu�Rx�ŬŽ-Ǣ�+<$&�ƻıăÙśǁ�Ǣ��?�(CÁƀ�!�
�@=-ó�CƘ4?!9�scpBNA -vfr�Cüś��J{PeM}J\b3(ƳƼ�!ï�ƻ
ıăÙśǁÊ1eM}F�WſŚǁ+%&Ǘ��?�(+�!���&�scpBNA �¹ƷŚ-¦Ū
+Ǹó*őõĐ'�?�âŁ�?�(+�!� 

 
Ŕ 5. cEt ( scpBNA -÷Ŵ 

 
� ģĈ-üś+ŦȊ#�scpBNA vfr�-Ć�Ɲ÷ŴCÝď�²+<$&ďĳ��Tk~RM~n
~h�÷ŴƳƼ+<?ƬǚO�pu�Rx�3-�ÑCŕƝ�?�(+�!�ĐǟĔ.ǐŇ+ğ
ǹƨ-û÷ŴC�&�>��-O�pu�Rx�.«ßü+��?,�@°C:(+Èȗ�ùB
@?��@ @-,�@°.N{OR|ßüC χ�{�Đg]Mq��-«ßüC α–ζ�lzf�T
·ƹ-ßüC ν0–ν4 (ì2 (Ŕ 6. a, b)�Ɣ': ν0–ν4 .Đ-ƬǚO�pu�Rx�CÈȗ�?Ņ'
ǘ�Þ*:-'�?�Đ-Ƭǚlzf�T·C÷ś�? 5 %-èĔ.ƛŇƲ�ǠǲŅ+.*��1
%6!. 2 %-èĔ�Ǡǲ�=Ǒ1ĳ!÷ŴC($&?��@=lzf�T·-Ȁ�*O�pu
�Rx�. ν0–ν4 �=ďĳ�@?Æ¥ƥ�ű° P +<$&ÛƭƢ+ǖ��(��ǁ'�>�0 �=
90º�6!. 270º �= 360º -ǋ�ƹ'�@/ N Ø�90º �= 270 '�@/ S Ø(ƝÇ�@? (Ŕ 6. 
c)�5 ���*�=Æ¥ƥ�ű° P .Ŭ&-ƎC(?�(.*��0º �= 36º ǙÓ( 144º �= 180º
ǙÓ+įƔ�&?�(�ģæƢ+Ə=@&?�6!�,�@° δ.Æ¥ƥ�ű° P (ű¼�� 

 
Ŕ 6. (a) ,�@° χÊ1 α–ζ (b) ,�@° ν0–ν4 (Æ¥ƥ�ű° P Ê1ĆƁ,�@° νmax -ďĳǩǪ
(c) Ƭǚlzf�T·-Æ¥ƥQGM| 

O
O Base

O OR2

R1

O
O Base

O O

R-cEt 
(R1 = Me, R2 = H)
S-cEt
(R1 = H, R2 = Me)

scpBNA

6’

4 

Ʊʊ  
 

ȯ�ȭ� s�~Y�ğĚBƬ�> scpBNA-þŴ(ǵūʃ´ 

 

 

ȯ�ȳ� ˙ɇ˫ȑÏĮʛʬǖBȃ�! scpBNA-T�m}�-ƾʦɻƶ 

 

� ƼʻÏĮ.˙Ŏ+ɡȄŖ-˭�ƾʦB�&�=��-T�z��X��.ýɈþ+��>,�?

ɺB8(+ʍʊ�ɭA?>��? ?-,�?ɺ.Q�TX�ɈþB χ��m}�ÿĢBɑ���L

�ʵB α–ζ�t�m�ZȁÇ-ɈþB ν0–ν4(ą1 (ē 4. a, b)��'8 ν0–ν4.Ƽʻ-ȻʵT�z��

X��Bʍʊ�>�'�ùǃ*8-'�>�Ƽʻ-Ȼʵt�m�ZȁBƾŴ�> 5 %-îĮ.ʤŎ

ÿ�Ő˚�+.*��1%5!. 2%-îĮ�Ő˚�<ˤ1Î!ƾʦB($&�>��?<t�m�

Zȁ-ƿ�*T�z��X��. ν0–ν4�<ȲÎ�?>Ƒďʝ¬Șɺ P+;$&ȼɉȑ+ɱ��(�

ùɜ'�=�0º �< 90º 5!. 270º �< 360º -ȴĒÇ'�?/ Nę�90º �< 270º '�?/ S

ę(Ĵɕ�?> (ē 4. c)�2a ���*�<Ƒďʝ¬Șɺ P.Å&-¼B(>�(.*��0º �< 36º 

£ʡ( 144º �< 180º £ʡ+˓��&�>�(�ĵ˫ȑ+Ȝ<?&�>�5!�,�?ɺ δ .Ƒď

ʝ¬Șɺ P (Șˇ��=��?< 2 %-p���`�+;$&Ȼʵ-Ħ;�-T�z��X��B

ŸƋ�>�(�ùɜ'�>�ÿ��t�m�ZȁÇ-,�?ɺ ν2(Ƒďʝ¬Șɺ P�<ȲÎ�?>

ƫĦ,�?ɺ νmax.�Ő˚�<-�?-ȨŖBɱ�&�=�¼�Ħ��*>4)�- N ū�>�.

Sū�ĠĦ�&�>�(+*>� 

 
ē 4. (a) ,�?ɺ χñ1 α – ζ (b) ,�?ɺ ν0 – ν4(Ƒďʝ¬Șɺ Pñ1ƫĦ,�?ɺ νmax-ȲÎǖ 
    (c) Ȼʵt�m�Zȁ-ƑďʝVGP� 

O
BHO

HO
2'

3'

δ : O3’–C3’–C4’–C5’ 

O
BHO

HO 2'

3'

O

2'

3'

BHO

HO

O

2'

3'

BHO

HO

O
O

O
P OO

B
3'4'

5'
α�

β�
γ�

δ� ε�
ζ�

χ�

ν0 : C4’–O4’–C1’–C2’ 
ν1 : O4’–C1’–C2’–C3’ 
ν2 : C1’–C2’–C3’–C4’ 
ν3 : C2’–C3’–C4’–O4’ 
ν4 : C3’–C4’–O4’–C1’ 

O
HO

OH

B
3'4'
4'

1'2'
ν0�

ν1�

ν4�

ν3� ν2�

tan P = (ν4 + ν1 – ν3 – ν0) / 2�ν2��(sin36º + sin72º) 
νmax = ν2 / cosP 

270º� 90º�

36º�

144º�
180º�

P = 0º�

S-form�

N-form�

C3’-endo-C2’-exo 
P = 0º�

C3’-endo 
P = 18º�

C2’-endo-C3’-exo 
P = 180º�

C2’-endo 
P = 162º�

(c)�

(a)� (b)�
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>��@= 2 %-hzu�Z�+<$&Ƭǚ-��<�-O�pu�Rx�Cǂ��?�(��ǁ
'�?�Ʋ��lzf�T·ƹ-,�@° ν2(Æ¥ƥ�ű°P�=ďĳ�@?ĆƁ,�@° νmax.�
Ǡǲ�=-�@-ƟƨCǖ�&�>�Ǝ�Ɓ��*?5)�- N Ś�?. S Ś�ŲƁ�&?�
(+*?��ŅCƯ6��2’,4’-BNA/LNA Ê1 scpBNA vfr�-Ć�Ɲ÷Ŵ+%&�ƬǚO�
pu�Rx�Cǖ�«ĩhzu�Z�Cǎ±�?�(+�!� 
� ģĈ+�2’,4’-BNA/LNA Ê1 scpBNA vfr�-Ć�Ɲ÷ŴC�ǐÜæƢǟĔÅƴǪ+<$&ď
ĳ�! (Ŕ 7)�Ɩ 2 6��scpBNA -Æ¥ƥ�ű° P . 19º (*>�ƬǚO�pu�Rx�. N ØC
($&?�(�¯ƽ�@!�6!��-Ǝ. 2’,4’-BNA/LNA - 18º +Ó���ǊƢ* A Øƻı=
�DƔ+ä=@? RNA -O�pu�Rx�(.�*?�(�ǽŰ�@!�ĝ+�Tk~RM~n~
h�÷ŴCƳƼ�!¡Ĺ'�? Ïǚ-ßü°+Ɠǳ�?(�scpBNA '. 2’,4’-BNA/LNA (ǎ±
�&ǵ 1º -¬Ɓ�ä=@!��-!9�scpBNA -vfr�Ê1J{PeM}J\bƔ+�&:
�-ßü°�Ș�+¬Ɓ�&?�(�ǽŰ�@?�ĆƁ,�@° νmax +%&.�scpBNA�
2’,4’BNA/LNA (:+ 56º (*$!��@=-hzu�Z��=Tk~RM~n~h�÷Ŵ-ƶ�*
·0�7.�ƬǚO�pu�Rx�ŬŽ+ǒć*�ÑCǾ�&?(ø�=@?�2’,4’-BNA/LNA .
÷Ŵ-ğǹƨ�Ɯ!9�ƬǚO�pu�Rx�-Ș�*Ǣ�+<$&:ǞŚ3-�Ñ�ǽŰ�@
?��-ß�Cƿư+Ɛ��scpBNA -üś(ǞŚǗ�Cù��(+�!� 

 
Ŕ 7. ǐÜæƢǟĔÅƴǪCȂ! 2’,4’-BNA/LNA Ê1 scpBNA vfr�-Ć�Ɲ÷Ŵǎ± 

 
 
 
Ɩ 2  þ¥ǐÜæƢǟĔÅƴǪ(�&�¿ƞ¼ŘC 6-31G**+ŤƝ�! Hartree-Fock (HF) Ǫ+<$&÷ŴĆƣ�Cù�
�=+Ʋňá�'�ƦÝďCù��('Ć�Ɲ÷ŴCďĳ�!�Ľ�Ýď. A ØƻıăƔ'ä=@?ǄĄ�=ē9!�  

2',4'-BNA/LNA scpBNA RNA in  16

A-form duplex
O2'-C6'-C4': 102º 103º
C2'-O2'-C6': 107º 107º

νmax: 56º 56º 38º
P: 18º 19º 14º
δ: 66º 66º 83º

2’,4’-BNA/LNA scpBNA

C4’

C6’
O2’

C2’

C4’

C6’
O2’

C2’
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Ƃ
ť Tk~RM~n~k}� ÏØőõĐ-üś 

 
� Đ�Ƕ.ǕƢ(�? RNA �(+�¿ǄȓCŤÝ�?!9�Ȁ�*ġµ+ƣȂ��?!9+. 4
ĩȑ-Đ�¿Cë�+Ǹ�? scpBNA Cüś�?�(�ǔŒ'�?�6�ƗĦ.�ǥð¿-ǔȃ
�*��ǎ±Ƣħ>�ǿ�*\s��¿CǸ�? scpBNA (scpBNA-T) -üś+ƓĨ�!�ŷ&�
\s��¿�=¸Ǥ+Ǣ¶�?�(-'�?u\|RaR��¿CǸ�? scpBNA (scpBNA-mC) C
üś�?�(+�!�scpBNA-T -vfr�.ÀƏ�üǞ 117 CĳǆèȎ(�&üś�?�((��
9 õƟ'�üǞ 10 -üśCù$! (TL�‒ 1)�6��ĳǆèȎ 1 C Dess-Martin Đ�+<$&F|
`ib 218 (��ŷ� Pinnick Đ�'K|q�Đ 3 3(ǺƳ�!�ĝ+K|q�Đ 3 Cy�buZ�
'ķȇ��u\|IT_| 4 (�!���'�ǭüś-Ț(*?RM~n~h�÷Ŵ-ÙśC
Kulinkovich ǉ�+<$&ù$!�19 �-ï�Ƶ=@!ŖĐ¿C TBS ¿+<$&ǥð�!�Ƶ=@!
�üǞ 6 CĐŚňá'SFV_�a 7 3(ǺƳ��Lewis ĐŸĊ�R{|��!Đ�¿CN{O
R|���? Vorbrüggen Ǫ+<$&\s��¿C�ŨƄƢ+ƳƼ�!�20 �-ï�2’�-FV\|
¿CƆǥð��ŝ�!ŖĐ¿CƆȈ¿3Ǣ¶�?�(' ÏÙśũÔŽ 10 CƵ!� 
 

 
 
TL�‒ 1. ǉ�ňá: (a) Dess-Martin periodinane, CH2Cl2, rt, 40 min, quant.; (b) NaClO2 aq., NaH2PO4 aq., 
H2O2 aq., MeCN, rt, 1 h, 96%; (c) MeI, NaHCO3, DMF, rt, 20 h, 93%; (d) EtMgBr, Ti(OiPr)4, THF, rt, 6 h, 55%; 
(e) TBSOTf, 2,6-lutidine, CH2Cl2, rt, 2 h, 90%; (f) Ac2O, TFA, AcOH, rt, 5 h; (g) thymidine, BSA, TMSOTf, 
MeCN, reflux, 2 h; (h) MeNH2 aq., THF, rt, 4 h; (i) MsCl, pyridine, rt, 4 h, 72% (4 õƟ). 
 
� ũÔŽ 10 CŖĐ�ca{H‒'FzjfŽ 11 (��2’�ŖĐ¿-ƆȈ¿3-Ǣ¶�ŷ� TBAF ķ
ȇ+<$&�üǞ 13 -üśC 3 õƟ 32%(ƜĪȉ*�=śò�! (TL�‒ 2)��ǩ�ũÔŽ 10

+ TBAF C��?(�TBS ¿-Ɔǥð(ƲĜ+ 2 �-K|qd|ĐŮèĔ�= 2’�3-ǟĔƹÌ
Ɛ¶ǉ��Őù���üǞ 14 �Ƶ=@!��-ï�14 CƊĐK{H‒ŸĊ��ƾķȇ�?�('�
�üǞ 13 3(ǺƳ��õƟŘ-ƋĲ(Īȉ-Ɓǜ*¦Ū+śò�! (2 õƟ 71%)�6!��üǞ 13

- 1H NMR ŵƝ-ß��1’, 2’, 3’�ŖŮèĔ-RNc|.R�N}]a'�$!�2’,4’-BNA/LNA -
1’, 2’, 3’�ŖŮèĔ-RNc|:ƲȀ+R�N}]a+*?�(�ǟ�$&?�3,4 <$&�scpBNA
. 2’,4’-BNA/LNA (÷Ŵ�ȑĚ�&�>�ǟĔÅƴÝď-ß� (Ŕ 7) -żƪŚ�Ğ�@!� 
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O
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TL�‒ 2. ǉ�ňá: (a) NaOH aq., THF/EtOH, rt, 12 h; (b) Tf2O, pyridine, rt, 12 h; (c) TBAF, THF, rt, 2 
h, 32% (3 õƟ); (d) TBAF, THF, rt, 5 h, 91%; (e) K2CO3, DMF, 90 ºC, 20 h, 77%. 
 
� �-ï��üǞ 13 Cţŋºç+<>eM}JRb 15 (�! (TL�‒ 3)��-Ĉ�ȁǅ(�&
IZf�|CȂ?(§·Ž 16 �ŻȐ+Ƶ=@!�ţŋºç+<?RM~n~h�·-§Ȕ.��
ũ+:ǧý�@&�>��üǞ 13 +�&:ƲȀ-ǉ��Ä�$!(ø�=@?�21 ��'�ţŋ
ºç-ǉ�ŶƨCȄ�?!9+ȁǅCœĐI\|+Ǣö�!(�A�eM}JRb 15 CûĪȉ'ü
ś�?�(��ǁ+*$!�Ćï+�J{PeM}J\b3-ƳƼ+ô�&SuaLRa{\|��
Fs[Ga�CÜ&ǳƢ(�? scpBNA-T Fs[GaŽ 18 -üśCƅś�!� 
 

 
 
TL�‒ 3. ǉ�ňá: (a) H2, Pd(OH)2/C, AcOEt, rt, 1 h, 15: 95%, 16: 5%; (b) DMTrCl, pyridine, rt, 9 h, 
97%; (c) iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 5 h, 87%.  
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O
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O
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� ĝ+�scpBNA-mC vfr�+¼�&:üśCù$! (TL�‒ 4)�6��scpBNA-T -üśƔ»Ž
17 - 3’�ŖĐ¿C TES ¿'ǥð����pTp{|ŸĊ� 1,2,4-a{FY�|+<? 4 �K|qd
|¿-³Ś�Cù$!�3a,4b,22 �-ïF�vdFŖȁ�Ɣ'ǉ���?�('�a{FY�|¿CF
sf¿3(Ǣ¶�!�Ƶ=@!Fsf¿C��o�YG|+<$&ǥð�!ï�R{|¿CƆǥð
�!�Ćï+�üǞ 23 -Fs[Ga�Cù�ǳƢ(�? scpBNA-mC Fs[GaŽ 24 -üśCƅ
ś�!� 
 

 
 
TL�‒ 4. ǉ�ňá: (a) TESCl, pyridine, rt, 2 h, 95%; (b) 1,2,4-triazole, POCl3, MeCN, rt, 2 h; (c) NH3 aq., 
1,4-dioxane, rt, 2 h, 98% (2 õƟ); (d) BzCl, pyridine, rt, 3 h, 83%; (e) TBAF, THF, rt, 10 min, 88%; (f) 
iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 2 h, 78%. 
 
� F`d��¿CǸ�? scpBNA (scpBNA-A) (NFd��¿CǸ�? scpBNA (scpBNA-G) -üś
+%&.�scpBNA-T -üśƔ»Ž 7 �=ù��(+�! (TL�‒ 5)�6��\s��¿ƲȀ+
Vorbrüggen Ǫ+<$&�N6-o�YG|F`d�Ê1 N2-GXm\{|NFd�-ƳƼ+śò�!�
ŷ&�2’�FV\|¿C�¿Śňá�Ɔǥð���üǞ 27�28 3(ǺƳ�!�scpBNA-T - Ï
÷Ŵ.��üǞ 14 �=ǟĔƹÌƐ¶ǉ�CÜǹ�?�('�ûĪȉ'÷ƒ�?�(+śò�&
?����*�=ǭÜȖ.�scpBNA-A, -G +.ƣȂ'�*!9��@ @-FzjfŽ 29�30 C
Üǹ�?�(+�!�6�ñ�ǉ�;�ǊƢ* SN2 ǉ�+<? 2’�ŖĐ¿-ǉƥCę7!:--�
ǳƢ-FzjfŽ 29�30 .Ƶ=@*�$!� 
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TL�‒ 5. ǉ�ňá: (a) N6-Benzoyladenine, BSA, TMSOTf, MeCN, 80 ºC, 31 h for 25, 58% or (a) N2-
Isobutyrylguanine, BSA, TMSOTf, MeCN, 80 ºC, 18 h, for 26, 49%; (b) K2CO3, MeOH, 0 ºC, 20 min for 27, 
97% or (b) K2CO3, MeOH, 0 ºC, 1 h for 28, 98%. 
 
� ��'�2’�ŖĐ¿-Đ��ŷ�ºçǉ�+<?ŖĐ¿ǉƥ+%&âƮ�?�(+�! (ǖ 1, 
2)�6���üǞ 27 - 2’�ŖĐ¿CSFVaLRy�bo�W�ŸĊ� AZADOL +<$&Đ���
ŖŮ�pHŮca{H‒CȂ&ºçǉ�Cù$! (ǖ 1. entry 1)�23 �-ß��ǳƢ-FzjfŽ
29 .Ƶ=@!:--�ȊŽŨƄŚ�Ɯ� (29 : 27 = 1 : 2.6)�ȊŽ�ŚŽ-ǟȈ:ÿƺ'�$!��-
ß�.�ŗû TBS ¿� 2’�K|qd|¿- Re ǲCǝ$&�6�ŖŮ�pHŮca{H‒-ţ
ÓCǬ�!!9'�?(ø�=@?�ĝ+�N-Selectride +%&âƮ�!(�A�ºçĉğŏ-ŗ
û�+<$&K|qd|¿3-ţÓ�ǘȆ+*$!!9�Ɔn{�ǉ��ǷŦƢ+Őù��Fzj
fŽ29CƵ?�(.'�*�$! (ǖ1. entry 2)���'N-Selectride<>:ȊŽńª-Ļ�DIBAL
CȂ!(�A�0 ºC '.ǉ�.Őù���50 ºC +ľ��?(èȎ�ǟ¤�! (ǖ 1. entry 3)� 

 
ǖ 1. FzjfŽ 29 -üśǪ-âƮ 

 
 

entry reagent solvent temp. (ºC) time (min) yield (%) 29 : 27b 

1 NaBH4 EtOH 0 30 71a  1 : 2.6 

2 N-Selectride THF 0 5 depurinationc � 

3 DIBAL (1 eq.) THF 0 to 50 30 decomp. � 
 4d DIBAL (5 eq.) THF 0 30 44e 5 : 1  

aYield of a mixture of diastereomers 29 and 27 over 2 steps from the starting material 27. bDeteremined by the 
1H NMR spectra. cN6-Benzoyladenine was isolated as a major product. dAfter the reduction, DDQ oxidation 
was conducted because 7N-8C double bond of the adenine nucleobase was reduced by DIBAL. eYield of an 
mixture of diastereomers 29 and 27 over 3 steps from the starting material 27. 
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�-è�(�&�ĐŚƨ-ûFsb¿( DIBAL �ǉ��!�(�ø�=@!!9�DIBAL C 5 ƪ
ȐȂ& 0 ºC 'ǉ�Cù$!(�A�FzjfŽ 29 CûȊŽŨƄƢ+Ƶ?�(+śò�! (ǖ 1. 
entry 4; 29 : 27 = 5 : 1)��-ȊŽŨƄŚ+%&�3’�; 6’�-ĐŮèĔ� DIBAL +Ǆ��?�(
'�2’�K|qd|¿- Re ǲ�=-ºç�ǷŦ�!!9(ø�&?�Ľ�DIBAL +<$&F`d
��¿- 7 �( 8 �-»-ƻıßü�ºç�@!!9�DDQ +<$&ąƨĐ��!� 
� scpBNA-G vfr�-üś+�&: AZADOL Đ�Cù$!ï�DIBAL +<?ºçǉ�Cę7!
(�A�FzjfŽ 30 �ǷŦƢ+ŝś���-ņü.ȊŽ�ŚŽ-ǟȈ:�ǁ'�$! (ǖ 2. entry 
1; 30 : 28 = 32% : 10%)����*�=�Ǜǉ�+<>�üǞ 28 -¥Ī. 10%+ė6$!��ǩ�Ŗ
Ů�pHŮca{H‒'.ȊŽŨƄŚ.Ɯ:--��üǞ 28 CûĪȉ'¥Ī�?�(��ǁ'�
$! (ǖ 2. entry 2; 30 : 28 = 30% : 58%)��-!9�scpBNA-G -üś'.ºçĉ(�&ŖŮ�pH
Ůca{H‒CŨƄ�!� 

 
ǖ 2. FzjfŽ 30 -üśǪ-âƮ  

  
entry reagent solvent temp. (ºC) time (min) yielda (30) yielda (28) 

1 DIBAL (5 eq.) THF 0 20 32% 10% 

2 NaBH4 MeOH/CH2Cl2 0 30 30% 58% 
aYield over 2 steps from the starting material 28. Isolated yields are shown. 
 
� scpBNA-A vfr�-üś'.�ǖ 2 -ß�Ƶ=@! 29 ( 27 -ȊŽ�ŚŽĀüǞ- 2’�ŖĐ¿
CƆȈ¿3(Ǣ¶��TBAF 'ķȇ�?�(+<$&�üǞ 33 -üś+ 2 õƟ 76%'śò�! (T
L�‒ 6)�ŷ&o�S|¿-ƆǥðCę7!(�A�ţŋºç-ǉ�óȉ�ǐŇ+���ļȐ-
eM}JRbŽ 36 .Ƶ=@!:--�Ɓǈ�èȎ¥Ī(�ß�+*$!�24 �-êŃ. N6-o�
YG|F`fR�'<�ä=@?:-'�>�o�UFsb�ţŋºçCůª�?(ø�=@&
?���'o�YG|¿Cu\|Fs�'Ɔǥð�!ï�o�S|¿-ƆǥðCù$!(�AeM
}JRbŽ 35 �óȉȏ�Ƶ=@!�ŷ&�F`d�-Fsf¿Cąƨo�YG|¿'ǥð��S
uaLRa{\|��Fs[Ga�Cù�scpBNA-A Fs[GaŽ 38 -üśCƅś�!� 
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TL�‒ 6. ǉ�ňá: (a) (1) Tf2O, DMAP, CH2Cl2, rt, 14 h; (2) TBAF, THF, rt, 30 min, 76% (2 õƟ); (b) 
MeNH2 aq., THF, rt, 40 min, 90%; (c) HCO2NH4, Pd(OH)2/C, EtOH/AcOH, reflux, 6 h, 46%; (d) (1) TMSCl, 
pyridine, 0 ºC, 1 h; then BzCl, rt, 3 h; then NH3 aq., rt, 1 h, 59%; (e) DMTrCl, pyridine, rt, 1 h, quant.; (f) 
iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 3 h, 85%. 
 
� scpBNA-G vfr�-üś'.�ǖ 3 'Ƶ=@!FzjfŽ 30 Ca{I\|Fs�ŸĊ��uZ
�T|pd|M~{b'ķȇ��TBAF +<$& TBS ¿CĺÎ�?�('�üǞ 39 CƵ! (TL�
‒ 7)��-ï��¿Śňá��ǟĔƹÌƐ¶ǉ�+<>�üǞ 40 -üś+śò�! (92%)�ĝ+
o�S|¿Cţŋºç'Ɔǥð��SuaLRa{\|��Fs[Ga�CÜ& scpBNA-G Fs[
GaŽ 43 -üśCƅś�!� 
 

 
 
TL�‒ 7. ǉ�ňá: (a) (1) MsCl, Et3N, CH2Cl2, rt, 20 min; (2) TBAF, THF, rt, 18 h, 57% (2 õƟ); (b) 
K2CO3, DMF, 80 ºC, 22 h, 92%; (c) H2, Pd(OH)2/C, EtOH, rt, 20 h, 70%; (d) DMTrCl, pyridine, rt, 4 h, quant.; 
(e) iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 3 h, 76%. 
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� Ƶ=@!Fs[GaŽ 18, 24, 38, 43 C�DNA ğƱüśÂCĒȂ�&ǞŚǗ�Ȃ-J{PeM}J
\b (ON) 3(ƳƼ�! (ǖ 3)�Ɩ 3 scpBNA -Fs[GaŽ.RM~n~h��ȊŽńª(*>�
ǉ�óȉ�Ɯ��?�(�ǽŰ�@!��2’,4’-BNA/LNA (Ʋ�K]n{�NĜ»'J{PeM}
J\b3-ƳƼ+śò�!�üś�! ON 1–12 .¸�ÉűKz‒+&Şş��Éű HPLC '�=+
Şş�!�Şşï-ĵƨ.�Éű HPLC +<$& 95%�Ņ'�?�(C¯ƽ�!��-ï�MALDI-
TOF MS 'ǟĔȐCŵƝ��ȇȗƎ(�Ƒ�&?�(C¯ƽ�!��=+�J{PeM}J\bȁ
�- 260 nm -Ę©ñ+ž�?Ëñƨ(«Đ�¿-ËñƨÖŘ�=ǀƨCÝď��ĪȉCÌ9!� 

 
ǖ 3. ON 1–12 -Īȉ(ĢȐǟŠ 

   MALDI-TOF MS 

ONs a  yield (%) calcd. [M–H]– found [M–H]– 

5’-d(GCG TTTTTT GCT)-3’ (ON 1) 25.5 3686.4 3686.8 

5’-d(GCG TTTTTT GCT)-3’ (ON 2) 11.9 3740.5 3741.0 

5’-d(GCG TTTTTT GCT)-3’ (ON 3) 8.3 3794.5 3794.6 

5’-d(GCG TTTTTT GCT)-3’ (ON 4) 36.3 3740.5 3740.3 

5’-d(GCG TTTTTT GCT)-3’ (ON 5) 41.4 3794.5 3794.6 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 6) 16.3 4362.9 4363.6 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 7) 22.1 4362.9 4363.3 

5’-d(TCA TGG mCTG mCAG CT)-3’ (ON 8) 31.6 4390.9 4391.5 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 9) 19.6 4362.9 4362.9 

5’-d(TCA TGG  CTG mCAG CT)-3’ (ON 10) 7.7 4485.0 4485.4 

5’-d(TTT TTT TTT)-3’ (ON 11) 21.9 2728.8 2728.5 

5’-d(TTT TTG TmCT A)-3’ (ON 12) 27.5 3174.1 3173.7 
aT = scpBNA-T, A = scpBNA-A, G = scpBNA-G, mC = scpBNA-mC. All sequences are phosphodiester linkages. 
 
 
Ɩ 3  DNA ğƱüśÂ.��+Ğ�QGM|'J{PeM}J\b-üśCù$&?�6��5 �Ɛ¶_azY�|+<
$&Fs[GaŽ�³Ś��@�íű+ƈě�@!eM}J\b- 5’�ŖĐ¿�=-K]n{�Nǉ����Ä��@?�
�-ï�yHŮĐ�Cù��(' 1 �¿ǟ-ōƙ�´Ȍ�?��=+ōƙ�?ņü.ĐŚňá��ƆSuaLRa{\|
�ǉ�Cù�Ʋ�QGM|Cŷ�?�üś�ĭȌ�!J{PeM}J\b.F�vdF*)-�¿ŚŖȁ�'íű�=
Ţ>ĳ��Ƶ=@!Ŗȁ�C�ƾķȇ�?�('�¿ǚÊ1{�Đǚ-ǥð¿CĺÎ�?� � PG = protecting group 

  

O
DMTrO

O

BasePG

P N

N
N

H
N

O
DMTrO

O

BasePG

O
DMTrO

O

BasePG

P O
O

O

O
HO

O

BasePG

P OO

Coupling

Oxidation
(I2)

Detritylation
(CCl3COOH)

O
O

O

Base

P OO

Deprotection
(NH3)

R

OiPr2N

CN

CN

CN

P
O

O CN

O

O

BasePG

P OO CN

O

O

BasePG

P OO CN



 14 

Ƃ�ť Tk~RM~n~k}� ÏØőõĐ-ǞŚǗ� 

 
� Ćĸ+�scpBNA -�ǭă RNA (ssRNA) Ê1 DNA (ssDNA) +ž�?ƻıăÙśǁ+%&�Ǽ
¤�ƨ (Tm) ŵƝ+<>Ǘ��!�Ɩ 4 6��scpBNA -ƳƼŘ;ƳƼ¡Ĺ�ƻıăÙśǁ+Ǿ�?
�Ñ+%&�üś�! scpBNA-T ƳƼ ON 1–5 CȂ&Ƙ4?�((�!�6!�ǎ±žŃ(�&
Ƥū- ON 13 ( 2’,4’-BNA/LNA-T ƳƼ ON 14–18 CȂ! (ǖ 4)��-ß��ON 1–5 . scpBNA-T
-ƳƼŘ;ƳƼ¡Ĺ+.ǐ�ŸƢ+�ON 13 (ǎ±�& ssRNA +ž�& 1 đ¿�!> 5 ºC - Tm Ǝ
ŅľCĞ�!�ON 14–18 +�&: 2’,4’-BNA/LNA-T 1 đ¿�!> 4 �= 5 ºC - Tm ƎŅľ�ä=
@!�(�=�scpBNA-T . 2’,4’-BNA/LNA-T (Ʋƫ-ǕƢ RNA +ž�?ûƻıăÙśǁCǸ�
&?�(�Ǳ=�+*$!��=+�ssRNA ( ssDNA +ž�? Tm Ǝ-Ă+Ɠǳ�?(�scpBNA-
T ƳƼ ON 1–3, 5 -ǩ� 2’,4’-BNA/LNA-T ƳƼ ON 14–16, 18 <>: 1 ºC Ɓ���scpBNA-T . 2’,4’-
BNA/LNA-T <>:Ș�+ RNA ŨƄŚ�û(�×ô�¯ƽ�@!��@+��&�scpBNA-T - 

 
ǖ 4. ON 1–5, 13–18 - ssRNA Ê1 ssDNA +ž�?ƻıăÙśǁǗ� 

  Tm (ΔTm/mod.) (ºC) RNA selectivity 

ONs  ssRNA ssDNA Tm (RNA) – Tm (DNA) (ºC) 

5’-d(GCG TTTTTT GCT)-3’ (ON 13) 48 52 �4 

5’-d(GCG TTTTTT GCT)-3’ (ON 1) 53 (+5) 53 (+1) +0 

5’-d(GCG TTTTTT GCT)-3’ (ON 2) 57 (+5) 52 (+0) +5 

5’-d(GCG TTTTTT GCT)-3’ (ON 3) 62 (+5) 54 (+1) +8 

5’-d(GCG TTTTTT GCT)-3’ (ON 4) 58 (+5) 54 (+1) +4 

5’-d(GCG TTTTTT GCT)-3’ (ON 5) 63 (+5) 55 (+1) +8 

5’-d(GCG TTTTTT GCT)-3’ (ON 14) 52 (+4) 53 (+1) �1 

5’-d(GCG TTTTTT GCT)-3’ (ON 15) 57 (+5) 53 (+1) +4 

5’-d(GCG TTTTTT GCT)-3’ (ON 16) 62 (+5) 55 (+1) +7 

5’-d(GCG TTTTTT GCT)-3’ (ON 17) 58 (+5) 54 (+1) +4 

5’-d(GCG TTTTTT GCT)-3’ (ON 18) 63 (+5) 56 (+1) +7 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 4 µM each oligonucleotide, 0.5 ºC/min at 260  

nm; T = scpBNA-T, T = 2’,4’-BNA/LNA-T. 
Target sequences: 5’-r(AGC AAAAAA CGC)-3’ (ssRNA), 5’-d(AGC AAAAAA CGC)-3’ (ssDNA).  

All sequences are phosphodiester linkages. 
 
 
 
Ɩ 4  ƻıăÙśǁ. Tm ƎCŵƝ�?�('Ǘ�'�?�ƻıăCÙś�!
J{PeM}J\bCƾǢŚ+<>¤Ȉ���50%¤Ȉ�!�ƨC Tm Ǝ(Ɲ
Ç�?�J{PeM}J\b.ƻıăCÙś�?�('ȕ*$!Đ�¿�
TZ]L�NűîċȂC��Ä���ŬŽ-Ëñƨ�Ɯ��? (ƉŊó�)�
�ǩ�ƻıă�¤Ȉ�&�ǭă+*?(ë�-�¿�ğǹ+*>��@ @
+ËñCĞ�!9ŬŽ-Ëñƨ�Ų��? (ǀŊó�)��-!9ƾǢŚ-£
Ɵ'�Ɲ-�ƨǮ+ËñƨCn~]a�?(�ºŔ-<�*RNvGbÒŧ
�Ƶ=@?��-NzlC:(+ Tm ƎCÌ9?ĨǪ�ƻıăÙśǁCÈȗ
�?Ņ'�ǊƢ+Ȃ=@&?�  

9 

ɱ 1. ON 1–6-ôǼ(ʓʿÏƶ 

 aT = scpBNA-T. All sequences are phosphodiester linkages. 
 

 

ȯ�ȳ� scpBNA-T¸˧K�UkP�Kbh-ǵūʃ´ 

 

� ţ<?! ON 1–5-�Ʊ˃ DNA (ssDNA) ñ1 RNA (ssRNA) +ļ�>�ʽ˃ŜŴɜB�ɫɻǥŖ 

(Tm) ǦĴ+;=ʃ´�! (ɱ 2)�ǘ 4 Ǎʞļǰ(�&�ħǯ- ON 7�2’,4’-BNA/LNA-T¸˧ ON 8–

12Bȃ�!��-ɈƷON 1–5- ssRNA+ļ�> Tm¼.ON 7+ļ�& scpBNA-T 1¸˧�!= 5 ºC

-�ƢBȣ�!�5!�ON 8–12 . 2’,4’-BNA/LNA-T 1 ¸˧�!= 4 �< 5 ºC -�Ƣ�ɸ<?�

scpBNA-T . 2’,4’-BNA/LNA-T (ÿȰ-˭��ʽ˃ŜŴɜBƬ�&�>�(�Ƥ<�+*$!�5

! ssRNA ( ssDNA +ļ�> Tm ¼-ŋ+șȖ�>(� scpBNA-T ¸˧ ON 1–3, 5 -Ɯ�

2’,4’-BNA/LNA-T¸˧ ON 8–10, 12;=8 1 ºCĦ���scpBNA-T. 2’,4’-BNA/LNA-T;=8¾�+

RNA ʱŽū�˭�(�½Ā�ɸ<?!��<+�scpBNA-T -¸˧Ɩ+ũ�&�-ʱŽū�ĠĦ

�>�(8ȡʆ�?! (ex. ON 1: +0 ºC, ON 2: +5 ºC, ON 3: +8 ºC)��-ɈƷ.�ǸǶ*ȁ0�6B

Ƭ�>XP�v�p�ƾʦ-ĿÄ+;=�ȻʵT�z��X���ģã�!�(�ɶĐ'�>(ɖ

�<?>�5! ssDNA(�ʽ˃BŜŴ�!ː�Ƹǁʵ. Bę�ʽ<�C�-ǹ�}Gi�Q��u

Ç+¬ɓ�>!7+�ň˭�Zs�XP�v�p�ƾʦ�ĄĒ-îĮ(Ȭ®óȏBʖ���ƫĲĴ

* Bę�ʽ<�Cƾʦ�<,�?&�5�(8îĐ-0(%'�>(ɖ�<?>�6e ¦�-�(

�< scpBNA-T.E�b\�Zåɩ(�&æÏ*�ʽ˃ŜŴɜBƬ�&�=�RNAʱŽū+À?!

ÏĮ'�>�(�Ƥ<�+*$!��<+ ON 1, 7, 8Bȃ�&~Z}cbğĚʆʌɜ+%�&8ʃ´

�! (ɱ 3, 4)��-ɈƷ scpBNA-T ¸˧K�UkP�Kbh.Àɤ*~Z}cbğĚʆʌɜBƬ�

&�>�(�Ƥ<�+*$! (to ssRNA: –6�<–18 ºC, to ssDNA: –10�<–15 ºC)� 

 
ǘ 4 �ʽ˃ŜŴɜ. Tm¼BǦĴ�>�('ʃ´�?>��ʽ˃BŜŴ�!K�UkP�KbhBǲģū+;=
ɻ˕���50%ɻ˕�!ǥŖB Tm ¼(Ĵɕ�>�K�UkP�Kbh.�ʽ˃BŜŴ�>�('ʧ*$!Ƽ
ʻğĚ�Z`cN�QȘ�°ȃBř�ʖ���Å®-ĂÃŖ��
�> (ǟɥàƷ)��Ɯ��ʽ˃�ɻ˕�&�Ʊ˃+*>(¹�-ğ
Ě�ɡȄ+*=��? ?+ĂÃBȣ�!7Å®-ĂÃŖ�ĠÞ�
> (ǫɥàƷ)��-!7ǲģū-ʫȨ'�Ĵ-ǥŖǋ+ĂÃŖBv
�cg�>(�ûē-;*XQ�GhƨɌ�ţ<?>��-Q�
tB8(+Tm¼Bǐ7>Ŷǖ��ʽ˃ŜŴɜBʍʊ�>�'�ɣȑ
+ȃ�<?&�>� 

  

5'-d(TTTTTTTTT)-3'

ONsa yield (%) calcd [M-H]- found [M-H]-
MALDI-TOF MS

23 2728.8 2728.5

5'-d(GCGTTTTTTGCT)-3' 26 3686.4 3686.8
5'-d(GCGTTTTTTGCT)-3'
5'-d(GCGTTTTTTGCT)-3'

5'-d(GCGTTTTTTGCT)-3'

36 3740.5
3794.5

3794.5

3741.0

5'-d(GCGTTTTTTGCT)-3' 41 3740.5 3740.3
3794.6

3794.6

12

8

(ON 1)
(ON 2)
(ON 3)
(ON 4)
(ON 5)
(ON 6)

��Binding affinity toward complementary ssDNA and ssRNA�

Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, and 4 µM each oligonucleotide. 
                   The Tm values reflect the average of at least three measurements.�
Targeting strands: 5’-d(AGCAAAAAACGC)-3’, 5’-r(AGCAAAAAACGC)-3’ �

�
�
�
�

�� (ºC)�

Tm��

O
O

O

T

O
P OO

X =

O
O

O

T

O
P OO

Y =

5'-d(GCGTTYYYTGCT)-3'
5'-d(GCGTTXXXTGCT)-3'

62.0 (+4.7)
62.1 (+4.8)

55.0 (+1.2)
53.6 (+0.7)

5'-d(GCGTTTTTTGCT)-3'

5'-d(GCGTTYTTTGCT)-3'

oligonucleotides
Tm (∆Tm/mod.) (ºC)

5'-d(GCGTTXTTTGCT)-3'

DNARNA
47.8

51.8 (+4.0)
52.6 (+4.8)

51.5

52.6 (+1.1)
52.5 (+1.0)

5'-d(GCGTTYYTTGCT)-3'
5'-d(GCGTTXXTTGCT)-3'

57.3 (+4.8)
57.3 (+4.8)

53.1 (+0.8)
52.3 (+0.4)

RNA selectivity
Tm (RNA) – Tm (DNA) (ºC)

+7.0
+8.5

–3.7

–0.6
+0.1

+4.2
+5.0

scpBNA� 2’,4’-BNA/LNA�

] +0.7�

] +0.8�

] +1.5�
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ƳƼŘ+��&�-ŨƄŚ�ŲƁ�?�(:B�$! (ex. ON 1: +0 ºC, ON 2: +5 ºC, ON 3: +8 ºC)�
�-ß�.�Ƹƶ*·0�7CǸ�?RM~n~h�÷Ŵ-ƳƼ+<>�ƬǚO�pu�Rx��
Ș�+Ǣ��!�(�ȃ�'�?(ø�=@?�6!�ssDNA (ƻıăCÙś�!Ĉ� Ï÷Ŵ.
B Øƻı=�DƔ-ÐrGc�N|�mƹ+�Ɛ�?!9+�ŗûTk~RM~n~h�÷Ŵ
�ī�-èĔ(ȊŽǉǆC��Ä���Ć�Ɲ* B Øƻı=�D÷Ŵ�=,�@&�6��(:ȃ
�-�%'�?(ø�=@?�25 
� ĝ+�\s��¿(ƲȀ+ź- 3 ĩȑ-Đ�¿CǸ�? scpBNA +�&:ûƻıăÙśǁ
��ě�@?�)���üś�! ON 6–10 CȂ&Ƙ4! (ǖ 5)��-Ĉ�Ƥū- ON 19 Ê1 2’,4’-
BNA/LNA ƳƼ ON 20–24 (ǎ±�!��-ß��scpBNA ƳƼ ON 6–10 . ssRNA +ž�&�ON 19

(ǎ4& Tm Ǝ� 1 đ¿�!> 5 �= 6 ºC Ņľ�&?�(�Ǳ=�+*$!��-ß�(ƲȀ+�
ON 20–24 ': 1 đ¿�!> 5 �= 6 ºC - Tm ƎŅľ�ä=@!�<$&�scpBNA . 4 ĩȑ-Đ
�¿Ŭ&+�&�2’,4’-BNA/LNA +Ǔơ�?ûƻıăÙśǁCǸ�&?�(�ŁǱ�@!�
6!�scpBNA ƳƼ ON 6, 8, 10 . 2’,4’-BNA/LNA ƳƼ ON 20, 22, 24 <>:�ssRNA +ž�? Tm Ǝ
( ssDNA +ž�? Tm Ǝ-Ă� 1 ºC Ɓ�(�ß��Ƶ=@!��=+�scpBNA -ƳƼŘ+�
�! RNA ŨƄŚ-ŲƁ:¯ƽ�@! (ON 6–9: +4–5 ºC, ON 10: +10 ºC)��@=-ß�.ǖ 4 'Ğ�
@! scpBNA - RNA ŨƄŚCĖě�?ß�'�?��Ņ<>�scpBNA .Đ�Ƕ(�&�Ȃ�?
Ņ'ǐŇ+Ƿ@!ƻıăÙśǁCǸ�&�>�RNA ŨƄƢ+ǕƢCƽĠ�?ǟĔ'�?�(�Ǳ=
�+*$!� 

 
ǖ 5. ON 6–10, 19–24 - ssRNA Ê1 ssDNA +ž�?ƻıăÙśǁǗ� 

  Tm (ΔTm/mod.) (ºC) RNA selectivity 

ONs  ssRNA ssDNA Tm (RNA) – Tm (DNA) (ºC) 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 19) 49 50 �1 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 6) 59 (+5) 55 (+3) +4 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 7) 60 (+5) 56 (+3) +4 

5’-d(TCA TGG mCTG mCAG CT)-3’ (ON 8) 61 (+6) 57 (+4) +4 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 9) 60 (+5) 55 (+3) +5 

5’-d(TCA TGG  CTG mCAG CT)-3’ (ON 10) 73 (+6) 63 (+3) +10 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 20) 59 (+5) 56 (+3) +3 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 21) 61 (+6) 57 (+4) +4 

5’-d(TCA TGG mCTG mCAG CT)-3’ (ON 22) 61 (+6) 58 (+4) +3 

5’-d(TCA TGG  CTG  CAG CT)-3’ (ON 23) 61 (+6) 56 (+3) +5 

5’-d(TCA TGG  CTG mCAG CT)-3’ (ON 24) 73 (+6) 64 (+4) +9 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 4 µM each oligonucleotide, 0.5 ºC/min at 260  

nm: A = scpBNA-A, G = scpBNA-G, mC = scpBNA-mC, T = scpBNA-T, A = 2’,4’-BNA/LNA -A,  
G = 2’,4’-BNA/LNA -G, mC = 2’,4’-BNA/LNA -mC, T = 2’,4’-BNA/LNA-T. 

Target sequences: 5’-r(AGC UGC AGC CAU GA)-3’ (ssRNA), 5’-d(AGC TGC AGC CAT GA)-3’  
(ssDNA). All sequences are phosphodiester linkages. 
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� F�\V�T�Ƕ; siRNA *)- RNA CǕƢ(�?Đ�Ƕ.�ǕƢ RNA (ƻıăCÙś�?
�('�ȋ-Z�hMĢ-ǆêCƘť�?��-!9�ǕƢ RNA (´ŬűǦ*�¿Ǆȓ+*?<�
+Đ�Ƕ-ǄȓŤÝCù�:--�sTr]\�¿C½8 RNA +ž�&:ƻıăCÙś�&�6
�ǛċȂC��Ä��ņü��?���'ƗĦ.�ON 1, 13, 14 +%&sTr]\�¿C½8
ssRNA ( ssDNA +ž�? Tm ƎCǎ±��scpBNA -sTr]\�¿Ġǡǁ+%&:Ǘ��! (ǖ
6, 7)�6��Ƥū- ON 13 -sTr]\�¿C½8 ssRNA +ž�? Tm Ǝ.�´ŬűǦ (X = A) *
ssRNA +ž�? Tm Ǝ(ǎ4&�5 �= 16 ºC Ɯ��?�(�ǟ�$&?�24 �-ß��Ƶ=@!
ŵƝňá(Ʋ�ňá��2’,4’-BNA/LNA-T ƳƼ ON 14 ' 5 �= 16 ºC�scpBNA-T ƳƼ ON 1 ' 6 �
= 18 ºC - Tm Ǝ-Ɯ��¯ƽ�@!��ǩ ssDNA +ž�&.�sTr]\�¿C½8ņü(´Ŭű
Ǧ-ņü'�Ƥū- ON 13 . 11 �= 15 ºC Tm Ǝ+Ă�ä=@&?�24 �#=+�&:Ʋňá
��2’,4’-BNA/LNA-T ƳƼ ON 14 ' 11 �= 15 ºC�scpBNA-T ƳƼ ON 1 ' 10 �= 15 ºC - Tm Ǝ-
Ɯ�C¯ƽ�!��Ņ-ß��=�scpBNA .Ƥū; 2’,4’-BNA/LNA -sTr]\�¿ĠǡǁCŹ
*��(*��J{PeM}J\b3-ƳƼ��ǁ'�?�(�Ǳ=�+*$!� 

 
ǖ 6. ON 1, 13, 14 - ssRNA +ž�?sTr]\�¿ĠǡǁǗ� 

  Tm (ΔTm = Tm [mismatch] – Tm [match]) (ºC) 

ONs  X = A G C U 

5’-d(GCG TTTTTT GCT)-3’ (ON 13)   4824   43 (–5)24   32 (–16)24   43 (–15)24 

5’-d(GCG TTTTTT GCT)-3’ (ON 1) 53 47 (–6) 35 (–18) 47 (–15) 

5’-d(GCG TTTTTT GCT)-3’ (ON 14) 52 47 (–5) 36 (–16) 47 (–13) 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 4 µM each oligonucleotide, 0.5 ºC/min at 260  

nm; T = scpBNA-T, T = 2’,4’-BNA/LNA-T. 
Target sequences: 5’-r(AGC AAAXAA CGC)-3’. All sequences are phosphodiester linkages. 
 
ǖ 7. ON 1, 13, 14 - ssDNA +ž�?sTr]\�¿ĠǡǁǗ� 

  Tm (ΔTm = Tm [mismatch] – Tm [match]) (ºC) 

ONs  X = A G C T 

5’-d(GCG TTTTTT GCT)-3’ (ON 13)   5224   41 (–11)24   37 (–15)24   38 (–14)24 

5’-d(GCG TTTTTT GCT)-3’ (ON 1) 53 43 (–10) 38 (–15) 40 (–13) 

5’-d(GCG TTTTTT GCT)-3’ (ON 14) 53 42 (–11) 38 (–15) 41 (–12) 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 4 µM each oligonucleotide, 0.5 ºC/min at 260  

nm; T = scpBNA-T, T = 2’,4’-BNA/LNA-T. 
Target sequences: 5’-d(AGC AAAXAA CGC)-3’. All sequences are phosphodiester linkages. 
 
� ��6'-ǞŚǗ�' scpBNA .�ƻıăÙś+��? 2’,4’-BNA/LNA -ƶŚC�ě�&?�
(�ŁǱ�@!�ĝ+�2’,4’-BNA/LNA �Ǩ�?¢ƃ'�?eM}F�WſŚǁ(¹ƷŚ+¼�?
Ǘ�Cù$!�6��eM}F�WſŚǁ+%& ON 11 Ê1 ON 12 CȂ&Ǘ��! (Ŕ 8)��
-Ĉ�Ƥū- ON 25, 27�2’,4’-BNA/LNA ƳƼ ON 26, 28 Cǎ±žŃ(�&ĒȂ��eM}F�W(
�&J{PeM}J\b- 3’ǯƌ�=ĶǍ+{�ĐSIT_|ßüC�Ŗǟ¤�? 3’-ILXeM
}F�W (CAVP: Crotalus Admanteus Venom Phosphodiesterase, Pharmacia Biotech) CȂ!�ON 11, 
12, 25–28 C�@ @ȁ¤��!Q�n|ȁ�Ɣ+ CAVP C��&G�Lwo�a���ƝĜ»�(
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-J{PeM}J\b-đŸȐCÉű HPLC +<>ƚš�!�Ćĸ+�\s��¿-7'÷ś�@
! ON 11, 25, 26 +%&eM}F�WſŚǁǗ�Cù$! (Ŕ 8. a)�ǭģæ'Ȃ!ňá'.�Ƥ
ū- ON 25 . 10 ǟï+Ŭ&ǟ¤�@?�6!�2’,4’-BNA/LNA-T ƳƼ ON 26 '.�10 ǟï+ 10%
Ɵƨ-đŸ�ä=@�40 ǟï+´Ŭ+ǟ¤�@?(�ß�+*$!��ǩ'�scpBNA-T ƳƼ ON 

11 '. 20 ǟï+ 80%�Ņ-đŸ�¯ƽ�@�80 ǟÜ£�!ĜƦ': 60%ƟƨđŸ�&!�ŷ
&�scpBNA-A ; 2’,4’-BNA/LNA-A C 3’ǯƌ+ƳƼ�! ON 12 Ê1 ON 28 -eM}F�WſŚǁC
Ƙ4�Ƥū- ON 27 (ǎ±�! (Ŕ 8. b)��#=+%&.�ON 27 . 40 ǟï+Ŭ&ǟ¤�@�
ON 28 . 80 ǟï+ 10%ƟƨđŸ�?(�ß�+*$!�Ʋ�ňá� ON 12 '.�80 ǟï+�
&: 90%�ŅđŸ�&?(�ß�'�$!��@=-ß�.�Tk~RM~n~h�÷Ŵ-Ƴ
Ƽ+<?ȊŽńª-ŲƁ��eM}F�W-ƽĠCůª�!�(+<?(ø�=@?��Ņ<>�
scpBNA . 2’,4’-BNA/LNA <>:ûeM}F�WſŚǁC®Ƶ�!�(�Ǳ=�+*$!� 

 
Ŕ 8. ON 11, 12, 25–28 -eM}F�WſŚǁǗ� Conditions: 50 mM Tris-HCl (pH 8.0), 10 mM MgCl2, 
1 µg/mL CAVP, 4 µM each oligonucleotide, 37 ºC. Sequences: (a) 5’-d(TTT TTT TTT)-3’ (ON 11), 5’-
d(TTT TTT TTT)-3’ (ON 25), 5’-d(TTT TTT TTT)-3’ (ON 26); T = scpBNA-T, T = 2’,4’-
BNA/LNA-T. All sequences are phosphodiester linkages. (b) 5’-d(TTT TTG TmCT A)-3’ (ON 12), 5’-
d(TTT TTG TmCT A)-3’ (ON 27), 5’-d(TTT TTG TmCT A)-3’ (ON 28); G = scpBNA-G, mC = 
scpBNA-mC, A = scpBNA-A, G = 2’,4’-BNA/LNA-G, mC = 2’,4’-BNA/LNA-mC, A = 2’,4’-BNA/LNA-A. All 
sequences are phosphodiester linkages. 
 
� ĝ+ scpBNA-T Ê1 scpBNA-mC CƳƼ�!F�\V�T�Ƕ-ŝŽƹ+��?¹ƷŚÊ1ǕƢ
RNA +ž�?ǆêȄřó�+%&Ǘ�Cù$! (ǖ 8�Ŕ 9)�ǭģæ'.pTlE\S|GfR
a�| 3,4,5-Ď{�Đ-Ɔ{�Đ�ǉ�Cŋǅ�?úŮ'�? PTEN CǕƢ(�!ǄȓCȂ! (ǖ
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9)��-Ǆȓ+ 2’,4’-BNA/LNA CƳƼ�?(�rHT+ƩǾ�!Ĉ�ƧĔǆêȄřó�CĞ�(Ʋ
Ĝ+¹ƷŚ:��Ä���(�ǧý�@&?�14a �-!9�2’,4’-BNA/LNA C scpBNA +Ɛ�¶
�?�('¹ƷŚ-ǸǰCâŁ�?�(��ǁ'�?(ø�!�6��2’,4’-BNA/LNA-T, -mC ƳƼ
ON 29 ( scpBNA-T, -mC ƳƼ ON 30 C�@ @ȁ¤��!ŝȇŌ�ŖCǏ�Ɩĥ' 6 ĮȒ- Balb/c
rHT (ǻ) +Ƈ¥ƩǾ�! (ƩǾȐ 35 mg/kg)�6!�ŝȇŌ�ŖƩǾÕ:Ȃ��!�ƩǾ 72 Ĝ»
ï+rHTCșČ��Ơĳ�!¹ų�= RNA Cƕĳ�!��-ï�ÉƥĤǉ�+<> complementary 
DNA (cDNA) Cċş��Ƶ=@! cDNA C real-time PCR 'Ųǜ�!���&�Gapdh mRNA ǆêȐ
+ž�? Pten mRNA -űžǆêȐCƝȐ�?�('��ƧĔǆêȄřó�CǗ��!�6!�¹Ʒ
ŚǗ�+%&.�rHT-à�Q�n|�=àŜCǟȈ��Ƶ=@!àŜ�=¹ƷŚ-ĕǕ'�
? AST ƎÊ1 ALT ƎCŵƝ�!��-ß��űžƢ�ƧĔǆêȐ. ON 29 ' 25%�ON 30 ' 50%
(*>�scpBNA ƳƼJ{PeM}J\b-�ƧĔǆêȄřó�. 2’,4’-BNA/LNA C�¥$! (Ŕ
9. ā)��ǩ¹ƷŚǗ�'.�scpBNA +Ɛ�¶�!�('�2’,4’-BNA/LNA ƳƼJ{PeM}J\
bƩǾÕ'ä=@? AST Ǝ( ALT Ǝ-Ǹ�*Ɯé�ä=@! (Ŕ 9. º)�ŦĴ-ƛ>�F�\V�
T�Ƕ-¹ƷŚ.ćǫƹ-Z�hMĢ+ž�?ǐƶ�Ƣ*ßü�è�-�%'�?(ø�=@&
?�þ¥-ß�.�2’,4’-BNA/LNA +Ĭŉ�!Tk~RM~n~h�÷Ŵ-ŗû�+<$&Z�h
MĢ+ž�?ßü�ůª�@!�(;ßü�?Z�hMĢ-ĩȑ�Ǣ��!�(�ȃ�(�&ø�
=@?��Ņ-�(�=�scpBNA .ǕƢ RNA +ž�?ǆêȄřó�CǸ�%%�¹ƷŚ-¾åŚ
�Ɯ�(�Ǳ=�+*$!� 

 
ǖ 8. ON 29, 30 -ǕƢ RNA ž�?ƻıăÙśǁǗ� 

ONs  Tm (ºC) 

5’-d(TmCA TGG CTG CAG mCT)-3’ (ON 29) 63 

5’-d(TmCA TGG CTG CAG mCT)-3’ (ON 30) 63 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 2 µM each oligonuleotide, 0.5 ºC/min at 
� � � �   260 nm; T = 2’,4’-BNA/LNA-T, mC = 2’,4’-BNA/LNA-mC, T = scpBNA-T, mC = scpBNA-mC. 

 ON 29 and ON 30 are phosphorothioate linkages. 
Target sequence: 5’-r(AGC UGC AGC CAU GA)-3’. Target sequence has phosphodiester linkages. 
 

 
Ŕ 9. ON 29, 30 - in vivo +��?ǕƢ RNA ǆêȄřó�(¹ƷŚǗ�  
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� �Ņ-ǞŚǗ�-ß�<>�scpBNA . 2’,4’-BNA/LNA -ǕƢ RNA +ž�?ûƻıăÙśǁC
�ě�%%�eM}F�WſŚǁ-ôŅ(�¹ƷŚ-¾åŚ-Ɯé+śò�!őõĐ'�?�(
�Ǳ=�+*$!�6!�cEt -<�+vfr�-üśĜ+ȊŽ�ŚŽ�ŝś�?�(�*!9�
üśŅ-ȆƦ:�?őõĐ'�?�<$&�scpBNA .Đ�Ƕ(�&-�Ȃ�Ɓ+Áƀ'�?�
�=+�scpBNA C¹ƷŚǆêuKdU‒-¤Ǳ+ô�!ãÍ^�|(�&Ȃ?�('� Ïǚ-
÷Ŵ;ŭŖŚƫ-hzu�Z�(¹ƷŚ-ű¼+%&<>łć+âŁ�?�(:�ǁ(ø�=@
?� 
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Ŷ	ĵ CX^wkQk`�\ĢļÎłê¥ą-óŊ'ǃŉƼ� 

 
Ŷ�ŕ CX^wkQk`�\ĢļÎłê¥ą-ƮÐ'ŔÓ 

 
� Ŷ 1ĵ&. 2’,4’-BNA/LNA-Ŵų')9 scpBNA-¡Ʊ=î"�� ¥ą�Ǟ-¯ƣŉ-Ü�'
�% PS Ģļ4ǛŷĎ�:%�9�1� PS Ģļ.vzÜĉĸ-GuvZ@�*ǡǫ�9P?QZ
xDn��Ūÿ�9�3 nàƟƧ*6"%¥ą�Ǟ� 2nğǸ-÷óǃ')"%�1��-�3 
PSĢļ*Ŵ<9vząǀĢļÎ¥ą-¡Ʊ4ƹǩ&�9��:1& vząǀĢļÎ¥ą=ŔÓ�
9þ*. vząǀ- 3’� 5’� Ƹ�Ç-ąŜÜĉ=ǲ� 26 ƃŜ 27 ŽŜÜĉ 28*Ƃ��9'
�Ğǐ�'7:%�� (ń 10)�vząǀ-ąŜÜĉ=ǲ�Üĉ&Ƃ��łê¥ą&. PSĢļ 

 

ń 10. vząǀĢļÎ¥ą-Ģļ�ī 

 
-P?QZxDn�-Ǜŷ= Ʒ�9�3 Ƹ�ÇąŜÜĉ-ǳǏ=Ƃ��łê¥ą�¡Ʊ�:
%�9�26a ���)�7 PSĢļ'ƞǦ*VzcIĘ0-Ôó*6"%ǢƱ�:9¯ƣŉ-Öƫ.
Ľ�)��Ŭ*4 5’�ąŜÜĉ=ǲ�Üĉ*Ƃ�9�'&ŵǁ)¬ŉ-ƌ�=��¼���'4
Ǎô�:%�9�26b 1� vząǀ-ąŜÜĉ=ƃŜÜĉ&Ƃ��łê¥ą&. ƃŜÜĉ�ǥ
�*iy\z�=Ġ�9�3*ąŉĺÕ�&Ǆ��:5���'�Ɓ7:%�9�1f,27f �Ǐ ŽŜ
Üĉ*Ƃ�9Ĺó. ǲ�Üĉ5ƃŜÜĉ0-Ƃ*��9ǛŷƔ= Ʒ�## |śŉ5|ƍ
ŉ*ǟ:�¥ą�Ǟ-¡Ʊ�·ű&�9��-�3 �:�:-ąŜÜĉ=ŽŜÜĉ*Ƃ��
methylphosphonate (MP) 28a 3’-MP 28b 5’-MP 28c,d eQ(qXxz)kQg@`�\ 28d)(�¡Ʊ�:
%�� (ń 11)��:1&* MP5 3’-MP.ñ�_Ix?�TŰŉƭ=Ĕ��'5 3’-MP� PSĢ 

 
ń 11. vząǀ-ąŜÜĉ=ŽŜÜĉ*Ƃ��łê¥ą 
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ļDvN_IxDX]684ƺƑ RNA*ů�9ñ�ƦģûÏŉƭ=Ǡ�%�9�')( ŽŜÜĉ
0-Ƃ*6"%ǟ:�Ƣŉ-¦ơ*Ŋç�%�9����)�7 MP. PSĢļƞǦP?QZx
Dn��Ūÿ�9�'5 5’-MPÀ/eQ(qXxz)kQg@`�\ĢļDvN_IxDX].DNA
*ů�9ƦģûÏŉƭ�ƌ��')( �ŷ4ŭŇŪÿ�9�28a,d 3’-MP-vząǀ-Ʀǘ¨ γ, δ, ε
=áƍ���eOIyÎłê¥ą 295 5’-MP-Ʀǘ¨ β=áƍ���e^wkQk`�\ 30)(4
¡Ʊ�:%�94-- ƓŚ-DvN_IxDX]'ƞƙ~�-ƦģûÏŉƭ*Ǳ1"%�9�ť
! vząǀ-ąŜÜĉ=ŽŜÜĉ*Ƃ��łê¥ą.¥ą�Ǟ0-�Ǩ�·ű&�9�Ǐ ę
Ǩ��ƭ)łê¥ą.Ǖ ¡Ʊ�:%�)��~ĸ-�'�7 PSĢļ*Ŵ<9vząǀĢļÎ¥
ą-şĤ=ǚƑ* Ł�)ŽŜÜĉƂÎ-łê¥ą=¡Ʊ�9�'*��� 
� ö ƇĚ. DNA*ů�%ƦģûÏŉƭ-ƌ�=Ĕ�� 5’-MP'e^wkQk`�\- 2ğǸ-
vząǀĢļÎ¥ą*Ƅǚ�� (ń 11)�5’-MP *#�%. DNA/DNAƦģûƅ&ƟƧ��qXx
z³��³ǀ'ǰŮƳƱ=��¼�� vząbYIl�zÀ/ƚǀ-Mzkq�O‒z�Ǉ��
��'�ƦģûÏŊƭƌ�-Ü�&�9'íā�:%�9 (ń 12. ù)�28d �Ǐ e^wkQk`�
\.ƦģûÏŊƭƌ�-Ü�*#�%íā�:%�)�4-- 5’-MP 'ƞ��qXz³'�³ǀ
-ǰŮƳƱ�¼�9'ǣŠ&�9 (ń 12. �)�Ǎô�:%�9ƦģûÏŊƭ. 5’-MP 'e^wk
Qk`�\-(!74 DNA*ů�%-2&�9� RNA*ů�%4ƞǦ-ǰŮƳƱ�¼�9'í 

� � � � � �  
ń 12. 5’-MPĢļ���¼���³ǀ'-ǰŮƳƱ'e^wkQk`�\&ǣŠ�:9ǰŮƳƱ 

 
�7:9��:7-ƮÐ�7ƇĚ. ŁºvząǀĢļÎ¥ą'�% ethynylphosphonate (EP) Ģļ
=í}�� (ń 13. ù)�EPĢļ. 5’-MP5e^wkQk`�\'.�)8 �³ǀ'ǰŮƳƱ=
¼��ŅŜÜĉ=Ǡ�%�)��3 ƦģûÏŊƭƌ�=ı�6)Mzkq�O‒zǇ�=¼�
�)�'í�7:9�1� EPĢļ&. vząǀ-Ʀǘ¨ β-�ī�Ɖŗ�#ĕǡƗ-ƌ�?wG
zìţ')"%�9�Ʀģûƅ*��9Ʀǘ¨ β-¨Ɨ. Ôĳìţ�7 AÎƦģ7�>' BÎƦ
ģ7�>-(!74Ĝ* 180º')"%�9�'�Ǘ7�*�:%�9�31 �-ƁÙ'?wGzìţ
-Ƣƈ�7 EPĢļ.Ʀģûƅ-vząbYIl�z-ìţ=Ǚǌ�## ƦģûÏŊđ-Cz\
yf�-ūė=Ǫň&�9'í�7:9�ęþ* RNA e^wkQk`�\ EPĢļ-ý|ƍìţ
=ĄĤ� �³ǀ' 3’�-ąŜÜĉ=ģ,ó<��þ-vząǀ-�Ƃ*#�%ƶ©�� (ń 12. 
�)�Ɔ 5 �-Ô� RNA (õľ) 'ƶ©�% EPĢļ (nTzV) -vzą�Ê��Ƃ*Ūÿ�%�
8 e^wkQk`�\-ý|ƍìţ (Ņľ) À/Ħ|ƍìţ (Ƿľ) -Ǐ�Ǯ:%�9�'�ǣŠ 

 
 
Ɔ 5  RNA e^wkQk`�\ EPĢļ-��:-ìţ4 ÓĄ-®ǉ�-�3{vzą-ǀǄ=qXw³'����7
* e^wkQk`�\' EPĢļ&. AÎƦģ7�>ƅ-ìţ=Šƍ�9�3 ƚǀ� NÎ')96* 2’�=q\
GO³'���1� ý|ƍìţÀ/Ħ|ƍìţ*#�%. ǄĉǶªǐ*6"%ĄĤ��¤|ƍƯü*ů� ³Ǝ±Ň
= 6-31G**'�� HFǐ*69ƸÑÛƑǄĉ½ƠÓĄ=î�'&ĄĤ���  
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�:��1� e^wkQk`�\.Mzkq�O‒z�ŵ���)9ý|ƍìţ'Ħ|ƍìţ-
C`wH�ú� 1.31 kJ/mol&�9-*ů� EPĢļ&.Mzkq�O‒z�ŵ���)8 C`w
H�ú-Į��Ħ|ƍìţ.§ƨ�:)�"���-�3 EPĢļ.e^wkQk`�\'ƶ©�
% 68ĕǡƗ-ƌ�Ģļ&�9'í�7:9�1� DvN_IxDX]-ƦģûÏŉƭ.ìţ 

     �  

ń 13. EPĢļ-ìţ'e^wkQk`�\À/ RNA'-ìţƶ© 

 
Ƒǩ�-Ŭ* ŐƖƑǩ�*6"%4Ǉ��9�Ŗĥ-Ƌ8 PSĢļ.ƦģûÏŊƭ=ƌ���9
�'�Ɓ7:%�8 ǲ�Üĉ-ƟƧ*6"%vząǀ-Ņǻ�Ş£�:9�'�ǩ�-�#'�
%í�7:%�9�32 �Ǐ EPĢļ.vząǀ-Ƹ�ÇÜĉ�ąŜÜĉ*)"%�9�3 Ņǻ*
�È=Ǥ�)�'í�7:9�5’�-ąŜÜĉ*#�%.ŽŜÜĉ*Ƃ�%�94-- vząǀ
-Ņǻ.Ĝ*ƿƖ�=Ǡ�9Ƹ�ÇąŜÜĉ&¼�9�'4Ɓ7:%�9�33 �-�3 5’�-Ž
ŜÜĉ0-Ƃ*6"%Ş£�:9Ņǻ4į)�'í�7:9�ęþ* kQkPCQZw PSĢ
ļ EP Ģļ*#�% ³Ǝ±Ň= 6-31+G*'�� HFǐ*6"%ìţ=ýƒ�� �7*ƞĺÕ&
�ƔÓĄ=î�'&ŐƖmZzOsw=ĄĤ�ƶ©�� (ń 14)��-Ô� EP Ģļ-Ƹ�Çą
ŜÜĉĸ-ŐƖmZzOsw.ƓŚ-kQkPCQZw'ƞƙ-Ňƀ=Ĕ�%���3 Ǆĉ½Ơ 

 
ń 14. kQkPCQZw PSĢļ EPĢļ-ŐƖmZzOsw Red cover represents the range having 
the highest electrostatic potential (–634 kJ/mol) and blue one means the counterpart having the lowest 
electrostatic potential (–156 kJ/mol) in each molecule. 
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ÓĄ-Ô��74Ņǻ0-�È.Į��'ǣŠ&�9�6"% EPĢļ.Ʀģû-Ņǻ=Ş£�9
�')�vząbYIl�z-ĕǡƗ=Ǫň��łê¥ą'�% DvN_IxDX]-ƦģûÏ
Ŋƭ=éĸ��9'·ű&�9� 
� vząǀĢļÎ¥ą&�9 EPĢļ=¥ą�Ǟ0'�Ǩ�9Ĺó Ŷ�ĵ&ĝ8ĸ�%��ñ�Ʀ
ģûÏŊƭ=Ǡ�9�ÇÎłê¥ą'ŝ2ó<�9�'��ƭ&�9����)�7 2’,4’-
BNA/LNA'vząǀ1�.�³ǀ*Ģļ=Č��łê¥ą=ǅǨ��þ* Ċ<+ƦģûÏŊƭ-
ƌ�=ı��'�ďǹ4Ūÿ�9�34�-�3 ƦğǸ-łê¥ą=Żħ*ŝ2ó<�9 �&.
â�-Ƣŉ�ƞđ*Ʊµ�:9'.ß7� łê¥ąƞĈ�nYX�9� �:'4oQnYX'
)9�ęÛƑ*Ĕ��'.�¾��9���& EPĢļ' 2’,4’-BNA/LNA-ǳǏ=Ǡ�9DvN_
IxDX]=óŊ� ǅǨ*69ƦģûÏŊƭ5ìţ0-�È*#�%×Ķ�9�'*���ęþ
-óŊ*#�%. EP Ģļ- 5’��ŽŜÜĉ&�9�3 DvN_IxDX]-óŊđ*EYiv
zJƳ�-êƐ�ƽ�ƭ&�9'í� EPĢļ*6"%Ò�"�WAn�=?oWA\Ů'�%Ǩ
��9�'*��� 
� ~ĸ=Ɯ1�% 2’,4’-BNA/LNAÀ/ EPĢļ=Ǡ�9DvN_IxDX]=óŊ� ƦģûÏŊ
ƭ*#�%Ƽ��9�'*���ë* _Ix?�TŰŉƭ5 RNase H¬ŉ*#�%4Ƽ�� PS
Ģļ-Ŵų'�%ǬǨ�ƭ&�9�×ƛ�9�'*��� 
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Ŷ	ŕ CX^wkQk`�\ĢļÎłê¥ą-óŊ 

 
� CX^wkQk`�\-óŊǐ'�%. cuPBpĿư=Ǩ��Phyr?wKz' H-kQk
`�\-IyQEYivzJƳ��Ǎô�:%�9�35,Ɔ 6 �7* Phyr?wKz' H-kQk`
�\=�:�:Ǡ�9XoPzƞĈ-IyQEYivzJƳ�4Ǎô�:%�9�36 ��&ƇĚ.
�:7-óŊǐ=ăí* EPĢļ=Ǡ�9XoPzWAn�-?oWA\Ů=óŊ�9�'*�� 
(QG�p 8)�1� ¶Ɓ�óǃ 4437- 3 �= SEM ³ 38&Ǌå� 5’�-Pq\GO\vXw³=
ąŉĺÕ�&źǊå���ũ�% ơ7:��óǃ 46- 5’�Ņą³= Dess-Martiną�*6"%?
w[d]³*Ǉ��ã Corey-FuchsƳ�*6"%�óǃ 48'����-ã SEM³=��QR
(�) *6"%ĬÄ� TBDPS³= TBAF&ĩǭ�9�'& IyQEYivzJƳ�-³Ę')9
Phyr?wKzŮ 49=óŊ�����& Ŀư'�%ŃącuPBp(�) Ư�ĉ'�% dppf=
Ǩ� XoPz- H-kQk`�\ 50'IyQEYivzJƳ�=î�'& WAn�51-óŊ
*Ŋç���ýã* 51-?oWA\�=î� ?oWA\Ů 52-óŊ=ŹŊ��� 

� Ē* EPĢļ' 2’,4’-BNA/LNA-ǳǏ=Ǡ�9WAn�-óŊ*ƄĞ���1� ¶Ɓ�óǃ&
�9 2’,4’-BNA/LNA-T-?oWA\Ů 533a =ąŉĺÕ� Ņ'Ƴ���9�'& 2’,4’-BNA/LNA-T 

- H-kQk`�\ 54*Ǉ�� (QG�p 9)�Ē* 51-óŊđ'ƞ�ĺÕ&WAn�55=óŊ
��ã ?oWA\�=î�'& ?oWA\Ů 56-óŊ=ŹŊ�� (QG�p 10)� 

 
 
 
 
Ɔ 6  �*Ĕ�Phyr?wKz' H-kQk`�\ (kQkzą
PCXw) -IyQEYivzJƳ�.~�-6)Ƴ�¸ì
�Əĭ�:%�9�34 1� Phyr?wKz*cuPBpĿư
�ą�Ƒƾ���ã Path A1�. Path B=Ñǡ�%?wG^
wcuPBpǂóŮ=ÏŊ�9��-ã H-kQk`�\'Ƴ�
�9�'& CX^wkQk`�\�ơ7:9� 
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QG�p 8. Ƴ�ĺÕ: (a) SEMCl, DBU, CH2Cl2, –78 ºC, 1 h; (b) TFA, MeOH, rt, 20 h, 59% (2êƐ); (c) 
Dess-Martin periodinane, CH2Cl2, rt, 1 h; (d) CBr4, PPh3, CH2Cl2, 0 ºC, 20 min, 85% (2êƐ); (e) (1) SnCl4, 
CH2Cl2, rt, 9 h; (2) TBAF, AcOH, THF, rt, 2 h, 97% (2 steps); (f) 50, Pd(OAc)2, dppf, propylene oxide, DMF, 
90 ºC microwave, 1 h, 53%; (g) iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 1 h, 46%. 
 
 

 
 

QG�p 9. Ƴ�ĺÕ: (a) 1H-tetrazole, MeCN/H2O, rt, 30 min, quant.  
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QG�p 10. Ƴ�ĺÕ: (a) 54, Pd(OAc)2, dppf, propylene oxide, DMF, 90 ºC microwave, 30 min, 41%; (b) 
iPr2NP(Cl)OCH2CH2CN, DIPEA, MeCN, rt, 2 h, 66%. 
 

� ơ7:�?oWA\Ů 52, 56= DNAĕƝóŊ¸=ćǨ�%ǃŉƼ�Ǩ-DvN_IxDX]0
'ƟƧ�� (ƻ 9)�óŊ�� ON 31–46 . ¿š HPLC *6"%Ŏŏ���Ŏŏã-ħƗ. ¿š
HPLC *6"% 95%~ĸ&�9�'=§ƨ����-ã MALDI-TOF MS *68Ǆĉǵ=Ŧƍ� 
¤DvN_IxDX]=ƞƍ���ġǯ*#�%. DvN_IxDX]ǧ�- 260 nm-č¢æ*
ů�9ÁæƗ'¤¥ą�³-ÁæƗÌŇ�7ƬƗ=ÓĄ�9�'&Â3�� 

 
ƻ 9. ON 31–46-ġǯ'ĘǵǄő 

   MALDI-TOF MS 

ONs a  yield (%) calcd. [M–H]– found [M–H]– 

5’-d(GCG TeTTTTT GCT)-3’ (ON 31) 1.5 3626.4 3626.4 

5’-d(GCG TTTeTTT GCT)-3’ (ON 32) 1.3 3626.4 3626.4 

5’-d(GCG TTTTTeT GCT)-3’ (ON 33) 1.0 3626.4 3626.1 

5’-d(GCG TTTeTTT GCT)-3’ (ON 34) 1.0 3654.4 3654.1 

5’-d(GCG TTTeTTT GCT)-3’ (ON 35) 1.7 3654.4 3655.4 

5’-d(GCG TTTeTTT GCT)-3’ (ON 36) 0.7 3654.4 3654.7 

5’-d(TeTT ACG CAG TTT)-3’ (ON 37) 1.3 3619.4 3620.0 

5’-d(TTeT ACG CAG TTT)-3’ (ON 38) 2.2 3619.4 3618.9 

5’-d(TeTT ACG CAG TTT)-3’ (ON 39) 1.6 3647.4 3648.2 

5’-d(TeTT ACG CAG TTT)-3’ (ON 40) 1.2 3647.4 3647.3 

5’-d(TTeT ACG CAG TTT)-3’ (ON 41) 2.1 3647.4 3647.6 

5’-d(TTT TTT TTTeT)-3’ (ON 42) 0.9 2973.0 2972.6 

5’-d(gcg TeTTTTTTT gcu)-3’ (ON 43) 0.3 4400.9 4400.8 

5’-d(gcg TTTeTTTTT gcu)-3’ (ON 44) 0.2 4400.9 4401.2 

5’-d(gcg TTTTTeTTT gcu)-3’ (ON 45) 0.5 4400.9 4401.7 

5’-d(gcg TTTTTTTeT gcu)-3’ (ON 46) 0.8 4400.9 4401.1 
ae = ethynylphosphonate linkage, T = 2’,4’-BNA/LNA-T, g = 2’-OMe-G, c = 2’-OMe-C, u = 2’-OMe-U. All 
sequences are phosphodiester linkages except for ethynylphosphonate linkage.�  
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Ŷ
ŕ CX^wkQk`�\ĢļÎłê¥ą-ǃŉƼ� 

 
� ýĪ* EPĢļDvN_IxDX]' ssRNA1�. ssDNA-Ʀģû*#�% TmŦƍ=î� Ɠ
Ś5 2’,4’-BNA/LNAƟƧDvN_IxDX]- Tmƀ'ƶ©�� (ƻ 10)�1� ƓŚ- ON 13, 49-
ssRNA*ů�9 Tmƀ'-ú*Ƅǚ�9' EPĢļ ON 31–33, 38. Tmƀ� 3�7 4 ºCƌ��9�
'�Ǆ�"���-Ô��7 EPĢļ=í}��ƘĪ-ǣŠ*Ƴ� EPĢļ*6"%ƦģûÏŉƭ
�ƌ��9�'�Ǆ�"��1� EPĢļ=DvN_IxDX]- 5’ǔž*ƟƧ�� ON 37&. 
Tmƀ*Ǉ�.Ù7:� ǔž0-Ģļ.ƦģûÏŉƭ0-�È�ƌ��'�Ĕø�:���Ǐ EP
Ģļ' 2’,4’-BNA/LNA-ǳǏ=Ǡ�9Ĺó*. ON 34, 36, 40*��% 2�7 9 ºC- TmƀĸĲ�
§ƨ�: ON 35, 41&.ƓŚ- ON 13, 49'ƞƙ- Tmƀ=Ĕ����:7-Ô�' 2’,4’-BNA/LNA
ƟƧ ON 14, 47, 48, 50, 51- Tmƀ=ƶ©�9' EPĢļ*¼��9 Tmƀ-ƌ�Ǆ= 2’,4’-BNA/LNA
�ǋ6*.�7�%�9�'�Ǆ�9�ť! EPĢļ' 2’,4’-BNA/LNA-ƦģûÏŉƭ*Ǥ�
9�È.â�*Ƥǰ�%�8 ǳǏ-è��Ƴ��:%�9'í�7:9����)�7 ON 39& 

 
ƻ 10. ON 13, 14, 31–41, 47–51- ssRNAÀ/ ssDNA*ů�9ƦģûÏŊƭƼ� 

  Tm (ΔTm) (ºC) 

ONs  ssRNA ssDNA 

5’-d(GCG  TTTTTT  GCT)-3’ (ON 13) 48 52 

5’-d(GCG TeTTTTT GCT)-3’ (ON 31) 45 (–3) 48 (–4) 

5’-d(GCG TTTeTTT GCT)-3’ (ON 32) 44 (–4) 47 (–5) 

5’-d(GCG TTTTTeT GCT)-3’ (ON 33) 45 (–3) 47 (–5) 

5’-d(GCG TTTeTTT GCT)-3’ (ON 34) 50 (+2) 49 (–3) 

5’-d(GCG TTTeTTT GCT)-3’ (ON 35) 48 (+0) 49 (�3) 

5’-d(GCG TTTeTTT GCT)-3’ (ON 36) 50 (+2) 49 (–3) 

5’-d(GCG  TTTTTT  GCT)-3’ (ON 47) 53 (+5) 52 (+0) 

5’-d(GCG  TTTTTT  GCT)-3’ (ON 14) 52 (+4) 53 (+1) 

5’-d(GCG  TTTTTT  GCT)-3’ (ON 48) 52 (+4) 53 (+1) 

5’-d(TTT   ACG CAG TTT)-3’ (ON 49) 33 35 

5’-d(TeTT ACG CAG TTT)-3’ (ON 37) 33 (+0) 33 (–2) 

5’-d(TTeT ACG CAG TTT)-3’ (ON 38) 30 (–3) 30 (–5) 

5’-d(TeTT ACG CAG TTT)-3’ (ON 39) 30 (–3) 31 (–4) 

5’-d(TeTT ACG CAG TTT)-3’ (ON 40) 42 (+9) 35 (+0) 

5’-d(TTeT ACG CAG TTT)-3’ (ON 41) 33 (+0) 31 (–4) 

5’-d(TTT   ACG CAG TTT)-3’ (ON 50) 36 (+3) 34 (–1) 

5’-d(TTT   ACG CAG TTT)-3’ (ON 51) 44 (+11) 40 (+5) 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 4 µM each oligonucleotide, 0.5 ºC/min at 260  

nm; e = ethynylphosphonate linkage, T = 2’,4’-BNA/LNA-T. 
Target sequences: 5’-r(AGC AAAAAA CGC)-3’/ 5’-r(AAA CUG CGU AAA)-3’ (ssRNA), 

5’-d(AGC AAAAAA CGC)-3’/ 5’-r(AAA CTG CGT AAA)-3’ (ssDNA).  
All sequences are phosphodiester linkages. 
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. ON 33'ƶ©�%–3 ºC- Tmƀ-ƌ�=Ĕ����-�3 EPĢļ' 2’,4’-BNA/LNA-ǳǏ=
DvN_IxDX]-ǔž*Ǡ�9Ĺó*. 2’,4’-BNA/LNA -ƌ���ƦģûÏŊƭ=ǋè�
�ơ7:)��'�Ǆ�"��ssDNA*ů�9 Tmƀ*4 ssRNA*ů�9 Tmƀ'ƞǦ-Íé�Ù7
:%�8 EPĢļ*68ƦģûÏŉƭ�ƌ��94-- DvN_IxDX]-ǔž0-Ģļ.�
-�È�Į�� 2’,4’-BNA/LNA. ON 39=Ĭ�% EPĢļ- Tmƀƌ�=Ǽ�*ǋ"%�9�~ĸ
68 EPĢļ=Č��DvN_IxDX].ƦģûÏŉƭ�ƌ�)94-- 2’,4’-BNA/LNA=Ɵ
Ƨ�9�'&ñ�ƦģûÏŉƭ=Ĕ�'�Íé�§ƨ�:�� 
� ¥ą-ƦģûÏŉƭ. CzVwf�-Ťǘ&�9�³ǀ-ŅŜÔó5QVYGzJè�-Æě 
ƚǀ5vząǀ=²3�¥ąǄĉśŮ&¼�9Ņǻ' Cz\yf�-Ťǘ&�9¥ąǄĉśŮ-
ĕǡƗ-Ǉ�5Ņǻ�%�9ŅǄĉ-ŢÝ'�"�Ǧ�)�ĉ*6"%�È=Ġ�9�Ŗĥ-Ƌ8 
5’�-ąŜÜĉ.Ņǻ0-±Ǥ�į)� CX^wkQk`�\-Ƹ�ÇąŜÜĉ-ŐƖmZzO
sw.kQkPCQZw'ƞƙ-Ňƀ=Ĕ���'�7 EPĢļ*69vząǀ-Ņǻ*ů�9�
È.Į��'í�7:9�1� Ʀǘ¨ β -ĕǡƗ=ĂģÔó*6"%Ǫň�%�9�3 Ʀģû
ÏŊ.Cz\yf�Ƒ*ǠǬ*)9'ǣŠ&�9���& ƦģûÏŊ�ƽǬ*)"�ǩ�'�% 
EPĢļ*69ìţƑ)Ǉ�*#�%×Ķ�9�'*����:1&* WAn�- CDQjI\w
=Ŧƍ� 260�7 280 nm-MY\zbz]-ÆƗ'¥ą�³°-QVYGzJè�-Æ��š±
�9�'�Ǎô�:%�9�39 �-Ǎô=ăí* EPĢļ=Ǡ�9XoPzWAn�- CDQjI
\w=Ŧƍ� EPĢļ-ìţ*#�%×Ķ�9�'*���1� IyQEYivzJã-WAn
�51 À/ 55 -O?aCXw³'Pq\GO\vXw³*#�% �³ŉ1�.ąŉĺÕ�&�:
�:źǊå� XoPzWAn�57À/ 58=ơ� (QG�p 11)��-ã ơ7:� 57' 58- CD
QjI\w=Ŧƍ� ƓŚ-XoPzWAn�59' 2’,4’-BNA/LNA= 5’Ť*Ǡ�9XoPzWAn
�60-Ô�'ƶ©�� (ń 15)�1� EPĢļ=Ǡ�9XoPzWAn�57- 260�7 280 nm-
MY\zbz]*Ƅǚ�9' 59- 3Ǆ- 1ƐƗ-ÆƗ*)"%�8 EPĢļ*6"%QVYGz
Jè�-Ýě=ı��'�Ǘ7�*)"��ƦģûÏŊđ-ƩǶªƑcuq�V�*#�%4ĄĤ
��'�; ssRNA '-ƦģûÏŊ.CzVwf�Ƒ*ƽǬ*)"%�9'�Ô��ơ7:� 
(ƻ 11)�QVYGzJè�-Æě.CzVwf�ð*Þ:9�3 ƩǶªƑcuq�V�-Ô�.
CDQjI\w-Ô�=ċĐ�%�9��-�3 EPĢļ.¥ą�³°-QVYGzJ�¼�8$ 
 

 
 
QG�p 11. Ƴ�ĺÕ: (a) (1) NH4OH, rt, 2 h; (2) TFA, H2O, rt, 57: 48% (2 êƐ), 58: 31% (2 êƐ). 

a

51: R’ = R = H
55: R’R = -CH2O-

57: R’ = R = H
58: R’R = -CH2O-
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7�)96* ¥ą-ìţ=Ǉ���%�9'í�7:9�ssDNA '-ƦģûÏŊ&. Cz\
yf�Ƒ*ƽǬ*)"%�9'�Ô��ơ7:�� ƦģûÏŊđ*ǎĤ�:9ŅǄĉ-Ýį�
Ü�'�%í�7:9��Ǐ 60&.ìţ-ĕǡƗ=Ǫň�� 2’,4’-BNA/LNA*6"%¥ą�³-
QVYGzJ�ǠǬ')"�Ô� Æ�ŋ-MY\zbz]�Þ:%�9 (ń 15)�1� 2’,4’-
BNA/LNA.¥ą�³°-QVYGzJè�=ŢÆ�9�'4Ɓ7:%�8 Æ�ŋ-MY\bz]
-��'�%í�7:9�40 �:7-è�. EPĢļ' 2’,4’-BNA/LNA-ǳǏ=Ǡ�9 58&4Ʊ
µ�: 58-MY\zbz]. 59'ƞƙ-ÆƗ1&ĸĲ�%�9�~ĸ-Ô��7 EPĢļ' 2’,4’-
BNA/LNA-ǳǏ=Ǡ�9 ON 34–36, 40, 41. 2’,4’-BNA/LNA-ƟƧ*69ƦģûÏŊđ-Cz\
yf�ūė-Ǫň5 ¥ą�³°-QVYGzJè�-ŢÆ'�è�*6"% ñ�ƦģûÏŉ
ƭ=Ĕ��'í�7:9�1� 2’,4’-BNA/LNA -ƟƧ*6"%ƦģûÏŊƭ-éĸ�Ù7:)�
"� ON 39*#�%. �:7-è��ơ7:)�"��'�ǩ�&�9'í�7:9� 

 
ń 15. XoPzWAn� 57–60- CDQjI\w Conditions: 10 mM phosphate buffer (pH 7.2), 100 
mM NaCl, 0.1 µM each dimer, 0.5 ºC/min at 260 nm, 5 ºC. Sequences: 5’-d(TeT)-3’ (57), 5’-d(TeT)-
3’ (58), 5’-d(TT)-3’ (59), 5’-d(TT)-3’ (60); e = ethynylphosohonate linkage, T = 2’,4’-BNA/LNA-T. 
 
ƻ 11. ON 13' 32-ƦģûÏŊđ-ƩǶªƑcuq�V� 

duplexes ΔHº (kcal mol–1) ΔSº (cal K–1 mol–1) ΔGº310K (kcal mol–1) 

ON 13/ssRNA   –98.441   –28241   –10.941 

ON 32/ssRNA –95.1 –273 –10.4 

ON 13/ssDNA   –84.641   –23541   –11.641 

ON 32/ssDNA –94.2 –268 –11.2 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 0.89–10.9 (six data points) µM each  
          oligonucleotide, 0.5 ºC/min at 260 nm. 
Target sequences: 5’-r(AGC AAAAAA CGC)-3’ (ssRNA), 5’-d(AGC AAAAAA CGC)-3’ (ssDNA).  

All sequences are phosphodiester linkages. 
 
� ũ�% EPĢļ ON 42-_Ix?�TŰŉƭ*±�%Ƽ�� ƓŚ- ON 52À/ PSĢļ ON 53

'ƶ©�� (ń 16)�_Ix?�T.  3’-CGU_Ix?�T (CAVP, Funakoshi) =Ǩ� Ŷ 1ĵŶ
3ŕ'ƞǦ-ĞĨ& ON 42, 52, 53-ĆŪǵ=¿š HPLC*68ƊŒ���ǓęÛ-ĺÕ&. ƓŚ
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- ON 42. 10Ǆã*ś%Ǆ��:9�Ǐ& PSĢļ ON 53. 80Ǆã*��%4 80%~ĸ-ĆŪ
�Ù7:��ƞĺÕ� EPĢļ ON 42*#�%Ŧƍ��'�; 10Ǆã&ĆŪǵ. 50%~�')8 
80Ǆã*. 10%ƐƗĆŪ�%�9'�Ô��ơ7:��6"% EPĢļ-_Ix?�TŰŉƭ.
PSĢļ68.ƌ�4-- ƓŚ-kQkPCQZw684ñ��'�Ǘ7�*)"��PSĢļ-Ĺ
ó. ǲ�Üĉ-ƟƧ*6"%_Ix?�T-¬ŉƅŀ&¼�9ËŨADz'-Ôó�Ş£�:%
�9'í�7:%�9�9,42 1� ñ�_Ix?�TŰŉƭ=Ĕ�łê¥ą-ŵƲ. scpBNA-6
*ņñ�Ƃ³-ƟƧ*6"%Ō�9ǰŮķ£-´Ǥ�ŵ����Ǐ EPĢļ-Ĺó. vzą
ĸ-ƖĉǖƗ.ƓŚ-kQkPCQZw'Ǉ��)��'�ŐƖmZzOsw-ÓĄÔ��7ǣŠ
�: (ń 14) ǰŮķ£')9Ƃ³4Ǡ�%�)��3 PSĢļ5 scpBNA'.�)9ǩ�*6"
%_Ix?�TŰŉƭ�éĸ�%�9'í�7:9�Ǆĉ½ƠÓĄ (ń 13) 5 EP ĢļWAn�-
CD QjI\w (ń 15) -Ô�. EP Ģļ�ƓŚ-kQkPCQZw'.�)9ìţ='"%�9
�'=Ĕø�%�8 vząǀ-ìţ-Ǉ��_Ix?�T*69ƨĖ=ǒ�%�9�ƭŉ�Å�
7:9�1� EPĢļ-òƉ)?wGzìţ. _Ix?�T�DvN_IxDX]=Ǆ��9þ 
ř�ĻŲ=ÏŊ�*��ìţ')"%�9�'4_Ix?�TŰŉƭéĸ-ǩ�'�%í�7:9� 

 
ń 16. ON 42, 52, 53-_Ix?�TŰŉƭ Conditions: 50 mM Tris-HCl (pH 8.0), 10 mM MgCl2, 0.2 
µg/mL CAVP, 4 µM each oligonucleotide, 37 ºC. Sequences: 5’-d(TTT TTT TTTeT)-3’ (ON 42), 5’-
d(TTT TTT TTTT)-3’ (ON 52), 5’-d(TTT TTT TTTsT)-3’ (ON 53); e = ethynylphosohonate linkage, 
s = phosphorthioate linkage. All other linkages are phosphodiester linkages. 
 
� ÞÿØÃ�:%�9?zXSzQ�Ǟ-ĀǨqE^Rp*Ƅǚ�9' RNase H �ŪƑ)qE^
Rp' RNase H Ƹ�ŪƑ)qE^Rp*ŵǆ�:9�RNase H �ŪƑ)qE^Rp&. RNase H
�ƺƑ RNA=Ǆ��9ǜ«=ż�3 RNase H-ƨĖ=Ş£�)�6*?zXSzQ�Ǟ=Ŕ
Ó�9�'�ģǩ&�9��Ǐ RNase HƸ�ŪƑ*ĀǨ�9CIUz�QGYiēǴ-6)¥ą
�Ǟ&. RNase H*69Ǆ�=Ʒ�9ƹǩ��9�Êƪ&. RNase H�ŪƑ)qE^Rp-?z
XSzQ�Ǟ*ů�%4 RNase H -ƨĖ=Ş£�9łê¥ą=ƯǺ-ƅ�ǀ*ƟƧ�9�'& 
Ǉ�Î�ƕĉƢ�Ƒ*ĀǨ�9?zXSzQ�Ǟ0'Ò�9ØÃ4ō>*î<:%�9�1c ��& 
EPĢļ=(-6*?zXSzQ�Ǟ0'�Ǩ&�9�ÙÉ39�3 RNase H¬ŉ*#�%Ƽ�
�9�'*���ǓƼ�&. ƦģûÏŊƭ=ñ39ƚǀĢļÎ¥ą'�% 2’�*q\GO³=Ǡ
�9 2’-OMe-G 2’-OMe-C 2’-OMe-U=ƟƧ��DvN_IxDX]=ćǨ���1� ¤DvN
_IxDX]- ssRNA*ů�9 Tmƀ=Ŧƍ��'�; ĸ»-ƦģûÏŊƭƼ�-Ô�'ƞǦ*  
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ƻ 12. ON 43–46, 54, 55 - ssRNA*ů�9ƦģûÏŊƭƼ� 
ONs  Tm (ΔTm) (ºC) 

5’-d(gcg  TTTTTTTT  gcu)-3’ (ON 54) 55 

5’-d(gcg sTsTsTsTsTsTsTsT gcu)-3’ (ON 55) 46 (�9) 

5’-d(gcg TeTTTTTTT gcu)-3’ (ON 43) 54 (�1) 

5’-d(gcg TTTeTTTTT gcu)-3’ (ON 44) 53 (�2) 

5’-d(gcg TTTTTeTTT gcu)-3’ (ON 45) 54 (�1) 

5’-d(gcg TTTTTTTeT gcu)-3’ (ON 46) 53 (�2) 
Conditions: 10 mM phosphate buffer (pH 7.2), 100 mM NaCl, 2 µM each oligonuleotide, 0.5 ºC/min at 
� � � �   260 nm; e = ethynylphosphonate linkage, s = phosphorthioate linkage, g = 2’-OMe-G, c = 2’- 

OMe-C, u = 2’-OMe-U. All sequences are phosphodiester linkages except for ethynylphosphonate 
and phosphorthioate linkages. 

Target sequence: 5’-r(AGC AAAAAAAA CGC)-3’. Target sequence has phosphodiester linkages. 
 
 

 
ń 17. ON 43–46, 54–56 - ssRNA*ů�9 RNase H¬ŉƼ� (a) gwDxSAzƺĖ RNA-œſ
ſǈ (b) ¤ ON-ƯǺ'gwDxSAzƺĖ RNA-œſ�ī Conditions: 50 mM Tris-HCl (pH 8.0), 3 
mM MgCl2, 75 mM KCl, 10 mM DTT, 0.1 unit/µL RNase H, 6 µM each oligonucleotide, 30 µM 5’-end 
fluorescein labeling RNA, 30 ºC. e = ethynylphosphonate linkage, s = phosphorthioate linkage, g = 2’-OMe-
G, c = 2’-OMe-C, u = 2’-OMe-U. All other linkages are phosphodiester linkages. The box on the sequence of 
ON 54 means the nucleotides recognized by RNase H, when F-RNA is degraded at the 5th phosphodiester 
linkage from 3’-end of F-RNA. The box on the dinucleotide of F-RNA written under ON 54 shows the position 
of the 5th phosphodiester linkage. The highlight on the tetranucleotides of ON 54 corresponds to the range in 
which RNase H forms the hydrogen bonds with the phosphodiester linkage of ON 54.  

10 mer

8 mer

6 mer

ON 54 ON 55 ON 43 ON 44 ON 45 ON 45F-RNA F-RNAON 56ON 46marker marker(a)

(b) 5’-d(g c g T T T T T T T T g c u)-3’ON 54
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c g u u u u u u u u g c u)-3’ON 56
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c gsTsTsTsTsTsTsTsT g c u)-3’ON 55
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c g TeT T T T T T T g c u)-3’ON 43
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c g T T TeT T T T T g c u)-3’ON 44
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c g T T T T TeT T T g c u)-3’ON 45
3’-r(C G C A A A A A A A A C G A)-5’F-RNA

5’-d(g c g T T T T T T TeT g c u)-3’ON 46
3’-r(C G C A A A A A A A A C G A)-5’F-RNA
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EP Ģļ. Tmƀ-ƌ�=��¼��� (ƻ 12)����)�7 vząǀ*Ģļ=Č�%�)� ON 

54' EPĢļ ON 43–46- Tmƀ-ú. 1�7 2 ºC&�8 ö ćǨ��ƯǺ&.ƦģûÏŊƭ*Ǥ
�9�È�Į���'�Ǆ�"��1� �-ƯǺ&. PSĢļ ON 554 PSĢļ�#Ƙ�8ǝ 1 ºC
- Tmƀ-ƌ�=Ĕ����:7- ON 43–46, 54, 55=gwDxSAzƺĖ RNA (F-RNA) À/ RNase 
H (TAKARA BIO) '÷ó� Ǉŉmv?Ivw?o]LwƖ¹�Ɲ=î�'& RNase H¬ŉ'
RNA -œſ�ī*#�%Ƽ��� (ń 17)�İ F-RNA -gwDxSAz. RNA - 5’ǔž*ƟƧ
�:%�8 RNase H¬ŉ=Ǡ�)� 2’-OMe-2&ìŊ�:� ON 56=`FZ@hMz\y�w
'�%Ǩ���1� ON 54, 55&. F-RNA- 3’ǔž�7Ň�% 3Ƶǚ�7 7Ƶǚ-kQkPCQ
Zw� RNase H*69œſ=Ġ�%�8 Ƣ* 3Ƶǚ*��%œſ�ÚƇ&�"���Ǐ EPĢļ
ON 43–46. RNase H¬ŉ=ǊĐ�%�94-- F-RNA-œſ�ī*#�%. ON 54, 55'ŵ�
��)9�'�Ǘ7�*)"��Ƣ* ON 44&. F-RNA- 3’ǔž�7 5Ƶǚ ON 55&. 5Ƶǚ
�7 7 Ƶǚ-kQkPCQZw�œſ�:%�)�'�Ô�*)"���-Ô�*#�% 
DNA/RNAƦģû'ǂóŮ=ÏŊ��� RNase H-Ôĳìţ=4'*íā�� (ń 18)�RNase H.
DNA/RNAƦģû=ƨĖ�9þ DNAŤ- 7Ć³=ŧĹ'� �-ƴ�ƥ& 5’Ť-é��*�Ƃ�
9 RNA -vząǀ=Ǆ��9'í�7:%�9 (ń 17. box on ON 54/F-RNA, ń 18)�43 1� 
RNase H�ŧĹ'�9 7Ć³-ƅ*. 6à-kQkPCQZw�Ūÿ�%�8 5’Ť�7 3, 4, 5Ƶ
ǚ-kQkPCQZw'ŅŜÔó=ÏŊ�%�9�'4Ɓ7:%�9 (ń 17. highlight on ON 54, ń
18)�ö  ON 44' ON 45&Ĵė�� F-RNA-œſ�ī.�:�: RNase H� DNAŤ- 7Ć³
=ŘŸ�%ƨĖ�9þ* 5’Ť�7 2, 3, 4Ƶǚ-kQkPCQZw� EPĢļ*Ƃ�<"%�9Ĺ
ī*šƘ�9�ť! RNase H 'ŅŜÔó=ÏŊ�9kQkPCQZw5�-ÊǑ*Ūÿ�9kQ
kPCQZw� EPĢļ*Ƃ�<9Ĺó ƺƑ RNA-œſ�Ş£�:9�EPĢļ-òƉ�5ìţ
Ǉ�.ïŜ*69ƨĖ=Ş£�9è���9'��'�_Ix?�TŰŉƭƼ��7Ĕø�:% 

 

ń 18. RNase H�ƨĖ�9 DNA 7Ć³ƅ-vząǀÔóǀ�' RNAœſ�ī-�Ƃ±Ì  

phosphate binding sites of RNase H

5’

3’ 5’

3’

DNA

RNA

R179
T181

N240
I239

W225
S233

scissile phosphate
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�8 RNase H*ů�%4ƞǦ-è��Þ:�'íā&�9�~ĸ68 EPĢļ. RNase H*69
RNA-œſ�ī=ňä�9vząǀĢļÎ¥ą&�9�'�Ǘ7�*)"�� 
� �:1&*¡Ʊ�:�vząǀ- 5’�ąŜÜĉ=ŽŜÜĉ*Ƃ�� 5’-MP. �³ǀ'-ǰŮ
ƳƱ*6"%ƦģûÏŊƭ-ƌ�=Ĕ��'�Ǎô�:%�8 e^wkQk`�\*#�%4Ʀ
ģûÏŊƭ�ƌ��'�Ɓ7:%�9�ƇĚ�¡Ʊ�� EPĢļ. 5’-MP5e^wkQk`�\&
ǣŠ�:9ǰŮƳƱ= Ʒ�96*ŔÓ�:%��4-- ƓŚ-ìţ'-��*6"%Ʀģû
ÏŊƭ-ƌ�=ı������)�7 EPĢļƢǠ-òƉ)Ɖŗìţ. ǰŮķ£')96)Ƃ
³=Ǡ�%�)�*4±<7� _Ix?�TŰŉƭ=éĸ��9'�Ł�)ƁÙ�ơ7:��
�7* �-6) EP Ģļ-ìţ. RNase H -ƨĖ=Ş£�9.�7���9�'4Ǆ�"��
1� ƌ���ƦģûÏŊƭ*#�%. 2’,4’-BNA/LNA'ǅǨ�9�'&ǋ�'4�ƭ&�9�
6"% EPĢļ. RNase HƸ�ŪƑ)qE^Rp&ĀǨ�9?zXSzQ�Ǟ5Ǉ�Î�ƕĉƢ�
Ƒ)?zXSzQ�Ǟ0-�Ǩ�·ű&�9� 
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ö�Ï 

� ö 1Ï!&�q��Û�x° 2’-O,4’-C-methylene bridged nucleic acid (2’,4’-BNA) / locked nucleic acid 

(LNA) %H:T6�BòÞĝ%Ć�"ĞńYîĈ#~ĖÞ%ĺĠ"	
Ĵ÷Ċ$ÿĳ���30%
tå5ĳ·� 2’-O,4’-C-spirocyclopropylene bridged nucleic acid (scpBNA) 5vĠ�� *��ėĕ
#}'�+5Ĺ�2?JU=:UKUIV�ë5 2’,4’-BNA/LNA$ĒĚ��ďĦ;VMP�=QV
5Ĭi��2�"!�ĘÈ©�ßĝ�Ĭi�2�"5ç�� scpBNA5Ĺ�27R<H:T7CF
$�	 ħÞĥj5 	�Xh%�"5�É��  

 
� scpBNA&�2’,4’-BNA/LNA"đĎ%¢	ĘÈ©�ßĝ5Ĺ� �1�2’,4’-BNA/LNA/1-RNA

äùĈ$ĘÈ©5�ß�2  

� scpBNA& 2’,4’-BNA/LNA/1-¢	H:T6�BòÞĝ5¼��Ý¢	?JU=:UKUIV
�ë%ĒĚ$/1WćÞ��Ñ�2  

� 2’,4’-BNA/LNA ĒĚ7R<H:T7CF!�032~ĖÞ%��Þ&�2’,4’-BNA/LNA 5
scpBNA$ý�|�2�"!ĹZ$Ćh�2  

 
� �30%�p0�scpBNA & 2’,4’-BNA/LNA /1-ķ3�ħÞ5Ĺ�2�"�ı0$#1�
x°]Ķ)"gļ��ó!�2Û�x°!�2�"�Ðı�3�  

 
 
ö 2Ï 

� ö 2 Ï!&�phosphorothioate (PS) ÆÔ�~ĖÞ%�`"� �Ĝ�3 	2�".�PS ÆÔ7
R<H:T7CF�>6?DT7N�§¤ħ"#2�"0�PSÆÔ$ô42×�#RV°ĦÆÔ
�x°"� ethynylphosphonate (EP) ÆÔ5vĠ�� EPÆÔ&�RV°Ħ$£ą#6S9V�ë
��*3 �1�e�Ħ"ĿñġĠ5���ý|�5Ĺ� 	#	�"0�¢	ĘÈ©�ßĝ5
¼��"5�ó�� EPÆÔ�Á«$x°]Ķ)"gļmĝ!�2��,2�,�ĘÈ©�ßĝ�
H:T6�BòÞĝ�ribonuclease (RNase) HzÞ$�	 ĥj��Xh%/
#ü��ē03�  

 
� EPÆÔ&7R<H:T7CF)"ĒĚ�2�"!ĘÈ©�ßĝ5Ćh��2 _Į�EPÆÔ"

2’,4’-BNA/LNA%ŀĮ5ĒĚ��7R<H:T7CF&�¢	ĘÈ©�ßĝ5¼�  

� EPÆÔ7R<H:T7CF%H:T6�BòÞĝ&�PSÆÔ7R<H:T7CF/1&Ć	-
%%�ĉæ%7R<H:T7CF/1&¢	  

� EPÆÔ$/� �RNase H%ě¾�èw�3�ĤĈ RNA%ãúrË�Ĭi�2  

 
XÑ/1�EPÆÔ&q��Û�x°"%Īļ$/� ¢	ĘÈ©�ßĝ5¼�"�$�H:T6

�BòÞĝ5�Ñ��2�"0�x°]Ķ)"gļ�2Ñ!�,032ħÞ5İ�� 	2�"
�ı0$#�� *��RNase H%ě¾5èw�2�"0�RNase HģYîĈ#P8G@O!®
ļ�26VCAV?]Ķ.Ĭ[�\ċµĕ[Ĉ#6VCAV?]Ķ$gļmĝ!�2   
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į��%Ü $«��Ç´¦ã#2�·Ē"�ŊŇ5º1*�� 

õ¬õyõyaĶy��o� ÎĢsê� �Ä$Ö0{ÃÙ�Ñ�*�  

 
��%+#0��yààz$��2Ļ�#ÒĲ!Ĺc#�Ì�5	���*�� 

õ¬õyõyaĶy��o� ¯�øû� ¡¶$Ö/1{ÃÙ�Ñ�*�  

 
į��5Ü �2$��1�in vivo!%ĥj$ïõ#��ł5	���*�� 

ņŃµ� ğ³$Ø�{Ãþ�*�  

 
į��%ĐŅ$l41�ïõ#2�Ì�5Ą	���*�� 

ĔčĩľõyĶyĦ� Ă��� �Ä� 

ăõyõya]»Ķyé¤��o�ĶyĦ� ¯į£²� Ê�Ä$Ø�{Ãþ�*�  

 
įŅĩ%Õ¨5� 	���*�� 

õ¬õyõyaĶy��o� â^Å±� �Ä�ī($� õ�ĭĀ�� �Ä 

${Ãþ�*�  

 
ÀŁĨá?L:ES5ìć� Ą	� 

õ¬õyõyaĶy��o� ÀŁĨá¿%uĻ${Ãþ�*�  

 
į��5Ú,2$��1���ł	���*�� 

fČÍ� Æ³�bŉ��� y³�ň^Ľð� y³�¯įük� ¹5&�,"�� 

õ¬õyõyaĶy��o� àħĹ�iyĨĵ%uĻ${Ãþ�*�  

 
ª�$�āÂ%õyaàz$�	 �Óę¥/1�¸dĄ�*�� 

ní�ĸÛ$Ö/1{ÃÙ�Ñ�*�  
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þË$Ʃ 
 
ŃÓƀ%ƎƸƭÓ DIP-370ÄŃÓƀÆ�ƎƸƭÓ P-2200ÄŃÓƀÆ7ǉ	�Ŗŵ��  
Ľ�ń¼Ĉ (IR) NlDZ{%�ƎƸƭÓ FT/IR-4200ÄƭÓÓƀÆ7ǉ	�Ŗŵ��  
ĭŊ¢ö¶Àƽ (1H NMR) NlDZ{%ƎƸſí JNM-AL300Ä/JNM-ECS300Ä (300 MHz)�ƎƸ
ſí JNM-ECS400Ä (400 MHz)�ƎƸſí JNM-ECA500Ä (500 MHz) 7ǉ	�XZysV{Ly
~ (0.00 ppm)�D}}m{r (7.26 ppm)�sT`�{ (3.30 ppm) 7ƋƩơĒ!��Ŗŵ�� ƭǝ
Ǉù% singlet�doublet�triplet�multiplet7�5�5 s�d�t�m!Ǒ��  
ťŊ¢ö¶Àƽ (13C NMR) NlDZ{%ƎƸſí JNM-AL300Ä/JNM-ECS300Ä (75.5 MHz)�ƎƸ
ſí JNM-ECS400 Ä (100.5 MHz)�ƎƸſí JNM-ECA500 Ä (125.7 MHz) 7ǉ	�D}}m{r 
(77.0 ppm)�sT`�{ (49.0 ppm) 7ƋƩơĒ!��!��Ŗŵ��  
z~¢ö¶Àƽ (31P NMR) NlDZ{%ƎƸſí JNM-ECS300 Ä (121.6 MHz)�ƎƸſí JNM-
ECS400Ä (161.8 MHz)�ƎƸſí JNM-ECA500Ä (202.5 MHz) 7ǉ	�5%z~ç-Ďĭǈ� (0.00 
ppm) 7�ƩơĒ!��Ŗŵ��  
9qU;ZŜ/�$ØĲū°Ŝ$ýǙƭĹ (MALDI-TOF MS) %ƎƸſí SpiralTOF JMS-S3000 7
ǉ	�Ŗŵ��  
Lz@G{D}pZEyg:�$¼Ūâ%ƨëLzL9�¥ PSQ-100B (110 µm)�ƨëLzL9�¥
FL-100D (100 µm)�ƨëLzL9�¥ CHROMATOREX DIOL MB100–40/75 (60 µm) 7ǉ	� gy
WLvLz@G{D}pZEyg:�$¼Ūâ%ƨëLzL9�¥ PSQ-60B (60 µm)�ƨëLzL9
�¥ FL-60D (60 µm) 7ǉ	� ƭăƙŌD}pZEyg:�% EMD millipore PLC Silica gel 60 F254
7ǉ	�  
DNAØĲµ%�Gene Design nS-8 Oligonucleotides Synthesizer7ǉ	�0.2 µmol! 1.0 µmol$NF�
{ Ô��  
×ŗ�ŜD}pZEyg:�  (HPLC) % SHIMADZU LC-10ATvp�SHIMADZU SPD-10Avp�
SHIMADZU CTO-10vp7ǉ	� HPLCƭĹ@yr%Waters XTerra MS C18 2.5 µm/Waters XBridgeTM 
Shield RP18 2.5 µm/ Waters XBridge™ Oligonucleotide BEH C18 2.5 µm (4.6 × 50 mm) 7�ƭă@yr% 
Waters XTerra MS C18 2.5 µm/Waters XBridge™ OST C18 2.5 µm (10 × 50 mm) 7ǉ	�Ô�� +��
ƭĹ!ƭăǗƳ TSKgel OligoDNA RP 5 µm (4.6 × 150 mm) 7ǉ	�  
�ŜD}pZEyg:�ýǙƭĹ (LC/MS)  %�ýǙƭĹÆ!�� Waters Xevo G2-XS QTof 7é
ǉ��@yr!��Waters ACQUITY UPLC BEH® C18 1.7 µm (2.1 × 50 mm) 7ǉ	�  
?zI^D|?V[$ýǙƭĹ (MALDI-TOF MS) % Bruker Daltonics® Autoflex Ǣ TOF/TOF +�
%�ƎƸſí SpiralTOF JMS-S30007ǉ	�Ŗŵ��  
UV¼ĈŖŵ% Beckman DU-74007ǉ	�Ô��  
TmŖŵ% SHIMADZU UV-1650B�SHIMADZU UV-1650C�SHIMADZU UV-1650PC�UV-18007ǉ	
�Ô��  
^D|9�Qƭ�Şı$ƣ�#%Waters XBridgeTM OST C18 2.5 µg (4.6 × 50 mm)�7ǉ	�Ô��  
CDNlDZ{%�ƎƸƭÓ J-720WÄ�ƍĥıƭåÆ7éǉ��Ŗŵ��  
ſ¶�Ɔ$�ƆŎ%9Z�AE-6500Ä7ǉ	�ÅÓ$ÊĐ#% GEj{NF9 ImageQuant LAS 4000
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7éǉ��  
ĭç�cyM<rťŊ% N.E. CHEMCAT 20% Pd @�n~Ʈƺ (±ĭƥ) UR T;i (Lot No. 217-
076621) 7ǉ	�  
Py;Z#%\@y;XND Celite®-545RVS7ǉ	�  
§ıťŊ#% NAKARAI CHEMICALS LTD. Charcoal Activated, powder Charamel 95% (pH 6.7) 7ǉ	
�  
ƼĭMD}}sT~�N,N-MsV{m{r9q[�XZyd[}gy~�9PZ]Zz{�fzM~
%îƜ$Ţĭ+�%ůŢĭ$.$7�$++�.��%t|Bvy�L�hN 3Å +�% 4 Å 7�
��©ŏ���.$7ǉ	� N,N-M;Ri}f{>V{9q~%ĭŊ�@{L<r2ģǓ��
.$7ǉ	� Zz>V{9q~%ĭŊ�@{L<r2ģǓ��ĭç�@z<r7���©ŏ�
��.$7ǉ	� �5��$óǁ%îƜ$.$7�$++ǉ	�  
 ĆƬıƣ�#ǉ	�ơŸ DNA»' RNA�ON 13–18, 19–30, 47–56%¨ù�āM�~YK;~#Ø
Ĳ7�ǌ��ÕƏ��  
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Š 1Ĝ� Š 2Ł$þË 

 
3,5-Di-O-benzyl-4-C-formyl-l,2-O-isopropylidene-α-D-ribopentofuranose (2) 
ũŊ¶ǒ��1 (7.38 g, 18.5 mmol) $ƼĭMD}}sT~ǈ� (100 mL) # Dess-Martinl{x�M\
~ (9.41 g, 22.2 mmol) 7 0 ºC ���ü� 40ƭ°¡Ǡ�� ƛ�ĊǖÑ�ƶǟV?ǔç\Zz<
rĭǈ�!ƶǟĎōĭ7 0 ºC ���ü� 10ƭ°¡Ǡ�� ǈƗ7Í�Ǔ¿Ñ�M>V{>�X
{7���ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿��2 (7.61 g, 
quant.) 7ƼĥǂĢƬý!��Ƈ�  

2: 1H NMR (400 MHz, CDCl3) δ 1.34 (s, 3H), 1.60 (s, 3H), 3.61 (d, J = 11.0 Hz, 1H), 3.67 (d, J = 11.0 Hz, 1H), 
4.36 (d, J = 4.1 Hz, 1H), 4.46 (d, J = 12.4 Hz, 1H), 4.52 (d, J = 11.9 Hz, 1H), 4.59 (d, J = 11.9 Hz, 1H), 4.60 
(dd, J = 3.7, 4.6 Hz, 1H), 4.71 (d, J = 11.9 Hz, 1H), 5.84 (d, J = 3.7 Hz, 1H), 7.21–7.37 (m, 10H), 9.91 (s, 1H); 
13C NMR (100.5 MHz, CDCl3) δ 26.1, 26.5, 69.1, 72.8, 73.8, 78.3, 79.6, 89.7, 104.8, 114.1, 127.7, 127.8, 128.0, 
128.1, 128.4, 128.5, 137.0, 137.5, 200.0; IR (KBr): 2985, 2973, 2866, 1731, 1496, 1213, 1165, 1103, 1020, 739, 

699 cm–1; [a]D
29 +27.1 (c 1.03, MeOH); HRMS (ESI) Calcd. for C23H26O6Na [M+Na]+: 421.1622, Found 

421.1620. 
 
3,5-Di-O-benzyl-4-C-carboxy-l,2-O-isopropylidene-α-D-ribopentofuranose (3) 
2 (7.61 g, 19.1 mmol) $9PZ]Zz{ǈ� (100 mL) #�z~çƍĭŊ\Zz<rĭǈ� (0.2 M, 20 
mL, 3.8 mmol) ! 30 wt.% �ç�ĭŊĭ (2.3 mL, 21 mmol) 7��� 0.75 M ��Ŋçĭǈ� (38 
mL, 29 mmol) 7 0 ºC 10ƭ��ŷ�Ñ�ü� 1ô°¡Ǡ�� ƛ�ǈ�#V?ǔç\Zz<
r7 0 ºC ���ü� 10ƭ¡Ǡ�� ǈƗ7Ǔ¿Ñ�īç>V{ ŬĐ�� ĭ!ƶǟĦ�ĭ 
łġÑ�Ƽĭǔç\Zz<r ©ŏ�� �$Ñ�ǈƗ7Í�Ǔ¿�� 3 (7.61 g, 96%) 7ƘĥÐŜ
!��Ƈ�  

3: 1H NMR (400 MHz, CDCl3) δ 1.34 (s, 3H), 1.58 (s, 3H), 3.72 (d, J = 10.5 Hz, 1H), 3.77 (d, J = 11.0 Hz, 1H), 
4.30 (d, J = 4.6 Hz, 1H), 4.49 (d, J = 11.9 Hz, 1H), 4.55 (d, J = 11.9 Hz, 1H), 4.65 (dd, J = 4.4, 4.4 Hz, 1H), 
4.69 (d, J = 11.9 Hz, 1H), 4.80 (d, J = 11.9 Hz, 1H), 5.83 (d, J = 4.1 Hz, 1H), 7.21–7.40 (m, 10H); 13C NMR 
(100.5 MHz, CDCl3) δ 25.3, 26.4, 71.8, 73.4, 74.0, 78.1, 78.5, 104.9, 114.6, 127.8, 128.0, 128.2, 128.4, 128.6, 
128.7, 136.5, 137.4, 170.0; IR (KBr): 3171, 2985, 2937, 2870, 1768, 1497, 1163, 1098, 1020, 740, 698 cm–1; 

[a]D
26 +42.3 (c 1.01, MeOH); HRMS (ESI) Calcd. for C23H26O7Na [M+Na]+: 437.1571, Found 437.1570. 

 
3,5-Di-O-benzyl-l,2-O-isopropylidene-4-C-methoxycarbonyl-α-D-ribopentofuranose (4) 
ũŊ¶ǒ��3 (7.61 g, 18.4 mmol) $Ƽĭ N,N-MsV{m{r9q[ǈ� (30 mL) #�Ďō (15.4 g, 
184 mmol) !x<�sV{ (2.9 mL, 47 mmol) 7 0 ºC ���20ô°¡Ǡ�� ƛ�ǈ�#ƶǟV
?ǔç\Zz<rĭǈ�!ĭ7���M>V{>�X{ ŬĐ�� ĭ�ƶǟĦ�ĭ łġ��Ƽĭ
ǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿��4 (7.35 g, 93%) 7ƘĥÐŜ!��Ƈ�  

4: 1H NMR (400 MHz, CDCl3) δ 1.38 (s, 3H), 1.64 (s, 3H), 3.67 (d, J = 10.1 Hz, 1H), 3.75 (s, 1H), 3.82 (d, J = 
10.5 Hz, 1H), 4.25 (d, J = 5.0 Hz, 1H), 4.49 (d, J = 12.2 Hz, 1H), 4.54 (d, J = 11.9 Hz, 1H), 4.59 (d, J = 12.4 
Hz, 1H), 4.67 (dd, J = 4.1, 5.0 Hz, 1H), 4.77 (d, J = 11.9 Hz, 1H), 5.89 (d, J = 4.2 Hz, 1H), 7.24–7.27 (m, 10H); 



� 39 

13C NMR (100.5 MHz, CDCl3) δ 26.3, 27.3, 73.0, 73.7, 73.9, 79.4, 80.5, 89.7, 127.7, 127.7, 127.8, 127.9, 128.4, 

128.6, 137.7, 169.4; IR (KBr): 2985, 2949, 2869, 1763, 1733, 1497, 1160, 1106, 1028, 738, 698 cm–1; [a]D
27 

+31.5 (c 1.00, MeOH); HRMS (ESI) Calcd. for C24H28O7Na [M+Na]+: 451.1727, Found 451.1732. 
 
3,5-Di-O-benzyl-4-C-(1-hydroxycyclopropyl)-l,2-O-isopropylidene-α-D-ribopentofuranose (5) 
ũŊ¶ǒ��4 (12.5 g, 29.0 mmol) $ƼĭXZyd[}gy~ǈ� (290 mL) #?{ZVT~çXZ
y;Ri}oBL[ (8.6 mL, 29 mmol)�1 M >V{pE_L<rh}q[/XZyd[}gy~ǈ� 
(145 mL, 145 mmol) 7 0 ºC ���ü� 6ô°¡Ǡ�� ƛ�ĊǖÑ���9~t]<rĭǈ�
7���10ƭ°¡Ǡ�� ǈƗ7Í�Ǔ¿Ñ�Py;Z6�7Ô	�īç>V{ ŬĐ�� ǃµ
Ō7ƶǟĦ�ĭ!ĭ łġ��Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 6 : 1) #13Ķķ��
5 (6.80 g, 55%) 7�ĥl�NZĢƬý!��Ƈ�  

5: 1H NMR (300 MHz, CDCl3) δ 0.56–0.68 (m, 3H), 1.16–1.21 (m, 1H), 1.39 (s, 3H), 1.61 (s, 3H), 3.37 (s, 1H), 
3.48 (d, J = 9.6 Hz, 1H), 3.93 (d, J = 9.9 Hz, 1H), 4.33 (d, J = 5.7 Hz, 1H), 4.43 (d, J = 11.4 Hz, 1H), 4.45 (d, 
J = 12.0 Hz, 1H), 4.54 (d, J = 12.0 Hz, 1H), 4.84 (dd, J = 4.5, 5.7 Hz, 1H), 5.00 (d, J = 11.7 Hz, 1H), 5.88 (d, J 
= 4.5 Hz, 1H), 7.26–7.39 (m, 10H); 13C NMR (100.5 MHz, CDCl3) δ 8.64, 11.2, 27.1, 27.9, 56.3, 73.1, 73.8, 
75.5, 80.3, 82.0, 89.1, 106.6, 114.6, 127.5, 127.6, 127.8, 128.0, 128.6, 128.8, 137.9, 138.2; IR (KBr): 2935, 

2867, 1496, 1454, 1252, 1099, 1027, 741, 699 cm–1; [a]D
29 +93.5 (c 1.02, MeOH); HRMS (ESI) Calcd. for 

C25H30O6Na [M+Na]+: 449.1935, Found 449.1939. 
 
3,5-Di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-l,2-O-isopropylidene-α-D-
ribopentofuranose (6) 
ũŊ¶ǒ��5 (2.55 g, 5.99 mmol) $ƼĭMD}}sT~ǈ� (50 mL) # 2,6-{VM~ (2.1 mL, 18 
mmol)�Zzg{?}sT~N{m~ç tert-hV{MsV{Lz{ (2.8 mL, 12 mmol)70 ºC ���
ü� 2 ô°¡Ǡ�� ƶǟĎōĭ7���īç>V{ ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽ
ĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZ
Eyg:� (SiO2, n-jBJ~ : īç>V{ = 15 : 1 � 5 : 1) #13Ķķ��6 (2.92 g, 90%) 7�ĥ
ǂĢƬý!��Ƈ�  

6: 1H NMR (300 MHz, CDCl3) δ –0.06 (s, 3H), –0.02 (s, 3H), 0.57–0.77 (m, 3H), 0.75 (s, 9H), 1.20–1.25 (m, 
1H), 1.34 (s, 3H), 1.43 (s, 3H), 3.46 (d, J = 9.6 Hz, 1H), 3.92 (d, J = 9.3 Hz, 1H), 4.00 (d, J = 5.7 Hz, 1H), 4.42 
(d, J = 12.0 Hz, 1H), 4.52 (d, J = 11.4 Hz, 1H), 4.61 (d, J = 12.0 Hz, 1H), 4.86 (d, J = 11.4 Hz, 1H), 4.95 (t, J 
= 5.4 Hz, 1H), 5.87 (d, J = 4.5 Hz, 1H), 7.19–7.43 (m, 10H); 13C NMR (100.5 MHz, CDCl3) δ –3.4, –3.2, 7.7, 
10.2, 17.8, 25.7, 27.1, 28.5, 57.5, 73.4, 73.8, 76.2, 80.0, 83.3, 90.3, 106.1, 114.5, 126.8, 126.9, 127.6, 127.8, 

127.8, 128.5, 138.0, 139.2; IR (KBr): 2929, 2858, 1497, 1455, 1279, 1254, 1106, 1040, 733, 696 cm–1; [a]D
29 

+53.6 (c 1.01, MeOH); HRMS (ESI) Calcd. for C31H44O6NaSi [M+Na]+: 563.2799, Found 563.2809. 
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1-{3,5-Di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-2-O-methanesulfonyl-β-D-
ribopentofuranosyl}thymine (10) 
6 (8.04 g, 14.9 mmol) 7īç (17 mL, 0.3 mol) !Ƽĭīç (28 mL, 0.30 mol) #ǈ���Zzg{?}
īç (3.2 mL, 45 mmol) 7 0 ºC ���ü� 5ô°¡Ǡ�� ƶǟĎōĭ7���īç>V{ 
ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�
7 (9.43 g) %Ķķ���ű�#õ$ƛ�#ǉ	�  
ũŊ¶ǒ��7 (9.43 g) $Ƽĭ9PZ]Zz{ǈ� (140 mL) #Vq~ (5.63 g, 44.6 mmol)�N,O-eN
(ZzsV{Lz{)9PZ9q[ (18 mL, 73 mmol)�Zzg{?}sT~N{m~çZzsV{Lz
{ (4.0 ml, 22 mmol) 7ü� ���80ºC 2ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç
>V{ ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� 
Ƈ25� 8 (8.26 g) %Ķķ���ű�#õ$ƛ�#ǉ	� 8$ƭĹ$�-ĘǙ$ŉĲļŜ7Lz@
G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 3 : 1) #13Ķķ��  
8 (8.26 g) $XZyd[}gy~ (150 mL) ǈ�# 40 wt.%sV{9q~ĭǈ� (30 mL, 0.73 mol) 7
0 ºC  ���ü� 4 ô°¡Ǡ�� ƛ�ĊǖÑ�ǈƗ7Í�Ǔ¿�� īç>V{ ŬĐ��ƶ
ǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25� 9 (7.50 g) 
%Ķķ���ű�#õ$ƛ�#ǉ	� 9$ƭĹ$�-ĘǙ$ŉĲļŜ7Lz@G{@yrD}pZ
Eyg:� (SiO2, n-jBJ~ : īç>V{ = 2 : 1) #13Ķķ��  
ũŊ¶ǒ��9 (7.50 g) $ƼĭfzM~ǈ� (120 mL) #sT~N{m]{D}z[ (1.4 mL, 18 
mmol) 7 0 ºC ���ü� 4ô°¡Ǡ�� ƛ�ĊǖÑ�ĭ7���īç>V{ ŬĐ��ƶǟ
Ħ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7
Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 3 : 2) #13Ķķ��10 
(7.39 g, 72%, 4 steps) 7ƘĥƵĢÐŜ!��Ƈ�  

7: 1H NMR (300 HMz, CDCl3) δ –0.07 (s, 3/2H), –0.02 (s, 3/2H), 0.00 (s, 3/2H), 0.04 (s, 3/2H), 0.59–0.83 (m, 
4H), 0.75 (s, 9/2H), 0.78 (s, 9/2H), 1.92 (s, 3/2H), 1.98 (s, 3/2H), 2.01 (s, 3/2H), 2.09 (s, 3/2H), 3.44 (d, J = 9.9 
Hz, 1/2H), 3.57 (d, J = 9.9 Hz, 1/2H), 3.91 (d, J = 9.9 Hz, 1/2H), 3.94 (d, J = 10.2 Hz, 1/2H), 4.30 (d, J = 5.1 
Hz, 1/2H), 4.40–4.59 (m, 7/2H), 4.67 (d, J = 2.4 Hz, 1/2H), 4.71 (d, J = 2.4 Hz, 1/2H), 4.88 (d, J = 3.9 Hz, 
1/2H), 4.92 (d, J = 3.6 Hz, 1/2H), 5.44 (t, J = 5.1 Hz, 1/2H), 5.57 (d, J = 5.7 Hz, 1/2H), 6.20 (d, J = 5.1 Hz, 
1/2H), 6.39 (d, J = 5.1 Hz, 1/2H), 7.26–7.39 (m, 10H); HRMS (MALDI) Calcd. for C32H44O8NaSi [M+Na]+: 
607.2698, Found 607.2701. 
8: 1H NMR (300 MHz, CDCl3) δ –0.01 (s, 3H), 0.03 (s, 3H), 0.65–0.74 (m, 2H), 0.78 (s, 9H), 0.95–1.03 (m, 
2H), 1.56 (d, J = 0.9 Hz, 1H), 1.97 (s, 3H), 3.63 (d, J = 9.9 Hz, 1H), 4.03 (d, J = 9.6 Hz, 1H), 4.46 (d, J = 4.8 
Hz, 1H), 4.50 (d, J = 11.1 Hz, 1H), 4.62 (d, J = 11.7 Hz, 1H), 4.72 (d, J = 11.4 Hz, 1H), 4.95 (d, J = 11.4 Hz, 
1H), 5.50 (dd, J = 5.1, 8.7 Hz, 1H), 6.23 (d, J = 9.0 Hz, 1H), 7.26–7.44 (m, 10H), 7.66 (d, J = 1.5 Hz, 1H), 7.86 
(s, 1H); 13C NMR (75.5 MHz, CDCl3) δ –3.3, –3.0, 7.3, 10.7, 12.3, 18.0, 20.8, 25.8, 58.1, 74.1, 74.4, 75.3, 75.3, 
80.9, 84.9, 87.8, 111.6, 127.4, 127.6, 128.0, 128.3, 128.4, 129.0, 136.1, 137.1, 138.7, 150.8, 163.6, 170.8; IR 

(KBr): 3499, 2955, 2929, 1714, 1683, 1470, 1274, 1233, 1127, 1075, 1036, 733, 699 cm–1; [a]D
24 –46.9 (c 0.99, 

MeOH); HRMS (ESI) Calcd. for C35H46N2O8NaSi [M+Na]+: 673.2916, Found 673.2917.�
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9: 1H NMR (300 MHz, CDCl3) δ 0.03 (s, 3H), 0.06 (s, 3H), 0.68–0.79 (m, 3H), 0.81 (s, 9H), 0.94–0.98 (m, 1H), 
1.60 (s, 3H), 2.86 (d, J = 12.0 Hz, 1H), 3.60 (d, J = 9.6 Hz, 1H), 4.02 (d, J = 9.6 Hz, 1H), 4.21 (d, J = 5.4 Hz, 
1H), 4.51–4.60 (m, 3H), 4.69 (d, J = 11.7 Hz, 1H), 5.20 (d, J = 10.8 Hz, 1H), 5.83 (d, J = 8.1 Hz, 1H), 7.32–
7.42 (m, 10H), 7.59 (d, J = 1.5 Hz, 1H), 8.38 (s, 1H); 13C NMR (100.5 MHz, CDCl3) δ –3.2, –2.9, 7.4, 10.8, 
12.3, 18.1, 25.9, 58.2, 74.1, 74.5, 74.7, 75.8, 82.7, 86.8, 87.8, 111.4, 127.9, 128.0, 128.2, 128.5, 128.7, 129.0, 
136.1, 137.1, 137.9, 151.1, 163.5; IR (KBr): 3422, 2955, 2929, 1699, 1470, 1277, 1254, 1129, 1087, 1036, 751, 

698 cm–1; [a]D
26 –45.1 (c 1.00, MeOH); HRMS (MALDI) Calcd. for C33H44N2O7NaSi [M+Na]+: 631.2810, 

Found 631.2814. 
10: 1H NMR (300 MHz, CDCl3) δ –0.01 (s, 3H), 0.04 (s, 3H), 0.58–1.02 (m, 4H), 0.78 (s, 9H), 1.56 (s, 3H), 
2.89 (s, 3H), 3.63 (d, J = 9.9 Hz, 1H), 4.03 (d, J = 9.6 Hz, 1H), 4.37 (d, J = 4.8 Hz, 1H), 4.63 (d, J = 11.7 Hz, 
1H), 4.71 (d, J = 11.4 Hz, 1H), 4.78 (d, J = 10.8 Hz, 1H), 4.94 (d, J = 11.1 Hz, 1H), 5.58 (dd, J = 4.8, 8.7 Hz, 
1H), 6.23 (d, J = 8.7 Hz, 1H), 7.26–7.41 (m, 10H), 7.60 (s, 1H), 8.13 (s, 1H); 13C NMR (100.5 MHz, CDCl3) δ 
–3.4, –3.1, 7.1, 10.6, 12.2, 17.9, 25.7, 38.2, 57.9, 73.9, 74.0, 75.1, 77.2, 81.0, 84.5, 87.6, 111.9, 127.4, 127.5, 
127.9, 128.2, 128.4, 128.9, 135.3, 136.7, 138.3, 150.6, 163.2; IR (KBr): 3414, 2926, 1696, 1454, 1363, 1127, 

1072, 1038, 748, 698 cm–1; [a]D
31 –48.2 (c 0.96, MeOH); HRMS (MALDI) Calcd. for C34H46N2O9NaSiS 

[M+Na]+: 709.2586, Found 709.2582. 
 
1-(3,5-Di-O-benzyl-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)thymine (13) 
10 (3.19 g, 4.64 mmol) $XZyd[}gy~/>T`�{ǈ� (150 mL, 3 : 2) # 4 Mĭç�\Zz<
rĭǈ� (60 mL, 0.23 mol) 7 0 ºC ���ü� 12ô°¡Ǡ�� ƛ�ĊǖÑ��ç7���ǈ
Ɨ7Í�Ǔ¿�� īç>V{ ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏ
Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25� 11 (2.71 g) %Ķķ���ű�#õ$ƛ�#ǉ	� 11$ƭĹ$
�-ĘǙ$ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1.7 : 
1) #13Ķķ��  
ũŊ¶ǒ��11 (2.71 g) $ƼĭfzM~ǈ� (50 mL) #Zzg{?}sT~N{m~çƼĭƬ (3.7 
mL, 22 mmol) 7 0 ºC ���ü� 12ô°¡Ǡ�� �2#Zzg{?}sT~N{m~çƼĭ
Ƭ (0.73 mL, 4.4 mmol) 7���ü� 2ô°¡Ǡ�� ĭ7���īç>V{ ŬĐÑ�ƶǟĦ�
ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25� 12 (4.12 g) %Ķ
ķ���ű�#õ$ƛ�#ǉ	�  
12 (4.12 g) $XZyd[}gy~ǈ� (250 mL) # 1 M XZyhV{9~t]<rg{?z[/XZ
yd[}gy~ǈ� (14 mL, 14 mmol) 7 0 ºC ���ü� 2ô°¡Ǡ�� ƛ�ĊǖÑ�ǈƗ7
Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>
V{ = 3 : 2) #13Ķķ��13 (710 mg, 32%, 3 steps) 7ƘĥƵĢÐŜ!��Ƈ�  

11: 1H NMR (400 MHz, CDCl3) δ –0.06 (s, 3H), 0.00 (s, 3H), 0.57–0.91 (m, 4H), 0.74 (s, 9H), 1.80 (d, J = 0.9 
Hz, 1H), 3.81 (d, J = 9.6 Hz, 1H), 4.15 (d, J = 10.1 Hz, 1H), 4.15 (s, 1H), 4.22 (dd, J = 3.5, 9.7 Hz, 1H), 4.63 
(d, J = 11.5 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 4.72 (d, J = 11.9 Hz, 1H), 4.76 (d, J = 11.4 Hz, 1H), 4.96 (d, J 
= 11.9 Hz, 1H), 6.03 (d, J = 3.2 Hz, 1H), 7.26–7.44 (m, 11H), 8.13 (s, 1H); 13C NMR (100.5 MHz, CDCl3) δ –
3.4, –3.2, 7.9, 10.9, 12.6, 17.8, 25.6, 58.1, 73.2, 74.3, 74.4, 74.5, 86.9, 87.2, 87.4, 108.8, 127.0, 127.5, 128.2, 
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128.4, 129.0, 129.0, 135.6, 137.4, 137.9, 149.9, 163.5; IR (KBr): 2954, 1703, 1669, 1472, 1286, 1254, 1097, 

1042, 738, 696 cm–1; [a]D
30 +36.3 (c 1.00, MeOH); HRMS (MALDI) Calcd. for C33H44N2O7NaSi [M+Na]+: 

631.2810, Found 631.2813. 
12: 1H NMR (400 MHz, CDCl3) δ 0.04 (s, 3H), 0.07 (d, J = 0.9 Hz, 3H), 0.66–0.88 (m, 13H), 1.25 (s, 3H), 3.50 
(d, J = 7.5 Hz, 1H), 3.62 (d, J = 7.8 Hz, 1H), 4.45 (d, J = 8.4 Hz, 1H), 4.56 (d, J = 9.0 Hz, 1H), 4.60 (d, J = 2.7 
Hz, 1H), 4.64 (d, J = 8.4 Hz, 1H), 4.75 (d, J = 9.0 Hz, 1H), 5.58 (t, J = 3.9 Hz, 1H), 6.49 (d, J = 4.2 Hz, 1H), 
7.29–7.41 (m, 10H), 7.46 (d, J = 0.6 Hz, 1H), 8.08 (s, 1H). 
13: 1H NMR (300 MHz, CDCl3) δ 0.65–0.76 (m, 2H), 0.91–1.01 (m, 2H), 1.62 (s, 3 H), 3.50 (d, J = 11.1 Hz, 
1H), 3.63 (d, J = 10.8 Hz, 1H), 4.04 (s, 1H), 4.51–4.59 (m, 4H), 4.70 (d, J = 12.0 Hz, 1H), 5.73 (s, 1H), 7.26–
7.39 (m, 10H), 7.51 (d, J = 0.9 Hz, 1H), 8.33 (s, 1H); 13C NMR (100.5 MHz, CDCl3) δ 5.3, 9.9, 12.4, 64.1, 68.4, 
72.2, 74.0, 77.1, 87.1, 87.6, 110.3, 127.7, 127.8, 127.8, 128.2, 128.6, 128.7, 128.7, 135.1, 137.3, 137.5, 150.0, 

164.1; IR (KBr): 3512, 3031, 1693, 1455, 1269, 1108, 1054, 761, 738, 699 cm–1; [a]D
22 +55.3 (c 1.00, MeOH); 

HRMS (MALDI) Calcd. for C27H28N2O6Na [M+Na]+: 499.1840, Found 499.1829. 
 
2,2’-Anhydro-1-{3,5-di-O-benzyl-4-C-(1-hydroxycyclopropyl)-β-D-arabinopentofuranosyl}thymine (14) 
ũŊ¶ǒ��10 (459 mg, 668 µmol) $ƼĭXZyd[}gy~ǈ� (25 mL) # 1 MXZyhV{9
~t]<rg{?z[/XZyd[}gy~ǈ� (0.67 mL, 0.67 mmol) 7 0 ºC ���ü� 5ô°
¡Ǡ�� ƛ�ĊǖÑ�ĭ7���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Z
z<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� 
(SiO2, D}}m{r : sT`�{ = 50 : 1 � 20 : 1) #13Ķķ��14 (290 mg, 91%) 7ƘĥÐŜ
!��Ƈ�  

14: 1H NMR (300 MHz, CDCl3) δ 0.65–0.75 (m, 4H), 1.92 (d, J = 0.9 Hz, 3H), 3.24 (s, 1H), 3.31 (d, J = 10.5 
Hz, 1H), 3.60 (d, J = 10.5 Hz, 1H), 4.24 (d, J = 12.0 Hz, 1H), 4.33 (d, J = 12.3 Hz, 1H), 4.59–4.63 (m, 2H), 
4.85 (d, J = 11.7 Hz, 1H), 5.36 (dd, J = 2.1, 6.0 Hz, 1H), 6.15 (d, J = 6.3 Hz, 1H), 7.08–7.12 (m, 3H), 7.26–7.40 
(m, 8H); 13C NMR (75.5 MHz, CDCl3) δ 10.0, 10.8, 14.2, 56.5, 70.9, 73.3, 73.8, 85.9, 87.0, 89.7, 90.8, 118.9, 
128.0, 128.1, 128.1, 128.5, 128.7, 129.0, 130.2, 136.1, 136.9, 159.6, 172.6; IR (KBr): 3330, 3069, 2923, 1665, 

1633, 1556, 1487, 1128, 1087, 736, 700 cm–1; [a]D
26 –2.24 (c 1.00, MeOH); HRMS (MALDI) Calcd. for 

C27H29N2O6 [M+H]+: 477.2020, Found 477.2024. 
 
1-(3,5-Di-O-benzyl-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)thymine (13) 
14 (1.62 g, 3.40 mmol) $ N,N-MsV{m{r9q[ǈ� (35 mL) #�ťç@z<r (1.41 g, 10.2 
mmol) 7 0 ºC ���90 ºC 20ô°¡Ǡ�� ƛ�ĊǖÑ�ĭ7���M>V{>�X{ ŬĐ
��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 1) #13Ķķ��
13 (1.23 g, 77%) 7ƘĥÐŜ!��Ƈ�  

 
1-(2-O,4-C-Spirocyclopropylene-β-D-ribopentofuranosyl)thymine (15) 
ĭŊ¶ǒ��13 (2.58 g, 5.46 mmol) $īç>V{ǈ� (50 mL) # 20% ĭç�cyM<r@�n~ 
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(1.24 g) 7���ü� 1ô°¡Ǡ�� &�Ŀ36ñ 6�Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉ
ĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 5) #13Ķķ
��15 (1.53 g, 95%) ! 16 (70 mg, 5%) 7�5�5ƘĥƵĢÐŜ!��Ƈ�  

15: 1H NMR (300 MHz, CD3OD) δ 0.70–0.92 (m, 4H), 1.89 (d, J = 0.6 Hz, 3H), 3.56 (d, J = 12.6 Hz, 1H), 3.74 
(d, J = 12.9 Hz, 1H), 4.19 (s, 1H), 4.32 (s, 1H), 5.63 (s, 1H), 7.79 (d, J = 1.2 Hz, 1H); 13C NMR (75.5 MHz, 
CD3OD) δ 5.1, 9.9, 12.6, 56.8, 68.7, 71.9, 81.0, 88.1, 89.9, 110.7, 137.0, 151.9, 166.5; IR (KBr): 3479, 3076, 

1695, 1472, 1269, 1105, 1041 cm–1; [a]D
20 +25.2 (c 1.01, MeOH); HRMS (MALDI) Calcd. for C13H16N2O6Na 

[M+Na]+: 319.0901, Found 319.0882. 
16: 1H NMR (300 MHz, CD3OD) δ 0.96–1.01 (m, 6H), 1.89 (d, J = 1.2 Hz, 3H), 2.29–2.41 (m, 1H), 3.65 (d, J 
= 11.7 Hz, 1H), 3.73 (d, J = 11.4 Hz, 1H), 4.15 (d, J = 5.4 Hz, 1H), 4.53 (dd, J = 5.1, 8.1 Hz, 1H), 5.93 (d, J = 
8.4 Hz, 1H), 7.95 (d, J = 1.2 Hz, 1H); 13C NMR (75.5 MHz, CD3OD) δ 12.5, 17.4, 18.9, 32.3, 63.6, 74.1, 75.6, 

88.5, 92.0, 111.8, 138.9, 153.2, 166.4; IR (KBr): 3375, 2968, 1692, 1474, 1279, 1114, 1087 cm–1; [a]D
30 –25.7 

(c 1.04, MeOH); HRMS (MALDI) Calcd. for C13H20N2O6Na [M+Na]+: 323.1214, Found 323.1212. 
 
1-{5-O-(4,4’-Dimethoxytrityl)-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl}thymine (17) 
ũŊ¶ǒ��15 (873 mg, 2.95 mmol) $ƼĭfzM~ǈ� (60 mL) # 4,4’-MsZBLZzV{D}
z[ (1.50 g, 4.42 mmol) 7 0 ºC ���ü� 9ô°¡Ǡ�� ĭ7���MD}}sT~ ŬĐ
Ñ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (0.5% Zz>V{9q~±ǃ n-jBJ~ : īç>V
{ = 1 : 1 � 1 : 5) #13Ķķ��17 (1.72 g, 97%) 7ƘĥƵĢÐŜ!��Ƈ�  

17: 1H NMR (300 MHz, CDCl3) δ 0.48–0.54 (m, 1H), 0.74–0.96 (m, 3H), 1.73 (s, 3H), 2.18 (d, J = 9.6 Hz, 1H), 
3.16 (d, J = 11.1 Hz, 1H), 3.33 (d, J = 10.8 Hz, 1H), 3.79 (d, J = 0.9 Hz, 6H), 4.30 (d, J = 9.6 Hz, 1H), 4.43 (s, 
1H), 5.76 (s, 1H), 6.85 (d, J = 8.4 Hz, 4H), 7.22–7.35 (m, 7H), 7.45 (d, J = 7.8 Hz, 2H), 7.65 (s, 1H), 8.39 (s, 
1H); 13C NMR (100.5 MHz, CDCl3) δ 5.3, 9.6, 12.7, 55.3, 58.0, 68.0, 72.6, 79.7, 86.8, 87.0, 88.0, 110.6, 113.4, 
127.2, 128.1, 128.2, 130.1, 130.2, 134.8, 135.2, 135.4, 144.4, 150.1, 158.8, 164.3; IR (KBr): 3430, 2933, 1696, 

1509, 1254, 1177, 1053, 829, 757 cm–1; [a]D
21 –16.2 (c 1.00, MeOH); HRMS (MALDI) Calcd. for 

C34H34N2O8Na [M+Na]+: 621.2207, Found 621.2208. 
 
1-[3-O-{2-Cyanoethoxy(diisopropylamino)phosphino}-5-O-(4,4’-dimethoxytrityl)-2-O,4-C-
spirocyclopropylene-β-D-ribopentofuranosyl]thymine (18) 
ũŊ¶ǒ��17 (192 mg, 321 µmol) $Ƽĭ9PZ]Zz{ǈ� (4 mL) # N,N-M;Ri}f{>V
{9q~ (0.17 mL, 0.96 mmol)� 2-L9`>V{-N,N-M;Ri}f{mNm}D}zU�Z (0.11 
mL, 0.48 mmol) 7 0 ºC ���ü� 5ô°¡Ǡ�� ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲļŜ7L
z@G{@yrD}pZEyg:� (0.5% Zz>V{9q~±ǃ n-jBJ~ : īç>V{ = 2 : 1) 
#13Ķķ��18 (222 mg, 87%) 7ƘĥƵĢÐŜ!��Ƈ�  

18: 1H NMR (300 MHz, CDCl3) δ 0.40–0.44 (m, 1H), 0.71–0.87 (m, 3H), 0.98 (d, J = 6.9 Hz, 3H), 1.07 (d, J 
= 6.9 Hz, 3H), 1.12 (d, J = 6.9 Hz, 3H), 1.15 (d, J = 6.6 Hz, 3H), 1.67 (s, 3/2H), 1.68 (s, 3/2H), 2.37–2.41 (m, 
1H), 2.53–2.63 (m, 1H), 3.15–3.30 (m, 2H), 3.49–3.57 (m, 3H), 3.63–3.73 (m, 1H), 3.79 (s, 3H), 3.80 (s, 3H), 
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4.36 (d, J = 6.9 Hz, 1/2H), 4.41 (d, J = 8.7 Hz, 1/2H), 4.60 (s, 1/2H), 4.63 (s, 1/2H), 5.77 (s, 1H), 6.82–6.87 
(m, 4H), 7.24–7.35 (m, 7H), 7.43–7.45 (m, 2H), 7.70 (s, 1/2H), 7.73 (s, 1/2H), 8.21 (s, 1H); 31P NMR (161.8 
MHz, CDCl3) δ 148.6; LRMS (FAB) m/z = 799 (M+H)+; HRMS (FAB) Calcd. for C43H52O9N4P 799.3472, 
Found 799.3475. 
 
1-{5-O-(4,4’-Dimethoxytrityl)-2-O,4-C-spirocyclopropylene-3-O-triethylsilyl-β-D-
ribopentofuranosyl}thymine (19). 
9{I~¶ǒ��17 (167 mg, 279 µmol) $ƼĭfzM~ǈ� (2 mL) #D}}Zz>V{Ly~ 
(0.24 mL, 1.4 mmol) 7 0 ºC ���ü� 2ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7 0 ºC ���
īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿
�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 
2 : 1)  Ķķ��19 (188 mg, 95%) 7�ĥƵĢÐŜ!��Ƈ�  

19: 1H NMR (300 MHz, CDCl3) δ 0.36–0.64 (m, 8H), 0.74–0.87 (m, 11H), 1.71 (d, J = 0.9 Hz, 3H), 3.11 (d, J 
= 10.8 Hz, 1H), 3.15 (d, J = 10.5 Hz, 1H), 3.80 (s, 6H), 4.34 (s, 1H), 4.36 (s, 1H), 5.72 (s, 1H), 6.83 (dd, J = 
2.1, 9.0 Hz, 4H), 7.22–7.34 (m, 7H), 7.44 (dd, J = 1.5, 8.4 Hz, 2H), 7.78 (d, J = 1.2 Hz, 1H), 8.25 (s, 1H); 13C 
NMR (75.5 MHz, CDCl3) δ 4.9, 5.1, 6.7, 9.9, 12.8, 55.4, 57.9, 68.4, 72.5, 79.6, 86.8, 87.5, 88.5, 110.5, 113.4, 
113.4, 127.2, 128.1, 128.2, 130.1, 130.2, 135.0, 135.4, 135.5, 144.4, 150.0, 158.8, 164.2; IR (KBr): 3166, 3036, 

2954, 2876, 1691, 1509, 1254, 1177, 1054, 835, 734 cm–1; [a]D
24 –13.6 (c 1.01, MeOH); HRMS (MALDI) 

Calcd. for C40H48N2O8NaSi [M+Na]+: 735.3072, Found 735.3058. 
 
1-{5-O-(4,4’-Dimethoxytrityl)-2-O,4-C-spirocyclopropylene-3-O-triethylsilyl-β-D-ribopentofuranosyl}-5-
methylcytosine (21). 
9{I~¶ǒ��19 (969 mg, 1.36 mmol) !Zz>V{9q~ (2.8 mL, 20 mmol)�1,2,4-Zz9S�{ 
(1.39 g, 20.1 mmol) $Ƽĭ9PZ]Zz{ǈ� (15 mL) #���mNmz{ (0.38 mL, 4.1 mmol) 7
0 ºC  ŷ��� ü� 2 ô°¡Ǡ��Ñ�ƛ�ǈ�#ƶǟĎōĭ7���īç>V{ ŬĐ��
ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25� 20 (1.06 
g) %Ķķ���ű�#õ$ƛ�#ǉ	�  
20 (1.06 g) $ 1,4-M?BJ~ǈ� (10 mL) #�28 wt.% 9~t]9ĭǈ� (1.3 mL, 19 mmol) 7 0 ºC
 ���ü� 2 ô°¡Ǡ�� ƛ�ĊǖÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G
{@yrD}pZEyg:� (SiO2, D}}m{r : sT`�{ = 30 : 1)  Ķķ��21 (958 mg, 98%, 
2 steps) 7ƘĥƵĢÐŜ!��Ƈ�  

20: 1H NMR (300 MHz, CDCl3) δ 0.37–0.63 (m, 8H), 0.80–0.85 (m, 11H), 2.22 (s, 3H), 3.16 (d, J = 11.4 Hz, 
1H), 3.19 (d, J = 11.1 Hz, 1H), 3.81 (s, 6H), 4.33 (s, 1H), 4.57 (s, 1H), 5.89 (s, 1H), 6.85 (dd, J = 3.3, 9.0 Hz, 
4H), 7.23–7.36 (m, 7H), 7.46 (dd, J = 1.2, 8.1 Hz, 2H), 8.13 (s, 1H), 8.37 (s, 1H), 9.32 (s, 1H). 
21: 1H NMR (300 MHz, CDCl3) δ 0.34–0.64 (m, 8H), 0.74–0.85 (m, 11H), 1.76 (s, 3H), 3.13 (d, J = 10.5 Hz, 
1H), 3.15 (d, J = 10.2 Hz, 1H), 3.80 (s, 6H), 4.33 (s, 1H), 4.47 (s, 1H), 5.81 (s, 1H), 6.84 (dd, J = 2.7, 9.3 Hz, 
4H), 7.22–7.36 (m, 7H), 7.46 (dd, J = 1.5, 8.4 Hz, 2H), 7.86 (s, 1H), 8.20 (s, 2H); 13C NMR (75.5 MHz, CDCl3) 
δ 4.9, 5.1, 6.7, 9.8, 13.5, 55.4, 58.0, 68.3, 72.3, 79.6, 86.7, 88.0, 88.1, 102.4, 113.3, 113.4, 127.2, 128.1, 128.2, 
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130.1, 130.3, 135.4, 135.6, 137.6, 144.5, 156.2, 158.8, 166.3; IR (KBr): 3351, 3085, 2954, 2876, 1661, 1607, 

1509, 1253, 1177, 1045, 832, 738 cm–1; [a]D
28 –0.4 (c 1.00, MeOH); HRMS (MALDI) Calcd. for 

C40H49N3O7NaSi [M+Na]+: 734.3232, Found 734.3238. 
 
N4-Benzoyl-1-{5-O-(4,4’-dimethoxytrityl)-2-O,4-C-spirocyclopropylene-3-O-triethylsilyl-β-D-
ribopentofuranosyl}-5-methylcytosine (22). 
9{I~¶ǒ��21 (902 mg, 1.27 mmol) $ƼĭfzM~ǈ� (13 mL) #��k~S;{ (0.22 mL, 
1.9 mmol) 7 0 ºC ���ü� 3ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ 
ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�
ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 5 : 1)  Ķķ��
22 (861 mg, 83%) 7�ĥƵĢÐŜ!��Ƈ�  

22: 1H NMR (300 MHz, CDCl3) δ 0.40–0.60 (m, 8H), 0.79–0.87 (m, 11H), 1.91 (d, J = 0.9 Hz, 3H), 3.14 (d, J 
= 12.0 Hz, 1H), 3.16 (d, J = 10.5 Hz, 1H), 3.81 (s, 6H), 4.36 (s, 1H), 4.42 (s, 1H), 5.77 (s, 1H), 6.83–6.87 (m, 
4H), 7.26–7.36 (m, 7H), 7.42–7.54 (m, 5H), 7.96 (d, J = 0.9 Hz, 1H), 8.33 (dd, J = 1.8, 8.4 Hz, 2H); 13C NMR 
(75.5 MHz, CDCl3) δ 4.9, 5.1, 6.7, 9.9, 13.9, 55.4, 57.8, 68.4, 72.3, 79.4, 86.8, 87.8, 88.6, 111.6, 113.4, 113.4, 
127.2, 128.1, 128.2, 128.3, 130.0, 130.1, 130.2, 132.6, 135.3, 135.4, 136.2, 137.3, 144.5, 147.7, 158.9, 160.0, 

179.7; IR (KBr): 3071, 2954, 2875, 1703, 1570, 1509, 1251, 1176, 1051, 832, 735 cm–1; [a]D
25 +47.4 (c 1.00, 

CHCl3); HRMS (MALDI) Calcd. for C47H53N3O8NaSi [M+Na]+: 838.3494, Found 838.3497. 
 
N4-Benzoyl-1-{5-O-(4,4’-dimethoxytrityl)-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl}-5-
methylcytosine (23). 
22 (701 mg, 859 µmol) $XZyd[}gy~ǈ� (8 mL) # 1 M XZyhV{9~t]<rg{?
z[/XZyd[}gy~ǈ� (2.6 mL, 2.6 mmol) 7 0 ºC���ü� 10ƭ°¡Ǡ�� ƛ�Ċǖ
Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jB
J~ : īç>V{ = 2 : 1) #13Ķķ��23 (528 mg, 88%) 7ƘĥƵĢÐŜ!��Ƈ�  
23: 1H NMR (300 MHz, CDCl3) δ 0.51–0.54 (m, 1H), 0.75–0.94 (m, 3H), 1.92 (s, 3H), 2.03 (d, J = 9.9 Hz, 1H), 
3.18 (d, J = 11.1 Hz, 1H), 3.34 (d, J = 10.8 Hz, 1H), 3.81 (s, 6H), 4.32 (d, J = 9.9 Hz, 1H), 4.48 (s, 1H), 5.82 (s, 
1H), 6.86 (d, J = 8.7 Hz, 4H), 7.26–7.56 (m, 12H), 7.83 (s, 1H), 8.32 (d, J = 6.6 Hz, 1H); 13C NMR (75.5 MHz, 
CDCl3) δ 5.3, 9.7, 13.9, 55.4, 57.9, 67.9, 72.6, 79.5, 87.0, 87.1, 88.2, 111.8, 113.5, 127.3, 128.1, 128.2, 128.3, 
130.0, 130.2, 130.2, 132.6, 135.3, 135.4, 136.0, 137.2, 144.4, 147.7, 158.8, 159.9, 179.7; IR (KBr): 3068, 2955, 

2836, 1702, 1568, 1508, 1251, 1176, 1047, 834, 714 cm–1; [a]D
25 +34.5 (c 0.99, MeOH); HRMS (MALDI) 

Calcd. for C41H39N3O8Na [M+Na]+: 724.2639, Found 724.2624. 
 
N4-Benzoyl-1-[3-O-{2-Cyanoethoxy(diisopropylamino)phosphino}-5-O-(4,4’-dimethoxytrityl)-2-O,4-C-
spirocyclopropylene-β-D-ribopentofuranosyl]-5-methylcytosine (24). 
9{I~¶ǒ��23 (528 mg, 752 µmol) $Ƽĭ9PZ]Zz{ǈ� (7 mL) # N,N-M;Ri}f{
>V{9q~ (0.39 mL, 2.2 mmol)�2-L9`>V{- N,N-M;Ri}f{mNm}D}zU�Z (0.25 
mL, 1.1 mmol) 7 0 ºC ���ü� 2ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{



� 46 

 ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25
�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, 0.5% Zz>V{9q~±ǃ n-jBJ
~ : īç>V{ = 2 : 1)  Ķķ��24 (529 mg, 78%) 7ƘĥƵĢÐŜ!��Ƈ�  
24: 1H NMR (300 MHz, CDCl3) δ 0.39–0.43 (m, 1H), 0.71–0.88 (m, 3H), 0.98 (d, J = 6.6 Hz, 3H), 1.07 (d, J = 
6.6 Hz, 3H), 1.11 (d, J = 6.9 Hz, 3H), 1.14 (d, J = 6.9 Hz, 3H), 1.86 (s, 3/2H), 1.88 (s, 3/2H), 2.36–2.40 (m, 
1H), 2.52–2.57 (m, 1H), 3.17–3.31 (m, 2H), 3.49–3.57 (m, 3H), 3.64–3.77 (m, 1H), 3.81 (s, 3H), 3.81 (s, 3H), 
4.40 (d, J = 6.6 Hz, 1/2H), 4.44 (d, J = 9.0 Hz, 1/2H), 4.65 (s, 1/2H), 4.69 (s, 1/2H), 5.82 (s, 1H), 6.82–6.89 (m, 
4H), 7.25–7.52 (m, 12H), 7.88 (s, 1/2H), 7.91 (s, 1/2H), 8.33 (d, J = 6.9 Hz, 2H); 31P NMR (121.6 MHz, CDCl3) 
δ 148.8, 148.9; HRMS (MALDI) Calcd. for C50H56N5O9NaP [M+Na]+: 924.3708, Found 924.3722. 
 
9-{2-O-Acetyl-3,5-di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-ribopentofuranosyl}- 
N6-benzoyladenine (25). 
ŉĲļŜ 77Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 10 : 1 � 7 : 
1) #13Ķķ��Ñ�ũŊ¶ǒ��7 (49.0 mg, 83.8 µmol) $Ƽĭ9PZ]Zz{ǈ� (1.5 mL) #
N6-k~S;{9Y]~ (28 mg, 0.12 mmol)�N,O-eN(ZzsV{Lz{)9PZ9q[ (60 µL, 0.24 
mmol)�Zzg{?}sT~N{m~çZzsV{Lz{ (60 µL, 0.32 µmol) 7 0 ºC ���80 ºC
 31ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ
�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yr
D}pZEyg:� (SiO2, D}}m{r : īç>V{ = 7 : 1) #13Ķķ��25 (37 mg, 58%) 7
ƘĥƵĢÐŜ!��Ƈ�  

25: 1H NMR (300 MHz, CDCl3) δ 0.00 (s, 6H), 0.65–0.88 (m, 3H), 0.75 (s, 9H), 1.08–1.11 (m, 1H), 1.90 (s, 
3H), 3.59 (d, J = 9.9 Hz, 1H), 4.01 (d, J = 9.9 Hz, 1H), 4.45–4.62 (m, 3H), 4.85 (d, J = 12.0 Hz, 1H), 5.00 (d, J 
= 11.1 Hz, 1H), 5.90 (dd, J = 4.8, 8.4 Hz, 1H), 6.42 (d, J = 8.4 Hz, 1H), 7.30–7.61 (m, 13H), 8.02 (d, J = 7.2 
Hz, 2H), 8.51 (s, 1H), 8.78 (s, 1H), 8.99 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ –3.4, –3.0, 7.2, 10.7, 18.0, 
20.9, 25.8, 58.1, 73.8, 74.0, 75.3, 81.3, 84.7, 88.9, 123.0, 127.5, 127.6, 128.0, 128.3, 128.4, 128.4, 129.0, 132.9, 
133.7, 137.1, 138.6, 141.8, 149.4, 152.6, 152.9, 164.8, 170.4; IR (KBr): 3062, 3029, 2952, 2930, 2858, 1747, 

1609, 1454, 1240, 1072, 836, 700 cm–1; [a]D
27 –48.1 (c 1.02, CHCl3); HRMS (MALDI) Calcd. for 

C42H49N5O7NaSi [M+Na]+: 786.3294, Found: 786.3296. 
 
9-{2-O-Acetyl-3,5-di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-ribopentofuranosyl}-
N2-isobutyrylguanine (26). 
ũŊ¶ǒ��7 (77 mg, 0.13 mmol) $Ƽĭ9PZ]Zz{ǈ� (1.5 mL) # N2-;RhVz{E9]~ 
(41 mg, 0.19 mmol)�N,O-eN(ZzsV{Lz{)9PZ9q[ (97 µL, 0.40 mmol)�Zzg{?}s
T~N{m~çZzsV{Lz{ (48 µL, 0.26 mmol) 7 0 ºC ���80 ºC 18ô°¡Ǡ�� ƛ
�ĊǖÑ�ƶǟĎōĭ7���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<
r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7ƭăƙŌD}pZEyg:� (SiO2, n-jB
J~ : īç>V{ : sT`�{ = 10 : 2 : 1) #13Ķķ��26 (48 mg, 49%) 7ƘĥƵĢÐŜ!��
Ƈ�  
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26: 1H NMR (500 MHz, CDCl3) δ 0.00 (s, 3H), 0.01 (s, 3H), 0.63–0.79 (m, 12H), 0.99–1.03 (m, 1H), 1.27 (d, 
J = 7.0 Hz, 6H), 1.93 (s, 3H), 2.53–2.56 (m, 1H), 3.53 (d, J = 10.0 Hz, 1H), 3.98 (d, J = 9.5 Hz, 1H), 4.45 (d, J 
= 10.5 Hz, 1H), 4.54 (d, J = 11.5 Hz, 1H), 4.54 (d, J = 4.5 Hz, 1H), 4.80 (d, J = 12.0 Hz, 1H), 5.00 (d, J = 10.5 
Hz, 1H), 5.82 (dd, J = 4.5, 8.5 Hz, 1H), 6.00 (d, J = 8.5 Hz, 1H), 7.31–7.45 (m, 10H), 7.97 (s, 1H), 8.02 (s, 1H), 
11.9 (s, 1H); 13C NMR (125.7 MHz, CDCl3) δ –3.4, –3.0, 7.2, 10.6, 18.0, 19.1, 20.7, 25.8, 36.7, 58.0, 73.7, 74.0, 
75.3, 77.0, 81.1, 84.2, 88.5, 121.0, 127.7, 128.3, 128.4, 128.4, 128.9, 137.1, 137.5, 138.7, 147.4, 148.8, 155.6, 

170.2, 178.0; IR (KBr): 2930, 2858, 1678, 1607, 1254, 1073 cm–1; [a]D
29 –33.6 (c 1.10, CHCl3); HRMS 

(MALDI) Calcd. for C39H51N5O8NaSi [M+Na]+: 768.3399, Found: 768.3398. 
 
N6-Benzoyl-9-{3,5-di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-
ribopentofuranosyl}adenine (27). 
25 (2.20 g, 2.88 mmol) $sT`�{ǈ� (40 mL) #ťç@z<r (795 mg, 5.75 mmol) 7 0 ºC �
��20ƭ°¡Ǡ�� ƛ�ĊǖÑ�ĭ7 0 ºC ���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ
�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yr
D}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 3 : 2) #13Ķķ��27 (2.05 g, 99%) 7Ƙĥ
ƵĢÐŜ!��Ƈ�  
27: 1H NMR (300 MHz, CDCl3) δ 0.03 (s, 6H), 0.69–0.84 (m, 3H), 0.79 (s, 9H), 1.06–1.09 (m, 1H), 3.17 (d, J 
= 10.8 Hz, 1H), 3.57 (d, J = 10.2 Hz, 1H), 4.01 (d, J = 9.6 Hz, 1H), 4.27 (d, J = 5.1 Hz, 1H), 4.51 (d, J = 11.7 
Hz, 1H), 4.58 (d, J = 10.5 Hz, 1H), 4.80 (d, J = 12.0 Hz, 1H), 4.97 (m, 1H), 5.24 (d, J = 10.5 Hz, 1H), 5.99 (d, 
J = 7.5 Hz, 1H), 7.37–7.39 (m, 10H), 7.49–7.63 (m, 3H), 8.02 (d, J = 7.5 Hz, 2H), 8.46 (s, 1H), 8.76 (s, 1H), 
8.98 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ –3.3, –3.0, 7.3, 10.7, 18.0, 25.8, 58.2, 74.1, 75.8, 76.9, 83.1, 88.0, 
88.3, 122.9, 128.0, 128.1, 128.2, 128.3, 128.5, 128.7, 128.9, 128.9, 132.8, 133.8, 137.0, 137.9, 141.6, 149.4, 

152.5, 152.7, 164.8; IR (KBr): 3328, 3030, 2929, 1615, 1455, 1256, 1069, 836, 730 cm–1; [a]D
23 –62.5 (c 1.02, 

CHCl3); HRMS (MALDI) Calcd. for C40H47N5O6NaSi [M+Na]+: 744.3188, Found: 744.3186. 
 
9-{3,5-Di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-ribopentofuranosyl}-N2-
isobutyrylguanine (28). 
26 (48 mg, 64 µmol) $sT`�{ǈ� (1.5 mL) #ťç@z<r (27 mg, 0.20 mmol) 7 0 ºC ���
1ô°¡Ǡ�� ƛ�ĊǖÑ�ĭ7 0 ºC ���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� 
Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}p
ZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 2) #13Ķķ��28 (44 mg, 98%) 7ƘĥƵĢÐ
Ŝ!��Ƈ�  
28: 1H NMR (300 MHz, CDCl3) δ 0.00 (s, 3H), 0.03 (s, 3H), 0.68–1.02 (m, 12H), 1.23 (d, J = 2.1 Hz, 3H), 1.26 
(d, J = 2.1 Hz, 3H), 2.50–2.55 (m, 1H), 3.03 (d, J = 11.4 Hz, 1H), 3.52 (d, J = 9.6 Hz, 1H), 3.98 (d, J = 9.6 Hz, 
1H), 4.24 (d, J = 5.1 Hz, 1H), 4.49 (d, J = 11.4 Hz, 1H), 4.56 (d, J = 10.8 Hz, 1H), 4.77 (d, J = 11.7 Hz, 1H), 
4.86 (m, 1H), 5.22 (d, J = 10.2 Hz, 1H), 5.57 (d, J = 7.8 Hz, 1H), 7.31–7.43 (m, 10H), 8.00 (s, 1H), 8.05 (s, 1H), 
11.9 (s, 1H); 13C NMR (125.7 MHz, CDCl3) δ –3.3, –2.9, 7.4, 10.7, 18.0, 18.9, 19.1, 25.8, 36.6, 58.0, 74.0, 74.1, 
75.9, 76.9, 83.2, 87.9, 88.3, 121.0, 128.1, 128.3, 128.5, 128.6, 128.9, 137.1, 137.3, 138.0, 147.4, 148.5, 155.7, 
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178.2; IR (KBr): 2931, 2857, 1682, 1606, 1255, 1074 cm–1; [a]D
29 –42.3 (c 0.94, CHCl3); HRMS (MALDI) 

Calcd. for C37H49N5O7NaSi [M+Na]+: 726.3294, Found: 726.3293. 
 
N6-Benzoyl-9-{3,5-di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-
arabinopentofuranosyl}adenine (29). 
27 (22.0 g, 30.5 mmol) $MD}}sT~ǈ� (300 mL) #M9PZBLx�[k~Q~ (11.3 g, 35.1 
mmol)�2-d[}BL-2-9K9Up~T~ (233 mg, 1.50 mmol) 7 0 ºC ���ü� 5ô°¡Ǡ�
� ƛ�ĊǖÑ�ƶǟV?ǔç\Zz<rĭǈ�!ƶǟĎōĭ7���īç>V{ ŬĐ��ĭ!ƶ
ǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25� 31 (26.7 g) %
Ķķ���ű�#õ$ƛ�#ǉ	�  
ũŊ¶ǒ��31 (26.7 g) $ƼĭXZyd[}gy~ǈ� (300 mL) # 1 M M;RhV{9{q]<
rd[z[/jBJ~ǈ� (153 mL, 153 mmol) 7 0 ºC ���30ƭ°¡Ǡ�� ƛ�ĊǖÑ�ƶǟ
ćĺç@z<r\Zz<rĭǈ�7 0 ºC ŭ�ĩ����ü� 1ô°¡Ǡ�� īç>V{ Ŭ
Đ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉ
ĲļŜ (21.3 g) %Ķķ���ű�#õ$ƛ�#ǉ	�  
ŉĲļŜ (21.3 g) $MD}}sT~ǈ� (300 mL) # 2,3-MD}}-5,6-ML9`-p-k~SB`~ 
(7.60 g, 33.5 mmol) 7 0 ºC ���ü� 30ƭ°¡Ǡ�� ƛ�ĊǖÑ�ŲžƬ7&�Ŀ36ñ 
6���6�ū$ƦēƬ7§ıť ė¿�� éǉ��§ıťŊ76���ǈƗ7Í�Ǔ¿�� Ƈ
25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 1) #
13Ķķ��29/27$ǐŜ�ıŜÙØƬ (9.10 g, 44%, 29 : 27 = 5 : 1, 3 steps) 7Ƈ� 29$ƭĹ$�-
ǐŜ�ıŜÙØƬ (100 mg) $ƼĭfzM~ǈ� (3 mL) #sT~N{m]{D}z[ (1.8 µL, 24 
µmol) 7 0 ºC ���ü� 30ƭ°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ ŬĐ
��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 3 : 2 � 1 : 3) #1
3Ķķ�� �$Ç� 27$,ŅšŸ#sL{��ĪÔ��297ƘĥƵĢÐŜ!��Ƈ�  

29: 1H NMR (300 MHz, CDCl3) δ –0.05 (s, 3H), –0.02 (s, 3H), 0.61–1.04 (m, 4H), 0.73 (s, 9H), 3.75 (d, J = 9.9 
Hz, 1H), 4.17 (d, J = 9.9 Hz, 1H), 4.27 (s, 1H), 4.28 (dd, J = 3.3, 11.4 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 4.75 
(s, 1H), 4.85 (d, J = 11.7 Hz, 1H), 5.50 (d, J = 11.7 Hz, 1H), 6.41 (d, J = 3.0 Hz, 1H), 7.29–7.42 (m, 10H), 
7.50–7.63 (m, 3H), 8.02 (dd, J = 1.5, 7.2 Hz, 2H), 8.35 (s, 1H), 8.76 (s, 1H), 9.03 (s, 1H); 13C NMR (75.5 MHz, 
CDCl3) δ –3.4, –3.1, 8.0, 11.0, 17.9, 25.7, 58.0, 73.5, 74.0, 74.3, 74.8, 86.8, 87.2, 122.5, 127.1, 127.6, 128.0, 
128.3, 128.5, 128.8, 128.9, 129.1, 132.7, 133.9, 135.7, 138.0, 142.9, 149.3, 151.6, 152.5, 164.9; IR (KBr): 2950, 

2929, 2855, 1612, 1455, 1254, 1101, 706, 510 cm–1; [a]D
28 –16.1 (c 1.04, CHCl3); HRMS (MALDI) Calcd. for 

C40H47N5O6NaSi [M+Na]+: 744.3188, Found: 744.3198. 
�
9-{3,5-Di-O-benzyl-4-C-(1-tert-butyldimethylsilyloxycyclopropyl)-β-D-arabinopentofuranosyl}-N2-
isobutyrylguanine (30). 
28 (1.62 g, 2.30 mmol) $MD}}sT~ǈ� (30 mL) #M9PZBLx�[k~Q~ (1.08 g, 3.35 
mmol)�2-d[}BL-2-9K9Up~T~ (17 mg, 0.11 mmol) 7 0 ºC ���ü� 5ô°¡Ǡ�
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� ƛ�ĊǖÑ�ƶǟV?ǔç\Zz<rĭǈ�!ƶǟĎōĭ7���īç>V{ ŬĐ��ĭ!ƶ
ǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25� 32 (1.94 g) %
Ķķ���ű�#õ$ƛ�#ǉ	�  
32 (1.94 g) $sT`�{/MD}}sT~ǈ� (30 mL, 1 : 2) #ĭŊ�m<Ŋ\Zz<r (119 mg, 
3.14 mmol) 7 0 ºC ���30ƭ°¡Ǡ�� ƛ�ĊǖÑ�ƶǟ��9~t]<rĭǈ�7���ī
ç>V{ ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�
� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 2 : 
1 � 1 : 1) #13Ķķ��30 (492 mg, 30%, 2 steps) 7ƘĥƵĢÐŜ!��Ƈ�  

30: 1H NMR (300 MHz, CDCl3) δ –0.03 (s, 3H), 0.00 (s, 3H), 0.65–0.93 (m, 4H), 0.73 (s, 9H), 1.21 (d, J = 5.1 
Hz, 3H), 1.24 (d, J = 5.1 Hz, 3H), 2.43–2.57 (m, 1H), 3.73 (d, J = 9.9 Hz, 1H), 4.14 (d, J = 9.9 Hz, 1H), 4.21 
(s, 1H), 4.31 (dd, J = 3.0, 11.4 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H), 4.70 (d, J = 11.7 Hz, 1H), 4.76 (d, J = 11.7 
Hz, 1H), 4.81 (d, J = 11.7 Hz, 1H), 5.47 (d, J = 11.1 Hz, 1H), 5.99 (d, J = 3.3 Hz, 1H), 7.29–7.43 (m, 10H), 
7.89 (s, 1H), 8.05 (s, 1H), 11.8 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ –3.4, –3.0, 8.2, 10.8, 17.9, 18.9, 18.9, 
25.7, 36.4, 57.8, 73.6, 73.8, 74.3, 75.0, 87.4, 87.4, 87.5, 120.5, 127.0, 127.5, 128.3, 128.5, 128.8, 129.0, 136.1, 

138.2, 138.5, 147.2, 147.4, 155.4, 178.3; IR (KBr): 2928, 2856, 1683, 1609, 1254, 1102 cm–1; [a]D
29 –0.67 (c 

1.05, CHCl3); HRMS (MALDI) Calcd. for C37H49N5O7NaSi [M+Na]+: 726.3294, Found: 726.3293. 
 
N6-Benzoyl-9-(3,5-di-O-benzyl-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)adenine (33). 
ũŊ¶ǒ��29$ǐŜ�ıŜÙØƬ (9.00 g, 12.5 mmol) $ƼĭMD}}sT~ǈ� (150 mL) # 4-
MsV{9q`fzM~ (4.58 g, 37.5 mmol)�Zzg{?}sT~N{m~çƼĭƬ (2.7 mL, 16 
mmol) 7 0 ºC  ���ü� 14 ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ Ŭ
Đ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉ
ĲļŜ (11.2 g) %Ķķ���ű�#õ$ƛ�#ǉ	�  
ŉĲļŜ (11.2 g) $XZyd[}gy~ǈ� (120 mL) # 1 M XZyhV{9~t]<rg{?z
[/XZyd[}gy~ǈ� (38 mL, 38 mmol) 7 0 ºC ���ü� 30ƭ°¡Ǡ�� ƛ�ĊǖÑ�
ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : 
īç>V{ = 1 : 1 � 1 : 3) #13Ķķ��33 (5.60 g, 76%, 2 steps) 7ƘĥƵĢÐŜ!��Ƈ�  

33: 1H NMR (300 MHz, CDCl3) δ 0.74–0.79 (m, 1H), 0.85–1.03 (m, 3H), 3.56 (d, J = 10.8 Hz, 1H), 3.66 (d, J 
= 10.8 Hz, 1H), 4.38 (s, 1H), 4.58 (s, 2H), 4.58 (d, J = 12.0 Hz, 1H), 4.66 (d, J = 11.7 Hz, 1H), 4.82 (s, 1H), 
6.21 (s, 1H), 7.24–7.38 (m, 10H), 7.52–7.63 (m, 3H), 8.03 (dd, J = 1.2, 6.9 Hz, 2H), 8.26 (s, 1H), 8.76 (s, 1H), 
8.93 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ 5.8, 10.0, 64.5, 69.1, 72.4, 74.0, 79.2, 86.7, 87.4, 123.7, 127.6, 
127.7, 128.0, 128.1, 128.5, 128.7, 129.0, 132.9, 133.6, 137.4, 137.4, 141.1, 149.6, 151.0, 152.8, 164.8; IR (KBr): 

3062, 2929, 1610, 1580, 1454, 1248, 1048, 1030, 700 cm–1; [a]D
23 –5.4 (c 1.00, CHCl3); HRMS (MALDI) 

Calcd. for C34H31N5O5Na [M+Na]+: 612.2217, Found: 612.2218. 
 
9-(3,5-Di-O-benzyl-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)adenine (34). 
33 (5.60 g, 9.50 mmol) $XZyd[}gy~ǈ� (100 mL) # 40 wt.% sV{9q~ĭǈ� (16 mL, 
0.19 mol) 7 0 ºC ���ü� 40ƭ°¡Ǡ�� ƛ�ĊǖÑ�īç>V{ ŬĐ��ĭ!ƶǟĦ
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�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@
G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 3 : 1 � 100% īç>V{) #1
3Ķķ��34 (4.15 g, 90%) 7ƘĥƵĢÐŜ!��Ƈ�  
34: 1H NMR (300 MHz, CDCl3) δ 0.71–0.78 (m, 1H), 0.85–1.04 (m, 3H), 3.56 (d, J = 11.1 Hz, 1H), 3.66 (d, J 
= 11.1 Hz, 1H), 4.36 (s, 1H), 4.57(s, 2H), 4.57 (d, J = 11.7 Hz, 1H), 4.66 (d, J = 12.0 Hz, 1H), 4.80 (s, 1H), 
5.58 (s, 2H), 6.15 (s, 1H), 7.23–7.39 (m, 10H), 8.00 (s, 1H), 8.33 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ 5.8, 
9.9, 64.7, 69.0, 72.3, 73.9, 79.2, 86.5, 87.1, 120.1, 127.6, 127.7, 128.0, 128.5, 128.6, 137.4, 137.5, 138.4, 149.0, 

153.2, 155.7; IR (KBr): 3317, 3149, 3031, 2871, 1651, 1599, 1471, 1298, 1041, 739, 698 cm–1; [a]D
26 –0.3 (c 

1.02, CHCl3); HRMS (MALDI) Calcd. for C27H27N5O4Na [M+Na]+: 508.1955, Found: 508.1954. 
 
9-(2-O,4-C-Spirocyclopropylene-β-D-ribopentofuranosyl)adenine (35). 
34 (450 mg, 927 µmol) $>T`�{/īçǈ� (31 mL, 100 : 3) # 20% ĭç�cyM<r@�n~ 
(98 mg)�Cç9~t]<r (3.50 g, 55.6 mmol) 7ü� ���4ô°�ƒ¯ǒ�� �$Ñ�ĭç
�cyM<r@�n~ (98 mg) 7ü� ���2 ô°�ƒ¯ǒ�� ƛ�ǈ�7&�Ŀ36ñ 6
�Ñ�ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, D}}
m{r : sT`�{ = 10 : 1) #13Ķķ��35 (130 mg, 46%) 7ƘĥƵĢÐŜ!��Ƈ�  
35: 1H NMR (300 MHz, CD3OD) δ 0.69–1.00 (m, 4H), 3.63 (d, J = 12.6 Hz, 1H), 3.80 (d, J = 12.6 Hz, 1H), 

4.49 (s, 1H), 5.57 (s, 1H), 6.10 (s, 1H), 8.00 (s, 1H), 8.33 (s, 1H); 13C NMR (75.5 MHz, CD3OD) d 5.5, 10.0, 
57.3, 69.1, 73.0, 81.2, 87.3, 89.6, 120.4, 139.8, 149.6, 153.9, 157.3; IR (KBr): 3345, 3198, 1653, 1602, 1043, 

653 cm–1; [a]D
30 –49.4 (c 0.96, CH3OH); HRMS (MALDI) Calcd. for C13H16N5O4 [M+H]+: 306.1197, Found: 

306.1197. 
 
N6-Benzoyl-9-(2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)adenine (36). 
ũŊ¶ǒ��35 (1.17 g, 3.83 mmol) $ƼĭfzM~ǈ� (40 mL) #D}}ZzsV{Ly~ (0.97 
mL, 7.7 mmol) 7 0 ºC ���1ô°¡Ǡ�� �$Ñ���k~S;{ (1.3 mL, 11 mmol) 7���
ü� 3ô°¡Ǡ�� �2#�28 wt.% 9~t]9ĭǈ� (18 mL, 0.27 mol) 7 0 ºC ���ü�
 1 ô°¡Ǡ�� ƛ�ǈ�7Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg
:� (SiO2, D}}m{r : sT`�{ = 30 : 1 � 10 : 1) #13Ķķ��36 (925 mg, 59%) 7Ƙĥ
ƵĢÐŜ!��Ƈ�  
36: 1H NMR (300 MHz, CD3OD) δ 0.80–0.97 (m, 4H), 3.65 (d, J = 12.6 Hz, 1H), 3.81 (d, J = 12.6 Hz, 1H), 
4.51 (s, 1H), 4.68 (s, 1H), 6.23 (s, 1H), 7.55–7.69 (m, 3H), 8.09 (d, J = 7.2 Hz, 2H), 8.60 (s, 1H), 8.73 (s, 1H); 
13C NMR (75.5 MHz, CD3OD) δ 5.5, 10.1, 57.3, 69.2, 73.1, 81.1, 87.6, 89.8, 125.4, 129.5, 129.8, 133.9, 134.9, 

143.1, 151.1, 152.5, 153.3, 168.1; IR (KBr): 3321, 1615, 1458, 1259, 1043 cm–1; [a]D
25 –48.1 (c 0.34, CH3OH); 

HRMS (MALDI) Calcd. for C20H19N5O5Na [M+Na]+: 432.1278, Found: 432.1280. 
 
N6-Benzoyl-9-{5-O-(4,4’-dimethoxytrityl)-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl}adenine 
(37). 
ũŊ¶ǒ��36 (925 mg, 2.26 mmol) $ƼĭfzM~ǈ� (20 mL) # 4,4’-MsZBLD}z[ (1.15 
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g, 3.39 mmol) 7 0 ºC ���ü� 1ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{
 ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25
�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 1 � 
100% īç>V{) #13Ķķ��37 (1.68 g, quant.) 7ƘĥƵĢÐŜ!��Ƈ�  
37: 1H NMR (300 HMz, CDCl3) δ 0.57–0.65 (m, 1H), 0.89–1.02 (m, 3H), 2.60 (s, 1H), 3.23 (d, J = 10.8 Hz, 
1H), 3.49 (d, J = 10.8 Hz, 1H), 3.79 (s, 6H), 4.49 (s, 1H), 4.72 (s, 1H), 6.28 (s, 1H), 6.84 (d, J = 9.0 Hz, 4H), 
7.20–7.64 (m, 12H), 8.03 (d, J = 7.2 Hz, 1H), 8.31 (s, 1H), 8.79 (s, 1H), 9.10 (s, 1H); 13C NMR (75.5 MHz, 
CDCl3) δ 5.8, 9.7, 55.4, 59.0, 68.5, 74.2, 79.8, 86.2, 86.9, 87.5, 113.4, 113.4, 123.7, 127.2, 128.0, 128.1, 128.2, 
129.0, 130.0, 130.1, 133.0, 133.6, 135.1, 135.5, 140.6, 144.3, 149.6, 151.0, 152.9, 158.7, 158.7, 164.8; IR (KBr): 

3271, 3058, 3004, 2836, 1609, 1509, 1455, 1251, 1033, 751 cm–1; [a]D
24 –44.4 (c 1.00, CHCl3); HRMS 

(MALDI) Calcd. for C41H37N5O7Na [M+Na]+: 734.2585, Found: 734.2581. 
 
N6-Benzoyl-9-[3-O-{2-cyanoethoxy(diisopropylamino)phosphino}-5-O-(4,4’-dimethoxytrityl)-2-O,4-C-
spirocyclopropylene-β-D-ribopentofuranosyl]adenine (38). 
ũŊ¶ǒ��37 (800 mg, 1.12 mmol) $Ƽĭ9PZ]Zz{ǈ� (7 mL) # N,N-M;Ri}f{>V
{9q~ (0.59 mL, 3.4 mmol)�2-L9`>V{- N,N-M;Ri}f{mNm}D}zU�Z (0.38 mL, 
1.7 mmol)7 0 ºC ���ü� 3ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ Ŭ
ĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉ
ĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 2) #13Ķķ
��38 (864 mg, 85%) 7ƘĥƵĢÐŜ!��Ƈ�  
38: 1H NMR (300 HMz, CDCl3) δ 0.42–0.54 (m, 1H), 0.77–1.04 (m, 3H), 0.91 (d, J = 6.9 Hz, 3H), 0.97 (d, J = 
6.9 Hz, 3H), 1.08 (d, J = 6.3 Hz, 3H), 1.10 (d, J = 6.0 Hz, 3H), 2.34 (t, J = 6.3 Hz, 1H), 2.44 (t, J = 6.3 Hz, 1H), 
3.17 (d, J = 10.5 Hz, 1/2H), 3.20 (d, J = 10.2 Hz, 1/2H), 3.42–3.75 (m, 5H), 3.79 (s, 3H), 3.80 (s, 3H), 4.54 (d, 
J = 6.9 Hz, 1/2H), 4.57 (d, J = 8.4 Hz, 1/2H), 4.91 (s, 1/2H), 4.93 (s, 1/2H), 6.30 (s, 1/2H), 6.31 (s, 1/2H), 6.82–
6.86 (m, 4H), 7.19–7.37 (m, 7H), 7.45–7.48 (m, 2H), 7.52–7.65 (m, 3H), 8.05 (d, J = 8.4 Hz, 2/2H), 8.05 (d, J 
= 8.4 Hz, 2/2H), 8.38 (s, 1/2H), 8.41 (s, 1/2H), 8.82 (s, 1/2H), 8.83 (s, 1/2H), 9.10 (s, 1/2H), 9.11 (s, 1/2H); 31P 
NMR (121.6 MHz, CDCl3) δ 148.9, 148.9; HRMS (MALDI) Calcd. for C50H54N7O8NaP [M+Na]+: 934.3664, 
Found: 934.3657. 
 
9-(3,5-Di-O-benzyl-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)-N2-isobutyrylguanine (40). 
ũŊ¶ǒ��30 (1.84 g, 2.61 mmol) $ƼĭMD}}sT~ǈ� (30 mL) #Zz>V{9q~ (5.5 mL, 
39 mmol)�sT~N{m]{D}z[ (2.0 mL, 26 mmol) 7 0 ºC ���ü� 20ƭ°¡Ǡ�� 
ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V{ ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz
<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ (2.58 g) %Ķķ���ű�#õ$ƛ�#ǉ
	�  
ŉĲļŜ (2.58 g) $XZyd[}gy~ǈ� (52 mL) # 1 M XZyhV{9~t]<rg{?z
[/XZyd[}gy~ǈ� (7.8 mL, 7.8 mmol) 7 0 ºC ���ü� 18ô°¡Ǡ�� ƛ�Ċǖ
Ñ�ƶǟ��9~t]<rĭǈ�7���īç>V{ ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔ
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ç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg
:� (SiO2, n-jBJ~ : īç>V{ = 1 : 1 � 1 : 2) #13Ķķ��39 (997 mg, 57%, 2 steps) 7Ƙ
ĥƵĢÐŜ!��Ƈ�  
39 (915 mg, 1.37 mmol) $ N,N-MsV{m{r9q[ǈ� (20 mL) #�ťç@z<r (580 mg, 4.20 
mmol) 7ü� ���80 ºC 22ô°¡Ǡ�� ƛ�ĊǖÑ�ĭ7���M>V{>�X{ ŬĐ
��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 2 : 3) #13Ķķ��
40 (720 mg, 92%) 7ƘĥÐŜ!��Ƈ�  
39: 1H NMR (300 MHz, CDCl3) δ 0.66–0.88 (m, 4H), 1.25 (d, J = 0.9 Hz, 3H), 1.27 (d, J = 0.9 Hz, 3H), 2.57–
2.66 (m, 1H), 2.59 (s, 3H), 3.59 (d, J = 10.5 Hz, 1H), 3.68 (s, 1H), 3.90 (d, J = 11.1 Hz, 1H), 4.45 (d, J = 12.0 
Hz, 1H), 4.57 (d, J = 11.7 Hz, 1H), 4.64 (d, J = 11.4 Hz, 1H), 4.83 (d, J = 11.4 Hz, 1H), 5.02 (d, J = 6.3 Hz, 
1H), 5.60 (t, J = 6.6 Hz, 1H), 6.30 (d, J = 6.6 Hz, 1H), 7.30–7.39 (m, 10H), 8.03 (s, 1H), 8.45 (s, 1H), 12.0 (s, 
1H); HRMS (MALDI) Calcd. for C32H37N5O9NaS [M+Na]+: 690.2204, Found: 690.2200. 
40: 1H NMR (300 MHz, CDCl3) δ 0.71–1.02 (m, 4H), 1.27 (d, J = 1.5 Hz, 3H), 1.29 (d, J = 1.5 Hz, 3H), 2.55–
2.69 (m, 1H), 3.53 (d, J = 11.4 Hz, 1H), 3.63 (d, J = 10.8 Hz, 1H), 4.24 (s, 1H), 4.45 (s, 1H), 4.53–4.62 (m, 4H), 
5.92 (s, 1H), 7.22–7.38 (m, 10H), 7.82 (s, 1H), 8.30 (s, 1H), 12.0 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ 5.7, 
10.0, 19.1, 36.4, 64.5, 69.0, 72.3, 73.9, 77.5, 78.8, 86.2, 87.1, 121.6, 127.6, 127.6, 128.0, 128.1, 128.5, 128.6, 
136.2, 137.3, 137.3, 147.3, 147.9, 155.7, 179.1; IR (KBr): 3152, 3031, 2936, 2875, 1680, 1610, 1558, 1405, 

1155, 1048, 737 cm–1; [a]D
29 1.89 (c 1.06, CHCl3); HRMS (MALDI) Calcd. for C31H33N5O6Na [M+Na]+: 

594.2323, Found: 594.2324. 
 
N2-Isobutyryl-9-(2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl)guanine (41). 
ĭŊ¶ǒ��40 (600 mg, 1.05 mmol) $>T`�{ǈ� (10 mL) # 20% ĭç�cyM<r@�n~ 
(200 mg) 7���ü� 20ô°¡Ǡ�� &�Ŀ36ñ 6�Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25�
ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, D}}m{r : sT`�{ = 15 : 1 � 
10 : 1) #13Ķķ��41 (289 mg, 70%) 7ƘĥƵĢÐŜ!��Ƈ�  

41: 1H NMR (300 MHz, CD3OD) δ 0.76–1.04 (m, 4H), 1.22 (d, J = 6.9 Hz, 3H), 1.22 (d, J = 6.9 Hz, 3H), 2.63–
2.77 (m, 1H), 3.62 (d, J = 12.6 Hz, 1H), 3.79 (d, J = 12.6 Hz, 1H), 4.42 (s, 1H), 4.54 (s, 1H), 5.98 (s, 1H), 8.14 
(s, 1H); 13C NMR (75.5 MHz, CD3OD) δ 5.5, 10.0, 19.3, 37.0, 57.3, 69.1, 72.9, 81.2, 87.3, 89.6, 121.5, 138.4, 

149.4, 149.8, 157.3, 181.7; IR (KBr): 3306, 3201, 2977, 2938, 1687, 1609, 1561, 1404, 1044 cm–1; [a]D
30 –41.3 

(c 1.10, CH3OH); HRMS (MALDI) Calcd. for C17H21N5O6Na [M+Na]+: 414.1384, Found: 414.1380. 
 
9-{5-O-(4,4’-Dimethoxytrityl)-2-O,4-C-spirocyclopropylene-β-D-ribopentofuranosyl}-N2-
isobutyrylguanine (42). 
ũŊ¶ǒ��41 (210 mg, 537 µmol) $ƼĭfzM~ǈ� (8 mL) # 4,4’-MsZBLZzV{D}z
[ (283 mg, 835 µmol) 7 0 ºC ���ü� 4ô°¡Ǡ�� ĭ7���īç>V{ ŬĐÑ�ƶ
ǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ
7Lz@G{@yrD}pZEyg:� (SiO2, D}}m{r : sT`�{ = 50 : 1 � 20 : 1) #1
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3Ķķ��42 (371 mg, quant.) 7�ĥƵĢÐŜ!��Ƈ�  
42: 1H NMR (300 MHz, CDCl3) δ0.55–0.63 (m, 1H), 0.81–0.85 (m, 2H), 1.03–0.95 (m, 1H), 1.22 (d, J = 6.9 
Hz, 3H), 1.23 (d, J = 6.9 Hz, 3H), 2.67–2.76 (m, 1H), 3.17 (d, J = 11.1 Hz, 1H), 3.52 (d, J = 11.1 Hz, 1H), 3.62 
(d, J = 6.3 Hz, 1H), 3.73 (s, 3H), 3.73 (s, 3H), 4.53 (s, 1H), 4.54 (d, J = 6.3 Hz, 1H), 5.87 (s, 1H), 6.77 (d, J = 
9.0 Hz, 4H), 7.12–7.32 (m, 7H), 7.41 (d, J = 7.5 Hz, 2H), 7.91 (s, 1H), 9.64 (s, 1H), 12.1 (s, 1H); 13C NMR 
(75.5 MHz, CDCl3) δ 5.8, 9.7, 19.0, 19.1, 36.4, 55.3, 59.3, 68.7, 74.0, 79.9, 86.2, 86.8, 87.3, 113.3, 113.4, 121.4, 
127.1, 128.1, 128.1, 130.1, 130.1, 135.2, 135.6, 136.8, 144.4, 147.5, 147.9, 155.8, 158.7, 179.3; IR (KBr): 3131, 

2978, 1685, 1607, 1509, 1254, 506 cm–1; [a]D
29 –52.0 (c 1.04, CHCl3); HRMS (MALDI) Calcd. for 

C38H39N5O8Na [M+Na]+: 716.2691, Found: 716.2695. 
 
9-[3-O-{2-Cyanoethoxy(diisopropylamino)phosphino}-5-O-(4,4’-dimethoxytrityl)-2-O,4-C-
spirocyclopropylene-β-D-ribopentofuranosyl]-N2-isobutyrylguanine (43). 
ũŊ¶ǒ��42 (215 mg, 31.0 µmol) $Ƽĭ9PZ]Zz{ǈ� (3 mL) # N,N-M;Ri}f{>V
{9q~ (0.17 mL, 0.98 mmol)� 2-L9`>V{-N,N-M;Ri}f{mNm}D}zU�Z (0.17 
mL, 0.76 mmol) 7 0 ºC ���ü� 3ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎōĭ7���īç>V
{ ŬĐ��ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿��Ƈ25
�ŉĲļŜ7Lz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ : īç>V{ = 1 : 3) #13
Ķķ��43 (211 mg, 76%) 7ƘĥƵĢÐŜ!��Ƈ�  
43: 1H NMR (300 HMz, CDCl3) δ 0.43–0.53 (m, 1H), 0.79–0.84 (m, 3H), 0.90 (d, J = 6.6 Hz, 3H), 0.90 (d, J = 
6.6 Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H), 1.08 (d, J = 6.9 Hz, 3H), 1.26 (d, J = 6.9 Hz, 3H), 1.26 (d, J = 6.9 Hz, 
3H), 2.44–2.63 (m, 3H), 3.09 (d, J = 10.8 Hz, 1/2H), 3.15 (d, J = 11.1 Hz, 1/2H), 3.35–3.72 (m, 5H), 3.79 (s, 
3H), 3.80 (s, 3H), 4.36 (d, J = 5.4 Hz, 1/2H), 4.52 (d, J = 7.5 Hz, 1/2H), 4.91 (s, 1/2H), 5.00 (s, 1/2H), 5.99 (s, 
1H), 6.81–6.85 (m, 4H), 7.21–7.36 (m, 7H), 7.45 (d, J = 6.9 Hz, 2/2H), 7.45 (d, J = 6.0 Hz, 2/2H), 8.00 (s, 
1/2H), 8.02 (s, 1/2H), 8.59 (s, 1/2H), 8.64 (s, 1/2H), 12.0 (s, 1/2H), 12.0 (s, 1/2H); 31P NMR (121.6 MHz, 
CDCl3) δ 145.2, 146.9; HRMS (MALDI) Calcd. for C47H56N7O9NaP [M+Na]+: 916.3769, Found: 916.3775. 
 
?zI^D|?V[$ØĲ!Ķķ»'ēƀ£Ƒ 
?zIØĲ%9qU;ZŜ 18, 24, 38, 43!îƜ$ dA (Bz)�dG (iBu)�dC (Bz)�dT$9qU;ZŜ
0.1 M$Ƽĭ9PZ]Zz{ǈ�!��Ůĳ��GeneDesign nS-8 Oligonucleotides Synthesizer7ǉ	
�ųğ$mNm}9qU;Zƴ#č��Ô�� ØĲNF�{% ON 1–10 0.2 µmol�ON 11, 12 
1.0 µmol!��ZzV{?~ĠÉ Ô�� §ı�â#%�ON 1–5, 11 0.25M 5-[3,5-eN (Zzg
{?}sV{) g=]{]-1H-XZyS�{/9PZ]Zz{ǈ�7ǉ	�ON 6–10, 12 0.25 M 5->
V{V?-1H-XZyS�{/9PZ]Zz{ǈ�7ǉ	� ďØô°%�0.2 µmol NF�{ 9qU
;ZŜ 18, 24, 38, 437 8ƭ°�ŹŇ$9qU;ZŜ7 32Ƥ°!��1.0 µmolNF�{ 9qU;Z
Ŝ 18, 24, 38, 437 10ƭ°�ŹŇ$9qU;ZŜ7 40Ƥ°!�� ØĲªǖÑ�28 wt.% 9~t]
9ĭǈ� ü���1.5ô°ĖǍ��@yrŤŜ2$ľ3Đ�7Ô	���ř� 55 ºC �ƝĸŨ
�4�! �³Ʃ»'z~çM>NX{Ʃ$ŢƲÒ7Ô�� ř	� ON 1–10 7¬�ºŐ@yr 
Waters Sep-Pak® Plus C18 Cartridges�ON 11, 127Waters Sep-Pak® Plus C18 Environmental Cartridges #
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13Ķķ���2#ºŐ HPLC#�Ķķ7Ô�� ĶķÑ$ēƀ#�	�%�ºŐ HPLC#1��
95%�Ğ �4�!7£Ƒ�� ��# HPLCŖŵĠÉ7÷�  
ÀųĠÉ 
� �ƆŐ A�: 0.1M Zz>V{9q~/īç (TEAA) bWg8� (pH 7.0) 
  B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� ǒŗ  ƭĹ: 1.0 mL/ƭ 

ƭă: 3.0 mL/ƭ 
� @yr�ƀ 50 ºC 
� ÊĐ  UV (260 nm) 

ON 1–5, 11 
� EyM>~Z 9PZ]Zz{Ɠƀ 6–12% (30ƭ) 
� @yr ƭĹ: Waters XTerra MS C18 2.5 µm (4.6 × 50 mm) 

ƭă: Waters XTerra MS C18 2.5 µm (10 × 50 mm) 

ON 6–10, 12 
� EyM>~Z 9PZ]Zz{Ɠƀ 6–12% (20ƭ) (ON 9) 

9PZ]Zz{Ɠƀ 8–16% (20ƭ) (ON 6–8, 10, 12) 
� @yr ƭĹ: Waters XBridgeTM Shield RP18 2.5 µm (4.6 × 50 mm) 

ƭă: Waters XBridgeTM OST C18 2.5 µm (10 × 50 mm) 

 
?zI^D|?V[$ŋĲ£Ƒ!ŵǙ 
ØĲ��?zI^D|?V[$ŋĲ%MALDI-TOF MS7ǉ	�£Ƒ�� 3-d[}BLfHz~ç
ĭǈ� (10 mg/mL) !D>~çƍ9~t]<rĭǈ� (1.0 mg/mL) 7 1:1 $¦Ø ÙØ��pZz
WDN (1 µL) 7Ŗŵi|�ZĞ ©ŏ���©ŏ��pZzWDNĞ#ĭ#ǈ��� ON 1–12 (50 
µM, 1µL) 7á��©ŏ���Ñ#Ŗŵ7Ô�� ƭíǙ$Ŗŵ%_AX:hzg|DT�t�[ 
Ô	�?zIVqM{ç (7 mer�15 mer»' 23 mer) 7�ƩơĒ!��ǉ	� +��ØĲ��?
zI^D|?V[$ŵǙ%¼ÓƀŖŵ²7ǉ	� 260 nm$ò�Ʃ¼Ĉ7Ŗŵ�4�! Ô��  

 
 
Š 1Ĝ� Š 3Ł$þË 

 
ǅ��ƀ (Tm) Ŗŵ 
ON 1–5, 13–18 $ Tm Ŗŵ %� ?zI^D|?V[ (ĊƓƀ 4 µM) !��\Zz<r (ĊƓƀ 
100 mM)�z~çĝ� (10 mM, pH 7.2) $J~i{ǈ� (130 µL) 7Ůĳ�� ON 6–10, 19–24$
TmŖŵ %� ?zI^D|?V[ (ĊƓƀ 4 µM) !��\Zz<r (ĊƓƀ 10 mM)�z~ç
ĝ� (10 mM, pH 7.2) $J~i{ǈ� (130 µL) 7Ůĳ�� ON 29, 30$ TmŖŵ %� ?zI^
D|?V[ (ĊƓƀ 2 µM) !��\Zz<r (ĊƓƀ 100 mM)�z~çĝ� (10 mM, pH 7.2) $
J~i{ǈ� (130 µL) 7Ůĳ�� ON 1–10, 13–24$J~i{ǈ�7ƫƅĭū#ǋ��ü�+ 0
��3ǜ¹��Ñ�ũŊ¶ǒ��Ŗŵǈ�7 5 ºC+ ǜ¹�Ŗŵ7�ì�� 0.5 ºC/ƭ $ŗƀ 90 
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ºC+ Ě���0.5 ºC °¤ 260 nm#��4¼Óƀ7i}WZ�� ON 29, 30$J~i{ǈ�%�
10 ºC+ ǜ¹��Ñ�Ŗŵ7�ì��95 ºC+ Ě��� Tmŧ%ūńƴ#13æĐ��Ɗǐ��
3�$Ŗŵ#��4ƯÂŧ!��  
^D|9�Qƭ�Şıƣ� 
ON 11, 25, 26$^D|9�QŞıƔƣ� %� ?zI^D|?V[ (ĊƓƀ 4 µM) !��pE_
L<r (ĊƓƀ 10 mM)�ZzN-�çĝ� (50 mM, pH 8.0)�3’->BR^D|9�Q (CAVP; 1 
µg/mL) $J~i{ǈ� (140 µL) 7Ůĳ��37 ºC ĸŨ�� ON 12, 27, 28$^D|9�QŞıƔ
ƣ� %�J~i{ǈ� (130 µL) #Ůĳ�� ƛ��ì2 2.5�5�10�20�40�80ƭÑ#ƛ��
2 20 µL��ă3�90 ºC� 2.5ƭ°ĸŨ��4�! ^D|9�Q7û§���Ìǘ?zI^
D|?V[$èǙ7ºŐ HPLC#13ŵǙ�� ��# HPLCŖŵĠÉ7÷�  
� �ƆŐ A�: 0.1M TEAA bWg8� (pH 7.0) 

B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z 9PZ]Zz{Ɠƀ 6–12% (20ƭ) 
� @yr ƭĹ: Waters XBridge™ OST C18 2.5 µm (4.6 × 50 mm) 
� ǒŗ  ƭĹ: 1.0 mL/ƭ 
� @yr�ƀ 50 ºC 
� ÊĐ  UV (260 nm) 

 
ţ�ƂǆþË 
���)�$ƆƬþË%�şãş¥ƆƬþË·ŵ�7ĔĄ��þð�5� ƟËƆƬ!�� 5 ČǛ
$p<N Balb/c (Ǆ) (ƎƸ SLC), 20 mg/Ơ7ÕƏ��1Č°ƌ���� 6ČǛ$p<N#ŝ���ĵ
ǍĦ�ĭ (şŴ) #ǈ���?zI^D|?V[ 35 mg/kg.��%ĵǍĦ�ĭ7ňǉǙ 200 µL#�
ƞ�Ƃǆ�� (ƂǆÃ#�� N=4) 72ô°Ñ�p<N7;Rg{y~ƹĮ�#��Ʒ���şĸƻ
13ßÈ�� �$Ñ�PBS #�ħŔ¯ǒ#13®ŔƋŢÈ7Ô	�®Ŕ7ŶĐ�� ®ŔƢƾ7
PBS łġ��Ñ�àľ���Ʃ7 RNA later® Stabilization Solution (Thermo Fisher Scientific, AM7021) 
��4 ºCƲŚ��è3%�ŜũŊ đ°ƁÇ���Ñ�–80 ºC ƲŚ��  

 
p<N®Ŕ2$ total RNAŬĐ 
RNA later®� ƲŚ���	�®ŔľƱ7�Ʃă3Đ��QuickGene RNA tissue kit SII (wako�RT-S2) 
$ LRT (2-mercaptoethanol) 500 µL7ź���NX~|N½ 1Ǖ7���mtM\;O�� (TAITEC�
µL-12, speed: 2000 r/min�3ƭ) �$Ñ�12000 rpm�ü�#� 3ƭ°�ħ��ĞĴ 385 µL7�Ĉ�
� BWZ$ SRT7 175 µLź���n{XWDN#� 15ƤÙØ���Nf~U<~�� �$Ñ�
ƈ¾>T`�{ (wako) 140 µL7ź���n{XWDN#� 1ƭÙØ���Nf~U<~�� ňǙ
7 RNAøƆŬĐ² (QuickGene-800, wako) #PWZ��total RNA7ŬĐ��  

 
ºŻÿƛ� 
Total RNA 2 µg #ŝ�ºŻÿƛ�7Ô�� High Capacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, 4368813) 7ǉ	�s�@�$i}ZH{#č�� cDNA7äķ��  
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Real-time quantitative PCR 
30Ɩ´Ă�� cDNAǈ�7ǉ	��ơŸ�Ží Pten#ŝ�4 real-time PCR7Ô�� Pten$ƚÎ
Ǚ�Ĺ%�a<NB�f~E�Ží Gapdh$ƚÎǙ#ŝ�4ŐŝƚÎǙ!��ƣ��� ƛ�#%�
TaqMan® Fast Universal PCR Master Mix (Thermo Fisher Scientific, 4352042) »'�TaqMan probe (Thermo 
Fisher Scientific, Pten: Mm00477208_m1, Gapdh: Mm99999915_g1) 7ǉ	�s�@�$i}ZH{#č
��ƛ�7Ô��  

 
ƄÆĖǍ 
�ŽíƚÎǊİƣ�óË»'È�ĵ�¥ŸÊÛ%� Ã 4 Ơ Ô	�ǃ�Ú$ƣ�#�	�%NV
v�Y~Z$ tÊŵ7ǉ	�Ô��  

 
È�ĵ�¥ŸÊÛ (AST�ALTŧ$Ŗŵ) 
�şĸƻ2ßÈ��È�J~i{2ÈĴ7ƭǎ�� È�ÁÐŕĪâ»'ÈĴƭǎâ$Ə��
Vv�h (BD�365967) #È�7ź���5000 rpm�4 ºC�#� 20ƭ�ħ�� ÈĴ7�Ĉ���
Ö$È�ÊÛ#éǉ�� ®Ɖı$ïơ AST ŧ»' ALT ŧ79NcyC~ç9q`Zy~Ng=
y�QBWZ (ƨë[y;FrNy;[ GOT/AST-PIII, Fujifilm, 477-03331) »'9y]~9q`Z
y~Ng=y�QBWZ (ƨë[y;FrNy;[ GPT/ALT-PIII, Fujifilm, 474-03341) 7ǉ	�æ
Đ�� ÈĴ 10 µL7ƨë[y;FrNy;[#żŪ��Ŗŵ²ƨë[y;Fr 7000V�Z�7ǉ	
��AST ŧ»' ALT ŧ7Ŗŵ�� 1000 V/L $ŧ7ů�4J~i{#�	�%�PBS #�ÈĴ7
10Ɩ´Ă��Ŗŵ��  
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Š 2Ĝ� Š 2Ł$þË 
 
3’-O-(tert-Butyldiphenylsilyl)-3-(2-trimethylsilylethoxymethyl)thymidine (46). 
ũŊ¶ǒ��44 (6.96 g, 8.89 mmol) $ƼĭMD}}sT~ǈ� (70 mL) # 1,8-M9KeLD}[5.4.0]-
7-<~YP~ (2.6 mL, 17 mmol)�2-(D}}sZBL)>V{ZzsV{Ly~ (1.5 mL, 8.5 mmol) 7
–78 ºC ��� –78 ºC 40ƭ°¡Ǡ��Ñ�1,8-M9KeLD}[5.4.0]-7-<~YP~ (2.6 mL, 17 
mmol)�2-(D}}sZBL)>V{ZzsV{Ly~ (1.5 mL, 8.5 mmol) 7–78 ºC ��� –78 ºC
 20ƭ°¡Ǡ��Ñ�1,8-M9KeLD}[5.4.0]-7-<~YP~ (2.6 mL, 17 mmol)�2-(D}}sZB
L)>V{ZzsV{Ly~ (1.5 mL, 8.5 mmol) 7–78 ºC ��� –78 ºC 10ƭ°¡Ǡ��Ñ�ƶ
ǟĎōĭ7 0 ºC ���īç>V{ ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r 
©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ 45 (9.89 g) %Ķķ���õ$ƛ�#ǉ	�  
45 (9.89 g) $sT`�{ǈ� (2 mL) #Zzg{?}īç (0.68 mL, 8.9 mmol) 7 0 ºC ��� ü
� 2 ô°¡Ǡ��Ñ�ƶǟĎōĭ7���īç>V{ ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽ
ĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZ
Eyg:� (SiO2, n-jBJ~ǈ� : īç>V{ = 17 : 3 → 1 : 3) #13Ķķ��46 (3.22 g, 59%, 2 
steps) 7ƘĥƵĢÐŜ!��Ƈ�  

45: 1H NMR (300 MHz, CDCl3) δ 0.00 (s, 9H), 0.95–1.00 (m, 2H), 1.03 (s, 9H), 1.39 (s, 3H), 2.05 (ddd, J = 
5.8, 8.6, 13.4 Hz, 1H), 2.37 (ddd, J = 2.4, 5.8, 13.1 Hz, 1H), 2.88 (dd, J = 2.4, 10.0 Hz, 1H), 3.22 (dd, J = 2.4, 
10.3 Hz, 1H), 3.65–3.71 (m, 2H), 3.77 (s, 6 H), 4.06–4.07 (m, 1H), 4.51–4.53 (m, 1H), 5.37 (d, J = 9.6 Hz, 1H), 
5.41 (d, J = 10.0 Hz, 1H), 6.53 (dd, J = 5.8, 8.2 Hz, 1H), 6.71–6.76 (m, 4H), 7.10–7.61 (m, 20H) 
46: 1H NMR (300 MHz, CDCl3) δ –0.01 (s, 9H), 0.93–0.99 (m, 2H), 1.09 (s, 9H), 1.84–1.88 (m, 4H), 2.15 (ddd, 
J = 6.2, 7.9, 13.7 Hz, 1H), 2.30 (ddd, J = 3.1, 5.9, 13.4 Hz, 1H), 3.25 (ddd, J = 3.1, 6.2, 12.0 Hz, 1H), 3.60–3.69 
(m, 3H), 3.96–3.99 (m, 1H), 4.41–4.45 (m, 1H), 5.36 (d, J = 9.6 Hz, 1H), 5.39 (d, J = 10.0 Hz, 1H), 6.26 (dd, J 
= 6.2, 7.6 Hz, 1H), 7.27 (d, J = 1.0 Hz, 1H), 7.37–7.47 (m, 6H), 7.62–7.67 (m, 4H); 13C NMR (75.5 MHz, 
CDCl3) δ –1.3, 13.4, 18.2, 19.1, 27.0, 40.5, 62.2, 67.6, 70.3, 73.1, 87.5, 87.7, 110.4, 128.0, 130.2, 130.3, 133.2, 
133.4, 135.5, 135.8, 135.9, 151.1, 163.5; IR (KBr): 3481, 2952, 1708, 1670, 1469, 1249, 1099, 836, 703 cm–1; 
[α]D

20 +30.7 (c 1.00, CHCl3); HRMS (MALDI) Calcd. for C32H46N2O6NaSi2 [M+Na]+: 633.2787, Found 
633.2776. 
 
6’-Dibromo-(5’-deoxy-5’-methylidene)-3’-O-(tert-butyldiphenylsilyl)-3-(2-
trimethylsilylethoxymethyl)thymidine (48). 
46 (600 mg, 982 µmol) $MD}}sT~ǈ� (10 mL) # Dess-Martinl{x�M\~ (500 mg, 1.20 
mmol) 7 0 ºC ���ü� 1ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟV?ǔç\Zz<rĭǈ�!ƶǟ
Ďōĭ7 0 ºC ���ü� 10ƭ°¡Ǡ�� īç>V{ ŬĐÑ�ĭ!ƶǟĦ�ĭ łġ�� 
Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ 47 (633 mg) %Ķķ���ű
�#õ$ƛ�#ǉ	�  
ũŊ¶ǒ��êċ�ťŊ (1.31 g, 3.95 mmol) $ƼĭMD}}sT~ǈ� (10 mL) #Zzg=]{m
Ng:~ (2.07 g, 7.89 mmol) 7 0 ºC ���¡Ǡ�� 30ƭÑ�Ľĥ$ƛ�ǈ�#ŉĲļŜ 47 (633 
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mg) $ƼĭMD}}sT~ǈ� (10 mL) 7 0 ºC ��� 0 ºC 20ƭ°¡Ǡ��Ñ�ƶǟ��9
~t]<rĭǈ�7���Py;Z6�7Ô	�īç>V{ ŬĐ�� ǃµŌ7ƶǟĦ�ĭ!ĭ
 łġ��Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@
yrD}pZEyg:� (SiO2, n-jBJ~ǈ� : īç>V{ = 9 : 1 → 3 : 1) #13Ķķ��48 (639 
mg, 85%, 2 steps) 7ƘĥƵĢÐŜ!��Ƈ�  
47: 1H NMR (300 MHz, CDCl3) δ 0.00 (s, 9H), 0.95–1.00 (m, 2H), 1.11 (s, 9H), 1.71 (ddd, J = 5.2, 8.9, 13.7 
Hz, 1H), 1.95 (s, 3H), 2.42 (dd, J = 5.5, 13.4 Hz, 1H), 3.65–3.70 (m, 2H), 4.51 (s, 1H), 4.59–4.61 (m, 1H), 5.40 
(s, 2H), 6.59 (dd, J = 5.5, 9.3 Hz, 1H), 7.42–7.49 (m, 7H), 7.63–7.70 (m, 4H), 9.12 (s, 1H). 
48: 1H NMR (300 MHz, CDCl3) δ –0.01 (s, 9H), 0.93–0.98 (m, 2H), 1.09 (s, 9H), 1.82–1.91 (m, 4H), 2.38 (ddd, 
J = 4.1, 6.5, 13.7 Hz, 1H), 3.62–3.68 (m, 2H), 4.24 (ddd, J = 3.8, 3.8, 6.2 Hz, 1H), 4.65 (dd, J = 3.8, 8.6 Hz, 
1H), 5.35 (d, J = 10.0 Hz, 1H), 5.38 (d, J = 9.6 Hz, 1H), 6.22 (d, J = 8.9 Hz, 1H), 6.24 (dd, J = 6.5, 6.5 Hz, 1H), 
6.91 (d, J = 1.1 Hz, 1H), 7.37–7.48 (m, 6H), 7.63–7.66 (m, 4H); 13C NMR (75.5 MHz, CDCl3) δ –1.3, 13.5, 
18.3, 19.1, 26.9, 40.3, 67.6, 70.3, 75.9, 86.1, 86.5, 96.0, 110.6, 128.1, 128.1, 130.3, 132.7 133.0 134.0, 134.9, 
135.9, 135.9, 150.8, 163.3; IR (KBr): 2953, 1711, 1671, 1465, 1249, 1112, 830, 702 cm–1; [α]D

20 +17.8 (c 1.00, 
CHCl3); HRMS (MALDI) Calcd. for C33H44N2O5NaSi2Br2 [M+Na]+: 785.1048, Found 785.1044. 
 
6’-Dibromo-(5’-deoxy-5’-methylidene)thymidine (49). 
ũŊ¶ǒ��48 (224 mg, 293 µmol) $ƼĭMD}}sT~ǈ� (3 mL) # 1M ��NO(�)/MD}}
sT~ǈ� (0.30 mL, 0.30 mmol) 7 0 ºC ��� ü� 7ô°¡Ǡ��Ñ�1M ��NO(�)/M
D}}sT~ǈ� (30 µL, 30 µmol) 7 0 ºC ���ü� 2ô°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĎō
ĭ7���īç>V{ ŬĐÑ�ƶǟĦ�ĭ!ĭ łġ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7
Í�Ǔ¿�� Ƈ25�ŉĲļŜ (264 mg) %Ķķ���õ$ƛ�#ǉ	�  
ŉĲļŜ (264 mg) ! īç (50 µL, 0.88 mmol) $XZyd[}gy~ǈ� (3 mL) # 1 MXZyh
V{9~t]<rg{?z[/XZyd[}gy~ǈ� (0.59 mL, 0.59 mmol) 7ü� ���2ô°
¡Ǡ�� ƛ�ĊǖÑ�ĭ7���īç>V{ ŬĐ��ĭ!ƶǟĦ�ĭ łġ�� Ƽĭǔç\Z
z<r ©ŏÑ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg:� 
(SiO2, n-jBJ~ǈ� : īç>V{ = 1 : 3) #13Ķķ��49 (113 mg, 97%, 2 steps) 7ƘĥÐŜ!
��Ƈ�  

49: 1H NMR (300 MHz, CD3OD) δ 1.90 (d, J = 1.4 Hz, 3H), 2.23–2.40 (m, 2H), 4.35 (ddd, J = 3.7, 3.7, 5.9 Hz, 
1H), 4.53 (dd, J = 3.2, 8.7 Hz, 1H), 6.21 (dd, J = 6.9, 6.9 Hz, 1H), 6.82 (d, J = 8.3 Hz, 1H), 7.44 (d, J = 1.4 Hz, 
1H); 13C NMR (75.5 MHz, CD3OD) δ 12.4, 39.8, 75.6, 87.4, 87.7, 94.5, 111.9, 137.9, 138.2, 152.2, 166.4; IR 
(KBr): 3348, 1719, 1655, 1273 cm–1; [α]D

23 +45.1 (c 1.04, DMSO); HRMS (MALDI) Calcd. for 
C11H12N2O4NaBr2 [M+Na]+: 416.9056, Found 416.9069. 
 
5’-O-(4,4’-Dimethoxytrityl)thymidinyl 2-cyanoethylphosphono-[3’(O)→5’(C)]-(5’-deoxy-5’-
methylidine)thymidine (51). 
p;D}<=�hb;9{ū�īçcyM<r(�) (136 mg, 606 µmol) ! 1,1’-eN(Mg=]{mN
g:`)g=}P~(672 mg, 1.21 mmol) 7ŢçŊ N,N-MsV{m{r9q[ (20 mL) #ǈ����
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ü� ¡Ǡ�� 1ô°Ñ�ƛ�ǈ�# 49 (1.20 g, 3.03 mmol)�H-mNm_�Z 50 (3.01 g, 4.55 mmol)�
i}f|~?BL[ (2.2 mL, 30 mmol)�ŢçŊ N,N-MsV{m{r9q[ (3 mL) 7��� p;
D}ƕěĀ��90 ºC 1ô°¡Ǡ��Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@
yrD}pZEyg:� (SiO2, 100% D}}m{r � D}}m{r : sT`�{ = 9 : 1) #13
Ķķ��ÝƀLz@G{@yrD}pZEyg:� (SiO2, n-jBJ~ǈ� : īç>V{ = 1 : 1 → 
100% īç>V{ → īç>V{ : sT`�{ = 9 : 1) #13Ķķ��51 (1.45 g, 53%) 7ƘĥÐŜ
!��Ƈ�  

51: 1H NMR (500 MHz, CDCl3) δ 1.40 (s, 3/2H), 1.43 (d, J = 1.2 Hz, 3/2H), 1.92 (s, 3/2H), 1.94 (s, 3/2H), 
2.31–2.35 (m, 1H), 2.45–2.51 (m, 2H), 2.72–2.81 (m, 5/2H), 2.90 (dd, J = 4.6, 13.8 Hz, 1/2H), 3.38–3.42 (m, 
1H), 3.52–3.54 (m, 1H), 3.79 (s, 6H), 4.16 (d, J = 3.5 Hz, 1/2H), 4.26–4.35 (m, 3H), 4.41 (d, J = 3.5 Hz, 1/2H), 
4.68–4.78 (m, 2H), 5.23–5.29 (m, 1H), 6.35–6.47 (m, 2H), 6.83–6.85 (m, 4H), 7.23–7.36 (m, 10H), 7.56 (s, 
1/2H), 7.61 (s, 1/2H), 9.50 (s, 1/2H), 9.53 (s, 1/2H), 9.70 (s, 1/2H), 9.98 (s, 1/2H); 31P NMR (202.5 MHz, 
CDCl3) δ –9.3, –9.0; HRMS (MALDI) Calcd. for C45H46N5O13NaP [M+Na]+: 918.2722, Found 918.2726. 
 
5’-O-(4,4’-Dimethoxytrityl)thymidinyl 2-cyanoethylphosphono-[3’(O)→5’(C)]-3’-O-[2-
cyanoethoxy(diisopropylamino)phosphino]-(5’-deoxy-5’-methylidine)thymidine (52). 
ũŊ¶ǒ��51 (1.39 g, 1.55 mmol) $Ƽĭ9PZ]Zz{ǈ� (15 mL) # N,N-M;Ri}f{>V
{9q~ (0.85 mL, 4.9 mmol)� 2-L9`>V{-N,N-M;Ri}f{mNm}D}zU�Z (0.52 mL, 
2.3 mmol) 7 0 ºC ���ü� 1ô°¡Ǡ�� ƛ�ĊǖÑ�ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲ
ļŜ7Lz@G{@yrD}pZEyg:� (diol, n-jBJ~ǈ� : īç>V{ = 1 : 3) #13Ķ
ķ��52 (789 mg, 46%) 7ƘĥƵĢÐŜ!��Ƈ�  

52: 1H NMR (500 MHz, CDCl3) δ 1.18–1.21 (m, 12H), 1.39 (s, 3/2H), 1.39 (s, 3/2H), 1.93–1.94 (m, 3H), 1.94 
(s, 3/2H), 2.35–2.80 (m, 8H), 3.39–3.90 (m, 12H), 4.21–4.35 (m, 3H), 4.79–4.96 (m, 2H), 5.28–5.32 (m, 1H), 
6.34–6.39 (m, 1H), 6.47 (dd, J = 5.2, 8.9 Hz, 1H), 6.84 (d, 4H), 7.23–7.38 (m, 10H), 7.55 (d, J = 1.4 Hz, 1/2H), 
7.57 (s, 1/2H), 8.43 (s, 2H); 31P NMR (202.5 MHz, CDCl3) δ –8.7, –8.6, –8.5, 149.4, 149.5, 150.6, 150.6; HRMS 
(FAB) Calcd. for C54H63N7O14NaP2 [M+Na]+: 1118.3806, Found 1118.3805. 
 
5’-O-(4,4’-dimethoxytrityl)-2’-O,4’-C-methylene-5-methyluridine-3’-O-(2-cyanoethyl) H-phosphonate 
(54) 
53 (100 mg, 129 µmol) $9PZ]Zz{/ĭ (7 : 1) ǈ� (1.6 mL) # 1H-XZyS�{ (18 mg, 0.26 
mmol) 7 0 ºC  ���ü� 30 ƭ°¡Ǡ�� ƛ�ĊǖÑ�ƶǟĦ�ĭ7���MD}}sT~
 ŬĐ�� Ƽĭǔç\Zz<r ©ŏÑ�ǈƗ7Í�Ǔ¿��54 (100 mg, quant.) 7ƘĥƵĢÏŜ
!��Ƈ�  

54: 1H NMR (300 MHz, CDCl3) δ 1.55 (s, 3/2H), 1.65 (s, 3/2H), 2.40–2.61 (m, 1H), 2.74 (t, J = 6.0 Hz, 1H), 
3.34 (d, J = 11.5 Hz, 1/2H), 3.45 (d, J = 11.0 Hz, 1/2H), 3.69 (d, J = 11.0 Hz, 1/2H), 3.75 (d, J = 11.0 Hz, 1/2H), 
3.68–3.91 (m, 8H), 4.01–4.12 (m, 1H), 4.26–4.34 (m, 1H), 4.72 (s, 1/2H), 4.74 (s, 1/2H), 5.00 (d, J = 6.4 Hz), 
5.03 (d, J = 6.9 Hz, 1/2H), 5.69 (s, 1/2H), 5.70 (s, 1/2H), 6.72 (d, J = 738 Hz, 1H), 6.86–6.89 (m, 4H), 6.96 (d, 
J = 739 Hz, 1/2H), 7.26–7.62 (m, 9H), 7.63 (s, 1/2H), 7.63 (s, 1/2H), 8.65 (s, 1/2H), 8.69 (s, 1/2); 31P NMR 
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(121.6 MHz, CDCl3) δ 7.09, 7.46; HRMS (FAB) Calcd.for C35H36N3O10P [M]+: 689.2138, Found 689.2139. 
 
5’-O-(4,4’-Dimethoxytrityl)-2’-O,4’-C-methylene-5-methyluridinyl 2-cyanoethylphosphono-
[3’(O)→5’(C)]-(5’-deoxy-5’-methylidine)-thymidine (55). 
p;D}<=�hb;9{ū�īçcyM<r(�) (2 mg, 9 µmol) ! 1,1’-eN(Mg=]{mNg:
`)g=}P~(11 mg, 20 µmol) 7ŢçŊ N,N-MsV{m{r9q[ (0.5 mL) #ǈ����ü� ¡
Ǡ�� 1ô°Ñ�ƛ�ǈ�# 49 (20 mg, 51 µmol)�H-mNm_�Z 54 (52 mg, 76 µmol)�i}f|
~?BL[ (37 µL, 0.51 mmol)� ŢçŊ N,N-MsV{m{r9q[ (0.5 mL) 7��� p;D}ƕ
ěĀ��90 ºC  30 ƭ°¡Ǡ��Ñ�ǈƗ7Í�Ǔ¿�� Ƈ25�ŉĲļŜ7Lz@G{@yr
D}pZEyg:� (SiO2, D}}m{r : sT`�{ = 20 : 1 � 10 : 1) #13Ķķ��ÝƀLz
@G{@yrD}pZEyg:�(SiO2, D}}m{r : sT`�{ = 20 : 1) #13Ķķ��55 (19 
mg, 41%) 7ƘĥÐŜ!��Ƈ�  

55: 1H NMR (300 MHz, CDCl3) δ 1.60 (s, 3/2H), 1.69 (s, 3/2H), 1.87 (s, 3/2H), 1.87 (s, 3/2H), 2.31–2.34 (m, 
1H), 2.50–2.75 (m, 3H), 3.45–3.66 (m, 2H), 3.78 (s, 6H), 3.83–4.37 (m, 4H), 4.63–4.76 (m, 3H), 4.89–5.02 (m, 
2H), 5.64 (s, 1/2H), 5.67 (s, 1/2H), 6.32–6.39 (m, 1H), 6.86 (d, J = 8.7 Hz, 4H), 7.25–7.32 (m, 8H), 7.41–7.43 
(m, 2H), 7.60 (s, 1/2H), 7.63 (s, 1/2H), 9.95 (s, 1/2H), 9.98 (s, 1/2H), 10.4 (s, 1/2H), 10.4 (s, 1/2H); 31P NMR 
(121.6 MHz, CDCl3) δ –10.0, –8.5; HRMS (FAB) Calcd. for C46H46N5O14P [M]+: 923.2779, Found 923.2777. 
 
5’-O-(4,4’-Dimethoxytrityl)-2’-O,4’-C-methylene-5-methyluridinyl 2-cyanoethylphosphono-
[3’(O)→5’(C)]-3’-O-[2-cyanoethoxy(diisopropylamino)phosphino]-(5’-deoxy-5’-methylidine)-thymidine 
(56). 
ũŊ¶ǒ��55 (20 mg, 22 µmol) $Ƽĭ9PZ]Zz{ǈ� (1 mL) # N,N-M;Ri}f{>V{
9q~ (12 µL, 69 µmol)� 2-L9`>V{-N,N-M;Ri}f{mNm}D}zU�Z (8 µL, 0.04 
mmol) 7ü� ��� ü� 1ô°¡Ǡ��Ñ�N,N-M;Ri}f{>V{9q~ (12 µL, 69 µmol)� 
2-L9`>V{-N,N-M;Ri}f{mNm}D}zU�Z (8 µL, 0.04 µmol) 7ü� ���1ô°
¡Ǡ�� ƛ�ĊǖÑ�ǈƗ7Í�Ǔ¿��Ƈ25�ŉĲļŜ7Lz@G{@yrD}pZEyg
:� (diol, D}}m{r : sT`�{ = 50 : 1) #13 2�Ķķ��n-jBJ~ ZzV|�Lw~
7Ô	�56 (16 mg, 66%) 7ƘĥƵĢÐŜ!��Ƈ�  

56: 1H NMR (500 MHz, CDCl3) δ 1.18–1.20 (m, 12H), 1.58 (s, 3/4H), 1.59 (s, 3/4H), 1.67 (s, 3/4H), 1.69 (s, 
3/4H), 1.88–1.90 (m, 3H), 2.36–2.81 (m, 6H), 3.45–4.36 (m, 16H), 4.76–5.02 (m, 4H), 5.66 (s, 1/4H), 5.67 (s, 
1/4H), 5.71 (s, 1/2H), 6.21–6.37 (m, 1H), 6.85–6.88 (m, 4H), 7.20–7.35 (m, 8H), 7.41–7.46 (m, 2H), 7.59 (s, 
1H), 8.97 (s, 2H); 31P NMR (121.6 MHz, CDCl3) δ –9.8, –9.2, –8.6, –8.6, 149.1, 149.3, 150.4, 150.6; HRMS 
(FAB) Calcd. for C55H64N7O15P2 [M+H]+: 1124.3936, Found 1124.3937. 
 
?zI^D|?V[$ØĲ!Ķķ»'ēƀ£Ƒ 
?zIØĲ%9qU;ZŜ 52, 567 0.1 M$ƼĭXZyd[}gy~ǈ��îƜ$ dA (Pac)�dG (iPr-
Pac)�dC (Ac)�dT�2’,4’-BNA/LNA-T�2’-OMe rG (iBu)�2’-OMe rC (Ac)�2’-OMe rU$9qU;ZŜ
7 0.1 M$Ƽĭ9PZ]Zz{ǈ�!��Ůĳ��GeneDesign nS-8 Oligonucleotides Synthesizer7ǉ
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	�ųğ$mNm}9qU;Zƴ#č��Ô�� ØĲNF�{% 1.0 µmol!��ON 31–42%Zz
V{?gĠÉ�ON 43–46%ZzV{?~ĠÉ Ô�� §ı�â#%�0.25 M 5->V{V?-1H-X
ZyS�{/9PZ]Zz{ǈ�7ǉ	� ďØô°%�9qU;ZŜ 52, 557 2ƭ°�2’,4’-BNA/LNA
»' 2’-OMe$9qU;ZŜ7 10ƭ°�ŹŇ$9qU;ZŜ7 40Ƥ°!�� ØĲªǖÑ�ON 31–
41% 28 wt.% 9~t]9ĭǈ� ü���2ô°ĖǍ��@yrŤŜ2$ľ3Đ�!�³Ʃ»'
z~çM>NX{Ʃ$ŢƲÒ7Ô�� ON 42–46 % 28 wt.% 9~t]9ĭǈ�/40 wt.% sV{9
q~ĭǈ� (1 : 1)  ü���5ƭ°ĖǍ��@yrŤŜ2$ľ3Đ�7Ô	���ř� 65 ºC�
1 ô°ĸŨ�4�! �³Ʃ»'z~çM>NX{Ʃ7ŢƲÒ�� ON 43–46 #�	�%�ºŐ
HPLC#�Ķķ7Ô	�Waters Sep-Pak® Plus C18 CartridgesĞ ŢZzV{7Ô"��Ñ�35% sT
`�{ĭǈ� ǈĐ�� ÞÑ#�ON 31–467ºŐ HPLC Ķķ�� ĶķÑ$ēƀ#�	�%�
ºŐ HPLC#1�� 95%�Ğ �4�!7£Ƒ�� ��# HPLCŖŵĠÉ7÷�  
ÀųĠÉ 
� @yr ƭĹ: Waters XBridge™ Oligonucleotide BEH C18 2.5 µm (4.6 × 50 mm) 
�   ƭă: Waters XBridge™ OST C18 2.5 µm (10 × 50 mm) 
� ǒŗ  ƭĹ: 1.0 mL/ƭ 
�   ƭă: 4.5 mL/ƭ 
� ÊĐ  UV (260 nm) 

ON 31, 33, 34, 36–38, 40, 41 
� �ƆŐ A�: 0.1M TEAA bWg8� (pH 7.0) 
�   B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z ƭĹ:9PZ]Zz{Ɠƀ 6–12% (30ƭ) 

ƭă 1�ƿ: 9PZ]Zz{Ɠƀ 6–12% (30ƭ) 
     2�ƿ: 9PZ]Zz{Ɠƀ 6–10% (30ƭ) 

� @yr�ƀ 50 ºC 

ON 32, 42 
� �ƆŐ A�: 0.1M TEAA bWg8� (pH 7.0) 
�   B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z 9PZ]Zz{Ɠƀ 6–12% (30ƭ) 
� @yr�ƀ 50 ºC 
ON 43–46 (ŢZzV{ņ) 
� �ƆŐ A�: 0.1M TEAA bWg8� (pH 7.0) 
�   B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z 9PZ]Zz{Ɠƀ 5–45% (30ƭ) 
� @yr�ƀ 50 ºC 
ON 43–45 (ŢZzV{Ñ) 
� �ƆŐ ƭĹ    A�: 0.1M TEAA bWg8� (pH 7.0) 

   B�: 0.1M TEAA bWg8� : sT`�{ = 1 : 1 
�   ƭă 1, 3�ƿ A�: 0.1M TEAA bWg8� (pH 7.0) 
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             B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
�   ƭă 2�ƿ A�: 0.1MjBL{9q~/īç (HAA) bWg8� (pH 7.0) 

         B�: 0.1M HAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z ƭĹ: 9PZ]Zz{Ɠƀ 8–14% (30ƭ) 

ƭă 1�ƿ: 9PZ]Zz{Ɠƀ 6–12% (30ƭ) 
     2�ƿ: 9PZ]Zz{Ɠƀ 20–40% (30ƭ) 
     3�ƿ: 9PZ]Zz{Ɠƀ 8–12% (20ƭ) 

� @yr ƭĹ, ƭă 3�ƿ: TSKgel OligoDNA RP 5 µm (4.6 × 150 mm) 
� @yr�ƀ 1, 3�ƿ: 50 ºC 
    2�ƿ: 65 ºC 
ON 46 (ŢZzV{Ñ) 
� �ƆŐ ƭĹ    A�: 0.1M TEAA bWg8� (pH 7.0) 

   B�: 0.1M TEAA bWg8� : sT`�{ = 1 : 1 
�   ƭă 1, 2�ƿ A�: 0.1M TEAA bWg8� (pH 7.0) 

            B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
�   ƭă 3�ƿ A�: 0.1MjBL{9q~/īç (HAA) bWg8� (pH 7.0) 

         B�: 0.1M HAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z ƭĹ:sT`�{Ɠƀ 12–30% (30ƭ) 

ƭă 1�ƿ: 9PZ]Zz{Ɠƀ 6–12% (30ƭ) 
     2�ƿ: 9PZ]Zz{Ɠƀ 8–9% (30ƭ) 
     3�ƿ: 9PZ]Zz{Ɠƀ 20–40% (30ƭ) 

� @yr�ƀ 50 ºC 

 
?zI^D|?V[$ŋĲ£Ƒ!ŵǙ 
ØĲ��?zI^D|?V[$ŋĲ%MALDI-TOF MS7ǉ	�£Ƒ�� 3-d[}BLfHz~ç
ĭǈ� (10 mg/mL) !D>~çƍ9~t]<rĭǈ� (1.0 mg/mL) 7 1:1 $¦Ø ÙØ��pZz
WDN (1 µL) 7Ŗŵi|�ZĞ ©ŏ���©ŏ��pZzWDNĞ#ĭ#ǈ��� ON 31–46 
(50–100 µM, 1µL) 7á��©ŏ���Ñ#Ŗŵ7Ô�� ƭíǙ$Ŗŵ%_AX:hzg|DT�
t�[ Ô	�?zIVqM{ç (7 mer�9 mer�11 mer�13 mer) 7 ON 31–42$�ƩơĒ!��ǉ
	� ON 43–46$�ƩơĒ%?zIVqM{ç (13 mer�17 mer�21 mer�23 mer) 7ǉ	� ØĲ
��?zI^D|?V[$ŵǙ%¼ÓƀŖŵ²7ǉ	� 260 nm $ò�Ʃ¼Ĉ7Ŗŵ�4�! Ô
��  

 
 
Š 2Ĝ� Š 3Ł$þË 

 
ǅ��ƀ (Tm) Ŗŵ 
 ?zI^D|?V[ (ĊƓƀ 4 µM) !��\Zz<r (ĊƓƀ 100 mM)�z~çĝ� (10 mM, 
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pH 7.2) $J~i{ǈ� (130 µL) 7ƫƅĭū#ǋ��ü�+ 0��3ǜ¹��Ñ�ũŊ¶ǒ��
Ŗŵǈ�7 5 ºC+ ǜ¹�Ŗŵ7�ì�� 0.5 ºC/ƭ $ŗƀ 90 ºC+ Ě���0.5 ºC °¤ 260 
nm#��4¼Óƀ7i}WZ�� Tmŧ%ūńƴ#13æĐ��Ɗǐ�� 3�$Ŗŵ#��4ƯÂ
ŧ!��  

 
VqM~U;p� (57, 58) $ØĲ 
51 (1 mg, 1.12 µmol), 55 (1 mg, 1.08 µmol) 7�5�5 28 wt.% 9~t]9ĭǈ�#ǈ���ü� 2
ô°Ĩǡ��� 9~t]97Í�Ǔ¿��Ñ�sT`�{ (10 mL) ! TEAA bWg8� (0.1 M, 
pH 7.0, 5 mL)  ǒ��Waters Sep-Pak® Plus C18 Environmental Cartridges$ºŐ@yr#Vu�M��
0.5 % Zzg{?}īçĭǈ�7ǒ�� ºŐ@yr7 TEAA bWg8� (0.1 M, pH 7.0, 10 mL)  
Ýƀǒ��Ñ�35% sT`�{ĭǈ� 57, 58$ŉĲļŜ7ǈĐ��� ǈƗ7Í�Ǔ¿��ºŐ
HPLC Ķķ»'ēƀ£Ƒ7Ô�� 57, 58$ŋĲ#�	�% LC/MS7ǉ	�£Ƒ�� +��57, 
58 $ŵǙ%�¼ÓƀŖŵ²7ǉ	� 260 nm $ò�Ʃ¼Ĉ7Ŗŵ�4�! Ô�� �$Ç��57
$ĈǏ% 48%�58$ĈǏ% 31%!"�� ��# HPLCĠÉ7÷�  
� �ƆŐ A�: 0.1M Zz>V{9q~/īç (TEAA) bWg8� (pH 7.0) 
  B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z ƭĹ: 9PZ]Zz{Ɠƀ 3–9% (15ƭ) 

ƭă: 9PZ]Zz{Ɠƀ 3–9% (15ƭ) (56) 
ƭă: 9PZ]Zz{Ɠƀ 3–9% (30ƭ) (57) 

� @yr ƭĹ: Waters XBridge™ Oligonucleotide BEH C18 2.5 µm (4.6 × 50 mm) 
ƭă: Waters XBridge™ OST C18 2.5 µm (10 × 50 mm) 

� ǒŗ  ƭĹ: 1.0 mL/ƭ 
ƭă: 4.5 mL/ƭ 

� @yr�ƀ 50 ºC 
� ÊĐ  UV (260 nm) 

56: HRMS (ESI) Calcd. for C21H24N4O11P [M–H]–: 539.1185, Found 539.1630. 
57: HRMS (ESI) Calcd. for C22H24N2O12P [M–H]–: 567.1134, Found 567.0810. 
 
CDNlDZ{Ŗŵ 
 VqM~U;p� (ĊƓƀ 100 µM) !��\Zz<r (ĊƓƀ 100 mM)�z~çĝ� (10 mM, 
pH 7.2) $J~i{ǈ� (360 µL) 7P{Ű 0.1 cm$�Ƨ��ƃÄĺ�P{#Ə5�ũŊ¶ǒ��5 
ºC 8�Ļæ�� ŖŵƕŰƪ% 0.2 nm�|No~N% 4Ƥ�œÛŗƀ% 50 nm/min#ŀŵ�� 
CDŧ2ƭíś�Ǐ[�]($ư«%ŖŵŒŨ#ƧŘ�4ơĒ�ĹRgZ<=97ǉ	�  

 
ƒǚ¥Ÿcys�T�$æĐ 
��\Zz<r (ĊƓƀ 100 mM)�z~çĝ� (10 mM, pH 7.2) #ŝ��� ?zI^D|?V
[7ĊƓƀ 0.89, 1.47, 2.43, 4.00 µM!��J~i{ǈ�7 130 µL�6.60, 10.9 µM!��J~i{ǈ
�7 50 µL Ůĳ��  J~i{ǈ�$ Tmŧ7Ğ¸$ąĕ æĐ��  Ɠƀ#��4 Tmŧ (Ƣ
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13) 2 van’t Hoffi}WZ (Ĭ 18) 7!3���#÷�Ææù2 ΔG�ΔH�ΔS$ŧ7æĐ��  
1/Tm = R/ΔH × lnCt + (ΔS – R × ln4)  (1) 
ΔG = ΔH – TΔS     (2) 

  R%¶Ŝŵį�Ct%ő?zI^D|?V[Ɠƀ 

 
Ƣ 13. ON 32$ Ɠƀ#��4 ssRNA»' ssDNA!$ƍĎÜ$ Tmŧ 

 Oligonucleotide concentration (µM) 

duplexes 0.89 1.47 2.43 4.00 6.60 10.9 

ON 32/ssRNA 41.2 42.6 43.8 44.2 45.5 46.8 

ON 32/ssDNA 44.2 45.7 46.6 47.2 48.7 49.8 

 

 
Ĭ 19. van’t Hoffi}WZ 

 
^D|9�Qƭ�Şıƣ� 
 ?zI^D|?V[ (ĊƓƀ 4 µM) !��pE_L<r (ĊƓƀ 10 mM)�ZzN-�çĝ� 
(50 mM, pH 8.0)�3’->BR^D|9�Q (CAVP; 0.2 µg/mL) $J~i{ǈ� (130 µL) 7Ůĳ��37 
ºC ĸŨ�� ƛ��ì2 2.5�5�10�20�40�80ƭÑ#ƛ��2 20 µL��ă3�90 ºC� 
2.5ƭ°ĸŨ��4�! ^D|9�Q7û§���Ìǘ?zI^D|?V[$èǙ7ºŐ HPLC#
13ŵǙ�� ��# HPLCŖŵĠÉ7÷� ę�PSĉĤ7ǃ�4 ON 53%ǀ 1 : 1$M9NX|
?p�ÙØƬ!��ǉ	�  
� �ƆŐ A�: 0.1M TEAA bWg8� (pH 7.0) 

B�: 0.1M TEAA bWg8� : 9PZ]Zz{ = 1 : 1 
� EyM>~Z 9PZ]Zz{Ɠƀ 6–12% (20ƭ) 
� @yr ƭĹ: Waters XBridge™ OST C18 2.5 µm (4.6 × 50 mm) 
� ǒŗ  ƭĹ: 1.0 mL/ƭ 
� @yr�ƀ 50 ºC 
� ÊĐ  UV (260 nm) 

 
RNase H§ıƣ� 
 ?zI^D|?V[ (30 µM, 2 µL)�g{?|P;~ơú RNA (300 µM, 1 µL)���pE_L<r 
(100 mM, 0.3 µL)���@z<r (300 mM, 2.5 µL)�MV?Z|;Z�{ (100 mM, 1 µL)�ZzN-�

y = -0.0000211 x + 0.0028406 
R² = 0.9897827 

0.003

0.00305

0.0031

0.00315

0.0032

-15 -14.5 -14 -13.5 -13 -12.5 -12

T m
-1

/K
-1

lnCt/4

ON 32/ssDNA duplex

y = -0.0000209 x + 0.0028740 
R² = 0.9830434 

0.00305

0.0031

0.00315

0.0032

0.00325

-15 -14.5 -14 -13.5 -13 -12.5 -12

T m
-1

/K
-1

lnCt/4

ON 32/ssRNA duplex
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çĝ� (500 mM, pH 8.0, 1 µL)�M>V{f}@�n_�ZĖǍĭ (0.2 µL) 7ÙØ��J~i{ǈ
� (8 µL) 7 70 ºC $ĭǋū ĸŨ��ü�+ 0��3ǜ¹��  J~i{ǈ�# RNase H 
(TAKARA BIO; 0.5 unit/µL, 2 µL) 7���37 ºC� 40ƭ°ƛ����Ñ�m{r9q[ (28 µL) !
>V|~M9q~êīç (100 mM, 2 µL) $ÙØǈ�7��� RNase H7û§��� �5�5$J
~i{ǈ�2 1 µLă3�ƐŊ (4.9 M, 5µL) »'}�Y:~EbWg8� 6ƖƓď (1 µL) !ÙØ
���ƆǉJ~i{ǈ�7Ůĳ�� ſ¶�Ɔ$G{#% 20% oz9Dz{9q[G{��ƆbW
g8�#%ZzN-*
ç->V|~M9q~êīçĝÌ� 10ƖƓď (pH 8.3) 7 10Ɩ´Ă��é
ǉ��ưıâ!��ƐŊ (7.0 M) 7ÙØ�� Ůĳ���ƆǉJ~i{ǈ� (6 µL) 7  well #9
iy;��Ñ��ƆĠÉ7 150 V#ŀŵ��180ƭ°�Ɔ7Ô�� g{?|P;~ơú RNA!ľ
ŦÑ$ŦƱ$ÅÓ#�	��Cy3t�[ 30Ƥ°ǞÓ�4�! ÊĐ��  
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